emergence of resistance mutations in HCV requires treatment with additional agents. Developing
therapies include NS3/4A protease inhibitors, NS5A protein inhibitors, nucleoside/tide NS5B polymerase
inhibitors and non-nucleoside NS5B inhibitors. However, there remains a need for additional therapies to
treat infected individuals who do not respond fo current treatments, who relapse following successful
treatment, or who have a low tolerability for one or more currently used drugs. Resistance to antiviral
therapy is a major problem associated with a high mutation rate of HCV and is seen even with
combinations of drugs working through multiple mechanisms. Accordingly, therapeutics that target
conserved, mutation-resistant viral host factors, such as miR-122, represent an opportunity to effect

higher and more durable cure rates.

SUMMARY GF-HINVENTFION

In one aspect, the present invention refers to a compound comprising a modified oligonucleotide

consisting of 16 to 22 linked nucleosides, wherein the nucleobase sequence of the modified

olizonucleotide is complementary to miR-122 (SEQ ID NO: 1) and wherein the modified oligonucleotide

comprises at least 16 contiguous nucleosides of the following nucleoside pattern I inthe 5" to 3°

orientation: (RIX-NO-NO-NB-NB-NO-NB-NO-NB-NO-NB-NB-(NZ)Y. wherein each R is

independently, a non-bicvclic nucleoside or a bicyclic nucleoside: X is from 4 to 10: each NB is

independently, a bicyclic nucleoside:; each NO is, independently, a non-bicvyelic nucleoside: Y is 0 or 1;

and N7 is g modified nucleoside or an unmodified nucleoside. In another aspect, the present invention

refers to a compound of the structure:
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wherein X is a phosphodiester linkage: mis 1: N is a B-D-deoxvriboadenosine: Y is a phosphodiester

linkage: and MO is a modified oligonucleotide having the structure




A CAMCMCARTETGUCSACACSTCC (SEQ 1D NO: 4), wherein the superscript “Me”

indicates 5-methvicvtosine, wherein nucleosides not followed by a subscript are 8-D-

deoxyribonucleosides. nucleosides followed by a subscript “E” are 2°-MOE nucleosides, nucleosides

[ToEAl

followed by a subscript “S™ are S-cEt nucleosides, and each internucleoside linkage is a phosphorothioate

internucleoside linkage: and wherein Y is linked to the 3° terminus of the modified oligonucleotide.In

another aspect, the present invention refers to a pharmaceutical composition comprising the compound as

described herein and a pharmaceutically acceptable carmer. In a further aspect, the present invention

refers to use of a compound as disclosed herein, or the pharmaceutical composition as disclosed herein

in the manufacture of a medicament for treating an HCV-infected human subject.
Provided herein are compounds comprising a modified oligonucleotide consisting of 16 to 22
linked nucleosides, wherein the nucleobase sequence of the modified oligonucleotide is complementary to
miR-122 (SEQ ID NO: 1) and wherein the modified oligonucleotide comprises at least 16 contiguous
nucleosides of the following nucleoside pattern I in the 5° to 3’ orientation:
(R)x-NO-NUNENENUNE-NONE-NUNENE-(NF)y
wherein each R is, independently, a non-bicyclic nucleoside or a bicyclic nucleoside;
X is from 4 to 10;
each N® is, independently, a bicyclic nucleoside;
each N s, independently, a non-bicyclic nucleoside;
YisOor1; and
N? is a modified nucleoside or an unmodified nucleoside.

In certain embedimentsexamples, a compound provided herein comprises a modified
oligonucleotide comprising at least 16, at least 17, at least 18, at least 19, at least 20, at least 21, or 22
contiguous nucleosides of nucleoside pattern L »

In certain gxamplesembediments, each bicyclic nucleoside is independently selected from an
LNA nucleoside, a cEt nucleoside, and an ENA nucleoside. In certain examplesembediments, at least two
bicyclic nucleosides are different from one another. In certain examplesembediments, all bicyclic
nucleosides have the same sugar moiety as one another. In certain examplesembodiments, each bicyclic
nucleoside is a cEt nucleoside. In certain examplesembeodiments, a cEt nucleoside is an S-cEt nucleoside.

" In certain examplesembodiments, a cEt nucleoside is an R-cEt nucleoside. In certain
examplesermbodiments, each bicyclic nucleoside is an LNA nucleoside.



In certain embedimentsexamples, at least two non-bicyclic nucleosides comprise sugar moieties
that are different from one another. In certain examplesembediments, each non-bicyclic nucleoside has
the same type of sugar moiety. In certain exainplesembeodiments, each non-bicyclic nucleoside is
independently selected from a B-D-deoxyribonucleoside, a -D-ribonucleoside, 2’-O-methyl nucleoside, a
2’-O-methoxyethyl nucleoside, and a 2’-fluoronucleoside. In certain exampleserabeodiments, each non-
bicyclic nucleoside is independently selected from a B-D-deoxyribonucleoside, and a 2’-O-methoxyethyl
nucleoside. In certain examplesembeodiments, each non-bicyclic nucleoside is a §-D-deoxyribonucleoside.
In certain examplesembeodiments, each non-bicyclic nucleoside is a 2’-MOE nucleoside. In certain
examplesembodiments, no more than two non-bicyclic nucleosides are 2°-MOE nucleosides, wherein
each other non-bicyclic nucleoside is a f-D-deoxyribonucleoside. In certain exampleserbediments, the
5’-most and the 3’-most non-bicyclic nucleosides are 2°-MOE nucleosides and each other non-bicyclic
nucleoside is a B-D-deoxyribonucledside. In certain examplesembediments, two non-bicyclic nucleosides
are 2°-MOE nucleosides and each other non-bicyclic nucleoside is a B-D-deoxyribonucleoside.

In certain examplesembediments, each R is a 2’-MOE nucleoside. In certain
examplesembediments, X is 4, 5, 6, 7, 8, 9, or 10. In certain examplesembeodiments, Y is 0. In certain
examplesembediments, Y 1s 1,

In certain examplesembediments, X is 7, each R is a 2°-O-methoxyethyl nucleoside, each N®is an
S-cEt nucleoside, each N%is a B-D-deoxyribonucleoside, and Y is 0.

In certain examplesembediments, X is 4; (R)x is NRI—NM-NM—NM, wherein each of N* and N® is
a S-cEt nucleoside and each of N®? and N* is a p-D-deoxyribonucleoside; each N®is an S-cEt nucleoside;
each N is a B-D-deoxyribonucleoside; Y is 1; and N*is a p-D-deoxyribonucleoside.

In certain examplesembodiments, X is 4; (R)x is NM-N®-N-N™, wherein each of N*' and N®is
a S-cEt nucleoside and each of N®* and N®2 is a p-D-deoxyribonucleoside; each N®is an S-cEt nucleoside;
each N9 is a B-D-deoxyribonucleoside; Y is 1; and N”is a 2°-O-methoxyethyl nucleoside.

In certain examplesesnbediments, X is 7; (R)x is NRLNFRNBNRNPNRONY | wherein each of
NRN®2 N®, and N*and is a 2’-O-methoxyethyl nucleoside, each of N** and N*’ is a p-D-
deoxyribonucleoside, and N® is S-cEt nucleoside; each NPis an S-cEt nucleoside; each N9 is a B-D-
deoxyribonucleoside; and Y is 0.

In certain examplesembediments, X is 7; (R)x is NM-NPENPB NP NP NRNY | wherein each of
NRUNR2 NB N™ and N®° is a 2°-O-methoxyethyl nucleoside, N*is S-cEt nucleoside, and N* is a p-D-

deoxyribonucleoside; each N®is an S-cEt nucleoside; each N? is a B-D-deoxyribonucleoside; and Y is 0.



In certain examplesembediments, X is 7; (R)x is NRI—NR2~NK”-NR4~NR5-NR6~NR7, wherein each of NRI,
N®2 NP N NP, and N®¢ is 2’-O-methoxyethyl nucleoside, and NV is a B-D-deoxyribonucleoside; each N®
is an S-cEt nucleoside; each N?is a B-D-deoxyribonucleoside; and Y is 0.

In certain examplesembodiments, X is 10; (R)x is NF-NFZNF NN NRONFT.NRENRONRIC,
wherein each of NRI; NRZ, N®? , NR4, NRS, and N® is 2’-0O-methoxyethyl nucleoside, each of N and N® is a an
S-cEt nucleoside; each of N and N® is a B-D-deoxyribonucleoside; each N® is an S-cEt nucleoside; each N@
is a B-D-deoxyribonucleoside; and Y is 0.

In certain examplesembediments, X is 10; (R)x is NF-NFNRNRA NP NRONR NRENRNRIC,
wherein each of NRl, NRZ, NR3, NR4, NBS ,and NS s 2’-0O-methoxyethyl nucleoside, each of N¥and N¥ is a an
S-cEt nucleoside; and each of N* and N*° is a B-D-deoxyribonucleoside; each N®is an S-cEt nucleoside;
each N9 is a B-D-deoxyribonucleoside; Y is 1 and N is a 2’-O-methoxyethyl nucleoside.

In certain examplesembediments, X is 4; (R)x is NELNRLNREN® wherein each of NYand N® is an
S-cEt nucleoside, and each of N*' and N®* is a B-D-deoxyribonucleoside; each N®is an S-cEt nucleoside; each
N®is a B-D-deoxyribonucleoside; Y is 1 and N is a B-D-deoxyribonucleoside.

In certain examplesembediments, X is 4; (R)x is NELNRNBNM, wherein N®! is a 2°-0O-
methoxyethyl nucleoside, each of N™> and N is an S-cBt nucleoside, and N™ is a B-D-deoxyribonucleoside;
each NP is an S-cEt nucleoside; each N is a B-D-deoxyribonucleoside; Y is 1 and N” is a 2’-O-methoxyethyl
nucleoside.

In certain examplesembediments, the nucleobase sequence of the modified oligonucleotide is at least
90%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% complementary to the nucleobase sequence of miR-122 (SEQ ID NO: 1).

In certain examp?esefmbeéi:m@m&, wherein at least one internucleoside linkage is a modified
internucleoside linkage, or wherein each internucleoside linkage is a modified internucleoside linkage, and,
optionally, wherein the modified internucleoside linkage is a phosphorothioate internucleoside linkage.

