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COMPOSITIONS AND METHODS FOR SILENCING MYOC EXPRESSION

CROSS-REFERENCE TORELATED APPLICATIONS

This application claims the bevefit of priority to U.S. Provisional Application No.
63/215,804, filed on June 28, 2021, claims the benefit of pricrity to U.S. Provisional Application
No. 63/287 404, filed on December 8, 2021, and claims the benefit of priority to U.S. Provisional
Application No. 63/351,033, filed on June 10, 2022, The entire contents of the foregoing

applications are hereby tncorporated herein by reference.

SEQUENCE LISTING

The nstant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCH copy, created on June 22, 2022 is named A108868 1490WQ0 SL txt and 18

596,407 bytes in size.

FIELD OF THE BISCLOSURE

The disclosure relates to the specific inhibition of the expression of the MYQC.

BACKGROUND

Glaucoma (e.g., privoary open angle glaucoma (POAG)) 18 a major cause of irreversible
vision loss in today’s aging population. MYOC protein mistolding cccludes its secretion from
trabecular meshwork cells, leading to elevated eve pressure that in turn compresses and damages
the optic nerve reducing its ability to transmit visual information to the brain, which results in

vision loss. New treatments for glaucoma are needed.

SUMMARY
The present disclosure describes methods and 1RNA compositions for modulating the
expression of MYOC. In certain embodiments, expression of MYOC is reduced or inhibited
using a MYOC-specitic iIRNA. Such inhibition can be usetul in treating disorders related to
MYOU expression, such as ocular disorders {e.g., glaucoma, e.g., primary open angle glaucoma

(POAG))
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Accordingly, described herein are compositions and methods that effect the RNA-
induced silencing complex (RISC)-mediated cleavage of RNA transcripts of MYOC, such asina
cell or in a subject {e.g., in a mammal, such as a human subject). Also described are
compositions and methods for treating a disorder related to expression of MYOC, such as
glaucoma {e.g., primary open angle glaucoma (POAG))

The iRNAs (e.g., dsRNAs) included 1o the compositions featured herein include an RNA
strand (the antisense strand} having a region, e.g., a regton that is 30 muclectides or less,
generally 19-24 nucleotides in length, that is substantially complementary to at least part of an
MRNA transcript of MYOC {e.g., a human MYOC) (also referred to herein as a “MYOC-
specific iRNA”). In some embodiments, the MY OC mRNA transcript is a human MYOC
mBRNA transcript, e.g., SEQ ID NO: 1 herein,

In some embodiments, the iIRNA {e.g., dsRNA) described herein comprises an antisense
strand having a region that is substantially complementary to a region of a human MYOC
mRNA. In some embodiments, the human MYOC mRNA has the sequence NM_000261 2
(SEQ ID NO: 1). The sequence of NM_000261.2 15 also herein tncorporated by reference in its
entirety. The reverse complement of SEQ 1D NO: 1 is provided as SEQ 13 NO: 2 heretn.

In some aspects, the present disclosure provides a double stranded ribonucleic acid
{dsRNA) agent for inhibiting expression of myocilin (MYQOC), wherein the dsRNA agent
comprises a sense strand and an antisense strand forming a double stranded region, wherein the
sense sirand comprises a nucleotide sequence comprising at feast 15 contiguous nucleotides, with
0, 1, 2, or 3 mismatches, of a portion of a coding strand of human MYQC and the antisense
strand comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1,
2, or 3 mismatches, of the corresponding portion of a non-coding strand of human MYOU such
that the sense strand 18 complementary to the at least 1S contiguous nucleotides in the antisense
strand.

In some aspects, the present disclosure provides a double stranded ribonucleic acid
{dsRMNA) agent tor inhibiting expression of MYOC, wherein the dsRNA agent comprises a sense
strand and an antisense strand forming a double stranded region, wherein the antisense strand
comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1,2, or 3
mismatches, of a portion of nuclectide sequence of SEQ ID NO: 2 such that the sense strand is

complementary to the at least 15 contiguous nucleotides in the antisense strand.



923

10

15

20

25

30

CA 03224868 2023-12-19

WO 2023/278406 PCT/US2022/035266

In some aspects, the present disclosure provides a double stranded ribonucleic acid
{dsRNA) agent for inhibiting expression of MYOC, wherein the dsRNA agent comprises a sense
strand and an antisense strand forming a double stranded region, wherein the antisense strand
comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with G, 1, 2, or 3
mismatches, from the antisense strand nucleotide sequence of duplex AD-1565804 and the sense
strand comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1,
2, or 3 mismatches, from the sense strand nuclectide sequence of duplex AD-1565804.

In some aspects, the present disclosure provides a double stranded ribonucleic acid
{dsRMNA) agent tor inhibiting expression of MYOC, wherein the dsRNA agent comprises a sense
strand and an antisense strand forming a double stranded region, wherein the antisense strand
comprises a nuclectide sequence comprising at least 15 contiguous nucleotides, with 0, 1,2, or 3
mismatches, from the antisense strand nucleotide sequence of duplex AD-1565837 and the sense
strand comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1,
2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-1565837.

In some aspects, the present disclosure provides a human cell or tissue comprising a
reduced level of MYOU mRNA or a level of MYOC protein as compared to an otherwise similar
untreated cell or tissue, wherein optionally the cell or tissue is not genetically engineered {e.g,
wherein the cell or tissue comprises one or more naturally ansing mutations, e.g., MYOC
mutations), wherein optionally the level is reduced by at least 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, SO%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, or 95%. In some embodiments,
the human cell or tissue is a trabecular meshwork tissue, a ciliary body, a retinal pigment
epithelium (RPE), a retinal tissue, an astrocyte, a pericyte, a Miller cell, a ganglion cell, an
endothelial cell, a photoreceptor cell, a retinal blood vessel (e.g, including endothelial cells and
vascular smooth muscle cells), or choroid tissue, e.g., a choroid vessel.

