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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 priority to U.S 

ProvisionalApplication No. 62/394,738, filed September 14,2016and U.S Provisional 

Application No. 62/394,739, filed September 14, 2016, the entireties of which are hereby 

incorporated by reference.  

BACKGROUND 

[00021 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 therapies including oral anti-viral nucleotide analog treatments, 

such as tenofovir or entecavir, only suppresses the replication of the virus and do not cure the 

HBV infection. Therefore, even those treated with current HBV 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 manyaspects of cellular 

processes such as metabolism, differentiation, proliferation, viral replication, etc.  

Oligonucleotides can also be engineered to cleave target RNA through RNase H mechanism or 

RISC pathway; block micro RNA binding, change RNA splicing 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 oligonucleotide 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.  

1



[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): 

5'X-Y-Z 3' (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) 

2



HN 0OR1 

RS'\ 
(1); 

R is H or a positively charged counter ion; 

B is a nucleobase; 

Ri is -(CR' 2) 2 0CR' 3 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-Z 3' (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) 

O-\ B 

HN 0OR1 

RS \ 
(1); 

R is H or a positively charged counter ion; 

B is a nucleobase; 
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Ri is -CR' 3 , -CR' 20CR' 3 , -(CR' 2)30CR' 3 or -(CR' 2)- 2 CR' 3 ,-(CR'2)20CR' 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.  

[0006c] 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.  

[0006e] 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): 

o a B 

HN -'OR 1 

RS' \ R>JJ (I), wherein R is H or a positively charged counter ion, B is a nucleobase, 

R 1 is -(CR' 2)20CR' 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 1 is 
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-(CH 2)20CH3 in at least one nucleotide of Formula (I). In some embodiments, R 1 is 

(CH 2)20CH3 in each nucleotide of Formula (I). In some embodiments, the oligonucleotide 

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

2c
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o O B 

HN OR2 

RY' 

wherein Y is S or 0 R is H or a positively charged counter ion, B is a nucleobase, R2 is -CR's, 

CR'20CR'3, -(CR'2)3CR'3 or -(CR'2)-2CR', or R2 is -(CR'2)2CR'3 and Y is 0, and R' is 

independently in each instance H or F. In some embodiments, the oligonucleotide comprises at 

least one nucleotide of Formula (II), where R2 is -CR'3. In some embodiments, the 

oligonucleotide comprises at least one nucleotide of Formula (II), where R2 is -(CR'2)-20CR'3.  

In some embodiments, the oligonucleotide comprises at least one nucleotide of Formula (II), 

where R2 is -(CR'2).2CR's. In some embodiments, B is a modified nucleobase in at least one 

nucleotide of Formula (II). In some embodiments, Y is S in at least one nucleotide of Formula 

(II). In some embodiments, Y is O in at least one nucleotide of Formula (II). In some 

embodiments, Y is S in each nucleotide of Formula (II). In some embodiments, Y is 0 in each 

nucleotide of Formula (II). In some embodiments, the oligonucleotide further comprisesoneor 

more nucleotides of Formula (IIa) or Formula(Ib): 

O-- B O0 B 

F 

H N F H N '0 

RY RY' 
(II1a) (II1b), 

wherein Y is S or 0, R is H or a positively charged counter ion, and B is a nucleobase. In some 

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

-r 

NH 

RY3 
(V') 

3
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wherein Y is S or 0, R is - or a positively charged counter ion, B is independently in each 

instance a natural or an unmodified nucleobase or a modified nucleobase, A is -(CR"R")_

and R" is independently in each instance H, F or Me. In some embodiments, the oligonucleotide 

is arranged in a construct of Formula (VI): 5'X-Y-Z 3' (VI), wherein each of X, Y and Z is a 

domain comprising 2-14 nucleotides, at least one of the X and Z domains comprising at least one 

nucleotide of Formula (1), and wherein each of the nucleotides of the Y domain is a 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 Z domains each comprise 5 nucleotides, and the Y domain comprises 

10 nucleotides. In some embodiments, each nucleotide of the X and Z domains is a nucleotide of 

Formula (I). In some embodiments, at least one nucleotide of the X domain and at least one 

nucleotide of the Z domain are each independently selected from the group consisting of a 

nucleotide of Formula (II), a nucleotide of Formula (iIa), and a nucleotide of Formula (11b). 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 is linked through 

thiophosphate intersubunit linkages. In some embodiments, the oligonucleotide is single 

stranded. In some embodiments, the oligonucleotide is an antisense oligonucleotide. In some 

embodiments, the oligonucleotide is complementary to a sequence of the HBV genome.  

[0008] Another embodiments include a chimeric oligonucleotide represented by Formula (VI): 

5' -X-Y-Z- 3' (VI), 

wherein X-Y-Z is a chimeric oligonucleotide comprising a sequence of 18 to 22 nucleosides, 

andisoptionallyconugated 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 3-10 

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

nucleosides in length; and Y is a domain comprising a sequence of 2 to 14 2'-deox-nucleosides 

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' 

4
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thiophosphoramidate intersubunit linkages. In some embodiments, the Y domain comprises at 

least one phosphodiester intersubunit linkage. In some embodiments, the Y domain consists of 

2'-deoxv-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 2'-F, 2'-F-N3'-+P5', 2'-OMe, 2'-OMe-N3'-+P5', 2'-0-methoxyethoxy, 2'-O

methoxyethoxy-N3'->P5', conformationally restricted nucleosides, 2'-OH-N3'-*P5' 

thiophosphoramidate and 2'-OH-N3'-->P5' phosphoramidate. In some embodiments, the 

functional domain of Z comprises modified nucleosides where the modification is selected from 

the group consisting of 2'-F., 2'-F-N3'->---P5', 2'-OMe, 2'-OMe-N3'---->P5', 2'-0-methoxyethoxy, 

2'-O-methoxyethoxy-N3'-+---P5', conformationally restricted nucleosides, 2'-OH-N3'-+P5' 

thiophosphorarmidate and 2'-OH-N3'----P5' phosphoramidate. In some embodiments, the X 

and/or Z domains comprise one or more 2'-deoxy-nucleosides linked through a N3'->P5' 

phosphorarnidate intersubunit linkage. 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 nucleosideis 

independently linked through at least one of an N3---P5' phosphoramidate or N3'----P5' 

thiophosphoramidate intersubunit linkage. In some embodiments, the X and Z domains comprise 

one or more 2'-OMe modified nucleosides, wherein each said nucleoside is independently linked 

through at least one of N3'-+P5'phosphoramidate, N3'-+P5' thiophosphoramidate, or 

thliophosphate intersubunit linkages. In some embodiments, the modified nucleosides in each of 

the X and Z domains are 2'-OMe modified nucleosides linked through thiophosphate 

intersubunit linkages, and wherein the modified nucleosides include 5-methyleytosine 

nucleobases, but optionally not cytosine. In some embodiments, the modified nucleosides 

include 2,6-diaminopurine nucleobases, but optionally not adenine. In some embodiments, the 

modified nucleosides include 5-methyluracil nucleobases, but optionally not uracil. In some 

embodiments, the modified nucleosides include 2,6-diaminopurine nucleobases, but not adenine 

and 5-methyluracil nucleobases, but optionally not uracil. In some embodiments, the Y domain 

comprises 6-8 2'-deoxy-nucleosides. In some embodiments, the modified nucleosides in 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 

5



WO 2018/053185 PCT/US2017/051644 

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'-+P5' phosphoramidate or a N3'-+P5' 

thiophosphoramidate intersubunit linkage. In some embodiments, the Y domain comprises 7-8 

2'-deoxy-nucleosides. 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): 

O 0 B 

R,, 4R" 
/R' 

A 
O=R-W 

0 B 
0- 1 

R` -R" 
R' 

(Ix), 

wherein A is independently in each instance NH or 0; B is independently in each instance an 

unmodified or modified nucleobase; W is independently in each instance OR or SR, where R is 

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; R"' is H, 

or R' and R' together form ---O-CH2--- or -- O-(CI2) 2---, and a is an integer of 3 to 9, wherein 

when R' R" and R"' are each H, then A is NH, and optionally when A is 0, 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'-0-methoxyethoxy

N3'-P5'. In some embodiments, the X domain comprises one or more oligonucleotide where 

the modification is 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 construct of said oligonucleotide corresponds to a 

construct of Table B.  

[0009] Other embodiments include a chimeric oligonucleotide represented by Formula (VII): 

5'-X' Y'-Z'-3 (ViI), 

wherein X'- ---Z' is a chimeric oligonucleotide comprising a sequence of 16 to 22 

nucleosides, and is optionally conjugated at the 5'and/or 3end; 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; and Y' is a domain 

comprising a sequence of 2 to 4 2'-deoxy-nucleosides linked through intersubunit linkages, 

wherein the X' and/or Z' 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 

intersubunit linkages, and optionally one phosphodiester intersubunit linkage. In some 

embodiments, the X' domain is 9 or 10 nucleosides in length. In some embodiments, the X 

domain comprises modified nucleosides where the modification is selected from the group 

consisting of 2'-F, 2'-F-N3'->P5', 2'-OMe, 2'-OMe-N3'----P5', 2'-O-methoxyethoxy, 2'-O

methoxyethoxy-N3'->---P5', and conformationally restricted nucleosides. In some embodiments, 

the Z' domain comprises modified nucleosides where the modification is selected from the group 

consisting of 2'-F, 2'-F-N3'-+---P5', 2'-OH, 2'-OMe, 2'-OMe-N3'----P5', 2'-O-methoxyethoxy, 

2'-O-methoxyethoxy-N3'-+---P5', and conformationally restricted nucleosides. In some 

embodiments, the X' and/or Z' domains comprise one or more 2'-arabino-F and/or 2'-ribo-F 

modified nucleoside. In some embodiments, the modified nucleosides in the X' and/or Z' 

domains comprise 2'-OMe and conformationally restricted nucleosides, In some embodiments, 

the modified nucleosides in the X and/or Z' domains comprise conformationally restricted 

nucleosides and a N3'---+P5' modification. In some embodiments, the sequence is 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 to a sequence listed in 

Table C.  

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

following Formula (A): 

7
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0 O BA 

RA", RA" 

XA RA' 

Y' 
Y~ (VIII), 

wherein XA is NH or 0, Y is OR or SR, where R is H or a positively charged counter ion, BA is 

independently in each instance a natural or an unmodified nucleobase or a modified nucleobase, 

RA' and RA" are each independently in each instance selected from H, F, OH, OMe, Me, 0

methoxyethoxy, and RA'" is H or RA' and RA' together form --- O-C12--- or --- O-(CIHI2) 2---. In some 

embodiments, RA' and RA"' are -; and RA" is F. In some embodiments, RA' and RA" are H; 

and RA" is F, OH, H or OMe. In some embodiments, XA is NH; BA Is an unmodified or 

modified nucleobase; RA' and RA"' together form a conformationally restricted nucleoside (e.g., 

O-CH2- or -- (CH2)2-) and RA is H. In some embodiments, at least one of RA' and RA" is 

1. In some embodiments, when BA is a purine nucleobase at least one of RA' and RA" is 01 or 

F, and/or when BA is a pyrimidine nucleobase at least one of R and RA" is OMe, 01 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) include those inTable 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 1, 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 

following Formula (IX): 

0- BB 

RB- 3L B" 

H N 0RsB' 

RS (IX), 

wherein R is H or a positively charged counter ion, BB is independently in each instance a natural 

or an unmodified nucleobase or a modified nucleobase, R' and Rs" are each independently in 

each instance selected from H, F, OMe, Me, 0-methoxyethoxy, and R"i.s 1 or RB' and RB" 

together form --- O-CH2--- or ---O-(CH2)2---. In some embodiments, R' and RB' are H; and RB" is 

8
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F. In some embodiments, RB' and R" are H; and RB' is F, 01-, H or OMe. In some 

embodiments, BF is an unmodified or modified nucleobase; RB' and R"' together form a 

conformationally restricted nucleoside (e.g., -O-CH2- or -O-(CH2)2-); and R" is H. In some 

embodiments, at least one of R' and Rf" is H. In some embodiments, when Ba is a purine 

nucleobase at least one of R' and Ru" is OH or F, and/or when Ba is a pyrimidine nucleobase at 

least one of Ru' and R" is 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 (B) include those in'Table A where XA is NH. In some 

embodiments, the nucleotide of Formula (B) includes a sequence listed inTable B. In some 

embodiments, the nucleotide of Formula (B) includes a sequence 1, 2, 3,4., or 5 nucleobases 

different from a sequence selected from those in Table B. In some embodiments, every 

oligonucleotide is 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 is suitable for intravenous or subcutaneous delivery. Other 

embodiments include 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 inhibiting 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. Other embodiments include a method of treating a subject 

having a Hepatitis B virus (HIBV) 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, oligonucleotide of any of the preceding 

embodiments, wherein said oligonucleotide completed 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 nucleobase sequence that is complementary or hybridizes to a portion of the target 

9
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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 oligonucleotide or composition comprising said 

oligonucleotide of any of the preceding embodiments, comprising said oligonucleotide contains a 

nucleobase 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. IA shows HBsAg serum levels. FIG. 1B shows HBeAg serum levels. FIG. IC 

shows DNA serum levels.  

[0014] FIG. 2A show results HBsAg serum levels for a GaNAc conjugated compound of the 

present disclosure for IV administration. FIG. 2B shows HBsAg serum levels for a GaINAe 

conjugated compound of the present disclosure for SC administration.  

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

disclosure.  

[0016] FIGs. 4A-4C showing vivo HBsAg, HBeAg and Serum HBVDNA 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 HBV DNA levels.  

[0017] FIGs. 5A-5C show in vivo HBsAg, HBeAg and serum HBVDNA data in an AAV-HBV 

mouse model for compounds of the present disclosure. FIG. 5A shows H-BsAg serum levels.  

FIG. 5B shows HBeAg serum levels. FIG. 5C shows HBV DNA levels.  
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[0018] FIGs. 6A-6C show in vio I-BsAg, HBeAg and serum I-BV DNA data in an AAV-HBV 

mouse model for compounds of the present disclosure. FIG. 6A shows HBsAg serum levels.  

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

[00191 FIG. 7 shows various compounds of the present disclosure and their respective 

complimentary sites for the HBV (+) strand genome.  

[00201 FIG. 8 shows -IBsAg level in serum for two oligonucleotides described in Table 29.  

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

FIG. 9B shows 1-BeAg level in serum for two oligonucleotides described in Table 30.  

[0022] FIG. IOA shows -IBsAg level in serum for two oligonucleotides described in Table 31.  

FIG. IOB shows 1-BeAg level in serum for two oligonucleotides described in Table 31.  

[0023] FIG. 11A shows -IBsAg level in serum for oligonucleotides described in Table 33 as a 

single dose. FIG. 11B shows HBsAg level in serum for olgonucleotides described in Table 33 

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

[0024] FIG. 12A shows HBsAg level in serum for oligonucleotides described inTable 37 as a 

single dose. FIG. 12B shows 1BsAg 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 oligonucleotides 

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 is 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 is any 

nucleotide that is not a deoxyribonucleotide. For example, the 2' 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 (0). As known in the art and as 

set forth in the present disclosure, a modified linkage between two nucleotides is any linkage that 
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is not a phosphodiester bond between the 3' carbon of the deoxyribose of the first nucleotide and 

the 5' carbon of the deoxyribose of the second nucleotide.  

1. 2', 3'-Modified Nucleotides and Related Oligonucleotides 

[00271 Compounds of the present disclosure include modified nucleotides with particular 2' 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 includes 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. 2', 3'-Modified Nucleotides 

[0029] Accordingly, compounds of the present disclosure include nucleotides of Formula (I): 

0 0 B 

HN 0 OR1 

RS'\ 

wherein R is H or a positively charged counter ion, B is independently in each instance a natural 

or an unmodified nucleobase or a modified nucleobase, Ri is -(CR'2)2OCR's, and R' is 

independently in each instance H or F.  

[0030] In nucleotides of Formula (I), R1 is -(CR'2)2OCR's. In some embodiments, R' is H in 

each instance. In other embodiments, at least one R' is F, for example, 1, 2, 3, 4, 5, 6, or 7 R's 

are F. In some embodiments, CR's contains 1, 2 or 3 F moieties. For example., in embodiments, 

Ri is selected from the group consisting of -CH2CH20CH3 (or MOE), -CF2CH2OCH3. 

CH2CF2OCH3, -CH2CH2OCF3, -CF2CF20CH3, -CH2CF20CF3, -CF2CH20CF3, -CF2CF20CF3, 
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-CHFC120CH3, --CHFCHFOCH3, ---CHFCHOCFH2, ---CHFCH20CHF2 and --CH1-2CHFOCI-13.  

In embodiments, the nucleotide of Formula I is: 

1w 

HN O0-(CH 2)2-OCH 3 

H-1S' 

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

Formula (I) and at least one nucleotide of Formula (II): 

0 ~ B 

HN 0 R2 

RY\ RY \(II), 

wherein Y is S or 0, R is H or a positively charged counter ion, B is a nucleobase, R2 is -CR, 

CR'20CR', -(CR'2)0CR's or -(CR'2)1-2CR'3, or R2 is ---(CR'2)OCR' and Y is 0 and R' is 

independently in each instance H or F.  

[0032] In the nucleotide of Formula (II), R2 is -CR', --(CR'2)i-30CR's, or -(CR'2)1-2CR'3. In 

some embodiments, R2 is--CR' or ---CR2CR'3. In some embodiments, R' is H in each instance.  

In other embodiments, at least one R' is F, for example, 1, 2, 3, 4, or5 R's are F. In some 

embodiments, CR'scontains 1, 2 or 3 F moieties. For example, in embodiments, R1 is selected 

from the group consisting of -CH3 (or Me), -CFH2,-CHF2,CF3, -CH2OCH3, -CFH20CH3. 

CHF20CH3, -CF30CH3, -CH20CFH2, -CH20CHIF2, -CH20CF3, -CFH20CH3, -CFH20CFH2, 

-CFH20CHF2, -CFH20CF3, -CHF2OCH3, -CHF2OCFH2,-CHF2OCHF2,-CHF20CF3, 

(CR'2)30CR'3, -CH2CH3 (or Et), -CFH2CH3, -CHF2CH3,-CF3CH3,-CH2CFH2 -CH2CHF2, 

CH2CF3, -CFH2CH3, -CFH2CFH2,-CFH2CHF2, -CFH2CF3, -CHF2CH3, -CHF2CFH2, 

CHF2CHF2,-CHF2CF3, -CH2CH2CH3, CF2CH2CH3. CH2CF2CH3, CH2CH2CF3, CF2CF2CH3, 

CH2CF2CF3, CF2CH2CF3, CF2CF2CF3, CHFCH2CH3, CHFCHFOCH3, CHFCH2CFH2, 

CHFCH2CHF2and CH2CIFCH3. In embodiments, R1 is -CH3 (or Me)or -CH2CH3 (or Et). In 

embodiments, the nucleotides of Formula II are selected from the group consisting of 

13
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HN OH CH2CH3  HN O OCH2CH 3 

HS HO' d HS' 

[0033] In compounds of Formulae (1) or (11), Y may be 0 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 0 in 

at least another instance. In other embodiments, Y is S in each instance. In some embodiments, Y 

is 0 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 oiigonucleotides 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 (11). 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 (II) are included, and may be the same or different. For example, in some embodiments, 

the oligonucleotide comprises at least one nucleotide of Formula (1) and at least one nucleotide 

of Formula (1I). In some embodiments, the oligonucleotide comprises at least one nucleotide of 

Formula (1), wherein at least one R1 is MOE and at least one nucleotide of Formula (11), wherein 

R2 is Me or Et. In some embodiments, the oligonucleotide comprises at least 2 alternating 

nucleotides of Formula(1)andFormula (). 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 (II) is represented by 

the following: 
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0 B 0 1 

HN 0OR HN 1 OR 2 

RS RY( 

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

further comprises a 2'-fluoronucleotide of the Formula (II1a) and/or (IIb): 

O-- B O-\ B 

FH N 10F H N "0 
RY RY 

le (IIla)(Ib) 

wherein Y is S or 0, R is H or a positively charged counter ion, and B is a nucleobase.  

[0038] In some embodiments, the oligonucleotide comprises at least 4 alternating nucleotides of 

Formulae (I) and (1Ila). For example, the oligonucleotide comprises 4, 5, 6, 7, 8, 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): 

HN ' OR1 

RY a 
o 5f 

HN R2 

jb L RY' 

(IV), 

wherein Y is S or 0, R is H or a positively charged counter ion, B is a nucleobase, R1 is 

(CR'2)20CR3, R2 is selected from -OCR', -OCR'20CR'3, -O(CR2)30CR's or -O(CR'2)1

2CR's and F, R' is independently in each instance H or F, and a is an integer of 1-10 and b is an 

integer from 1-10, where the to 20, e.g.,1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 

19 and 20.  
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[0040] Compounds of the present disclosure include compounds comprising the following 

Formula (111'): 

0 
B 

H-1N P0F 

HS >i 

wherein Y is S or 0. R is H or a positively charged counter ion, and B is independently in each 

instance a natural or an unmodified nucleobase or a modified nucleobase; and optionally 

comprising one or more of formula (I), (II) , and/or (IV).  

[0041] The nucleobases, B, of the nucleotides of Formulae (1). (11), (IIa), (II1b), (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 include 

2,6-diaminopurine nucleobases, but not adenine and 5-methyluracil nucleobases, but optionally 

not uracil.  

[0042] Y in each nucleotide of Formulae (II), (Ila), (Ib), (IV) and (V) may be independently 0 

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 0 in at least another instance, In other embodiments, Y is S in 

each instance. In some embodiments, Y is 0 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.).  

[0043] In embodiments where more than one nucleotide of each of Formulae (1), (II), (iIa), 

(IIb), (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 (II), (iii), (IV), (V) and/or (V') in addition toat least one nucleotide of Formula ().  

In some embodiments, the nucleotide comprises at least 2 alternating nucleotides of Formula (I) 

and/or Formula (II) and/or (III) and/or (IV), (V) and/or (V'). For example, disclosed 
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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 oligonucleotide are selected from the group 

consisting of: 

O- B B 0\ B 

HN 0 OCH3  HN 0 OCH2 CH3  HN " OCH2CH3 

B 0 

H-s' HO' xH S' 

O-B B B O B 

HN 0-(CF 2)2-OCH 3  HN "0 -(CH 2)2-OCH 3  HN o 
HO' HS' HS' and 

O B 

HN 0  F 

H'P , where B can be any natural or modified base.  

[0045] Compounds of the present disclosure include compounds comprising the following 

Formula (V'): 

0 i B 

NH 

RY

wherein Y is S or 0, R is H or a positively charged counter ion, B is independently in each 

instance a natural or an unmodified nucleobase or a modified nucleobase, A is ---(CR"R")J-2--

and R" is independently in each instance H, F or Me, and optionally comprising one or more of 

Formulae (1), (11), (111), (IV) or (VY).  
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[0046] In the compound comprising formula (V'), A Is -(CR"R")-2---. In some embodiments, A 

is -(CR"R")--- in other embodiments, A is ---(CR"R")2---. R" is independently in each instance H 

or Me. In some embodiments, one R" is Me and remaining are H. In other embodiments, all R" 

are H.  

[0047] In some embodiments, when A is CH2, then Y is S. In other embodiments, when A is 

CH2CH2, then Y is 0 or S. In some embodiments, A is CH2CH(Me) or CH(Me) and Y is 0 or S.  

[0048] In the compound comprising formula (V'), Y is 0 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 0 in 

at least another instance. In other embodiments, Y is S 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.).  

[0049] The compound of Formula (V') (and optionally Formulae (I), (II), (III), (IV), (V) and/or 

(V') may be part of an oligonucleotide. In some embodiments, the compound comprising 

Formula (IV) (and optionally Formulae (I), (II), (III), (IV), (V) and/or (V')) is an 

oligonucleotide comprising 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,15, 16,i17, 18, 19, 20, 21, 

22, 23, 24 nucleotides of Formula (V') (and Formulae (I), (II), (III), (IV), (V) and/or (V')). In 

some embodiments, the oligonucleotide comprises from 2 to 40 nucleotides, for example, 8 to 26 

nucleotides or integers 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 (I), (II), (111), (IV), (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 (V') and at least one nucleotide of Formulae (I). (II), (III), (IV), (V) 

and/or (V'). In some embodiments, the nucleotide comprises at least 2 alternating nucleotides of 

Formula (V') and Formula (I) and/or (II). 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), (II), (111), (TV), (V) and/or (V')) further comprises a 2-fluoronucleotide 

of the following structures: 
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HN F HN 

RY" RY 
or ,where Y, Rand B are the same as for Formula (I). In some 

embodiments, the nucleotide comprises at least 4 alternating nucleotides of Formula (V') and 2

fluoronucleotides.  

[0052] Compounds of the present disclosure include compounds comprising the following 

Formula (V): 

HN 0OEt 

RY' 

wherein Y is S or 0. R is H or a positively charged counter ion, and B is independently in each 

instance a natural or an unmodified nucleobase or a modified nucleobase; and optionally 

comprising one or more of formula (1), (II), (III), (IV) and/or (V').  

B. Chimeric Oligonucleotides 

[0053] The present disclosure is directed to constructs of oligonucleotides, which include 

domains, regions or portions within the oligonucleotide having common features.  

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

some embodiments, chimeric oligonucleotides are represented by Formula (VI): 

5-X-Y-Z-3' (VI), 

wherein the chimeric oligonucleotide comprises a sequence of 14 to 22 nucleosides, wherein X is 

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

domain comprising a sequence of modified nucleotides that is 3-10 nucleosides in length; and Y 

is a domain comprising a sequence of 2-10 2'-deoxy- nucleotides, or unmodified nucleotides.  

Each of the nucleosides in each of the domains is linked through intersubunit linkages.  

[0054] In some embodiments, chimeric oligonucleotides are represented by Formula (VI'): 
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5'-X-Y-Z-3' (VI'), 

wherein the chimeric oligonucleotide comprises a sequence of 14 to22 nucleosides, wherein X is 

a domain comprising a sequence of modified nucleotides that is 2-10 nucleotides in length; Z is a 

domain comprising a sequence of modified nucleotides that is 2-10 nucleosides in length; and Y 

is a domain comprising a sequence of 6-14 2'-deoxy- nucleotides, or unmodified nucleotides.  

Each of the nucleosides in each of the domains is linked through intersubunit linkages.  

[0055] Nucleotides of formula (1), (II)., (Ia), (II1b), (IV), (V) and/or (') may be present in the 

X and/or Z domain. Chimeric oligonucleotide may be conjugated at the 5' and/or 3' end to a 

ligand-targeting group or a pharmacophore.  

[0056] In some embodiments, the Y domain contains 2'deoxy-nucleosides linked by 

thiophosphate intersubunit 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 in length.  

[0057] In some embodiments, the X domain comprises nucleotides of formulae (), (11), (IIa), 

(II1b), (IV), (V) and/or (V'). In some embodiments, the X domain comprises modified 

nucleotides where the modification is independently selected from 2'-OMe, 2' -OEt, 2'-O

methoxyethoxy, and conformationally restricted nucleotides. In some embodiments, the X 

domain is 9 or 10 nucleotides in length.  

[0058] In some embodiments, the Z domain comprises nucleotides of formulae (I), (II), (Ila), 

(11b), (IV), (V) and/or (V'). In some embodiments, the Z domain comprises 2' modified 

nucleotides where the modification is 2'-OMe, 2' -OEt or 2'-MOE. In some embodiments, the Z 

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 include 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 nucleotides in length; Z is a domain consisting of a sequence containing 

one or more modified nucleotides that is 3-10 nucleotides in length; and Y is a domain consisting 

of a sequence of 2 to 10 2'-deoxy-nucleosides linked through thiophosphate intersubunit linkages 

and optionally one or two phosphodiester intersubunit linkages. In some embodiments, X is 5-9, 

Yis 6-10 and Z is 5-9. In some embodiments, the number of nucleotides in each of X, Y and Z, 

respectively is: 6/6/6, 6/6/7, 6/6/8, 6/7/6, 6/7/7, 6/7/8, 6/8/6, /8/7, 6/8/8, 3/10/3,4/10/4, 5/10/5, 

5/10/6, 2/12/2, 3/12/3, 2/14/2, 5/9/5, 5/9/6, 5/8/5, 5/8/6, 5/8/7, 7/5/7, 7/5/8, 7/5/9,7/6/6, 7/6/7, 

7/6/8, 7/6/9, 7/7/6, 7/7/7, 7/7/8, 7/7/9,7/5/7, 7/5/8, 7/5/9, 7/4/7, 7/4/8, 7/4/9, 8/4/7, 8/4/8, 8/4/9, 

7/3/7, 7/3/8, 7/3/9, 8/3/7, 83/8, 8/3/9, 8/3/10, 9/3/7, 9/3/8, 9/3/9, 9/3/10, /2/7, 8/2/8., 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 is 4-10 nucleotides 

in length. For example, the X domain and/or Z domain may comprise a sequence of 4, 5, 6, 7, 8, 

9, or 10 nucleotides. One or more of these nucleotides is modified (e.g., 1, 2,3, 4, 5, 6, 7, 8, 9 

orn0). For example, in some embodiments, all the nucleotides in each of the X domain and/or Z 

domain are modified.  

[0061] The nucleotides of the X and Z domains may be modified according to Formulae (I), (II), 

(Ila), (Ii1b), (IV), , (V) and/or (V') with respect to one or more of their nucleobases, the 2' 

and/or 3' positions on the ribose sugar and their intersubunit linkages. Embodiments include 

wherein the 2' position is modified with an F (ribo or arabino) and the 3' position is 0 or NH.  

Embodiments also include wherein the 2' position is modified with an OMe and the 3' position 

is 0 or N Embodiments include wherein the 2' position is modified with an F (ribo or arabino) 

as well as Me or OMe, and the 3' position is 0 or NH. Embodiments include wherein the 2' 

position is modified with an F (ribo or arabino) and the 3' position is 0 or N. Embodiments 

include wherein the 2' position is modifiedwith an O-methoxyethoxy and the 3' position is 0 or 

NH. Embodiments also include wherein the 2' position is modified with an F (ribo or arabino) 

and the 3' position is 0 or N-. 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' position is 0 or NH. Each of these embodiments may include 

thiophosphate (or thiophosphoramidate depending on the 3' substitution) and phosphoramidate 

intersubunit linkages.  
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[0062] Embodiments also include where the 2' position is H, and the 3' position is NH. Each of 

these embodiments may include thiophosphoramidate and/or phosphoramidate intersubunit 

linkages.  

[00631 In some embodiments, the modified nucleotides of the X domain and the Z domain each, 

respectively, include a modification independently selected from at least one of 2'-F, 2'-F

N3'-+P5'. 2'-OMe, 2'-OMe-N3'-+P5', 2'--methoxyethoxy, 2'-0-methoxyethoxy-N3'-+P5'.  

conformationally restricted nucleotides.  

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

following Formula (A): 

R .. /)...R" 
A R' 

>-- (A), 

wherein A is independently in each instance NH or 0, B is independently in each instance a 

natural or an unmodified nucleobase or a modified nucleobase, and R' and R" are each 

independently in each instance selected from H, F, 011, OMe, OEt, 0-methoxyethoxy, and R" 

is H, or R' and R' together form a 2-4 atom bridge to form a conformationally restricted 

nucleoside (e.g., -O-CH2-,-O-CH(Me)-, or -O-(CI-1 2) -).  

[0065] In some embodiments, R' is selected from F, OH, -OMe, -OEt, 0-methoxyethoxy; R" is 

H and F; and R' is H, Me or -OMe. In other embodiments, R" and R'' are H; and R' is 

selected from F, OMe, OEt and O-methoxyethoxv. In some embodiments, A is NH in each 

instance.  

[0066] Some embodiments include one or more modified nucleosides represented by Formula 

(A), wherein A is NH; B is a G-clamp; R' is F or OMe and R" Is 1; or R' is H and R" is H or F; 

and R'" is H.  

10067] Some embodiments include one or more modified nucleosides represented by Formula 

(A), wherein A is NI; B is an unmodified or modified nucleobase; R' and R"' together form a 

conformationally restricted nucleoside (e.g., -O-CH2--,-- -O-CH(Me)---, or -- O-(CI-2-) 2and R"
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is -. In some embodiments, B is an unmodified or a modified nucleobase selected from the 

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

[0068] Some embodiments include one or more modified nucleosides represented by Formula 

(A), wherein A is NI; B is an unmodified or modified nucleobase; R' is F or OMe, R" is H and 

R"' is H.  

[00691 Some embodiments include one or more modified nucleosides represented by Formula 

(A), wherein A is NH; B is an unmodified or modified nucleobase; R' is H, R" is F and R'" is 

H.  

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

0- 0 

RR 

A 

O=Fi-W 

Os a R R" 

R' 

(Ix), 

wherein W is independently in each instance OR or SR, where R is H or a positively charged 

counter ion; R R", R"', A and B are as described for Formula (A). In other embodiments, A is 

O and R' R" are independently H or OEt, where at least one of R', R" is OEt.  

[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 least one nucleotide in each of the X and Z domains where A is NH. W 

is S. and R' is MOE.  
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Table A 

O=p-w 

~uclcotid- NoR--------4 RR--- --------- A W 
I F H H NH S 

2F H Hf N1- 0 
------ ------ -- -------------H-- ----------------------------------------------0 S 

4 F H H 0 0 
5 H1 F Hf N14 S 
6 H F H INH 0 
7 H F H- 0 S 

8 H F H- 0 0 
9 OMe H H INH S 
10 OMe H H NH 0 
I1 Iome H H- 0 S 
12 Ome H1 1-I 0 0 
13 H F H NH S 
14 H1 F H IN-1 0 
1I H F 1-I 0 S 
16 H F H 0 0 
17 O-inethoxyethioxy H H INI 11 S 
18 0-rnethoxvcthoxy H1 H1N 0 
19 O-rnictloxvcthoxv 
20o 0-rnethoxethoxy H H 0 0 

21 - H 1 -I NI-I s 

H H H NH 0 
______OH H H N'H S 

24 0OH I-I I-I 1i 0 
25--------------------- O H- H-------------H ----- 0 s 
2 6 H OH H N'H 0 
27 H- OHl H NI-I S 

28H O~t H NH 0 
29g H O~t H N"H S 
30 H- O~t I-I 0 0 
31 H1 QEt 1-1 0 S 

32O~t H H N'H 0 

34 O~t 1-1 1-1 0f 0 
34 O~t H Hf 0 0 
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O- S B 

A 
O 

W 

Nucleotide No. C A W 
36-0-CH 2- NH S 

37 -0-CH- NH 0 
38 -0-CH 2- 0 S 
39 -0-CH2- 0 0 
40 -0-(CH 2)2- NH S 
41 -0-(CHm- NH4 0 
42 -0-(CH2)2- 0 S 

43 -0-(CH 2)2- 0 0 
44 -0-CH(Me)- NH S 
45 -0-CH(MC)- NH 0 
46 -0-CH(Me)- 0 S 
47 -0-CH(Me)- 0 0 

[0072] In some embodiments, the X domain and Z domain each independently comprise two, 

three or more different nucleotides 1-47.  

[0073] The nucleosides of the X domain are linked through intersubunit linkages, for example, 

N3'----P5' phosphoramidate, N3'---+P5' thiophosphoramidate, thiophosphate, phosphodiester 

intersubunit linkages or combinations thereof. In some embodiments, the X domain is linked 

through intersubunit linkages selected from N3'-+P5' 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. (e.g., 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 2'-OMe 

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.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 2'-F and/or 2'-OMe modified 

nucleotides). In some embodiments, the X domain comprises alternating2'-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, 1L, 12, 13 or 14 2'

deoxynucleotides. One or more of the 2'-deoxynucleosides may be linked through thiophosphate 

intersubunit 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'-deoxvnucleosides is linked through a 

thiophosphate intersubunit linkage. In some embodiments, the Y domain comprises at least one 

phosphodiester intersubunit linkage (e.g., 1, 2 or 3 phosphodiester intersubunit linkages). In 

other embodiments, the Y domain consists of 2'-deoxy-nucleosides linked through thiophosphate 

intersubunit 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 

intersubunit linkage may be represented by the following Formula (B): 

S=P-O
(B) 

where B is independently in each instance an unmodified or modified nucleobase. In some 

embodiments, B is an unmodified or a modified nucleobase selected from the group consisting of 

5-methyleytosine, 2,6-diaminopurine, and 5-niethyluracil.  

[00781 In other embodiments, the 2'-deoxynucleoside linked through a thiophosphate 

intersubunit linkage comprises a modified 2'-deoxynucleoside, which may be modified in the 

same manner as in the X and Z domain. For example, the modified 2'-deoxnucleoside linked 

through a thiophosphate intersubunit linkage may be represented by the following Formula (C): 
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R' R" 

O H 

S=P-0

(C) 

wherein B is independently in each instance an unmodified or modified nucleobase, and R" and 

R" are each independently in each instance selected from 1, F, Cl, 01, OMe, Me, 0

methoxyethoxy, or R' and R' together form a 2-4 atom bridge to form a conformationally 

restricted nucleoside, In some embodiments, B is an unmodified or a modified nucleobase 

selected from the groupconsisting of 5-methylcytosine, 2,6-diaminopurine, and 5-methyluracil.  

[0079] The Z domain comprises a sequence of modified nucleotides, where the Z domain is 4-10 

nucleotides in length. For example, the Z domain may comprise a sequence of 4, 5, 6, 7, 8, 9, or 

10 nucleotides. One or more of these nucleotides is 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 in 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, 2'-F-N3-+P5', 2'-OMe, 2'-OMe-N3'-*P5', 

2'-OEt-N3'-+P15', 2'-O-methoxyethoxy, 2'-O-methoxyethoxy-N3'-+P5', conformationally 

restricted nucleotides, 2'-OH-N3'-*P5' thiophosphoramidate and 2'-O1-N3'-+P5' 

phosphoramidate.  

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

Formula (A).  

[00821 The nucleotides of the Z domain are linked through intersubunit linkages, for example, 

N3'->P5' phosphoramidate, N3'-P5' thiophosphoramidate, thiophosphate or phosphodiester 

intersubunit linkages. In some embodiments, the Z domain is 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.g., 1, 2, 3, 4, 5, 6, 7,8,1 9 or 10, or more) conformationally restricted nucleotides (e.g., BNA, 
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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 is 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, 5, 6, 7, 8, 9 or 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 Z domain comprises alternating 2'-F or 2'-OMe and 

conformationally restricted nucleotides.  

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

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

Formula (VI) or (V) include 2,6-diaminopurine nucleobases, but not adenine. In some 

embodiments, the modified nucleotides of Formula (VI) or (VI') include 5-methyluracil 

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

(VI') include 2'-OMe and conformationally restricted nucleotides, and are linked through 

thiophosphate intersubunit linkages, and the modified nucleotides include 5-methylcytosine 

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

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') is arranged according to at least one of the constructs of Table B where at least one 

intersubunit linkage in the X and Z domains is an NPS linkage.  

Table B 

X Domain Y Domain Z Domain 
Number Intersubunit Nucleobase Number Intersubunit Nucleobase Number Intersubunit Nucleobase 
ofrNucs Linkages j Substitutions ofNucs Li nkages ofrNues Linkages Substitutions 

6 np nps, ps, A, G, C, T, U, 2 Ps A, G, C, T, 11 ny, nps, ps, A, G, C, T, U, 
PO DAP. 5meC, U P0 DAP, 5meC, 

5meU, G 5meU, G 
Clarnp, DAP clamp, DAP 

7 np.nps, ps, A, G, C,T, U, 2 ps A, G. C, T, 10 up, ups, ps, A, G. C, T, U, 
PO DAP, 5meC, U PO DAP, 5meC, 

5meU, G 5mueU, G 
clamp, DAP _clamp, DAP, 

8 [p, ps, ps, A, G, C, T, 2 p AGC, T, 9 np, nps, ps, A, G, C, T, U, 
PO DAP, 5meC PO DAP 5meC, 

5meU, G 5 TeU, G 
clamp, DAP clamp, DAP 
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X Domain n Y Domain Z Domain 
Number itersibunit Nucleobase INunber 'IIntersubunit' Nu.1cleoibase Number intersubunitTN..kobase 
of Nucs Linkages jSubstim"tiouis o-f Nuc Lnka'es of'Nucs jLinkages jSubstitutions 

9 uip ups, ps. A. (3, C,T' U, 2 A,~ GU.C, T, 8 uip,ulps, ps, A, G.cT1' ,.  
P0 DAP, 5tyeC, u PO DAP. mneC, 

clam, DAP ____ _____ _____cap AP 
li p, nps ps, A,U.C, T, U, ps AG, CT. 7 uip upsps. AUG, C, TU, 

PO) DAP, eC , , PO DAP.S5meC, 
,meU, G 5tyeU, G 

______________ clamup ______________ _______claynp. DAP 
6 uip,unps ps, A,GCCTU, 3 ps A,(3, cT.F 10 unp ups, ps. A. (3, C,T., 

PO DA. wc" PO DAP,.51neC, 
5mieUG 5ffcU.UG 

clamp, DAP __________________clamp, DAP 
up, lps, ps, A,G, CT, " 3 ps A,(3, C,T, 9 if.lis o , A 

P0 DAP. 5meC, u PO DAP, meC, 
5meUi Gme,( 

....£!~~~p!!!DAP~capA 
f8 up1ps, ps A. G, C, T,U, 3ps AG,.C, T, 8 up, nps ps, A .CfU, 

PO DAP,.5meC. U PC) D)APRu 
5fieU,UG 5m&eU G 

_____clamp, DAP __________________ ____ laiup DAP 

9~~~A upuss A,3C~"A C,7' 7 p, lps, ps, A, GC, T, LT 
PO i)API, 5eC, i P0 DAP.SmeC, 

clamp, DAP clamnp.DAP 
10 ip, nps ps, A,U.CTU, 3 ps A G, C, T. 6 p ups, ps. AU ,C, TU, 

PO) DAP, 5lywC, UPO DAP, 5meC, 
zmeU, G 5tueU, G 

______Clamp, DAY _____ ________ _______ claynp.DAP 

6 uip,unps ps, A,CG,.C,T, U. ps A,(3, c,7'. 9 unp ups, ps. A. (3, C,T, ti, 
P0 DAP,.SmeC, U P0 DAP, 5mfeC, 

5nueU, G ine U.(3 
clamnp. DAP ____ __________clamp, DAP 

7 up ups, ps. A,GC, T,U, 4 Ps A &C, T, 8 Cnss AGTU, 
PO DAY.StumeC, u PO) DAP,S-rueC, 

5tueU,U G meU, G 
clam).p DAP _______________________clam~pDAP 

8 uip ups, ps. A. (3, C,7',Ut, 4 A,~ Ai.C, T, 7 1) upips, ps, A,Ci. C,T, U.  
PO DAP,.SmeC. U PC) DAPSuieCI, 

5ffeU,UG 5mieU, G 
clamp, DAP _______________________clamnpDAP 

[i) upips, ps, A,(3,c,',, 4 A TC, 6 up, lps, ps, A CCTIT' 
P0 i)API, 5cC, i P0 DAP.SmeC.  

l0ip,ulps- ps, A, G.CfU 4 ps AUU 1,C, 5 upuS~. AUG, C,.,ru 
PC) DARwPc,"meT PO DAP,.51neC, 

5mieUU 5ffeU.UG 
_____clailp, DAP ___________ _____ clamp, D AP 

5 unp psP, A,GC, T IT 5 ps A, 3,C, 1 5 nolups, p5.A,U,.FU 
P0 DAP. 5meC u P0 DAP, meC, 

5eU5meU,(3 
clamnpDAP clamp, DAP 

6 up ups, ps. AU , CT , ps A CT, 9 11p, nps ps, A, GC, T, U, 
PO DAPSmeC( U. PC) DAPReI 

5tueUU G 5meU,0G 
_______clamnpDAP I________________ ________ ______ clamp, DAP 

uip ups, ps. A.,~ I p, , Aj I up 1 upsps, A,Ci. C,T, U.  
P0 DAP, 5ty'.C, P0O A.mC
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X Domain n Y Domain Z Domain 
Number luftersibunit Nucleobase 1Number lu Itersubunit 'IN'ucleobase Number intersubunit N..kobase 

ofus Linkages Substitutionis o-f Nucs 1Linka'es of'Nucs Linkages Substitutions 
5nueU, G lme U.(3 

clamp, DAP ____ __________clamp, DAP 

1 up ups, ps. AUG, C, T,U, 5Ps A IC, T, 6 np-, nps PS, A, GIC,, U, 
PO PAP.StueC, u PO PAP, SmreC 

5tueU,U G meU, G 
clrtl1, DP clamp, DAP 

9 upI rps, ps. A. (3, C, T,Ut, 5ps A IC,4T, 5 uip,ulps, ps, A,CGI.C,4T, U.  
P0 DAP, 5tueC, 

i P0 DAP, 5meC, 

clamp,PDAP _______________________clamnpDAP 

6 upt),ups,Ps, A,(3,CT, ' ps A, GC,4'1, 8 up,ulps, ps, A, GC,T, LI, 
PO D)AP, 5meC, P0 DAP.SineC, 

.. cali. D..........~ AP clamypAP 
lip,n1ps-ps AGCI pI AIIIT 7S uups- AIG, C, TIU, 

PO) PAP,imeC U PO PAP,.51neC, 
5mieU 5meLTU 

______clailp, DAP __________________Clamp, P AP 

S p~p~pAi( Ips A,(3, C,1T, 6 up",ulps, PIA,UC ,U 
PO DAP.SmneC. u PO PAP, meC, 

5meU, G meI-T,(3 
..... I A-P CIlmpP AP 

9 up.unps'PSI AIG, C, T,U, 6 PS AGC, T, 5 up,n1psI PS, AUCfUI 
PO PAP, 5meC. ,C IPimeC 

5tueU, G 5me'i'G 
______clamp.PDAP __________________________clampPDA 

10 p upips, ps, A.A,,4U (,I A C,4T, 4 u1P,upsips, ACS,1 
P0 DAP, 5tyeC. ii P0 DAP 5meC, 

dlamp, DAP __ ________________ clamnp. DAP 
6 lup, upsIPS, A, GC, T, U, ps A,GC, T, S pup8 A.,C, TU, 

PCO PAP, Sme.C, itPO DAP.S5meC, 
zmeU, G 5teU, G 

_________________clam~p, DAP clamp. PAP 
uip,u1psI ps, A,C,4' ,, U. 6 i ps A,(3,C.,4 7F uqpI ups, PS.A,(3,C,T,.U, 

P0 PAP, 5meC, U P0 DAP, 5mfeC, 
5nieU, G me U.(3 

clamnp, DAP __________________clamp,.PAP 

n p,upips,Ps, A,G, C,T, LI, 6 ps A,(3, C,i7, 6 nousp, A, (j,Ct, TT 

P0 PAP.SmneC. u P0 DAP, meC, 
SrueUi G meC,(3 

clamp.PDAP c Im, A 
9 up- ups'PSI AIG, C, T,U, 6 PS AGC, T, 5 up,n1psI PS, AG CTUI 

PO PAP, 5meC.UPC PimeC, 
5ffeU,UG 5mieU, G 

______chimp, DAP _________________ ____ clamfp, PAP 
liupups,Ps, A, (3,,, 'T T A,C, T, 4 up,ulps, ps, A,CG, C,'ILT,, 

P0 D)AP, 5mcC, i P0 PAP.SineC.  