In certain examplesesmbodiments, the nucleobase sequence of the modified oligonucleotide is selected
from SEQ ID NOs: 3 to 6, wherein each T is independently selected from T and U.

In certain examplesembodiments, the modified oligonucleotide has 0, 1, 2, or 3 mismatches with
respect to the nucleobase sequence of miR-122,
lesembediments-a compound has the structure:

A" CpAE ™ CCpAETETGUCsACSACSTCCs (SEQ ID NO: 4);
CsCASTTGUCsACsACSTCsCsA (SEQ ID NO: 3);
MeCSCATSTG T CsAM CsAMC T CsMCy A (SEQ ID NO: 3);
Ag"°CpAE"*CeCASTTGUCsACSACSTCsCs (SEQ ID NO: 4);

Ap " CeAECe™ CrATTGUCsACSsACSTCsCs (SEQ ID NO: 4);
ApCrAE C™ CALTTGUCsACsACSTCsCs (SEQ ID NO: 4);

In certain exam




MeCpARAEAE " CEARCsCASTTGUSCSACSACTCCs (SEQ ID NO: 5);
MeCpApAEAE CrAECsCASsTTGUSCsACSACSTCsCs Ty (SEQ ID NO: 6);
CsCAUSTGUsCsACSACSTCsCsA (SEQ 1D NO: 3); or
MeCeCsAUSTGUCSACSACSTCCsAg (SEQ ID NO: 3);
wherein the superscript “Me” indicates 5-methylcytosine; nucleosides not followed by a subscript are p-
D-deoxyribonucleosides; nucleosides followed by a subscript “E” are 2’-MOE nucleosides; nucleosides
followed by a subscript “S” are S-cEt nucleosides; and each internucleoside linkage is a phosphorothioate
internucleoside linkage.

In some examplesembediments, a compound has the structure:

UsTGUCsACSACSTCsCsAg; or

CsAsCgACsUgCsCs
wherein nucleosides not followed by a subscript are B-D-deoxyribonucleosides; nucleosides followed by
a subscript “S™ are S-cEt nucleosides; and each internucleoside linkage is a phosphorothioate
internucleoside linkage. In some such gxamplesembediments, the compound is compound 38591, 38633,
38998, or 38634.

Any of the compounds provided herein may comprise a conjugate moiety linked to the 5
terminus or the 3’ terminus of the modified oligonucleotide. In certain examplesembediments, the
compound comprises a conjugate moiety linked to the 3’ terminus of the modified oligonucleotide. In
certain examplesembedisnents, the compound comprises a conjugate moiety linked to the 57 terminus of
the modified oligonucleotide. In certain examplesembediments, the compound comprises a first conjugate
moiety linked to the 3’ terminus of the modified oligonucleotide and a second conjugate moiety linked to

the 5° terminus of the modified oligonucleotide. In certain exampleserbeodisments, the conjugate moiety

comprises at least one ligand selected from a carbohydrate, cholesterol, a lipid, a phospholipid, an
antibody, a lipoprotein, a hormone, a peptide, a vitamin, a steroid, and a cationic lipid.

In certain examplesembediments, a compound has the structure L-linker-MO, wherein each L is,
independently, a ligand and n is from 1 to 10; and MO is a modified oligonucleotide.

In certain examplesembediments, a compound has the structure L,-linker-X-MO, wherein each L
is, independently, a ligand and n is from 1 to 10; X is a phosphodiester linkage or a phoéphorothioate
linkage; and MO is a modified oligonucleotide.

In certain examplesembeodiments, a compound has the structure L,-linker-X-N,;,-X,-MO, wherein
each L is, independently, a ligand and n is from 1 to 10; each N is, independently, a modified or
unmodified nucleoside and m is from 1 to 5; X; and X, are each, independently, a phosphodiester linkage

or a phosphorothioate linkage; and MO is a modified oligonucleotide.



l In certain examplesenybodiments, a compound has the structure L -linker-X-N-Y-MO, wherein
each L is, independently, a ligand and n is from 1 to 10; each N is, independently, a modified or
unmodified nucleoside and m is from 1 to 5; X is a phosphodiester linkage or a phosphorothioate linkage;
Y is a phosphodiester linkage; and MO is a modified oligonucleotide.

‘ In certain examplesersbediments, a compound has the structure L,-linker-Y-N,,-Y-MO, wherein
each L is, independently, a ligand and n is from 1 to 10; each N is, independently, a modified or
unmodified nucleoside and m is from 1 to 5; each Y is a phosphodiester linkage; and MO is a modified
oligonucleotide.

l In certain examplesembediments, if n is greater than 1, L,-linker has the structure:
[L_Q’ _E‘S _Q”__
Jn

wherein each L is, independently, a ligand; n is from 1 to 10; S is a scaffold; and Q’ and Q” are,
independently, linking groups.

i In certain gxamplesembediments, Q° and Q” are each independently selected from a peptide, an
ether, polyethylene glycol, an alkyl, a C;-Cy, alkyl, a substituted C,-Cy alkyl, a Cy-Cyy alkenyl, a
substituted C,-Cy alkenyl, a C,-Cyp alkynyl, a substituted C,-C,, alkynyl, a C;-Cy alkoxy, a substituted
C-Cy alkoxy, amino, amido, a pyrrolidine, 8-amino-3,6-dioxaoctanoic acid (ADO), succinimidyl 4-(N-
maleimidomethyl) cyclohexane-1-carboxylate, and 6-aminohexanoic acid. |

In certain examplesembeodiments, a scaffold links 2, 3, 4, or 5 ligands to a modified
oligonucleotide. In certain embodiments, a scaffold links 3 ligands to a2 modified oligonucleotide.

A nonlimiting exemplary Structure E is Structure E(i):

NR;Q'(L1
L,Q;RN 0
RN NR3Q'3Ls
0
Qll

wherein Ly, L,, and L; are each, independently, a ligand; Q’;, Q*», Q’3, and Q” are each, independently, a
linking group; and Ry, Ry, R;, and R, are each, independently, selected from H, C,-C¢ alkyl, and
substituted C;-C alkyl.



In some examplesembediments, Q*1, Q’,, Q’3, and Q” are each, independently, selected from a
peptide, an ether, polyethylene glycol, an alkyl, a C;-Cyg alkyl, a substituted C;-Cy alkyl, a C,-Cy
alkenyl, a substituted C,-Cy alkenyl, a C,-Cy alkynyl, a substituted C,-Cy alkynyl, a C;-C, alkoxy, a
substituted C;-C, alkoxy, amino, amido, a pyrrolidine, 8-amino-3,6-dioxaoctanoic acid (ADO),
succinimidyl 4-(N-maleimidomethyl) cyclohexane-1-carboxylate, and 6-aminchexanoic acid. In some
examplesembodiments, R, Ry, R, and Ry are each, independently, selected from H, methyl, ethyl, propyl,
isopropyl, and butyl. In some exampleserabediments, R;, R;, Ry, and R, are each selected from H and
methyl.

A further nonlimiting exemplary Structure E is Structure E(ii):

OQ'1L4

0OQ'sLs
"QR4N
0Q'3l3
wherein L, L,, and L; are each, independently, a ligand; Q’y, Q’2, Q’3, and Q” are each, independently, a
- linking group; and R; is selected from H, C,-Cs alkyl, and substituted C,-Cy alkyl.

In some examplesembodiments, Q°, Q’,, Q’;, and Q” are each, independently, selected from a
peptide, an ether, polyethylene glycol, an alkyl, a C,-Cy alkyl, a substituted C;-Cy alkyl, a C,-Cy
alkenyl, a substituted C,-Cyg alkenyl, a C,-Cy alkynyl, a substituted C,-Cy alkynyl, a C;-Cy alkoxy, a
substituted C,-C alkoxy, amino, amido, a pyrrolidine, 8-amino-3,6-dioxaoctanoic acid (ADO),
succinimidyl 4-(N-maleimidomethyl) cyclohexane-1-carboxylate, and 6-aminohexanoic acid. In some
examplesembediments, R, is selected from H, methyl, ethyl, propyl, isopropyl, and butyl. In some
examplesembodiments, Ry is H or methyl.

A further nonlimiting exemplary Structure E is Structure E(iii):
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wherein Ly, L,, and L; are each, independently, a ligand; Q’y, Q’», Q’3, and Q” are each, independently, a
linking group; and Ry, Ry, Rj, Ry, and R; are each, independently, selected from H, C;-Cq alkyl, and substituted
C,-Cq alkyl. |

In some cxamglcsem%eéimeﬁéﬁ, Q’1, Q’2, Q’3, and Q are each, independently, selected from a
peptide, an ether, polyethylene glycol, an alkyl, a C,-Cy alkyl, a substituted C;-Cyq alkyl, a C,-Cyp alkenyl, a
substituted C,-Cyg alkenyl, a C,-Cyq alkynyl, a substituted C,-Cyq alkynyl, a C;-Cy alkoxy, a substituted C;-Cyq
alkoxy, amino, amido, a pyrrolidine, 8-amino-3,6-dioxaoctanoic acid (ADO), succinimidyl 4-(N-
maleimidomethyl) cyclohexane-1-carboxylate, and 6-aminohexanoic acid. In some gxamplesembodiments,
Ry, Ry, R;, Ry, and Rs are each, independently, selected from H, methyl, ethyl, propyl, isopropyl, and butyl. In
some gxamplesembediments-R, Ry, Rj, Ry, and R; are each selected from H and methyl.

A further nonlimiting exemplary Structure E is Structure E(iv):

0

L,Q4R4N
NR;Q"

NR,Q"L,
wherein Li and L, are each, independently, a ligand; Q’y, Q’», and Q” are each, independently, a linking group;
and Ry, R,, and R; are each, independently, selected from H, C;-Cg alkyl, and substituted C,-Cs alkyl.