The present disclosure also provides, in some aspects, a cell containing the dsRNA agent
described herein.

In another aspect, provided herein 18 a human ocular cell, e.g., (a cell of the trabecular
meshwork, a cell of the ciliary body, an RPE cell, a retinal cell, an astrocyte, a pericyte, a Muler
cell, a ganglion cell, an endothelial cell, or a photoreceptor cell) comprising a reduced level of

MYOC mRNA or a level of MY OC protein as compared to an otherwise simtlar untreated cell.
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in some embodiments, the level 1s reduced by at least 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, S5%, 60%, 65%, T0%, 75%, B0%, 85%, 90%, or 95%.

In some aspects, the present disclosure also provides a pharmaceutical composition for
inhibiting expression of a gene encoding MYOC, comprising a dsRNA agent described herein.

The present disclosure also provides, in some aspects, 3 method of inhibiting expression
of MYOC 1n a cell, the method comprising:

{a) contacting the cell with the dsRNA agent described herein, or a pharmaceutical
composition described herein; and

{(b) maintatoing the cell produced o step {(a) for a time sufficient to obtain
degradation of the mRINA transcript of MYOCU, thereby inhibiting expression of the MYOC in
the cell.

The present disclosure also provides, in some aspects, a method of inhibiting expression
of MYQC in a cell, the method comprising:

{a) contacting the cell with the dsRNA agent described herein, or a pharmaceutical
composition described herein; and

{(b)  maintaining the cell produced in step (3} for a time sufficient to reduce levels of
MYOC mRNA, MYOC protein, or both of MYOC mRNA and protein, thereby inhibiting
expression of the MYOC 1o the cell.
The present disclosure also provides, in some aspects, a method of inhibiting expression of
MYOC 1n an ocular cell or tissue, the method comprising:

{a) contacting the cell or tissue with a dsRNA agent that binds MYOC; and

(b} maintaining the cell or tissue produced in step (a) for a time sutficient to reduce
fevels of MYOC mRNA, MYOCU protein, or both of MYOC mRNA and protein, thereby
inhibiting expression of MYOC in the cell or tissue.

The present disclosure also provides, in some aspects, a method of treating a subject
diagnosed with MY QC-associated disorder comprising administering to the subject a
therapeutically effective amount of the dsRNA ageunt described herein or a pharraceutical
composition described herein, thereby treating the disorder.

In any of the aspects herein, e.g., the compositions and methods above, any of the

embodiments herein {e.g., below) may apply.
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In some embodiments, the coding strand of human MYOC has the sequence of SEQ 1D
NO: 1. Insome embodiments, the non-coding strand of human MYOC has the sequence of SEQ
ID NGOG 2

In some embodiments, the sense strand comprises a nucleotide sequence comprising at
feast 15 contiguous nucleotides, with §, or 1, 2, or 3 mismatches, of the corresponding portion of
the nucleotide sequence of SEQ ID NGO: 1

In some embodiments, the dsRNA agent comprises a sense strand and an antisense
strand, wherein the antisense strand comprises a nucleotide sequence comprising at least 17
contiguous nucleotides, with 0, 1, 2, or 3 mismaiches, of a portion of nucleotide sequence of
SEQ ID NO: 2 such that the sense strand is complementary to the at least 17 contiguous
nuclieotides in the antisense strand.  In some embodiments, the sense strand comprises a
nucleotide sequence comprising at least 17 contiguous nuclecotides, with 0, or 1, 2, or 3
mismatches, of the corresponding portion of the nucleotide sequence of SEQ ID NG: 1.

In some embodiments, the dsRNA agent comprises a sense strand and an antisense
strand, wherein the antisense strand comprises a nucleotide sequence comprising at least 19
contiguous nucleotides, with G, 1, 2, or 3 mismatches, of a portion of nucleotide sequence of
SEG D NO: 2 such that the sense strand is complementary to the at least 19 contiguous
nucleotides in the antisense strand. In some embodiments, the sense strand comprises a
niucleotide sequence comprising at least 19 contiguous nuclectides, with 0, 1, 2, or 3 mismatches,
of the corresponding portion of the nucleotide sequence of SEQ ID NO: 1.

In some embodiments, the dsSRNA agent comprises a sense strand and an antisense
strand, wherein the antisense strand comprises a nucleotide sequence comprising at least 21
contiguous nuclestides, with ¢, 1, 2, or 3 mismatches, of a portion of nuclectide sequence of
SEQ ID NO: 2 such that the sense strand is complementary to the at least 21 contiguous
nuclieotides in the antisense strand.  In some embodiments, the sense strand comprises a
nucleotide sequence comprising at least 21 contiguous nucleotides, with 0, or 1, 2, or 3
mismatches, of the corresponding portion of the nucleotide sequence of SEQ ID NG: 1.

In some embodiments, the portion of the sense strand is a portion within a sense strand in
any one of Tables 2A and 2B.

in some embodiments, the portion of the antisense strand is a portion within an antisense

strand in any one of Tables 2Aand 2B.
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In some embaodiments, the antisense strand comprises a nucleotide sequence comprising
at least 1S contiguous nucleotides, with 0, 1, 2, or 3 musmatches, from one of the antisense
sequences listed in any one of Tables 2A and 2B. In some embodiments, the sense strand
comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with G, 1, 2, or 3
mismatches, from a sense sequence listed 1o any one of Tables 2A and 2B that corresponds to the
antisense sequence.

in some embodiments, the antisense strand comprises a nucleotide sequence comprising
at least 17 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from one of the antisense
sequences listed in any one of Tables 2A and 2B. Iu some emnbodiments, the sense strand
comprises a nucleotide sequence comprising at least 17 contiguous nucleotides, with 0, 1, 2, or 3
misroatches, from a sense sequence listed inany one of Tables 2ZA and 2B that corresponds to the
antisense sequence.