6 uip,u1ps- PS, A, G.C,1 I. ps AIG, C,T, 8 upo.unps'ps. A.UG,C, T.U, 
PC) PAPSmeC, U PO PAP, 51neC, 

zmeU, G 5tueU, G 
I____ clailp, DAP __________________clamp, P AP 

upuspA, G.,4' , U. 6 ps A,(3,C.,'4 7 ) upips, PS. A. (3,C,'T,.U, 
P0 DAP. 5meC, U P0 DAP, 5mfeC, 

5nueU, G lme U.(3 
----------clamnp PDA P ---------------------------------- clam p,PDAP
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X Domain n Y Domain Z Domain 
Number lftersibunit Nucleob'ase 1Nunber 'IuItersubunit' Nu.1cleobase Number intersubunit N..kobase 
of Nucs Linkages jSubstitantolis ,-fNuc Linka'es of'Nucs jLinkages JSubstitutions 

8 upI ups, ps. A. (3, C, UI A .IC, T, 6 lip,ulps, ps, A,. ' , 
P0 DAP, 5muC, u P0 DAP, mneC, 

IelTcl' G Ste,CG 
clamp, DAP ____ ____________cap AP 

9 lip,nUpsIPS, A,GU.CTU, 6p AG, C,T, 5 upIpBpsI A G, C, TU, 
PO DAP, 5yC PO DAP.S5meC, 

zmeU, G 5tueU, G 
I_____ ________ clam~p, DAY clamp. DAP 

10 up1psI ps, A,GCCTU, 6 ps A,(3, C, T, 4 up-.urps, PS. A. (3, C, T., 
PO) DAPSmpc, U PO DAP,.51eC, 

5mieUG 5meUT.CG 
clamnp, DAP __________ clamp, DAP~ 

u p, lps, ps, A,GC,CT, L" s A,(3, C, T, 8 uu.Ilis SIA 
PO DAiP. 5meC, u PO DAP,5meC, 

5reC meU,(35MOT 

7 UpS, PS AI G, C,T,U, 7PS AG,.C, T, 7 n~p~s Uf 
PO DAP, 5meC, U. PCD)A neC' 

5ffieU, G 5m&eU G 
______clamp, DAP _______________________clamfpI DAP 

8 upt),ups,Ps, A,(3,CTU T ~ A, GC, T, 6 up,ulps, ps, A,G, C, T,ULI, 
PO D)AP,' reC, ii PO DAP.SmeC, 

dlamp, clamnp.DAP 
liup, upsIPS, A, U C, T, U, ps AG, C,T, 5 upIupps, SI A.G, C, TU, 

PO) DAP, 5lywC, UPO DAP,.SmeC, 
zmeU, G 5mueUCG 

______Clamp, DAY _____ ________ _______ clamp. DAP 

l0ip,u1psI ps, A,CG,.C,T, U. ps A,(3,,T 4 up-.urps, PS. A. (3, C, T., 
PO DAP.,SmeC, U PO DAP, 5mfeC, 

5nueU, G ine U.(3 
clamnp, DAP ____ _____ ____ clamp, DAP 

6 up Bps, ps A G, C, T,U, Ps A IC, T, 8 11p, nps PS, AGICTU, 
PO DAIF. 5ueC, U PO) DAP, 5meC, 

5tueU,C G meD, G 
clartp, D P ....... clamp, DAP 

7 p up),lps sAuGrps, ps. A. (3, C,T,Ut, . A (,.C, T, 7 pusp, AGCT, U.  
PO DAP, 5meC. U C) DPueC, 

5ffeU,CG nmeU, G 
champ, DAP _______________________clamnpDAP 

fiup ups,Ps, A,(3CG, TT A, GC, '1, 6 up,ulps, ps, A CCTIT' 

PC) DAP, 5meC, U PO DAP.SmeC, 
5'meUjG 5jmel.J.G 

________ ~ ~ ~clamlp, DAP _________________cap A 
li p,u1ps- PS, A,GCi,TI., ps AI(3,C,1?, 4 fro.unps'ps. AI , C,1IU, 

PO DAR.Smec, U PO DAP, 51eC 
5nieUi G mfc,(3G 

Iclamlp DAP clampD AP 
6. np, lps, PSI A,C, T, LI, ps AGCT, 4 nip,npips,Ps, AGCT 

PO DAP. 5nieC. u. PC) DAP, 5ueC, 
5meU,CG 5MPO''G 

_______clarup. DAP __________________________ ______ camp, DAP 

7 up ups, ps. A.(3,C,T, U, Ps A I.C, T, 7 up-,uppss, ,GC, T, U, 
P0 DAP, 5meC, U. P0 DPme(C
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5nueU, G lme U.(3 

clamp, DAP ____ __________clamp, DAP 

18 upups, ps. AUG, C, T,U, Ps A IC, T, 6 np-, nps PS, A, GIC,, U, 
PO PAP.StueC, u PO DAP, SmreC 

5tueU,U G meU, G 
clrtiD P -------------------------------------- clam p, DA P 

9 upI rps, ps. A,.(3, C, T,Ut, 7ps A .IC,4T, 5 uip,ulps, ps, A,CGI.C,4', U.  
P0 DAP, 5tueC, i P0 DAP, 5meC, 

clamp,PDAP _______________________clamnpIDAP 

1.) upt),ps,Ps, A,(3,CT, ps A, GC, '1, 4 up,ulps, ps, A, GC,'ILT,, 
PO D)AP, 5meC, P0 DAP.SineC, 

................. A P -------------- --------- ---- clam ypDAP--
-----5 ------up,n1ps- PSI A, G.C TU 8 ps A G, C,T.r ------- 6 -------u p Sps,s AIG, C, TIU, 

PO) DAP imeC U PO DAP,.51neC, 
5mieU 5meLTU 

_____clailp, DAP __________________Clamp, P AP 

u p,ulps, ps, A, G, C, T, LI' ps A, (3,C, T, f. u lps, PSIA,U,(FU 
PO DAP. 5meC. u PO DAP, meC, 

5meU, G mel-T,(3 
... laril-- AP CIlmpP AP 

n- upnpsIPSI AIG, C, T,U, PS p, G,.C, T, 8 up,n1psI PS, AU.CfUI 
PO DAP, 5meC. U PC) D)AP ,eC 

5tueU, G 5me'i'G 
______clamnpPDAP __________________________clamp AP 

f~p upips, ps A. (3, C, Ti, 8 A,~ (,I C,4, 9 uip,ulps, ps, AC, T, U, 
P0 DAP, 5tueC. it P0 DAP. meC, 

dlamp, DAP __ ________________ clamnp. DAP 
6 uip,nUpsIPS, A,U.CTU, 8 ps A,GC, T, 5 pIupBp s. AUG, C, TU, 

PCO DAP, SmcCi PO DAP.S5meC, 
zmeU, G 5teU, G 

_________________clam~p, DAP clamp. PAP 
6 uip,u1psI ps, A, GC,4', U, ps A,(3, C,'F. 6 u-PI ups, PS.A,(3, C, T.,i 

P0 DAP, 5meC, U P0 DAP, 5mfeC, 
5nieU, G me U,(3 

clamnp, DAP __________________clamp,PDAP 

6 up,upips,Ps, A,G, C, T, LIT 8 ps A,(3, C,T, ti p,upips,PsI A, (j T',U 

P0 PAP. 5meCI u P0 DAP, meC, 
SrueUi G meC,(3 

clamp.PDAP c Im, A 
6 upnps'PSI AIG, C, T,U, PS p, G,.C, T, 8 ip u1psI PS, AG CT I 

PO DAP, 5meC. PC) DAPRi 
5ffeU,UG 5mieU, G 

______chimp, DAP _________________ ____ clamfp, PAP 
' it upips, PS, A,(3CG, 8 ps A,C, '1, 4 up,ulps, ps, A,CG, C,T, LT 

P0 D)AP, 5mcC, i P0 PAP.SmeC.  

7 p p 1ps A, GI.C,1TU 8 ps AIG, C,T, 5) uro.unpsps. AIG, C, TIU, 
PC) DAPSmeC, PO DAP, 51neC 

zmeU, G 5tueU, G 
_____clailp, DAP __________________clamp, DPAP 

upusp, A,G,.C,4', U. 8 ps A,(3, C,'. 6 upips, PS. A. (3, C, T., 
P0 DAP. 5meC, U P0 DAP, 5mfeC, 

5nueU, G lme U.(3 
----------clamp.PDAP --------------------- clamp,PDAP
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7~ p up~ps, ps. A,.(, C, 1, 8 A, (,I.C,T, 7 lip,ulps, ps, A,.I ,T,.U 
PO DAP, 5m~C, II PO DAP.5ieC, 

clamp, DAP ____ ____________cap AP 
8 lip,nUpsIPS, A,GU.CTU, 8 AG, CT o~ p BppsS A. G, C, TU, 

PO DAP,5mC PO DAP.S5meC.  
,meU, G 5tyeU, G 

_________________clanmp, DAP .... clamp. DAP 
8 lup,u1psI PS, A,GCCTU, 8 ps A,(3, C, T, 5 1p urips, PS. A,.(3, C,T., 

PO) DAP, Smec, PO DAP,.51eC, 
5mieUG 5meUI G 

clamnp, DAP ____________clamp,.D AP 
up, lps, ps, A,GC,CT, 8IT s A,(3, C,1, 4 uu.lp, S ,( 

PO DAiP. 5meC, u PO DAP,5meC, 
5reU'meU,(3 

n- upnps, PS AI G, C, T,U, SS A, 'GC, T, 6 n1n,u1psI PS, A.C, T, UI 
PO DAP, 5meC, U PO) D)APRu 

5fieU, G 5m&eU G 
_____clamp, DAP __________________ _____claipI DA 

fitup ups,Ps, A,(3, CT'IU, 8T A,C, 'I, 7 p,ulps, ps, A,G, C, T,UIT 
PO i)AP, treC, ii PO DAP.SmeC, 

dlamp, clamnp.DAP 
5 lip,nUpsIPS, A,U.CTU, 8 ps AG,C, T, 8 pIupBp SI A G, C, TU, 

PO DAP, 5lywC, UPO DAP.S5meC, 
zmeU, G 5tueU, G 

______Clamp, DAY _____ ________ _______ clamp. DAP 

5 uip,u1psI PSI A,G,.C, T, U., ps A,(3,,. 9 u1pI ups, PS. A. (3, C,T, 
P0 DAP. 5meC, U PO DAP, 5mfeC, 

5nueU, G ine U.(3 
clamnp. DAP ____ __________clamp, DAP 

6 up Bps, ps A G, C, T,U, 8 PS A IC, T, .5 11p0ps AGICTU, 
PO DAP.StumeC, U PO) DAP, 5meC, 

5tueU,U G meU, G 
clartp, D P ....... clamp, DAP 

6 upI ups, ps. A. (3, C,1,Ut, 8 Ai(, ,, 6 up1,ulps, ps, A, CC ,U, 
PO DAP, 5me7. U C) DPneCI 

5ffeU, G 5mieU, G 
champ, DAP _______________________clamnpDAP 

6 fpt)plips,S A, G,7U 8 p AG, C,T 8I" uplps, ps. A,.G, C,T.,LT 
PC) DAPI, meC, U PO DAPSmeC, 

5'meUjG 5jmeU.G 
________ ~ ~ ~clallp, DAP __________________lapDP 

u lp,u1ps- PS, A,GCi,1,TI 8 ps AI(3,C,17, 4 uro.ups, ps. AIG, C,7TIU, 
PO DAR .Smec. U PO DAP, 51eC, 

5nieU, G 5meicU,(3 
Iclamnp.DAP ------------ clampD AP 

7 nplips, PS. A,.G,C, T,U 8I' ps A(, CT, 45 m.,pips,Ps, AGCT 
PO DAP. 5nie7 I. PC) DAP, 5meC, 

5meU, G 5MO'TG 
______clarup. DAP~_____ _______ ______ ____________ clamp, DAP 

7 u3pIups, ps. A.(3,C,1T, U, 8 Ps AGC(,T, 6 up-,unps PS AC, T, U, 
PO DAP, 5meC, U.PO DAPRe
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5nueU, G lme U.(3 

clamp, DAP ____ __________clamp, DAP 

'7 3pI Bps, ps. A C,CT U, 9Ps AIC, T, 11- nps PS, A, GIC,T, U, 
PO DAP.StumeC, u PO DAP, SmreC 

5tueU,C G 5meU, G 
clrtl1, DP clamp, DAP 

8 upI rps, ps. A,.(3, C, T,Ut, 8 ps A (I.C, T, 6 uip,ulps, ps, A,CGI.C,T, U, 
P0 DAP, 5tueC, 

i P0 DAP, 5meC, 

clamp, DAP _______________________clamnpIDAP 

8 upt),ups,Ps, A,(3,CT p. A, GC,1", 5 up,ulps, ps, A, G, C,T,ULI, 
PO D)AP, 5meC, P0 DAP.SineC, 

.. cali. D..........~ AP cluiypAP 
8 lip,n1ps- PSI A, G.C,UI 8 ps AG, C,T. 4 fro.unps'ps. AIG, C, T U, 

PO) DAP,imeC U PO DAP,.51neC, 
5mieUG 5feLTci 

_____clailp, DAP __________________clamp, DPAP 

5 p~psps ,~,(T1 8ps A,(3, C,1T, 6 upf,ulps, PSIA,C,',, 
PO DAP,.SmeC. U PO PAP, meC, 

5meU, G me1-T,(3 
.....1 I D A-P CIlmpP AP 

) up- upsIPSI AIG, C, T, U, S PS AG,.C, T, 7 up,n1psI PS, AGCfUI 
PO DAP, 5meC. U PC) D)AP ,eC 

5tueU, G 5me'i'G 
______clamnp.DAP __________________________clampPDA 

f~p upips, ps A. (3, C,T,iU, 8 A, AI.C,T, 8 uip,ulps, ps, AC G I U 
P0 DAP, 5tueC. it P0 DAP 5meC, 

dlamp, DAP __ ________________ clamnp. PAP 
5 uip,nUpsIPSI A,GCCTU, 8 ps A G, C, T. 9 pI ups, PS. A.G, C, TU, 

PCO DAP, Sme.C, itPO DAP,.SmeC, 
zmeU, G 5tyueU, G 

_______________clam~p, DAP clamp. PAP 
6 uip,u1psI PS, A,CG,.C,T, U, 8 i ps A(3, C,T, 5 P urips, PS. A. (3, CF,Tt 

P0 DAP,.SmeC, U P0 DAP, 5mfeC, 
5nieU, G5meiu.(3 

clamnp, DAP __________________clamp,.PAP 

6 up,upsips,S A,CG, C,T,ULI, 8 ps A,(3, C,T, 6 uip ups, PS.A, (jC T 

P0 DAP,.SmeCI u P0 PAP, meC, 
SuUi5meU,(3 POT 

clamp.PDAP c Im, A 

6 p upnps'PS, A,(3, C, T,U, 8 PS A,C, T, 8 up,u1psI PS, A,CG, C, T, U 
P0 D)AP, rueC, itP0 PP.eC.  

5fmiU,( G 5neU,CG 

fpt)plips,S A, G.,-t-, 8 p AGC,. 4I" up, ups, ps. A, G,,C,T, T 
PC) DAP, 5mcC, U PO PAPSmeC, 

z'meljG 5jmueUCG 
_____clallp, DAP __________________clamp, PAP 

up7ps1s A,GC 1TU. 8 ps A(3G,C,F, 4 upo.unps'ps. A.(3, C, TIU, p0 11ps-eC UP0PSmC 

5tueU, G 5mueU.(3 
clamlp.PDAP clamp,PDAP 

IPIPI ,G C ,U, 8p A 3 C T q) isPI A,(,C' ,t
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7~ p up~ps, ps. A,.(, C, 1, 8 A,~ (,.C,17, 6 lip,ulps, ps, A,. ' , 
PO DAP, 5m~C, u PO DAP. mneC, 

clamp, DAP ____ ____________cap AP 
lip,nUpsIPS, A,GU.CTU, 8 AG,C,17, 7 upIuBps, sI A G, C, TU, 

PO) DAP,5ltC PO DAP.SmneC, 
,meU, G 5tueU, G 

_________________ clamp, DAY .... claytp. DAP 
8 uip,u1psI ps, A,GC,T,7U, 8 ps A,(3, C,17. 6 up-.Irips, PS. A. (3, C,17.ti, 

PO) DAP, Smec, PO DAP,.51eC, 
5mieUG 5meUI G 

clamp, DAP ___________ ____ clampD AP 
8 p upips, ps, A, G, C, T, LI, 8 . ps A, A(3,17,1, [q uptps' PSI A, (3,j 7U 

PO DAP. 5meC, U PO DAP, meC, 
SrueUi G meC,(3 

ni - pnps' PS. AI G, C,1T,U, p PS AG,.C, T, 5 lp, 1psI PS, AGCT I 
PO DAP, 5meC, U PO) DAPRmeI 

5meU, G 5mieU, G 

f~p upips, ps. A. (3, C,'7U, 9 .' A, GI(C,17, 6 uip,ulps, ps, ACC17U, 
P0 DAP, 5tyeC. u PO DAP, mneC, 

clamp, DAP __________________clamnpDAP 

f~p upips, ps. A. (3, C,1,Ut, 9 p A, G Ci(,17, 7 1) upips, ps, A,CGI.C,1T, U.  
PO DP,5cC P0 DAP.SmeC, 

______ clamip, DAP _____ clamnpI DAP 

uptps'ps A,(3,C -I- T p AG,(C,17, 8 up,ulps, ps, A CC17IT 
PO DP,5cC P0 DAP.SmeC, 

______ Clamp, DAP clamp. DAP 

6 lip, UPSI PS A,G. C,fT, U, ps A G, C,17. 9 pI Bps,PS. A. G, C, TU, 
PC) DAP,.SmetC. PO DAP, 5neC 

5,meU, G 5tueU.CG 

________ DAY____ clamj) DAP 

6 uip,ulps- PSI A,GC,1UI 9 us A ,C I 5 fo Pps. AIG, C,17,U, 
P0 DAR.mec," UT P0 DAP, 51eC, 

5nieU, G 5meU,(3 
______ clamp. DAYP_____ clampl, D AP 

6 lup,u1psI ps, A,GC,1U, 9 ps A,(3,CT, upi-Irps,PsI A, (3, C,17,U 
PO DAP.Stue(7, U PC) DAP, 5mfeC, 

5nueU, G yme U,(3 
______ clamfp. DAY _____ clamp, DAP 

7 p,ulps, PS. A, ,C,17 IT 9 ps AG, C,1, 4 . ntps' PS, AG C-ITU 
PO DAP. 5nue(7 U PCO DAP, 5meC, 

~uei5meU, CiOJ 

clamp. DAP ______________,_______clamip,DAP 

35



WO 2018/053185 PCT/US2017/051644 

X Domain n Y Domain Z Domain 
Number TInTeSubunit Nuceobase 1Number 'I ntersubunit 'IN'ucleobase Number intersunm N..kobase 
of Nucs Linkages ISubstitutionis o-f Nucs 1Linka'es of'Nucs Linkages JSubstitutions 

7~ p up~ps, p5. A. (3, C'U, 9 A, I.C, T, 5 uip,upsips,S A,CGI.cTU.  
PO DAP, 5m~C, u P0 DAP. 5meC, 

____clamp DAP tnpDA 

up---ups----s-- A,3, G, ' A C, T, 6 up, lps, ps, A,CG, C, T, L, 
PO i)AL,' ieC, i PO DAR.SmeC, 

ilmtAP-- -----0 hu DAP...  
-------------------------- ------------

liup,nUpsIps, A, GC ,U, 9 ps A,C, T, 6 upIups, PSI A.G, C, TU, 
PO DA,-5ywPO DAP.SineC, 

'meUjG 5jiueU.(1G 
clamp _____ ________ _______ clamp. DAP 

liup,nlps. ps, A, GCfUI 9 ps AIG, C,TI 6 upo.unps'ps. A.IG, C, TIU, 
PC) DAP, -meyC PO DAP,.SmeC.  

5,meU 5tueLTCG 

liup,ulps. ps, A,CGI.C, T, U 9 ps A(3G,C, TI 5 u- pSps,sAI(3, C, TIU, 
PO DAPSmeC, U PO DAP,51neC, 

5nueU, G 5ffiU.(3 
clamp__ DA______ 1Clamp, D AP 

lip up1psIPSI A,GC,CTU, 9 ps A,(3,CT, i.I uips, PSI A, (3, C,T,U 
PO DAP. 5meC, u PO DAP, mfeC, 

5nmeU, G yme U,(3 
__________ DA_____ cla I DAP 

5 np, lps, ps, AC,TUI, 9 ps A, G, C,T, 67 m.,nlps, ps, A,C TT 
PO DAP. 5nueC, uPO D , mC 

5mueU,CG 5MPO-'G 

P0 aY.u, U l A 

5~ u3pIups, ps. A.G, C, T, U, 9 Ps AGI.C,1T, 9 1 0,nps PSI AG C ,U, 
PO DAP.S meC, u PC) DAP, SuieC, 

5tueU,CG 5meU, G 

6 p upnps'PS. A.(, C,iT,U, PS A, GCi.C,T1, 5 upIupsI PSI A,CG. C, T, U 
P0 DAP, 5meC, i PO DAP, 5meC, 

5tueU,( G 5ueU,Ci 
______, DAP___ clamp, DAP 

6 p upnpsIPS, A,(3, C, T,U, PS A,C, T, 6 up, 1psI ps. A,GC,T, U, 
PO DP mC .P0 DAP.RnC 

5fmiU,(3 5nieU,CG 

clamij, DAP Fl A 
6~ p upips, ps, A,Ci(,,U 9 p0, Al,,i ups,ps A.P,,IU 

PC) DAP, 5meC. U PO DAP. 5meC, 
z meUclj 5nueU.CiG 

clam, DP ctrnp DA
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7~ p up~ps, p5. A. (3, C'U, 9 A, I.C, T, 4 uip,ulps, ps, A,CGI.cTU.  
PO DAP, 5m~C, u P0 DAP. 5meC, 

____clamp DAP tnpDA 

up---ups----s-- A,3, G, ''p C, T, 5 up, lps, ps, A,Ci,.C, T, L, 
PO i)AL,' ieC, i P0 DAR.SmeC, 

clmiAP-- -----0 hu DAP...  

up,np~s ,.I ps A G, C, T. 7 upups, PSI A.G, C, TU, 

PO DA, 5mCPO DAP.SineC, 
'mfeUjG 5jiueU.(1G 

clamp _____ ________ _______ clamp. DAP 

8 p,np~s ,.f ps AIG, C, TI 6 ru.ups, ps. AI G, C, TIU, 
PC) DAP, -meyC PO DAP,.SmeC 

5,meU, G 5tueLT.0 

liup,ulps. PS, A,GICCTU 9 p- uIG ,T ps, ps. A.(3, C, TIU, 
PO DAPSmweC, PO DAP,51neC, 

5nueU, G 5ffiU.(3 
clamp__ DA______ 1Clamp, D AP 

liup, 1psI PSI A, G,CTU, 9 ps A,(3,CT, .p uips, PSI A, (3, C,T,U 
P0 DAP. meC, u PO DAP, mfeC, 

5nmeU, G yme U,(3 
__________ DA_____ cla I DAP 

np, lps, ps, AG, CTUI, 9 ps A, G, C,T, 6 m.,npips,PSI A,C TT 
PO DAP. 5nueC. uPO D , mC 

5meU,(1G m'tG 

P0 amPu, U l= A 

u 1pIups, ps. A G, C,T, U, 9 Ps AGI.C,T, 6 11p, nps PSI AG C ,U, 
PO DAP.S meC. u PC) DAP, SuieC, 

5tueU,0G 5meU, G 

up- ups, PS. A.(3, C, T, U S , GCi.C,T1, 9 upuss A,CG. C,T, U.  
P0 DAPI5meC, it PO DAP, 5meC, 

5tueU,( G 5ueU,Ci 
______, DAP___ clamp, DAP 

6 p upnpsIPS, A,(3, C, T,U, PS A,C, T, 5 1 up1psI PSI A,GC,T, U, 
PO DP mC P0 DAR.mC 
5fmiU,(3 5nieU,CG 

it P0iDAP. DAP 
clam, OA 

6~ p upips, ps, A,G(,,. 9p A,GIC, T, 9 uipups, ps. A.,GIC, TU, 
PC) DAPSme, UPO DAP. 5meC, 

lmeU,'G 5neU.0
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6 uip fps, ps. A. (3, CTU, 9 A, i.C, T, 8 lip,ulps, ps, A,Ci. cTU.  

PO DAP, 5m~C, u P0 DAP. 5meC, 

clamp, DAP____ clamnp DAP 

up---ups------- A,3, A, G, p ~ A C, T, 4 up,ulps, ps, A,CG,.C,T, L, 
PO D)AP, fieC, ii PO DAR.1ieC, 

clmiAP-- ----- DAP.n, P.  
-------------------------- ------------

lip,unps ps, A, G C,U, 9 ps AG, C, T, 6 ip Bps, ps. A G, C, TU, 
PO AP -lyCPO DAP.S5ieC, 

'meUjG 5jmeU.(1G 
clamp ______ _________________ ayp.ODAP 

lplips. ps, A, G.CU 9, ps A,,.7Upsp. AGCTU 

8 p,up~s ,iCTU ps A(3G,C, T. 6 uro.ups psA(3, C, TU, 
PO DAP, SmeyC, UPO DAP, 5meC, 

5tueU, G 5tueU.(3 
clamp,_ DAY_____ clamp DAP 

8 lup,ulps. ps, A, C,CTU 9 us A ,C 7 nP ps' ps, A,(G3,C, TU, 
P0 DA.SeCI PO DAP, 51eC, 

5nieUi G mfc,(3G 
___________ DA_____ clam i, D AP 

8 lip,unps ps, A, G,C, T,U, 9 ps ifA,G(, C,T, 4 fnpn rps, ps, A, CTU.l 
PO DAP. 5ueC, uPO D , feC 

jlaaiE, DAP clam DAP 
up,ulps,us, A.(3, CT, 10 ps A(,,, 3 uupp, A,Ci GICTU4 

PC) DAP.,SmeC. u P DAP, mcC, 
5meU,G GmU( 

camOA ___________ _____ clm,ODAP 

u fp ups,us, A.(3, CTU, 10 ps A(, C, T, 4 uip,unps ps, A,(3, C,T, U 
PO OAFSm eC, UP A.mC 

tueU, GmU( 

5meUCi me, 

npit,urps~, ' A ,C,,LUI, 10 PS If ,G.,C,T, 3 lip, ups ps, A, GCTU 
P0 DAP, 5uneC, U PO DAP.StueC.' 

5nieU.(1G DIXmeUG 
clamp, DAPclamp, D AP 

3 i) p,-ps, A (,.CTU J 10 PS,(3 ,, 4 lipnps ps, A.GCTU 
P0 DAF, 5meC, U PC) DAP, SmeC, 

5nieU.( G meU, G 

3 upnp.S, A,Ci3,C,'1,U.T 10 l" A, G, C1, 8 ulp, ups,ups, A.(3, CT U, 
P0 DAP,.SmeC, U PO DAR,5nmec, 

5tueU, G 5meU, G 
clamp,ODAP ____________________ clampj,DAF 

- ----------------------------------------
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3 upt,nrps, .S , (,C L 1 PS A,(3, C,Y, 9 uip,ulps ps, A, GC, T,U.  
PO DAP, 5ueC, U P0 DAP, SmeC, 

5nuell,i Gme U.(3 
clamp DAP clamp,_DA 

3 upit,un. p S, A, (3,C', T, 10 PS A(3G, CI, T, 0 uip, lps~p, A,(GC, TU.  
P0 DAP, 5meC, U PO DAP. 5meC.  

SreUc tmU( 
4 UP,unps p, A, GC, T,U. 10 PS A,0GC, T, 3 up' lps, PS, A.0GC TLU,_ 

PO DAP, 5mneC, U PO DAP,.StueC.  

clamp, DAPclani, DAY 
4 lip,unps ps AACT 10 C,, 4 np lps, ps, A.GCT.U, 

P0 DAP, 5mneC, U PO DAP,.StueC.' 
5tueU.(1 G meU,0G 
clamp,.DAP __________________________clanup, DAY 

4 lip,nps DS, A, G.CTU, 10 1 , ,, 5~ np lps, ps, A.GC T.U, 
130 DAP, Sme-C PO DAP, 5nieC., 

5rneUT G 5mieU, G 

4 uip,ulps, ps, A,0G ,TU 10 ps , , , 6 fip, ups, ps, A.(3, C.F.U, 
P0 DAP, Sme-C, U P0 DAP, 5tueC, 

5me U.(G 5nuelli 
_______ DAP_____ cha DAP 

4 uip,ulps, Ps, A,ciG, , 10 C) A.,C, T, '7nP u ,S~, A CTUjj 
P0 DAP. 5meC. u PO DAP, 5reC, 

Sme,(3 ileTT' G 

4 up' ups, PS, A0G, C T.UI_, 10 .ps AG, C,T, 8 up,unps DS, A,0, C, T,U.  
PO DAP,.:5teC.' u P0 DAP, 5meC, 

.SmeU,0 G ueU.(1G 
clallm, DAPFcap A 

4 np,nlps, ps, A. G, CTU, 10 pA , C, T, 9 lip,ups. DS, A, 0CTU, 
PO DAP,.SmeC.' u P0 DAP, 5meC, 

.SmeU,0 G ueU.(1G 
clallup, DAFY ________________ _______ claump.DAP 

4 np,nlps, ps, A. G, CTU, 10 PSA , C, T, 0 lipps. DS, A, 0CTU, 
PO DAP, 5uieC., U10 DiAP, SmeC 

5mieU, G nieU.0G 

upt,urps, ps, A. (3,C.T.UL 10 ,ps IA. (3, Cx', 4 lup,ulps ps, A,(G, C, T,U.  
PO DAP, 5ueC, U P0 DAP, SmeC, 

5nuell,( G me U.(3 
clamp DAP clamp,_DA 

upt, ups, ps, A,(3,C,'FT 10 A, A,.C, T, 5 up,ulps, ps, A,G, C, T, L, 
P A, reu P0 DAR.SineC, 

5 uip,unps ps, A,0U.C,T, U, 10 ps . AG,C,T. 6 p upBps, ps. A0G, C, TU, 
PO DP 5y i PO DAP.SunieC, 

zmeU,0G 5tueU1G 
clan, DAYPlyj) A 

5 uip,ulps. ps, A, G.C,T, U. 10 ps A0 , C, T. 7 uro. ps' ps. A.0G,C, T.U, 
PO) IAP ,meC. U PO DAP, 51eC, 

,meU,0G 5ueU.(1G
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5 fp up~ps, ps. A,.(3, C,T' U, 10 A, i.C, T, 8 nip,ulps, ps, A,Ci. cTU.  

P0 DAP, 5tyeC, u PO DAP. 5meC, 

clamp, DAP____ clamfp DAP 

upusps, A,3C T' 10 A, A,.C, T, 9 up,ulps, ps, A,Ci,.C, T,UL, 
PO i)AL, 5eC, ii PO DAP.SineC, 

6 uip, nps ps, A,0U.C,T, U, 10 s A,GC, T, 5 uip ups, ps. A.G, C, TU, 
PO) DAP, 5mcC, UPO DAP.StueC, 

clam, DAPyf A 

6 lip,ulps. ps, A, G.C ,U 10 ps A G, C, T 6 fro.nps, ps. A. G, C, T.U, 
PCO DAP, 5lywC, ~ ,PO DAP.StueC, 

,meU, G 5tueU G 
clamp, DAP __________ _________ ______ apDAP 

6 lip,ulps. ps, A, G.C',U 10 ps A G, C, T. 7 upnps, ps. A G, C, T.U, 
PC) IAPSmweC, PO DAP,.51eC, 

5mieUG 5ffeU.0G 

6 uip,unps ps, A,GCCTU, 10 ps A,(3, C,T. 8 ufp ups, ps. A,(3, C,T, 
P0 DAP. 5m-K, U PO DAP, 5mfeC, 

5nueU, G lme U.(3 
________ DA_____ clam DAP 

up,ulps, ps, A, G, CTIT 10 ps A,(3,C, T, up4s A, (jC T 

P0 DXIP. 5meC, u PO DAP, meC, 
5meU, G 5MeU,(3 

_________ DAP_____ clam, DAP 

7 up ups, ps. A.G,CTU, ]0 ps A, GC, T, 5 11-, nps ps, AG. CTU, 
PO DAP.Stu5eC,U 

P0 DXI' G 5ueC, G 

clatmp.DAP ______ _________ ________ claimDAP 

lp-nps, ps. A. G, C,T, U, 10 , , 6 1-,ups ps, AGC ,U 
P0 DAP.S meC. u PC) DAP, SuifeC, 

5tueU,0G 5meU, G 

8 p up1ps, ps. A.(, C,iT, U, 10 ps CAi.,C,T1, 6 1 up ups ps, AGCT U 
P0 DAP, 5meC, Ut P0 DARmC 

5ffiU,( G 5ueU,CG 
chimp, DAP____ clafm DAP 

fit upips, ps, A, (3,C, u, 10 ps A, .C, T, 6 uip,ulpsps, A, C,T, U, 
PO DA, tuCuP0 DAP.S5meC.  

it= P0 AP.me 

'meljG 5jmeU.(1G 
clam, DAP l DA 

liup,unps ps, A,G. C,T, U. 10 ps A0 , C, T. 6 uip ups, ps. A.0G,C, TU, 
PC) DAP,.SmeyC, UPO DAP,.SmeC 

,meU, G tuieU.0G 

clat fifyip DA



WO 2018/053185 PCT/US2017/051644 

X Domain n Y Domain Z Domain 
Number TInTeSubunit Nuceobase 1Number 'I ntersubunit 'IN'ucleobase Number intenrsunm N..kobase 

of Nucs Linkages Substitutionis o-f Nucs 1Linka'es of'Nucs Linkages Substitutions 
5~ p up~ps, p5. A,.(3, C,T' U, 10 A, I.C, T, 7 uip,ulps, ps, A,CGI.C,T, U, 

P0 DAP, 5tyeC, u PO DAP. 5meC, 

clamp, DAP____ clamnp DAP 
upiu, lps, A,G(,, TU 0p ~ .,, S u~p~s ,iCT 

5 uuPSIs A0C T 10 ~ A,C, T, 9 up, ups, ps, A,.GC, T.,, 
PO) DAI, 5mcC, U PO DAR.SmeC.  

clam, DAP------- hnDP.  

6 lip,nUpsIPS, A,U.C ,U, 10 ps AG, C, T, 9 upups, PS. A.G, C, TU, 
PCO DAP, 5mcC, PO DAP.S5meC, 

'mfelUG 5jiueU.iG 
clampDA ______ _________________amp. DAP 

6 lip,nlps. PS, A, GCT I 10 Ps AIG,C, TI 6 uro.ups, ps. AI G, C, TIU, 
PC) DAP, SmeyC, UPO DAP,.5meC, 

5,meUG 5tueUT.CG 

6 lup,ulps. PS, A,GICCUI 10 Ps A(3G,C, TI 6 upups, ps AI(3, C, TIU, 
P0 DAP.SmweC, PO DAP,51neC, 

5nueU, G 5ffiU.(3 
clamp__ DA______ 1Clamp, D AP 

6 uip, 1psIPSI A,GC,TU, 10 ps A,(3,CT, .p uips, PSI A, (3, C,'F,U 
P0 DAP. meC. u PO DAP, mfeC, 

5nmeUG lme U,(3 
__________ DA_____ cla I DAP 

7 np, lps, ps, A, ,C,CT, I, 0 Ps A, G, C,T, 4 m.,npips,Ps, A.C( U 
PO DAP. 5nueC. UPO D, mC 

5meU, G m'iG 

clamp. DAP _________________________clam, DAP 

u 1pIups, ps. A.G, C, T,U, 10 PS A ~ GC,T, 6 11p, nps PS, AG C ,U, 

P0 DAPI5meC, it P0 DAP, 5meC, 
5tueU,( G 5ueU,CG 

______l) DAP___ clam!, DAP 

S~~A upus Gs A,3C,'F,U, 10 PS A, GC,T1, 6 up1 sp, A,1CTU 
PO AII 5eC uP0 DAP.Sm5reC.  

5tmeU,(3 5meU,CG 

clamn, DAP cap A 

AI upuss ,GC,T, U. 10 PS A,C, T, 4 up1u, 1ps. A, . C,,.U, 
PC0 D)AP,.SmeC, UPO DAPRinC 

5fmiU, G 5nieU.CG 

claiij), AP cal A
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5~ p up~ps, p5. A. (3, C,T' U, 10 A, I.C, T, 6 uip,ulps, ps, A,CGI.cTU.  
P0 DAP, 5tyeC, u PO DAP. 5meC, 

____clamp DAP tnpDA 

upiu, lps, A,(3,CTU 10p. AiCT, 7 u~p~s ,iCTU 

5 p~PSIp, A0CTU 10 ~ A,C, T, nS upips, ps. A.G,,C, T,, 
PO) DAI, 5mcC, U PO DAR.SmeC.  

clam, DAP------- hnDP.  

5 lip,nUpsIPSI A,GU.C,U, 10 ps AG, C, T, 9 upups, PSI A.G, C, TU, 
PCO DAP, 5mcC, PO DAP.S5meC, 

'mfeU,'G 5jiueU.iG 
clampOF _______________ _______ clamp. DAP 

6 lip,nlps. PSI A, GCT I 10 Ps AG,C, TI 9 upo.ups, ps. AI G, C, TIU, 
PC) DAP, SmeyC, UPO DAP,.SmeC, 

5,meUG 5tueU, G 

6 lup,ulps. PSI A,GICCUI 10 Ps A(3G,C, TI 6 upups, ps. AI(3, CTIU, 
PO DAP.SmweC, PO DAP,51neC, 

5nueU, G 5ffiU.(3 
clamp__ DA______ 1Clamp, D AP 

6 uip, 1psI PS, A,GC,CTU, 10 p. u,(,CT 6 fIrps, PSI A, (3, C,T,U 
P0 DAP. meC, u PO DAP, 5rmeC, 

5nmeUG lme U,(3 
__________ DA_____ cla I DAP 

6 np, lps, ps. A, ,C,CTU I, 0 Ps A, GCT' m. li~nps,PSI AGC( U 
PO DAP. 5nueC, UPO D, mC 

5mueU, G m'iG 

clamp. DAP _________________________clam, DAP 

u3pIups, ps. ACG, C, T, U, 10 1 PS A GI.C,1T, 5 upnpI p,,TA C , 
PO DAP.S meC. u PC) DAP, SuieC, 

5tueU, G 5meU, G 

P0 aPfl,5C DAP P0 AP!,meAP 

__0__ ________ cIA .CAP U 
uppsps A,(3C, T, U, 10 PS A,C,T1, 4 up1s1 ,AiCTU 

PO AII 5eC uP0 DAP,.SmreC.  
5tmeU,(3 5meU,Ci 

clamn, DAP cap A 

AI upuss AGC,T, U. 10 PS A,C, T, 5 up1u, 1ps. S A, . C,,.U, 
PC) D)AP, 5meC, UPO DAPRiuC 

5fmiU, G 5nieU.CG
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8 uip ups, ps. A,.(3, C,T' U, 10 A, AGi.C, T, 4 nip,ulps, ps, A,. ' , 

PO DAP, 5teC, IT PO DAP. 5meC, 

clamp, DAP ____ _____ _____ ____cap6AP 

3 np, nps ps, A, GC, T, UI A, \GC, T, 3 up' lps, Ps, A ,GC TU 
PO DAP, 5ineC, U PO DAP,.neC.' 

5tueU.(1 G 5meU, G 
clamp DAPClamp, DAY 

3 ip np~s DS, A, G.C, T,U, I'- PsA ~ G.C, 1', 4 up nps,p.s, A. G, C . U, 
PO DAP, Sme-C PO DAP, 5meC., 

5tueUCG Sme,G 
clamp,.DAP __________________________clanup, DAY 

3 uip, lps, ps, A, GC,71T,U. 11 G, ~ C, T, 5 riprups, ps, A.(G, C.If.U, 
PO DAP, SmeC, PO DAP, 5meC., 

clamp, DAP __________________clamp, DAP 

3 uip, lps,.ps, A, GC,,'U. 11 G, ~ C, T, 6 up, ups, ps' A.(G, C.IfU, 
PO DAP, Sme-C, u PO DAP, 5tueC, 

Smle U.(3 5uell,CG 
_______ DAP____ clamp DAP 

S lip,ulps, Ps, A,CC,.U Gi p ,,, usu, A.If 
PO DAP. 5meC. u PO DAP, 5meC, 

Gmel,( illeTG 

u p' ups, Ps, A , CC.f,,i .ps A,C, T, 8 up,unps DS, A, C,T, U.  
PO DAP,.SmeC.' u P0 DAP, 5meC, 

5meU,C G 5teU.(1G 
clani, DAP lmp A 

up,ulps,p.s, A. G, C.T.U, 1 PS , C, T, lip,unps. DS,AiTU 
PC) DAP, 5meC.' U P0 DAP,SmeC 

5meU,( G 5teU G1 
clanup, D APll _______________ _______ clamp,.DAP 

fpris .S, A. (3, C. U L, , (3C'If 1 
S~~~ ~ ~ rilpis f i sA,,, 1 p,ulps ps, A,(GCTU.  

PC) DAP, 5meC.' U P0 DAP, meC 
nmeU, G fmiell.CG 

clamp, DAP _____ clamp, DAP 

4 rip, ups, .,S, A. (3, C.I f., 1 1 PS A,(3, C,T, 3 uip,ulps ps, A,GCC ,fU 
PO DAP, 5meC, U P0 DAP, SmeC, 

Smui ell,(3tleU 
chnDPclamp DAAP____ 

4 u p,unps'uS, A,.(3,C(', IT, Ii PS A(3G, CIT. 4 lip,upsips, A ,3C U" 

P0 DAP, 5mcC, UPO DAP. 5nueC.  

claclam, DAP 

P0DAS.6 U PC DAPAP 

4~P upAss AGC,,U 1 ,CiC,T, 57 riplups, Ps, A.CG, C.If.U, 
P0 DAP,.SmeC. U PO DAP, 5meC, 

5tulCiSeU, 5p,,G 
clamp, DAP ______________ _______Clamp, DAY 

4 S DS, , G C, , U, I43
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4 upt, rps, u-s, , (3 ' 1 PS A,(3, C,T, 8 uip,ulps ps, A,G, C, T,U.  
PO DAP, 5meC, U PO DAP, SmeC, 

clamp DAP clamp,_DA 

4 up ,-pS, A.,C',T, I Ps A(3G, C,T, 9 uip, lps, ps, A, (;.,T 
P0 DAP, 5feC, U PO DAP.SmneC.  

P0 aPn, P0ap DAAPueC 
SreUc zmU( 

4 UP,unps fs, A, G.C, T,U. I pS AGC,1T, 4 up' lps, PS, A. G, C T._T 
P0 DAP, 5ineC, U PO DAP, 5ueC.  

clamp,.DAP __________________________clanup, DAY 

liup,up~s A,.,IU i ps A, C,.T' 4 up ups, ps, A.G, C.U, 
PO ) DAP, 5meC, U PO DAP.SineC.' 

5eUG 5pU.0 

5 uip,ulps. ps, A, Gi.C,T1, U. I' ps A(3G,C, T. 5 up ups, ps, A.(, C,.,ru 
P0 DAP.SeC Uwc' PO DAP,51neC, 

clamp,_ DAP_____ clamp, D AP 

5 uip,unps ps, A,cG, C, T,U, Ii ps A,(3, C,T, 6 upt,urps,ups, A, (3, C,1T,U,! 
P0 DAP. 5meC, u PO DAP, mieC, 

5nueUciG 5le U,(3 
---------------_ --- ____________P c1la , D AP 

5 up, lps, ps, AG,CT, ",II ps A, G, C,T, I8 ) np~us' ps, A,CTU 
PO DAP. 5nueC, u PO DAP, mcC, 

5mem, G'G 
clampD1 CIL,____ __________ ________ lm,DAP 

5 up ups, ps. AG, C, T,U, iips A, G.C,1T, 5 up,unps fs, A, G.C,T, U.  
PO DAF.SrumeC. u P0 DAP, SuieC, 

5tueU,0G 5meU, G 

P0rl) DAPC ClaP0 DAPeC 
5 , , U, I p AuGC,1' 

6 p upips, ps, A,3ClUi . A0CT p,nps. ps, A,G. C, T, U, 

PO DAP, 5meC, u PO DAP,.SuieC, 
5tmeU, G 5meU.(1G 

_______________ clauip, DAP clamp. DAP 
2 up- ups, ps A ,,TU, I ps AGC, T, 5 lipu,sD, A, .,T.U 

P0 DAP, 5meC, UPO DARmC 
5ffeU0G 5eU, G 

Clamp, DAP __________________clapODAP 

C' 111,U 1 14
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2 up,nrps, Ps' , (,C L 1 PS A,(3, C,Y, 3 uip,ulps ps, A,(G, C, T,U.  
PO DAP, 5ueC, U PO DAP, SmeC, 

5nuell,C Gme U.(3 
clamp DAP clamp,_DA 

2 u p,un. p S, A, (3,C,''' T., 12 Ps A(3G, C,T, 4 uip,psips, A,(G, C, TU.  
P0 DAP, 5meC, U PO DAP.SmneC.  

2 up ups, A, GC, T,U. 12 ps A,0GC, T, 5 up' lps, PS, A.0GC TLU,_ 
PO DAP, 5mneC, U PO DAP,.StueC.  

clamp, DAPclani, DAY 
2 lip,unps ps AAT 12 C, , 6 up lps,p.s, A.GCT.U, 

P0 DAP, 5mneC, U PO DAP,.StueC.' 
5tueU.(1 G meU,(G 
clamp,.DAP __________________________clanup, DAY 

2 lip,nps DS, A, G.CTU, 12 1 , ,, 7 up lps,p.s, A.GC T.U, 
P0 DAP, Sme-C PO DAP, 5nieC., 

2 uip,ulps, ps, A, GCTU 12 .ps ACGC, T, 8 up, ups, ps, A.(3, C.F.U, 
P0 DAP, Sme-C. U PO DAP, 5tueC, 

Sme U.(3 5nuell,CG 
_______ DAP_____ cha DAP 

2 uip,ulps, Ps, A,CG -, I-,Tu. 12 A, G(,C, T, 9 u p,unp.S,uS, A, (,"CTUL 
P0 DAP. 5meC. u PO DAP, 5reC, 

Sme,(3 illeTI, G 

up' ups,s AP C.., 12 1ps AG, C, T, 10 up,unps ps, A,(3, C,T, U.  
PO DAP.:5teC.' uI PO DAP, 5tyC, 

.SmeU,( G 5teU.(1G 
clalm, DAY lmp A 

liup,unps,p.s, A. G, CTU, 12 psA , C, T, 2 lip,unps. DS, A,G CTU, 
PO DAP,.5teC.' uI P0 DAP, 5tyC, 

.SmeU,( G 5teU.(1G 
clallup,ODAY ________________ _______ clamp. DAP 

n p,ulps,p.s, A. G, CTU, 12 PSA , C, T, 3 lip,unps. DS, A,G CTU, 
PO DAP, 5ueC., P0 DAP, SmeC 

5mieU, G neLI.(G 

3 up,urps, ps, A. (3,C.'L.U, 12 ps IA. (3, C,', 4 lup,ulps ps, A,(G, C, T,U.  
PO DAP, 5ueC, U P0 DAP, SmeC, 

5nuell,C Gme U.(3 
clamp DAP clamp,_DA 

3 uip,unps' S, A, (3,C,"., 12P A(,C, T, 5 uupps A(3,7'U.  

up~psps A0,,TU. 12 PS 5,T 6 ip upips, Ps, A ,3C.7, 
P0 DAP, 5neC, U PO DAP,.SmueC.  

clarti, DAPclam,DAP 
3 up,unps ps, A, G.C7T, U, 12 p, UGCT, up'lps, PS, A. G, C T.U, 

P0 DAP, 5meC, U PO) DAP, 5nueC, 
5tueU.(1 G meU,(3 

cl m i, A P ------------- ----------------- Lal1, A
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3 up,nrps, .S , (,C L 1 PS A,(3, C,T, 8 uip,ulps ps, A, GC, T,U.  
PO DAP, 5ueC, U P0 DAP, SmeC.  

5nuell,i Gme U.(3 
clamp DAP clamp,_DA 

3 u p,un. p S, A, (3,C',T 12 PS A(3G, C,T, 9 uip,psips, A,(G, C, TU.  
P0 DAP, 5meC, U PO DAP.SmneC.  

SreUc 2mU( 
3 UP,unps ps, A, G.C, T,U. 12 PS A,0GC, T, 10 up' lps, PS, A.0GC TLU, 

PO DAP, 5mneC, U PO DAP,.nueC.  

clamp, DAPclani, DAY 
4 lip,unps ps AACT 12 C,, 2 up lps,p.s, A.GC T.U, 

P0 DAP, 5mneC, U PO DAP,.StueC.' 
5tueU.(1G 5meU,0G 
clamipDAP __________________________clanup, DAY 

4 lip,nps DS, A, G.CTU, 12 1 , ,, np lpips,p.s, A.GC T.U, 
P0 DAP, Sme-C PO DAP, 5nieC., 

5rneUT G 5mieU, G 

4 uip,ulps, ps, A,GIC,CTU 12 ps A, ~ GC, T, 4 up, ups, ps, A.(3, C.F.U, 
P0 DAP, Sme-C. U PO DAP, 5tueC, 

Sme U.(3 5nuell, G 
_______ DAP_____ cha DAP 

4 uip,ulps, Ps, A,cG,CT-, Iu. 12 A, Gc,C, T, 5; up,unps.s A,1C, T 

P0 DAF. 5meC. u PO DAP, 5reC, 
Sme,(3 illeTI,cG 

4 p upips, PS, A ,C TU, 12 1 ps AG, C,T, 6 upusu, A,0, C, T,U.  
PO DAP.:5teC.' Lu PO DAP, 5tyC, 

.SmeU,0 G 5eU.(1G 
clallm, DAY lmp A 

4 up,nlps,p.s, A. G, CTU, 12 psA , C, T, 7 lip,unps. DS, A, 0CTU, 
PO DAP,.SmeC.' uI P0 DAP, 5tyC, 

.SmeU,0 G 5eU.(1G 
clallup,ODAFY ________________ _______ clamp. DAP 

4 up,nlps,p.s, A. G, CTU, 12 PS , C, T, lip,unps. DS, A, 0CTU, 
PO) DAP, 5ueC., P0 DAP, SmeC 

5mieU, G nleU.0G 

4 up,urps, ps, A. (3,C.'L.U, 12 ps IA. (3, Cx', 9 lup,ulps ps, A,(G, C, T, U 
PO DAP, 5ueC, U P0 DAP, SmeC, 

5nuell,( G me U.(3 
chnDPclamp DAP_____ 

4 pusu, A(,,.. 12 Ps A(,C, T, 10 ip,upsips, A ,3CT U 
PDA,5eU P0 DAP.SmneC.  

.5 up,unps ps, A, GC7T,U. 12 PSA \GC, T, 4 upu lps, PS, A , C TI T 

P0 DAP, 5mneC, U PO DAF.SmuieC.  
5tueU.(1 G meU,0G 

clam ), A P --------------- ---------------------clallm , D AY 
5 lip,nps DS, A, G.C, T, J. 12 1ps A, G.C, 1, 5 upoups, ps. A,.G, CjU, 

P0 I)AP ,meC U PO DAP, 5nueC.  
,me G -. , 

4.6



WO 2018/053185 PCT/US2017/051644 

X Domnain Y Domai'n Z Domain 
Number lutersubunmit Nucleobase -Nutuer lu Itersubunit 'IN'ucleobase Number intersunm Nctcobase 

ofus Linkages Substitutions o-f Nucs 1Linka'es of'Nucs Linge Substitutions 
5 up, rps, ps' A, C,T , 12 ps IfA,(3, C,T, 6 np,ulps, ps, A, G, CT'U.  

PO DAP, 5teC, U PO DAP, SmeC, 
2me,(3 G 2me .(3 

P0mp DAPe Ulap DAP.mC 

5 np,up.p S, A,(3 ,-IT, 12 A ,C1,T, nS upips, ps. A.(G, C,.LU, 
PO DAP, 5mWC U PO DAP. 5nieC.  

'meU,(3 G 2meU,(3 
cla mi, D A P.. ---------- 1-------------------------- clamp, D A P 

5 pusu, AGC7 2ps A, AGC, T, 9 up Bps, ps. A GCTU _ 

PO DAP, 5tywC, U PO DAP,.StueC.' 

clam p A --------------- --------------------------- clamup, D A Y 

6 lip,unps~s ,. U 1 ps A, AG.C, 1, 9 upoups, ps. A,.G, CjU, 
PO D)AP, SmeyC. U PO DAP, 5nueC.' 