In some examplesembediments, Q’y, Q°y, and Q” are each, independently, selected from a peptide, an
ether, polyethylene glycol, an alkyl, a C;-Cy alkyl, a substituted C;-Cyg alkyl, a C,-Cyq alkenyl, a substituted
C,-Cyp alkenyl, a Cy-Cyg alkynyl, a substituted C,-Cyg alkynyl, a C-Cyg alkoxy, a substituted C;-C,q alkoxy,
amino, amido, a pyrrolidine, 8-amino-3,6-dioxaoctanoic acid (ADO), succinimidyl 4-(N-maleimidomethyl)

cyclohexane-1-carboxylate, and 6-aminohexanoic acid. In some

-sembodiments, Ry, Ry, and R; are

each, independently, selected from H, methyl, ethyl, propyl, isopropyl, and butyl. In some

A further nonlimiting exemplary Structure E is Structure E(v):
O
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) NR;Q"

wherein L; and L, are each, independently, a ligand; Q*;, Q’;, and Q” are each, independently, a linking group;

and Ry, R,, and R; are each, independently, selected from H, C;-Cg alkyl, and substituted C;-Cs alkyl.



In some examplesembediments, Q’1, Q’,, and Q” are each, independently, selected from a
peptide, an ether, polyethylene glycol, an alkyl, a C;-Cy alkyl, a substituted C,-Cy alkyl, a C,-Cy
alkenyl, a substituted C,-Cy alkenyl, a C,-C,, alkynyl, a substituted C,-Cyq alkynyl, a C;-Cy alkoxy, a
substituted C;-Cy, alkoxy, amino, amido, a pyrrolidine, 8-amino-3,6-dioxaoctanoic acid (ADO),
succinimidyl 4-(N-maleimidomethyl) cyclohexane-1-carboxylate, and 6-aminohexanoic acid. In some
examplesembediments, R, Ry, and Ry are each, independently, selected from H, methyl, ethyl, propyl,
isopropyl, and butyl. In some examplesembediments-R,, Ry, and R; are each selected from H and methyl.

A further nonlimiting exemplary Structure E is Structure E(vi):

L,Q'5R,N

O O

NR{Q"4L4
wherein Ly, L,, and L; are each, independently, a ligand; Q’;, Q’», Q’3, and Q” are each, independently, a
linking group; and Ry, R,, and R; are each, independently, selected from H, C;-Cs alkyl, and substituted
C-Cs alkyl.

In some examplesembediments, Q*, Q*,, Q’3, and Q” are each, independently, selected from a
peptide, an ether, polyethylene glycol, an alkyl, a C;-C, alkyl, a substituted C;-Cy alkyl, a C,-Cyq
alkenyl, a substituted C,-Cy alkenyl, a C,-Cy alkynyl, a substituted C,-C, alkynyl, a C,-Cy alkoxy, a
substituted C;-Cq alkoxy, amino, amido, a pyrrolidine, 8-amino-3,6-dioxaoctanoic acid (ADO),
succinimidyl 4-(N-maleimidomethyl) cyclohexane-1-carboxylate, and 6-aminohexanoic acid. In some
examplesembodiments, Ry, Ry, and R3 are each, independently, selected from H, methyl, ethyl, propyl,
isopropyl, and butyl. In some exampleserabodiments-R;, Ry, and R; are each selected from H and methyl.

A further nonlimiting exemplary Structure E is Structure E(vii):
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wherein L, L,, and L; are each, independently, a ligand; Q’y, Q’2, Q’3, and Q” are each, independently, a
linking group; R, R,, and R; are each, independently, selected from H, C,-C; alkyl, and substituted C,-Cs
alkyl; and Z and Z’ are each independently selected from O and S.

In some examplesembediments, Q’1, Q’,, Q’3, and Q” are each, independently, selected from a
peptide, an ether, polyethylene glycol, an alkyl, a C,-Cy alkyl, a substituted C;-Cy alkyl, a Cp-Cy
alkenyl, a substituted C,-C,g alkenyl, a C,-Cyg alkynyl, a substituted C,-C,, alkynyl, a C;-C,, alkoxy, a
substituted C;-C,q alkoxy, amino, amido, a pyrrolidine, 8-amino-3,6-dioxaoctanoic acid (ADO),
succinimidyl 4-(N-maleimidomethyl) cyclohexane-1-carboxylate, and 6-aminohexanoic acid. In some
examplesembodiments, Ry, Ry, and R; are each, independently, selected from H, methyl, ethyl, propyl,
isopropyl, and butyl. In some examplesembediments-R;, Ry, and R; are each selected from H and methyl.
In some examplesensbodiments, Z or Z’ on at least one P atom is S, and the other Z or 2 is O (i.e.,, a
phosphorothioate linkage). In some ¢xamplesembodiments, each —~OP(Z)(Z)O- is a phosphorothicate
linkage. In some examplesermnbodiznents, Z and Z’ are both O on at least one P atom (i.e., a
phosphodiester linkage). In some examplesembediments, each ~OP(Z)(Z)O- is a phosphodiester
linkage.

A further nonlimiting exemplary Structure E is Structure E(viii):

NR,Q'sLy

0 0

"QR,N N\/U\
\H/\N N NReQ'aLs

0]
0]

wherein L,, L, and L, are each, independently, a ligand; Q’1, Q’,, Q’;, and Q” are each, independently, a
linking group; and Ry, Ry, R, and Ry are each, independently, selected from H, C,-C; alkyl, and
substituted C;-C; alkyl.

In some examplesembediments, Q’1, Q’2, Q’3, and Q” are each, independently, selected from a
peptide, an ether, polyethylene glycol, an alkyl, a C;-Cy alkyl, a substituted C;-Cy alkyl, a C,-Cy
alkenyl, a substituted C,-C,q alkenyl, a C,-Cy alkynyl, a substituted C,-C,4 alkynyl, a C-C,, alkoxy, a
substituted C,-C, alkoxy, amino, amido, a pyrrolidine, 8-amino-3,6-dioxaoctanoic acid (ADO)', '
succinimidyl 4-(N-maleimidomethyl) cyclohexane-1-carboxylate, and 6-aminohexanoic acid. In some
examplesembodiraents, Ry, Ry, R, and Ry are each, independently, selected from H, methyl, ethyl, propyl,
isopropyl, and butyl. In some gxampleserbedinrents-R |, Ry, Ry, and Ry are each selected from H and
methyl.

10



Nonlimiting exemplary scaffolds and/or linkers comprising scaffolds, and synthesis thereof, are
described, e.g., PCT Publication No. WO 2013/033230, U.S. Patent No. 8,106,022 B2, U.S. Publication
No. 2012/0157509 A1; U.S. Patent No. 5,994,517; U.S. Patent No. 7,491,805 B2; U.S. Patent No.
8,313,772 B2; Manoharan, M., Chapter 16, Antisense Drug Technology, Crooke, S.T., Marcel Dekker,
Inc., 2001, 391-469.

HO

B-MO
N

JV'I\/\J‘

In certain examplesembediments, a compound has the structure:

wherein:
B is selected from —O-, -S-, -N(R™)-, —Z-P(Z’)}(Z"")O-, ~Z-P(Z’}(Z”YO-N-X-, and —Z-
P(ZYZYO-N-Y-;
MO is a modified oligonucleotide;
RN is selected from H, methyl, ethyl, propyl, isopropyl, butyl, and benzyl;
Z,7Z’, and Z” are each independently selected from O and S;
each N is, independently, a modified or unmodified nucleoside;
mis from 1 to 3;
X is selected from a phosphodiester linkage and a phosphorothioate linkage;
Y is a phosphodiester linkage; and
the wavy line indicates the connection to the rest of the linker and ligand(s).
In certain examplesembediments, X is a phosphodiester linkage.
In certain examplesembodiments, nis from 1 to 5, 1 to 4, 1 to 3, or 1 to 2. In certain
examplesembediments, n is 3.
In certain examplesembediments, at least one ligand is a carbohydrate,
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In certain examplesembediments, at least one ligand is selected from mannose, glucose,
galactose, ribose, arabinose, fructose, fucose, xylose, D-mannose, L-mannose, D-galactose, L-galactose,
D-glucose, L-glucose, D-ribose, L-ribose, D-arabinose, L-arabinose, D-fructose, L-fructose, D-fucose, L-
fucose, D-xylose, L-xylose, alpha-D-mannofuranose, beta-D-mannofuranose, alpha-D-mannopyranose,
beta-D-mannopyranose, alpha-D-glucofuranose, Beta-D-glucofuranose, alpha-D-glucopyranose, beta-D-
glucopyranose, alpha-D-galactofuranose, beta-D-galactofuranose, alpha-D-galactopyranose, beta-D-
galactopyranose, alpha-D-ribofuranose, beta-D-ribofuranose, alpha-D-ribopyranose, beta-D-ribopyranose,

 alpha-D-fructofuranose, alpha-D-fructopyranose, glucosamine, galactosamine, sialic acid, N-
acetylgalactosamine.

In certain examplesensbodiments, at least one ligand is selected from N-acetylgalactosamine,
galactose, galactosamine, N-formylgalactosamine, N-propionyl-galactosamine, N-n-
butanoylgalactosamine, and N-iso-butanoyl-galactosamine.

In certain examplesembediments, each ligand is N-acetylgalactosamine.

In certain examplesembeodiments, a compound has the structure:

wherein each N is, independently, a modified or unmodified nucleoside and m is from 1 to 5; X, and X,
are each, independently, a phosphodiester linkage or a phosphorothioate linkage; and MO is a modified

oligonucleotide.
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In certain examplesenybodinents, a compound provided herein comprises a modified nucleotide
and a conjugate moiety, wherein the modified oligonucleotide has the structure
CLCALTTGT.CACLAC. TC.Cy (SEQ ID NO: 7), wherein the subscript “L” indicates an LNA and
nucleosides not followed by a subscript are B-D-deoxyribonucleosides, and each internucleoside linkage
is a phosphorothioate internucleoside linkage, and wherein the conjugate moiety is linked to the 3’

terminus of the modified oligonucleotide and has the structure:

wherein each N is, independently, a modified or unmodified nucleoside and m is from 1 to 5; X, and X,
are each, independently, a phosphodiester linkage or a phosphorothioate linkage; and MO is a modified
oligonucleotide.

In certain examplesembediments, at least one of X, and X is a phosphodiester linkage. In certain
embodiments, each of X; and X, is a phosphodiester linkage. In certain embedimentsexamples, mis 1. In
certain examplesembediments, mis 2, 3,4, or 5.