In some embodiments, the antisense strand comprises a nucleotide sequence comprising
at least 19 contiguous nucleotides, with ¢, 1, 2, or 3 mismaiches, from one of the antisense
sequences listed in any one of Tables 2A and 2B, In some embodiments, the sense strand
comprises a nucleotide sequence comprising at feast 19 contiguous nucleotides, with 6, 1, 2, or 3
mismatches, from a sense sequence listed in any one of Tables 2A and ZB that corresponds to the
antisense sequence.

In some embaodiments, the antisense strand comprises a nucleotide sequence comprising
at least 21 contiguous nucleotides, with 0, 1, 2, or 3 musmatches, from one of the antisense
sequences listed in any one of Tables 2A and 2B. In some embodiments, the sense strand
comprises a nucleotide sequence comprising at least 21 contiguous nucleotides, with 0, 1,2, or 3
mismatches, from a sense sequence listed 1o any one of Tables 2A and 2B that corresponds to the
antisense sequence.

o some embodiments, the sense strand of the dsRNA agent is at Jeast 23 nucleotides in
fength, e.g., 23-30 maclectides in length.

In some embodiments, at least one of the sense strand and the antisense strand is
conjugated to one or more lipophilic moieties. In some embodiments, the lipophilic moiety is
conjugated to one or more positions in the double stranded region of the dsRNA agent. In some
embodiments, the ipophilic moiety is conjugated via a linker or carrier. In some embodiments,

Hipophilicity of the lipophilic moiety, measured by logKow, exceeds 0.
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in some embodiments, the hydrophobicity of the double-stranded RINAIL agent, measured by the
unbound fraction in a plasma protein binding assay of the double-~stranded RNA agent, exceeds
0.2. In some embodiments, the plasma protein binding assay is an electrophoretic maobility shift
assay using human serum atbumin protein.

In some embodiments, the dsRNA agent comprises at least one modified nucleotide. In
some embodiments, no more than five of the sense strand nucleotides and not more than five of
the nuclectides of the antisense strand are unmodified nucleotides. In some embodiments, all of
the nucleotides of the sense strand and all of the nucleotides of the antisense strand comprise a
modification.

In some embodiments, at least one of the modified nucleotides is selected from the group
counsisting of a deoxy-nucleotide, a 3’ -terminal deoxy-thymine {(dT) nucleotide, a 27-O-methyl
modified nuclectide, a 2°-fluoro madified nuclecotide, a 2’ -deoxy-modified nuclectide, a focked
nucleotide, an unlocked nucleotide, a conformationally restricted nucleotide, a constrained ethyl
nucleotide, an abasic nucleotide, a 27-aminc-modified nucleotide, a 2°-0-allyl-modified
nucleotide, 2°-C-alkyl-modified nucleotide, a 27 -methoxyethyl modified nucleotide, a 2°-O-
alkyl-modified nucleotide, a morpholine nucleotide, a phosphoramidate, a non-natural base
comprising nucleotide, a tetrahydropyran modified nuclectide, a 1,5-anhydrohexitol modified
nucleotide, a cyclohexenyl modified nucleotide, a nucleotide comprising a phosphorothioate
group, a nucleotide comprising a methylphosphonate group, a nucleotide comprising a 5'-
phosphate, a nucleotide comprising a 5" ~phosphate minic, a glycol modified nucleotide, and a
27-0O~{N-methylacetamide) modified nucleotide; and combinations thereof. In some
embodiments, no more than five of the sense strand nucleotides and not more than five of the
nucleotides of the antisense strand include modifications other than 27-0-methyl modified
nucleotide, a 2°-fluore modified nucleotide, a 27 -deoxy-modified nucleotide, unlocked nucleic
acids (UNA) or glycerol nucleic acid (GNA).

In some embodiments, the dsRNA comprises a non-nuclectide spacer (wherein optionally
the non-nucleotide spacer corprises a C3-C6 alkyl) between two of the contiguous nucleotides
of the sense strand or between two of the contiguous nucleotides of the antisense strand.

In some embodiments, each strand is no more than 30 nucleotides in length. In some

embodiments, at least one strand comprises a 37 overhang of at east T nucleotide. In some
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embodiments, at least one strand comprises a 3° overhang of at least 2 nuclectides. In some
embodiments, at least one strand comprises a 37 overhang of 2 nucleotides.

In some embodiments, the double stranded region 15 15-30 nucleotide pairs in length. In
some embodiments, the double stranded region s 17-23 nucleotide pairs in length. In some
embodiments, the double stranded region is 17-25 nuclectide pairs in length. In some
embodiments, the double stranded region 1s 23-27 nucleotide pairs in length. In some
embodiments, the double stranded region is 19-21 nucleotide pairs in length. In some
embodiments, the double stranded region 15 21-23 nucleotide pairs in length. In some
embodiments, each strand has 19-30 nucleotides. In some embodiments, each strand has 19-23
nucleotides. In some embodiments, each strand has 21-23 nucleotides.

In some embodiments, the agent comprises at Jeast one phosphorothicate or
methylphosphonate internuclectide linkage. In some embodiments, the phosphorothiocate or
methylphosphonate internucleotide linkage s at the 3 -terminus of one strand. In some
embodiments, the strand is the antisense strand. In some embodiments, the strand is the sense
strand.

in some embodiments, the phosphorothicate or methviphosphonate internuclectide
linkage is at the §’-terminus of one strand. 1n some embodiments, the strand is the antisense
strand. In some embodiments, the strand is the sense strand.