5,meUG 5meU, G 

6 uip,nps ps, A, G.C, ',U 12 ps A, AG.C,T1, 5 up, ups, ps. A.(G, C.3.U, 
PO DAP ,meC, U PO DAP, 5ieC, 

5nueUi G 5ueU,CG 
________ DA_____1 clamp, DAIP 

6 uip, lps, ps, A,GC,CTU, 12 ps i ,C, T, 6 n.utps, ps. A GCT7U, 
P0 DAiP. 5meC, U PO DAP, 5teC, 

51neU, G 5iell,CG 

P0 DaP.1e, A PC AlPSe 

ch DAP 
2 p~p~u, A.3,.7., 1~.ps A(,GC,17, 21 up, psps, A,G(,,'F,.  

PC) DAP.SmeC. u PO DAP, 5meC, 
5meU,G Biel.C 

clamp,DAP _____ clampu,DAP 

up' ups, Ps, A.(3,(CTU, 12 1pA, GC, T, 3 u p, ups ps, A,(3 CTU 
PO DAPSm~neC, ifu P DAP,.SmeC, 

5ueU, G 2mteU.(3 
ca.DA __clap,_DA 

upl,urps,ups, A. (3,(C,37.U.f 13 ps' A3C,3, 2 uip,unps ps, A,(GC'3T'U 
PDA,5eCU P0 DAP,.SmeC.' 

5nieU,i G DM, GmLI( 

2 upl,urps .)S, A (,C,TU.J 13 PS A, (3.C,3, 5 uipups, PS, A,GC, T.LU, 
PO DAP, 5ueC, U PO DAP.S meC.  

5nieU.C G me U, G 
clatu, DAPclamp, DAP 

p,np.s, A,G.(37,U., T 13 p, 4 ilGCTs' A , ,T 
PO DAP, 5meC, U PC) DAPSmne7.  

5jmeLT.iG 5me,T"G 

2 up,unps p S, A, C,,7U. 13 PS i(A3.,C,3T, 5 up' ups,uPs, A. C 37.U 
PO DAP,.5meC, iU PO DAP, 5neC, 

5tueLI.GC 5meU, G 
clamp, DAP _____ _______ _____ lmA 

- --- --- --- ------ --- ---- --- ----- --- --- ---- - c ai7 A
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X Domfai n Y Domain Z Domain 
Number lu-tersifbunit Nucleobase lNuniuer lu Itersubunit 'IN'ucleobase Number intersuum N..kobase 
of Nucs Linkages Substitutionis o-f Nucs 1Liika'es of'Nues jLinge JSubstitutions 

2 rip, rps,u-,S, .T.U, ' ' 13 PS A,(3, C,T, 8 uip,ulps ps, A,(G, C, T,U.  
PO DAP, 5nieC, U PO DAP, SmeC, 

5niell,C Gme U.(3 
chuam DAP clamp,_DA 

u p,un. p S, A,.(3,C',T, 13 Ps A(3G, C,T, 9 lip,psips, A ,3C, TU.  
P0 DAP, 5meC, U PO DAP.SmneC.  

2 Unpspss, A, GC,T, U. 13 PSA \GC, T, 10 upu lps, PS, A ,C TLU, 
P0 DAP, 5ineC, U PO DAP,.SuieC.  

clamp, DAPclani, DAY 
3 ip np pps AAT 13 C, , 2 up lps,p.s, A.GCT.U, 

P0 DAP, 5ineC, U PO DAP,.SuieC.' 
5tueU.(1 G meU, G 
claumpDAP __________________________claip, DAY 

3 lip,nps DS, A, G.CTU, 13 1 , ,1, ns lpips,p.s, A.GC T.U, 
P0 DAP, Sme-C PO DAP, 5nieC.  

5rneLT(G 5mieU, G 

3 lip,ulps, ps, A,0GIC,T, U. 13 ps A, G,.C, T, 4 up, ups,ups, A.(3, C.'FU, 
P0 DAP, Sme-C, U P0 DAP, 5tueC, 

Sme U.(3 5niel, G 
_____ ______ clamp DAP 

3 uip,ulps, Ps, A , C, , U. 13 A,. AG, C,T, 5; u p,unp.s, A ' T 

P0 DAP. 5meC. u PO DAP, 5reC, 
Sme,(3 illeTI, G 

up' ups, PS, A.G,.C T.U, 13 1ps AG, C,T, 6 upusp, A, GC, T,U.  
PO DAP.:5teC.' uI PO DAP, 5teC, 

.SmeU,(G 5ueU.(1G 
clalip, DAY lmp A 

S, up s,s A. G, CTU, 13 ps , C, Tps~ AGT 

PO DAP,.5teC.' uI PO DAP, 5tyC, 
.SmeU,(G 5ueU.(1G 
clamlp,ODAY ________________ _______ claump.DAP 

n p,ulps,p.s, A. G, CTU, 13 S G C,S lp, nps. DS, A,G CTU, 
PO DAF, 5ueC., P0 DiAP, SmeC 

5mieU, G neLI.(G 

u fp,urps,ups, A. (3, ("'L, 13 ps IA, (3C,, 9 lup,ulps ps, AGCT, U 
PO DAP, 5nieC, U P0 DAP, SmeC, 

5miel,C G me U.(3 
clamp DAP clamp,_DA 

3 uip,unps'uS, A,.(3,C(,T., 13 psA3C, .0 uppss, A(.,VU 

4~1 upus.s AA,,TU 13 p C, T, 2 ip upips, Ps, A.(G, C, 1.U, 
P0 DAP, 5meC, U PO D.AP,.SuieC.  

clarip, A-Pclam, DAP 
4 up, nps DS, A, G.C7T,U. 13 pS AG,.C,1T, 3 up' lps, PS, A. G, C T.UT 

P0 DAP, 5meC, U PC) DAP, 5neC.  
5tueU.(1 G meU, G 

cl m ),D P ----------- ----------------cLlBp A
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X Domain Y Domai'n Z Domain 
Number lutersubunmit Nucleobase lNumber lu Itersubunit 'IN'ucleobase Number intersuum N..kobase 

of Nucs Linkages Substitutions o-f Nucs 1Linka'es of'Nucs Linge Substitutions 
4 fup,urps,u-,S, .T.U, ' ' 13 ps A,(3, C,T, 4 uip,unps ps, A,G, C, T,U.  

PO DAP, 5ueC, U PO DAP,.SmeC.  
5nuell,i Gme U.(3 
clamup DAP clamp,_DA 

4 u p, n.SpS, A,.(3,C',T, 13 Ps A(3G, C,T, 5 uip,psips, A ,3C, TU.  
P0 DAP, 5meC, U PO DAP.SmneC.  

.......0...cap DAPSnC 0OFSuC 

clclam, DAP 
4 UP,unps s, A, G.CTU. 13 ps , , , up' nps, PS, A. GC TU_ 

P0 DAP, 5ineC, U PO DAP,.StueC.  

clamp. DAP __________________________clanup, DAY 

4 lip,unps ps AG T 13 C, , 7 up nps' .s, AGT 
P0 DAP, 5meC, U PO DAP, 5nueC.' 

5tueLT .G 5meU, G 

4 uip,nps DS, A, C,T, U. 13 1ps A G.C, 1, 9 up ups' us, A.(3, C . U, 
P0 DAP.e, U,- P0 DAP, ieC, 

clamp,_ DAP_____1 clanip DAP 

4 uip,ulps, ps, A, GI C,T, U. 13 ps. A GC, T, 19 up,urps~, ' A GCT U, 
P0 DAP.S me-C. U PO DAP, 5teC, 

.me U,0G 5nuell1G 
cla, DAPu, A 

4 uip,ulps, Ps, A.G, C, T, U 13 A, AG,C, T, lip np~us' ps, A,G.,T',U.j 
PO DAP.5meC, uI P DAP, 5reC, 

c la---p .--------_--------------- _---------------------- --------------------- cla m p .D A P ...  

Bp' unps' PS. A.G, CTJ, 13 1ps AG, C,T, 64 pup~s A, G.C, T,U.  
PO DAF,.:5ueC. P ) DAP, 5meC, 

5meU,0 5tueL.0 

P0alip DA, YuC Ulam0 DAPC 

u p,unps' us, A,(3, C, T,U, 13 s A(3G, C, T, 5 up,unps ps, A,(3. C,7', U.  
P AI neu P0 DAP,.SmeC.  

5teU,0 G 5meU,0G 
clamn, DAP clamp, DAP 

6 up,unps .0s, AG. C, T, U, 13 ps . AGC, T, 6 up, ups ps. A., C, TU, 
P0 D)AP, 5meC, U PO DAF, SmeC 

5reU,0 G 5meU,0G 

clan~j), DA
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X Domain Y Domai'n Z Domain 
Number lutersubunmit Nucleobase lNumber lu Itersubunit 'IN'ucleobase Number intersunm N..kobase 

of Nucs Linkages Substitutions o-f Nucs 1Linka'es of'Nues Linge Substitutions 
6 up, rps, -,S, A., C,T' U, 13 ps A,(3, C,T, 6 np,ulps, ps, A,(r, C, T'u.  

PO DAP, 5teC, U PO DAP, SmeC, 
Iylcl(3 G 5me U.(3 

clmp DAPe Ulap DAP.mC 

6 n p,up.p S, A,G,CI, TT, 13 Ps A,0GC, T, n upips,.PS, A ,C, L U, 
P0 DAP, 5ineC, U PO DAP,.StueC.  

Sruelci G meU,(3 
clam DAP-----------Clam , OAF 

UP,unps~ AST A, , 28 up Bps, ps, A GCT.U_ 
P0 DAP, 5mneC, U PO DAP,.StueC.  

clampDAP ________________ ________ clanup, DAY 

2 ulp,nps Ps, A, G.CTU, 14 ps , C, 2 up nps' ps, A. GCTU, 
P0 DAP, 5meC, U PO DAP, 5nueC.' 

5tueLT.G 5meU, G 

2 uip, nps ps, A, CCTU, 14 1 .AG , 1, 4 p upnps' us, A.(3, C. U, 
P0 DAP, Sme-C PO DAP, 5ieC, 

5neLI.( G 5ueU, G 
clamp,_ DAP_____ claluE DAP 

2 uip, lps, ps, A,CG, C, TU. 14 A, ~G,C, T, 4 up,urps~, ' A ,CCT U, 
P0 DAP,.Sme-C. U PO DAP, 5teC, 

Sme U,,(35nieeUcG 

2 uip,ulps, PS, A.(G.C, T.U, 14 A, pAG,C, T, 6 lup,unps. PS, A,G(,CTU 
PO DAP. 5meC. L P0 DAP, 5reC, 

.me, G illeU.IT, 

up'ups' Ps. A. G,C TU 14 A, G, C, T, up,unps ps, A,G CTU.  
PO DAP,.SmeC.' uI P0 DAP, 5tyC, 

.SmeU,C G ueU, G 
clanu, DAY ________________ _______ clamp.ODAP 

up ,0s, A.G, CTU, 14 , ipusp, AGT 

uip,unps~s .3C'., 1 ps A.(3, C, 9 ulp, nps. ps, A, GC,T, U, 
PO DAP, 5teC, u P0 DAF,.SmeC, 

5mueU,CG 5meUl.(3 

caiDYclamp DAP ____ 

u p,unps' us, A.(3, C, U, 14 ps A(3G,C,V 10 uip,unps. ps, A,(3. C, T, U.  

PDA,5eCU P0 DAP,.SmeC 
5nieU,c G mreU,(3 

u fp,urps.P, AC(,CTL ,. 114. PS I ,C.C,T, 2 uipups, PS, A, G.C, T.U, 
P0 DAP, 5ieC, U PO DAP.S meC.  

5mieU.(i Gme U,G 
clatu, DAPclamp, DAP 

3 up,np.s, A, (,C(,FT, 14 p AG,.C,T, 3. uip, ups, Ps, A.G, C, T.U, 
P0 DAP, 5meC, U PO) DAP, 5nueC.  

5jmeU.(i GmU,
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X Domfai n Y Domain Z Domain 
Number lu-tersifbunit Nucleobase lNumber lu Itersubunit 'IN'ucleobase Number intersuum N..kobase 
of Nucs Linkages Substitutionis o-f Nucs 1Linka'es of'Nucs jLinge JSubstitutions 

3 up,nrps, -,S, , (,C L 1 PS A,(3, C,T, 4 uip,ulps ps, A,G, C, T,U.  
PO DAP, 5ueC, U P0 DAP, SmeC.  

5nuell,C Gme U.(3 
clamp DAP clamp,_DA 

3 u p,un. p S, A, (3,C',T, 14 PS A(3G, CT, 5 uip,psips, A ,3C, TU.  
P0 DAP, 5meC, U PO DAP.SmneC.  

3 UP,unps ps, A, C,T, U. 14 Ps AGC, T, 6 p upips, PS, A. ,C C.LU, 
PO DAP, 5mneC, U PO DAP,.StueC.  

clamp, DAPclani, DAY 
3 lip,unps ps AACT 14 C,, 7 np lps,p.s, AGT 

P0 DAP, 5mneC, U PO DAP,.StueC.' 
5tueU.(1 G meU, G 
clamipDAP __________________________clanup, DAY 

3 lip,nps DS, A, G.CTU, 14 1 , ,, 8 np lps,p.s, A.GC T.U, 
P0 DAP, Sme-C PO DAP, 5nieC., 

5rneLT(G 5mieU, G 

3 uip,ulps, ps, A,GIC,CTU 14 ps , , , 9 up, ups,ps, A.(3, C.'F.U, 
P0 DAP, meC, U P0 DAP, 5tueC, 

Sme U.(3 5niell, G 
_____ ______ chuam DAP 

3 uip,ulps, Ps, ACGC, T, U 14 A, AG, C, T, 1 lip,up.s, s ACCTULj 
P0 DAP. 5meC. u PO DAP, 5reC, 

Sme,(3 illeTI,cG 

4 p upips, PS, A.G,.C T.U, 14 1ps AG, C,T, 2 upusu, A, C,T, U.  
PO DAP,:5teC.' uI PO DAP, 5tyC, 

.SmeU,CG 5ueU.(1G 
clallm, DAY lmp A 

4 np,ulps,p.s, A. G, CTU, 14 psA , C, T, 3 lip,unps. DS, A,G CTU, 
PO DAP,.SmeC.' uI P0 DAP, 5tyC, 

.SmeU,CG 5ueU.(1G 
clallup, DAY ________________ _______ clamp DAP 

4 np,ulps,p.s, A. G, CTU, 14 PSA , C, T, 4 lip,unps. DS, A,G CTU, 
PO DAP, 5ueC., P0 DAP, SmeC 

5mieU, G neLI.(G 

4 up,urps,ups, A. (3,C.'L.U, 114. ps IA.(3, C,T, 5 uip,ulps ps, A,CGC, T,U.  
PO OAP, 5ueC, U P0 DAP, SmeC, 

5niell,C Gme U.(3 
clamp DAP clamp,_DA 

4 up,unps'uS, A, (3,C,"., 14P A(,C, T, 6 pup s A,3CTU" 

4 u~us~u, ,C,,TU. 14 PS 6CCT lip upips, Ps, A.(G, C., 
P0 DAP, 5meC, U PO DAP,.SmueC.  

claripDAPclam, DAP 
4 up,unps ps, A, GC7T,U. 14 pS A. G.C,1T, 7 np' lps, PS, A. G, C.T.UT 

P0 D1AP, 5meC, U PCO DAP, 5neC.  
5tueU.(1 G meU,CG
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X Domiai n Y Domain Z Domain 
Number lu-tersifbunit Nucleobase 1Number lu Itersubunit 'IN'ucleobase Number intersuoumt N..kobase 

of Nucs Linkages Substitutionis o-f Nucs 1Linka'es of'Nucs Linge Substitutions 
4 up, rps, .S , (3 ' 4 ps A,(3, C,T, 9 uip, lps. Ps, A, GC, T,U.  

PO DAP, 5neC, U P0 DAP, SmeC.  
5nuell,i Gme U.(3 
clamp DAP clamp,_DA 

4 u p, n.Sp S, A,.(3,C', T, 14 Ps A(3G, C,T, .0 uip,upsips, A ,3C, T,1-J 
P0 DAP, 5meC, U PO DAP. 5meC.  

.......0...cap DAPSnC 0OFSuC 

clclam, DAP 
5 Unp~usps, A, G.C ,U. 14 ps AG, C,T, 4 uu' lps, PS. A. GC TU 

PO ) DAP, 5me.C, U P DAP,.StueC.  
51le,G 5mUG 

clamp, DAP ____ _____________ clamup,DAY 

linp,upsTs AGCI 14 ps AG. C, 1, 6 tipups, ps. A,.GCTU, 
PO) DAP, SmeyC, U PO DAP, 5nueC.' 

5,meUG 5meU, G 

5 uip,ulps. ps, A, G.C,T1, U. 14 ps A, i.C,T1, 6 up, ups, ps. A.(G, C.I. U, 
P0 DAP.SmeC, U PO DAP, 5ieC, 

5nueUci G 5ueU,ci 
________ DA_____1 clamp DAP 

5 uip, lps ps, A,cG,CTU, 14 PS A,C, T, np tips, ps. AGCT U, 
P0 DAiP. 5meC. U PO DAP, 5teC, 

5nueU 5niell, G 

P0 DAPjEC, P0np DAAPeC 

6 pusps .,,TU 4ps AG, C,T, 5 nip,utps, ps, A, GC,TF,U 
PO DAP. 5nueC. U PO DAP, 5mcC, 

5niel-J G 51leTT(1G 
clarnp.DAP __________________________claumDAP 

6 up ups, ps. A G, C, T,U, 14 ps AG, C,T, 6 ip, Ups, ps, A, G.C,T, U.  
PO DAP.SmuneC. [U PO) DAP, 5meC, 

5tyeU,0 G 5eU G 

P0 aPfl,uiC UD0APPSmC 

6 upuss A,3C, T,U, 14 ps A(3,C, T', 5 up,unps ps, A,(I C,T, U.  
P0 i)AFI rueC U P0 DAP,.SmeC.  

5myeU,( G mteU,(3 
clamtp DAP capA 

[0086in-abeB-thnucletidesneachfthe adGdomain'canbeonormoreofG The U 

Biiuealas1.,,45,,8omrefheoifencloidsclbeA asmeDA
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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 or 17-20 or 21-24 or 25-28 or 

29-30 or 31-32 or 33. In some embodiments the nucleotides inTable B are selected from certain 

modified nucleotides listed inTable A such as nucleotide numbers 9-12 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 5-8 and 21-24. In some 

embodiments, the nucleotides in Table B are selected from one or two or three modified 

nucleotides listed inTable A such as nucleotide numbers 29-31 or 31-32 or 33. In some 

embodiments, the nucleotides inTable 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 is conjugated at the 5' and/or 3' end 

to a ligand-targeting group or a pharmacophore.  

[0088] In some embodiments, the nucleotide compounds of the present disclosure include one of 

the following sequence: 5'-GCAGAGGTGAAGCGAAGUGC-3', or other sequences in Table H 

(below).  

[0089] In some embodiments, the oligonucleotide comprises a sequence in Table C. In table C, 

X is independently in each instance a natural or an unmodified nucleobase or a modified 

nucleobase. In some embodiments, each X is independently selected from A, C, G, U, T 2.,6

diaminopurine, a 5-Me pyrimidine (e.g., 5-methyleytosine, 5-methyluracil), and a g-clamp.  

Tale C 

Modified Sequence ('-^ 
5'-nXpsmXpsmXpsmXpsmXpsnXpsXpsXpsXpsXpsXpsXpsmXpsmXpsmXpsmXpsmXpsmXpsmXps 
mX-3' 
5'-nXpsmXpsmXpsinXpsmXpsmXpsXpsXpsXpsXpnXsXnsmXpsnXpsmXpsmXpsnXpsmXpsmXps 
mXps-Chol-3' 
5'-nXpsmXpsmXpsmXpsmXpsmXpsXpsXpsXpsXpsXpsXpsmXpsnXpsmXpsmXpsnXpsmXpsmXps 
nX-GaINAc-3' 
5'-mXpsnXpsnXpsmnXpsnXpsmXpsXpsXpsXpsXpsXpsXpsXpsXpsmnXpsmnXpsnXpsnXpsmnXpsnXp 
smX-3' 
5'-mXpsnXpsnXpsmXpXpsnipsmXpsXpsXpsXpsXpsXpsXpsXpsXpsimXpsmnXpsnXpsnXpsmnXpsnXp 
snX-Chol-3' 
5'-mXpsniXpsnXpsmnXpsmXpsmXpsXsXpsXpsXpsXpsXpsXpsXpsnXpsmXpsnXpsnXpsmnXpsnXp 
snX-GaINAc-3' 

53
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5'-rnXpsiiiXpsmXpsrnXpsiiiXpsXlpsXjisXjisxjpsxjpsxjpsxpsxX I)SllrxpsmxpsnixPSIIXPSInxpsnlxps 

5'-rnXpsrnXpsmXpsrnXpsrniXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsnXpsmXpsnXpsnXpsnXpsnlxps 

rnX-Chol-3' 
5'-tnXpsrniXpsmXpsniXpsnXpsX~sXjsXsX]2sxjsxjsxjsxlsxI)sXpsmXpsnXpsrnXpsmxpsniXps 
rnX-GaINIAc-3' 
5'-XtipsXnpsXnpsXnpsXnpXst pspXpNps'Ns 'npsNnpsNp ts~s3N-~X 

5'-Nps~ns~np~np~npsps~p~ps~s -pXpXnpsXnpsXnpsX ip Xnps-3-NH 2 -X-" 

5'-XnpsXnpsXnpsXnipsXnpsXnpsXpsXpsXpsXpsXpsXnpsXnipsXnipsXnpsXnps-3NH-X-3-N~X3 

5ns - N 1 1 2 -is~p~nsp~p~spsNpX- 3'ip~nsnsns~isns3-f2X3 

5'-XnpsXnps~tipsXnpsXpsXpsXpsXpsXpsXnpsXnpsXpspsXnps3-N1ps-3N' 2 X3 

5'-XnipsXnipsXnpsXnpsXnipsXnipsXnpsXnpsXpsX sXnipsXnipsXnpsXnpsXnipsXnipsXnpsXnpsXnips-3 
N1J2-X-3' 
5'-XnpsXnips~npsXnpsXnpsXnips-,npsXpsXpsXnpsXnpsXnips~npsXnpsXnpsXnips-,npsXnpsXnps-3 
N1J2-X-3' 
5'-XnpsXnips~npsXnpsXnpsXnips-,ps ssXnpsXnpsXnpsXnips~npsXnpsXnpsXnips-,npsXnpsXnps-3 

-N}--X-3*', 
5'-XnpsXnips~tnpsXnpsXnpsXnips~tnpsXnpsXnpsXpsXpsXnipsXnipsXnpsXnpsXnips~tnpsXnpsXnps-3 

5'-XnpsXnips~tnpsXnpsXnpsXnips~tnpsXnpsXnpsXnip, S~ps,,7ps tpsXnpsXnpsXnips XnpsXnpsXnps-3 

5'-Xps~ns~np~npsnps.psNpjpsXpsipsXnpsXnpsXnpsXnipsXnpsXnpsXnpsXnipsXnps-3 
NH2-X-3' 
5'-XnpsXnpsXnipsXnpsXnpsXnpsXnipsXnpsXpsXpsXpsXnpsXnpsXipsXnpsXnpsXnpsXnipsXnps-3 
N-l -X-3' 
5'-XnpsXnpsXnpsXnipsXnpsXnpsXnpsXpsXsXpsXnpsXnpsXnpsXnpsXnipsXnpsXnpsXnpsXnips-3 
N-l -X-3' 
5'-XnpsXnpsXnpsXnipsXnpsXnpsXnpsXnipsXnpsXpsX sX sXnpsXiipsXnpsXnpsXnpsXiipsXnps-3 
Nf12-X-3' 
5'-XnpsXnpsXnpsXnips~npsXnpsXnpsXnipsysXsXsXplsXnpsXnpsXnipsXnipsXnpsXnpsXnpis-3,'NH 2

X-3' 
5'-NnipsXnpsXnpsXnips~tnpsXnpsXnpsXpsXpsXsXpsXisXnpsXnpsXnpsXnpsXnipsXnpsXnps-3 N-

5'-NnipsXnpsXnpsXps~tnpsXnpsX~sX~sXsXjsXjsXjsXjsxnps~psXnpsXnpsXnpsXnips-3 NH2 -X

5'-rXipsXpsnXpsXpsn XspspsXpXps ps pXpsXipsXtpsXpsnpsinpsrXps3Nl

5'-tnXpsrnXpsmXpsniXpsrXpsXPSXPSXps XPSXPSXPSXPSXPSXPSXPSrXPSMXpslnXpsrnXpsin-) 

5'-tnXpsrniXpsm~psniXpsinXpsXpsXpsXpsXpsXpsXpsXpsXsXsX~s rnXpsm~pstnXpsinXps1poXa 
iN-\-A-3' 

5'-inXpsmisiXpsmXpsXpsXpsXpsXpXpXpXpXpXps ps XpsmXpsniXpsmXps mp a 

tnXpsmXpoGaiNAc-' 
5'-rnXpsmXpsrnXpsrnXpsmXpsXpsXpsXpsXpsXpsXpsXpsX XpsX smXpsmnXpsinXps 
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mXpsrnXpoCaiNAc-3' 

s-3-N:H2-f-X-3' 
5'-fXnpsl7Xnipsf-'.npsfXnpsfXnipsfXnpsXpsXpsXpsXpsXpsXpsXp2sflipsfXnpsfXipsfTxnpsf'XnpslXnips

5 '4s-n~fns'ns~i,,, ,p~p~sp~sp~spXpfip-'(nsX ni~f p st'p ss
Nfl2-fX-3' 
5'-XnpXnpXnipXnpXnipXnpXpsXpsXpsXpsX 9X sXnipXnpXnipXipXnpXiipXnp-3 N1A2 -X-3' 

5'-XnpsfXnpsflXnpsXnpsfXnpsXnipsXpsXpsXpsXps-XpsXpsl'XnpsXnpsflXnpsl'XnpsXnpsfznpsXnps-3 

5'-XnplXnipfXnpXnipfXnpXnipXpsXpsXpsXps-XpsX sf'XnpXnipfXnpfXnipXnpfXnipXnp-3 NI-13-IX-3' 

5'-XnpsXlXnpsXflXnpsXnspXlXnpsXnipsXpsXpsXpsXpsXpsXpsXfXnpsXnpsXfXnpsXfXnpsXnpsXfX 
npsXnps~fN-3' 
5'-XnpXDX~npXnpXnipXfXnpXnipXpsXpsXpsXpXpsX sXfxnpXnipXfxnpXflipXnpXflipXnpXlx 
-3 
5'-XnpXfXnipXfXnpXnipXfXnpXnipXpsXpsXpsXpsXpsXpsXpsXnpXXnpi~XfXnpXntpXfXnpXnipXfX'.-3' 
5-rnXpsrnXpsmXpsnimXpssXps XpsXpsXpsXpspKs ps ps -X -------------------- pR nXpsnXpsni 

X-GaINAc-3 
5'-rnXpsrnXpsinXpsmXpsinXpsrnXpsXpsXpsXpsXpsXpsXpsXpsXpsmXpsrnXpsinXpsinXpsmXpsinX 
3, 
5'-rnXpsrnXpsinXpsrnXpsinXpsinXpsmXpsXpsXpsXpsXpsXpsXpsnXpsnXpsmXpsnXpsnXpsinXps 

5'-rnXp~srnXpsmXpsrnXpsiiUXpsrniXpsXpsXpsXpsXpsXpsXpsXpsXpsrnXpsrnXp),rnXpsmXpsrncXpsrnX 

5'-rnXpsrnXpsmXpsrnXpsrniXpsmXpsrnXpsXpsXpsXpsXpsXpsXpsXpsnXpsnlXpsnXpsnXp)SIneXpsn 
X 3' 

5-[nXslxpsmxpsnxpsn~spsm-:.Ks-:fKs-:fKs fs lsf XpX sX sXpsnXpsrinXpsmXf-srn3'....  

5'-niXpsmiXpsrnXpsrnXrnXpsrnXpsXpsXpsXpsXpsXpsXpsXpsXpsnXpsrnXpsmXpsnXpsmXpsnX 3" 
5'-rnXpsmXpsinXpsr~nXmXpsrnXpsinXpsXpsXpsXpsXpsXpsXpsXpsinXpsmXpsnXpsrnXpsmXpsrnX 
3, 

5'-Ga]NAe-NHC6
psr~nXpsm5mcXpsm5meXpsnXpsm5ncXpsX~sXsXjsXsXjsXsX12sxjsXjs5rneXpsrXpsinXpsm5 
nieXpsmXpsiX 3 " 
5'-GaIN.-Ac--NHC6
psrn5reXpsmXpsrnXpsr~nXpsmXpsXpsXpsXpsXps5meXps5neXpsXps5mncrps psXpsmXpsnXpsluX 
psinXpsnX 3' 
5'-GaIN Ae-NHC6
psinXpsrnXpsnlXpsmiXpslnXpsXpsXpsXpsXpsXps5neXpsXps5nleXps5neXps~meXpsmni~eXpsnXps 
niXpsnmXPSrX3' 
5, GaiNAc-NfHC6
psrnXpsrnXpsrnXpsmXpsrnXpsXpsXps5neXpsXps5rneXps~meXps5rneXps5ineXpsXps-_psnXpsnXps 
tnXpsrn5meXpsnX 3' 
5'CjaiNAc-NHIC6
psinXpsrnXpsmni~eXpsrnXpsmiXpsXps ps XPLNPs.jisj sN- X nieXpsXpsnXpsrnXpsinXpsmXps 
mX 3' 
nXPSMXPSrnXPSrnXPSMXPSnXPSIRXPSXpSXpSXpSXpSXpSXpSXp2snxpsmxpsnxpsnxpsmxpSrnX 

rnXp~srXpsrnXpsrnXp~srXpsmXpsXpsXpsXpsxpsxpsxpsxpsx .inxpsnlxpsrnIXpsmxpsnlxpsrnlx 
mxpnxsnmpsnipsrn nxpmxp~x~ssnlsl)XXSSRnppsnin xpsrnXppsn~X 
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Modified Sequene(53') 

mXpsnpsmXpsmXppsrn X ps mXspsXsXsXsm x\ps rnXp\'s/G 
alNAc/ 

mXpsnXpsnXpsmXpsmXpsnXpsXpsXpsXpsXpsXpsXpsXpsXpsmnXpsmXpsmXpsnXpsmnXpsmX/Ga 
NAc/' 
mXpsmXpsnXpsmXpsmNXpsnXpsmXpsXosXosXosXosXQsXQsXQsmXpsmnXpsnXpsmXpsmNXpsnX/3 
ChoITEG/ 
mXpsmIXpsmXpsmiXpsmiXpsmnXps2 g~s~s~s~ XpsmiXpsmiXpsmnXpsmXpsmiX/3C 
hoITEG/ 
mXpsmXpsmnXpsnXpsnXpsnXpsXPsXPsXPsXPsXpsXpsXpsXpsXpsnXpsnXpsmXpsnXpsmXpsmX 
/3CholTEG/ 
5'-nXps5nmXpsnXpsnXpsmXpsnXpsXpsXpsXpsXpsXpsXp5mmXpsmXpsmXpsnXpsnXpsmXpsm 
Xpsin5neX-3 
5'-mXps5mnmXpsmXpsmXpsmXpsmXpsXpsXpsXpsXpsXpsXps5mmnXpsmXpsmXpsnXpsmXpsmXps 
nXps5mmX-CholesXerol-3' 

5'-mXps5mnmXpsmXpsmXpsmXpsmXpsXpsXpsXpsXpsXpsXp 5mmnXpsmXpsmXpsmXpsmXpsmXpsm 
Xps5mmX-TEG-CholesXerol-3' 
5'-mXps5mnXpsmnXpsmXpsnXpsmnXpsXpsXpsXpsXpsXpsXps5nmmXpsnXpsnXpsmnXpsmXpsmXps 

mXps5mmX-Tocophcrol-3' 
5'-mXps5mnXpsmnXpsmXpsnXpsmnXpsXpsXpsXpsXpsXpsXps5nmmXpsnXpsnXpsmnXpsmXpsmXps 
mXps5mrnX-TEG-Tocopherol-3 
5'-mXps5mnXpsnXpsmXpsmXpsnXpsXpsXpsXpsXpsXpsXps5mmXpsmnpstnXpsnXpsm Xpsm Xps 
mXps5,mmnX-GaiNAc-3' 
5'-mXpsm5icXpsmXpsmXpsmnXpsmXpsXpsXpsXpsXpsXpsXps5meXpsmnXpsmXpsmXpsmnXpsmXps 

_IknPsipncX--3' 
5'-mXpsm5ineXpsnXpsinXpsmXpsmXpsXpsXpsXpsXpsXpsXps5meXpsmXpsnXpsnXpsmXpsmXps 
mXpsm5mecX-po-Chol-3' 
5'-mXpsm5ineXpsnXpsinXpsmXpsmXpsXpsXpsXpsXpsXpsXps5meXpsmXpsnXpsnXpsmXpsmXps 
mXpsm5neX-po-Tocopherol-3' 

5'-mXpsm5meXpsmXpsmXpsmXpsmXpsXpsXpsXpsXpsXpsXps5meXpsmXpsmXpsmXpsmXpsmXps 
mXpsm5neX-po-GaLNAc-3' 
5'-mXpsm5meXpsmXpsmXpsmXpsmXpsXpsXpsXpsXpsXpsXps5meXpsXpsmXpsmXpsmXpsmXpsm 
Xpsm5meX-3' 
5'-mXpsm5meXpsmXpsmXpsmXpsmXpsXpsXpsXpsXpsXpsXps5meXpsXpsmXpsmXpsmXpsmXpsm 
Xpsm5meX-po-Chol-3' 
5'-tnXpsmn5meXpsmXpsmXpsmnXpsnXpsXpsXpsXpsXpsXpsXps5neXpsXpsmXpsnXpsmXpsmnXpsm 
Xpsm5mcX-po-Tocophcrol-3' 

5'-nXpsmn5meXpsmXpsmXpsmnXpsnXpsXpsXpsXpsXpsXpsXps5neXpsXpsmXpsmXpsmXpsmnXpsm 
Xpsn15mcX-po-GalNAc-3' 
5-mXps2-4-OX 2-XpsmXps 2-4-OXH-rXpsmXps2-4-OXJ 2-XpsXpsXpsXpsXpsXpsXpsXpsmXps2-4
OXHr-XpsmnXps2-4-OXH 2-XpsnXps2-4-OXH2 -Xps mX-3 
5-mXps2-4-OX 2-XpsmXps 2-4-OXH-rXpsmXps2-4-OXJ 2-XpsXpsXpsXpsXpsXpsXpsXpsmXps2-4
OXH2 -XpsmnXps2-4-OXHr-XpsnXps2-4-OXH -Xps mX-Chol-3 
5-mXps2-4-OXH 2 -XpsmXps 2-4-OXH-XpsmXps2-4-OXH 2-XpsXpsXpsXpsXpsXpsXpsXpsmXps2-4
OX12-XpsnXps2-4-OXH,-XpsmXps2-4-OX-J:Xps mX-XoXo-3 
5-mXps2-4-OXH 2 -XpsmXps 2-4-OXH-XpsmXps2-4-OXH 2-XpsXpsXpsXpsXpsXpsXpsXpsmXps2-4
OXH-XpsnXps2-4-OXH-XpsinXps2-4-OX 2 -Xps mX-GaINAc-3 
5-mXps2-4-OXH 2 -XpsmXps 2-4-OXH2-XpsmXps2-4-OXH 2-XpsXpsXpsXpsXpsXpsXpsXpsmXps2-4
OXHr-XpsmXps2-4-OXH-XpsmXps2-4-OXH 2-Xps mX-3 
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5-mXps2-4-OXH?.-XpsjnXps 2-4-OXH2 -XpsrnXps2 -4-OXH3 -XsXpsXsXpsXpsXpsXpsXpsmnXps2-4
OXJ- 2-XpsmXps2-4-OXHl 2 -XpsrnXps2-4-OXH12-XPS MX-Choi-3 

5-mnXps2'-4-OXH 2 -XPSMXPs2-4-OXHp-Xpsrnps2-4-OXH 2-XpsXpsXpsXpsXpsXpsXpsXpsnips2-4
OXH 2-XPSmnps2-4-OXH 2-XpsrnXps2-4-OXIA 2-Xps mX-XoXo-3 

5-rnXps2'-4-OXJ-1 2-XPSrIXPs 2-4-OX--XpsnXps2-4-OXJ- 2-XPSXPSXPSXPSXPSXPSXPSXPSrnXPS2'-4
OXH2,-Xpsnps2-4-OXH 2 -XpsmiXps-4,-OXH2-Xps mX-GaINAc-3 

5-rnXps2'-4-OXJ-I2-XPSrnIXPs2-4-OX112-XPSnXPS2?-4-OXH?-XpsXpsXpsXpsXpsXpsXpsXpsmXps2-4
OXH2-XPSrnps2-4-OXH,-XpsmiXps2-4-,-OX1-b-XpsmnX-3 

5-dXnipsXnpsXnpsXnpsXnpsXpsXpsXpsXpsXpsXpsXps-X sXpsXpsXnpsXnpsXinpsXnpsXn-3 
5-dXnpsf-Xnp-ssjjpsfrpst XsX)SXo sXpsXpsXps~ps~ps~ps~ipsfNn psfXn sfXntXnsfX113' 

n-3 
5-f-XnpsXnpsfXitipsfXnpsfXntpsf-XnpsXpsXpsXpsXpsXpsXpsXpsxslXnpsf-XnpsfXnpsf-,ntpsf-XnpsXn
3,' 
5'-dXnprnXnprnXnpminiprnXniprXnpXpsXpsXpsXpsXpsXpsmXnpmXnpmXnpnXnpinXnpinXnprnX 
nptnXnp-3', 
5'-dXnprniXnprniXnipminiprXniprXnpXpsXpsXpsXpsXpsXpsXpsmXnpmXnpmXnpmXnpinXnprnXnp 
rnXnp-3" 
5'-dXnprniXnprniXnpmiXnprniXniprnXnpXpsXpsXpsXpsXpsXpsXpsXpsnXpsnXpnXpnXnpmnXnpm 
Xnp-3' 
5'-dXnprniXnprniXnpmiXnrniXnip~ps~psXpsXpsXpsXpsXpsXpsnXniprnXnpmn~npmnXnpmXnpmXnpnI 
Xnp-3' 
5'-dXnprniXnprniXnpmnXnptnXnp~ps~ps~psXpsXpsXpsXpsXpsXpsrni~nprn3Xnprn3XpmXnpmXnpmXn 
p-3 ' 
mXnpsmoeXnipstnoc-XnpsrniXnpsrnioeXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsmoe~tnpsniXnipsmoe 
XnpsrnXnpsrnoe.Xnp-C6-N\H- GaINAc 6 

niOeXpsrnoeXpsrnoeXpsrnoeXpsrnoeXpsXpsXpsXpsXpsXpsXpSXpsXpsXpsXpsrnoeXpsioexpsnoeXp 
smocXpsrnoeX-po-GaiNAc2 

rnXIPSrnOCXnPSrnoeXnpSMXnpsmoeXnIPSXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsrnOeXnpsrnXnpsnoe 
XnipsmXnips.moeXnpo-C6-N-P' 'lGa1NAc-6 

GaINAc-2-pofnpsnpsf npsfxfnpsXnpslpsXpsXpsXpsXpsXpsXpsXpsXpstPSnpsf nipstxnpsfX 
npsf-'.n 

GaINA-miocXnpsmoeXnipsrnoc-XnpsmocXnpsm oeXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsmnoCXnI 
psrnioe~npsrnoeXnipsmiocXnpsmoeXn 

tnocXpsmoeXpsmnocXpsrnoeXpsmnocxpsxpsxpsXpsXpsXpsXpsXpsXpsXpsXpsmoeXpstnocXpsrnoeXp 
srnoeXpsmocX-GaiNAc2 

GiLN Ac2-rnoeXnpsnioeXnpsinoeXnpsrnoeXnpsnioeXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsrnoeXn 
psmoextnpsniocXnpsmnocXnpsmoextI 

GaINac-rnioeXnpsmoeXnipsrnocXnpsrnioeXnpsmoexXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsmoeXnIPS 
nioeXnpsinoeXnpsrnoeXnpsnioeXti 

GialNAc2
rnXnpsrnXnpsminipsminipsr~nXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsnrncXnpsnoeXnpsnoeXnlps 
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moCXnlpsrnoeXll 

GaiNac6 NI-C6
moeXpstnocXpsrnoeXpsrnocxpsrnoeXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsxpstnocXpsmoeXpsrnocxp 
SirnoeXpsmoeX 

GaiN--Ac2
tnXnlpstnXnpsrnXnpsrnXnpsmXnpsXpsXpsXpsXpsXPSXPSXPSXPSXPsXpsnXnpsnlXnpsmXnpsmxnps 
mXn 

GaINAc2-cto~tipsetoXnpsctoXnipsetoXnpsetoXnips~ps 
XpsXpsXpsXpsXpsXPSXPSXPSXPSCtoxtnpsetoXnpsctoXnlpsctoxnpsctoxnI 

GaiNAc2
nioeXnpsmioeXnpsrnoeXnpsnioeXnipsmioeXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsinXnpsnXnpsn 
Nn~psrntpsrniXi 

nioeXpstnornXpsinoeXpsnioeXpstnoeXpsXpsXpsXpsXpsXpsXpsXps5rnXpsXpsXpsnioeXpsnoeXpsnI 
oexpsmoexpsmoenX 
rnocXnpsrnoeXnpsmoeXnlPSrnOXnipsrnoeXnpsXpsXpsXpsXpsXpsXPSXPSXPSXPSIpsnoexnpsMOeXnI 
psinoeXnpsmoeXulpsrnoeXn 
nXp s5 inXpsmXpsrnXp sinXpsXpsXpsXp sXpsXpsXpsXps5 inXpsXp sXp sinXpsmXpsnXp sXp s5nmm 

rnXnpsrnXnpsrnXnpsrnXnps 
rnXnpsXpsXpsXpsXpsxpsXPSXPSXPSXPSXPSrnXnpsrnXnpsrnXnpsrnXnpsmxn 
Gal-NA-rniocXnpsmoeXnipsnoe.XnpIs nocXnpsnocXnpsXps XPSXPSXps XpsXpsXpsXISXpsXps 
moexinpsrnoeXipsrnocnps nlocXnpsrlocxn 
GaINAc6-NH-C6
moeXpsrnoXpsinoeXpsrnocXpsinoeXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsrnocXpsmoeXpsrnocXp 
sinocXpsinoeX 
5rnioeXpsrnioXpsmoeXpstnocXpsmoe~ps~psxpsxpsXpsXpsXpsXpsXpsXpsXpsnocXpsmoe~psnoc 
Xps no-Xpsm oeX-GaIN\.Ac2/
GaiNAc2
rnXiipsnXnpsrnlXnpsrnlXnpSrlXnp SXpsXpsXpsXpsXIpSXpsXpsXpsXpsXpsnlXnp SillXnpsllnXnpsmXnp s 
mXn, 
tnXpsrnlXpsn~XpsnXpsrnXpsXpsXpsXpsXpsXpsXpsXpsXpsXPSipsrXpsmXpsnlXpsnXpsmx
GaINAc 
GaINAc2-rnocxnpsmoeXlpsnOCXnPS noeXlpstnlocXnpsXpsXpsXpsXpsXpsXpSXps 
XPSXPSXPSMOextnpsiocXnpstnocXnps iocXnpsinocxn 

inoeXnpsmoeXiipsrnoeXnpstnoeXnpsmoeXiipsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsrnloeXnipsmoeXn 
psrnioeXnipsmoeXnpsrnoeXnp-C6-N-J-GaINAc6 

GaINAc2
nioeXnpsmioeXnpsrnoeXnpsnioeXnipsmtioeXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsinoeXnpsmoeXni 
psinoeXnps noeXnpsrnoeXn 

GaliNAc-XinpsXnpsXnpsXnpsXnpsXps XpsXpsXpsXpsXpsXpsXpsXpsXpsXnipsXnpsXnpsXnpsXnI 

GaiNAc
rnXnipsnXnpisrnXnp~srnXnpsinXnpsXpsXpsXpsXpsXpsXpsXsXpsXsXpsrnXnpsrnXnpsinXnpsmXnps 
inXn 

GaIN Ac-fXiips fN np sXnp sfX tps fNnpsXpsXpsXp sXpsXpsXpsXp sXp sXp sXpsfX'npsf'XnpsfXnps fN nps
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------------------------------------------------------------------------------------------------------------------------------------

3nh2-fX 

GaiNAc
afNnpsafN tp safX7 tps af-XnpsafX tp sXpsXpsXpsXp sXp sXpsXpsXpsXpsXp saf'X tps af'7n psafX tp saf*X tps 
afXn 

Gai-NAc-dXnpsXnpsXnpsXnipsXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXnpsXnipsXnpsXnps-3nih2

Gai-NAc-mnXnpstnXnpstnXnpsrnXnpsrnXnpsXpsXpsXpsXpsXpsXpsXpsXpsXps 
XpstnXnipstnXnpsrnXnpsrnXnpsrniXn 

GialNAe-fNnpsfXnp sfXnp sf Xnp stnpsXpsXpsXp sXpsXpsXpsXp sXp sXp sXpsf-.npsfXnpsfXiipsfXnps
3nh24-X 

GaIN.-A
inXnpsinXnpsmXnpsmXnpsrnXnpsXpsXpsXpsXpsXps5,MeXpsXpsXpsXpsXpsnXnpsnXnpsnXnpsn 
XnpsmXnpsmXn 
GaINAc
rnOCXnPSIRoeXnpsmoeXnlPSrnOXnIPSrnoeXnpsXpsXpsXpsXpsXps5McXpsXpsXpsXpsXpsmoeXnipsno 
eXnpsmoeXnpsrnoeXnpsinoeXnpsmoeXni 

rnocXnpsrniocXnpsmnoeXnipsrnoc-Xnp~srnocXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsnoc~npsnocXn 
psrnocXnpsmocXnpsinocXn 
f,'CnpsfXnpisf~npsf'XnpsfXnips~psXpsXpsXpsXpsXpsXpsXpsXpsXpst'Xnpsf npst'XnpsfXnipsfN-C6
NIA-GaINAc6 
fNnpst-Xnpsf',,ntpsf'XnpsfXnips, ps~ps~psXpsXpsXpsXpsXpsXpsXpsf'Xnpsf*XnipsNnpsfXnpsf',,ntp-C6
NIA-GaINAc6 
inXnpstnXnpsrnXnpsrnXnpsmXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsniXnpsniXtipsmXnps 

4 1 1 m~ p- -N H -G aiN --- -------------------------------------------------------------------------------------
inXnpstnXnpsrnXnpsrnXnpsmXnpsXpXpsXpsXpsXpsXpsXpsXpsXpsXps 
mXnpsmXnpsrnXnpsn3XtpsnX-C6-NH--GaINAc6 
inoeXnpsmoeXnipsinocXnpsrnoeXnpsmoeXnipsXps XpsXpsXps XpsXpsXps XpsXpsXps 
nioeXnpsmioeXnpsrnoeXnpsnioeXnipsmioeXnp-C6-NIi-GaiNAc6 
inoeXnpsmoeXnipsinocXnpsrnoeXnpsmoeXnipsXpsXpsXpsXpsXpsxpsXpsXpsXpsMproeXnIPSrnoeXn 
psrnoeXnipsmtioeXnpsrnoeX-C6-NTI-GaINAc6 
GyaINAc2-mnoeXnipsnocXnpsrniocXnpsinoeXnipsnocXnpsXpsXp)sXp)sX)s XpsXpsXps 
XpsXpsXpsrnoeXnipsrnoeXnpsmoeXnpsrnoeXnipsrnoeXn 
GalNAc2-ctoXnpscto~npsetoXnps etoXnpsctoXnipsXpsXpsXpsXpsXpsXpsXps XpsXpsXps 
etoXnpSctoXnlpsctoXnpsectoXnpsetoXni 
mXnpsmXnps2-4.-OCH2 XnpsrniXnpsrniXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXps2--4
OCH2Xnp SillXnPSIrXnp SIIXnPS3 -N H 2 mX 
mXnpsmXnps2-4.-OCH2 CH2 Nnpsrn~npsrnXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXps2-4.
OCH2 CH2XnpsnXnpsrnXnipsrnXnips3-NH~mX 
niXnpsninps2-4-OC-1 2 CI12iXnIPsmXnips2-40C11 2 C1-JXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXps2-4

OCH2 CH2XNn flx ~ s i ti s iipsnnp r n st n s3-NH2mX ------------------------------------------------------------
niXnpsniipsrnXnipsrnXnps2; -4-OCTI-l2CI-J2XnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXps2-4
OCH2 CH2XtnPsn~psrnXnipstnXnips3-NH 2mX 
5..mXnpsmCnpsinXnpsinXnpsmXnps2-4-OCH2CHl 2XnpsXpsXpsXpsXpsXpsXpsXpsXps 
rnXnpstnXnpsrnXnps2'-4-OCHCHl 2XnpsmXnpsnXnps3-NIi2rnX-3
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Modfied-Sequene(5--) 

mXnpsmXnpsnXnpsnCnpsmXnps2-4-OCHCfCH2KnpsXpsXpsXpsXpsXpsXpsXpsXps2-4

OC-UC- 2XnpsmXnpsmXnps2-4-OCH: CIHXnpsnXnpsnXnps3-NIHtmX 
mXnpsmXnpsnXnpsnXnpsm~nps2-4-OCHCIHXnpsXpsXpsXpsXpsXpsXpsXpsXps2-4-OCH 
CH2XnpsmnXnps2-4-OCH 2CH 2XnpsnXnpsmXnpsmXnps3-NH 2mnX 
2
40CH 2CH2XnpsmXnpsmXnpsnXnpsnXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsnXnpsnXnpsnXn 
ps2-40C-1 2CHI2Xnps3-NH 2 IX 
2-4 OCH2CHzXnpsnXnpsn~nps2
40CH 2CH 2XnpsmXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsmXnps2-4 OCH 2CH2XnpsnXnps2
40C-12CH2Xnps3-NI 2mX 
2-40CH2 CH 2XnpsmXnps2-4
OCH2CH 2XnpsmnXnpsmnXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsnXnpsnXnpsmXnpsmXnps3
NH2 mnX 
2-40CH2CH2XnpsmXnpsmnXnpsmnXnpsmXnps2-4
OCH-2CHi 2XnpsXpsXpsXpsXpsXpsXpsXpsXpsmIXnpsmXnpsmXnps2-4-OCH2CH2XnpsmXnpsm2
40C1 2CH2Xnps3-NI 2mX 
2-4 OCH 2CH2XnpsmnXnpsImXnpsmnXnpsmnXnpsmnXnpsXpsXpsXpsXpsXpsXpsXpsXps 
mXnpsmiXnpsmiXnpsmXnpsmXnpsm2-4 OCH 2CH2Xnps3-NH2mX 
mXnpsmXnpsnXnpsnXnpsmXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsnXnpsnXnpsmXnpsmXnps 
3-NH~rmX 
mXnps2-4 OCH2CH2 XnpsnXnps2-4 
OCH2CH 2XnpsmnXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsmXnpsmXnps2-4 
OCH-2CH2XnpsmXnps3-NH2mX 
2-4 OCH2CHzXnpsnXnps2
40CH 2CH 2XnpsmXnpsmnXnpsXpsXpsXpsXpsXpsXpsXpsXpsXpsXpsmXnpsmXnps2-4 
OCH-CH-2XnpsmXnps2-OCH 2CH23-Nf2X 
2-4 OCH2CH2XnpsmnXnps2-4 
OCH2CH 2XnpsmnXnpsmnCnpsmnXnpsXpsXpsXpsXpsXpsXpsXpsXpsmXnps2-4 
OCH-2CH-XnpsmXnpsmXnpsrmXnps2-4 OCH2CI-Xnps3-NHmX 
mXnps2-40CH 2CH2XnpsmnXnps2-4 OCH2CH2 
XnpsmXnpsmXnpsXpsXpsXpsXpsXpsXpsXpsXpsmiXnps2-4 OCH2Cl2XnpsmXnpsmXnps2
40CH 2CH2XnpsmXnps3-NH 2mX 

[0090] In embodiments, each of the nucleotides of a domain 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 Z domains are modified. In embodiments, each of the nucleotides of the 

X and Z domains have the same modifications. In embodiments, each of the nucleotides of a 

domain are modified with 2' MOE. In embodiments, each of the nucleotides of the X and Z 

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 Z domains are 

modified with 2' OMe. In embodiments, each of the nucleotides of a domain are modified with 

2'OEt. In embodiments, each of the nucleotides of the X and Z domains are modified with 2' 
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OEt. 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 Z domains each have 4-8 nucleotides. In embodiments, the X and Z 

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 the3' terminal end of the 

oligonucleotide is modified. In embodiments, at least one nucleobase in the Z domain of the 

oligonucleotide is modified. In embodiments, at least one nucleobase in the Y domain of the 

oligonucleotide is modified.  