In certain examplesembediments, Ny, is N’ N”, wherein each N’ is, independently, a modifid or
unmodified nucleoside and p is from 0 to 4; and N” is a nucleoside comprising an unmodified sugar
moiety. In certain gxamplesermbodiraents, p is 0. In certain gxamplesembediments, pis 1, 2, 3, or 4,

In certain examplesembediments, each N’ comprises an unmodified sugar moiety. In certain
examplesembediments, each unmodified sugar moiety is, independently, a -D-ribose or a -D-
deoxyribose. In certain embedimentsexamples, N” comprises a purine nucleobase. In certain
examplesembediments, N” comprises a pyrimidine nucleobase. In certain examplesermbeodiments, at least
one N’ comprises a purine nucleobase. In certain examplesersbodiments, each purine nucleobase is
independently selected from adenine, guanine, hypoxanthine, xanthine, and 7-methylguanine. In certain
examplesembeodiments, N is a 3-D-deoxyriboadenosine or a f-D-deoxyriboguanosine. In certain
examplesembodiments, at least one N’ comprises a pyrimidine nucleobase. In
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certain examplesembediments, each pyrimidine nucleobase is independently selected from cytosine, 5-
methylcytosine, thymine, uracil, and 5,6-dihydrouracil.

In any of the examplesembediments-described herein, the sugar moiety of each N is
independently selected from a B-D-ribose, a f-D-deoxyribose, a 2’-O-methoxy sugar, a 2’-O-methyl
sugar, a 2’-fluoro sugar, and a bicyclic sugar moiety. In certain examplesemsbodiments, each bicyclic
sugar moiety is independently selected from a cEt sugar moiety, an LNA sugar moiety, and an ENA sugar
moiety. In certain examplesernbodiments, a cEt sugar moiety is an S-cEt sugar moiety. In certain
examplesembediments, a cEt sugar moiety is an R-cEt sugar moiety. In any examplesembeodiments
described herein, the sugar moiety of each N may be independently selected from B-D-ribose, a B-D-
deoxyribose, and a 2’-fluoro sugar.

Provided herein are compounds comprising a modified nucleotide and a conjugate moiety,
wherein the modified oligonucleotide has the structure Ag"*CpAg"CeYCrArTeTGUCsACSACTCsCs
(SEQ ID NO: 4), wherein nucleosides not followed by a subscript are -D-deoxyribonucleosides,
nucleosides followed by a subscript “E” are 2°-MOE nucleosides, nucleosides followed by a subscript “S”
are S-cEt nucleosides, and each internucleoside linkage is a phosphorothioate internucleoside linkage; and

wherein the conjugate moiety is linked to the 3’ terminus of the modified oligonucleotide and has the

structure:
MO
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wherein X is a phosphodiester linkage; m is 1; N is a -D-deoxyriboadenosine; Y is a phosphodiester
linkage; and MO is the modified oligonucleotide.

Provided herein are compounds comprising a modified nucleotide and a conjugate moiety,
wherein the modified oligonucleotide has the structure CLCALTTGLTLCACLACLTCLCL (SEQ ID NO: 7),

wherein the subscript “L” indicates an LNA and nucleosides not followed by a subscript are p-D-
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deoxyribonucleosides, and each internucleoside linkage is a phosphorothioate internucleoside linkage,

and wherein the conjugate moiety is linked to the 3’ terminus of the modified oligonucleotide and has the

structure:
MO
Y
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NH T Ny m
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wherein X is a phosphodiester linkage; m is 1; N is a B-D-deoxyriboadenosine; Y is a phosphodiester
linkage; and MO is the modified oligonucleotide. In some examplesembeodisments, all of the Cp
nucleosides are M°Cy nucleosides, wherein the superscript “Me” indicates 5-methylcytosine.

Provided herein are methods of inhibiting the activity of miR-122 in a cell comprising contacting
a cell with any compound provided herein. In certain examplesembediments, the cell is cell is in vivo. In
certain examplesembeodiments, cell is in vitro.

Provided herein are methods of administering to an HCV-infected subject any of the compouds
provided herein. In certain examplesembediments, the administering reduces the symptoms of HCV
infection. In certain gxamplesembeodiments, the administering prevents a rebound in serum HCV RNA. In
certain examplesembodiments, the administering delays a rebound in serum HCV RNA. In certain
examplesembodiments, a subject having HCV infection is selected for treatment with a compound
provided herein. In certain examplesersbediments, an HCV-infected subject is infected with one or more
HCV genotypes selected from genotype 1, genotype 2, genotype 3, genotype 4, genotype 5, and genotype
6. In certain examplesembodiments, prior to administration of a compound provided herein, the subject
was determined to be infected with one or more HCV genotypes selected from genotype 1, genotype 2,
genotype 3, genotype 4, genotype 5, and genotype 6. In certain examplesembediments, the HCV
genotype is selected from genotype 1a, genotype 1b, genotype 2a, genotype 2b, genotype 2¢, genotype
2d, genotype 3a, genotype 3b, genotype 3c, genotype 3d, genotype 3e, genotype 3f, genotype 4a,
genotype 4b, genotype 4¢, genotype 4d, genotype 4e, genotype 4f, genotype 4g,
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genotype 4h, genotype 41, genotype 4j, genotype 5a, and genotype 6a. In certain examplesembeodiments, the
HCV genotype is selected from genotype la, 1b, and 2.

Any of the methods provided here may comprise administering at least one additional therapeutic
agent. In certain examplesembediments, the at least one therapeutic agent is selected from a protease inhibitor,
a polymerase inhibitor, a cofactor inhibitor, an RNA polymerase inhibitor, a structural protein inhibitor, a non-
structural protein inhibitor, a cyclophilin inhibitor, an entry inhibitor, a TLR7 agonist, and an interferon. In
certain gxamplesembediments, the at least one therapeutic agent is selected from a protease inhibitor, an NSSA
inhibitor, an NS3/4A inhibitor, a nucleoside NS5B inhibitor, a nucleotide NS5B inhibitor, a non-nucleoside
therapeutic agent is selected from interferon alfa-2a, interferon alpha-2b, interferon alfacon-1, peginterferon
alpha-2b, peginterferon alpha-2a, interferon-alpha-2b extended release, interferon lambda, sofosbuvir,
ribavirin, telapravir, boceprevir, vaniprevir, asunaprevir, ritonavir, setrobuvir, daclastavir, simeprevir,
alisporivir, mericitabine, tegobuvir, danoprevir, sovaprevir, and neceprevir. In certain examplesembediments,
the at least one therapeutic agent is selected from an interferon, ribavirin, and telapravir.

In certain examplesembodiments, a subject is infected with an HCV variant that is resistant to at least
one therapeutic agent. In certain examplesembediments, a subject is infected with an HCV variant that is
resistant to a direct-acting anti-viral agent. In certain examplesembodiments, a subject is infected with an HCV
variant that is resistant to at least one therapeutic agent selected from a protease inhibitor, a polymerase
inhibitor, a cofactor inhibitor, an RNA polymerase inhibitor, a structural protein inhibitor, a non-structural
protein inhibitor, and a cyclophilin inhibitor. In certain examplesembediments, a subject is infected with an
HCYV variant that is resistant to at least one therapeutic agent selected from a protease inhibitor, an NS5A
inhibitor, an NS3/4 A inhibitor, a nucleoside NS5B inhibitor, a nucleotide NS5B inhibitor, a non-nucleoside
NS35B inhibitor, and a cyclophilin inhibitor. In certain examplesembodiments, a subject is infected with an
HCV variant that is resistant to at least one therapeutic agent selected from sofosbuvir, ribavirin, telapravir,
boceprevir, vaniprevir, asunaprevir, ritonavir, setrobuvir, daclastavir, simeprevir, alisporivir, mericitabine,
tegobuvir, danoprevir, sovaprevir, and neceprevir.

In certain examplesembeodiments, an HCV-infected subject is a non-responder to at least one
therapeutic agent. In certain examplesembediments, an HCV-infected subject is an interferon non-responder.
In certain examplesernbodirments, an HCV-infected subject is a direct-acting anti-viral non-responder.

Any of the methods provided herein may comprise selecting a subject having a HCV RNA level
greater than 350,000 copies per milliliter of serum. In certain examplesembediments, a subject has an HCV
RNA level between 350,000 and 3,500,000 copies per milliliter of serum. In certain examplesembediments,
a subject has an HCV RNA level greater than 3,500,000 copies per milliliter of serum.
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In certain examplesembodiments, an HCV-infected subject has an HCV-associated disease. In certain
examnplesembodiments, an HCV-associated disease is cirrhosis, liver fibrosis, steatohepatitis, steatosis, or
hepatocellular carcinoma.

In certain examplesembeodiments, an HCV-infected subject has one or more diseases that are not
HCV-associated diseases. In certain examplesembediments, an HCV-infected subject is infected with one or
more viruses other than HCV. In certain examplesersnbeodiments, an HCV-infected subject is infected with
human immunodeficiency virus (HIV).  In certain examplesembedisents, the methods provided herein
comprise administering an additional therapeutic agent is an anti-viral agent used in the treatment of HIV
infection. In certain examplesembeodiments, an additional therapeutic agent is a non-nucleoside reverse
nucleoside reverse transcriptase inhibitors (NRTIs). In certain exampleserbediments, an additional therapeutic
agent is a protease inhibitor. In certain examplesersbediments, an additional therapeutic agent is an entry
inhibitor or fusion inhibitor. In certain examplesembedinzents, an additional therapeutic agent is an integrase
inhibitor. In certain examplesembediments, an additional therapeutic agent is selected from efavirenz,
etravirine, nevirapine, abacavir, emtricitabine, tenofovir, lamivudine, zidovudine, atazanavir, darunavir,
fosamprenavir, ritonavir, enfuvirtide, maraviroc, and raltegravir.

Any of the methods provided herein may comprise administering a dose of the compound sufficient to
reduce HCV RNA level. In certain examplesembodiments, the administered dose of the compound reduces
HCV RNA level below 40 copies per ml of serum. In certain examplesembediments, the administered dose of
the compound achieves at least a 2-log reduction in HCV RNA level. In certain gxamplesesabediments,
administering a compound provided herein achieves a sustained virological response. In certain
reduction of at least 0.5 fold, at least 1.0 fold, at least 1.5 fold, at least 2.0 fold, or at least 2.5 fold. In certain
examplesembedivaents, the HCV RNA level reduction is achieved after two weeks, three weeks, four weeks,
five weeks, or six weeks of a first administration of the compound. In certain examplesembediments, a
compound provided herein is administered once per week, once per two weeks, once per three weeks, once per
four weeks, or once per month. In certain examplesembediments, a compound provided herein is administered
once per two months or once per three months. In some examplesembediments, a compound provided herein
is administered once per four weeks.