In some embodiments, each of the 57~ and 3’ -terminus of one strand comprises a
phosphorothioate or methylphosphonate internucleotide linkage. In some embodiments, the
strand 1s the antisense strand.

In some embodiments, the base pair at the 1 position of the 5-end of the antisense strand
of the duplex is an AU base pair.

In some embodiments, the sense strand has a total of 21 nucleotides and the antisense
strand has a total of 23 nucleotides.

In some embodiments, one or more lipophilic moteties are conjugated to one ot more
internal positions on at least one strand. In some embodiments, the one or more hipophilic
moteties are conjugated to one or more tuternal positions on at least one strand via a linker or
carrier.

In some embodiments, the internal positions include all positions except the terroival two

positions from each end of the at least one strand. In some embodiments, the internal positions
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include all positions except the terminal three positions from each end of the at least one strand.
In some embodiments, the internal positions exclude a cleavage site region of the sense strand.
in some embodiments, the internal positions include all positions except positions 9-12, counting
from the 5 ~end of the sense strand. In some embodiments, the internal positions include all
positions except positions 11-13, counting from the 3’-end of the sense strand. In some
embodiments, the internal positions exclude a cleavage site region of the antisense strand. In
some embodiments, the internal positions include all posttions except positions 12-14, counting
from the 5’ -end of the antisense strand. In some embodiments, the internal positions include all
positions except positions 11-13 on the sense strand, counting from the 37-end, and positions 12-
14 on the antisense strand, counting from the 5 -end.

o some embodiments, the one or more lipophilic moieties are conjugated to one or more
of the internal positions selected from the group consisting of positions 4-8 and 13-18 on the
sense strand, and positions 6-10 and 15-18 on the antisense strand, counting from the 57end of
each strand. In some embodiments, the one or more lipophilic moieties are conjugated o one or
more of the internal positions selected from the group consisting of positions 3, 6, 7, 15, and 17
on the sense strand, and positions 15 and 17 on the antisense strand, counting from the 5’-end of
gach strand.

In some embodiments, the positions in the double siranded region exclude a cleavage site
region of the sense strand.

In some embodiments, the sense strand 138 21 nucleotides in length, the antisense strand is
23 nucleotides in length, and the lipophilic moiety is conjugated to posttion 21, position 20,
position 15, position 1, position 7, position &, or position 2 of the sense strand or position 16 of
the antisense strand. In some embodiments, the lipophilic moiety 18 conjugated to position 21,
position 20, position 15, position 1, or position 7 of the sense strand. In some embodiments, the
fipophilic moiety 15 conjugated to position 21, position 20, or position 15 of the sense sirand. In
some embaodiments, the lipophilic moiety is conjugated to position 20 or position 15 of the sense
strand. In some embodiments, the lipophilic moiety i1s conjugated to position 16 of the antisense
strand. In some embodiments, the lipophilic moiety is conjugated to position 6, counting from
the 57-end of the sense strand.

in some embodiments, the lipophilic motety is an aliphatic, alicyclic, or polyalicyclic

compound. In some embodiments, the lipophilic moiety is selected from the group consisting of
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lipid, cholestercl, retincic acid, cholic acid, adamantane acetic acid, -pyrene butyric acid,
dibydrotestosterone, 1,3-bis-Ofhexadecylglycerol, geranyloxyhexyanol, hexadecylglycerol,
borneol, menthol, 1,3-propanediol, heptadecy! group, palmitic acid, myristic acid, 03~
{oleoyliitthocholic acid, O3-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine. In sorme
embodiments, the lipophilic motety contains a saturated or unsaturated C4-C30 hydrocarbon
chain, and an optional functional group selected from the group consisting of hydroxyl, anune,
carboxylic acid, sulfonate, phosphate, thiol, azide, and alkyne. In some embodiments, the
Hipophilic moiety contains a saturated or unsaturated C6-C18 hydrocarbon chain. In some
embodiments, the hpophilic motety coutains a saturated or unsaturated C16 hydrocarbon chain.

In some embodiments, the lipophilic moiety is conjugated via a carrier that replaces one
or more nucieotide(s) in the tuternal position(s) or the double stranded region. In some
embodiments, the carrier is a cyclic group selected from the group consisting of pyrrolidinyl,
pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl,
P1,3]dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, 1sothiazolidinyi,
quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl; or is an acyclic moiety based on a
serinol backbone or a diethanclamine backbone.

In some embodiments, the lipophilic motety is conjugated to the double-stranded 1RNA
agent via a linker containing an ether, thioether, urea, carbonate, amine, amide, maleimide-
thioether, disulfide, phosphodiester, sulfonamide linkage, a product of a click reaction, or
carbamate.

in some embodiments, the lipophilic motety is conjugated to a nuclecbase, sugar moiety,
or internucleosidic linkage.

In some embodiments, the lipophilic moiety or targeting ligand is conjugated via a bio-
cleavable linker selected from the group consisting of DNA, RNA| disulfide, amide,
functionalized monosaccharides or oligosaccharides of galactosamine, glucosamine, ghucose,
galactose, mannose, and combinations thereof.

In some embodiments, the 37 end of the sense strand is protected via an end cap which is
a cyclic group having an amine, said cyclic group being selected from the group consisting of
pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, inudazolidinyl, piperidinyl, piperazinyl,
f1,31dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidiny, isothiazolidinyl,

quinoxalinyl, pyridazinonyl, tetrahydroturanyl, and decalinyl.
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In some embodiments, the dsRINA agent further comprises a targeting ligand, e.g., a
figand that targets an ocular tissue or a liver tissue. In some erobodiruents, the ocular tissue is a
trabecular meshwork tissue, a ciliary body, a retinal tissue, a retinal pigment epithelium (RPE) or
choroid tissue, e.g., a choroid vessel.