[0091] In some embodiments, the oligonucleotide represented by Formula (V) or (VI') is 

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 (VI) or (NT) has 

a sequence that differs from an oligonucleotide of Table D by 1, 2, 3 or 4 nucleotides. Specific 

embodiments of the chimeric oligonucleotide represented by Formula (VI) or (NT') are listed 

below in Table D: 

Table D 

#1D..ModifiedS Seune('3 

101 5'-mnGpsmnCpsmApsmGpsmnApsmGpssTpsygjsAJsAssnCpsmGpsniApsniApsniGpsmUpsmGpsmC

102 5'-mn.GpsmnCpsrApsmn.GpsmApsinGpsGpsTpsGpsApsApsGpsrCpsmnGsmApsmApsmGpsmtUps.ipsmC 
ps-Chol-3' 

103 5'-mGpsiCpsnApsmGpsmApsimGpsGpsTpsGpsApsAsGpsmCpsmiGpsmApsmnApsmGpsnUpsnGpsiC
GaINAc-3' 

104 iGpsimApsimUp.mUpnsmApsmnGpsGpsCpsApsGpsApsGpsGpsTpsmGpsmApsimApsmnApsi.psmnApsmnG 

105 5'-mGpsmApsiUpsiUpsiApsmGpsGspsAsGsApsGpsGsimGpsmiApsniApsniApsiApsmApsn 

106 5'-mnGpsmiApsrmUpsrmUpsrmApsInipsGpsCpsApsGpsApsGpsGpsTpsiGpsmiApsmApsrmApsrmApsIApsi 
G-GaiNAc-3' 

107 5'-mnGpsmiApsrmUpsrmUpsrmApsGpsGpsCpsApsGsAsGsTpsTpsiGpsiApsmApsmApsmApsmApsmG 

108 5'-imGpsm-ApsmUpsmUpsmApsGpsC C~sGpsApsGsGsTsmGpsmApsmApsmApsmApsmApsiG 
-Chol-3 

109 5'-iGpsm-ApsmUpsmUpsmApsGvsC ~sGps psGsGsTsmGpsmApsmApsmApsmApsmApsiG 
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110) 5"-m-GpsrnDAPpsin-ilpsin-ilpsrnD)APIpsm~Gps GpsCpsAps~insApsGpsGpsTp.3nsmiprnApsrnApsmuApsnApsm
____ psrnG-3' 

111 5"-m-GpsrmApsmnt)psmnt)psmApsmGpsGpsCpsApsC - psGps~insTpsmGpsrmApsrmkpsnD-APpsrnDAPpsmn 
___DAVpsm&G3' 

112 5',m-iipsrn-/psrnupsmn~psrn psmGpsQps-CspsApspjs~psmO: ipsinDAPpsrnDAPpsinDAPpsniD 

113 5',m-iipsinDAPpsrn~ipsniUi-psnDAPpsinGps~ps-CjspApspspsC4sp sm: ipsmiijpsrn-/psinDAPpsniD 
___APpsrnilAPpsrnG-:3 

114 5'-1n.Ipsti[APpsnItUpsrtUpsrnDlAPpsmrGpsGr sCrsAps~ipsApsGps(-ns'1 Tsiisin.[)APpsniII)APpsnDt[AP 
psmDAPpsrnDAPpsmnG-3' 

115 5'-mGpsrnDAPpSr-ntpspsrni.DAPpsGpsGps~sApsGsApsC-ps~i ;T)sm~GpsniLApsiiApsiiApsrtApsi-A 
___psinG-3 

116 5'-mGp srnAp srnUp srnUp srnAp s Cps(psCpsApsGpsApsGps~psT snGpsnApsn-Apsn-DAPpsm~DAPpsm-.D 
___APpsrnG-3' 

117 5'-~srksi-si-st~sG , piD~sDA-piD 
PpsinI3), P sm-G.3' 

118 5'-mGpsniDAPpsin~ipsmn~psrnD)APpsGpsGpsCpsApsGpsApsGpsG~apsrpsmGpsrrkpsnApsiD APpsinDA 
___PpsmDAPpsmG-3 

119 5'-m-Gpsni]I)APpstinL)psinL)psirnDAPpsGpsGps(psAps(-psApsGpscips'Tps -Gpsl)APpstin[)APpsrtnIJAPps 
mDAPpsn-tDAPpsmnG-3' 

120 5'-m-GpsrnCpsr~psmGpsrnApsmnGpsGIp~sIJ ~sG ApsAI~psp!Cp~sm~G~sfliAps-thDAPpsmnGpsmIIpsnGps 

121 5'-m-GpsmCpsmnkpsmGpsmApsrmps~insTps~ipskps.ksG snCpsmGpsniDPpsmDAPpsmC-psn-UpsnG 
___psrnC-3' 

122 5',m-iipsinCpsinipsmiiipsinDAVpsn1CGpsTp.ipQpAp.sips ~nCpsmiiipsinLDAPpsniDAPpsinGpsmn~ps 

123 5',m-iipsinCpsntiDAPpsmGpsiDA,'PpsinGpsGpsTpsGps.,ps-psGpsrnCpsinGpsniDA,'PpsinDAPpsnGpsmU1 
___ psrnGpsmnC-3' 

124 5'-CfnpsGps'lnipsGrpsCnipsAnsGsApsGIpsGpss'nspspsAnpsAnipsGrnpsCnips-3-Nl-fr-G-3' 

125 5'-GnipsCnpsAnpsGnpsAnpsGps~ipsTpsC-fpsApsApsGnipsCn-psGnipsAr.pIsAnps---N-Hl-G-3 

126 5'-CnipsGnpsApsCnpsGnpsTpspsQ-spAps-Qp.sps Gips~rnpsGnpsAnpsApsGnps--N1 2 -C-3 

127 5'-Gnps( npsAnipsGnp-IsAnpsGnipsGps'ipsCpsAsAsGsCpsGrpsApsApsGipsT' InpsGrps-3-Ni-{ 2-C-3, 

128 5'-GnpsCn-psAnipsGr.pIsApsC-ps~ns pspsAnpsAnpsGnipsCnips---N-H2 l-G-3" 

129 5'&CnpsGnpsTnpsGnpsCnp ApsQpAp -p CpTnpsGnpsAnpsAnpsGps- -NH2 -C-3,' 

130 5'"-GnpsCnipsAnpsGn~psAnipsGnipsGn~psTnps6p Insnsnp~p~p~p~psns3p~N2 

131 '-Gps~ps~ps~nps~ps~ipsinp~psps~iips-/npsGnpsCnps~InpsAnipsAnps~inpsTnpsGnips-3 NI 2

___C-3' 

132 5'-GnpsC tps AnpsGnpsAnipsGrnpsG3ps']psGpsA sAnpsG ipsCntpsG npsAtips AnpsGnps'inpsG nps-3 NHl?
___C-3' 

133 5'-GnipsCnpsAnplsGnpsAnpsGnsGnsTpsGpsAsAsnsnsnsnsnsnsnsns3W 
___C-3' 

13 5,-GnpsCnpsAnpsGipsAnps~npsGipsTnpsGnpsAps-Aps~psCnpsGnpsAnpsAnpsGnpsTnpsGnps-3 N
C-3' 

134 5'-GnipsCnpsAiipsGi,.psAnpsGnpsGn,.s'psGsipsA~psNp-pCps~psAnpsAps~Iips'TipsGnps-3 N2
___C-3' 

136 5'-Gnps~inpsAnpsGnp~sAnpsG npsGipsTpspsA qsAnpsG ipsCntpsG npsA tps AnpsG inpslinpsG nps-3 NH 2

C-3' 

137 5'-GnpsCn-psAnipsGr.pIsAn-psGnipsGr.pIslhsp-,sApsAn-psGnipsCnipsGnipsAr.psAnpsGipsTnpsGnips-3 NH)
___C-3' 

138 5'-GnpsCnpsAnpsGn~psAnpsGnpsGnpsTnpsGnpsA s!~snp~p~psAnpsGpsmpsGnps-3 NH2
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C-3' 

139 5"-GnpsCnpsAnpsGnpsAnpsGnpsGnpsTnpsGpsApsAps~iM.CnpsGnpsAnpsAnpsGnpsTnpsGnps-3 N-.iH-C

140 5'"-GnpsCnipsAnpsGnpsAnipsGnipsGnpsij s p-s.ps snsnsnp~p~p psGnps-3 N-1-C-3' 

141 5'-GnpsC tps AnpsGinpsAnpsGrips~isTtsG psApsApsGps( psGntpsAnipsAnipsGrips'Tnp-IsGnps-3 Ni--C'-3 

142 5I'-mApsrnApsmC-ipsrnApsrnps.,Aps~ips~insTpsGpssrnCpsGpssmCpsrniCpssm-Cps5mrCpsmcjpsmL)-psm 
____GpsmG-3 " 

143 5'm~sr~prnpsrsprnmspsGpv~sApsAps~ipsThsGpsrniCnsmApssmmi-CpsrnApssmmCp 
sntIG-3' 

144 5 '-51miiCpsniGpsii-Lpsmips ,nCpsA~spsps~~p~Ap.s - -j 5miCpsniGpsnApsinApsn 
___G-3' 

14 5'-m-ApsniGpsni3,psrtnGpsripls'ThsGpsApsApsGps5rtCsGsApsAsGpsinL)psinG-ps5n.RCpsiAps5min 
___C-3' 

146 5"-mllpsjnpsmGps5 riniCpsniAps5mnCnsTpsAnsGnsTpsApsAns~NXs5m~CpisTpinsmpsnApsnGps5ininCps 
rnnC -' 

14-7 5'-5nrmCpsmt-psn~iApsmGpsrnGpsAns(xpsTpsTpssrnCpssmCpsipsrniCnsAps(-psn-Upsn-Apsm- Lpsm-Gps 
___ nG-3 

148 5'-MAPSmGpsmkpsm~ipsmGpsTps~ips5rnCpsG-is5m~ps5rniCs5m-Cps5mps~insT sntGpsl-.Gpsmtps5 

149 5'"-miipsrn-/psrnGpsrnGpsinUpsQpssr.pG4,rjjsiIp51C ELnCpsQps ipsQpsmGpsi1psrnrnCp 

____ CpsmliJpsrnG-3,' 
151 5'-mGpsrni(Jpsin-ilpssrnimCpssrnrniCpsGps5rnCpsApsGpsTpsAnsTpsC-ps~ins~k ntflpssrnn~psnGpsm~Gps 

I Smmc'3 
152 5'-mlJpssrnrnCps5miunCpsmnGps53rninCpspI plpsp~sAps ~pp -fprnpsGps5nmCpsrn 

____ApsmG-3 

153 15'-~ 5m~ 5rmps~ s mpsa~~A55 mp Q mG 5m~ nAps 
-- ------ ------- ------ --------[- ---- ------ ------- ------- ------ ------- ------ ------- ------- ------ ------- ----

154 5'-~s~s1npi~piip,,.~pQ l~p-. j - ks -s~s~sG 
______ 3, 

155 5'-mAps5 mnmnCpriUsT.CsT-IAns~s~CpsmnsisApsmnpspsinps~insy~iiCpsr3psmnIk~s-~p 
______ snJ-3 

156 5"-mApsrn 3pSmbtTps5rnnCp s5 jmCps~NXs5 mCps5 mCpsA s5 ~C p sGIsApsCpsTs5rCpsnilpsinApsr~p 
sm-Aps5rnrC-3' 

157 5"-5nrmC'p snAp s5 mrCp s nilip sips.NsAs5fCpsAps ApsA sp Gps s~mCpamAsrrCpsnilhpsifl 
____ApsinG-3 

158 5"-5 iips p mGs npsnp -ijpQpA5p5 j(rtQ5p-pjips npsm ps5niCpsm 
A - ------------------------- ---------------------------- ---------------------------- -------------------------

159 5' "-nvkpsmps sps 

____ UpsinGpsrtG-Ga]NAc--3' 
160 5'-T-In~ppsmnGpsmt-psrApsAts s;C]2sGpsnsApsGps'ltsGps51rtpsmn~Aps~rte-InCpsrtAps5cnmrt 

cCps mG-GaiNAc-3' 
161 5'-iJpsniCpsiniC-ps~niC'psmuAps5rc~psTpsAps~insTpsApsAns.Ns nepsps .iipsGps5jucrn 

Cps5mcimCpoGalNAc-3" 
162 5I'-5memCpsmuitpsmApsmornipsApsGpslpsms5n-eCps5eCs(ps5mCsAs(-psn-UpsnApsn-Upsm-G 

___psin~poGaiNAc-3' 

163 5I'-mApsrnGpsrnApsrnGpsrGpsTpsGvs5meZpsGps5m-eCps5neCs5me~Zps5rneCnsps~TpsrnGpsmnjpsrn 

164 5'-mUps5rnemnCps ,niemtCpsrnGps5rnemCpsAp sG 'IVs ms~~~s~sp~nep GpsnGps5rne-mC 
___ ps rtApsmqpoGalNAc-3' 

165 5'-lipsmiGps5mnemrCpsmntApsmrGpsAtpsGpsGpsTnsGsAsAsGps5mcCs~srpiApsmnI-l~tipmniLfpsnG 
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poGaINAc-3' 

166 5"-m-Apsm~psmt)-pssm-em-CpssmemCpsAnssm-eCpssmeC~knssmeCps~ipsAs~i s~ neCvsniJpsn-Aps 
......... .jpsm! IZsIiincpoGaH4NAc-3' 

167 5'-GnpsfCnpsfflpsfGpsf~npsfGips j sJpp _tpj s jfCnpsfGnpsfkiipsf~knpsfGnipsfUI ipsfGnps-3 
____NH2I-fC-3 

_ _NH 2-fC-3' 
169 5'-fCTnpsfCnpsfAnpsfC~nipsfAn-psf~irnps~ypslpsGsAsAps~insCps~i-sfAnpsf~knpsfCnpsfljnsfcnps-3

NH2 -fC-3' 
170 5'-GnipCnpAnp)Gn-pAnpGr.p)C-psTpsGpsApsAps~psCnpGnpAnpAnp)Gn-pTnp)Gnp--3NTH2-C-:Y 
171 5'-GnipsfCnipsfAnpsGnps1AnpsG psG~p 'IM .pA ~p~ fCnipsGnpsfAnipsfAnpsGnpsf~rnpsGnps-3 N- 2

fC-3 
172 5 -GnipfCpAknpGnpfApGp~p:jpsG~psApsgs- CnpGnpfkiipf1npGnpfT'hpGnip-3 N-2-f(>-3' 

173 5"-GnpsafCnpsafAnpsGnispagfknpsGnps~inspsGpsApsAsGpsfCnsGpsfAnpsafAnsGpsiTlnpsGnlps 
afC-3" 

1...74..... 5EGnaf pjip a~n~ppsvsAp,Ags Cp safCnp Gnp afAnpaf Anp Gnpaf Unp Gnpaf C-' 

175 5-GnpafCnip~tflnpGnpafAnpGnpgp~ipsKpsps-tpsps-sGnpafAnpafAnpGnpafUnRpGnipafC-3' 

176 5-irtGpsm-CpsinL)psirn(pstflCpsT-IUlpsApsA~sI'IspssCns'i'lsps tspsAsilps-ApsiApsn3GpsntiipsrniiG
GaINAc-3 

177 5'-iniApsmrApsmrGpsm-~psrnCpsApsGps~pslpsGps5smCps~ipssm~C'ps5m3rCps5mCpssmmr~C'psmGp)snIJpsm 
GpsmG-3' 

1718 , mGpsm~psm-tUpsm-GpsmAps~kpsGpssmCpsipsAps~kpsGpsTpsGpssmCpsrnApssmmCpsm-Apsrnm~Cps 
___mG-3' 

179 5-S-mmCpsmGpsmL)psm~ipssmmn-CpsApsipskps~ipsGpsTps~ps~kpsApsC-pssmmCpsm-GpsmApsmkpsmG 
-3Y 

180 5'-mGpsmtUpsmtGpsmipsrn-/psGpssmtCpsGps~psjkpsGpsl'psGpssmCpsApsrnmiCpsmtApsntunCpsmGps 
I__ muG-:3 

181 5'-rtnpsrn3Gpsrn3Apsm-.~plstiips'-fps~psApsApsGps5r3C'ps~psApsApsGpsirL)psm-Gps5mniC'psr3Aps5mmir 
___C-3' 

182 5-mpsnGpsnGpssmmiCpsiniApsnC'psTpskpsCpsTpsApsApsAps5iniCpslpsmnGpsnApsnGpsmmiCps 
5ninC-31 

183 5'-5!uiilCp~siJpsniApsiifl-psmrt~psApsGpsTpsTps5mrCps~rmCpsGps5iniCpsAps~ipsm-ntpsm-ApsmUfpsmnGps 
____ G-3' 

184 5'-mnpssmmn-CpsmiApsmC-psmApsGpsGpsTpsGps-ApskpsGpssm-Cps~ps-ApsmApsmnGpsmt.psmGpssmm

185 5,'-imkpsmGpsimpsmGpsmGpsirpsGps5miCpsGpssmCpssmtCpssmCpssmCpsGpsipsmnGpsmGpsmUps5mi 
_____icpsm-G-3' 

186 5'-inC~psirnApsmrGpsm-GpsnitUpsGps5mrt(psGps5rn3Cps5inC'ps5mtCps5-InCpsipsTpsGpsrtGpsr3Ups5mrtirt(ps 
____ inGpsinG-3' 
187 5'-iniCpsmrApsmrApsm-~psmuGps5!flCps5muCps5mC'psTpskps5iCpsGpsApsAps5nCps5iiniCpsmAps5nm

- CpsmUpsniG-T 
188 5'-mGpsm-Upsm-U ps5mmCps5mmn-CpsC-ps5mnCpskps~ipsTps-Apslps~psGpspsmnL)ps5mmn-CpsmiGpsniGps 

51niC-3' 
189) 5,--UpssmrCpssn-iCpsmGpssmmi-CpsApsGpslpsApslpsGpsC-psApslpsm-Cpsm~psm-i~psmmCpsmAk 

190 5 -niAps5immCps ,nirnCpsmAps5imncpsirpsGpsApsAps5mCpsApsApsApsipsGpsmGps5imniCpsmtAps5m 
____ mCpsnit-Y 

191 5'-mt3psrnG ...p_5mmjjj -ps -psnPs ~~spsf~~~ S s, 1fsjsnApnIpnIp psUvIG-' 
192 5'-niAps5immCpsintpsmGpsim/psAps5mnCpsjkps.,psApsTpsGpsGps5mtCpsAps5immCpsmntpsimkpsmGps 

___ __ I-:3' 
193 5'-mt3psrnipsrn3Ups53-mmCps~rtmmCpsAps5in( ps~riCpskps5int'Ps~psApsGps'ls5liCpsrL)psraApsnliGps 

m-Aps5nmnC-3' 
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1914 5'-5!niinCpsmAps~rnCpsrnUl-psm-nips ApsAps~i-CpsAps~kpsApsTpsipsCps5iniCpsmApssrnrnCpsnUl.Psm
____ psmG-3' 

195 5'-5mmrCpsniApsrnGpsrnApsmnipsGpslpsGps-ApsAps~ps5rnCpsC-psAps-ApsrmGpsmnL)psm(ips5mrin-Cpsn 
____A-3' 

196 5'"-in~kpsin-/psrnGpsrnApsinGpsmiApsGpsGpsirpsGpssrneCpsGpssmieCpssmeCpsrnenCpssrneniCpsnGp 

197 5'"-in~psrn-/psrnGpsrnkpsinGpsmiApsmGpsGpsirpsGpssrneCpsGps5mieCps5meniCps5mernmCps5neniCps 
____ nin:psllnl~psllqpsrtG3' 
198 5'-in.IipstiinpsinL)psinGpsintApsm-ApsGps5ineCpsGpskpsAps~ipslTpsGps5irncm-CpsintApss-IneiiC'psT-Inkls5 

rnerneCpsnG 3' 
199 5'-mGpsrnipsin-ilpsinipsrApsm-ApsrnCps5!n-cCpsGpsApsApsGpsTpsGpsSiincrCpsiAps~nemC'psmnAp 

___s5rnemneCpsnG 3' 
200 5l'-mtpsrnGpsmC-ips5memCpsm~kps5m-emCpsTpsApsGpslpsApsApsAps5meCpsTpsmGpsmApsm~ips5m-e 

____mCps5meinC 3' 
20 1 5 -mUpsniGpsniGps5ine-mCpsrnAps5ntieCps'lpsApsGpsirpskpsAps~ps5rnteCpsipsnGpsn/psmGpsrnen 

202 5 -5rnernCpsmiitpsrn-/psrnGniGpsmtApsGpsi~psirps5niieCps5mteCpsGps5rneCpsApsmGpsmnlpsnApsniUps 
I__ rngpsuG 3' 

201)3 5'-5ne, Clpsul UPS 1mAps InGruiipsrnApsin.IipsTpslps5 rneCps5 irtCpsGps5 neCpsApsmrGpsmliUpsiApsyt3U 
-psrnGpsnG 3' 

204 5"-Ga]NAc-NHC6

205 5'"-GaINAc-NIHC6
psrn5rncCpsrnlpsiniApsrn~psm-~psApsGpslnsTs5m-cCps5rncCps~ins5neCpsAps~ipsnul-psrkpsm-npsn 
GpsnG 3' 

206 5'-GaINAc-NHC6(
psrn-/psrn~kpsrGpsrn/psmGpsApp.p.p psLrej:ps i5nCpsiieCpsmipsiiit 
s I Gpos inG3' 

201)7 5'1GaNAc-N-HC6
psniApsifl-psrnApsrnGpsm-GpsipsGlJs5mnCCsps5rncClJs5!netCps~reCps~imcCflsC~lsTpsiiGpsrnGpsmllt 

___psrn5 neCpsinG 3' 
208 5' GaNAc-NHC6

psniUpsniGpsmtirneCpsrn/ psmGpsAps-ips- T~sps~psApsCps nK 1sLkinpsn-/psnGpsmLpsmG 

`09 GS n i nips n t- s n31s 

211 inGpsinCpsiii[psinCpsntiCpsni ps, p ismTk~spT~sp~s~~snps -__ sm sGpsnG 
212 minrpsmnCpsin-L.psinCpsrnCpsrnApsrnAps.Aps-TpsipsC'p. lpsT piApsn-L.psmApsmnpsmnpsiGaN 

Ac! 

214 inippsinsin,,-.UpstiCpsrn3Cpsni3,psniApsAIsps~tslps(ps'ins~r]s~hinps, "l--InUpsmiipsiApsinGpsirG3Chalo 
TEG! 

215 rnpsiniCpsrilJpsnCsnCpsmuApsA~sApslpslpsCpslpsnspsmsApsilJpsniApsiApsr~psinGCh-ilolT 
EG! 

216 rnGpsinCpsmtpsnCpsinCpsmkpsAnsApslpslns(IsvsTsTsAs iU-psnApsn-Apsi-ipsi-iGpsnG/3Ch, 
____ol'rG/ 

2 1'! 5'-mGpsininCpsinApsi-iGpsm-Apsm~psGpslps~ps~psApsGp5mmCpsi-ipsi-iApsnpsmGpsmn-psGp 
sni' uneC-3 

218 5'-Gps5rninCpsntiApsmiGpsrn-/psrnGpsGpsl1psGpsApsApsGps5nrnCpsmiGpsin/kpsnkpsnGpsnUpsnG 
____ps5rnrnC-Cholcsltcrol-3' 

-219 5'-m-Gps-5ni[]--iC':psrn3ApmIpsIpsnpsjs''spsfAJsp.rn -snI pslpnpsnfnpsG 

65



WO 2018/053185 PCT/US2017/051644 

____s5mnmC-TEG-Cholesterol-3' 

220 5'-mGps5mmiiflCpsrmlApsmn-GpsmApsinGpsGpsTpsGpsApsApsGps5niunCpsmCipsmApsmApsmnGpsirLpsmG 
ps5mmC-Tocopherol-3' 

221 5'-mGps5nmCpsnApsmGpsmApsimGpsGpsTpsGpsApsApsGps5minCpsmGpsmApsmApsimGpsnUpsmG 

____ ps5innCTEG-Tocopherol-3' 
222 5'-mGps5nnCpsmApsmGpsnApsmGpsGpsTpsGpsApsApsGps5nmiCpsmGpsnApsnApsmGpsnUpsmG 

psrninC-GaINAc ' 
223 5"-miGpsmn5mieCpsmApsniGpsiApsmGpsGpsTpsGpsApsApsGps5imeCpsmGpsnApsmApsmGpsmUpsmG 

224 5'-m.IGpsi5nmeCpsmApsrGpsrApsmiCipsGpsTpsCipsApsApsGps5meC'psmn.GpsmApsmrtApsimGpsimnlpsmG 

____ psmn5mneC-po-Chol-3' 
225 5'-m.IGpsi5nmeCpsmApsrGpsrApsmiCipsGpsTpsCipsApsApsGps5meC'psmn.GpsmApsmrtApsimGpsimtlpsmG 

___ psm5neC-po-Tocopherol-3' 
226 5'-mGpsmn5meCpsmnApsmGpsnApsmGpsGpsTpsGpsApsApsGps5neCpsmGpsnmApsmApsmGpsnUpsmG 

____ psn5rmeC-po-GalNAc-3' 
227 5'-mGpsn5mcCpsmApsmGpsmApsmGpsGpsTpsGpsApsApsGps5meCpsGpsnApsnApsmGpsml1psmGps 

m51neC-3' 
228 5 -mGpsm5neCpsnApsmGpsimApsmGpsGpsrpsGpsApsApsGps5ineCpsGpsmApsmApsmGpsmUpsinGps 

229 5'-mGpsm5meCpsmApsinGpsmApsmGpsGpsTpsGpsApsApsGps5meCpsGpsmApsmApsm3GpsIUpsmnGps 
rm meC-po-Tocopherol-3' 

230 5'-mGpsm5meCpsmApsinGpsmApsmGpsGpsTpsGpsApsApsGps5meCpsGpsmApsmApsm3GpsIUpsmnGps 
m5neC-po-GaINAc-3' 

231 5-nGps2-4-OCH 2 -(5m)CpsmAps 2-4-OCH2 -GpsmAps2-4-OCH
GpsGpsTpsGpsApsApsGps(5m1)CpsmGps2-4-OCH?-ApsnAps2-4-OCr-1 2 -GpsmUps2-4-OC1 2 -Gps 

232 5-mGps2-4-OCH?-(5m)CpsmrAps 2-4-OC 2-GpsmrAps2-4-OC4r.  
GpsGpsTpsGpsApsApsGps(5n)CpsrGps2-4-OCH 2-ApsmAps2-4-OCHr-GpsnUps2-4-OCH-Gps 
(5n)mC-Chol-3 

233 5-rmGps'-4-OCHr(5n)CpsmAps 2-4-OCH-.-GpsmAps2-4-OCH)
GpsGpsTpsGpsApsApsGps(5m)CpsmGps2-4-OC1 2-ApsLAps2-4-OC-GpsmUps2-4-OCHr-Gps 
(5n)mC-Toco-3 

234 5-inGps2-4-OCH 2-(5nm)CpsmAps 2'-4-OC-friGpsmAps2-4-OCr-] ' 
GpsGpsTpsGpsApsApsGps(5r)CpsnGps2-4-OCH-ApsmnAps2-4-OCH 2-GpsnUps2-4-OCH 2-Gps 
(5m)mC-GaINAc-3 

235 5-mGps2-4-OCHr.(5m)CpsnAps2-4-OCH-GpsnAps2-4-OCHr 
GpsGpsTpsGpsApsApsGps(5mr)CpsmGps2'-4-OC-1 2-Apsm-ps2-4-OCHr'.GpsrmUps2-4-OCH 2-Gps 
(5mn)mC-3 

236 5-mGps2'-4-OCJ-fr(5m)CpsmAps 2-4-CH2-GpsmAps2-4-OCH 2
GpsGpsTpsGpsApsApsGps(5n)CpsrGps2-4-OCH 2-ApsmAps2-4-OCH-GpsmUps2-4-OCH-Gps 
(5m)mC-Chol-3 

237 5-rmGps'-4-OCHr(5n)CpsmAps 2-4-OCH2-GpsmAps2-4-OCH)
GpsGpsTpsGpsApsApsGps(5m)CpsmGps2-4-OC 2'rApsIAps2-4-OCr-GpsmUps2-4-OCH-Gps 
(5n)mC-Toco-3 

238 5-rm3Gps2-4-OCH 2-(5m)CpsmAps 2'-4-OC-1 2 -GpsmAps2-4-OCr-] ' 
GpsGpsTpsGpsApsApsGps(5r)CpsnGps2-4-OCH-ApsmnAps2-4-OCH 2-GpsnUps2-4-OCH2-Gps 
(5m)mC-GaINAc-3 

239 5-mGps2-4-OCHr-(5m)CpsnAps2-4-OCH-GpsmAps2-4-OCHr 
GpsGpsTpsGpsApsApsGps(5m)CpsmGps2-4-OCH?-ApsnAps2-4-OCr-1 2 -GpsmnUps2-4-OC12-Gps 
(5r)mC'-3 

240pi 5 n Antps I -s--ps-Gpsps'sGpsApsAisG 3 
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12 5 -fGnpsf~npsfA npsf~npsf~rnpsfnpsGsTsGsAps AsGsCipsG nsfAnpsfA ps fGnpsfU npsfG np 3' 

243 5 -fCnpsCnp-fA r.psfG-3psfAnpsf~jnpsGpsThsGpsAps AnpsC~s~ps~afAnpsfAnps f~rnsft--nr.psfG3psCn-3' 
244 5'-dGnpmnCnpniAnpnGinAnprnGnpGpsTpsCpsApsAps~psrni~inGnpiniAnpninpmi-GnprnlJnpninp 

___ mCnp-3' 
245 5'-dGnpmnCnpninpnipAnpnGnpGsTpsCpsAsAs~psCsnG-puAprAnm~G-pnUn~prGnm~C' 

_____ 1T
3

' 

246 5'-dGnpmnCnprnAnpmnGnpm-AnprnGnp~ipsTps~ipskpsApsGpsCpsGpsrn-Anpsmnknpmj-GnprnlJnpmnGnprnCn 

247 5'" dGnipiCnpniinprnGnpiu~knp~psGps'rpsGpsApsApsGpsCpsinGnpnipiprn ippmiinpmniiprnGipmiCnip 

249 5'-dG upint'npniAiipinGripT-Iuk3pGps~ps'TpsGpsApsAps~ips'Ps~ps iApruAnpmGtp Lfrpr3G 1pm-Cnp

249 GnplsCnipsAnp~sGn-psAnipsGnpsGn-psTnpsGnpsAnpsAnpsGnpsCnpsGn-psAnipsAr.pIsG 

250 GntpsCutpsArnps~inpsAuipsGnplsGnpsin'rps~ipsAuipsAntpsGinpsCripsGinpsAuipsArip~sGnpsln'rps~ipsC 
2- -- ---1 -- -- -- -- -- -- -- --- -- -- -- -- -- --- -- -- -- -- --- -- -- -- -- -- --- -- -- -- -- --- -- -- -- -- -- --- -- -- -- -- -- --- -- -- -- -- --- -- -- -- -- -- --- -- -- -- -- --- -- -- -- -- -- --- -- -- -- -- 
252 CnpsGnipsl'npsGnpsCnpsApsGpsAs~psGpsipsGps~rps~nps~nps~psGnp~is 

253 GnipsCnipsAnipsGnpsAnpsGpsGpslpsGpsApsApsGnpsCnipsGnpsAn-psAnipsG 

254 Cnp-IsGntpsAnipsCntpsGinpslinpsGpsC'psAps~ipsApsGpsGT Iis'lutpsGnpsAnpsAuipsGrnpsC' 

255 GCnpsCnpsAnpsGnipsAnpsGnpsGpsipsGpsApskps~psCnpsGpsAnpsApsGnps'lnipsGnpsC 

256 GnpsCnpsAnpsGnpskps~ipsGpsTps~ipsAnpsAnpsGnpsCnpsG 

257 CnpsGnpsTnipsGr.pIsCipsApsGpsApsGpsC-psTnipsGr.pIsAnlpsAnipsGr.psC 

258 iipsto rpsto tpsnrpioctp psp'psppsp pspspksT.eips-G Isin~eUnip 
srnGnpsmnoeCnp-C6-NH-GaINAc6 

259 inocGps(5 netc) ocCpsrnoeApsmoe~ipsrnoeAps~ipsGpsTpsGpskpsApsGIps(5 nie)C'psGpsAps moApsmoeG 
psmoeTpsmoeGps(,5me)moeC-po-GaiNAc2 

260 nGnipsnoeCnpsrnocAnipsmniGnpsmocAnipsipsCpsTps~ipskpsApsGps(5 ic)CsGsApsioApsnGnpsn-o, 
eUn~psmniipsrnoeCnipo-C6-NH-GaNAc-6 

261 GaiINAc-2-pof~inpsfCnpsfAnpsf~jnpsfAnps~ips~psTps~ipsApsApsGps(rne,)CpsC-psApsfAnpsfcjnpsflinps 
fGinpsf'0, 

262 GaIlNAc2-noeGnpsmoeCnpsmnoeAnpsrnoeGnpsmoeAnpsGpsC-pslpsGpsApsApsipsCps~ipspsmnoeAnps 
niceGnp-IsT-IueUnipsm-oeGntpsuocCri 

263 ioeGps(Sniel)rnioeCpsrnoe~kpsmioeGpsmtoeApsGpsGps'lps~ps~kpsjpsGps(S5rne)CpsGpskpsrnioeApsnioeG 
psrnoelpsoeGps(5m)irioet-aNC 

264 G3alNac2--inoeGnpsnioeCnipsmtoeAnipsrnoeGnpsnioeAnipsGpsGpsTpsGps.,psApsGps(5mi)CpsGpskpsnioeA 
n-psrnoeGr.psnoet~npsm-oeGnp~snocCr.  

265 Gal Nac-rocG psioeCtipsirtoe AnpsruocG tps rnceAnpsGpsGpsTpsGpsApsklps~psC'Ps~ps ApsnoeAnpsmuo 
eGn~psrnoeUnp~sm-ocGnipsrnoeCn, 

266 G a]NAc "'
mGnpsrnCpsmAnpsrnGnpsmAnpsGps~ipsTpsipsAps~kpsGps'5rn)CpsipsApsmoeAnpsm-oeGnpsmoeL)-np 
sinoeGnpsmoeCn 

267 Ga]Nac6- NH-C6
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muocTlpsmocGps(5m)muocC 

268 GalNAcI'
mGnpsrnCnpsmAnpsrnGnpsm~nps~ips~ipsTps~psApskpsGps'5rn)CpsGpsApsnAnpsmGnpsmtUnpsmGp 
sinCn 

269 GalINAc-2-etoGnps(5 m)etoCnpsetoAnpsetoGnpsetoAnps~ips 
Gpsl'psGpsjkpsApsGps(Sni)CpsGpsApsetoAnpsetoGnipsetoTnpsetoGnps(Sni)etoCnI 

27 0 Ga1N'V-')
inoeGinpsmoeCnpsrtnocAnp snice~inpsm-oeArnpsCip~sCps'[psCipsApsApsGps(5ni)(CpsCpsApsm-AnpssiGnpsmu 
UnpsninpsrtCn 

271 noiceCips-InoertnCpsm-oeApsmroeCpsinoeApsC~psGps'ipls(-psApsApsGps5int'PsCpsApsmroApsinoe~ipsioe 
- TpsmoeGpsmoemC 

272 niocGnpsm-oeCnpsmuoeAr.psm-oeGnpsm-oeAnplsGps~psTpsGpsApsAps~ipsCpsGpsApsmuoeArn]Sm~OCGnipsm 
oeUinpsmoeGppsmoeCn 

27 rnGps5mmCpsm-Apsm~ipsm,,ps~ipsGpsTpsGpsApsApsGps5mCps~ipsApsniApsnGpsn-UpsnGps5mmC 
274 mGnpsmCr.psniAnpsmGnps 

___miipsqps~ppsTpsqps.ApsApsGpsCpsGps-,PSmILknpsmGnp smUinp iGppsmCn 
275 GaiINAc2-noeGnpsmoeCnpsmnoeAnps m-oeGnpsmoeAnps~jps GpsTpsGpsApsApsGps("5m)Cps~jpsAps 

276 GalNac6-NI{-C6
ntioeGps(5nt3irmoet'Psm.OeApsrnocGpsnioeApsGps~pslTpsGps~kpsApsGps(1in'Cps~psApsmice~kpsn.Oe~ips 
moelpsmoeGps(5m)moeC 

277 5'nioGps(5n)mo-CpsnoeApsni-oe~psnocAs~pspsTsGpsApsAps~ps5m)CpsGpsApsmuoApsmocGp 
I___ sinoeirpsinoeqps(5Sme)inoeC-GaINAc2 

278 Ga1NAC,)
inGnpsniCnpsmn-/npsniGnipsmAnips~ipsGpsl'ps~psjkps.psGpsCpsGpsApsniAnipsminipsmiifnpsmiipsmC 

279 ini(-ps(,m-)tiCpsrn3Apsm-.Iipsmii, psGpsGps'ipsCpsApsApsGps(5rn)CpsGpskpsni3Apsrn3Gpsrn3Upsm-I~ps(,5r) 
niC-GaINAc 

280 GaINAc2-ni-oeGn-psmuoeCnpsmuoAnpsm3oeGnpsmnoeAnps~ipsipsTpsc-psApsApsGps 
(5m-)CpsGpsApsmioeAnpsmoeGnpsmoeL)-npsniceGrnpsmocCn 

281 miocGnpsmoeCnpsmoeAnpsmocGnpsm-oeAnpsGpsGpslpsGpsApsAps~ips( m)CpsC-psApsm-.oeAnpsmoeG 
npsmteUnpsimoeGnpsmioeCnp-C6-NH-GaINAc6 

282 GaINAc2
ntice GnsinocC tips inoeAnpsmaeGrnpsm-.OeAiipsGpsGpsirpsGpsA pskps~ips(5 m)CpsGpsApsmnOeAnpsiroeG 
ripsmoctilnps mocGnpsmocCn 

283 Gal]NAc-GrnpsCnipsArnpsGnpsAnipsGps Gps'TpsGpskpsAps~ipstIps~psApsAnp-IsGnpsrtnpsGnpsCnt 

284 GaINAc
muGnpsniCnpsmAnpsniGipsmAnpsGpsGpsTpsipsApsApsGpsCpsGpsApsniAnsninpsi-itpsniGnpsmC 
i 

285 GaINAc.-fCnpsfCn-psf~krnpsf~inpsfAnpsGp~sGp~sTpsGpsApsApsC-psCpsC-psApsfAnpsfCnpsflJnpsf~inps
3nh2-fC 

286 GaINAc
atfGnpsaf'Cipsatfjnpsaf'GnpsatfAnpsGpsGpsl'psGpsjkpsApsGpsCpsGpsApsafAnipsafGnipsafrihpsaGnpsafc 

2 87 GaINAc-dl'npsGnpsCnpsAnipsGnips~kpsGpsGps'lpsGps.,psApsGpsCpsGpsAnipsAnipsGnpsinps-3iIh2 -G 

288 ]GaINAc-miUnipsminipsiCnipsimkipsmtGn~pskpsGpsGps'lpsGpsAps~kpsGpsCps 
GpsinAnpsrnAnpsm-G tps nl tnpsmtG n 
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289 GaINAc.-f[Jnpsf~inpsfCrnpIsfk~ipsf~rnpsAp~sGps~psTpsGpsApsAps~psCpsipsfAnpsfAnpsfC~npsftn-'.l)
3nh2-fGj 

290 GaINAc
inGnpsniCii.psintfnpsniCnpsiniCnpsAps~kpsApsirpsTps5mecpsipsips~ipsApsintfnpsnAnpsn/ npsiniGnps 

291 GatN Ac
ioGnpsm-oeCnpsmnoetjrpsinoCnpsin-ocCnipskpsApsApsTpslp~s5MeCpsTpsTpslpsApsrniolJpsm-oeAn 

____psinoeAnpsmioeGnipsmioeGn~psinoeGn 

292 rnoGps'5rn)moeCpsm-oeApsrnoeGpsrnoeApsC-ps~ipslpsGpsApsApsGps(5mn)CpsGpsApsmoeApsm-oe~ps 
rrtoe'psmnoe~ps(5m)moeC 

293 ioeGnpsmioeCnipsinoeAnpsmoeGiipsmioeAnipsGpsGpsirpsGpsApsApsGps(5rn)CpsGpsApsmioeAnpsnoeG 
!!P!E2el10 p U mfoeG njim Cn 

294 fG nps(5 in)fCnplsfkinpsf~inpsfAnp-IsGpsGps'lps~ipsApsApsGpsCpsGpskpsfktnpsfCinpsf-I'npsf(-nrpsfC-C6
_____ \H-Ga]Naic6

C6-NH-GaINAc6 
296 rnGnpsiniCnpsrnAnpsiniGnplsninpsCpsGpsTpsipsApsApsGps(5!n-)C'psGpsAp~s rtAnpsnGlpsinps 

___inGn~psiCnp-C6-NI{-GaINAc6 

297 mGnpsrnCnpsmAnpsrnGnpsmnknps~ip~psTpsGpsApsApsGps'5rn)CpsGpsAps 
rnnsr~psnnpm np s C- C6 -N--GaINAc6 

298 inoeGnpsmioeCnpsnioeAnpsmioeGnpsmioeAnipsGps Gps'1psGpskpsApsGps (SlrCpsGps.,ps 

____ npsrnolJpsm-oeGnpls(5inmoeC-C6-NH-GalNAc6 
.300 GatNAc2-inoeGnpsntioeCntpsni~ocAnipsinoeGinpsntioeAnp-IscpsC~ps'[ps~ips ApsApsGpS 

(5rn)CpsGpsApsrnoApsm-oeGnpsmoe~inpsrnoeGnlpsmnoeCn 
301 GaINAc2-elIoGnpseto(5m-)CnpsctoAnipscetoGnpsctoAnipsGpsGpsTpsGpsApsApsGs (51-)ClpsGpsAps 

____etoAppsetoGlnpsetoips etoGjpseto(5rn)Cn 
302 rnGnpsmnCnps2-4-OCH 2AnpsmGnpsrnAnpsGpsGpsTps~ipsApsAps~ipsCps~psAps'--4

____OC}- 2ApsrnGnpsrnUnpsmiGn ps3 -N{12niC 
303 niipsmrn~ps2-4-0C14,CH 2AnpsniGnpsim'kpsGpsGpslpsGps.,psApsGpsCpsGpsAps2-4

304 nilG lps nCnps2-4 -OC F{ 2CHAnpsr3G nps2-40C E{2 CH-1AnpsCil),ps 'pspss~psklpsApsGpsCpsGpsAps -4
___OCH 2CH ,AnpsrnGnplsiJnpsrnGnps3 -N--H2rC 

305 niG tps nCnpsniAnps inGntps2-4 -OCH 2 C[- 2A npsGpsGps'lps~ipsApsApsGpsCpsGpskps2-4
OCH2CH2 AnpsrnGnpsmI~npsmGnps3-NH 2rnC 

3i0 6 5-rninpsmCnpsmUnT~psm-CnpsmuCr.ps2-4-OCH).C'H 2 AnipsApsApsTpsTpsCpsTpsTpsTps 
____in-/npsniUiInpsim'knlps2-4-OC1i 2Cti 2Anp-srnGnpsnmGjps3-NI1 2niG-3 
37 mGnpsrnCnpsmLJnpsnCnpsmCnps2-4-OCH2 CH2AnpsApsApsTpsTpsCpsTpsTpsTps2-4

OCI4CH2 Apsn-npsmips2-4-OCH 2C02Apsm .. i ..slinps-N- 2mG 
308 inGnpsnlCnpsinljnpsnlCnpsinCnps2-4-OCHCH-2AnpsApsAps.,psTpsCps'lpsTpsl'ps2-4-OC{ 2 

---------------- Pili§ 2  H A 1 l A ps inG _ sm n s -N{2irtG-----------------------------------
.309 2

4OCH2CH 2IGnpsrnCnpsmuAnpsrnGnpsmAnpsGpsGp~sTpsCpsApsApsGpsCpsCpsApsiniAnplsm~Gpsnllnps2 
___-40CH2CH 2Gnlps3-NH2rC 

310 2-4 OCH)CHi 2GnpsmCnpsrnAnps2
4OCt2CH-,GipsiiArpsGpsGps'psGpsApsApsGpsCpsGps.,psimnkips2-4 OCHCH-2Gnpsmnlips2
4___-ICH2CH2Gnps3-N~TmC 

311 2-40Hf 2C-{2GnipsmniCnips'-4
OCH2CH 2,AnpsrnGnpsniAps~ipsipsTps~ips~kpskpsGpsCpsGpsApsrn-AnpsmGnpsmLJnpsrnGnps3

___NH-,inC 

312 2-4OCH' CH2GnpsrnCnpsm-L.npsrnCnpsm-Cnps2-4
OCE{2CH-IAnpsAs ppsl~pssjs s1n npsnm~npm s2-4-CFI2 C- 2AiipsTinsn2 
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40CH2CH2Gnps3-NH mG 
313 2-4 OCH12 CH 2GnpsirtCnpsmUiipsirtCnpsmCnIpsmAnpsApsApspTpspsCpsTpsTps'ps 

mAnpsnUnpsmAnpsmAnpsnGnpsm2-4 OCH 2CH2 Gnps3-NH 2mG 
314 mnGnpsimCnpsmnAnpsimGnpsmAnpsGpsGpsTpsGpsApsApsGpsCpsGpsApsimAnpsnGnpsmUnpsnGnps3

NHinC 
315 mGnps2-4 OCH2 CH2(5me)CnpsmAnps2-4 

OCH42CH 2GnpsiAnpsGpsGpsipsGpsApsApsGpsCpsGpsApsmAnpsmGnps2-4 OCH 2CH 2TnpsmGnps3
NH2mC 

316 2-4 OC H 2CH2GnpsnCnps2
40CH2 CH2AnpsmrGnpsmAnpsGpsGpsTpsGpsApsApsGpsCpsGpsApsmAnpsmGnps2-4 
OCH2CH2TnpsniGnps2-OCH 2CH 23-NH 2(5me)C 

317 2-4 OC-2CH2GnpsmCnps2-4 OCH2 CH2TnpsmCnpsrCnpsmAiipsApsApsTpsTpsCpsTpsTpsipsmAnps2-4 

318 mGnps2-40CH2CH2(5ne)CnpsmUnps2-4 OCH2CH2 
(5ne)CnpsiCnpsmAnpsApsApsTpsTpsCpsTpsTpsTpsmAnps2-4 OCH2 CH2 TnpsnmAnpsmAnps2
40CH2CH 2GnpsmGnps3-NH2mG 

[0092] In some embodiments, the oligonucleotide represented by Formula (VI) or (VI') is 

selected from the above Table C. In other embodiments, the oligonucleotide represented by 

Formula (VI) 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 list by 1, 2, 3 or 4 

nucleotides. In embodiments, the oligonucleotide represented by Formula (VI) or (VI') has a 

sequence that differs from a chimeric oligonucleotide of the above list but has the same construct 

as the chimeric oligonucleotide 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 is 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 olgonucleotide 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 is 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 is >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 E, F, or J.  