In certain examplesembodiments, the dose of the compound administeredis less than or equal to 5
mg/kg per week, less than or equal to 5 mg/kg, less than or equal to 4.5 mg/kg, less than or equal to 4.0 mg/kg,
less than or equal to 3.5 mg/kg, less than or equal to 3.0 mg/kg, less than or equal to 2.5 mg/kg, less than or
equal to 2.0 mg/kg, less than or equal to 1.5 mg/kg, or less than or equal to 1.0 mg/kg. In certain
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embodimentsexamples, the compound is administered at a dose within a range of 1 to 5 mg/kg, or 1 to 4
mg/kg, or 2 to 5 mg/kg, or 2 to 4 mg/kg. In certain examplesembediraents, the dose of the compound
administered is less than or equal to 10 mg/kg, less than or equal to 7.5 mg/kg, less than or equal to 10
mg/kg per week, or less than or equal to 7.5 mg/kg per week.,

In certain examplesembediments, administration of a compound provided herein normalizes liver
enzyme levels, wherein the liver enzyme is optionally alanine aminotransferase.

In any of the examplesembedimments-provided herein, the compound is present in a
pharmaceutical composition.

Provided herein are compounds for use in treating an HCV-infected subject.

In certain examplesembodiments, a subject is a human.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1A and 1B. In vivo potency of anti-miR-122 modified oligonucleotides. (A) Onset and
duration of action of anti-miR-122, following a single administration of compound at the indicated doses.
(B) De-repression of ALDOA seven days after a single dose of anti-miR-122 compound at the indicated
doses.

Figure 2. Structure of a conjugate moiety comprising three GalNAc ligands.

Figure 3A, 3B, and 3C. Conjugated modified oligonucleotide structures.

Figure 4A, 4B, and 4C. In vivo potency of GalNAc-conjugated anti-miR-122 modified

oligonucleotides.

Figure S5A and 5B. Antisense inhibition of miR-122 reduces HCV titer.

Figure 6A and 6B. In vivo potency of GalNAc-conjugated anti-miR-122 modified
oligonucleotides.

Figure 7A and 7B. In vivo potency of GalNAc-conjugated anti-miR-122 modified
oligonucleotides. 4

Figure 8A and 8B. In vivo potency of GalNAc-conjugated anti-miR-122 modified
oligonucleotides.

Figure 9A and 9B. Pharmacokinetics of anti-miR-122 compounds.
DETAILED DESCRIPTION

Unless defined otherwise, all technical and scientific terms used herein have the same meaning as
is commonly understood by one of skill in the arts to which the invention belongs. Unless specific

definitions are provided, the nomenclature utilized in connection with, and the procedures and techniques
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CLAIMS
A compound comprising a modified oligonucleotide consisting of 16 to 22 linked nucleosides,
wherein the nucleobase sequence of the modified oligonucleotide is complementary to miR-122
(SEQ ID NO: 1) and wherein the modified oligonucleotide comprises at least 16 contiguous

nucleosides of the following nucleoside pattern I in the 5’ to 3” orientation:

(R)x-NENUNENENUNENUNE-NONENE(ND)y

wherein each R is, independently, a non-bicyclic nucleoside or a bicyclic nucleoside;

X is from 4 to 10;

each N® is, independently, a bicyclic nucleoside;

each N? is, independently, a non-bicyclic nucleoside;

YisOorl;and

N is a modified nucleoside or an unmodified nucleoside.
The compound of claim 1, wherein the modified oligonucleotide comprises at least 16, at least 17,
at least 18, at least 19, at least 20, at least 21, or 22 contiguous nucleosides of nucleoside pattern
L
The compound of any one of the preceding claims wherein each bicyclic nucleoside is

independently selected from an LNA nucleoside, a cEt nucleoside, and an ENA nucleoside.
The compound of claim 3, wherein each bicyclic nucleoside is a cEt nucleoside.
The compound of claim 4, wherein the cEt nucleoside is an S-cEt nucleoside.

The compound of any one of the preceding claims wherein each non-bicyclic nucleoside is
independently selected from a -D-deoxyribonucleoside, a f-D-ribonucleoside, 2°-O-methyl

nucleoside, a 2°-O-methoxyethyl nucleoside, and a 2’-fluoronucleoside.

The compound of any one of the preceding claims wherein each non-bicyclic nucleoside is

independently selected from a p-D-deoxyribonucleoside, and a 2’-O-methoxyethyl nucleoside.
The compound of any one of the preceding claims, wherein each R is a 2°-MOE nucleoside.

The compound of claim 1 wherein:
ay Xis7;

each R is a 2°-O-methoxyethyl nucleoside;
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b)

d)

g)

each N®is an S-cEt nucleoside;

each N%is a B-D-deoxyribonucleoside; and Y is 0;

X is 4; (R)x is NM-NFAN®.N®, wherein each of N* and N is a S-cEt nucleoside and
each of N®?and N™ is a B-D-deoxyribonucleoside;

each N®is an S-cEt nucleoside;

each N%is a B-D-deoxyribonucleoside;

Y is 1; and N”is a p-D-deoxyribonucleoside

X is 4; (R)x is NM-N-N.N®, wherein each of N*' and N*is a S-cEt nucleoside and
each of N?and N® is a B-D-deoxyribonucleoside;

each N®is an S-cEt nucleoside;

each N9 is a B-D-deoxyribonucleoside;

Y is 1; and N”is a 2’-O-methoxyethyl nucleoside

X is 7; (R)y is NMNFPNPNRNFNRNY wherein each of N¥, N®2, N®°, and N® and
is a 2’-O-methoxyethyl nucleoside, each of N** and N¥’ is a B-D-deoxyribonucleoside,
and N®¢ is S-cEt nucleoside;

each NP is an S-cEt nucleoside;

each N%is a B-D-deoxyribonucleoside; and Y is 0;

X is 7; (R)x is NMNFENBENM NP NRNY wherein each of NV, N®2, N®*, N®* and
N® is a 2°-O-methoxyethyl nucleoside, N*® is S-cEt nucleoside, and N is a p-D-
deoxyribonucleoside;

each NP is an S-cEt nucleoside;

each N? is a p-D-deoxyribonucleoside; and Y is 0;

X is 7; (R)x is NM-NPNFNPM NP NFNY wherein each of NB!, N2, NR3 NR4 N®S,
and N®° is 2’-O-methoxyethyl nucleoside, and N*’ is a B-D-deoxyribonucleoside;
each N®is an S-cEt nucleoside;

each N is a p-D-deoxyribonucleoside; and Y is 0;

X is 10; (R)y is NRM-NFZNFNRANRENRONRNRENNRC, wherein each of N®!, N®,
N® N™ N®, and N®¢ is 2°-O-methoxyethyl nucleoside, each of N* and N*° is a an S-

cEt nucleoside; each of N and N*'? is a B-D-deoxyribonucleoside;
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10.

11.

12.

13.

each N®is an S-cEt nucleoside;

each N9 is a B-D-deoxyribonucleoside; and Y is 0;

h) Xis 10; (R)x is NM-NFZNFENMNPNRONFNFENR N, wherein each of N¥, N®,
NBONR N®, and N® is 2’-O-methoxyethyl nucleoside, each of N¥and N® is a an S-
cEt nucleoside; and each of N*® and N*" is a B-D-deoxyribonucleoside;
each N®is an S-cEt nucleoside;
each N9 is a p-D-deoxyribonucleoside;

Y is | and Nz is a 2’-O-methoxyethyl nucleoside;

i) Xis4; (R)xis NENPNFN® wherein each of N¥and N® is an S-cEt nucleoside, and
each of N™ and N®° is a B-D-deoxyribonucleoside;
each N®is an S-cEt nucleoside;
each N%is a ﬁ—D—deoxyribonucleoside;

Y is 1 and N is a B-D-deoxyribonucleoside;

j)  Xis 4; (R)x is NM-NFNF-N®, wherein N®! is a 2°-O-methoxyethyl nucleoside, each of
N* and N** is an S-cEt nucleoside, and N* is a $-D-deoxyribonucleoside;
each N®is an S-cEt nucleoside;
each N is a B-D-deoxyribonucleoside;

Y is 1 and N% is a 2’-O-methoxyethyl nucleoside.

The compound of any one of the preceding claims, wherein at least one internucleoside linkage is
a modified internucleoside linkage, or wherein each internucleoside linkage is a modified
internucleoside linkage, and, optionally, wherein the modified internucleoside linkage is a

phosphorothioate internucleoside linkage.

The compound of any one of the preceding claims, wherein the nucleobase sequence of the
modified oligonucleotide is selected from SEQ ID NOs: 3 to 6, wherein each T is independently
selected from T and U,

The compound of any one of the preceding claims, wherein the modified oligonucleotide has 0, 1,

2, or 3 mismatches with respect to the nucleobase sequence of miR-122.

The compound of claim 1 having the structure:
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a) ApCrACM CrALTETGUCSACSACSTCCs;

b) CsCASTTGUCsACSACSTCCsA,;

¢) MCCATTGT ™ CAMCAMC T CM CsAg;

d) APMCEAMCCATTGUCACSACSTCC,

e) A CrAMCEMCrASTTGUCSACSACSTCsC;

) AP CrACMCrARTTGUCACSACSTCsCs;

g) MCpARARALCEAECsCASTTGUCsACSACSTCsCy
h) MCpARARARCeAECsCASTTGUCsACSACSTCsCsTe;
i) CsCAUSTGUCsACSACSTCCsA; or

i) MCpCsAUSTGUCSACSACSTCyCeAg

wherein the superscript “Me” indicates 5-methylcytosine; nucleosides not followed by a
subscript are B-D-deoxyribonucleosides; nucleosides followed by a subscript “E” are 2°-MOE
nucleosides; nucleosides followed by a subscript “S” are S-cBt nucleosides; and each

internucleoside linkage is a phosphorothioate internucleoside linkage.