In some embodiments, the ligand 1s conjugated to the sense strand. In some
embodiments, the higand 1s conjugated to the 37 end or the 57 end of the sense strand. In some
embodiments, the ligand 1s conjugated to the 37 end of the sense strand.

In some embodiments, the ligand comprises N-acetylgalactosamine (GalNAc) In some
embodiments, the targeting ligand comprises one or more GalNAc conjugates or one or more
GallNAc denivatives. In some embodiments, the ligand is one or more GalNAc conjugates or one
or more GalNAc¢ derivatives are attached through a monovalent Hinker, or a bivalent, trivalent, or

tetravalent branched linker. In some embodiments, the ligand is

In some embodiments, the dsRNA agent 1s conjugated to the ligand as shown in the following

schematic
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wherein X is G or 5. In some embodiments, the X 1s (.

In some embodiments, the dsRNA agent further comprises a termunal, chiral modification
occurring at the first internucleotide linkage at the 37 end of the antisense strand, having the
linkage phosphorus atom in Sp configuration, a terminal, chiral modification occurring at the
first internuclieotide linkage at the 57 end of the antisense strand, having the linkage phosphorus
atom 1in Rp configuration, and a terminal, chiral modification occurring at the first
internucleotide hinkage at the 57 end of the sense strand, having the linkage phosphorus atom in
either Rp configuration or Sp configuration.

In some embodiments, the dsRNA agent further comprises a terminal, chiral modification
occurring at the first and second internucleoctide linkages at the 37 end of the antisense strand,
having the linkage phosphorus atom in Sp configuration, a terminal, chiral modification
occurring at the first internucleotide linkage at the 57 end of the antisense strand, having the
linkage phosphorus atom in Rp configuration, and a terminal, chiral modification occurring at
the first internucleotide linkage at the 57 end of the sense strand, having the linkage phosphorus
atom in either Rp or Sp configuration.

In some embodiments, the dsRNA agent further comprises a termunal, chiral modification
occurring at the first, second and third internuclectide linkages at the 37 end of the antisense
strand, having the linkage phosphorus atom in Sp configuration, a terminal, chiral modification
occurring at the first intersucleotide linkage at the 57 end of the antisense strand, having the
linkage phosphorus atom in Rp configuration, and a terminal, chiral modification cccurring at
the first internucleotide hinkage at the 37 end of the sense strand, having the linkage phosphorus

atom in either Rp or Sp configuration.
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In some embodiments, the dsRNA agent further comprises a terminal, chiral modification
occurring at the first, and second internucleotide linkages at the 37 end of the antisense strand,
having the linkage phosphorus atom in Sp configuration, a terminal, chiral modification
occurring at the third internucieotide linkages at the 37 end of the antisense sirand, having the
finkage phosphorus atom tn Rp configuration, a terminal, chiral modification occcurring at the
first internucleotide linkage at the 57 end of the antisense strand, having the linkage phosphorus
atom in Rp configuration, and a terminal, chiral modification occurring at the first
internucleotide hinkage at the 57 end of the sense strand, having the linkage phosphorus atom in
either Rp or Sp configuration.

In some embodiments, the dsRNA agent further comprises a terminal, chiral modification
occurting at the first, and second mternucteotide linkages at the 37 end of the antisense strand,
having the linkage phosphorus atom in Sp configuration, a terminal, chiral modification
occurring at the first, and second internuclectide linkages at the 57 end of the antisense strand,
having the linkage phosphorus atom in Rp configuration, and a terminal, chiral modification
occurring at the first internucleotide hinkage at the 57 end of the sense strand, having the linkage
phosphorus atom in gither Rp or Sp configuration.

In some embodiments, the dsRNA agent further comprises a phosphate or phosphate
mmirnic at the 57-end of the antiseuse strand. In some embodiments, the phosphate mimicisa 3~
vinyl phosphonate (VP).

In various embodiments of the aforementioned dsRNA agents, the dsRINA agent targets a
hotspot region of an mRNA encoding MYOC.

In ancther aspect, the present invention provides a dsRINA agent that targets a hotspot
region of a myocilin (MYO{U) mRNA.

In some embodiments, a cell described herein, e.g., a human cell, was produced by a
process comprising contacting a human cell with the dsRNA agent described herein.

In some embodiments, a pharmaceutical composition described herein comprises the
dsRNA agent and a lipid forroulation,

In some embodiments {(e.g., embodiments of the methods described herein), the cell is
within a subject. In some embodiments, the subject 1s a human. In some ermbodiments, the level
of MYOC mRNA is inhibited by at least 50%. In some embodiments, the level of MYOCU

rotein is inhibited by at least 50%. In some embodiments, the expression of MYOC is inhibited
p 3 p
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by at least 50%. In some embodiments, inhibiting expression of MYOC decreases the MYOC
protein level 1o a bological sample {e.g., an aqueous ocular fluid sample) from the subject by at
feast 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95%. In some embodiments, inhibiting
expression of MYOC gene decreases the MYOU mRNA level in a biological sample (e.g., an
aqueous ocular fluid sample} from the subject by at least 30%, 40%, 50%, 60%, 70%, 80%, 90%,
or 95%.

in some embodiments, the subject has been diagnosed with a MYOC-associated disorder.
In some embodiments, the subiect meets at least one diagnostic criterion for a MYOC-associated
disorder. In some embodiments, the MYOC associated disorder is glagcoma. In some
embodiments, the MYOC associated disorder ts primary open angle glaucoma (POAG).