[0094] In embodiments, the disclosed oligonucleotides display an affinity for at least one of the 

following 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, theTm of the complex is >50 °C. In 

embodiments, the Tm of the complex is 50-100 °C. In embodiments, the Tm of a disclosed 

oligonucleotide duplexed with an HBV RNA under physiological conditions or nearly 

physiological conditions is >50 °C 

Table E 

1 3 4 5 6 

245 A 668 |T 1257 |T 1512 A 1575 C 1819 A 

246 G 669 1 G I258 | C 1513 C 1576 C 1820 C 
247 T 670 G 1259 T 1514 C 1577 G 1821 T 

248 C 671 C 1260 G 1515 G 1578 T 1822 T 

249 T 672 T 1261 C 1516 A 1579 G 1823 T 

250 A 673 C 1262 C 1517 C 1580 T 1824 T 

251 G 674 A 1263 G 1518 C 1581 G 1825 T 

252 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 1584 C 1828 C 

255 C 678 T 1267 C 1522 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 |131 C 

258 G 681 T 1270 A 1525 C 1588 G 1832 T 

259 G 682 A 1271 C 1526 G 1589 C 1833 G 

260 T 683 G 1272 T 1527 C 1590 T 1834 C 

261 G 684 | T 1273 G 1528 A 1591 T 1835 C 

262 G 685 |G 1274 C 1529 C 1592 C 1836 T 

263 A 686 C 1275 G 1530 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 1595 C 189 T 

266 T 689 T 1278 A 1533 T 1596 T 1840 C 

690 T 1279 C 1534 C 1597 C 1841 A 

691 1T 1280 T 1535 T 1598 T 1842 T 

692 G 1281 C 1536 T 1599 G 1843 C 

693 1T 1282 C 1537 T 1600 C 1844 T 

694 T 1283 T 1601 A 1845 C 

695 C 1284 A 1602 C 1846 T 

696 A 1285 G 1603 G 1847 T 

697 G 1286 C 1604 T 1848 G 

698 T 1605 C 1849 T 

699 G 1606 G 1850 T 

700 G 1607 C 1851 C 

701 1T 1608 A 1852 A 

702 T 1609 T 

7 C 1610 G 

704 G 1611 G 

705 T 1612 A 

706 A 

707 G 

708 G 

709 

710 C 

711 T 

712 T 

713 T 

714 C 

715 C 

Table F 

13 4 5 6 

245 A 668 U 125 1512 A | 1575 C 1819 A 

246 G 669 G 1258 C 1513 C 1576 C 1820 C 

247 U 670 G 1259 U 1514 C 1577 G 1821 U 

248 C 671 C 1260 G 1515 G 1578 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 1581 G 1825 U 

252 A 675 G 1264 A 1519 A 1582 C 1826 C 

253 C 676 |U 1265 | U 1520 C( 1583 A 1827 A 

0 A 1827
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254 U 677 U 1266 C 1521 G 1584 C 1828 C 

255 C 678 U 1267 C 1522 G 1585 U 1829 C 

256 G 679 A 1268 A 1523 G 1586 U 1830 U 

257 U 680 C 1269 U 1524 G 1587 C 1831 C 

258 G 681 U 1270 A 1525 C 1588 G 1832 U 

259 G 682 A 1271 C 1526 G 1589 C 1833 G 

26 U 683 G 1272 'U 1527 C 1590 U 1834 C 

261 G 684 U 1273 G 1528 A 1591 U 1835 C 

262 G 685 G 1274 C 1529 C 1592 C 1836 U 

263 A 686 C 1275 G 1530 C 1593 A 1837 A 

264 C 687 C 1276 G 1531 U 1594 C 1838 A 

265 U 688 A 1277 A 1532 C 1595 C 1839 U 

266 U 689 U 1278 A 1533 U 1596 U 1840 C 

690 U 1279 C 1534 C :1597 C 1841 A 

691 U 1280 U 1535 U 1598 U 1842 U 

692 G 1281 C 1536 LU 1599 G 1843 C 

693 U 1282 C 1537 U 1600 C 1844 U 

694 U 1283 U 1601 A 1845 C 

695 C 1284 A 1602 C 1846 U 

696 A 1285 G 1603 G 1847 U 

697 G 1286 C 1604 U 1848 G 

698 U 1605 C 1849 U 

699 G 1606 I 1850 -U 

700 G 1607 C 1851 C 

701 U 1608 A 1852 A 

702 |U 1609 LI 

703 C 1610 G 

704 CG 1611 G 

705 U 1612 A 

706 A 

707 G 

708 G 

709 G 

710 C 

711 U 

7,12 U 

713 U 

714 C 

715 C 
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[0095] Compounds of the present disclosure include compounds comprising the following 

Formula (VII): 

5'-X -Y'-Z'-3' (VII) 

wherein X'- -- Z' is a chimeric oligonucleotide comprising a sequence of 14 to 22 

nucleosides, and is 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 Z' is a domain comprising a sequence of modified 

nucleosides that is 3-14 nucleosides in length, wherein the X' and/or Y' domains comprise one 

or more modified nucleoside which is linked 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 Z', respectively is: 

8/2/10, 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' is 2-4 and Z' is 8-10.  

[0097] In some embodiments, the compound of Formula (VII) consists of the X'-Y'-Z' 

chimeric oligonucleotide 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 in length; Z' is a domain consisting of a 

sequence containing one or more modified nucleotides that is 3-10 nucleotides in length; and Y' 

is a domain consisting of a sequence of 2 to 42'-deoxy-nucleotides linked through thiophosphate 

intersubunit linkages and optionally one phosphodiester intersubunit linkage, wherein the X' 

and/or Y' domains contain one or more modified nucleotide which is linked through a. NY-P5' 

phosphoramidate or a N3'->P5'thiophosphoramidate intersubunit linkage.  

[0098] The X' domain comprises a sequence of modified nucleotides, where the X domain is 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 more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
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20, 21 or 22) of these nucleotides is modified. For example, in some embodiments, all the 

nucleotides in the X' domain are modified.  

[0099] The modified nucleotides of the X' domain may be the same as disclosed for X in 

Formula (VI) or (VI'). For example, the nucleotides of the X' domain may be modified with 

respect to one or more of their nucleobases, the 2' and/or 3' positions on the ribose sugar and 

their intersubunit linkages. Embodiments include wherein the 2' position is modified with an F 

(ribo or arabino) and the 3' position is 0 or NH. Embodiments also include wherein the 2' 

position is modified with an OMe and the 3' position is 0 or NH. Embodiments include wherein 

the 2' position is modified with an F (ribo or arabino) as well as Me or OMe, and the 3' position 

is 0 or NH. Embodiments include wherein the 2' position is modified with an F (ribo or arabino) 

and the 3' position is 0 or NH. Embodiments include wherein the 2' position is modified with an 

0-methoxyethoxy and the 3' position is 0 orNH. Embodiments also include wherein the 2' 

position is modified with an F (ribo or arabino) and the 3' position is 0 or N 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' position is O or NH. Each of 

these embodiments may include thiophosphate (or thiophosphoramidate depending on the 3' 

substitution) and phosphoramidate intersubunit linkages.  

[0100] Embodiments also includewhere the 2' position is OH, and the 3' position is NH, or 

where the 2' position is H, and the 3' position is NH. Each of these embodiments may include 

thiophosphoramidate and/or phosphoramidate intersubunit linkages.  

[0101] The nucleotides of the X' domain are linked through intersubunit linkages, for example, 

N3'----P5' phosphoramidate, N3'----P5' thiophosphoramidate, thiophosphate or phosphodiester 

intersubunit linkages. In some embodiments, the X' domain is linked through intersubunit 

linkages selected from N3'--->P5'phosphoramidate, N3'--->P5'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 ' thiophosphoramidate intersubunit 

linkages.  

[0102] The Y' domain 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 linked through thiophosphate or phosphodiester intersubunit linkages 
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(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). 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 2'-deoxy

nucleotides linked through thiophosphate intersubunit linkages, 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 Z' domain may comprise a sequence of 4, 5, 6, 7, 8, 9, 

or 10 nucleotides. One or more of these nucleotides is 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 in the Z' domain are modified.  

[0104] The modified nucleotides of the Z' domain may be the same as disclosed for Z in 

Formula (VI) or (V). For example, the nucleotides of the Z' domain may be modified with 

respect to one or more of their nucleobases, the 2' and/or 3' positions on the ribose sugar and 

their intersubunit linkages. Embodiments include wherein the 2' position is modified with an F 

(ribo or arabino) and the 3' position is 0 orNH. Embodiments also include wherein the 2' 

position is modified with an OMe and the 3' position is 0 or NH Embodiments include wherein 

the 2' position is modified with an F (ribo or arabino) as well as Me or OMe, and the 3' position 

is 0 or N. Embodiments include wherein the 2' position is modified with an F (ribo or arabino) 

and the 3' position is 0 or N. Embodiments include wherein the 2' position is modified with an 

O-methoxyethoxy and the 3' position is 0 or NH. Embodiments also include wherein the 2' 

position is modified with an F (ribo or arabino) and the 3' position is 0 or NI-. 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' position is 0 or NH. Each of 

these embodiments may include thiophosphate (or thiophosphoramidate depending on the 3' 

substitution) and phosphoramidate intersubunit linkages.  

[0105] Embodiments also include where the 2' position is 01-, and the 3' position is NH, or 

where the 2' position is H, and the 3' position is 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 

intersubunit linkages. In some embodiments, the Z' domain is linked through intersubunit 

linkages selected from N3'--P5' phosphoramidate, N3'-P5' thiophosphoramidate, and 

combinations thereof. In some embodiments, the Z' 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 

linkages.  

C. Modified Antisense Oligonucleotides 

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

ASO includes the nucleotide of formula (I), (II), (1Ila), (Ib), (IV), (V) and/or (V').  

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

Formula (VIII): 

XA .0 RA' 

Y~ (VIII), 

wherein XA is NH or 0, Y is OR or SR, where R is H or a positively charged counter ion, BA Is 

independently in each instance a natural or an unmodified nucleobase or a modified nucleobase, 

RA' and RA" are each independently in each instance selected from H, F, OH, OMe, O

methoxyethoxy, and RA' is H or RA' and RA"' together form -O-CH2-, -O-CH(Me)- or -0

(CH2)2-.  

[0109] In some embodiments, RA' and RA' "are H; and RA" is selected from F, OH, OMe, Me, 

0-methoxyethoxy. In other embodiments, RA" and RA"' are H; and RA' is selected from F, 

OMe, Me, O-methoxyethoxy. In some embodiments, XA is NH in each instance.  

[0110] Some embodiments include one or more modified nucleotides represented by Formula 

(VIII), wherein XA is NH; BA is a G-clamp; RA' is F or OMe and RA" is H: or RA' is H and RA" 

is H or F; and RAi s H.  
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[0111] Some embodiments include one or more modified nucleotides represented by Formula 

(VIII), whereinXA is Nl; BA is an unmodified or modified nucleobase; R and RA. together 

form a conformationally restricted nucleotide (e.g., -O-CH2- or -O-(CH2)2-); and RA" is H. In 

some embodiments, BA is an unmodified or a modified nucleobase selected from the group 

consisting of 5-methyleytosine, 2,6-diaminopurine, and 5-methyluracil.  

[0112] Some embodiments include one or more modified nucleotides represented by Formula 

(VIII), whereinXA is NH; B is an unmodified or modified nucleobase; RA' is F or OMe, Rx" is 

Hand RA"' is H.  

[0113] Some embodiments include one or more modified nucleotides represented by Formula 

(VIII), whereinXA is NH; BA is an unmodified or modified nucleobase; RA' is H, RA" is F and 

RA.'" is H.  

[0114] In some embodimentsXA is NH. In other embodiments, Y is O or S-(with a positively 

charged counter ion). In some embodiments, RA' or RA" is H and the other is F, OH, OMe, Me, 

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

[0115] In some embodiments, BA is selected from A, C, G, U andT. In additional embodiments, 

BA is selected from A, C, G, U, T, 2,6-diaminopurine, a 5-Me pyrimidine (e.g., 5

methyleytosine, 5-methyluracil). In some embodiments, at least one of RA' and RA" is H. For 

example, in some embodiments, RA' is F, OH, OMe, Me, 0-methoxvethoxy and RA" is H. In 

other embodiments, RA' is H and RA" is F.  

[0116] In some embodiments, when BA is a purine nucleobase at least one of RA' and RA" is OH 

or F, and/orwhen BA is a pyrimidine nucleobase at least one of R A'andRA" is OMe, OH or F.  

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

Table G 

A RA 

Y 
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-Nu-cleotiie No. R' R"R A w 
48 F H- H1 1\J- s 
49 F H H NH 0 

50F H H 0 S 
51F H- H- 0 0 

52 H F H- Nl s 
53H F H NH 0I 

H41 F H 0 S 
5 H F H- 0 0 

56ome H H NH S 
57ome H H- N:J- 0 

58 Ome H H 0 S 
------- 59 ---------------------- O M e ------- H H 0 0 

60 H1 F H- NHI S 
61 H F 1-1 Nil 0 
62 H F H 0 s 
63 H F H 0 0 
64 0-inethoxyethoxy H1 H- Nl s 
65 0-rnictloxvethoxy H H INH 0 
66 0-methoxethoxy H H 0 S 
67 0-inethoxvyethoxy H1 H 0 0 
68 H H H NH s 
69 H H H N~H 0 
70 01- H1 H NJ-I S 

71OH H H NH 0 
72 OH H H0S 
73 H OHl H NJ-I 
74 H1 OH_ H N14 S 
75 H O~t HN 

76 H- O~t H- NJ-I S 
-7-7 H1 QEt 1-1 0 0 
78 H O~t H 0 s 

79 GEt H- H- NJ-I 0 
80 O~t 1-1 1- N1-i S 
91 O~t H H 0 0 

_____2 ___ GEt I-1 - 0 S 

0 _ _ 

w~ 

Nucleotide No. c A XV 
83 -0-CH,- IH 0 
814 0C) N 

-- -- -- --- -- --- -- -L -- - -- -- --- -- --- -- -- -- .... .. ... ..0 -- -- -
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Nucleotide No. C A W 
85 -O-CH 2- 0 S 
86 -0-CH2- 0 0 
87 -O-(CH 2) 2- NH S 
88 -0-(CH2)2-   NH1 0 1 
89 -0-(CH2 ) 2- 0 S 
90 -O-(CH 2 2- 0 0 

91 -0-CH(Me>- Ni-I 
92 -O-CH(Me)- NH 0 
93 -O-CH(Me)- 0 S 
94 -0-CHI(Me1 0 t 0 

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

more nucleotides of the following Formula (IX): 

-1i 
O BE 

Rs"' Rs_" 

HN P RB' Pa 

RS' (IX), 
wherein R is H or a positively charged counter ion, BB is independently in each instance a natural 

or an unmodified nucleobase or a modified nucleobase, RB' and RB" are each independently in 

each instance selected from H, F, OMe, 0-methoxyethoxy, and RB"' is H or RB' and RB" 

together form ---O-CH2---,- --O-CH(Me)---, or --O-(CH2)2---.  

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

[0120] In some embodiments, RB' and R"' are H and RB" is selected from F, OH, OMe, Me, 

0-methoxyethoxy. In other embodiments, RB" and R' are H; and RB' Is selected from F, 

OMe, Me, 0-methoxyethoxy.  

[0121] Some embodiments include one or more modified nucleotides represented by Formula 

(IX), wherein BA is a G-clamp; RB' is F or OMe and R '" is H; or RB' is H and R" is H or F; 

and RBis H.  

[0122] Some embodiments include one or more modified nucleotides represented by Formula 

(IX), wherein BA is an unmodified or modified nucleobase; R' and RB'" together form a 

conformationally restricted nucleotide (e.g., -O-C-l- or -O-(CH)2-); and RB" is 1-. In some 

embodiments, BA is an unmodified or a modified nucleobase selected from the group consisting 

of 5-methylcytosine, 2,6-diaminopurine, and 5-methyluracil.  
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10123] Some embodiments include one or more modified nucleotides represented by Formula 

(IX), wherein B is an unmodified or modified nucleobase; R' is F or OMe, RB" is H and R"' 

is H.  

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

(IX), wherein BA is an unmodified or modified nucleobase; R n' is H, Rr " is F and RB"' is H.  

[01251 In other embodiments, Y is S-(with a positively charged counter ion). In some 

embodiments, R' or RB" is H and the other is F, OH, OMe, Me, 0-methoxyethoxy (e.g.  

arabino-F or ribo-F or OMe).  

[0126] In some embodiments, BB is selected from A, C, G, U and T. In additional embodiments, 

Bf is selected from A, C, G, U, T, 2,6-diaminopurine, a 5-Me pyrimidine (e.g., 5

methylcytosine). In some embodiments, at least one of R' and Rn" is H. For example, in some 

embodiments, R ' is F, OH, OMe, Me, 0-methoxyethoxy and R" is H. In other embodiments, 

R' is H and Rn " is F.  

[0127] In some embodiments, when BB is a purine nucleobase at least one of RB' and RB" is OH 

or F, and/or when BB is a pyrimidine nucleobase at least one of R' and R" is OMe, OH or F.  

[0128] In some embodiments, the nucleobase sequence of the oligonucleotide of Formulae (VIII) 

or (IX) comprises a sequence selected from those in'Table A. In some embodiments, the 

nucleobase sequence of the oligonucleotide of Formulae (VIII) or (IX) comprises a sequence 1, 

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

Table H 

5'-GCAGAGGTGAAGCGAAGUGC-3 1 
5'-GCAGAGGTGAAGCGAAGUG C-Chol-3' 2 
5'-GAGCAGAGGTGAAGCGAA AGC-GaNAc- 3 
5'-GAUUAGGCAGAGGT GAAAAAG--3 4 
5'-GAUUAGGCAGAGGTGAAAAAG-Clo-3' 6 
5'-GAUUA GGCAGAGGTGAAAAAG-GaINAc-3 6 
5'-GAUUAGGCAGAGGT GAAAAAG-3' 
5'-GAUUAGGCAGAGGTGAAAAAG-Clo-3' 9 
5'-GAUUAGGCAGAGGTGAAAAAG-GaINAc-3' 9 
5'-GDAPUUDAPGGCAGAGGTGAAAAAG-3' 10 
5'-GAUUAGGCAGAGGTGAADAPDAPDAPG-3' 11 
5'-GAUUAGGCAGAGGTGDAPDAPDAPDAPDAPG-3' 12 
5'-GDAPUUDAPGGCAGAGGTGAADAPDAPDAPG-3' 13 
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5'-GDAPUUDAPGGCAGAGGTGDAPDAPDAPDAPDAPG-3 14 
5'-GDAPUUDAPGGCAGAGGTGAAAAAG-3' 15 
5'-GAUUA GGCAGAGGTGAADAPDAPDAPG-3' 16 
5'-GAUUAGGCAGAGGTGDAPDAPDAPDAPDAPG-3' 17 
5'-GDAPUUDAPGGCAGAGGTGAADAPDAPDAPG-3' 18 
5'-GDAPUUDAPGGCAGAGGTGDAPDAPDAPDAPDAPG-3' 19 
5'-GCAGAGGTGAAGCGADAPGUGC-3' 20 
5 -GCAGAGGTGAAGCGDAPDAPGUGC-3' 21 
5'-GCAGDAPGGTGAAGCGDAPDAPGUGC-3' 22 
5'-GCDAPGDAPGGTGAAGCGDAPDAPGUGC-3 23 
5'-CGTGCAGAGGTGAAGC-3-N1 2-G-3' 24 
5'-GCAGAGGTGAAGCGAA-3-NH 2-G-3 25 
5'-CGACGTGCAGAGGTGAAG-3-NH 2 -C-3' 26 
5'-GCAGAGGTGAAGCGAAGTG-3-NH1 2 -C-3 27 
5'-GCAGAGGTGAAGC-3-NH 2-G-3' 28 
5'-CGTGCAGAGGTGAAG-3-NH 2-C-3' 29 
5'-GCAGAGGTGAAGCGAAGTG-3NH 2-C-3' 310 
5'-GCAGAGGTGAAGCGAAGTG-3NH2-C-3 31 
5'-GCAGAGGTGAAGCGAAGTG-3NH 2-C-3' 32 
5'-GCAGAGGTGAAGCGAAGTG-3NH2-C-3' 33 
5'-GCAGAGGTGAAGCGAAGTG-3NH2-C-3' 34 
5'-GCAGAGGTGAAGCGAAGTG-3NH 2-C-3' 35 
5'-GCAGAGGTGAAGCGAAGTG-3NH2C 36 
5'-GCAGAGGTGAAGCGAAGTG-3NH2-C-3 37 
5'-GCAGAGGTGAAGCGAAGTG-3NH 2-C-3 38 
5'-GCAGAGG'TGAAGCGTAAGTG-3NHC- 39 
5'-GCAGAGGTGAAGCGAAGTG-3NH,-C-3 40 
5'-GCAGAGGTGAAGCCGAtAGTG-3N1 2 C-3' 41 
5'-GCAGAGGTGAAGCGAAGTG-3-NHC-3 42 
5'-AAGAGAGGTG5neCG5meC5neC5meC5neCGUGG-3' 43 
5'-GGUGAAG5meCGAAGTG5meCA5meCA5meCG-3' 44 
5'-5mneCGUG5meCAGAGGTGAAG5meCGAAG-3' 45 
5 -AGAGGTGAAG5mreCGAAGUG5meCA5meC-3' 46 
5 '-UGG5meCA5meCTAGTAAA5meCTGAG5meC5meC-3 47 
5-5meCUAGGAGTT5meC5meCG5neCAGUAUGG-3' 48 
5'-AGAGGTG5meCG5mneC5meC5meC5meCGTGGU5meCG-3' 49 
5'-GAGGUGrmeCGrrmeC5m eCrm eCn5meCGTGGU5meCGG-3' 50 
5'-GAAAG5neC5meC5neCTA5neCGAA5neC5neCA5neCUG-3' 51 
5'-GIJIJ5rneC~rneCG~meCAGTrATGGAU5neCGG~i5tneC-3" 52 
5'-U5meC5neCG5neCAGTATGGAT5meCGG5ineCAG-3' 53 
5'-A5meCme.CA5neCTGAA5meCAAATGG5meCA5neCJ-3- 54 
5'-UG5meCAGAGGTGAAG5neCGAAGUG-3' 55 
5'-A5meCUGAA5neCAAATGG5meCA5meCUAGU-3' 56 
5'-AGU 5meC5meCA5 meC5mneCA5me.CGAG'iT5neCUAGA5neC-3 57 
5'-5neCA5neCUGAA5meCAAATGG5meCA5neCUAG-3' 58 
5'-5meCAGAGGTGAAG5meCGAAGUG5meCA-3' 59 
5'-AGAGAGGTG5meCG5neC5neC5meC5meCGUGG-GaiNAc-3 60 
5'-GGUGAAG5neCGAAGTG5nCA5 mcCA5myeCG-Ga]NAc-3' 61 
5'-UGG5meCA5neCTAGTAAA5ineCTGAG5neC5neC-GalNAc-3' 62
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5'-5meCUAGGAGT T5tneC5meCG5nmeCAGU AUGGGaiNAc-3' 63 
5'-AGAGGTG5ineCG5neC5neC5meC5meCGTGGU5ineCGGalNAc-3' 64 
5'-U5mneC5meCG5neCAGTATGGA T5meCGG5neCAG-GaINAc-3' 65 
5'-UG5meCAGAGGTGAAG5meCGAAGUGGaINAc-3' 66 
5'-AGU5meC5neCA5neC5meCA5neCGAGT5neCUAGA5meC-GaiNAc-3' 67 
5'-GCGGGTGAAGCGGUG-3-NH2-C-3' 68 
5'-GCGGGTGAAGCGGUG-3 NH2-C-3' 69 
5'-GCGGGTGAAGCGGUG-3-NH2-C-3 70 
5'-GCAGAGGTGAAGCGAAGTG-3NH-C-3' 71 
5'-GCAGAGGTGAAGCGAGT G-3NH2-C-3' 72 
5'-GCAGAGGTGAAGCGAAGTG-3NH 2 -C-3' 73 
5'-GCAGnspAGGTGAAGCGAAGUGC-3' 74 
5'-GCAGAGGT GAAGCGAAGUGC-3' 75 
5'-GCAGAGGT GAAGCGAAGUGC-3 76 
5-GCUCCAAATTCTTTAUAAGGG-GaNAc-3 77 
5'-AAGAGAGGTG5meCG5neC5neC5meC5neCLJGG-3' 78 
5'-GGUGAAG5meCGAAGTG5meCA5meCA5mneCG-3' 79 
5-5neCGUG5meCAGAGGTGAAG5meCGAAG-3' 80 
5'-GUGAAG5neCGAAGTG5neCA5mneCA5meCGG-3' 81 
5'-AGAGGTGAAG5tneCGAAGUG5meCA5meC-3' 82 
5'-UGG5neCA5mneCTAGTAAA5meCTGAG5meC5neC-3' 83 
5'-5neCUAGGAGTT5neC5meCG5neCAGJAUGG-3' 84 
5'-G5meCAGAGGT GAAG5meCGAAGUG5meC-3' 85 
5'-AGAGGTG5meCG5meC5neC5meC5neCGTGGU5meCG-3' 86 
5'-GAGGUG5neCG5meC5meC5neC5mneCGTGGU5neCGG-3' 87 
5'-GAAAG5meC5meC5meCTA5neCGAA5mneC5meCA5mieCUG-3 88 
5'-GUU5neC5meCG5neCAGTATGGAU5ineCGG5meC-3' 89 
5-U5meC5neCG5meCAGTATGACjtT5meCGG5meCAG-3' 90 
5'-A5meC5neCA5neCTGAA5neCAAA TGG5meCA5neCU-3' 91 
5'-UG5meCAGAGGTGAAG5meCGAAGUG-3' 92 
5'-A5meCUGAA5meCAAATGG5meCA5meCUAGU-3' 93 
5'-A GU5meC5neCA5neC5meCA5neCGAGT5meCUAGA5neC-3' 94 
5'-5meCA5meCUGAA5neCAAATGG5meCA5meCUAG-3' 95 
5'-5meCAGAGGTCiAAG5meCGAAGUG5neCA-3' 96 
5'-AAGAGAGGTG5neCG5neC5meC5neC5neCGUGG3' 97 
5'-AAGAGAGGTG5meCG5meC5meC5meC5neCGUGG-3' 98 
5'-GGUGAAG5meCGAAGTG5meCA5meCA5neCG3' 99 
5'-GGUGAAG5meCGAAGTG5mneCA5meCA5neCG3' 100 
5'-UGG5neCA5neCTAGTAAA5meCTGAG5neC5meC3 101 
5'-UGG5meCA5neCTAGTAAA5meCTGAG5neC5neC3' 102 
5'-5mneCUAGGAGT T5meC5neCG5neCA GUA UGG3' 103 
5'-5meCUAGGAGTT5tneC5meCG5meCAGUAUGG3' 104 
5'-GCAGAGGT GAAGCGAAG-3' 105 
5'-GCAGAGGTGAAGCGAAGTGC-3' 106 
5'-CGTGCAGAGGTGAAGCG-3' 107 
5'-GCAGAGGT GAAGCGAAG-3' 108 
5'-CGACGTGCAGAGGTGAAGC-3' 109 
5'-GCAGAGGTGAAGCGAAGT GC-3' 110 
5'-GCAGAGGT GAAGCG-3' 111 
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5'-CGTGCAGAGGT GAAGC-3' 112 
5'-GCAGAGGTGAAGCGAAGTG- nh2-C-3' 113 
5'-GaINAc-NHC6-U5neC5neCG5neCAGTATGGAT5neCGG5rneCAG3 114 
5'-GalNAc-NHC6-n5meCUAGGAGTT5neC5neCG5meCAGUAUGG3 115 
5'-GalNAc-NIHC6-AAGAGAGGTG5neCG5neC5meC5neC5ineCGUGG3' 116 
5'GaINAc-NiC6- 117 
AGAGGTG5meCG5meC5meC5meC5meCGTGGU5meCG3' 
5'GaiNAc-N-\HC6-UJG5rnieCAGiAGGTGAAG5rneCCAAGU-G3' 118 
mGCUCCAAAT T CT T TAUAAGG 119 
inGCUCCAAATTCTTTAUAAGG 120 
nGCUCCAAAT T CTTTAUAAGGG 121 
mGCUCCAAAT T CT T TAUAAGG/GaiNAc/ 122 
inGCUCCAAATTCTTTAUAAGG/GaiLNAc/ 123 
mGCUCCAAATTCTTTAUAAGG/3CholTEG/ 124 
_GC UCCAAATT CTTTAUAAGG/3ChoTEG/ 125 
inGCUCCAAATTCTTTAUAAGGG/3CholTEG/ 126 
5'-mGmCAGAGGTGAAGp5mCGAAGUG5meC-3 127 
5'-tnG5inCAGGGTGAAG~rnCAAGUG~rnC-Ciisterol-3' 

12-------------------
5'-mG5nCAGAGGTGAAGp5mCGAAGUG5mC-TEG-Cholesterol-3' 129 
5'-mG"mCAGAGGTGAAG5mCGAAGUGn5mC-Tocopherol-3' 130 
5'-nG5iCAGAGGTCAAG'mCGAACUC5mC-EG-Tocopro-3131 
5'-mG5nCAGAGGTGAAG5nCGAAGUG5meC-Ga1NAc-3 132 
5'-mG5meCAGAGGTGAAG5meCGAAGUGn5meC-3 133 
5'-nG5ineCACACCTGAAG5neCGAAGUG5neC-po-Chol-3' 134 

5'-mnG5mneCAGAGGTGAAG~meCGAAGUG5mneC-po-TCheol-3 135 
5'-mG5meCAGAGGTGAAG5meCGAAGUG5neC-po-Tocoperol-3 136 

5'-mG";meCA GA GGTGA AG5meCGA A GUtTG5meC-po-GalNAc-3' 140 
5'-mnG5ineCACACCTGAAG5mneCGAAGUG5mneC-3' 13 
5'-mG5mneC AGAGGTGAAG5 meCGAAGUG5mneC-po-Cho-3 138 
5'-mG5meCAGAGGTGAAG5meCGA A GUG5meC-po-Tocopherol-3 139 
5'-mnG5 meCAGACCTGAAG5mneCGAAGUG5mneC-po-GaNAc-3' 140 
5-nG5mieCAGAGGTGAAG5neCGAAGUG5neC-3 141 
5-mG5meCAGAGGTGAAG5meCGAAGUG5meC-Cho-3 142 
5-inG5rnieCAG3AGGTGAAG5ineCCAACU1-G' meC-Toco-3 143 
5-nG5neCAGAGGTGAAG5neCGAAGUG5ineC-GaNAc-3 144 
5-G5ineCAGAGGTGAAG5meCGAAGUG5meC-3 145 
5-G~mnCAGAGGTGAAG5meCGAAGUG neC-Chol-3 146 
5-G5meCAGAGGTGAAG5neCGAAGUGmC-oco-3 147 
5-G~ineCAGAGGTGAAG~tmeCGAAGUTG5meC-GaiNAc-3 148 
5-G~mnCAGACCTGAAG5meCGAAGUG~neC-3 149 

S-dTGCAGA GGTGAAGCG AA GTG-3 150 
5-LITGCAGAGGTGAkAGCGAAGUTG3' 151 
5-GCAGAGGTGAAGCGAAGUGC-3 152 
5- C GAGCCAAACGAGG-G -3- ----------------A--------------------------------------- 153--
5'-GCAGAGGTGAAGCGAAGUGC-3 154 
5'-dCCACAGGTGkAGCGAAGU8GC-3' 155 
5'-dGCAGAGG'TGAAGCGAAGUJGC-3-'' 156 
5'-d GCAGCA GGT GA AGCGA AGU GC-3' 157 

5'-dGCACAOOTGA~tAGCGAAGULGC-3' 158 
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[0129] In embodiments, the disclosed oligonucleotides display an affinity for at least one of the 

six sequences of the I-BV genome or its RNA equivalents and/or display stability completed 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-I 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, theTm of the complex is >50°C. In embodiments, theTm of the 

complex is 50-100 °C. In embodiments, the Tm of a disclosed oligonucleotide duplexed with an 

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

[0130] In some aspects of the disclosure, the nucleobase sequence of the oligonucleotide of 

Formula (VIII) or (IX) 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 (VIII) or (IX) is 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 example, in some embodiments, a terminal end of the oligonucleotide is protected 

from hydrolytic cleavage by at least one modified nucleotide at said terminal end. In some 

embodiments, the modified nucleotide is a modified nucleotide comprising a modified nucleotide 

comprising a 3'-N modification, and may include a thiophosphoramidate subunit linkage. In 

some embodiments, the oligonucleotides of Formulae (VIII) and (IX) further comprise at least 

one nucleotide (e.g. I or 2) at the 3' and/or 5' end that contains a thiophosphate intersubunit 

linkage and a thymine nucleobase. In some embodiments, the oligonucleotides of Formulae 

(VIII) and (IX) further comprise at least one nucleotide (e.g. I or 2) at the 3' and/or 5' end that 

contains a 2'-OMe modified nucleotide and a thymine nucleobase. In some embodiments, the 

oligonucleotides of Formulae (VIII) and (IX) further comprise at least one 2'-OMe modified 

nucleotide at the 3' and/or 5' end that contains a thiophosphate intersubunit linkage and a uracil 

nucleobase. In some embodiments, the an inverted dT can be incorporated at the 3'-end of the 
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oligonucleotides of Formulae (VIII) and (IX), leading to a 3-3' linkage which may inhibit 

degradation by 3' exonucleases and/or extension by DNA polymerases.  

D. Conjugated Oligonucleotides 

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

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

[0134] 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 linkeroraC6orC7aminolinker. 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 is 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 moiety, tocopherols, cholic acid, a thioether, e.g., beryl-S-tritylthiol, a 

thiocholesterol, an aliphatic chain, e.g., dodecandiol or undecyl residues, a phospholipid, e.g., di

hexadecyl-rac-glycerol or triethyl-ammonium I.,2-di-0-hexadecyl-rac-glycero-3-phosphonate, a 

polyamine or a polyethylene glycol chain, or adamantane acetic acid, a palmitoyl moiety, or an 

octadecylamine or hexylaminocarbonyloxycholesterol moietv 

[0137] For example, in some embodiments, a terminal end of the oligonucleotide is protected 

from hydrolytic cleavage by at least one modified nucleotide at the terminal end. In some 

embodiments, the modified nucleotide is a modified nucleotide comprising a modified nucleotide 

comprising a 3'-N modification, and may include a thiophosphoramidate subunit linkage. In 

some embodiments, the oligonucleotide strand further comprises at least one nucleotide (e.g. 1 or 

2) at the 3' and/or 5' end that contains a thiophosphate intersubunit linkage and a thymine 

nucleobase. In some embodiments, the oligonucleotide strand further comprises at least one 
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nucleotide (e.g. 1 or 2) at the 3' and/or 5' end that contains a 2'-F, 2'-OMe, 2'-OEt, or 2'-MOE 

modified nucleotide. In some embodiments, the oligonucleotide strand further comprises at least 

one 2'-OMe modified nucleotide at the 3' and/or 5' end that contains a thiophosphate 

intersubunit linkage and a uracil nucleobase. In embodiments, the 3 'end of the ASO is attached 

through an np or po linkage to a C6 amino linker further linked to GaNAc-6. For example, the 

following structures can exemplify this construct: 

3-GaINAc-6-Coniugated ASOs N H 

~~'H 

c H 

HNN 

FIN z'j 

5' Qfigonuoided 

0 iil 

HH 

In some embodiments, an inverted dT can be incorporated at the 3-end of the olignucleotide 

strand, leading to a 3'-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 linker. In some embodiments, the oligonucleotide strand further 

comprises a ligand-targeting group or a pharmacophoreconjugated at the 5'and/or 3end 

through an optional linker. In some embodiments, the conjugation is at the 3'-end of the 

oligonucleotide strand.  
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[0139] In some embodiments, the ligand-targeting group or apharmacophore enhances the 

activity, cellular distribution, or cellular uptake of the oligonucleotide by a particular type of cell 

such as hepatocytes.  

[01401 In some embodiments, the ligand targeting group may be a lipid moiety such as a 

cholesterol moiety, tocopherols, cholic acid, a thioether, e.g., beryl-S-tritylthiol, a 

thiocholesterol, an aliphatic chain, e.g., dodecandiol or undecyl residues, a phospholipid, e.g., di

hexadecyl-rac-glycerol or triethyl-ammonium 1,2-di-0-hexadecyl-rac-glycero-3-phosphonate, a 

polyamine or a polyethylene glycol chain, or adamantane acetic acid, a palmitoyl moiety, or an 

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-acetylgalactosamine, or hyaluronic acid).  

Carbohydrates include monosaccharides such as N-acetylgalactosamine (GalNAc), 

disaccharides, trisaccharides, tetrasaccharides, oligosaccharides, and polysaccharides. In certain 

embodiments of the compositions and methods of the invention, a ligand is one or more GaNAc 

derivatives attached such as two or three GaNAc derivatives attached to the oligonucleotide 

through a bivalent or trivalent-branched linker, respectively.  

[0143] In embodiments, the oligonucleotide is linked to the targeting moiety through a linker, 

such as an amino alkyl linker (e.g., C6-NH2). For example, GAiNAc -1-6 may be linked to the 

oligonucleotide through this type of linker.  

[0144] In sone 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 is a polylysine (PLL), poly L-aspartic acid, poly L-glutamic acid, 

styrene-maleic acid anhydride copolymer, poly(L-lactide-co-glycolied) copolymer, divinyl ether

maleic anhydride copolymer, N-(2-hydroxypropyl)methacrylamide copolymer(HMPA), 

polyethylene glycol (PEG), polyvinyl alcohol (PVA), polyurethane, poly(2-ethylacryllic acid), 

N-isopropylacrylamide polymers, or polyphosphazine. Example of polyamines include: 

polyethylenimine, polylysine (PLL), spermine, spermidine, polvamine, pseudopeptide
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polyamine, peptidomimetic polyamine, dendrimer polyamine, arginine, amidine, protamine, 

cationic lipid, 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 GaINAc or a derivative thereof. For 

example, the following GalNAc derivatives are included in some embodiments.  

AcO OAc 
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[0146]In some embodiments, thelfigand-targeting group may be anaptamer. An "aptarmer" 

refers to anoligonuicleotide or peptide molecule thatbinds to 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 cells. 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 HBV Enhancer I core 

sequence, for example, as described in WO2002081494.  

[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, glycosylated polyaminoacids, multivalent galactose, 

transferrin, bisphosphonate, polyglutamate, polyaspartate, a lipid, cholesterol, a steroid, bile acid, 

folate, vitamin B 12, vitamin A, biotin, a RGD peptide, or a RGD peptide mimetic.  

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

incorporated herein by reference in its entirety.  

2. Compositions 

[0149] The present disclosure also encompasses pharmaceutical compositions comprising 

oligonucleotides of the present disclosure. One embodiment is a pharmaceutical composition 

comprising an oligonucleotide of Formula (1), (11), (111), (IV), (V), or (VI), or other 

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

[0150] In some embodiments, the pharmaceutical composition containing the oligonucleotide of 

the present disclosure is formulated for systemic administration via parenteral delivery.  

Parenteral administration includes intravenous, intra-arterial, subcutaneous, intraperitoneal or 

intramuscular injection or infusion; also subdermal administration, e.g., via an implanted device.  

In a preferred embodiment, the pharmaceutical composition containing the oligonucleotide of the 

present disclosure is formulated for subcutaneous (SC) or intravenous (IV) delivery.  

Formulations for parenteral administration may include sterile aqueous solutions, which may 

also contain buffers, diluents and other pharmaceutically acceptable additives as understood by 

the skilled artisan. For intravenous use, the total concentration of solutes may be controlled to 

render the preparation isotonic.  
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[0151] The pharmaceutical compositions containing the oigonucleotide 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. Methodsof 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 HBV antigen surface and envelope antigens (e.g., HBsAg 

and/or HBeAg) in the serum and/or liver of the subject, or elevated HBV 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.  

[0153] In sone embodiments the oligonucleotides of the present technology show affinity to at 

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

Table J 

Targ-eted H-BV RNA 
Region -IBV Proteins affected 

transcripts 

HBeAg. HBcAg, Polymerase, Large HBsAg.  Pol/S Pre-Core, Pg, Pre-S1, Pre-S2 Middle HBAg. Sm ag 

Middle HBsAg, Small HBsAg HBeAg.1-HBcAg, Polymerase, Large HBsAg.  Pol Pre-Core, Pg, Pre-S1, Pre-S2 Mide sgmal sg 

Pre-Core, Pg, Pre-S, Pre-S2, HBeAg, -BcAg, Polymerase, Large HBsAg, 
X Middle HBsAg, Small HBsAg, HBxAg 

DR1 Pre-Core, Pg, Pre-S1, Pre-S2, IBeAg, I-BcAg, Polymerase, Large HBsAg, 
X Middle HBsAg, Small HBsAg, HBxAg 

DR2 Pre-Core, Pg, Pre-Sl, Pre-S2. HBeAg, HBcAg, Polymerase, Large HBsAg, 
X Middle HBsAg, Small HBsAg, HBxAg 

Pre- Pre-Core, Pg, Pre-SI, Pre-S2, 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 liver 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, 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 

pattern, mental confusion, coma, ascites, gastrointestinal bleeding, coagulopathy, jaundice., 

hepatomegaly (mildly 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 1000-2000 

IU/mL), ALT levels higher than AST levels, elevated gamma-glutamyl transpeptidase (GGT) 

and/or alkaline phosphatase (ALP) levels, decreased albumin levels, elevated serum iron levels, 

leukopenia (i.e., granulocytopenia), lymphocytosis, increased erythrocyte sedimentation rate 

(ESR), shortened red blood cell survival, hemolysis, thrombocytopenia, a prolongation of the 

international normalized ratio (INR), the presence of serum HBV DNA, elevation of the 

aminotransferases (<5 times the ULN), increased bilirubin levels, 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, elevated levels of rheumatoid factor 

(RF), hyperbilirubinemia, low platelet and white blood cell counts, ASTlevels higher than ALT 

levels, lobular inflammation accompanied by degenerative and regenerative hepatocellular 

changes, and predominantly centrilobular necrosis.  

[0155] In some embodiments, subjects treatedwith 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 liver 1HBV antigen (e.g., I-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 liver 

disease, hepatocellular 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 pattern, mental confusion, coma, 

ascites, gastrointestinal bleeding, coagulopathy, jaundice, hepatomegaly (mildly 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), ALT levels higher than ASTlevels, leukopenia (i.e., granulocytopenia), 

decreased albumin levels, elevated serum iron levels, lymphocytosis, increased erythrocyte 

sedimentation rate (ESR), shortened red blood cell survival, hemolysis, thrornbocytopenia, 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, 

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.  

[0156] In some embodiments, subjects treated with the oligonucleotide 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-glutarnyl transpeptidase (GGT), alkaline phosphatase (ALP), bilirubin, and rheumatoid 

factor (RF), compared to untreated subjects suffering from an HBV infection and/or an HI3V

associated disorder.  

[0157] The present disclosure provides a method for treating a subject diagnosed as having, or 

suspected as having an HBV infection and/or an HBV-associated disorder comprising 

administering to the subject an effective amount of an oligonucleotide composition of the present 

technology.  

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

therapy. For example, the oligonucleotide may contain a nucleobase 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 is 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 in 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 

infected 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 inhibition 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 in 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 inhibit replication of a HBV virus 

or for treatment of a subject having HBV or for reducing the viral load of Hepatitis B virus 
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(HBV) in 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.  

10166] The present disclosure is also directed to methods of stabilizing an oligonucleotide for 

delivery to a subject. Stabilization of an oligonucleotide is characterized [quantified] herein as 

increasing the melting point or temperature, Tm, of an oligonucleotide.  

[0167] The disclosed oligonucleotide 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 is understood that the oligonucleotide constructs 

and one or more additional treatments for HBV 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-HBV oligonucleotide agents with both HBV replication inhibitors and immune 

modulation agents. In embodiments, the disclosed oligonucleotide constructs are administered in 

combination with standard of care treatment for HBV infection. Standard of care treatment for 

HBV infection can include inhibitors 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 Interferons (e.g., Peg-IFN-2a and IFN-a-2b, 

Interferon lambda). In embodiments, the disclosed oligonucleotide constructs are administered in 

combination with one or more olgonucleotides after either simultaneous (co-administration) or 

sequential dosing. Oligonucleotides can include siRNA such as A-LN-HBV, ARB-1467, ARC

520 and ARC-521, antisense oligonucleotides such as RG6004 (LNA H1BV), Ionis-HBVRx and 

Ionis-HBV-LRx, miRNA mimics or inhibitors, aptamers, steric blockers, saRNA, shRNA, 

immunomodulatory and/or HBsAg release inhibiting 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 replication inhibitors. In 

embodiments, the disclosed oligonucleotide constructs are administered in combination with 
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HBV Capsid inhibitors. HBV capsid inhibitors can include NVR 3-778, AB-423, GLS-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 asTLR agonists. TLR 

agonists can include GS-9620, ARB-1598, ANA975, RG7795(ANA773), MEDI19197, PF

3512676, and IMO-2055. In embodiments, the disclosed oligonucleotide constructs are 

administered in combination with HBV vaccines. HBV vaccines can include Heplislav, 

ABX203, and INO-1800. In embodiments, the disclosed oligonucleotide constructs are 

administered in combination 

[0169] Some embodiments include inhibition of HBV gene expression in 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 administering 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 

amount 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) in 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 H3V antigen in the subject. Some embodiments also 

provide methods of reducing the level of a Hepatitis D virus (HDV) antigen in a subject infected 

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

[0173] In one embodiment, an oligonucleotide or composition of the present disclosure targeting 

I-BV is administered to a subject having an HBV infection or both and HBV and an HDV 

infection, and/or an IBV-associated disease such that the expression of one or more HBV genes, 
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HBV ccc DNA levels, HBV antigen levels, HBV viral load levels, ALT, and/or AST, e.g., in a 

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%, 41 %, 42%, 

43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 

59%, 60%, 61%, 62%, 62%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%,72%, 73%, 74%, 

75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 

91%, 92%, 93%, 94%, 95%, 96%, 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 

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

[0174] In one embodiment, a oligonucleotide or composition of the present disclosure targeting 

HBV is 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., in a 

cell, tissue, blood or other tissue or fluid of the subject are increased by at least about 25%, 26%, 

27%, 28%, 29%, 30O%, 31% 32%, 33%, 34%, 35%, 36%, 37%.,38%, 39%, 40%, 41 %, 42%, 

43%, 44%, 45%, 46%, 47%, 48%,49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%,57%, 58%, 

59%, 60%, 61%, 62%, 62%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 

75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or at least about 99% or more, or values between 

two of these numbers, when the an oligonucleotide or composition of the present disclosure is 

administered to the subject.  

[0175] Administration of the oligonucleotide or composition of the present disclosure according 

to the methods and uses of the disclosure may result in a reduction of the severity, signs, 

symptoms, and/or markers of such diseases or disorders in a patient with an HBV infection or 

both and HBV and an HDV infection, and/or HBV-associated disease. By "reduction" in this 

context is 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%, 

70%, 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, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 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 0.01 to about 1.0 mg/kg of body weight per day, or any range therein. The 

oligonucleotides may be administered on a regimen of 1 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, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.1, 1.2, 1.3, 1.4, 1.5, 

1.6, 1.7, 1.8, 1.9, 2, 21, 2.2, 2.3, 2.4, 2.5, 26, 2.7, 2.8, 29, 3, 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 

3.9, 4, 4.1, 4.2, 4.3 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 5, 5.1, 5.2, 5.3, 5.4, 5.5, 5.6, 5,7, 5.8, 5.9, 6, 6 1, 

6.2, 63, 6.4, 6.5, 6.6, 6.7, 68, 6.9, 7, 7.1, 7.2, 7.3, 7.4, 75, 7.6, 7.7,7.8, 7.9, 8, 8.1, 8.2, 8.3, 8.4, 

8.5, 8.6, 8.7, 8.8, 8.9, 9, 91, 9.2, 9.3, 94, 9.5, 9.6, 9.7, 9.8, 9.9, 10, 10.5, 11, 11.5, 12, 12.5, 13, 

13.5, 14, 14.5, 15, 15.5, 16, 16.5, 17, 17.5, 18, 18.5, 19, 19,5, 20, 20.5, 21, 21.5, 2222.5, 23, 

23.5, 24, 24.5, 25, 25.5, 26,.5, 27, 27-5, 28, 285, 29, 29.5, 30, 31, 32, 33, 34,34,35,36,37, 

38,39,40,41,42,43,44,45,46,47,48,49, 50,55,60,65,70,75,80,85,90,95 orabout 

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 administered 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, such as over a 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 
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example, on a regular basis, such as weekly, biweekly (i.e., every two weeks) for one month, two 

months, three months, four months, or longer. After an initial 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 administered by subcutaneous 

delivery. The administration may be repeated, for example, on a regular basis, such as weekly, 

biweekly (i.e., every two weeks) for one month, two months, three months, four months, or 

longer. After an initial 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.  

[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 in 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 monitoring of viral load 

and transaminase levels. Comparison of the later readings with the initial readings provides an 

indication of whether the treatment is effective.  

4. Definitions 

[0180] It is to be understood that the terminology used herein is for the purpose of describing 

particular embodiments only and is not intended to limit the scope of the present invention. The 

following definitions shall apply unless otherwise indicated.  