14. The compound of any one of the preceding claims, wherein the compound comprises a conjugate

moiety linked to the 5” terminus or the 3’ terminus of the modified oligonucleotide.

15. The compound of claim 14, wherein the conjugate moiety comprises at least one ligand selected
from a carbohydrate, cholesterol, a lipid, a phospholipid, an antibody, a lipoprotein, a hormone, a

peptide, a vitamin, a steroid, and a cationic lipid.

16. The compound of claim 14 or claim 15, wherein the compound has the structure:
L, -linker-X-N,;-X,-MO
wherein each L is, independently, a ligand and n is.from 1 to 10; each N is, independently, a
modified or unmodified nucleoside and m is from 1 to 5; X, and X are each, independently, a
phosphodiester linkage or a phosphorothioate linkage; and MO is a modified oligonucleotide.

17. The compound of claim 16, wherein the compound has the structure:

HO

B-MO
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wherein;

B is selected from —O-, -S-, -N(R™)-, —Z-P(Z'}(Z*)O-, —Z-P(Z*{(Z")O-Ny-X~, and ~Z-P(Z’¥(Z7)O-
Niy-Y-;

MO is a modified oligonucleotide;

RN is selected from H, methyl, ethyl, propyl, isopropyl, butyl, and benzyl;

Z,Z’, and Z” are each independently selected from O and S;

each N is, independently, a modified or unmodified nucleoside;

m is from 1 to 5;

X is selected from a phosphodiester linkage and a phosphorothioate linkage;

Y is a phosphodiester linkage; and '

the wavy line indicates the connection to the rest of the linker and ligand(s).
18. The compound of any of claim 16 or claim 17, wherein n is 3.

19. The compound of any one of claims 16 to 18, wherein at least one ligand is a carbohydrate, and
wherein the carbohydrate is optionally selected from N-acetylgalactosamine, galactose,
galactosamine, N-formylgalactosamine, N-propionyl-galactosamine, N-n-butanoylgalactosamine,

and N-iso-butanoyl-galactosamine.
20. The compound of any one of claims 16 to 19, wherein each ligand is N-acetylgalactosamine.

21. The compound of any one of claims 16 to 20, wherein the compound has the structure:

Mo
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OH {)H (
N o PN o) N
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wherein each N is, independently, a modified or unmodified nucleoside and m is from 1 to 5; X, and

X, are each, independently, a phosphodiester linkage or a phosphorothioate linkage; and MO is a

modified oligonucleotide.

22.

23.

24.

25.

26.

The compound of claim 21, wherein each of X, and X, is a phosphodiester linkage.

The compound of any one of claims 16 to 22, wherein m is 1.

The compound of any one of claims 21 to 23, wherein each N comprises an unmodified sugar
moiety, wherein each unmodified sugar moiety is, independently, a p-D-ribose or a B-D-

deoxyribose.

The compound of any one of claims 21 to 24, wherein at least one N comprises a purine
nucleobase, wherein each purine nucleobase is independently selected from adenine, guanine,

hypoxanthine, xanthine, and 7-methylguanine.

A compound of the structure:

MO
Y
ul |
G ¢ P o N
e, \ NN NH ~ N — m
I R S R
X, V!
OH {OH o 0“\1 "mwi\N;)
\\:‘M\B/j:‘/ ‘\ S /’ﬁH/ \\//"\NFS T, 0 A”_g e = o o ,L\
HO S f\\,s/cxf ~ e o j \7 f/\‘/ e e e ‘0
AcHN o o ? o
OH .

OH
%4\, Q0 o /( an
R W ( P N o
HO - “‘«.QX/O«K,%\” o ﬂ/ NH N

AcHN o

wherein X is a phosphodiester linkage; m is 1; N is a B-D-deoxyriboadenosine; Y is a
phosphodiester linkage; and MO is a modified oligonucleotide having the structure

A CrACEMCpARTETGUSCsACSACSTCsCs (SEQ ID NO: 4), wherein the superscript “Me”
indicates 5-methylcytosine, wherein nucleosides not followed by a subscript are 3-D-
deoxyribonucleosides, nucleosides followed by a subscript “E” are 2°-MOE nucleosides,

nucleosides followed by a subscript “S” are S-cEt nucleosides, and each internucleoside linkage
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27.

28.

29.

30.

31.

32.

33.

34.

35.

is a phosphorothioate internucleoside linkage; and wherein Y is linked to the 3° terminus of the

modified oligonucleotide.

A pharmaceutical composition comprising the compound of any one of claims 1 to 26 and a

pharmaceutically acceptable carrier.

Use of a compound of any one of claims 1 to 26, or the pharmaceutical composition of claim 27,

in the manufacture of a medicament for treating an HCV-infected human subject .

The use of claim 28 wherein the medicament reduces the symptoms of HCV infection, prevents a

rebound in serum HCV RNA, and/or delays a rebound in serum HCV RNA.

The use of claim 28 or claim 29 wherein the subject is infected with one or more HCV genotypes

selected from genotype 1, genotype 2, genotype 3, genotype 4, genotype 5, and genotype 6.

The use of claim 30, wherein the HCV genotype is selected from genotype 1a, genotype 1b,
genotype 2a, genotype 2b, genotype 2c, genotype 2d, genotype 3a, genotype 3b, genotype 3¢,
genotype 3d, genotype 3e, genotype 3f, genotype 4a, genotype 4b, genotype 4¢, genotype 44,
genotype 4e, genotype 4f, genotype 4g, genotype 4h, genotype 4i, genotype 4j, genotype Sa, and
genotype 6a.

The use of any one of claims 28 to 31, comprising administering at least one additional

therapeutic agent.

The use of claim 32, wherein the at least one therapeutic agent is selected from a protease
inhibitor, a polymerase inhibitor, a cofactor inhibitor, an RNA polymerase inhibitor, a structural
protein inhibitor, a non-structural protein inhibitor, a cyclophilin inhibitor, an entry inhibitor, a

TLR7 agonist, and an interferon.

The use of claim 32, wherein the at least one therapeutic agent is selected from a protease
inhibitor, an NS5A inhibitor, an NS3/4A inhibitor, a nucleoside NS5B inhibitor, a nucleotide

NS5B inhibitor, a non-nucleoside NS5B inhibitor, a cyclophilin inhibitor and an interferon.

The use of claim 32 wherein the at least one therapeutic agent is selected from interferon alfa-2a,
interferon alpha-2b, interferon alfacon-1, peginterferon alpha-2b, peginterferon alpha-2a,

interferon-alpha-2b extended release, interferon lambda, sofosbuvir, ribavirin, telapravir,
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36.

37.

38.

39.

boceprevir, vaniprevir, asunaprevir, ritonavir, setrobuvir, daclastavir, simeprevir, alisporivir,

mericitabine, tegobuvir, danoprevir, sovaprevir, and neceprevir.

The use of any one of claims 28 to 35 wherein the subject is a direct-acting anti-viral non-

responder.

The use of any one of claims 28 to 36 wherein the subject has an HCV-associated disease,
wherein the HCV-associated disease is optionally selected from cirrhosis, liver fibrosis,

steatohepatitis, steatosis, and hepatocellular carcinoma.

The use of any one of claims 28 to 37 wherein the compound, conjugate, or pharmaceutical
composition is administered once per week, once per two weeks, once per three weeks, once per

month, once per two months, or once per three months.

The use of any one of claims 28 to 38, wherein the dose of the compound or conjugate is less
than or equal to 10 mg/kg, less than or equal to 7.5 mg/kg, less than or equal to 5 mg/kg per
week, less than or equal to 4.5 mg/kg, less than or equal to 4.0 mg/kg, less than or equal to 3.5
mg/kg, less than or equal to 3.0 mg/kg, less than or equal to 2.5 mg/kg, less than or equal to 2.0
mg/kg, less than or equal to 1.5 mg/kg, or less than or equal to 1.0 mg/kg.
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Whals claimed:

A compound comprising a modified oligonucleotide consisting of 16 to 22 linked nucleosides,

. » \ . » .
each N® is, inligpendently, a bicyelic nucleoside;
each N9 is, indep

YisOorl;and

ndently, a non-bicyclic nucleoside;

N” is a modified nuclégside or an unmodified nucleoside.

&

The compound of claim 1, whereis the modified oligonucleotide comprises at least 16, at least 17
at least 18, at least 19, at least 20, atNeast 21, or 22 contiguous nucleosides of nucleoside pattern
L N

B4

3. The compound of any one of the precediﬁ\claims wherein each bicyclic nucleoside is

independently selected from an LNA nucleos ide, a cEt nucleoside, and an ENA nucleoside.

4. The compound of any one of the preceding claim‘“,\wherein at least two bicyclic nucleosides are
different from one another. "

5. The compound of any one of claims 1 to 3, wherein all bk ‘yclic‘ nucleosides have the same sugar
moiety as one another. |

6. The compound of claim 5, wherein each bicyclic nucleoside is a'\gEt nucleoside.

3

7. The compound of claim 6, wherein the ¢Et nucleoside is an S-cEt mi',eosi_de.
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comprise sugar moieties that are different from one another.
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12.

13.
14.
1S5,

16.

17.
18.
19.

20.
21.
22.

23.

. The compound of any one of claims 1 to 9 wherein each non-bicyclic nucleoside has the same

Yype of sugar moiety.

The\¢ompound of any one of the preceding claims wherein each non-bicyclic nucleoside is
indepek dently selected from a B-D-deoxyribonucleoside, a -D-ribonucleoside, 2’-O-methyl

nucleosids, a 2’-O-methoxyethyl nucleoside, and a 2°-fluoronucleoside.

The compound of any one of the preceding claims wherein each non-bicyclic nucleoside is

independently sk cted from a B-D-deoxyribonucleoside, and a 2°-O-methoxyethyl nucleoside.

MOE nucleoside.

The compound of any one of claims\ | to 10, 12 and 13 wherein no more than two non-bicyclic
nucleosides are 2°-MOE nucleosides, wherein each other non-bicyclic nucleoside is a B-D-

deoxyribonucleoside.

The compound of claim 16, wherein the 5°-mogt and the 3’-most non-bicyclic nucleosides are 2°-

MOE nucleosides and each other non-bicyclic nugleoside is a B-D-deoxyribonucleoside.