In some embodiments, the ocular cell or tissue is a trabecular meshwork tissue, a ciliary
body, RPE, a retinal cell, an astrocyte, a pericyte, a Miller cell, a ganglion celi, an endothelial
cell, a photoreceptor cell, a retinal blood vessel (e.g., including endothelial cells and vascular
smooth muscle cells), or choroid tissue, e.g., a chorotd vessel,

In some embodiments, the MYOC-associated disorder 15 a glaucoma. In some
embodiments, the glaucoma is caused by or associated with an elevated eve pressure. In some
embodiments, the glaucoma primary open angle glaucoma (POAG)).

In some embodiments, treating comprises amelioration of at least one sign or symptom of
the disorder. In some embodiments, the at least one sign or symptom includes a measure of one
or more of optic nerve damage, vision loss, tunnel vision, blurred vision, eye pain or presence,
fevel, or activity of MYOU {e.g., MYOC gene, MYOU mRNA, or MYOCU protein}.

In some embodiments, a level of the MYOC that s higher than a reference level 15
indicative that the subject has glaucoma. In some embodiments, treating comprises prevention
of progression of the disorder. In some embodiments, the treating comprises one or more of {a)
inhibiting or reducing the expression or activity of MYQC, (b) reducing the level of musfolded
MYOC protein; (¢} reducing trabecular meshwork cell death; (d} decreasing intraccular pressure;
or {e} increasing visual acuity.

In some embodiments, the treating resulis in at least a 30% mean reduction from baseline
of MYOC mRNA in the trabecular meshwork tissue, ciliary body, retina, RPE, a retinal blood
vessel {e.g., including endothelial cells and vascular smooth muscle cells), or choroid tissue, e.g,

a choroid vessel. In some embodiments, the treating results in at least a 60% mean reduction
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from baseline of MYOCU mRNA 1in the trabecular meshwork tissue, ciliary body, retina, RPE, a
retinal blood vessel (e.g, including endothelial cells and vascular smooth muscle cells), or
choroid tissue, e.g., a choroid vessel. In some embodiments, the treating resuits in at least a 90%
mean reduction from baseline of MYOCU mRNA in the trabecular meshwork tissue, ciliary body,
retina, RPE, a retinal blood vessel (e.g., including endothelial cells and vascular smooth muscle
cells), or choroid tissue, e.g., a choroid vessel.

in some embodiments, after treatment the subject experiences at least an 8-week duration
of knockdown tollowing a single dose of dsRNA as assessed by MYOC protein in the retina. In
some embodiments, treating results in at least a 12-week duration of knockdown following a
single dose of dsRNA as assessed by MYOC protein in the retina. In some embodiments,
treating results in at least a 16~-week duration of knockdown following a single dose of dsRNA as
assessed by MYOC protein in the retina.

In some embodiments, the subject is human,

In some embodiments, the dsRNA agent is administered at a dose of about 0.01 mg/kg to
about 50 mg/'kg.

in some embodiments, the dsSRNA agent is administered to the subject intraccularly. In
some embaodiments, the intraocular administration comprises intravitreal administration, e.g.,
intravitreal injection; transscleral admingsiration, ¢ g, transscleral injection; subconjunctival
administration, e.g., subconjunctival injection; retrobulbar administration, e g, retrobulbar
injection; intracarmeral administration, e.g., intracameral injection, or subretinal admwinistration,
e.g., subretinal injection.

In some embodiments, the dsRNA agent 15 administered to the subject intravenously. In
some embodiments, the dSRNA agent is administered to the subject topically.

In some embodiments, a method described herein further comprises measuring a level of
MYOC (e.g., MYOC gene, MYOC mRNA, or MYOU protein) in the subject. In some
embodiments, measuring the level of MYOC in the subject comprises measuring the level of
MYOC protein o a biological sample from the subject {e.g., an aqueous ocular fluid sample). 1o
some embodiments, a method described herein further comprises performing a blood fest, an
imaging test, or an aqueous ocular fluid biopsy (e g, an aqueous humor tap).

in some embodiments, a method described heretn further measuring a level of MYQC

{e.g., MYOC gene, MYOCU mRNA, or MYOC protein} in the subject is performed prior to
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treatment with the dsRNA agent or the pharmaceutical composition. In some embodiments,
upon determination that a subject has a tevel of MYOC that 1s greater than a reference level, the
dsRNA agent or the pharmaceutical composition is administered to the subject. In some
embodiments, measuring level of MYOC in the subject is performed after treatment with the
dsRNA agent or the pharmaceutical composttion,

In some embodiments, a method described herein further comprises treating the subject
with a therapy suitable for treatment or prevention of a MY {C-associated disorder, e.g., wherein
the therapy comprises laser trabeculoplasty surgery, trabeculectomy surgery, a minmimally
invasive glaucoma surgery, or placement of a drainage tube 1o the eye. In some embodiments, a
method described herein further comprises administering to the subject an additional agent
suitable for treatment or prevention of a MYQOC-associated disorder. In some embodiments, the
additional agent comprises a carbonic anhydrase inhibitor, a prostaglandin, a beta blocker, an
alpha-adrenergic agonist, a carbonic anhydrase inhibitor, a Rho kinase inhibitor, or a cholinergic
agent, or any combination thereof. In some embodiments, the additional agent comprises an oral
medication or an eye drop.

All publications, patent applications, patents, and other references mentioned herein are

incorporated by reference in their entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, which are incorporated in and constitute a part of this
specification, tlustrate several features of the present disclosure.

The patent or application file contains at least one drawing executed in color. Copies of
this patent or patent application publication with color drawing(s} will be provided by the Gffice
upon request and payment of the necessary fee.