[0181] The terms "complementary" or "complementarity"as used herein with reference to 

polynucleotides (i.e., 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 herein 

refers to an oligonucleotide which, when aligned with the nucleic acid sequence such that the 5' 

end of one sequence is paired with the 3' end of the other, is in"antiparallel association." For 

example, the sequence "5'-A-G-T-3" is 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, ionic strength, and incidence of mismatched 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 to 25 nucleotides, at least about 75%, or at least about 90% complementary) anneal 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 in the art. See, e.g., Sambrook., et al., 1989,Volecular Cloning: A 

LaboratoryManual, Second Edition, Cold Spring Harbor Press, Plainview, N.Y. Hybridization 

and the strength of hybridization (i.e., the strength of the association between the nucleic acids) 

is influenced by such factors as the degree of complementarity between the nucleic acids, 

strincgency of the conditions involved, and the thermal melting point (Tm) of the formed hybrid.  

Those skilled in 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, et al., 1989, Molecular Cloning: A Laboratory 

Manual, Second Edition, Cold Spring Harbor Press, Plainview, N.Y.; Ausubel, F. M. et al. 1994, 

Current Protocols in Molecu/ar Biology,.John Wiley & Sons, Secaucus, NJ. In some 

embodiments, specific hybridization occurs under stringent hybridization conditions. An 

oligonucleotide or polynucleotide (e.g., a probe or a primer) that is specific for a target nucleic 

acid will "hybridize" to the target nucleic acid under suitable conditions.  

104



WO 2018/053185 PCT/US2017/051644 

[0183] The term "stringent hybridization conditions" as used herein refers to hybridization 

conditions at least as stringent as the following: hybridization in 50% formamide, 5xSSC., 50 

n 1NaH2PO4, 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 SSC, 0.1% SDS at 45° C; and washing with 0.2 x 

SSC, 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 hybridize 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, i.e., the material may be incorporated into a pharmaceutical composition 

administered to a patient without causing any undesirable biological effects or interacting in a 

deleterious manner with any of the other components of the composition in which it is contained.  

When the term pharmaceuticallyy acceptable" is used to refer to a pharmaceutical carrier or 

exciplent, it is implied that the carrier or excipient has met the required standards of toxicological 

and manufacturing testing or that it is included on the Inactive Ingredient Guide prepared by the 

U S. and Drug administration.  

[0186] "Constructs" of the oligonucleotides can refer to an oligonucleotide of the present 

disclosure and, e.g., (1) a conjugated moiety, such as those described herein (such as targeting 

moieties) or (2) domains of modified/unmodified nucleotides, such as in some chimeric 

oligonucleotides.  

[0187] "Chimeric oligonucleotide" refers to an oligonucleotide having more than one domain, 

for example, as exemplified by Formulae (VI) and (VII). The chimeric oligonucleotide may 

include 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 

intersubunit 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 5-methylcytosine (5-me

C), 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-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil and cytosine, 5-propynyl(

C--C-CH3) uracil and cytosine and other alkynyl derivatives of pyrimidine bases, 6-azo uracil, 

cytosine and thymine, 5-uracil (pseudouracil), 4-thiouracil, 8-halo., 8-amino, 8-thiol, 8-thioalkyl, 

8-hydroxyl and other 8-substituted adenines and guanines, 5-halo particularly 5-bromo., 5

trifluoromethyl and other 5-substituted uracils 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 tricyclic pyrimidines such as phenoxazine cytidine(H-pyrimido[5,4-b][l,4]benzoxazin

2(31-1)-one), phenothiazine cytidine (11-1-pyrimido[5,4-b][I,4]benzothiazin-2(3-f)-one), G-clamps 

such as a substituted phenoxazine cytidine (e.g. 9-(2-am-oelhoxy)--pyrinmido[5,4

b][1,4]benzoxazin-2(3H)-one), carbazole cytidine (2H-pyrimido[4,5-b]indol-2-one), pyridoindole 

cytidine (H-pyrido[3,2,5 ]pyrrolo[2,3-d]pyrimidin-2-one). Modified nucleobases may also 

include those in which the purine or pyrimidine base is replaced with other heterocycles, for 

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

[0190] In some embodiments, the modified nucleobase is selected from the group consisting of 

5-nethylcytosine, 2,6-diaminopurine, 5-methyluracil, and a g-clamp. In some embodiments, the 

g-clamp is 
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[0191] "Ligand targeting group" refers to a moiety that promotes delivery of the oligonucleotide 

to HBV infected hepatocytes through receptor binding. These groups include "receptor targeting 

ligands," such as GaiNAc 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 HBV DNA or 

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

[0193] "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 C3'

endo sugar puckering. Exemplary embodiments include bridged nucleic acids (BNAs), e.g., 2', 

4'-BNA nucleosides such as a-L-Methyleneoxy (4'-CH2-0-2') LNA, 3-D-Methyleneoxy (4'

CH2-0-2') LNA, Ethyleneoxy (4'-(CH2)2-O-2') ENA, 2',4'-BNANC[NH], 2',4'-BNAC[N e], 

2',4'-BNANC[N1Bn], aminooxy (4'-CH2-0-N(R)-2') BNA, and oxyamino (4'-CH2-N(R)

O-2') BNA. Other exemplary BNA structures include but are not limited to, oligonucleotides 

having at least one bridge between the 4' and the 2' position of the sugar wherein each of the 

bridges independently comprises I or from 2 to 4 linked groups independently selected from 

[C(Ri)(R-2)]n-,, -C(R1')=C(R2)-, -C(R1)=N-, -C(=NR-i)-, -C(=0)-, -C(=S)-, 

0----- -Si(Ri)------- -S(=0)x- and -N(Ri)-; wherein: x is 0, 1, or 2; n is 1, 2, 3, or 4; each 

Ri and R2 is, independently, -, a protecting group, hydroxyl, Ci-C12 alkyl, substituted C1

Ci1 alkyl, C2-C12alkenyl, substituted C2-CI2 alkenyl, C2-Ci2 alkynyl, substituted C2-C2 alkynyl, 

Cs-Co2 aryl, substituted C-C20 aryl, a heterocycle radical, a substituted heterocycle radical, 

heteroaryl, substituted heteroaryl, C5-C7 alicyclic radical, substituted Cs-C7 alicyclic radical, 

halogen, OJi, NJiJ2, SJi, N3, COOJ, acyl (C(=O)-H), substituted acyl, CN, sulfonyl (S(=O)2

J1), or sulfoxyl (S(=0)-Ji); and each Ji and J2 is, independently, H, C1-C12 alkyl, substituted Ci
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Ci alkyl, C2-C12 alkenyl, substituted C2-C2alkenyl, C2-C12 alkynyl, substituted C2-C alkynyl, 

Cs-C2 aryl, substituted C5-C20 aryl, acyl (C(=0)-H), substituted acyl, a heterocycle radical, a 

substituted heterocycle radical, Ci-C, aminoalkyl, substituted CI-C 12aminoalkyl or a protecting 

group. Certain BNAs have been prepared and disclosed in the patent literature as well as in 

scientific literature (see for example: issued 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; and7,084,125, 

hereby incorporated by reference herein in their entirety. "Conformationally restricted 

nucleotide" refers to conformationally restricted nucleosides linked through an intersubunit 

linkage.  

[0194] In some embodiments, the conformationally restricted nucleoside is 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 -CH2

moieties.  

[0195] "Inhibiting expression" refers to a reduction or blockade of the expression or activity and 

does not necessarily 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 in a subject that is predisposed or does not yet display symptoms of the disease; 

(2) inhibiting the disease or arresting its development; or (3) ameliorating or causing regression 

of the disease.  

[0199] "Therapeutically effective amount" means an amountof a pharmaceutical agentthat 

provides a therapeutic benefit to a subject.  

[0200] "Pharmaceutically acceptable salt" means physiologically and pharmaceutically 

acceptable salts of the compounds of the present disclosure, i.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] Thefollowing abbreviations are used in this disclosure. 2'-H (deoxyribose) nucleosides 

are referred to by an uppercase letter corresponding to the nucleobase, e.g., 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., rA, rC, rG, and rU. 2'-O-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 moeU. 2'-ribo-F nucleosides are referred to by a 

lowercase "f' and an uppercase letter corresponding to the nucleobase, e.g., fA, fC, fG and fl.  

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* is 3'-amino2'-OMe-2,6

Diaminopurine. A* is 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 letter 

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 linkages are abbreviated as lowercase "ps"; phosphoramidate intersubunit linkages 

are abbreviated as lowercase "np"; and thiophosphoramidate intersubunit linkages are 

abbreviated as lowercase "nps." 

[0203] N3'----P5' refers to modified nucleotides having intersubunit linkages where the 3' moiety 

contains N (e.g., NH) and is linked through a P. For example, the following structure has a 

N3'->P5' linkage: 

00 

N 

O=P ,VV 

[0204 It is noted that, as used herein and in the appended claims, the singular forms "a", an", 

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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intended 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.  

[0205] 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 it is 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 it is 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 is 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 is 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 is achieved. The treatment 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 is provided, it is 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 in that stated range, 

is encompassed within the invention. The upper and lower limits of these smaller ranges may 

independently be included in the smaller ranges and are also encompassed within the invention, 

subject to any specifically excluded limit in the stated range. Where the stated range includes one 

or both of the limits, ranges excluding either or both of those included limits are also included in 

the invention.  

[0208] This disclosure is not limited to particular embodiments described, as such may vary. It is 

also to be understood that the terminology used herein is for the purpose of describing particular 

embodiments only, and is not intended to be limiting, since the scope of the present invention 

will be limited only by the appended claims.  
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[0209] As will be apparent to those of skill in the art upon reading this disclosure, each of the 

individual 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 is logically 

possible.  

[0210] All publications and patents cited in this specification are herein incorporated by 

reference as if each individual publication or patent were specifically and individually indicated 

to be incorporated by reference and are incorporated herein by reference to disclose and describe 

the methods and/or materials in connection with which the publications are cited. The citation of 

any publication is for its disclosure prior to the filing date and should not be construed as an 

admission that the present invention is not entitled to antedate such publication by virtue of prior 

invention. Further, the dates of publication provided may be different from the actual publication 

dates that may need to be independently confirmed.  

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.  

Methodof making 

[0212] All the monomers were dried in vacuum desiccator with desiccants (KOH and P'20, 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 chemicals and solvents for post synthesis 

workflow were purchased from commercially available sources and used without any 

purification or treatment. Solvent (Acetonitrile) and solutions (amidite and activator) were stored 

over molecular sieves during synthesis.  

[0213] The control, nuclease stabilized, 3-cholesterol, 3'-Tocopherol and 3'-GaNAc 

conjugated antisense oligonucleotides used in this study are shown, e.g., in Tables 10-13. The 

antisense oligonucleotides were synthesized on anABI-394 synthesizer using the standard 93
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step cyclewritten by the manufacturer. The solid support was controlled pore glass and the 

monomers contained standard protecting groups. Each oligonucleotidewas individually 

synthesized using commercially available 5'-O-(4,4'-dimethoxytrityl)-3'-O-(2-cyanoethyl T-,N

diisopropyl) DNA and or 2'-O-Me phosphoramidite monomers of 6-N-benzoyladenosine (A"), 

4-N-acetylcytidine (CA), 2-N-isobutyrylguanosine (G 3 ), and Thyidine (T), according to 

standard solid phase oligonucleotide synthesis protocols. The phosphoramidites were purchased 

from commercially available sources. The 2'--Me-2,6,diaminopurine phosphoramidite was 

purchased from commercially available 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 phosphorothioates. Modified oligonucleotides were obtained using an 

extended coupling of 0.IM solution of phosphoramidite in CH3CN in the presence of 5

(ethylthio)-1H-tetrazole activator to a solid bound oligonucleotide followed by standard capping, 

oxidation and deprotection. The stepwise coupling efficiency of all modified phosphoramidites 

was more than 98%. Oligonucleotide-bearing solid supports were heated with aqueous 

ammonia/ethanol (3:1) solution at 55 °C for 8 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 phosphoramidite to the support-bound oligonucleotide. The GaNAc conjugated 

ASOs were synthesized from a hydroxyprolinol-GaINAc solid support. GaINAc was tethered to 

trans-4-hydroxyprolinoil via a 6-aminohexanoate linkage to obtain a hydroxyprolinol-GaNAc 

moietythat was subsequently attached to a functionalized control pore glass (CPG) to obtain the 

solid support.  

[0215] The unconjugated and GaINAe modified oligonucleotides were purified by anion

exchange HPLC. The buffers were 20 mM sodium phosphate in 10 %(73CN, pH 8.5 (buffer A) 

and 20 iM sodium phosphate in 10% CI-3CN, 1.8 M NaBr, pH 8.5 (buffer B). Fractions 

containing full-length oligonucleotides were pooled, desalted and lyophilized.  

[0216] The cholesterol and tocopherol conjugated sequences were purified by high-performance 

liquid chromatography (HPLC) on an in-house packed RPC-Sourcel5 reverse-phase column.  

The buffers were 20 mM NaOAc in 10 % CH3CN (buffer A) and 20 mM NaOAc in 70% CH3CN 

(buffer B). Analytical HPLC and ES LC-MS established the integrity of the oligonucleotides.  
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Synthesis of Phosphorarnidate (NP) and Thiophosphoramidate (NPS) 

Modified Oligonucleotides 

[0217] TheNP and NIPS modified oligonucleotides were synthesized on an ABI-394 synthesizer 

using the 93-step cycle written with modifications to deblock, coupling and wait steps. The solid 

support was 3'-NHTr-5'-LCAA-CPG. Each oligonucleotide was individually synthesized using 

3'-NH-Tr-5'-O-(2-cyanoethyl-N,N-diisopropyl) DNA phosphoramidite mono ers of 6-N

benzoyladenosine (AB), 4-N-Benzylcytidine (CBz), 2-N-isobutyryguanosine (Gou), and 

Thymidine (T), according to standard solid phase phosphoramidite chemistry protocols by using 

the procedure described in NucleicAcids Research, 1995, Vol. 23, No. 14 2661-2668.  
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3'-NIHTr-DNA building blocks for oligomer synthesis 

[0218] The 2'-F 3 -NH-MMTr-5'-O-(2-cyanoethyl-N,N-diisopropyl) Uridine (U) and 4-N-

benzoylcytidine (C"z ) phosphoramidite monomers) were synthesized by using the procedure 

described inNucleic Acids Research, 1996, Vol. 24, No. 15., 2966-2973 

0 ---

NH N 
O-N 

N N N o 

PN- NC -.  

Y MMTrHN 

NC MMTrHN F 

3'-NHMMTr-2'-F-C(Bz) 3'-NHMMTr-2'-F U: 

2'-F 3'-N-MMTr-5'-O-(2-cyanoethyl-N,NI-diisopropyl) 6-N-benzoyladenosine (ABz ,2-

isobutyryiguanosine (Gou), were synthesized as the procedure described below 
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Preparation of P1-1 

N NH2 
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[0219] To a solution of (2R,3S,4S,5R)-2-(6-amino-9-purin-9-yl)-5-(hydroxymetli)oxolane

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 solutionwas stirred for 15 min at 0°C. This was followed by the addition of a solution 

of diethyl azodicarboxylate (449.4 g, 2.581 mol, 2.54 equiv.) in N, N-dimethylformamide (7500 

mL) dropwise with stirring at 0°C in 60 min. The resulting solutionwas stirring, for 2 h at 25°C.  

The resulting mixturewas concentrated under reduced pressure. The productwas 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-i as a white solid. IH-NMR (DMSO-d, 400MHz): 8.34 - 8.07 

(m, 2H), 7.44 - 7.26 (m, 2H), 6.30 - 6.21 (m, IH), 5.07 - 4.95 (in, IH), 4.33 - 4.20 (m, IH) 

4.15 - 4.03 (in, 2-H), 3.71 - 3.50 (m, 2H).  

Preparation of PH-2 

NH 2  NBzBz 
N _ -N 

N BzCI N 
HO N-4 / py BzO)-- N-4 oj 

NOa N Py N 

PH-1 PH-2 

[0220] To a solution of PH-I (100g, 401.2 mmol, 1.00 equiv.) in pyridine (1000 mL) with an 

inert atmosphere of nitrogen, was added benzoyl chloride (175 g, 1.245 mol, 3.10 equiv.) 

dropwise with stirring at 0C in 30 min. The resulting solution was stirred for 3 h at 25C. 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 ethyl acetatepetroleum ether 

(2/1). This resulted in 157 g (70%) of PH 2 as a white solid.  

Preparation of P11-3 

NzBzNHz NHBz 

N NaN 3, NH4 CI NN N N/ Nf N N BzO N4/) *+
BzO N Nj DMF,50OC, 5h N + BzO ON- N 

N OH HO Na 

PH-2 PH-3 PH-3S 

[02211 To a solution of PH-2 (30 g, 53.42mmol, 1.00equiv) in N,N-dimethylfornamide (300 

mL) with an inert atmosphere of nitrogen,was added ammonium chloride (5.7 g, 106.56mmol, 

2.0equiv) and sodium azide (34.8 g, 535.30mmol, I0.00equiv) in order. The resulting solution 

was stirred for 5 h at 50°C. The resulting solutionwas diluted with 2000 mL of dichloromethane.  

The resulting mixturewaswashed with 3x2000 mL of water, 1x2000 mL of saturated sodium 

bicarbonate solution and 1x2000 mL of saturated sodium chloride 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-3S (5:1) as a white solid.  

Preparation of P-1-4 

NHBz NHBz N HBz NHBz 

z N C4 F 02S. DBU BzO + BzO N 

N-7 TH H N 

PH-3 PH-3S PH-4 PH-4S 

[02221 To a solution of PH- 3 and PH-3S (5:1) (10 g, 19.98mmol, 1.00equiv) in tetrahydrofuran 

(100mL) with an inert atmosphere of nitrogen, was added 1, 8-Diazabicyclo [5.4.01 undec-7-ene 

(10.69 g, 70.22mmol, 3.50equiv). This was followed by the addition of perfluorobutylsulfonyl 

fluoride (12.69 g, 2.1Oequiv) dropwise with stirring at 0°C in 10 min. The resulting solutionwas 

stirred for 1.5 h at 0°C. The resulting solution was diluted with 200 mL 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. This resulted in 6 g (60%) of PH-4 and PH-4S (5:1) as a white solid. MS mz[M+H]+ 

(ESI): 503.  
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NHBz NHBz NHBz NHBz 

N N N N Pd/C N 
BzO N--" + BzO N N MeOH, rt, 5h: B - N- N) zO- 

N 

N F F N NH, F F NH2 

PH-4 PH-4S PH-5 PH-5S 

[0223] To a solution of PH-4 and PH-4S (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 I 

h at room temperature. 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 

following conditions (IntelFlash-1): Column, Cl8; mobile phase, waters and acetonitrile (30% 

acetonitrile up to 50% in 30 min); Detector, UVN254 nm. This resulted in 7 g (74%) of PH-5 as a 

white solid and 1.Og of PH-5S as a white solid. MS m/z [M+H]+ (ESI): 477.  

Preparation of PH-6 

NHBz NHBz 

N N 
N 

BzO N N MMTrCI, DMAP BzON N 
BO VW/PYBzO N W.4 

NH2  IF MMTrNH IF 
PH-5 PH-6 

[0224] To a solution of PH-5 (4 g, 8.40mmol, 1.00equiv) in pyridine (40 mL) with an inert 

atmosphere of nitrogen, was added 4-dimethylaminopyridine (1.5 g, 12.28mmol, 1.50equiv) and 

4-methoxytriphenylimethyl 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 mixturewas washed with 1x300 mL of water and 3x300 mL of saturated sodium 

bicarbonate solution. The resulting mixturewas washed with lx300 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 

dichlorometiane /methanol (100/1). This resulted in 5.7 g (91%) of PH-6 as a white solid.  
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Preparation of P11-7 

NHBz NHBz 
NN 

BzO N NaOH _0* HO N 
0 N Py/MeOH/H2 0=65:30:5 

MMTrNH F MMTrNH F 
PH-6 PH-7 

[0225] To a solution of PH-6 (5g, 6.68m-mol, 1.00equiv) in pyridine/methanol/water 

(32.2/14.7/2.4 mL), was added sodium hydroxide (2 mol/L) (7.2 m., 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 

with1x300 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 (1:100). This 

resulted in4.3 g (100%) of P11- 7 as white solid. MSm/zI[M+1]+(ESI): 645.  

Preparation of P11-8 

0 
HN 

NHBz -N N)4 / 
N / O-P N 

_______ _ $O-y/ 
N CEOPCIN(iPr) 2, DCI N 

HO N NC
N DCM -O NH F 

MMTrNH F 

PH--7 PH-8 

[0226] To a solution of PH- 7 (19.4g, 35.89mmol, 1.00equiv) in dichloromethane (200 mL) with 

an inert atmosphere of nitrogen, was added3-([bis [bis (propan2-yl) amino] phosphanyl] oxy) 

propanenitrile (11.79g, 39.12mmol, 1.30equiv). This was followed by the addition of 4, 5

Dicyanoimidazole (4.26 g, 1.20equiv) at 0°C. The resulting solution was stirred for 30 min at 

room temperature. The resulting solution was diluted with 1000 mL of dichloromethane. The 

resulting mixturewas washed with 3x800 mL of saturated sodium bicarbonate solution and 

1x800 iL of sodium chloride solution respectively. The mixture was dried over anhydrous 

sodium sulfate, filtered, and concentrated under reduced pressure. The crude product was 
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purified by Fiash-Prep-HPLC with the following conditions: Column, Ci8; mobile phase, waters 

and acetonitrile (40% acetonitrile up to 80% in 6 mn)'Detector, UV254 nm. This resulted in 

15.2 g(50%) of PH8as awhite solid. MSni'z [M-t-H]±+(ESI): 845.  

00 

,N NF _ P, NH 

0 N-6'~' 1 00 N H 
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Preparation of PH-11 

0 
0 

N NH 
N/ NH 

NH N N 
Ho N N NH2  TiPDSCI 2  /i 7 ~ ~in, DMF, 2000.,16h 1.5 0' H -- - -- - s -- U -o 'O 

HO' 'OH 

PH-I1 

[0227] To a solution of 2-amino-9-[(2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2

yl]-6,9-dihydro-I1H-purin-6-one (700 g, 2.47mol, 1.00equiv) in N,N-dimethylformamide (7 L) 

within inert atmosphere of nitrogen, was added imidazole (504 g, 7.4mol, 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 20C.  

The reaction solution was then poured into 70L of water/ice. The solids were collected by 

filtration. This resulted in 1200 g (92%) of PH- Ias a white solid. MS m/z [M+H] + (EST): 526.  

Preparation of PH-12 

0 0 

N NH N_ NH 

0 N W1"N 2  0'N NH2 

Nii ,Py, DMAP Si 

O si-G 'OH DCM, 0-20 C, 2h I O' T[ 

PH-1I PH-12 

[0228] To a solution of PH-11 (530 g, 1.Olmol, 1.00equiv) in dichloromethane (5000 mL) with 

an inert atmosphere of nitrogen, was added pyridine (725 g., 9.17mol, 9.00equiv) and 4

dimethylaminopyridine (147 g, 1.20mol, 1.20equiv) in order. This was followed by the addition 

of trifluoromethanesulfonic anhydride (426 g, 1.51mol, 1.20equiv) dropwise with stirring at 0°C.  

The resulting solution was stirred for 15 min at 0C. Then the resulting solutionwas allowed to 

react with stirring, 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 m of saturated sodium 

bicarbonate and 1x3000 mL of saturated sodium chloride respectively. The solution was dried 

over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. This resulted 

in 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 P1-13 

0 0 

N-j NH < NH 

NaNO2  N NI o N ~~~1 JN NH2  2M ~~ 

0- DMF. rt, 16h - H 

PH-12 PH-13 

[0229] To a solution of PH-12 (200 g, 304.04mmol, 1.00equiv) in NN-dimethylformamide 

(1000 mL) with an inert atmosphere of argon, was added sodium nitrite (115 g, 1.67mol, 

5.00equiv). The resulting mixture was stirred for 16 h at 25°C. The resulting solution was poured 

into 5000 ml water/ice. The solids were collected by filtration. The crude productwas re

crystallized from dichloromethane/acetonitrile in the ratio of 1/4 (50 ml/g). This resulted in 78 g 

(49% over last two steps) of PH-13 as a solid. MS m/z [M+H] + (ESI): 526.  

Preparation of PH-14 

O 

NN 
NH 

N' N NH2 
TBAF HO N N NH2 

O H THF, 20 °C, 12h 

HO' OH 

PH-13 PH-14 

[0230] To a solution of PH- 13 (50 g, 95.10mnmol, 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 mixture was stirred for 12 h at 20°C. The resulting mixture was 

concentrated 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 

acetonitrle (2% acetonitrileup to 10%in 10 min); Detector, UV 254 nm. This resulted in 16g 

(59%) of PH- 14 as a brown solid.I 1H-NMR (DMSO-d, 400MHz): 10.44(s, 1H), 6.49 (s, 211), 

6.02(s, 11-). 5.55-5.65(m, 2H), 5.10(s, 11), 4.08(m, 21) 3.76(m, 1-). 3.64(ni, 1-1) 
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Preparation of P11-15 

00 

HOO N NHH 

HO CN N NH 000,5hrt2 </ 
PPh. DEAD HO N N NH 2 

H O H DMF, 0°'C, 1.51h, rt, 21h 

PH-14 PH-15 

[0231] To solution of PH-14 (220 g, 776.72rnmol, 1.00equiv) in NN-dimethy1formamide (2000 

mL) with an inertatmosphere of argon, was added triphenylphosphine (509 g, 1.94mol, 

2.50equiv). The resulting solutionwas 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 hat room temperature. The resulting mixture was poured into 20 L cold 

ethyl ether. The solids were collected by filtration, then re-crystallized from methanol/ ethyl 

acetate in the ratio of 1/10 (10 mi/g). This resulted in 100 g (49%) of PH-15 as a brown solid.  

MS m/z [M+H]+(ESI): 266.  

Preparation of P-1-16 

o0 

N NH N NH 

HO N N 'NHl 2  TBDMSO N' N NH2 
TBDMSCI Im 

DMF, it, 2h 

PH-15 PH-16 

[0232] To a solution of PH-15 (100 g, 377.0 mnol, I.00equiv) in N,N-dimethylformamide 

(1000 rnL) with an inert atmosphere of nitrogen, was added imidazole (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 

column with dichlioromethane/methanol (100:115:1). This resulted in 80 g (85%) of P1-16 as a 

solid. MS m/z [M+H]- (ESI): 380.  
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Preparation of P-17 

0 0 
N NH 0 

N- NH 
/ N 

TBDMSO N N) NH TBDMSO O 
O iBuIO)20 DMAPO/ 

Py, 50°C, 3h 

PH-16 PH-17 

[0233] To a solution of PH-16 (73 g. 192.37mmol, 1.00equiv) in pyridine (730 nL) with an 

inert atmosphere of nitrogen, was added 4-dimethylaminopyridine (23.5 g, 192.35mmol, 

0.50equiv). This was followed by the addition of isobutyric anhydride (213 g, 1.35mol, 

5.00equiv) 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 mIL 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,"methano (100:1-20:1). This resulted in 52 g (60%) of PH-17 

as a yellow solid. MS m/z [M--H]+ (ESI): 450.  

Preparation of PH-18 

N-UN 0 

NSNH O N- NH O N NH 0 
TBDMSON NaN 3  TBDMSOo N N' TDMSO- I 

TBMS ------------ H ISM VO N"N N_ N 

H DMF, 80C, 2h + H 
N3 OH 

HO N 3 PH-17 PH-18 PH-18, 

[0234] To a solution of PH-17 (20 g. 44.4mmol, 1.00equiv) in N, N-dimethylformamide (100 

mL) 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 

ml 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/methanoI (100/1-40/1). This 

resulted in II g (50%) of P-i8/PH-18S (5.2:1) as a yellow solid MS m/z [M+-]-- (ESI): 493 
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Preparation of P11-19 

O 
0 

0 NyK 0NH 0 
N N NH NHN' NN N..s> H  

ABMN (-j.~ TfO)p0 D.-AP H ThOMSO el N'H TBMI N BDMSO-% N DS-N N TBDMS N3 N- N-----

H N HN1 T 

-N, bH . N -T TIO 
PH-18 -s PH-198 

[0235] To a solution of PH-18/PH-18S (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. 35.66mmol,I .20equiv). This was followed by the addition of 1., 

3-bis (trifluoromethylsuilfonyl)trioxidane (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 layers combined. The resulting solution was washed with Ix1000 mL of 

saturated sodium chloride. The resulting solution was concentrated under reduced pressure. This 

resulted in 16 g (68%) of PH-19/PH-19S as a brown solid. The product was used in the next step 

directly without further purification.  

Preparation of PH-20 

00 

(N-- I N H 0 ,N rN NN 

H TBSDMS\O N NF N-N N 

N N NF F 
N 

3 
PH -19 P TC N PH-20 HH-20S 

[02361 To a solution of PH-19/PHI-19S (16 g, 25.61mmol, 1.00equiv) in tetrahydrofuran (160 

mL) with an inert atmosphere of argon, was added tetrabutylammonium fluoride (100 mL, 

5.00equiv) dropwise with stirring at 0C. The resulting solution was stirred for5 h at room 

temperature. The resulting solution was diluted with 1000 mL of dichloromethane. The resulting 

solution was washed with 1x500 mL ofwater and lx500 mL of saturated sodium chloride 

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 n/z [I+H]+ (ESI): 381.  
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Preparation of P11-21 

P) 0 0 

I NH 0 
HO- N H- N ed H~r h HO SN- NIH- 0J NI 

N - MeO-IC H,l 

N 3  F N3  NH; F 

PH-21 

[0237] To a solution of PH-20/PH-20S (3.4 g, 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 I h at room 

temperature. The resulting solutionwas 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. H-NMR (DMSO-d, 400MHz): 12.13 (s, 

1H), 11.91 (s, 1H), 8.91 (s, 2H), 8.23 (s, 2H), 7.25 (m, 1), 5.78 (n, 1),4.62-3.72 (n, 4H), 

2.92 (n, IH), 1.13 (s, 6H).  

Preparation of PH-22 

0 

NN 
NH oMMTrCI HO 

N-N N PyDIEA, rt, 16h H 

- H MMTrNH 'F 
NH2  F 

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 I

(chlorodiphenylmethyl)-4-methoxy benzene (6.24 g, 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 dichioromethane/methanol (100/1~-50/1). This 

resulted in 13 g (74%) of PH-22 as a white solid. H-NMR (DMSO-d, 400MHz): 12.15 (s, 

1H), 11.70 (s, 1H), 8.14 (s, 1H), 7.49 (m, 4H), 724 (m, 6H), 7.15 (in., 2H), 6.72 (m, 2H), 5.82 

126



WO 2018/053185 PCT/US2017/051644 

(in, 1H), 5.30 (in, 1H), 4.04 (m, 31-1), 3.62 (s, 31-1), 3.45 (in, 1H), 2.83-2.62 (in, 3H), 1.10 (m, 

61H).  

Preparation of 11-23 

0 
N O 

HO NNN CEOP[N(;Pr) 2 ]2  O \ /NH 
DCI,DCM, rt, 2h N 

MMTrNI-f F NC H 
MM~rNFI F 

PH-22 PH-23 

[02391 To a solution of PH-22 (7.8 g, 12.45 inmol, 1.00 equiv.) in dichloromethane (80 mL) 

within inert atmosphere of argon, was added 3-(bis[bis(propan-2

yl)amino-phosphanylox)propaenitrile (7.5 g, 24.92 nimol, 2.00 equiv.) and 4,5

dicyanoimidazole (2.2 g 18.63 mmol, 1.50 equiv.) in order. The resulting solution was stirred 

for2 h at room temperature. The resulting mixturewas diluted with 1000 mL of 

dichlioromnetlane. The resulting solution was washed with 3x250 inL of saturated sodium 

bicarbonate, 3x250 mL of water and 3x250 mL 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, C18 silica gel; mobile phase, waters 

and acetonitrile (40% acetonitrile up to 95% in 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.  

2'-F-3'-NHTr building blocks for oligomer synthesis 

[0240] The 2'-O-Me 3'-NH-LMTr-5'-O-(2-cyanoethyl-N,N-diisopropyl) phosphoramidite 

monomers of 6-N-benzoyladenosine (Az), 4-N-Benzylcytidine (Cz), 2-N-isobutyrylguanosine 

(Gi3"), and Uridine (U) as shown below were synthesized using the procedure described in WO 

200118015 Al 
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/ 0 
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3'-NHMMTr-2-O-Me-C(Bz) 3-NHMMTr-2COMe U: 

2'-O-Me-3'-NHTr building blocks for oligomer synthesis 

[0241] Exemplary phosphoroamidates include: 

Raw material description 
3'-NHTr-dA(Bz) 
3'-NIHTr-dC(Bz) 
3'-NHITr-dG(iBu) 
3'-NH Tr-T: 
3'-NHMMTr-2'-F-A(NH-Bz) 
3'-N-MIMTr-2'-F-C(NIH-Bz) 
3'-NHVJMTr-2'-F-G(NH-iBu) 
3'-NHiNfTr-2'-F-U: 
3'-NHMMTr-2'-OMe-A(NH-Bz) 

3NIHN4IVr-2'-Oge-C(NH--Bz) 
3'-N-HMMTr-2'-OMe-G(NH-iBu) 
3'-NH NfTr-2'-OMe U: 
3'-NHTr (dA, dC, dG and dT)-CPG 500A: 
Loading: 64-83 pmol/g 

The reverse phosphoramidite 3'-O-DMT-deoxy Adenosine (NH-Bz), 5'-O-(2-cyanoethyl-N,N

diisopropyl phosphoramidite, 3'-O-DMT-deoxy Guanonosine (NH-ibu), 5'-O-(2-cyanoethyl

N,N-diisopropyl phosphoramidite, 3'-O-DMT-deoxy Cytosine (NH-Bz), 5'-O-(2-cyanoethyl

N,N-diisopropyl phosphoramidite, 3'--DMT-deoxy Thymidine (NH-Bz), 5'-O-(2-cyanoethyl
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N,N-diisopropyl phosphoramidite and reverse solid supportswere purchased from commercially

available sources (Chemgenes).  

N N N 

N' I' O-Y N-/ -X, 
O N N- N"N 

NC NC H / 
DITrd DMTrO 

3 DMTr-dA (Bz) 3'-DMTr-dG(iBu) 

0 

NH \NI 

O   N NC 

NO DMTrO 
DMTrO 

0 oj 
3CMTr-dC(Bz 3-DMTr-T: 

DMTrd 

B* = A, C, Gor T 

Reverse DNA building blocks for oligomer synthesis 

[0242] Exemplary reverse phosphoroamidites used for this disclosure include: 

Raw material description 
3'-O-DMTr-2'-OMe-A(NH-Bz) 
3'-O-DMTr-2'-OMe-C(NH-Bz) 
3'-O-DMTr-2'-OMe-G(NIiBu) 
3'-O-DMTr-2'-OMe-U: 
3'-ODMTr (dA, dC, dG and dT)-CPG 500k: 
Loading: 64-83 niol/g 

[0243] For making the oligomers with the following modifications: 2'-F-NPS-PS-2'-F-NPS; 2'

F-NP-PS-2'-F-NP: 2'-OMe-NP-PS-2'-OMe-NP; 2'-OMe-NPS-DNA-PS-2'-OMe-NPS, the 

synthesis was carried out on a 1 pM scale in a 5' to 3' direction with the 5'-phosphoramidite 

monomers diluted to a concentration of 01I M in anhydrous CH3CN in the presence of 5

(benzvlthio)-iH-tetrazole activator (coupling time 2.0-4.0 min) to a solid bound oligonucleotide 

followed by standard capping, oxidation and deprotection afforded modified oligonucleotides.  

The stepwise coupling efficiency of all modified phosphoramidites was more than 98%. The 
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DDTT (dimethylamino-methylidene) amino)-31-1, 2, 4-dithiazaoline-3-thione was used as the 

sulfur-transfer agent for the synthesis of oligoribonucleotide 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 

groups.  

Examples 1-4 

NC 

0 NHBz 

N-- NH N 
0CN-P 

N0 N N'q 

MMTrHN OCH 2CH 2OCH 3  MMTrH OCH2CH2OCH 3 

Example Example 2 

NC) 

NC NHBz 0 
,N N IN 

0 N- N N' \\ NH 

N - N N 

MMTrHN OcH 2CH 2OCH3  MMTrHN OCH2CH 2OCH3 

Example Example 4 

[0244] The appropriately protected 2'-0-methoxy ethyl-3'-aminonucleoside-5'-phosphoramidite 

building blocks (examples 1-4 were prepared after chemical transformations shown in Schemes 

1-4.  

[02451 First for synthesis of uracil based 3'-NH-MMTr-2'-O-methoxyethyl phosphoramidites 

example 5, key 3'-azido-2'-methoxyethyl intermediate 3 was obtained in low yields via an-hydro 

intermediate'2 as shown in scheme 1.  

[0246] Due to low yielding alkylation, 3-1 was reactedwith BOMCl/ DBU togive N-3 protected 

intermediate 3-4, whichwas alkylated by using 2-bromoethyl methyl ether/ Ag20/ NaI/DMF to 

give 2'-O-methoxyethyl derivative 3-5 as shown below in scheme 1. Deprotection of N-3-BOM 

group using hydrogenation condition (Pd/C/HI2) resulted in 10-20% desired 3'-amino 

intermediate3- 6a along with significant over reduced side product3-6b.  
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Scheme I 
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[0247] 2'-O-alkylation in high yield is obtained as shown below in scheme 2. For this purpose, 

3-1 was treated with PMBCI/DBU/DMF to give N-3 protected intermediate 4-2, which was 

subjected for2'-O alkylation using 2-bromoethyl methyl ether/ Ag20/'NalIDMF to give 2'-0

methoxyethyl derivative 4-3. Then, 5'-de-tritylation of 4-3 and re-protection of 5- hydroxyl 

group using benzoyl chloride afforded 4-5.  

Scheme 2 
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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 reactionwith 4-monomethoxytritylchloride, to give 4-8. The 5'-benzyl ester was then cleaved 

using an alkaline solution, followed by phosphitylation using known protocols to give the desired 

2'-O-methoxyethoxy unidine phosphoramidite monomer 4-10.  

[02491 Preparation of (4-2): To a solution of 3-1 (45.30 g, 88.56 mmol) in DMF (120.00 mL) 

was added PMBCl (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. ESI-LCMS: m/z 

632.3 [M--H].  

[0250] 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 Ag2O (18.34 g, 79.15 mmol, 

2.57 mL), then Nal (5.93 g, 39.58 mmol) was added. The reaction mixture 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 purified by column to give 4-3 (52.00 g, 75.39 mmol) as a colorless oil. ESI

LCMS: m/z 690.4[M+H]'.  

[0251] Preparation of-(4-4): To a solution of 4-3 (52.00 g, 75.39 mmol) in DCM (200.00 nL) 

was addedTFA (150.00 mL). The mixture was stirred at r.t. for I h. The reaction mixture was 

slowly added to cold NH40H, extracted with DCM. The organic layer was concentrated and 

purified to give 4-4 (31.00 g, 69.28 rnmol) as a colorless oil. ESI-LCMS: rn/z 448.2 [M+H]*. 'H

NMR (DMSO-d,400MHz): 6 ppm 8.02 (d, J= 8 12Hz, 1H), 7.26-7.23 (i, 2H), 6.87-6.84 (i, 

2H), 5.87-5.81 (in,2H), 5.38 (t, J= 5,OHz, 1H), 4.96-4.85 (i, 2H), 4.36-4.34 (in, IH), 4.17-414 

(m, 1H), 4,00-3.97 (i, 1H), 3.83-3.77 (i, 1H), 3.75-3.72 (in, 1H), 3.71 (s, 3H), 3.70-3.68 (in, 

1H), 3.61-3.56 (in, 1H), 3.45-3.43 (in, 2H), 3.18 (s, 31H).  

[0252] Preparation of (4-5): To a solution of 4-4 (31.00 g, 69.28 mmol) in Pyridine (200.00 mL) 

was added BzC1 (13.14 g,93.87 mmoil), the reaction mixture was stirred at r.t. for 15 min and 

concentrated and purified by column to give 4-5 (35.10 g, 63.8 mmol) as a white solid. ESI

LCMS: m/z 552.2 [M+H-1]-.  

[0253] Prepiration of (4-6): To a solution of 4-5 (35.10 g, 63.8 mol) in acetonitrile (300.00 

nL) and water (100.00 mL) was added Ceric ammonium nitrate (105 g, 191.40 mmol), 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 mixturewas stirred at r.t. for 12 i and filtered and concentrated 

to give 4-7 (25.00 g, 61.617 mmol) as a yellow solid. ESI-LCMS: m/z 406.2 [M+H]*.  

[02551 Preparation of (4-8): To a solution of 4-7 (25.00 g, 61.67 mmol) in DCM (300.00 mL) 

was added MMTrCl(28.49 g, 92.51 mmol) and Collidine (14.95 g, 123.34 mmol), thenAgNO 

(15.7 g, 92.5 mmol) was added. The reaction mixture was stirred at r.t. for Ih., and filtered and 

the organic layer was washed water, dried over Na2SO4 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 stirred at r.t. for I 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-d, 400MHz): 6 

ppm 11.26 (s, 1H), 7.95 (d,, = 8.4Hz, IH), 7.47-7.44 (in, 4H), 7.34-7.17 (m, 8H), 6.82 (d,3= 

8.8Hz, 2H), 5.50-5.48 (in. 2H), 5.13 (t, J= 3.6Hz, IH), 4.05-3.98 (m, 3H), 3.78 (s, 3H), 352

3.49 (i, 1H), 3.34-3.32 (in, 2H), 3.14 (s, 3H), 3.08-3.04 (in, H), 2.89-2.86 (in, H), 2.70 (d, J= 

10.0Hz, 1H), 1.51 (d,J=4.4Hz, iH).  

[0257] Preparation of_(4-10): 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 mmol) and DIPEA (10.36 g., 80.19 nmol, 14.01 m). Then 

CEPCI (5.70 g, 24.06 mmol) was added to the solution. The mixture was stirred at r.t. for 30 

min. The reactionwas quenched with saturated NaHCO3. The organic layer was washed with 

brine, dried over Na2SO4, 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 4-10 as a white solid. MS m/z [M-H] - (ESI): 772.3; 'H-NMR 

(CDC3, 400MHz): 9.01(s, 1-1), 8.07-7.61(i, 11-), 753-7.41(m, 61-1), 7.29-7.15 (in, 511),6.79

6.76 (in, 211), 5.63-5.57 (in, 2), 4.27-4.15 (in, 2H), 406-3.95 (in, H), 3.85-3.77(m, 1-1), 

3.75(s, 31-1). 3.69-3.35(m, 7H), 3.23(d,J=4Hz, 1-1), 2.26-2.91(m, 31-1), 259(t, J= 6.41z, 1H1), 

1.75-1.39(m, H), L21-1.11(m, 12-1). "PNMR (162 MHz, CDCl3): 149,10, 148.26.  
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Example 5 

NC NHBz -- \I I 
N 

\_/N 

MMTrHN O 
3-o 

5-4 

[0258] The 2'-O-methoxyethoxv-NH-benzoyl- cytosine phosphoramidite compound 5-4 was 

obtained by conversion of uridine intermediate 4-8 into 3'-amino cvtidine analogue 5-1 followed 

by phosphitylation using known protocols to give the desired 2'-O-methoxyethoxy cytidine 

phosphoramidite monomer 5-4 as shown below in scheme 3.  

Scherme 3 

NHBz NIHBz 
NH2  NN N /z 

BzO NBzOU BzC zOv 11 NaOH HNO 

MM---r--- MM--rHMMTrHN-- MMTrHNOMM- HI
M,.MTIHIN, N A MM.rHN CA rQM lIN '' 

4-8 5-1 5-2 5-3 5-4 

[0259] Preparation of (5-1): To a solution of 4-8 (18.50 g, 27.30 mmol) in acetonitrile (250.00 

mL) was added TPSC (16.49 g, 54.60 mmol) and DMAP (667 g., 54.60 mmol), then TEA (5.52 

g, 54.60 mmol, 7.56 mL) was added to the solution. The reaction mixture was stirred at r.t. for 5 

h under N2. NH40H (50.00 mL) was added to the reaction mixture. The mixture was stirred at r.  

for 12 h. The solution was concentrated and extracted with EA. The organic layer was washed by 

brine and dried over Na2SO4. The organic layer was concentrated and purified by silica gel 

column to give 5-1 (16.00 g, 23.64 mmol) as a yellow solid.  

[0260] Preparation of (5-2): To a solution of 5-1 (16.00 g, 23.64 mmol) in Pyridine (1.00 nL) 

was added BzC1 (4.96 g, 35.46 mmol) at 0C. The mixture was stirred at rt. for I h. The solution 

was concentrated and purified by silica gel column to give 5-2 (17.40 g, 22.28 mmol) as a white 

solid.  

[0261] Preparation of (5-3): Compound 5-2 (17.40 g, 22.28 mmol) was added to 180 ml. of I N 

NaOH1 solution in Pyridine/MeOH/1-20 (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. NH4C solution. The solution was 

extracted with EA and the combined organic layerswere washedwith sat. NaHCO3 solution, 

brine, dried over Na2SO4, filtered, and concentrated. The residue was purified by column to give 

5-3 (12.50 g, 18.47 mmol) aswhite solid. 1IH-NMR (DMSO-d, 400 Hz): 6 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 (in, 6H), -7.31 (d,,/ 

= 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, IH), 2.68 (d, J=10.8Hz, IH), 1.49 (d, J=4Hz, IH).  

[0262] 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 

CEPCI (5.25 g, 22.16 mmol) was added. The mixture was stirred at r.t. for 30 min. The reaction 

was quenched with saturated NaHCO3. The organic layer was washed with brine, dried over 

Na2SO4, 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 anhydrous acetonitrile 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-N  (400MHzCDC3): Sppm 

8.64-8.20 (in, 2H), 790-7.88 (m, 2H), 7.62-7.58 (m, 1H), 7.53-7.39 (m, 8H), 7.25-7.15 (in, 6H), 

6.78-6.74 (in, 2H), 5.69 (d,J=1.72Hz, 1H), 437-4.21 (m, 2H), 4.10-4.03 (m, IH), 3.90-3.79 (m, 

21-) 3.75 (d, J:=1.64Hz, 3H), 3.68-3.52 (m, 31-1),3.46-3.42 (m, 21-1), 3.26(dJ=1.2Hz, 311), 3.17

2.97 (in, 211), 2.94-2.87 (in, 1), 2.67-2.48 (in, 2H), L79-1.51(m, 1),1.26-1.18 (m, 121H) 

3 PNMR (162 MHz, CDC3): 148.93, 148.03 

Example 6 

NC --- K NHBz 
N ( 

0-P, N N 

0 N-- NF 

MMTrHN 

6-10 

[0263] The synthesis of the 2'-O-methoxyethyl adenosine analogue 6-10 was achieved as shown 

below in scheme 6. The intermediate 6-2 under basic condition (NH3/MeOH) resulted in diol 6

3, which then upon protection of 5'-hvdroxy group using TBDPSC to give 6-4 Intermediate 6-4.  
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Then, 2'-O alkylation of 6-4 using 2-bromoethyl methyl ether/NaH/DMF to give 2'-0

methoxyethyl derivative 6-5 without the protection of C-6-exocyclic amine of 6-4. In an 

inventive way selective alkylation of 2'-OH group of intermediate 6-4 was achieved.  

Scheme 4 
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TBAF HO- NCEOFIClN(iPr)2ON N 

MMTrHN 0 MMTrHN O 

6-9 6-10 

[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-methoxyethoxy adenine-NH-benzoyl 

phosphoramidite monomer 6-10.  

[0265]Preparation of(6- 2) Toa solution of compound 1 (79.50 g, 210.68 mmol)in dry ACN 

(1.20 L) was added N-(5H-Purin-6-y)benzamide (10080 g, 421.36 mmol) and BSA (18007 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°CandTIMSOIf (93.54 g, 421.36 mmol) was added by syringe. Then the mixture 

was stirred at 70°C for 72 h under N2, and quenched with sat NaHCO3 and extracted with DCM.  

The organic layer was dried over Na2SO4, 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 MIz, DMSO): 6 = 11.28 (s, 1H), 8.64 (d, J= 6.4 Hz, 2H), 8.05 (d,,J= 8.0 

Hz, 2H), 7.84 (d, J= 8.0 Hz, 21), 7.66 (ti, J 7.6 Hz, IH), 7.56 (t, J= 8.0 Hz, 2H), 7.33 (d, J= 

8.0 Hz, 2H), 6.37 (d, J 3.6 Hz, IH), 6.17 (dd, J 6.0 Hz, IH), 5.09 (t, J= 6.8 Hz, 1H), 4.69

4.56 (in, 2H), 4.40-4.38 (in, 1), 2.39 (s, 31), 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 

in 33 wt.% methylamine in ethanol (600.00 mL), then the mixture were stirred at 20°C for 16 h, 

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% yield) as a slightly yellow solid. ESI

LCMS: m/z 293.1 [M+H].  