The compound of claim 16 wherein two non—bicyclid Rucleosides are 2°-MOE nucleosides and

each other non-bicyclic nucleoside is a B-D-deoxyribonugleoside.

The compound of any one of claims 1to 13 and 15 to 18, whygein each R is a 2°-MOE

nucleoside. .
The compound of any one of claims 1 to 19, wherein X is 4, 5, 6, 7,
The compound of any one of claims 1 to 20, wherein Y is 0.

The compound of any one of claims 1 to 20, wherein Y is 1

The compound of claim 1 wherein:
a) Xis7;

each R is a 2’-O-methoxyethyl nucleoside;
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d)

g)

each N is an S-cEt nucleoside;

cachN%is a ﬁ-D—deoxwibonucleosidé; and Y is 0;

Xis4; (R)xis NR1~NR2-NR3-NR4, wherein each of N® and N®is a S-cEt nucleoside and

\each of N**and N** is a B-D-deoxyribonucleoside;

“ynd N%is a B-D-deoxyribonucleoside

X is 4; (R);'\s NELNRNFN® wherein each of N® and N®is a S-cEt nucleoside and
each of N® axi\\ ;\Nm is a B-D-deoxyribonucleoside;

each NPis an Sct nucleoside;

cachN%is a B-D-dc;‘ xyribonucleoside;

Y is 1; and N%is a 2’-‘:311ethoxyethy1 nucleoside

X is 7; R)x is NRLNR2NR \ RENPNRONR wherein each of N®UNR2 N® and N® and
is a 2’-O-methoxyethyl nucleg)L ide, each of N®and N% is a B-D-deoxyribonucleoside,

and N*® is S-cEt nucleoside;
cach N is an S-cEt nucleoside;

cach N¥is a B-D—deoxyribonucIeosid@‘»and Y 1s 0;

X is 7: (R)x is NR-NFENRE NRENRSNRS. ;7‘, wherein each of N®, N®2, N®° N* and

N®isa 2’-O—methoxyethyl nucleoside, N is\ -cEt nucleoside, and N is a B-D-
deoxyribonucleoside;
each NPis an S-cEt nucleoside;

each N? is a p-D-deoxyribonucleoside; and Y is 0;

X is 7; (R)x is NR-NR-NFNRNRNRSNY, wherein each of N*, N2, N&3, N& N®,
and N*¢ ig 2’-O-methoxyethyl nucleoside, and N¥isa B—D-d\‘\nyribonucleoside;

: N\ - T
each N is an S-cEt nucleoside;

each N%is a p-D-deoxyribonucleoside; and Y is 0;

X is 10; (R)x is NU-NE-NENHNENFN-NENEN wherein ebg

N®3,N™ NP, and N® is 2°-0-methoxyethyl nucleoside, each of N¥ and N

\:

isaan S-

cEt nucleoside; each of N®® and N*' is a -D-deoxyribonucleoside;
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each N®is an S-cEt nucleoside;

each N¥ is a B-D-deoxyribonucleoside; and Y is 0;

% Xis 10; (R)x is NF-NFENFNMNUNECNTNENNRO, wherein each of N, N,
N, NRONRS, and N®€ is 2°-0O-methoxyethyl nucleoside, each of N¥ and N® is a an S-

cExnucleoside; and each of N*® and N®'’ is a B-D-deoxyribonucleoside;

i) Xis4; (R)xis \"fl-NRz-Nm -N®, wherein each of N*'and N* is an S-cEt nucleoside, and
each of N*' and \ Lj is a p-D-deoxyribonucleoside;
cach NP is an S-cEt cleoside;
each N is a B-D-deox bonucleoside;

Y is 1 and N? is a B-D-deokyribonucleoside;

J) Xis 4; (R)x is NRLNFENRS -NR~A~,w11‘erei11 N® is a 2’-O-methoxyethyl nucleoside, each of
N®2 and N* is an S-cEt nucleosidd, and N®* is a B-D-deoxyribonucleoside;
each NPis an S-cEt nucleoside;
each Nis a |3—D-deoxyribonucleoside;\"“a,

Y is 1 and N” is a 2°-O-methoxyethyl nuc:‘Qside.

24. The compound of any one of the preceding claims, whkk‘iein the nucleobase sequence of the
modified oligonucleotide is at least 90%, at least 92%, at \"‘gs‘t 939%, at least 94%, at least 95%, at
least 96%, at ieast 97%, at least 98%, at least 99%, or ]00%{ \mplementary to the nucleobase
sequence of miR-122 (SEQ ID NO: 1).

E

selected from T and U.
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28.

9.
30.
31.

32.

'

The compound of any one of the preceding claims, wherein the modified oligonucleotide has 0, 1,

R, or 3 mismatches with respect to the nucleobase sequence of miR-122.

The ompound of claim 1 having the structure:

A CrAE Y Ce CrAR TR TGUsCsA CsACSTCsCs:

wherein the superscript “Me” indicates 5Q1net11ylcytosine; nucleosides not followed by a
subscript are B—D—deoxyribonucleosidé s nucleosides followed by a subscript “E” are 2°-MOE
nucleosides; nucleosides followed by a sub seript “S” are S-cEt nucleosides; and each

internucleoside linkage is a phosphorothioaté”~'\ptemucleoside linkage.

The compound of any one of the preceding claims, wherein the compound comprises a conjugate

moiety linked to the 5° terminus or the 3” terminus of th&modified oligonucleotide.

The compound of claim 29, wherein the compound compﬁsé" \a conjugate moiety linked to the 3° .

terminus of the modified oligonucleotide.

The compound of claim 29, wherein the compound comprises a conjy gate moiety linked to the 5’

terminus of the modified oligonucleotide.

The compound of claim 29, wherein the compound comprises a first COnju\ e moiety linked to
the 3” terminus of the modified oligonucleotide and a second conjugate moietyNinked to the 5’

terminus of the modified oligonucleotide.
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34.

35.

36.

. The compound of any one of claims 29 to 32, wherein the conjugate moiety comprises at least

Qne ligand selected from a carbohydrate, cholesterol, a lipid, a phospholipid, an antibody, a

lipgprotein, a hormone, a peptide, a vitamin, a steroid, and a cationic lipid.

The colgpound of any one of claims 29 to 33, wherein the compound has the structure:

The compound of ahy of one claims 29 to 33, wherein the compound has the structure:
Ly-linker-X-MO \
wherein each L is, indepé Rdently, a ligand and n is from 1 to 10; X is a phosphodiester linkage or

a phosphorothioate linkage; % nd MO is a modified oligonucleotide.

The compound of any one of claiy 1s 29 to 33, wherein the compound has the structure:
L,-linker-X;-Ny-X,-MO |
wherein each L is, independently, a Ii ‘nd and n is from 1 to 10; each N is, independently, a

modified or unmodified nucleoside and n\is from 1 to 5; X, and X, are each, independently, a

phosphodiester linkage or a phosphorothioate linkage; and MO is a modified oligonucleotide.

37.

38.

39.

The compound of any one of claims 29 to 33, wl rein the compound has the structure:
L,-linker-X-Ny-Y-MO N\

wherein each L is, independently, a ligand and n is fré ) 1to 10; each N is, independently, a
modified or unmodified nucleoside and m is from 1 to 5, ( is a phosphodiester linkage or a

phosphorothioate linkage; Y is a phosphodiester linkage; aﬂ\MO 1§ a modified oligonucleotide. -

The compound of any one of claims 29 to 33, wherein the com]c; nd has the structure:
Lyelinker-Y-Ny Y-MO |

wherein each L is, independently, a ligand and n is from 1 to 10; each ' N is, independently, a

modified or unmodified nucleoside and m is from 1 to 5; each Y 15 a ph(;‘hodiester linkage; and

MO is a modified oligonucleotide.

The compound of any of claims 34 to 38, whercin if n is greater than 1, L,-linke :

structure:

S
| L Qs NN 99

{ — ~5- - -
{ H

ANy Ay

AN
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wherein each L is, independently, a ligand; n is from 1 to 10; S is a scaffold; and Q’ and Q” are,

independently, linking groups.

40. The ompound of claim 39, wherein Q’ and Q” are each independently selected from a peptide,

41. The compound of ok im 39 or 40, wherein the scaffold links 2, 3, 4, or 5 ligands to a modified

42. The compound of claim 41\wherein the scaffold links 3 ligands to a modified oligonucleotide.

43. The compound of any one of ol ims 34 to 42, whercin the compound has the structure:

HO
B-MO
N
e
wherein:
B is selected from ~O-, -S-, NR™)-, -Z-P(Z")}(Z)0O-, -2 (Z°WZ7)YO-Ny-X-, and —Z-P(Z”)(Z7)O-
Nowr Y |

MO is a modified oligonucleotide; ;
R is selected from H, methyl, ethyl, propyl, isopropyl, butyl, an
Z,7’,and Z” are each independently selected from O and S;

cach N is, independently, a modified or unmodified nucleoside;

m is from 1 to 5; i \
X is selected from a phosphodiester linkage and a phosphorothioate lilﬂiage;\\
Yisa phosphociiester linkage; and

the wavy line indicates the connection to the rest of the linker and ligand(s).
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47.

48.

49,

50.

S1.

. The compound of any of of claims 34 to 43, wherein n is 3.

he compound of any one of claims 34 to 46, wherein at least one ligénd is a carbohydrate. .

The b mpound of any one of claims 34 to 47, wherein at least one ligand is selected from

mannoseyglucose, galactose, ribose, arabinose, fructose, fucose, xylose, D-mannose, L-mannose,

D-galactosey, L-galactose, D-glucose, L-glucose, D-ribose, L-ribose, D-arabinose, L-arabinose, D-

fructose, L- tose, D-fucose, L-fucose, D-xylose, L-xylose, alpha-D-mannofuranose, beta-D-

mannofuranose, b [ ha-D-mannopyranose, beta-D-mannopyranose, alpha-D-glucofuranose, Beta- -

D-glucofuranose, a\\ ha-D-glucopyranose, beta-D-glucopyranose, alpha-D-galactofuranose, beta-
\,

D-galactofuranose, 3115g—D—galactopyranose, beta-D-galactopyranose, alpha-D-ribofuranose,

beta-D-ribofuranose, alpl\lﬂ\ D-ribopyranose, beta-D-ribopyranose, alpha-D-fructofuranose, alpha-

D-fructopyranose, glucosam ne, galactosamine, sialic acid, N-acetylgalactosamine.