Figure 1A shows the experimental setup for testing the effect of human MYOC siRNA
AIB22899 on intraceular pressure (JOP) in SAM mice comprising a humanized MYOC locus
comprising a Y437H mutation (SAM-MYOC mice, homozygous for each allele) treated with
AAVIY3F-5AM-g4

Figure 1B shows intraocular pressure {(IOP) in SAM mice comprising a humanized
MYOC Focus comprising a Y437H mutation (SAM-MYOCU mice, homozygous for each allele)
treated with AAVZ. Y3F-SAM-g4 or nothing {naive}, and tn which the AAVZ Y3F-8AM-g4-
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treated mice were subsequently treated with either human MYOC siRNA or a control luciferase
5iRNA.

Figure 2A shows the experimental setup for testing the effect of human AMYOC siRNAs
AD-822899, AD-1565804, AD-1565837, AD-1193175, and AD-1565503 on intraocular pressure
{10P) in SAM mice comprising a humanized MYOC locus comprising a Y437H mutation (SAM-
MYOC mice, homozygous for cach allele} treated with LV-SAM-g4.

Figure 2B shows intraocular pressure (I0P) in SAM mice comprising a humanized

MYOC tocus comprising a Y437H mutation (SAM-MYOC mice, homozygous for each allele)
ireated with LV-SAM-g4 or PBS, and 1n which the LV-SAM-gd-treated mice were subsequently
treated with human MYOC siRNA AD-822899, AD-1505804, AD-1505837, AD-1193175, or
AD-1565503.

Figure 2C shows gPCR results showing the percentage of human MYOCU mRNA
expression relative to Gapdh in SAM mice comprising a humanized MYOC locus comprising a
Y437H mutation (SAM-MYOC mice, homozygous for each allele) treated with LV-SAM-g4 or
PBS, and in which the LY-SAM-gd-treated mice were subsequently treated with human AMYOC
siRNA AD-B22899, AD-1565804, AD-1565837, AD-1193175, or AD-1565503.

Figure 2D shows RNASCOPE® analysis of human MYOC mRNA expression in eyes
from SAM mice comprising a humanized AMYOC focus comprising a Y437H mutation (SAM-
MYOC mice, homozygous for each allele} treated with LV-SAM-g4 or PBS, and in which the
LV-SAM-gd-treated mice were subsequently treated with buman MYOC siRNA AD-1565804 or
AD-1565837.

Figure 3A shows the experimental setup for testing the effect of human AMYOC siRNAsg
AD-1565804 or AD-1565837 on intraccular pressure (JOP) in SAM mice comprising a
humanized MYOC tocus comprising a Y437H mutation (SAM-MYOC mice, homozygous for
each allele) treated with LV-SAM-g4.

Figure 3B shows intraccular pressure (I0P} in SAM mice comprising a humanized
MYOC Tocus comprising a Y437H routation (SAM-MYOC mice, homozygous for each allele)
treated with LV-SAM-g4 or PBS, and in which the LV-SAM-gd-treated mice were subsequently
treated with human MY OC siRNA AD-1565804 or AD-1565837.

Figure 3C shows gPCR results showing the percentage of human MYOC mRNA

expression relative to Gapdh in SAM mice comprising a humanized MYOC locus comprising a
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Y437H mutation (SAM-MYOC mice, homozygous for each allele) treated with LV-SAM-g4 or
PBS, and in which the LV-SAM-g4-ireated mice were subsequently treated with human AYOC
siRNA AD-1565804 or AD-1565837.

Figure 4 shows the percent MYOC protein remaining relative to PBS in the TM at day
&5 after dosing with etther AD-1565837 duplex or AD-1565804 duplex in the non-human
primate (NHP) model. Results are shown for two different MYOC antibodies, R&D and Abnova.

Figure 5 depicts the percent MYOU protein remaining in the agueous humor relative to
pre~-dose at days -35, 22, 50, and 85 after dosing with either AD-1565837 duplex or AD-1565804
duplex in the non-human prumate (NHP) model.

Figure 6A shows the percent MYQOU protein remaining relative to PBS in the vitreous
humor and ciliary body at day 85 after dosing with either AD-1565837 duplex or AD-1565804
duplex in the non-human primate (NHFP) model.

Figure 6B shows the percent MYOC protein remaining relative to PBS in the iris and
sclera at day 85 after dosing with etther AD-1565837 duplex or AD-1565804 duplex in the non-
human primate {(NHP) model.

Figure 7 depicts the percent MYOU mRNA remaining tn the aqueous humor relative to
PBS at day 85 after dosing with either AD-1565837 duplex or AD-1565804 duplex in the non-

human primate (NHP) model.
The details of various embodiments of the disclosure are set forth in the description

below. Other features, objects, and advantages of the disclosure will be apparent from the

description and the drawings, and from the claims.

DBETAILED DESCRIPTION

iRNA directs the sequence-specific degradation of mRNA through a process known as
RNA mnterference (RNAi}. Described herein are iRNAs and methods of using them for
modulating {e.g., inhibiting) the expression of MYOC. Also provided are compositions and
methods for treatroent of disorders related to MYOC expression, such as glaucoma {e.g., primary
open angle glaucoma (POAG)).