[0267] Preparation of(6-4): A solution of compound 6-3 (52.50 g, 179.64 mmol), inidazole 

(18.32 g, 269.46 nmol) and TBDPS-Cl (54.34 g., 197.60 mmol) 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. H-NMR(400 MHz, DMSO):6 = 

8.29 (s, 1H), 8.10 (s, 11-1). 7.63-7.59 (in, 41-1), 7.48-7.33 (in, 81-1), 6.36 (d,J= 5.6 Hz, 11-1). 5.97 

(d, J= 4.4 Hz, 11-1), 5.10-5.06 (in, 11-1), 4.47 (t, J = 5.6 Hz, 11H), 4.14-4.11 (m, 1H), 3.94(ddJ 

11.2 Hz, 1H), 383 (ddJ 11.6 Hz, I H), 0.99 (s, 91H) ESI-CMS: m/z 531.3[M+H].  

[0268] Preparation of (6-5): A solution of 6-4 (35.00 g, 65.96 mmol) and 1-Bromo-2

methoxyethane (18.33 g, 131.91 mmol) in dry DMF (400.00 mL), was added Nal (19.77 g, 

131.91 minol) and Ag2O (15.29 g, 65.96 minol), 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 Na2SO4. The solvent was evaporated, and the residue was purified onsilica gel 

to give 6-5 (23.70 g, 40.26 inmol, 61.04% yield) as a white solid and by-product of TBDPS lost 

5.20 g, 9.81 mniol, 14.87% yield) as a white solid. 1H-NMR (400 MHz, DMSO): 6= 8.31 (s, 

1H), 8.11 (s, IH), 7.63-7.60 (m, 4H), 7.47-7.44 (m, 2H), 7.40-7.36 (m, 6H), 6.10 (d, J 4.4 1Hz, 
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111), 5.02 (t, J 4.8 Hz, H),4.69 (t, J 5.6 Hz, 11-1), 4.18-4.14 (in, 1), 3.95 (dd, J 11.6 Hz, 

11-1), 3.84 (dd, J 11.6 Hz, 1H), 3.78-3.75 (m, 21-1), 3.45 (t, J 4.8 Hz, 111), 3.16 (s, 311), 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 at r.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 H20 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 Na2SO4, the solvent was removed and the 

residue was purified on silica gel to give 6-6 (28.70 g, 41.42 mmol, 78.09% yield) as a white 

solid. ESI-LCMS: i/z 693.4 [M-H].  

[0270] 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 H2. The mixture was stirred at r.t. for 5 h.  

Then the reaction was filtered and the filtrate concentrated to give 6-7 (25.49 g, 38.22 mmol, 

92.27% yield) as a gray solid. ES-LCMS: m/z 667.3[M+H].  

[0271] Preparation of (6-8): Toasolutionof6-7 (25.49 g, 38.22 mmol) and AgNO3 (12.98 g, 

76.44 nmol) in DCM (300.00 nL) was added collidine (13.89 g, 114.66 ninol) andMMTrC 

(19.43 g, 57.33 imol), the mixture was stirred at r.t. for 2 h. Then the reaction was poured into 

ice water, the organic layer extracted with DCM, washed with brine and dried over anhydrous 

Na2SO4, the solvent was removed and the residue was purified on silica gel to give 6-8 (32.79 g, 

34.92 nmol, 91.36% yield) as a gray solid.  

[0272] Prparationof_(6-9): A solution of 6-8 (32.79 g, 34.92 mmol) in THF (300.00 mL) was 

added TBAF (IM, 35.00 nL) the mixturewas stirred at room temperature for 15 h. Then the 

solvent was removed and the residue was purified on silica gel with EA to give 6-9 (22.22 g, 

31.71 mmol, 90.82% yield) as a white solid. 'H-NMR (400 MHz, CDC3): 6:= 8.68 (s, 11H), 8.32 

(s, 11), 8.04 (d, J:= 7.2 Hz, 211), 761-7.57 (m, 111), 7.53-7.48 (m, 61), 7.40 (d, J:= 8.8 Hz, 211), 

7.21-7.12 (in, 6H), 6.73 (d, J= 88 Hz, 211), 6.09 (d, J= 2.4 Hz, 2H), 4.08-4.02 (in, 2H), 3.93

3.87(m, 111), 3.72 (s, 311), 3.58-3.53 (in, 1H), 3.43-3.39 (in, 31), 3.24-3.19 (m, 411), 2,19 (br, 

13).  
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[0273] Preparation of (6-10): 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 DCM (100.00 mL) was added 

CEPCI (5.68 g, 23.98 mmol) dropwise under Ar. The mixture was stirred at room temperature 

for I h. Then the reaction was wished with 10% NaHCO3 (aq) and brine, dried over Na2SO4, the 

solvent was removed and the residue was purified by cc. with the PE/EA mixture, then 

concentrated to give the crude product. The crude product (10 g, dissolved in 10 mL of ACN) 

waspurified by Flash-Prep-HPLC to obtain 6-10 (12.60 g, 13.98 mmol, 69.99% yield) as a white 

solid. Then the product was dissolved in dry toluene (15 mL) and concentrated three times, and 

with dry ACN three times. 'H-NMR (400 M-Hz, CDCI): 6 = 9.12 (d, J= 46.8 Hz, 1H), 6 = 8.71 

(d, J= 11.6 Hz, 1H), 850 (s, 0.6H), 8.22 (s,0.4H), 8.04 (t, J= 7.2 Hz, 2H), 7.63-7.59 (in, iH), 

7.55-7.46 (in, 6H), 740-7.37 (in, 2H), 7 19-7.06 (m, 6H), 669 (dd, J= 8.8 Hz, 2H), 6.03 (d, J= 

3.2 Hz, 1H), 4.36-4.24 (m, 2H), 3.92-3.78 (m, 2H), 3.71 (d, J= 11.6 Hz, 3H), 3(67-3.33 (m, 7H), 

3.29 (d, J= 11.2 Hz, 3H), 3.17-3.10 (n iH), 2.88 (dd, J= 27.2 Hz, iH), 2.65-2.50 (n 2H), 2.38 

(d, J= 4.4 Hz, 0.4H), 1.80 (d, J= 4.0 Hz, 0.6H), 1.23-1.15 (m, 12H). "PNMR (400 MHz, 

CDC3): 148.86,148.22. ESI-LCMS: m/z 901.3[M+H]v 

Exai-nDple7.  

NC 0 
N(iPr)2  NH 

O->, (N' 0 

MMTrHN bEt 

8-11 

[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 3'-N-Mitr-2'-O-ethyphosphoramidites 

example 9, intermediate 2 was protected such as methyl propyolate in the presence of 

dimethylaminopyridine (Scheme 8) to give base N-3 protected intermediate 8-4 to facilitate the 

2'-O-alkylation in higher yield. Further deacetylation of 8-4 to give C-2'-hydroxy intermediate 

8-5.  
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Scheme 5 
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[0276] Further alkylation using iodoethane afford 'O-ethyl nucleoside 8-6. Intermediate 8-6 

was converted to thymine base 2'-O--ethyl-3'-amino-5'phosphoramidite 8-1by following the 

similar chemistry, for compound 4-10 shown in previous Scheme 4.  

[0277] Prepartionof(8-4)_To asolution of 8-2(22.0 g,49.62mmo) in MeCN (400 mL>)was 

added DMA[P(12g,9.92mmol).Then 3(5.8 g, 419.5 mmol) was added, the mixture was stirred 

at r.t.for2 hunder N2, TLCshowed 8-2was consumed. Concentrated and purified by asilica gel 

column by (PE:EA== 6:1)to afford 8-4 (22.0 g, 40.63 mmol, 81.9% yield) as ayellow oil. ESI

LCMS:m/z 564 [M+fNa]7 

[0278] Preparation of (8-5): To asolution of 8-4(28.0og 51.71 mmoi) in MeOH (400 mL) was 

added con. NH40H- aqueous solution (28 mL) at0°C. The reaction mixture was stirred at 0°Cfor 

1.5 h, TLC showed 8-4 was consumed. Concentrated and purified by asilica gelcolumn by 
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(PE:EA= 10:1-2:1) to afford 8-5 (21.0 g, 42.04 mmol, 81.3% yield) as a yellow oil. ESI-LCMS: 

m/z 522 [M-iNa]*.  

[0279] Preparation of (8-6): To a solution of 8-5 (20.0 g, 40.04 mmol) in iodoethane (100 mL) 

was added Ag20 (18.6 g, 80.08 inmol,). The reaction mixture was stirred at 50C for 5 h, after 

LC-MS show totally consumed of 8-5 filtered with diatomite and concentrated to afford 8-6 

(16.0,30.33 mmol, 75.7% yield) as a yellow oil whichxwas used directly in next step. ESI

LCMS: n/z 528 [I-I+H].  

[0280] Preparation of (8-7): Toa solution of 8-6 (16.0 g, 30.33 mmol) in MeCN(400mL)xwas 

added pyrrolidine (8.63 g, 121.32 mol, 12 mL) , the reaction mixture was stirred at r.t. overnight, 

TLC showed 8-6 was totally consumed. Concentrated and purified by a silica gel column by 

(DCM:MeOH = 100:1~50:1) to afford 7 (12.0 g, 27.94 mmol, 92.1% yield) as a yellow oil. ESI

LCMS: m/z 430[M+H]* 

Preparation of (8-8): To a solution of 8-7 (12.0 g, 27.94 mmol) inTHF (200 mL) was added 

Pd/C (1.2 g), the mixturewas stirred at r.t. under H2 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% yield) as a gray solid which was used directly in next step. ESI-LCMS: m/z 

404 [M+H]*.  

[0281]Preparation of(8-9): Toa solution of 8-8 (10.0 g, 24.79mmol) inDCM(80mL) was 

added MMTrC (11.4 g, 37 18 mmol), 2,4,6-collidine (2.0 g, 16.61 mmol, 6.5 mL) and AgNO3 

(6.3 g, 37.18 mmol), the mixturewas stirred atr.t. for 1.5 h. TLC showed 8-8 was totally 

consumed. Filtered and the organic layer was washed with water and dried over Na2SO4, then 

concentratedand purified by a silica gel columnby (PE:EA=5:11:<1) to afford 8-9 (16.0 g,23.68 

mmol, 95.5% yield) as a light-yellow solid.  

[0282] Prepationof`£8-I0).: 8-9 (4.0 g, 5.92 mmol) was added to the solution of 1.0 N NaOH 

solution (20 mL, MeOH/H20 = 9:1). The reaction mixture was stirred at 40°C for 2 h, TLC 

showed 8-9 was consumed, concentrated and extracted with DCM (20 mL * 2), the organic layer 

was dried over Na2SO4 and concentrated, the residue was purified by a silica gel column by 

(DCM:MeOH=200:150:1) to afford 8-10 (30 g, 53.8 mnmol, 90.9 yield) as a white solid, 
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[0283] Preparation of (8-11): To a solution of 8-10 (2.36 g, 4.23 mmol) in DCM (2.0 mL) was 

added DMAP (103 ing, 0.8 mmol) and DIPEA (2.2 g, 16.92 mmol, 2.96 mL). Then CEPCI (1.0 

g, 4.23 mmol))was added. The reaction mixturewas stirred at r.t. for I 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 Na2SO4, concentrated, and purified by Flash-Prep-HPLC to afford 8-11 (2.45 g, 3.23 mmol, 

76.36% yield) as a white solid. 'H NMR (400 '-Hz, CDCI) 6 8.62 (s, IH), 7.74 (dd, J= 1.4 Hz, 

0.5H), 7.60-7.50 (in, 4H), 7.51-7.41 (in, 2H), 7.34- 7.16 (in, 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 (in, 1H), 4.05-3.94 (in, 0.5H), 

3.88-3.74 (in, 45H), 3.72-3.35 (m, 3H), 3.22 (td, J= 10.3,4.7 Hz, 0.5H), 3.03-2.89 (i, 1.5H), 

2.80-2.69 (in, lH), 261 (t,,J= 6.5 Hz., iH), 2.37 (td, J= 6.6,1.3 Hz, 1H), 1.97 (d, J= 3.5 Hz, 

0.5H), 1.91 (dd,J= 11.4,1.2 Hz, 3H), 1.52 (d, J= 4.7 Hz, 0.5H), 129-1.17 (m, 12H), 108 (td, J 

= 7.0,4.9 Hz, 3H). "P NMR (162MHz, CDCs) 6 149.31, 147.14. ESI-LCMS: m/z 576 [M+H]V 

Ga1NAc Synthesis 

Synthesis of G-1 

0 0 
O 0 0 BnOH, DMAP, DCM O OH 

25cC,24h 

G-1 

[0284] To a solution of oxane-2, 6-dione (1000 g, 8.76 mol, 1.00 equiv.). 4

dinethylaminopyridine (53.5 g, 437.9 ninol, 0.05 equiv.) in dichloromethane (10000 mL) with 

an inert atmosphere of nitrogen was added phenylmethanol (900 g, 8.32 mol, 0.95 equiv.) 

dropwise with stirring 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 layers was adjusted to I 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 in 1240 g (64%) of G-1 as colorless oil. MS m/z [M+H]+ (ESI): 223.  
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Synthesis of G-2 

0 0 

O OH 0 0 

H 2 N <OH -- BnO N ---OH 
6H HBTU, DIPEA, DMF H OH 

25°C, 16h G-2 

[0285] To a solution of G-1 (58.5 g, 263.23 mmol, 1.20 equiv.), N, N-diisopropylethylamine (34 

g 263.57 mmol, 120 equiv.) in N, N-dirnethylfornamide (600 mL) with an inert atmosphere of 

nitrogen was added O-Benzotriazole-N.N, N', N'-tetramethyl-uronium-hexafluorophosphate 

(100 g, 263.69 mnmol, 1.20 equiv.) at room temperature. The resulting solution was stirred for I 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 allowed 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 

solution. The mixture was dried over anhydrous sodium sulfate and concentrated under reduced 

pressure. The residue was applied onto a silica gel column with dichloromethane/methanol 

(1:100-1:10). This resulted in 38.7 g (60%) of G-2 as a light yellow solid. MS m/z[M+H] 

(ESI): 296.  

Synthesis of G-3 

0 0 
IDMT-rCI 0 0 

Bii3'0 N'YN OH 
H BnO NY"""ODMTr OH Py, rt, 2h H 

OH 
G-2 G-3 

[0286] To a solution of G-2 (10 g, 33.86 mmol, 1.00 equiv.) in pyridine (100 mL) with an inert 

atmosphere of nitrogen was added I-[chloro(4-methoxyphenyl)benzyl]-4-nethoxybenzene 

(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 

mL). The resulting mixture was concentrated under reduced pressure. The resulting solutionxwas 

diluted with 1000 mL of ethyl acetate. The resulting mixture was washed with 2x500 mL of 

saturated sodium bicarbonate solution. The mixture 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/methano (1:100-1:50). This resulted in 10.2 g (50%) of G-3 as light yellow oil.  

MS m/z [M+Na]+ (ESI): 620.  

Synthesis of G-4 

0 0 H 2 Pd/C 0 0 

BnO NOMTr HPd/eOC HO N - ODMTr 

H OH 25°C,4h OH 

G-3 G-4 

[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 G-4 as a white solid. MS m/z [M+Na]+ (ESI): 530.  

Synthesis of G-5 

AcO OAc 

H H 
AcO N N 

AcHN 0 0 

AcO OAc HO' 

SLOH 

AcHN OHB3TU, DIPEA, OMF 

0 

O, 25°C, 16h.  
AcO OAc 

AcHNH 
0 

G-5 

AcO OAc 

H H 
N N 

AcOOAc 2 

AcO Q 

AWN HN> 

AcHN H. G-6 

[0288] To a solution of G-4 (890 g, 17.53 mmol, 1.05 equiv.) in N, N-dimethylformamide (300 

mL) with an inert atmosphere of nitrogen, was added N, N-diisopropylethylamine (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 Acis 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, C18 silica gel; mobile phase, acetonitrile/water with 0.04% NH4HCO3 (20% 

acetonitrileupto 70% in 15 min); Detector, UV 210nm.This resulted in 20.1 g (53%) of G-6as 

a white solid. MS nz [M+H]* (EST): 2283.  

Synthesis of G-7 

cOs ON~- H H 
AcO N N 

AcHN 

AcO OAc C 
H F 0 0 

AONHN N* ODMTr_ _O 

0 0 AN OH DMAP 

ACO OAc DCM 

AcHN 

AO OAc 

110H H 

A(CO N NN,,H 

AcO HN, 

AcO OAC 

AO N N NODMTr 
0 H H H 

AcO OAc 

ACHN 
A~c O -iY H 0 

cIIN H 7 

G-7 

[0289] To a solution of G-6 (25 g, 10.96 mmol, 1.00 equiv.) in dichloromethane (750 mL) with 

an inert atmosphere of nitrogen, was added triethylamine (4.98 g,49.21 mmol, 4.49 equiv.) at 

room temperature. To thiswas added 4-dimethylaminopyridine (1.33 g, 10.89 mmol, 0.99 

equiv.) at room temperature. To the mixture was added oxolane-2, 5-dione (3.29g, 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 
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was purified by Flash-Prep-HPLC with the following conditions: Column, C18 silica gel; mobile 

phase, acetonitrile/water with 0.04% NH4HCO3 (20% acetonitrile up to 50% in 20 min); 

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/-NH4]+ (ESI): 1210.  

Synthesis of GaNAc-2-solid support-GPG 

AcO OAc 

N 

00 

H H 0 0 

A Ac N ' N N >*NODMTr 
AcHNH 

AGO O HH 

AcO HHO 0 
AcHN 

G-7 

AcO OAc

H H 
AcOo 

00 AcHN 

AcO OAc 

AcO N N ODMTr 

O O H H 0 

AGO OAc 

0N AcAcHN 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 GaNAc-2- CPG ( 53 pmol/g).  

Synthesis of GaNAc-6 
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ACO OAc 
. H H 

AcO -
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AcHN F 
0 F, 

AcO OAc O 

AcHN H H 
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PH ALP-015-RSI-201 

ACO All 'H 
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HH 
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AO PH-ALP-015-RS2-20H 

AO n 

HOH C D 25010hehan HO;Q 

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'-ethylcarbodiimide 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 Benzyl 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-PLC 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 in 60.7 g (42%) of G-8 as a 

white solid. MS m/z [M--H] (ESI): 293.  

Synthesis of G-10 

0 

OBn 

H H 

0 G-9 
0 0 N 

%. H H 

I 0-9 

AcO N N.  

AcHN 
A,;) OA 

H H VIO 

AcCI 

AcHN 
ACO All 0 

AcHN H H 

G-10 

[0292] To a solution of G-8 (4.48 g, 15.32 mmol, 1.50 equiv.) in acetonitrile (320 mL) was 

added O-Benzotriazole-N,NN-etramethyl-uronium-hexafluorophosphate (5.84 g, 15.40 mmol, 

1.50 equiv.), N,N-Diisopropylethylamine (3.96 g, 30.64 mmol, 3.00 equiv.). The resulting 

solution was stirred for 1 h at 25°C. This was followed by the addition of G-9 (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 productwas purified by Flash with the following conditions: Column, 

C18 silica gel; mobile phase, acetonitrile in water = 10% increasing to 70% within 15 min; 

Detector, UV 210 nm. This resulted in 12 g (57%) of G-10 as a white solid. H-NMR (DMSO, 

400MHz, ppm): 7.74-7.83 (in, 9H), 7.31-7.37 (in, 5H), 6.97 (s, IH), 5.21 (d, J= 3.3 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 (in, 31-1),3.52-3.55 (in, 12H),3.37-3.43 (in, 3H), 2.99-3.05 (m, 12H), 2.25

2.35 (m, 81-1), 2.12 (s, 91-1), 1.99-2.11 (i, 171-1) 1.92 (s, 911)1.77 (s, 9H), 1.40-1.53 (m, 221-1), 

1.19-1.25 (m, 8H).  

Synthesis ofG-11 

AcO 
-- H H 

00 AcO -N N O 

AcO OAc 

H H OBn 
AO Ac NON NNHH 2, PdI/C(10%, w/w 30%) 
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AcO OAc0 

AcO: O 
AcHN H 

G-10 

Ac( QAc 

AcO NN O 
AcHN 

AcO OAc 

H OH 
cO-NAcHN N0NNH 

0' 

AcO OAc 
0 

AcHN H 

G-11 

[0293] To a solution of C-10 (5 g 2.45 miol, 1.00 equiv.) in methanol/ethyl acetate (100 mL, 

v/v=1:1)' was added 10%palladium carbon (1.5 g, 10%). The flask was evacuatedand 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 mixture was concentrated under vacuum.  

This resulted in 4 g (82%) of G- IIas a white solid.  

Synthesis of GaNAc-6 
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AcO OAc 

'- ' HD H 
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H H OHF 
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AcO AcHN O ~N N O N 
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A AcO Oc 

AcHNN 

NAc-6 

[0294] To asolution of G-11 (6.3g,3.18 mmol, 1.00equiv.) inNN-dimethyiformamide (63 

mL) was added N-diisopropylethylamine (1.0 g, 7.95 mmol, 2.50 equiv.). This was followed 

by the addition of pentafluorophenyli2,2,2-trifluoroacetate (1.33 g, 4.77 mmol, 1.50 equiv.) 

dropwise with stirring at 0°C.The resulting solution was stirred for 3 hat 25°C.The resulting 

mixture was concentrated under vacuum. The crude product was purifiedby Flash with the 

foilow'ingconditions: C18gel column, eluent Awater, eluent Bacetonitrile; gradient: 20% upto 

80% within 15 min,100% maintained 3min;Detector, UV 210 nm. This resulted in 5g (73%) 

of GaINAe-6as awhite solid. MSm/z [M2+H1]*(ESI): 1073;-NM7R(DMSO,300MHz, 

ppm):771-7.80(mn,91H),698 (s, 1H)5.22 (d,J= 3.3 Hz,31), 4.99 (dd,J= 11.1 Hz,3.3 Hz, 

31)4.50 (d,.J= 8.4 Hz,311), 4.02 (s,91), 3.82-3.92(m, 311), 3.69-3.74 (m, 3H), 3.52-3.56 (m, 

12H), 3.39-3.44(m,31),303 (s,12H)275-2.79 (m,21).228(t, J= 6.3 Hz,61),200-2.10 

(mn,26H1),1.89 (s,91),1.77 (s, 9H1),1.64-1.68(n,2H1), 1.25-1.53(n,281);F-NMR(DMSO, 

162MHz, ppm): -153.60, -153.67, -153.68, -153.69, -158.05, -158.14, -158.22, -12.53, -162.60 

-162.62, -162.69, -162.70.  
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GaINAc conjugation 

[02951 For making the 5' GaINAc Conjugated oligomerwith the following modifications: 2'-F

NPS-PS-2'-F-NPS; 2'-F-NP-PS-2'-F-NP; 2'-OMe-NP-PS-2'-OMe-NP; 2'-OMe-NPS-DNA-PS

2'-OMe-NPS, 2'-OEt-NPS-DNA-PS-2'-OEt-NPS and 2'-MOE-NPS-DNA-PS-2'-MOE-N]S the 

synthesis was carried out on a 10 to 200 LM scale in a 5' to 3' 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 min) to a GalNAc 2

CPG. The coupling cycle with modified 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-dithiazaoine-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:Acetonitrile (1:1) was used as 

sulfurizing agent in large-scale synthesis (Akta OP-100). 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.  

5-GaINAc-2 Conjugated ASO's 

CC 

~- '!, C.,.,~ , O 

HHHH 

OH OH t.,.  

3'-C6NFH2-NPS-PS-NPS-(Precursor) synthesis 

[0296] For making the 3' GaNAc Conjugated oligomers with the following modifications: 2'-F

NPS-PS-2'-F-NPS ; 2'-F-NP-PS-2'-F-NP; 2'-OMe-NP-PS-2'-OMe-NP; 2'-OMe-NPS-DNA-PS

2'-OMe-NPS, 2'-OEt-NPS-DNA-PS-2'-OEt-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 is same as described above. At the3'-terminal to introduce C6-NH2 linker 
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the 6-(4-Monomethoxytritylamino)hexyl-(2-cyanoetli)-(N,N-diisopropyl)-phosphoramidite in 

0.1 M Acetonitrile was used with coupling time 10 nin. 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 ASO's can be used to perform post 

synthesis conjugation.  

N 

P 

NC NH-MMTr 

5'-Amiro-Modifier C6 

6-(4-Monmethoxytritylamino~hexyl-(2-cyanoehyl)-(N,N-diisopropyl)- phosphoramidite 

3'-GaINAc NPS-PS-NPS-ASO synthesis (Post Synthesis Conjugation) 

[0297] The 3'-C6-NH2 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 h. The sample was analyzed to confirm if 

any unreacted amino modified ASO's is present. To this aqueous ammonia (28 wt. %) was added 

(5x reaction volume) and stirred at room temperature for2-3 h. Reaction mixture concentrated 

under reduced pressure and residue dissolved in water and purified by HPLC on a strong anion 

exchange column.  

3'-GalNAc-6-Coniugated ASOTs 

15H 
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3'-GaINAc6 Conjugation 

Cone. Of Equivalent of GaINAc Temp %oConversion to3' 
Oligo's 6 PFP ester (°C) GalNAc ASO 
0.015 mM 5 25 75 
0.0076 mM 7 25 80 
0.0076mM 4 25 65 

Quantation ofCrudeOligomer-orRawAnalys 

[0298] Samples were dissolved in demonized water (1.0mL) and quantitated as follows: Blanking 

was first performed with water alone (1.0 mL) 20ul of sample and 980 pL of water were mixed 

well in a microfuge tube, transferred to cuvette and absorbance reading obtained at 260 nm The 

crude material is 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.  

IIPLC Purification 

[0300] The Phosphoramidate (NP) and Thiophosphoramidate (NPS) modified oligonucleotides 

with and without GalNAc conjugates were purified by anion-exchange HPLC. The buffers were 

20 mM sodium phosphate in 10 % CH3CN, pH 8.5 (buffer A) and 20 mM sodium phosphate in 

10% CH3CN, 1 8 M NaBr, p 8.5 (buffer B). Fractions containing full-length oligonucleotides 

were pooled, desalted, and lyophilized.  

Desalting of Purified Oligomer 

[0301] The purified dry oligomerwas then desalted using Sephadex G-25 M (Amersham 

Biosciences). The cartridge was conditioned with 10 mnL of demonized water thrice. Finally the 

purified oligomer dissolved thoroughly in 2.5mnL RNAse free water was applied to the cartridge 

withvery slow drop wise elation. The salt free oligomer was eluted with 3.5 ml demonized water 

directly into a screw cap vial.  
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IEX 1PLC and Electrospray LC/MS Analysis 

[03021 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 

integrity 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 in the tables are actual 

measured weights that may have an error of MW, amu +-2.  

Stability Testing of Complexed Oligonucleotides 

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 is 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 is 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 is >50 °C.  

[0303] 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 H3V genome.  

[0304] In embodiments, the disclosed oligonucleotides display an affinity for at least one of the 

following 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- 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, theTm of the complex is >50 °C. In 

embodiments, theTm of the complex is 50-100 °C. In embodiments, the Tm of a disclosed 

oligonucleotide duplexed with an HBV RNA under physiological conditions or nearly 

physiological conditions is >50 °C.  

In Vitro Testing of Oligonucleotides 

[0305] Two HBV cell lines were used to assess the in vitro potency of oligonucleotides: 

HepG2.2.15 (2215) and HepG2.117 (2117). HBsAg reduction in tissue culture supernatant (sup) 

as well as cytotoxicity was measured using HepG2.2.15 cell. HBV DNA reduction in the sup as 

well as intracellular fraction was measured in HepG2.117 cell.  

[0306] HepG2.2.15 cell line is a stable cell line with four integrated HBV genomes. The cells 

were grown at 37C in an atmosphere of 5% C02 in Dulbecco's modified Eagle's medium 

supplemented with 10% FCS, 100 IU/mI penicillin, 100 pg/ml streptomycin, and 2% glutamine.  

The day before the dosing, 2.5x104 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 RNAiMax (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 CC50 measurement. Three days after transfection, the supernatant (sup) 

was collected and used in HBsAg ELISA (AutoBio, China) for EC50 calculation. For CC50 

measurement, CellTiter-Glo@ (Promega, Madison, WI) was used in the assay following 

manufacturer's instruction.  

[0307] HepG2.117 is 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 

tetracycline or its homolog doxycycline). The cells were grown at 37°C in an atmosphere of 5% 

C02 in DMEM/F12 media supplemented with 10% FCS, 100 IU/ml penicillin, 100.pg/mil 

streptomycin, 2% glutamine, 250 pg/ml G418, and 2 pg/ml Tetracycline. The day before the 

dosing, the cell media-containing Tetracycline was removed, the cells washed to remove the 

residual Tetracycline and plated at 2.5x104 cells/wellwithtreatmentmedia(DMEM/F2 

containing 2% Tet-system approved FBS 100 IU/ml penicillin, 100 pg/ml streptomycin, and 2% 

glutamine) in collagen coated 96 well plates. The cells were then incubated overnight. On the 
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day of experiment, serially diluted oligomers were transfected into the cells with Lipofectamine 

RNAiMax (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 

CC50 measurement. Four days after the transfection, the sup was collected to be used in HBV 

DNA qPCR directly. The HBV DNA from the cells was isolated withMagMAXTM 'Tota 

Nucleic Acid Isolation Kit (Thermo Fisher) and then applied in qPCR as template. HBV 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 G'TA TGG TGA G-3') and the fluorogenic TaqMan® probe (5'-TCG 

GGA AGC CTT AGA GTC TCC TGA-3') labelled with FAM (6-carboxyfluoresceine) in 5'and 

with TAMRA (6-carboxytetramethylrhodamine) in 3'. These primers and probe were used to 

carry out quantitative real-time PCR with AmpliTaq Gold DNA polymerase (Perkin-Elmer Life 

Science, Waltham, MA). The conditions for this reaction were as follows: I cycle, hot-start at 

95cC for 10 min followed by 50 cycles of denaturation (95°C for 15 s) and annealing/ 

polymerization (59°C for 1 min).  

InfectiousHBVsysteminimar human hepatocyte 

[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 370 C 5% CO2. The 

cells were infected ON (370C/5% C02) with HBV at moi 50-100. After infection for overnight, 

the viral inoculum is removed and the cells are washed three times with prewarmed wash 

medium. Then refill with fresh PHI- culturing medium. The medium is replaced with 450pl 

fresh medium. Add 50ul transfect mixture. Dilute oligomers in Opti-MEM I (Life Technology, 

Cat#: 31985-070) to 20x of final concentration, mix with equal volume Opti-MEM I containing 

Lipofectamine RNAiMAX (Invitrogen, Cat#: 13778-150), pipet 3 times and incubate for 10

20min at room temperature. Add 50ul oligo:RNAiMAX mixture into the wells, tap theplatesa 

few times with hands. Put the plates back to incubator. On the day of assay, Harvest supernatant 

for HBsAg and HBeAg ELISA, cell for cell viability. HBsAg ELISAwas described in above 

section. For HBeAg, method from Autobio Diagnostics (CL0312-2) was used.  
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In Vivo Testing of Oligonucleotides 

[03091 AAV/HBV is a recombinant AAV carrying replicable HBV genome. Taking advantage 

of the highly hepatotropic feature of genotype 8 AAV, the HBV genome can be efficiently 

delivered to the mouse liver cells. Infection of immune competent mousewith A-V/-IBV can 

result in long-term HBV viremia, which mimics chronic HBV infection in patients. The 

AAV/HBV model can be used to evaluate the in vivo activity of various types of anti-HBV 

agents. Mice were infected with AAV-HBV on day -28 of the study. The test articles or negative 

control (PBS) were dosed subcutaneously (unless specified otherwise) 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 HBV DNA, but not for HBV antigens, was 

dosed orally every day. Serum HBV S antigen (HBsAg) and E antigen (HBeAg) were assayed 

through ELJSA and HBV DNA through real time PCR. ELISA methods and qPCR method have 

been described in the in vitro assay sections above.  

[0310] The following statements describe how the data in Table 1-43 were generated. Forallof 

the in vitro HBsAg Cell line EC50 and CC50 data, the method for HepG2.2. 15 was used and 

accordingly, "2215" was labeled in the columns or rows where the data was shown. For all of the 

in vitro HBV 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 EC50 data tested in HBV/PHH infectious system, PHH method 

was used and accordingly "PHI" was labeled in the columns or rows where the data was shown.  

For in vivo AAV-HBV mouse model results, method in in 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 columns or rows where the data was shown. Two ASOs were often 

compared for their nadir. If value other than nadir was compared, they will be indicated in the 

text.  

Method of Treatment 

[0311] An adult human suffering from HBV infection is administered 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 is ameliorated, or 

for example, serumi IBV S antigen (HBsAg) and/or E antigen (HBeAg) levels are reduced.  
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[0312] An adult human suffering from HBV infection is 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 is ameliorated, or 

for example, serum HBV S antigen (HTBsAg) 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; 
C) above 100 nM; 
D) 0.1-5.0 nM; 
E) 5.1-10.0 nM; 
F) 10.1-21 nM; 
G) 20-100 
H) 10-1000 
I)>1,000 
J)>10,000.  

Table 1: Chimeric oligonucleotide with PS and 2'-O-Me Modifications 

Max 
2215 221 BsAg Molecular 
IBsAg Log 

#ID Sequence (5'-3) C50 CC50 reduction Weight 
(nM) (MWv) (nM) n* 

(nadir) 

101 5' mGpsmCpsmApsmGpsnApsmGpsGpsTpsGps 
ApsApsGpsnCpsnGpsmApsmApsmGpsmUpsm A J 6967.66 

GpsmC-3' 

5'mGpsmCpsmApsmGpsmApsmGpsGpsTpsGps 
102 AnsAnsGosimCpsmGpsmApsmApsmGpsmUpsin B J 7739.69 

GpsnCps-Chol-3 

5' mGpsmCpsmApsmGpsinApsmGpsGpsTagaQs 
103 ApsApsGpsmCpsnGpsnApsnApsnGpsnUpsm B J 2 8728.57 

GpsmC-GalNAc-3' 

Log Reduction post 3x30mg/kg SC 

[03141 FIGs. IA-C show results of 2-week testing of a compound of the present disclosure in 

vivo in an AAV'IBV mouse model. AAV/-BV is a recombinant Adeno-associated virus (AAV) 

carrying replicable HBV genome. Taking advantage of the highly hepatotropic feature of 

genotype 8 AAV, the -BV 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, 

158



WO 2018/053185 PCT/US2017/051644 

which mimics chronic i-V infection in patients. The AAV'-IBV model can be used to evaluate 

the in vivo activity of various types of anti-BV agents. Mice were infected with AAV-HBV on 

day-28 of the study. The test articles or negative control (PBS) were dosed subcutaneously 

(unless specified otherwise) three times on days 0, 2 and 4 at the specified dose levels. The 

positive control entecavir (ETV, for HBV DNA, but not for HBV antigens) was dosed orally 

every day. Serial blood collections were carried out on the days shown in the figures. Serum 

HBV S antigen (-BsAg) and E antigen (HBeAg) were assayed through ELISA and HBV DNA 

through real time PCR. In FIG. 1, three test articles #101, #102 (3' Cholesterol conjugated form 

of#101)and #103(3'GalNAcconjugated form of #101) were tested along with ETV.  

[0315] FIG. IA shows HBsAg serum levels. ETV is known to reduce RBV DNA but has no 

effects on either HBsAg or HBeAg. GaNAc 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. IC shows DNA serum levels. The 

patterns for these three oligomers on HBeAg were very similar to that of HBsAg. The max 

HBeAg drop for #103 was - 0.7 log.  

[0317] FIG. IC showsDNA serum levels. Allthree oligomers reduced HBVDNA inmouse 

serum with GaINAc 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 GaNAc conjugated compound of the 

present disclosure as a SC and an IV administration in an in vivo mouse model. FIG. 2A show 

results for IV administration; FIG. 2B shows results for SC administration. The SC delivery 

showed slightly higher degree of HBsAg than the IV delivery with the same dosage 

TabI 2 

Max 
IBsAg 

2215 2215 L-r.  
#ID Sequence (5-3') EC50 CC50 i"dci 

(nM) (nM)reductio (nM) (1M) 

(nadir)* 
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1 mGpsmApsmUpsmnUpsmApsmGpsGpsCpsApsGps B J 7275.92 
ApsGpsGpsTpsmGpsmApsmApsmApsmApsmAps 

mG 3' 

5 inGpsmApsmUpsmUpsmApsmGpsGpsCpsAps 
105 QsAsQpsQpsT srmGpsmApsinApsmApsmApsm A J 8031.88 

ApsniG-Chol-3 

5 mGpsnApsnUpsnUpsmApsniGpssCsAps 
106 GpsApsGpsGpsTpsmGpsmApsnApsmApsmApsn C J 0.8 9036.82 

ApsnG-GaiNAc-3 

Log Reduction post 3x30mg/kg SC 

10319] FIG. 3 shows HBsAg reduction levels for GaNAc conjugated compounds of the present 

disclosure (#106, #109, #162 and #159) via subcutaneous delivery in an in vivo AAV-IBV 

mouse model. The max -BsAg reductions for these ASO were similarly,~ 1 Log.  

Table 3 

Max 
HBsAo 

2215 2215 
Log 

#;ID Sequence (5'-3') EC50 CC50 .uMW 
reductio (nM) (nIM) 

n 
(nadir)* 

5' GpsmApsnUpsnUpsmApsGpAspsPsApsGps 
107 ApsGpsGpsTysnGpsnApsmApsnApsnApsmApsn B J 724589 

G3 

5'nGpsni~psintfpsmApsGosGos~psApsGps 
108 ApsGpsGpsTpsmGpsmApsmApsmApsmApsmApsm A J 8001.85 

G-Chol-3 

5'mGpsmApsmUpsmUpsmApsGpsGpsCpsApsGps 
109 Aps~psQpsT]asmGpsmApsmApsmApsmApsinApsm C J 1 9006.80 

G-GaINAc-3 

Log Reduction post 3x30mg/kg SC 
Table 4 

2117 sup 2117 Intra 
22 15 12215 CC50 

#ID 2215HBVDNA HBVDNA MW 
HBsAg EC50 (nM) (n1M) (EC50 nM) EC50(nM) 

110 B F F J 7305.95 
111 B E E 7320.96 
112 B D D J 7350.99 
113 B D D J 7350.99 
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114 A D D 173 81.02 
115 B D E J7275.92 
116 B F E: J290,94 
117 A D D 17320.97 
118 B E D J7329 
119 A D D /7 751.00 

7 ;ID Sequence (5-3) 

11 5" GpsmiDAPpsrnUpsmiUpsmDAPpsmGps~ipCpAp pLp-ps psT~mGpsniApsnAp 
11 smApsmApsmA~sjn3 3 

5' n i p ~ s ps psn~ Gpst nCjsjsjsjsvspsr mG)s P A psmDA 
PpsjnDAPpsmmDAPpsm Gi3 

112 5' mGpsmnApsmiUpsniUpsmnApsmGpsK!psRpsAps ps ps psppGp-,mDAPpsmDAPp 
---------------- -sm D A Ppsn D APP sm DAj f rG 3' ------------------------------------------------ ------5'mGpsmnDAPpsmUpsmipsmDAPpsmGpsGpsCpsAps~psApsGpsGpTp_,miGpsmnApsmAp 

11~ smDAPpsnDAPpsmDAPpsnG3' 

114 5mGpsnDAPp m -smpsmDAPpsm~psGpsCpsAps~ipsAps~ips~ipsTps nGpsrnDAPpsm 
DAPpsmDAPpsmDAPpsmDAPpsiG 3" 

155'nGpsnDAPpsmUpm)psnDAPps~ips~ipsCsApsGsApsGp2sG sT sniGpsmApsrnAps 
115___ mApsniApsinApsmG 3' L_ 

116 5'niGpsmApsnit)ps-in JpsrnApsCG-sGpsCpsApsGpsApsGpsGps-ThsmnpsniApsrApsmDAP 
_______psmDAPpsinDAPpsrnGi3' 

mDAPpsmDAPpsinDAPpsmG3' 

18 5' niGpsin DAPpsm Lp sniUpsin DAPpsGpsGp sC ps Aps~ps Ap SGP Ds~D psm Gpsn3Aps mAps 
mDAPpsmDAPpsinDAPpsmG 3' 

19 5'niGpsrnDAPpsm~ipsniUpsrn1DAPpsGltsKlj'scjs, js ps s_5 psippm(psmiDApsmnD 
................. A sm A sn-D -A1 p§_srnD A l'ps nG 3 --------------------------------------------------

'Table 5 

2215 2215 
#ID Sequence (5'-3') EC 50 CC50 11W 

______(nM" (nm) 
15' in~ipsrnCpsrnApsmnpsniApsrnGpsGpsTps~ipsApsA 

120 '1RLjrii CpsmGpsmApsrnDAPpsmGpsm)psm~ipsmC- 69826 

D mn CpsniCpsniAps mGpsin ApsmGp sC-vsT sGpsApsA 
1211 '1sCip.smCpsmGpsmDAPpsrnDAPpsmGpsmjpsr~ A 1 976 

'I5mCxpsmCpsmApsmGpsrnDAPpsmGpsC~psTpsGpsAp 
122 sy-psG sin Cpsm CipsmDAPpsmnDAPpsm~ipsmtpsmnGp 701,7 

smC--3 
5' mGp sinCp smDAPpsm ip smDAPpsm Gps GpsTps Cp 

123 sApsAps~psmiCpsniGpsmDAPpsmiDAPpsmGpsinUps A c 70.2 
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Table 6 

Max~ 
HBsAg HBsAg CC50 #I4 D EC50 Sequence (5'-3 1)Lo MW 

(nM reduction 
(nadir)* 

5imApsnApsminGpsnApsmGpsApsGpsGpsTpsGps5m 
159 B J eCnsGps5meCps5neCps5meCps5memCpsmGpsmUps 1 8630.55 

mGpsmG --GalNAc 3' 
5'mGpsmmGSM psmApsApsGps5meCsGsA 

160 B J psApsGpsTpsGps5mCpsmAps5memCpsmAps5mene 1.9 8624.54 
Cps inG -GaINAc 3' 

5'mUpsmGpsmGps5nem CpsmAps5meCpsTpsApsGp 
161 B J sTpsAVsApsAps5meCpsTpsmGpsmApsmGps5memCp 1.9 8548.52 

s5memC -GaiNAc 3' 
55menCpsmUpsmApsmGnGpsApsGpsTpsTps5meC 

162 B J ps5meCpsGos5meCnsAnsGpsmUpsmApsmUpsmGps 1 8553.45 
_mG-GalNAc 3' 

5' nApsmGpsmApsmGpsmGpsTpsGps5meCpsGps5m 
163 B J eCts5mneCss5miseCsGsT-omGpsmGpsmUps 0.8 8611.53 

5nemCpsmG -GaiNAc 3' 
5'niUps5memCps5memCpsmGps5meinCpsApsGpsT 

164 B J psApjsTpsGpsGsA ss5meCpsmGpsmps5memCp 1.9 8610.55 
srn~~pApsi:mG-iNCpsy~3 p~ie 

5' inUpsmGps5memCpsmApsmGpsAgpG.QpGQapsTpsp 
165 B J sA sAvsGvs5neC sGjsmApsmApsmGpsmUpsmG- 2.8 8637.50 

GaiNAc 3' 
5inApsmGpsmUps5niemCps5meinCpsAsheCps5 

166 B J neCAos5neCusGusApsGpsTps5meCpsmUpsmApsn 0.3 8507.51 
L i GOpsmnAps5inemiC-GaiNAc3' 

*Log Reduction post 3x30nigg SC 

[0320] FIG. 3 shows HBsAg reduction levels for GaNAc conjugated compounds of the present 

disclosure (#106, #109, #162 and #159) via subcutaneous delivery in an in vivo AAV-IHBV 

mouse model. The max HBsAg reductions for these ASO were similarly ~ I Log.  

[0321] FIGs. 4A-C show in vivo HBsAg, -IBeAg and Serum -BV DNA data in an AAV-HBV 

mouse model for compounds of the present disclosure. #103, #164 and #165 when delivered SC, 

showed significant reductions in HBsAg, 1-BeAg and Serum HBV DNA in AAV--HBV mouse 

model. #103 also demonstrated dose response when dosed at two different dose levels. FIG. 4A 

shows H-fBsAg serum levels. FIG. 4B shows HBeAg serum levels. FIG. 4C shows I-IBV DNA 

levels.  
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10322] FIGs. 4A-C show in vio HBsAg, -IBeAg and Serum HBV DNA data in an AAV-HBV 

mouse model for compounds of the present disclosure. FIG. 4A shows 1BsAg serum levels.  

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

[03231 FIGs. 5A-C show in vivo HBsAg, HBeAg and serum HBV DNA data in an AAV-HBV 

mouse model for compounds of the present disclosure. #160, #161, #163, #166, #213 and #176 

significantly reduced HBsAg, HBeAg and serum HBV DNA in AAV-HBV Mouse model. FIG.  

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

levels.  