The compound of any one of clah 0s 34 to 47, wherein at least one ligand is selected from N-

on

acetylgalactofsamine, galactose, galactosamine, N-formylgalactosamine, N-propionyl-

galactosamine, N-n-butanoylgalactosaiyine, and N-iso-butanoyl-galactosamine.
The compound of any one of claims 34 to 47, wherein each ligand is N-acetylgalactosamine.

The compound of any one of claims 34 to 50, Wherein the compound has the structure:

P O
L HHYT TN
~Y H 1
i
] D
aTUNH g
7l o
gH TN o
. l'/NH‘ N
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Waerein each N is, independently, a modified or unmodified nucleoside and m is from 1 to 5; X, and
X, #e each, independently, a phosphodiester linkage or a phosphorothioate linkage; and MO is a
modifixd oligonucleotide.

52. A co ound comprising a modified nucleotide and a conjugate moiety, wherein the modified
oligonucléptide has the structure CLCAL TTG, T,CAC AC.TC, C;, wherein the subscript “L”
indicates an( kNA and nucleosides not followed by a subscript are B-D-deoxyribonucleosides, and
each internucled ide linkage is a phosphorothioate internucleoside linkage, and wherein the

conjugate moiety 1§ linked to the 3° terminus of the modified oligonucleotide and has the

structure:

53.
linkage.

54. The compound of any one of claims 51 to 53, wherein each of X; and X, is a

linkage.

55. The compound of any one of claims 35 to 54, wherein m is 1.
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. The compound of any one df claims 35 to 54, whereinm is 2, 3, 4, or 5.

57. The compound of any one of claims 35 to 56, wherein N, is N*,N”, wherein each N’ is,
indegendently, a modifid or unmodified nucleoside and p is from 0 to 4; and N is a nucleoside

comprising an unmodified sugar moiety.

58. The compotpd of claim 57, wherein p is 0.

59. The compound ,\claim 57, whereinp is 1, 2, 3, or 4.

N\,

60. The compound of any one of claims 55 to 59, wherein each N* comprises an unmodified sugar

moiety. \

6l.

62
63. ¢ 61, wherein N” comprises a pyrimidine nucleobase.
64. fo 62, wherein at least one N’ comprises a purine

65. The compound of claim 62 or 64, wherein each pul:i e nucleobase is independently selected from

66. The compound of any one of claims 57 to 62, 64, and 63,

deoxyriboadenosine or a B-D-deoxyriboguanosine.

pyrimidine nucleobase.

68. The compound of claim 63 or 67, wherein each pyrimidine nucleobase is\“ dependently selected

from cytosine, 5-methylcytosine, thymine, uracil, and 5,6-dihydrouracil.

69. The compound of any one of claims 35 to 68, wherein the sugar moiety of each gs
independently selected from a B-D-ribose, a f-D-deoxyribose, a 2°-O-methoxy sugef‘ 3 2’-0-

methyl sugar, a 2’-fluoro sugar, and a bicyclic sugar moiety. N\
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71.

72.

73.

74.
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. The compound of claim 69, wherein each bicyclic sugar moiety is independently selected from a

Et sugar moiety, an LNA sugar moiety, and an ENA sugar moiety.
Thexompound of claim 70, wherein the cEt sugar moiety is an S-cEt sugar moiety.
The comRound of claim 70, wherein the cEt sugar moiety is an R-cEt sugar moiety.

A compound\“ omprising a modified nucleotide and a conjugate moiety, wherein the modified
oligonucleotide\\ s the structure A CrARCr " CrArTETGUCeACSACSTCyCs, wherein ,
nucleosides not foll wed by a subscript are B-D-deoxyribonucleosides, nucleosides followed by a
subscript “E” are 2°-MOE nucleosides, nucleosides followed by a subscript “S” are S-cEt
nucleosides, and each il;\‘plucleoside linkage is a phosphorothioate internucleoside linkage; and
wherein the conjugate moix‘\ is linked to the 3* terminus of the modified oligonucleotide and has

the structure:

"wherein X is a phosphodiester linkage; m is 1; N is a B-D-deoxyri "\1adenosine; Yisa

phosphodiester linkage; and MO is the modified olig011ucleotide.

A compound comprising a modified nucleotide and a conjugate moiety, Merein the modified

oligonucleotide has the structure CLCA; TTG TLCACLAC, TCC,, wherein the subscript “L”

indicates an LNA and nucleosides not followed by a subscript are B-D-deoxyribynucleosides, and

structure:
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Mo
¥
.‘NH/\ ~ \ﬁ (0 'l\lm
H
3 X 7 ?
0‘\ ot )
~ ~ N
™ NH TN [N ,;Lg\ ~ AR ~ ~ l{
i 4 e

wherein X is a phosphodiester 1 kage; m is 1; N is a f-D-deoxyriboadenosine; Y is a

phosphodiester linkage; and MQ is the modified oligonucleotide.

75. A method of inhibiting the activity of MiR-122 in a cell comprising contacting a cell with a

compound of one any one of claims 1 to 74 above.

76. The method of claim 75 above, wherein the cell is i vivo.

77. The method of claim 75 above, wherein the cell ist"‘ vitro.

78. A method comprising administering to an HCV-infects
1to 74.

subject a compound of any one of claims

79. The method of claim 78 wherein the administering reduces th\.ls'ymptoms of HCV infection.

80.' The method of claim 78 or claim 79 wherein the administering pré"’xg:nts a rebound in serum HCV
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genotype 1b, genotyge 2a, genotype 2b, genotype 2¢, genotype 2d, genotype 3a, genotype 3b,

genotype 3c, genotype\ , genotype 3e, genotype 3f, genotype 4a, genotype 4b, genotype 4c,

=

genotype 4d, genotype 45‘;\.;‘genotype 4f, genotype 4g, genotype 4h, genotype 41, genotype 4j,
genotype Sa, and genotype

86. The method of claim 83 or claim® 34, wherein the HCV genotype is selected from genotype 1a,
~ Iband2.

87. The method of any one of claims 78 to 8§, comprising administering at least one additional

therapeutic agent.

88. The method of any one of claims 78 to 87, whe? ¢in the subject is infected with an HCV variant

that is resistant to at least one therapeutic agent.

89. The method of claim 87 or claim 88, wherein the at lcast one therapeutic agent is selected from a
protease inhibitor, a polymerase inhibitor, a cofactor inhib"tor, an RNA polymerase inhibitor, a
structural protein inhibitor, a non-structural protein inhibitoﬁ“a cyclophilin inhibitor, an entry

inhibitor, a TLR7 agonist, and an interferon. \

¥
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telapravir, boceprevir, vaniprevir, asunaprevir, ritonavir, setrobuvir, daclastavir, simeprevir,

\glisporivir, mericitabine, tegobuvir, danoprevir, sovaprevir, and neceprevir.

92. n ethod of claim 87 or claim 88 wherein the at least one therapeutic agent is selected from an
93. \of any one of claims 78 to 92 wherein the subject is a non-responder to at least one

94. The miethod of claly 93 wherein the subject is an interferon non-responder.

95. The method of claim 9Xor claim 94 wherein the subject is a direct-acting anti-viral non-
\

responder.

96. The method of any one of claimgs 78 to 95 comprising selecting a subject having a HCV RNA.

level greater than 350,000 copics k cr milliliter of serum.

97. The method of any one of claims 78 t 95 comprising selectmg a subject having a HCV RNA

Ievel between 350,000 and 3, 50(} 000 co "es per milliliter of serum.

98. The method of any one of claims 78 to 95 coi" D rising selecting a subject having a HCV RNA

level greater than 3,500,000 copies per mllhhter“"f serum.,
99. The method of any one of claims 78 io 98 wherein tﬁ‘ subject has an HCV-associated disease.

100. The method of claim 99 wherein the HCV»associ" ted disease is cirrhosis, liver fibrosis,

steatohepatitis, steatosis, or hepatocellular carcinoma.

101. The method of any one of claims 78 to 100 comprising 2% ministering a dose of the

compound sufficient to reduce HCV RNA level.

102. The method of claim 101 comprising administering a dose of thx‘»\gompound that reduces

HCV RNA level below 40 copies per ml of serum.

103. The method of claim 101 comprising administering a dose of the compoynd sufficient to

achieve at least a 2—10gvreduc{ion i HCV RNA level.
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The method of any one of claims 78 to 103 wherein the administering achieves a

‘sustained virological response.

105. . The method of any one of claims 78 to 104 comprising administering a dose of the
compoynd sufficient to achieve an HCV RNA level reduction of at least 0.5 fold, at least 1.0 fold,
at least 1§ fold, at least 2.0 fold, or at least 2.5 fold.

106. The ‘\"‘thod of claim 105 wherein the HCV RNA level reduction is achieved after two

weeks, three weeks, four weeks, five weeks, or six weeks of a first administration of the

\,
107. The method of a3 Uy one of claims 78 to 106 wherein the compound is administered once

once per three months.

- 108. The method of any one of’ Jaims 78 to 107, wherein the dose of the compound is less
than or equal to 10 mg/kg, less than d . equal to 7.5 mg/kg, less than or equal to 5 mg/kg per
week, Jess than or equal t0 4.5 mg/ke, 18 s than or equal to 4.0 mg/kg, less than or equal to 3.5
mg/kg, less than or equal to 3.0 mg/kg, less\than or equal to 2.5 mg/kg, less than or equal to 2.0
mg/kg, lesé than or equal to 1.5 mg/kg, or les \*t.han or equal to 1.0 mg/kg.

109. The method of any one of claims 78 to 108 wherein the administering normalizes liver

enzyme levels, wherein the liver enzyme is opﬁonallk\ alanine aminotransferase.
110. The method of any one of claims 78 to 109 wher'n the subject is a human.

111. The method of any onc of claims 78 to 110 wherein tfi‘.,\c()mpound 18 present in a

, pharmaceutical composition.

112. A compound of any one of claims 1 to 74, for use in therapy.\
113. A compound of any one of claims 1 to 74, for use in treating an 3
114. A compound for use according to claim 113, wherein the subject is a '}
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