Table 7 

HBsAg 

ID 2215 CC50 aseSequence(5' Modified Sequence (5'-3') MW 
EC50 3') 
(nM) 

5' fGnpsfCnpsfAnpsfGnpsfAnpsfGn 

167 A GCAGAGGTGAA psGusTpsGpsApsApsGnsfCnpsfGnp 6785.38 
GCGAAGTGC sfAnpsfAnpsfGnpsf~lnpsfGnps-3

NH 2-fC 

5' fGnpsfCnpsfAnpsfGnpsfAnpsfGn 

168 A GCAGAGTAA psGsTsGAsAsG-s-sfGnpsf 6768.37 GCGAAGTGC AnpsfAnpsfGnpsfUnpsfGnps-3
NH2-fC 

5'fGnpsfCnpsfAnpsfGnpsfAnpsfGn 
GCAGAGGTGAA psGpsTpsGpsApsApsGsCsGpsfA 61 169 AJ6751 3/ 

GCGAAGTGC npsfAnpsfGnpsfUnpsfGnps-3-NH2

Table 8 

H-BsAg 2215 H-BsAg 2215 ifID Sequence (5'-3 E5O(M) CC5O(27 MW 
EC50 (pM) CC50 (VM) 

170 5' GnpCnpAnpGnpAnpGnpGpsTpsGpsApsApsGps A H-1 6339 66 
CnpGnpAnpAnpGnpTnpGnp-3 NH2 -C 

5'GnpsfCnpsfAnpsGnpsfAnpsGnpsGpsTpsGpsAps 
171 ApsGpsfCnpsGnpsfAnpsfAnpsGnpsfTnpsGnps-3 A H-I 6692.45 

NH2-fC_ 

172 5' GnpfCnpfAnpGnpfAnpGnpGpsTpsGpsApsApsG A H-I 6483.58 
7___ gkpfCnpGpfAnpfAnpGnpfTnpGnp-3 NH2-fC _ 

Table 9 

IBsAg HBsAg 
22 15 2215 

#ID Sequence (5'-3') 5 2C50 EC50 CC50 M 
(nM) (nM) 
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173 5 GnpsafCnpsaf.npsGnspafAnpsGnpsGosTosGnsApsApsG A74 
pafCnpsGnpsafnpsafAnpsGnpsafnpsGa npsafC A7T 

5" npf~ opaf ngaf~npipanpG p~upaf 6485 174 A 648i 

175 5GnpafCnpafAnpGnpafAnpGnpGpsTpsGsAsAsGsC 646.  
5_ G sGnpafAnpafknpGnnpGnppGnpafC 6466.65 

Table 10; Gapmer (2'Ome, 5MeC) with 5' GaINAc 

Max 
2215 HBsAg 

HBsAg Loo 
#1D Sequence(5'-3') EC50 Reducti 

(tiM) on 
(nadir)* 

5'-GalNAc-NHC6

204 psmUpsm5meCpsn5neCpsmGpsmi5mneCpsApsGpsTps C 
ApsTpsGpsGpsApsTps5meCpsnGpsmGpsm5meCpsmA 

psmG 3' 

5'-GalNAc-NH-C6
205 psm5meCpsnUpsmnApsnGpsnGpsps psass5meC B 1 

ps5meCpsGps5meCpsApsGpsnUpsnApsmUpsnGpsn 
G3' 

5'-GalNAc-N1C6
206 psmApsmApsmGpsmApsnGpsApsGpsGpsTpsGs5meC B 

Qp~c B I as~sim~gneCos5meCp~sm5meCpsmiGpsmUpsmGp 
snG 3' 

5' GaNAc-NHC6
207 psiApsmGpsmApsmGpsmGpsTpsGps5neCpsGps5neC B 0.5 

ps5neCps5meCps5meCpsGpsTpsmGpsmGpsmUpsm5m 
eCpsmG 3' 

2 0 8 5' GalNAc-NHC6
psmnUpsmGpsn5tneCpsmApsniGpsApsGpsGpsTpsGpsA 1.4 

psApsGps5mneCpsGpsnApsmApsmnGpsmUpsmG3' 

Log Reduction post 3x3Omg/kg SC 

[0324] FIGs. 6A-C show in vivo HBsAg, HBeAg and serum H-BV DNA data in an AAV-HBV 

mouse model for compounds of the present disclosure. #204, #205,#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 IBV DNA 

levels.  
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Table 11: Pre4IoIv-A 

iax BBsAg 

'ID Sequence (5'-3') 225-~21C> o Ivw 
EC50 (nM) (nM) Reduction 

(tiadir)* 

20 nGpstnCpstnl~psmCpsmCpsmApsinApsApsTpsTps A6785 
____ EglpTsMpTsniApsinUpsmApsmApsmiGpsrnG ____ ___ 

11 nGpsmCpsmUpsmCpsmCpsmApsA s p~j~psC 737 
s 'rsTpsT~iA smUpsiApsisinijpsmGpsiA 

nICpsmCpsmUpsn3Cpsn3Cpsn3ApstnApApsT1s ps 

21 vsIrvsT PsT sAps Up sn psmAp snGpsmsG/Gi08 814 

rin~ipsmCpsmUpsniCpsniCpsniApspAps jpsTs 
21213 CpsTpTpsTsiAsnUsmApsnApsnGpsGGaI 1. 89.40 

NAc/ 

mn~psjnCpsjnI -'srnCpsrnCpsrnApsA~sA~s psns 
2176 1 psTpbiTsAipsmAp )srApsm~psrGpsG/G B 1 1. 9849.67 

aiAc 

mnpSMCpsmtTpsmCpsmCpsmApsnApsAsTsTpsC 
146 Clp yps pm~pUpsnApsmApspnGpsinGC 7512884.67 

mnpsrnCpsrnUpsiCpsiCpsiApspAps~jspsTps 
215 'ipsTpsT1sTpmrApsniLJIsnApsApsnips-nG!3Ch 75449~ 

oITEG/ 
1 ncpsrnCpsrntp-srnCpsrniCpsrniApsApsAp:T'psTpsC 

216 psps~ps pApsUpsmApsniApsinGpsmGpsinG/37892 
_______ChoITEG/ 

Log Reduction post 3x30mg/kg SC 
'Table 12 

215 22 15 
T1 Sequence (5'-ID HBsAg CC50 mw 

EC50 (nM) (DM) 

5'-miGps5mmiCpsimApsrniCpsmiApsrnipsGpsTp 
2-17 sGpsApsApsGp5 mmCpsmGpsmApsmAp sinGp A 1 71009.74 

snmUpsmGpsm5nieC-3 

5'-mnGps,;mmCpsmApsmnGpsimApsmC~psGpsTp 
218 sGpsApsApsGps511mCpsm~psniApsmApstnG B 1 7764.7 

psmlipsm( ps5mn~niCChoicstcr-ol-3" 

5-mGps5nimCpsinApsmGpsmApstmGpsGpsTp 
2 19 sCTIsApsApsGp5niinCpsinGpsmApsniApstnCTI B 1 79 77.8 4 

sm UpsrnGps5jnmnC-TEG-Choicsterod-3 
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5'-rnGps5mnnCpsrnApsmGpsrnApsmGpsGpsTp 
220 s~psApsAps~ps5nimCpsmnGpsmApsniApsmnG B 1 7708.65 

pi psrcjmps~rnC-To-opher-ol-3' 

5'-m( ps5nniCpstnApsmiipsmApsniGps~ps~rp 
221 sGpsApsApsGps5rnCpsrnGpsniAIpsiiApsmG 7920.79 

PSmnlT-psmGps5mrnC-TEG-Tocopherol-3' 

5'-rnGps5mmiCpsimApsrniCpsrnApsrniCpsGpsTp8-7 
222 sGpsApsAps~ips5mrnCpsrnGpsmnApsmApsrnG B 1 70.65 

psmUpsinGpsninC-aNAc-3 

Table 13 

2215 
#ID Sequence (5'- 3) flBsAg 22150 m 

EC50 CC0 M 

22 " -nGp sin 5 eCpsmAp sin GpsnAp sm GpsGp sTp sGpsApsAps A1 6997 
Gps5 meCpsm Gpsn3ApstnApsiyt~psm Ups niGps m5 meC-3' A1 67977 

5'-nipsn5mneCpsmApstniCTsmnApsmGps( psTpsGps.ps. ps 
224 Gps5meCpstniCTsmiApsmApstnGpsm'iUpsm( psni5meC-po- 1 7735 67 

Cliol-3' 

5'mGpsm5mreCpsrnApsjniipsmnApsrnGpsGpsTpsCpsApsAps 
225 Gps5rneCpsmnGpsmApsrnApsmnGpsm~lpsrnGpsrn5rneC-po- 1 7 6 78.62 

Tocopherol-3' 

5'-mp srn5 meCpsinAp sm GpsinAp sipsGp sTp s~ps Aps Aps 
226 Gps5rneCpsrnGpsmiApsrnApsrnGpsrnUpsinGpsm5meC-po- B 1 8740.62 

GaiN.Ac-3' 

227 5 UnGp sin 5 eCpsmiAp sin GpsrnAp smGpsGpsTp sGpsApsAps A 6949,69 CTIs' tneCps~ipsmApsniApstnC~psmyUpsnmGpstn'meC-3' 

5 -nGp sin 5 eCpsmAp sin GpsrnAp smGpsGpsTp sGpsApsAps 
228 Gps51yeCpsGpsn3ApsmiApsmyt~psmUpsmiGpsmn5myeCpo-Clioi 1 7705 65 

'-myt~psm5nmeCpstnApsm( psnmApstnC~psCTIs'TpsGpsApsAps 
229 Gps5 mcCpsGpsmA psm Aps mGp si tpsnGp sm 5 meC-po - A 1 7650.61 

Tocopheroi-3' 

5'-nCpsn5meCpsmApsrnGpsmApsm~ipsC3psTpsGpsApsAps 
230 ~ GpslimeCpsGpsrnApsrnApsmGp srUpsm Gp sin5meC-po- 705 

GaiN.-Ac-3' 
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Table 14 

2215 2215 
H-BsAc. HBsAg #ID Sequence (-3') ECs CC50 EC50 cc5710 

(nM) (nM) 

5-mGps2-4-OCH?-(5m)CpsmAps2-4-OCH-GpsmAps2-4-OCH 
231 GpsGpsTpsGpsApsApsGps(5m)CpsmGps2-4-OCH 2-ApsmAps2- A 1 6967.62 

4-OCi 2-GpsmUps2-4-OCH 2-Gps(5m)mC-3 

5-mGps2-4-OCH 2 (5m)CpsnAps2-4-OCfr2-GpsmAps2-4-OC 2
232 GpsGpsTpsGpsApsApsGps(5m)CpsmGps2-4-OC-rApsmAps2- A I 7723.58 

4-OCH 2-GpsmnUps2-4-OCH 2-Gps(5n)mC-Chol-3 

5-nGps2-4-OCH-b(5n)CpsmAps2-4-OC-rGpsmAps2-4-OC-r 
233 GpsGpsTpsGpsApsApsGps(5n)CpsmGps2-4-OCH 2-ApsmAps2- A 1 7666.53 

4-OCH2-GpsmUps2-4-OCH 2-Gps(5m)nC-Toco-3 

5-mGps2-4-OCH2-(5m)CpsmAps2-4-OCH-2 GpsmAps2-4-OCH)
234 GpsGpsTpsGpsApsApsGps(5n)CpsnGps2-4-OCH 2-ApsnAps2- A I 8728.52 

4-OCH-bGpsnUps2-4-OCH-bGps(5m)mC-GaINAc-3 

5-nGps2-4-OCH 2 r5m)CpsmAps2-4-OCH2-GpsmAps2-4-OCH2
235 GpsGpsTpsGpsApsApsGps(5m)CpsnGps2-4-OCH.-ApsnAps2- A 1 6937.59 

4-OCI1-rGpsnUps2-4-OC11rGps(5n)mC-3 

5-mGps2-4-OCH-"(5m)CpsmAps2-4-OCH-QGpsnAps2-4-OCI-l-, 
236 GpsGpsTpsGpsApsApsGps(5n)CpsmGps2-4-OC 2-ApsmAps2- A 1 7693.55 

4-OC1-irGpsmUps2-4-OC1-irGps(5m)mC-Chol-3 

5-mGps2-4-OCH2 (5m)CpsmAps2-4-OCf 2-GpsmAps2-4-OC 2
237 GpsGpsTpsGpsApsApsGps(5 m)CpsinGps2-4-OC-irApsnAps2- A 1 7636.50 

4-OCH 2-GpsmUps24-OCH 2 Gps(5m)nC-Toco-3 

5-mGps2-4-OCHr-(5n)CpsmAps2-4-OCH 2 GpsnAps2-4-OCHr 
238 GpsGpsTpsGpsApsApsGps(5n)CpsmGps2-4-OC ApsmAps2- A 1 8698.50 

4-OCHrGpsmUps2-4-OCHrGps(5m)mC-GalNAc-3 

5-mGps2-4-OCH2-(5m)CpsnAps2-4-OCH)-GpsnAps2-4-OCH)
239 GpsGpsTpsGpsApsApsGps(5n)CpsnGps2-4-OCH 2-ApsnAps2- A 1 6881.57 

4-OCi 2-GpsmUps2-4-OCH 2-Gps(5m)mC-3 

Tablie15 

2215 2215 
#ID Sequence (5'-3') jEC 50 CC50 MW 

(1M) 
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[14 I5-dTnpsGipsCnpsAnpGpsAps~ps~psTpsGpsApsApsG A i6 6 4 

_____ps p~pAtpsAnpsGnps'TnpsC~n-3 6566A9_____________ 

24 -dTnpsfGnpsCnpsfiknpsfGntpsAps~psopsTp:Gp:~pApsAp A I._____j :Qp& sGfnpsf,,ntpsfGnps"U-npsfGn ' J_____1_____ 70 

TFable 16 

2215 

#1D Sequence (5'-3') 1-BsA 2215 m 

2 43 5 -f Cnp s Cnp sAnp s f tp sfAnp sf nsp~sp~jsjs snp sf G A 1 6731.41 
_____ njpsfAnpst~lnpsfC~npstlnpsfC~npsCn-3' I____ I__________ 

5-fIInpsCnpsfjknpsf~inpsf.Nipsf~jnps~bsTpsGpsApsA sCn~sp 
242 -CftinpsfinpsfGnipsflnpsfGnips.Cn-3" - ~~~~ A 1 6715.39 

Table 17 

Y 2215 
#ID) Domain Sequence (5'-3') 215 CC5 mw 

size EC 50 (nm) _____ 

5 -dCnpmCnpmiAnpmiGnpinAnprnnGnipCpsTpsGpsA 
244 6 psApsGpsmnCnpmGnipmAnipmAnipmC~npmtTnpmGnpo A 1 6'714.9,S 

____ ~~MCnp-3'____ 

5'-dGnpinCniprnAniprnnpmnAnpm~inpGp.T'psC3psA 
245 7 psApsGpsCpsmGnipmAnpmAnpm~inpmUnpmGnpmn A 1 6 702.0 1 

Ctip-3 ____ 

5-dCnpmCnpmnAnpmnGnpmAnipmGnipCpsTpsGpsA 
26 8 psApsC~psCpsGpsmAnpsmAnpm(-nnpmpn, pM A G 6689.03 

Cnp-'' 

5'-d~inpmCnpmAnpm~inpmAnp~ps~psTps~ipsAps 
247 8 ApsGpsCpstnGnprnAnpinAnpinGnpmUnpmGniprnC A 1 6689.03 

tip-3'__ _ _ 

5-dCnpmCnpmnAnpm pin~pAnp~ips~ipsTpsGpsAps 
248 9 ApsGpsCpsGpsmAnprnAnprnGnprnUnpinGnpinCnip A 1 6676.06 

----- ---- ---- ----- ---- ----- 3 ' ---------------------------

TFable 18 

21215 21 

41DSequence (5'-3') 1-IBsA 1-IBsAg MW 

EC57O 
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5'-mApsmApsmGpsnApsnGpsApsGpsGpsTpsGps5neCps 
142 Gps5meCps5tneCps5mneCps5memCpsmGpsnUpsmGpsmG A 1 6869.64 

3' 

5'-mApsnApsnGpsmApsmGpsniApsGpsGpsTpsGps5meC 
196 psGps5neCps5neCps5mnenCps5mremCpsnGpsnLJpsmnGps A 1 6929.69 

mG 3' 

5'-mApsnApsmnGpsnApsmGpsnApsmnGpsGpsTpsGps5me 
197 CpsGps5m eCps5memCps5nem Cps5 memCpsmGpsmUpsmn A 1 6989.74 

GpsmG 3' 

143 5mGpsmGpsmUpsnGpsmApsApsGps5meCpsGpsApsAps A 1 6863.64 
GpsTpsGps5nCpsinAps5neinCpsinAps5nemeCpsmG 3' 

5'-mGpsmGpsnUpsmGpsnApsinApsGps5neCpsGpsApsA 
198 psGpsTpsGps5memCpsmAps5mnenCpsnAps5nemeCpsm A 1 6923.69 

G3' 

5-.tmGpsmGpsmUpsm GpstnApsmnApsnGps5neCpsGpsAps 
199 ApsGpsTpsGps5memCpsmAps5nemCpsmAps5memeCps A 1 6953.72 

miG3' 

5'-nUpsnGpsmnGps5mnenCpsnAps5mneCpsTpsApsGpsTps 
146 ApsApsAps5meCpsTpsmGpsnApsn~ips5menCps5nemC A 1 6987.62 

3' 

5'-nUpsmGpsmGps5memCpsmAps5memCpsTpsApsGpsT 
200 psApsApsAps5meCpsTpsmGpsmApsinGps5nemCps5nem A 1 6817.64 

C3' 

5'-mUpsnGpsmGps5menCpsnAps5meCpsTpsApsGpsTps 
201 ApsApsAps5neCpsTpsmGpsniApsnGps5nenCps5niemC A I 

147 5'-5menCpsnUpsnApsmGniGpsApsGpsTpsTps5meCps5 A 1 6792.55 
neCpsGps5ncCpsApsGpsmnUpsmApsmUpsmGpsmG 3' 

202 5'-5menCpsmUpsmApsm GnGpsmApsGpsTpsTps5neCps A 1 6852.60 
SmcCpsGps5meCpsApsmGpsnUp smApsmUpsm GpsnG 3' 

5'-5memCpsmUpsmApsinGmGpsmApsinGpsTpsTps 5meC 
203 ps5meCpsGps5neCpsApsnGpsmUpsm ApsnUpsnGpsmG A 1 6882.62 

Table 19 

2215 2215 
#1D Sequence (5'-3') HBsAg CC50 MW 

EC50 

128 GnpsCnpsAnpsGnpsApsGpsGosTpsG sAnpsAnpsGnpsC B J 4577.86 

nps-3-NH-G-3' 

169



WO 2018/053185 PCT/US2017/051644 

129 CnpsGnpsTnpsGnpsCnpsApspsA sps sTnpsGnpsAn B J 5201.40 
________ f~sAnpsGnps-3-NH2-C-3'___ ______ 

130 5'-GnpsCnpsAnpsGnpsAnpsGnpsGnpsTnpsG sA sAnps A 654360 
_ GnpsCnpsGnpsAnpsAnpsGnpsTnpsGnps-3 NH2-C-3' 

131 5'-GnpsCnpsAnpsGnpsAnpsGnpsGnpsTpsGpsAnpsAnips B 6543.60 
GnpsCnpsGnpsAnpsAnpsGnpsTnpsGns- NH 2-C-3 B 

132 5'-GnpsCnpsAnpsGnpsAnpsGnpsGnsT sGnpsAnpsAnps B 6543.60 
GnpsCnpsGnpsAnpsAnpsGnpsTnpsGnps-3 NH 2-C-3 _ 

133 5'-GnpsCnpsAnpsGnpsAnpsGnpsnpsTnpsGnpsApsAps B J 6543.60 
" GnpsCnpsGnpsAnpsAnpsGnpsTpsGnps-3 NH2-C-3' 

134 5'-GnpsCnpsAnpsGnpsAnpsGnpsGnpsTnpsGnpsAnpsA&s B J 6543.60 
GCnpsGnpsAnpsAnpsGnpsTnpsGnps-3 NH2-C-3 _ 

135 5'-GnpsCnpsAnpsGnpsAnpsGnpsGpsTpsGpsAnpsAnpsG B 6544.58 
npsCnpsGnpsAnpsAnpsGnpsTnpsGnps-3 NH 2-C-3' B _ 6554_4._5_8 

136 5'-GnpsCnpsAnpsGnpsAnpsGnpsGnpsTnpsGpsApsApsG B J 6544.58 
npsCnpsGnpsAnpsAnpsGnpsTnpsGnps-3 NH2 -C-3' 

137 5'-GnpsCnpsAnpsGnpsAnpsGnpsGnpsTapsGpsApsAnpsG A J 6544.58 
npsCnpsGnpsAnpsAnpsGnpsTnpsGnps-3 NH 2-C-3' 

138 5'-GnpsCnipsAnpsnpsAnpsGnpsGnpsTnpsGnpsApsAps B T 6544.58 
GpsCnps~inpsAnipsAnipsGnipsTnipsC~nps-3 NH2-C-3' 

5'-GnpsCnpsAnpsGnpsAnpsGnpsGnpsTnpsGsApsAsG A 

psCnpsGnpsAnpsAnpsGnpsTnpsGnps-3 NH2 -C-3' 

140 5'-GnpsCnpsAnpsGnpsAnpsGnpsGnpsTpsGlsAsApsGp A J 6546.55 
sCnpsGnpsAnpsAnpsGnpsTnpsGnps-3 N 2 -C-3' _ 

Table 20 

#1D 2215 2215 CC50 (nhI 2217 sup HBVDNA 2117intra HBVNA 
HBsAg EC50 (nM) (EC50 nM) EC50(nM) 

177 B J D F 

178 B J E F 

179 B J F F 

180 A 1) F 

181 B J D F 

182 A J D E 

183 A J D E 

184 A J D D 

185 A J D E 

186 B J D D 

187 B 1 E 

188 B 1 F 

189 A D F 
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190 c E F 

191 B E F 

192 B JD D 

193 B E D 

194 E E 

195 B E 1) 

Table- 2 1 

2" 1 1127, sp FIVDNA 2217 intia 
f/fID 0Bg~~1) 2215 CC50OAnM 227H{\N -BVDNA 

H~s~EC15nM)(EC50 nXM) (EC50 nM,4) 

124 B IB B 

125 B IB B 

126 1 B A 

127 A i A A 

128 B IC B 

129 B IB B 

'Table 22 

22'15 2"17su 1BD N 2217 irtra 
HBsA ,B C50 2215 CC50 r.M (EC50IV (EC5OBVN1) 

0,iM) E5 

249 C G F F 

25 B G IF E 

251 B G F 

252 B G E E 

25 3 B G B B 

254 G E 1) 
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255 A G D D 

256 B G F E 

257 B G E E 

Table 23 

HBsAg 2215 2215 
CC50 Sequence (5'-3') MW 

EC50 (pM) (gM) 

A E GnpsCnpsAnpsGnpsAnpsGnpsGnpsTnpsGpsApsAnpsGnpsCnpsG 
E-F npsAnpsAnpsGinpsTnpsGnps-3nh2-C 654360 

A E-F GnpsCnpsAnpsGnpsAnpsGnp.sGnpsTpsGpsAnpsAnpsGnpsCnpsG .60 
npsAnpsAnpsGnpsTnpsGnps-3nh2-C 65.  

A B-F GnpsCiipsArpsGnpsAipsGnpsGpsTpsGnpsAnpsAnpsGnpsCnpsG 
npsAnpsAnpsGnpsTnpsGnps-3nh2-C 6543.60 

A E-F GnpsCrpsAnpsGnpsArpsGnpsGnpsTnpsGnpsApsApsGnpsCnpsG 
FnpsAnpsAnpsGnpsTnpsGnps-3nh2-C 6543.60 

A B-F GnpsCnpsAnpsGnpsAnpsGnpsGnpsinpsGnpsAiipsApsGpsCnpsG 
-FnpsAnpsAnpsGnpsTnpsGnps-3nh2-C 6543.60 

A E GnpsCnpsAnpsGnpsAnpsGnpsGpsTpsGpsAnpsAnpsGnpsCnpsGn 
E-F psAnpsAnpsGpsinpsGnps-3iil2-C 6544.58 

A E-F GnpsCnpsAnpsGnpsAnpsGnpsGnpsTnpsGpsApsApsGnpsCnpsGn 6 
psAnpsAnpsGnpsTnpsGnps-3nh2-C 6544.58 

A E-F GnpsCnpsAnpsGn-psAnpsGnpsGn-psTpsGpsApsAnpsGnpsCnpsGn 
psAnpsAnpsGnpsTnpsGiips-3nh2-C 6544.58 

A E-F GnpsCnpsAnp.sGnpsAnpsGnpsGnpsTnpsGnpsApsApsGpsCnpsGn 58 
psAnpsAnpsGnpsTnpsGnps-3nh2-C 65 8 

A B-F GnpsCiipsAnpsGnpsAnpsGnpsGnpsmTpsipsApsApsGpsCnpsGn4p 
sAnpsAnpsGnpsTnpsGnps-3nh2-C 6545.57 

A E-F GnpsCnpsAnpsGnpsAipsGrpsGinpspsGpsApsApsGpsCnpsGrips 
AnpsAnpsGnpsTnpsGnps-3nh2-C 6546.55 

A E-F GnpsCnpsAnpsGnpsAnpsGnpsGpsipsGpsApsApsGpsCpsGnpsAn 6548.52 
psAnpsGnp.sTnpsGnps-3nh2-C 

A E-F GnpsCnpsApsGnpsAnpsGpsGnpsTnpsGpsAnpsAnpsGpsCnpsGnp 6547.54 
sApsAnpsGnpsTpsGnps-3nh2-C 

A E-F GpsCnpsAnpsGpsAnpsGnpsGpsTnpsGnpsApsAnpsGnpsCpsGnps 6548.5 
AnpsApsGinpsnpsGps-3nh2-C 

A E-F GnpsCpsAnpsGnpsApsGnpsGnpsTpsGnpsAnpsApsGnpsCnpsGps 6547.54 
AnpsAnpsGpsinpsGnps-3nh2-C 
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A E-F IGI.psdIIpsAi1pGiisrp~ispsp~sp~s~si.sn 6547.54 

173



WO 2018/053185 PCT/US2017/051644 

[0325] Two oligonucleotides, the first containing 2'MOE PS modifications and the other 

containing 2'MOE NPS, were tested in 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 3x10 mg/kg 

77.2 3.4 log 2.7 log 

69.9 2.4 log 1.9 log 

Improvement 7.3 1 log 0.8 log 

__________Sequence (5'-3) MoilWt.  

2)8 5-mGnpsnoeCnpsnoeAnpsmGnpsmoeAnpsGpsGpsTpsGp 
sApsAps(ipsCpsGpsApsmoeAnpsmGnpsmoeUnpsmGnpsm 8862.97 

oeCnp-C6-NH-GalNAc6-3' 

259* 5'-noeGps(5me)moeCpsmoeApsnoeGpsmoeApsGpsGpsTp 
sGpsApsApsGps(5ne)CpsGpsApsmoeApsmoeGpsnoeTpsn 9008.93 

oeGps(5me)moeC-po-GalNAc2-3' 

*Sequences 260 and 261 were also tested and provided similar results.  

[0326] FIG. 9(a) shows HBsAg results of oligomers 1 and 2 in 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 T, (0C) Reduction (nadir) Reduction (nadir) 

3x10 mg/kg 3x10 ng/kg 

2277.3 3.1 log 2.5 log 

263 69.9 2.4 log 1.9 log 

Improve mrit 7.4 0.7 log 0.6 log 
ment 

Sequence,(5-3) MolWt.  
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5'-GaINAc 2

262* moeGnpsmoeCnpsmoeAnpsmoeGnpsmoeAnpsGpsGpsTpsGpsA 8941.00 
psApsGpsCpsGpsApsmoeAnpsmoeGnpsmoeUnpsmoeGnpsmoe 

Cn 3' 

5'-moeGps(5me)moeCpsmoeApsmoeGpsmoeApsGpsGpsTpsGp 
263 sApsApsGps(5me)CpsGpsApsmoeApsmoeGpsmoeipsmoeGps( 9008.93 

5me)moeC-GaINAc2-3' 

*5'-GalNac2-moeGnpsmoeCnpsmoeAnpsmoeGnpsmoeAnpsGpsGpsTpsGpsApsApsGps(5m)Cp 
sGpsApsmoeAnpsmoeGnpsrnoeUnpsmoeGnpsmoeCn-3' 
and 
5'-GalNac-moeGnpsmoeCnpsmoeAnpsmoeGnpsrnoeAnpsGpsGpsTpsGpsApsApsGpsCpsGpsA 
psmoeAnpsmoeGnpsmoeUnpsmoeGnpsrnoeCn-3' were also tested and provided similar results.  

Table 26 

Max -BsAg Max -IBeAg 
Sequence Reduction (nadir) Reduction (nadir) 

3x5 mg/kg 3x5 mg/kg 

266 2.3 log 2.1 log 

267 2.2 log 1.9 log 

Improvement 0. 1 log 0.2 log 

SSequence (53') Mol Wt.  

5-GaNA c2

266* nGnpsmCnpsmAnpsmGnpsmAnpsGpsGpsTpsGpsApsApsG 8736.73 
ps(5m)CpsGpsApsmoeAnpsmoeGnpsmoeUnpsmoeGnpsmoe 

Cn-3 

5'-GalNac6- NH-C6

267 nioeGps(5m)moeCpsmoeApsmoeGpsnoeApsGpsGpsTpsGp 9105.14 
sApsApsGps(5n)CpsGpsApsmoeApsnoeGpsmoeTpsmoeG 

ps(5n)moeC-3' 

*5'-GaINAc2
mGnpsmCnpsmAnpsmGnpsmAnpsGpsGpsTpsGpsApsApsGps(5m)CpsGpsApsmAnpsmGnpsm 
UnpsmGnpsmCn-3' was also tested and provided similar results.  

[0327 1As can be seen above, the MOE NIS oligomers were more active than MOE PS in vivo 

and OMe NIS is as active as MOE PS oligomers.  

[03281 Two oligonucleotides, the first containing OEt NIS substitution and the second having 

MOE NPSwere 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 HBeAa Reduction 
Seque (nadir) (nadir) 

3x5 mg/kg 3x5 mg/kg 

269 1.9 log 1.7 log 

270 1.9 log 1.8 

iffere 0 log -0. 1 log 
nce 

4 Sequence (5'-3') 

5'-GalNAc2-etoGnps(5m)etoCnpsetoAnpsetoGnpsetoAnpsGps 

269 (ipsTpsGpsApsApsGps(5m)CpsGpsApsetoAnpsetoGnpsetoTnpsetoGnps(5m)etoCn
3' 

5-GaiNAc2
270 moeGnpsmoeCnpsmoeAnpsmoeGnpsmoeAnpsGpsGpsTps(ipsApsApsGps(5m)CpsG 

psApsmAnpsmGnpsmUnpsmGnpsmCn-3 

[0329] As can be seen above, the MOE NPS oligomers had similar activity to the OEt NIPS 

oligomers.  

[0330] Four oligonucleotides, 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 in vitro. The followingTable 28 summarizes the results of the testing. Comparing with 

Sequence #9 (MOE PS), Sequence #10 (MOE NPS) is 7 times more potent in vitro. Comparing 

with Sequence #11 (OME PS), Sequence #12 (OME NPS) is close to 6 times more potent.  

Table 28 

Sequence 2215 FHBsAg EC50 (nM) Tm (°C) 

271 5 69.9 

0.7 77.3 

273 5 70.7 

274 0.9 75.5 
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271 inoeGpsmoemCpsnoeApsmoeGpsmoeApsGpsGpsTpsGpsApsAps 7344.19 
Gps5mCpsGpsApsmoeApsmoeGpsmoeTpsmoeGpsmoenC 3' 

5'moeGnpsmoeCnpsmoeAnpsmoeGnpsmoeAnpsGpsGpsTpsGpsA 
272 psApsGpsCpsGpsApsmoeAnpsmoeGnpsmoeUnpsmoeGnpsmoeCn 7276.27 

3' 

5'
273 mGps5mmCpsmApsmGpsmApsGpsGpsTpsGpsApsApsGps5rmCps 6889.64 

GpsApsmApsmGpsmUpsmGps5mmC-3' 

5'-mGnpsmCnpsmAnpsmGnps 
274 mAnpsGpsGpsTpsGpsApsApsGpsCpsGpsApsmAnpsmGnpsmUnp 6837.71 

smGnpsmCn-3' 

[0331] Two oligonucleotides, the first containing 5'GalNAc-2'-MOE NIPS substitution, the 

second having 5'-GalNAc-6: MOE PS substitution was tested in vivo. The followingTable 29, 

along with FIG. 8, summarizes the results of the testing. Maximum HBsAg reduction (nadir) 

improvement is shown inTable 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 

Sequence (5'-3') M1W 

5'-GalNAc2-moeGnpsmoeCnpsmoeAnps moeGnpsmoeAnpsGps 
275 GpsTpsGps ApsApsGps (5m)CpsGpsAps 8957.00 

noeAnpsmoeGnpsmoeUnps moeGnpsmoeCn-3' 

5'-GalNac6-NH-C6

276 nioeGps(5m)moeCpsmoeApsmoeGpsmoeApsGpsGpsTpsGpsApsA 9105.14 
psGps(5m)CpsGpsApsmoeApsmoeGpsmoeTpsmoeGps(5m)moeC

3' 

Dose Improvement of I-IBsAg 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 oligonucleotides, the first containing 3'-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 

5'moeGps(5m)moeCpsmoeApsmoeGpsmoeApsGpsGpsTpsGpsApsAps 9008.93 
277 Gps(5m)CpsGpsApsmoeApsmoeGpsmoeTpsmoeGps(5me)moeC

GalNAc2-3' 

25 8 mGnpsmoeCnpsmoeAnpsmGnpsmoeAnpsG(ipsipsTpsGpsApsApsGpsC 8862.97 
psGpsApsmoeAnpsmGnpsmoeUnpsm(tnpsmoeCnp-C6-NH-GalNAc6 

3' 

Sequence 277 258 Improvement 

Tm (°C) 69.9 77.2 7.3 

2215 HBsAg In vitro EC50 5 0.7 7.1-fold 
(nM_) 

Max1-HBsAg Reduction 
Mail g/kg Reuct2.4 log 3.4 log I log (10 times) (nadir-)3x10 mig/k 

Max HBeAg Reduction 
Mg c 1.9 log 2. 7 log 0.8 log (6.3 times) 

(nadir) 3x10 mg/kg 

10333] Two oligonucleotides, the first containing OME NPS substitution, the second having 

OME PS substitution were tested in vivo. The following Table 31, along with FIG. 10, 

summarizes the results of the testing. OME NPS is much more potent in vivo than OME PS.  

Table 31 

Sequence (5'3') MW 

5-GaINAc2
278 mGnpsmCnpsmAnpsmGnpsmAnpsGpsGpsTpsGpsApsApsGpsCpsGpsA 8502.45 

psmAnpsmGnpsmUnpsmGnpsmCn-3' 

279 mGps(5m)mCpsmApsmGpsmApsGpsGpsTps(ipsApsApsGps(5m)CpsG 8650.54 
psApsmApsmGpsmUpsmGps(5m)mC-GaINAc-3' _ _ 
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Max HBsAg 
Improvement Reduction Max HBeAg 

of OME NPS over OME PS (nadir) Reduction (nadir) 
improvement 

3x10 mg/kg 0.9 Log (8 times) 0.5 Log (3.2 times) 

[0334] The following sequences were tested in the HBV mouse model. The results are shown in 

n F.InFIG. 1A, at x1mg/kg dose, 3' GalNac MOE NPS maintained as high as 0.8 log 

(6 times) better efficacy than 5' GaNac MOE PS, advantage was maintained throughout most of 

the 21 day study. 5'GalNac MOE NPS maintained as high as 0.4 log (2.5 times) better efficacy 

than 5' GIaNac MOE PS, advantage was maintained throughout most of the 21 day study. In 

FIG. 11B, at 3x3.3 mg/kg dose, 3' GaNac MOE NPS and 5'GaNac MOE NPS performed 

similarily, both maintained as high as 0.6 log (4 times) better efficacy than 5' GaNac MOE PS, 

advantages were maintained throughout most of the 21 day study.  

Table 32 

# Chemistry Sequence (5' 3') MW 

5'-GalNac6-NH-C6

276 MOE PS moeGps(5m)moeCpsmoeApsmoeGpsnoeApsGpsGpsTps 9105 14 
GpsApsApsGps(5m)CpsGpsApsmoeApsmoeGpsmoeTps 

moeGps(5m)moeC-3' 

5'-GalINAc 2 -moeGnpsmoeCnpsmoeAnps 

280 MOE NPS moeGnpsmoeAnpsGpsGpsTpsGpsApsApsGps 8957.00 
(5m)CpsGpsApsmoeAnpsmoeGnpsmoeUnps 

moeGnpsmoeCn-3' 

[0335] The following sequences were tested in the HBV mouse model. The results are shown in 

FIG IIA 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 0, 2, 4.  

Table 33 

# Chemistry Sequence (5' - 3') MW 

5'-GalNac6-NH-C6
276 MOE PS moeGps(5m)moeCpsmoeApsmoeGpsmoeApsGpsGps 9105.14 

TpsGpsApsApsGps(5m)CpsGpsApsmoeApsmoeGpsm 
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oeTpsmoeGps(5m)moeC-3' 

moeGnpsmoeCnpsmoeAnpsmoeGnpsmoeAnpsGpsGp 
281 MOE NPS sTpsGpsApsApsGps(5m)CpsGpsApsmoeAnpsmoeGn 9053.85 

psmoeUnpsmoeGnpsmoeCnp-C6-NH-GaiNAc6-3' 

5'-GaINAc2
moeGnpsmoeCnpsmoeAnpsmoeGnpsmoeAnpsGpsGp 

282 MOE NPS sTpsGpsApsApsGps(5m)CpsG'psApsmoeAnpsmoeGn 8957.00 
psmoeUnps moeGnpsmoeCn-3' 

[0336] The following sequences were tested in the HBV nouse 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 

# Chemistry Sequence5'3' °BsAg MW 
reduction 

(nadir) 

5'-GiaiNAc-GnpsCnpsAnpsGnpsAnpsGps 
283 Deoxy NPS ipsTpsGpsApsApsGpsCpsGpsApsAnpsGnps 1.1 8312.38 

TnpsGnpsCn-3' 

5'-GaINAc

265 MOE NPS moeGnpsmoeCnpsmoeAnpsmoeGnpsmoeAn 
ps(psipsTpsGpsApsAps(psCps(psApsmoe 
AnpsmoeGnpsmoeUnpsmoeGnpsmoeCn-3' 

[0337] The following sequences were tested in the HBV mouse model. The values in the right 

column show max HBsAg reduction in LOG dosed at3x10 mg/kg Days 0, 2, 4.  

Table 35 

No. Max 
H-BsAg Targeted HBV 

. Chemistry Sequence 5'-3' reduction MW 
Region 

(nadir) in 
log 

283 DR2i#1 DeoxyNPS 5'-GaiNAc- 1.1 8312.  
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GnpsCnpsAnpsGnpsAnpsGps 38 
CipsTpsGpsAps~ps~ipsCpsGpsAps 

AnpsGnpsTnpsGnpsCi-t3 

284 5'-&aINAc
DR2#1 OMENIPS GnpsrnCnpsmAnpsn-Gnpsm Artps858 

DR 4 NF JSGps 2I 6 
GpsTpsGpsApsAps~ipsCpsGpsAps 
r-nAnpsm~inpsnUnpsmGn-psnCni3 

285 5'-&aINAc

DR# ~fGr-tpsfCnpsfAnpsfC-npsf,,njps~ipsG 25 8478.  
psTpsGpsApsApsGpsCpsGpsApsfA ~ 26 

____npsfGnpsflnpsfGnips-3n2fC-3' 

286 5'-&aINAc
afC-njpsafCnpsafAnpsafGnpsafAnps842 

DR2 --1 Ara FNIPS GpsGpsTpsGpsApsApsGpsCps~ps 0.5 29 
ApsafAnpsafC-njpsafitnpsafGnpsafC 

287 5'.'-GalNAc 

D22 DoNIS dTnpsGnpsCnipsAn-ps~inpsApsGpsG 11 8327.  
psTpsGpsApsApsGpsCps~ipsAnpsA 2 

___________ npsGnpsTnp-3nh2-Ci-3' _____ 

288 5'-GalNAc 
rninpsi-nGnpsrnCnpsmnAnpsrnGnps 

DR.2# 2 OMENIPS Aps~ipsGpsTpsGpsApsAps~ipsCps 2.1 859 
GpsrnAnpsm Anpsmn~npsrnUnpsnG 6 

ni-3' 

289 5'.'-GalNAc 
fUnpsfGnpsfCnpsfAnpsfGnpsApsG 8479.  

DR# FIS psGpsTpsGpsApsApscipsCps~ipsfA 2.4 294 

___ _________________ npsfAnpsfGnpsfL-nps-3nh' .fG-3 

2190 5'-C3aINAc 
my(-npsmn.npsr~nlJnpsnmCnpsmn.nps807 

Pre-PoiyA OME NIPS ApsApsApsTpsTps5MeCpsTpsTpsT 1. 84 
psApsm)npsrnAnpsmAnpsrninpsm 

GnpsrnGn-3' 

291 5'-GaINrc
rnoeGnpsmoeCnpsmoeUnpsrnoe('np 10 9292.  

PrePoyA OEPS smoe('npsApsApsAps'lps'lps5Me( 2. 42 

psl'pslpsl'psApsrnoenpsmoeAnps 
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ImoeAnpsmoeGnpsmoeGnpsmoeGn
3' 

[0338] The following oligomers having MOE/NPS and MOE/PS substitution were tested using 

(1) a HepG2.2.15 I-HBsAg reduction potency comparison, (2) a HepG2.117 -BV DNA reduction 

potency comparison, (3) a Primary Human Hepatocyte (PHI) HBsAg reduction potency 

comparison, (4) a Primary Human Hepatocyte (PHH) HBeAg reduction potency comparison.  

Table 36 

1 2 3 4 

2117 PITH PH 
HB\H 

No. Sequence (5'-3') 221 5 sAgEC50 DNA 5BsAg E 
(nNM) EC50 EC50 EC50 

(n) (nN) (nMvl) 

moeGps(5m)moeCpsmoe 
ApsmoeGpsmoeApsGps 

292 GpsTpsGpsApsApsGps(5 5.1 11.4 16.2 20.1 
m)CpsGpsApsmoeApsm 7344.19 
oeGpsmoeTpsmoeGps(5 

m)moeC-3' 

5'
moeGnpsmoeCnpsmoeAn 
psmoeGnpsmoeAnpsGps 

293 GpsTpsGpsApsApsGps(5 0.43 1.9 1.7 2.5 7292.26 
m)CpsGpsApsmoeAnpsm 
oeGnpsmoeUnpsmoeGnps 

moeCn-3' 

Table 37 

No. Chemistry MW Sequence 

294 F NPS 
with OPO 8507 

linkto fGnps(5m)fCnpsfAnpsfGnpsfAnpsGpsGpsTpsGpsApsApsGpsCps 
link toc GpsApsfAnpsfGnpsflnpsfGnpsfC-C6-NH-GalNac6-3' 3 Gal8ac 
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295 F NPS with 492.
NPO link to - - fGnpsfCnpsfAnpsfGnpsfAnpsGpsGpsTpsGpsApsApsGps(5m)CpsG 

3'GalNac psApsfAnpsfGnpsfUnpsfGnpsfCnp-C6-NH-GalNAc6-3' 

[0339] A s shown in FIG. 12A, at Ix 10 mg/kg F NPS with OPO linkage to 3'GalNac 

significantly outperformedF NPS with NPO linkage, as high as 1.2 log (16 times) betterat 

certain time points.  

Table 38 

No. Chemistry MW Sequence 

i96 OMENPS 5-mGnpsmCnpsmAnps mGnpsmAnpsGps GpsTpsGps 
lingt 8614.39 ApsApsGps (5m)CpsGpsAps mAnpsnGnpsmUnps 
linkage to mGnpsmCnp-C6-N-iGaiNAc6-3 
3 GalNac 

29 OM0-\-/E NPS 
with OPO 5-mGnpsmCnpsmAnps mGnpsmAnpsGps GpsipsGps 

linkage to 8614.43 ApsApsGps (5m)CpsGpsAps mAnpsmGnpsmUnps 
linkageto n-GnpsmC-C6-NH-GalNAc6-3 3'GalNac 

[0340] As shown in FIG. I2B, at 1x 10 mg/kg, OME NPS with OPO linkage to 3'GalNac 

significantly outperformed OME NPS with NPO linkage, as high as 0.7 log (5 times) better at 

certain time points.  

Table 39 

No. Chemistry MW Sequence 

298 MOE NPS 5'-moeGnpsmoeCnpsmoeAnps moeGnpsmoeAnpsGps 
with NPO 9053.85 GpsTpsGps ApsApsGps (5m)CpsGpsAps 
linkage to 08 moeAnpsmoeGnpsmoeUnps moeGnpsmoeCnp-C6-NH
3'GaiNac GaINAc6-3' 

299 MOENPS 5'-moeGnpsmoeCnpsmoeAnps noeGnpsmoeAnpsGps 
with OPO 906962 GpsTpsGps ApsApsGps (5m)CpsGpsAps 
linkage to moeAnpsmoeGnpsmoeUnps rnoeGnps(5m)noeC-C6-NH
3'GalNac GaINAc6-3' 

Table 40 

No Chemistry MW Sequence 
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300 5, GaINac 5-GaINAc2-moeGnpsnoeCnpsmoeAnps rnoeGnpsnoeAnpsGps 

MOE NIPS 8955.48 GpsTpsGps ApsApsGps (5m)CpsGpsAps 
moeAnpsmoeGnpsmoeUnps moeGnpsmoeCn-3 

301 5' GaNac 5-GaiNAc2-etoGnpseto(5n)CipsetoAnps etoGnpsetoAnpsGps 

OEt NPS 8697.6 GpsTpsGps ApsApsGps (5m)CpsGpsAps etoAnpsetoGnpsetoTnps 
etoGnpseto(5m)Cn-3' 

[0341] As shown in FIG. 12C, at Ix 10 mg/kg, OFt NIPS is as efficacious as MOENPS.  

Table 41 

No. 2215 2215 
Sequence . . I-BsAg HBsAg 

5'-3' Modification MW EC50 CC50 

(uM) (uM) 

302 5-rnGnpsmCnps2-4
OCH2AnpsmGnpsmAnpsGpsGpsTps Anti-DR-1with 

GpsApsApsGpsCpsGpsAps2-4- x2 6835.3 0.0008 
OCH2AnpsmGnpsmUnpsnGnps3- 3'-NH-LNA-A 00148 

NH2nC-3 

303 5-mGnpsmCnps2-4
OCH2CH2AnpsmGnpsmAnpsGpsGp Anti-DR-Iwith 
sTpsGpsApsApsGpsCpsGpsAps2-4- x2 6862.0 0.00067 0.0256 
OCH2CH2AnpsmGnpsmUnpsmGnps 3'-NH-ENA-A 

3-NH2nC-3 

304 5-mGnpsmCnps2-4
OCH2CH2AnpsmGnps2

4OCHCI-IAnpsps~p~ps~s~pAnti-DR-1with 40CH2CH2AnpsGpsGpsTps sAps x3 6874.7 0.0009 0.0214 
ApsGp~sCpsGpsAps2-4- 3'-NH-ENA-A 

OCH2CH2AnpsmGnpsmUnpsmGnps 
3-NH2mC-3 

305 5-mtGnpsniCnpsmAnpsnGnps2-4
OCH2CH2AnpsGpsGpsTpsGpsApsA Anti-DR-I with 

psGpsCpsGpsAps2-4- x2 6863.3 0.00029 0.0226 
OCII-2CH2AnpsmnGnpsmUnpsnGnps 3'-NI-ENA-A 

3-NH2nC-3 
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306 5 
m-GnpsmCnpsmUn-psrnCnpsmCnps27.

4- Pre Poly'Awith 
OCH2CH2AnpsApsApsTpsTpsCpsTp x2 7116.0 0.0005 >10 

sTpsTps mAnpsn-U-npsmArtps2-4- 3'-NH-ENA-A 
OCH2)CH2AnpsrnGnpsmnjnps3

NH2rnG-3 

307 5
rnGnpsmCnpsrnUnpsrnCnpsmCnps2-,' 

4- PrPvclv A with 
OCH2)CH2AnpsApsAps'lps'lpsCpsTp 

sTpsTps2-,4- X-- 7128.6 0.00055 >1.00 

OCH2CH2-)AnpsrnUnpsrnAnps2-4- -N FAA 
OCH2 CH2AnpsmC-npsrnGnps3

NH2rnG-3 

308 5
rnGnpsmCnpsrnUnpsrnCnpsmCnps2-,l 

4- PePl 
OCH2 CH2AnpsApsAps'lps'lpsCpsTp Pre 3 12.91.00 >A0 

sTpsips2-4-OCH2 witNh-3 717.N.006 >10 
CH2AnpsrnUnps2-4- 3N-N

OCH,,CH2AnpsmAnpsrnGnpsrnGips 
3-NFHrnG-3 

Table 42 

No. Oligonucleotides (5'-3') Modification HBsAg 2215 -lBsAg 
EC50 CC50O(uM/) 

5

xx mnpsnmCnpsrnAnpsnminpsrnAnps~psci Contoi- 
psTps~ipsApsAps(;psCps(-'psApsrniAnps 

_________ m~inpsmyi)-npsmnrnps3-NH42mC('-3 __________ ____ ______ 

5-2-4 
OCH2CH2GnpsmCnpsrnAnpsrnGnpsrnA DR-I with 

309 npsGpsGpsTpsGp~sApsApsGpsCpsGpsA '3'-NI--ENA- 0.0013 0.0553 
psmAnpsrnGnpsrnUnps2-4 G(1±+1) 

_____ OCH2CffiGnps3-NH~rnC-3 ______ _______ 

185



WO 2018/053185 PCT/US2017/051644 

52-4 OCH2CH2 Gnpsm-CnpsmAnps2-4 DR- Iwith 
OCH2CH2GnpsmAnpsGpsGpsTpsGpsAp 31N-E.

310 sApsGpsCps~jpsApsrnAnps2-/l NH-ENA- 0.0006 0 0230 
OCH2CH2Gnpsmtnps2-4 2+2-,NI

_____ OCH2CH_2Gnps3-NH~mC-33'N EA
5-2-4 OCH&[I?.12CGnpsmn(nps2'-4- DR- Iwith 

0.'f2(.I-I-AipsmninpmAiips( ps~psl'p 3'-ENA-G& 3'
311 s~lpsApsAps(3ps(.p.(ipsApsrnAnpsmGn ENAA (1±..1) 0.00078 0.0 305 

2sniUnpsmGnLs3-NIlniC-3 AsYmmnetric ____ 

5-2-4 
OCH2CH-2GnpsmCnpsmUnpsn-CnipsmC 

nps2-4- Pre Poly Awithn 
312 0OCH2 CH2 ArpsA psA psTp sTp sC psTps Tp 1171+1 00015 >1.00 

sTps rnAnpsmUnpsrmAnps2-4- 3' NH-EN A-G+A 
OCH2CH2AnpsmC-npsn-2-4 

________ OCF1)C2C2nps3-NI-2M(;-3 _________ __________ 

5-2-4 
O(C-i2Gn )nsn nsmnp Pre PolY Awith 

313 npsmAnipsApsAps'lps.TpsCps'Fps'Fps'lps _3'-NI--ENA-G 0.00171 -,-1.00 
mAnpsmUnpsmAnpsmAnpsmGnpsm2-4 I+1 

_____ OMHCH_2GIps'3-NH2mG-3 ______ _______ 

Table 43 

2215 2215 
Found~~~s . -CS ~~ 

No. Fondi1gonucleotides (5'-3') Modification gPC ( -BsAc 
PrtEC50 (um) 

____ ____ ____ ____ ___ ____ ____ ___ ___ (uim )__ _ 

5

314 6838.8 inipsniCnpsmAnpsniGnpsmAnips~ips Control 86% -- -
(iips'ps(3psApsAps(ips(-ps~psApsmnAn 

p-,m-n piLsmn 'n sm (3np s3-NIl2m ,C -3 ----------- _ -------- _---------------

's-nGnps2-4 OCH2CH2 
315 602.9(5me)CnpsmArtps2-4 DR-] 3% 0003 >.0 

31 929OCH2CH2Gnps'rnAnipsGps~psTpsGpsA 2.1 83 3 >10 
psApsGpsCpsGpsApsmAnps'mGnps2-4

______ OCH2CH2Tnpsm~nps3- _H2mC-3 ______________ 

5-2-4 OCH-1C1l2GnpsmCnps2-4 0.004 

31 948s( psApsAps(ips(-ps~ipsrpsmnAnpsniG 2R-±2 4 0.00 >1.00 
nps2 -4O0CH2CH21'npsniGnps2-2.. 2 

_____ ____ OC -12(1123-N_112(Srne)C .........._ 5___ ___ _____ 
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5-2-4 OCH2CH2GnpsnCnps2-4 
OCH2CH2TnpsmnCnpsmCpsmAnpsAps Pre Poly A 0.002 

317 7169.0 ApsTpsTpsCpsTpsTpsTpsmAnps2-4 84% >1.00 
OCH2CH2TnpsmAnpsmAnpsmGnps2-4 ~22 

____ OCH2CH2Gnps3-NH2mTIG-3 
5-mGnps2-4 OCH2CH112 

(5me)CnpsmUnps2-4 OCH2CH 
318 7182.2(5me)CnpsmCnpsmAnpsApsApsTpsTps Pre Poly A 0.005 1.00 

CpsTpsTpsTpsmAnps2-4 2+2 1 
OCI-2C-12TnpsmAnpsmAnps2-4 

_ OC-12C1-2GnpsmGnps3-N-lmG-3 __ 

[03421 In some embodiments, the oligonucleotide of the present disclosure also include an 

oligonucleotide that is selected from the nucleobase sequence listed in Tables 1-43, independent 

of the modifications of the sequences Isted inTables 1-43. Oligonucleotides of the present 

disclosure also include an oligonucleotide comprising a sequence that is at least 90% identical to 

a nucleobase sequence selected from the sequences listed in Tables 1-43, independent of the 

modifications of the sequences listed inTables 1-43. In some embodiments, 1, 23, 4, 5 

nucleobases are different from the sequences listed in Tables 1-43, independent of the 

modifications of the sequences listed inTables 1-43.  

[0343] In some embodiments, the oligonucleotides of the present disclosure also include an 

oligonucleotide that is selected from the nucleotide sequences listed in Tables 1-43, independent 

of the nucleobases of the sequences listed inTables 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 inTables 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.  
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WHAT IS CLAIMED IS: 

1. A chimeric antisense oligonucleotide represented by Formula (A): 

5'X-Y-Z 3' (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) 

HN 0 OR 

RS' 
(1); 

R is H or a positively charged counter ion; 

B is a nucleobase; 

Ri is -(CR'2)20CR'3 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; 

Ri is -(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 Ri is -OEt.  

5. The oligonucleotide of claim 1, wherein R is -(CH2)20CH3.  

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(5m)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-Z 3' (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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HN -0OR1 

RS' \ 
>rl (1); 

R is H or a positively charged counter ion; 

B is a nucleobase; 

Ri is -CR'3, -CR'20CR'3, -(CR'2)30CR'3 or -(CR'2)1-2CR'3,-(CR'2)20CR'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.  

12. The oligonucleotide of claim 11, wherein 

R is H, 

Ri is -(CR'2)20CR'3, and 

each R'is H.  

13. 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.  

14. The oligonucleotide of claim 11, wherein Ri is -Et or -(CH2)20CH3.  

15. The oligonucleotide of claim 11, wherein the Y domain sequence comprises 10 nucleosides.  

16. 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.  

17. The oligonucleotide of claim 16, wherein each B is independently selected from the group 

consisting of adenine, guanine, thymine, cytosine, uracil, 5-methylcytosine, 2,6

diaminopurine, and 5-methyluracil.  

18. 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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