Human MYOC 15 a secreted glycoprotein of approximately 37 kDa that regulates the

activation of several signaling pathways in adjacent cells to control different processes tncluding
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cell adhesion, cell-matrix adhesion, cytoskeleton organization, and cell migration. MYOC is
typically expressed and secreted by a variety of tissues including the retina and the structures
involved in aquecus humor regulation such as the trabecular meshwork tissue and the ciliary
body. Aberrant MYOC 1s associated with glaucoma, for wnstance primary open angle glaucoma
{POAG). Without wishing to be bound by theory, aberrant MYOC may exacerbate the
pathogenesis of glaucoma, e.g., by impeding the drainage of aguecus humor consequently
feading to an increased intraccular pressure,

The following description discloses how to make and use compositions containing
iRNAs to modulate (e.g., inhibit) the expression of MYOC, as well as compositions and methods
for treating disorders related to expression of MYOC,

o some aspects, pharmaceutical compositions containing MYOUC iRNA and a
pharmaceutically acceptable carrier, methods of using the compositions to inhibit expression of
MYOC, and methods of using the pharmaceutical compositions to treat disorders related to
expression of MYOC (e.g., glaucoma, e.g., primary open angle glaucoma (POAG)) are featured

herein.

I Definitions

For conventence, the meaning of certain terms and phrases used in the specification,
examples, and appended claims, are provided below. If there is an apparent discrepancy between
the usage of a terro in other parts of this specification and its definition provided in this section,
the definition in this section shall prevail.

The term “about” when referring to a number or a numernical range means that the
number or numerical range referred to 1s an approximation within experumental variability {or
within statistical experimental error), and thus the number or numerical range may vary from, for
example, between 1% and 15% of the stated number or numerical range.

The terms “or more’ and “at least” prior to a number or series of numbers is
understood to include the number adjacent to the term “at least”, and all subsequent numbers
or integers that could logically be included, as clear from context. For example, the number
of nucleotides in a nucleic acid wolecule must be an 1nteger. For example, “at least 17
nucleotides of a 20 nucleotide nucleic acid molecule” means that 17, 18, 19, or 20 nucleotides
have the indicated property. When “at least” is present before a series of nmumbers or a range,

it is understood that “at least” can modify each of the numbers in the series or range.
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As used herein, “or less” and “no more than” are understood as including the value
adjacent to the phrase and logical lower values or integers, as logical from context, to zero.
For example, a duplex with mismatches to a target site of “no more than 2 nuclectides” has a
2, 1, or 0 mismaiches. Wheo “no more than” is present before a series of numbers or a range,
it is understood that “no more than” can modify gach of the numbers in the series or range.

As used herein, “less than” 1s understood as not including the value adjacent to the
phrase and including logical lower values or integers, as logical from context, to zero. For
example, a duplex with mismatches to a target site of “less than 3 nucleotides” has 2. 1, or 0
mismatches. When “less than” is present before a sevies of numbers or a range, 1t is
understood that “less than” can modify each of the numbers in the series or range.

As used herein, “more than” is understood as not wncluding the value adjacent to the
phrase and including logical higher values or integers, as logical from context, to infinity. For
example, a duplex with mismatches to a target site of “more than 3 nucleotides” has 4, 5, 6, or
mote mismatches. When “more than” 1s present before a series of numbers or a range, it is
understood that “more than” can modify cach of the numbers in the series or range.

As used herein, “up to” as tn “up to 107 1s understood as up to and including 10, ie.,
0,1,2,3,4,5,6.7.8 9, or 10.

Ranges provided heretn are understood to include all individual integer values and all
subranges within the ranges.

The terms “activate,” “enhance,” “up-regulate the expression of)” “increase the
expression of,” and the like, in so far as they refer to a MYOU gene, herein refer to the at least
partial activation of the expression of a MYOUC gene, as manifested by an increase in the amount
of MYOU mRNA, which may be isolated from or detected in a first cell or group of cells in
which a MYOC gene 1s transcribed and which has or have been treated such that the expression
of a MYOC gene 1s increased, as compared to a second cell or group of cells substantially
identical to the first cell or group of cells but which has or have not been so treated {control
cells).

In some embodiments, expression of a MYOC gene is activated by at least about 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% by administration of an iRNA as described
herein. In some embodiments, a MYOU gene is activated by at least about 60%, 70%, or 80%

by administration of an iRNA featured 1n the disclosure. In some embodiments, expression of a
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MYOC gene is activated by at least about 85%, 90%, or 95% or more by administration of an
iRNA as described herein. In some embodiments, the MYOU gene expression 1s increased by at
ieast 1-fold, at least 2-fold, at least S-fold, at least 10-fold, at least 50-fold, at least 100-fold, at
feast 500-fold, at least 1000-fold or more in cells treated with an 1IRNA as described herein
compared to the expression in an untreated cell. Activation of expression by small dsRNAs is
described, for example, in Li ef al |, 2006 Proc. Natl Acad Sci. US.A. 103:17337-42, and in
US2007/0111963 and US2005/226848, each of which ts incorporated herein by reference.

The termus “silence,” “inhibit expression of,” “down-regulate expression of,” “suppress
expression of,” and the like, 1n so far as they refer to MYOC, herein refer to the at least partial
suppression of the expression of MYOC, as assessed, e.g., based on MYOU mRNA expression,
MYOC protein expression, of another parareter functionally linked to MYOC expression. For
example, inhibition of MYOC expression may be manifested by a reduction of the amount of
MYOC mRNA which may be 1solated from or detected in a first cell or group of cells in which
MYOC s transcribed and which has or have been ireated such that the expression of MYQC is
inhibited, as compared to a control. The control may be a second cell or group of cells
substantially identical to the first cell or group of cells, except that the second cell or group of
cells have not been so treated {control celis). The degree of inhibition is usually expressed as a
percentage of a control level, e.g.,

{mRNA 1 control cells) -~ (roRNA 1 treated cells)
{mRNA 1o control cells)

e 1 60%

Alternatively, the degree of inhibition may be given in terros of a reduction of a
parameter that is functionally linked to MY OC expression, e.g., the amount of protetn encoded
by a MYOC gene. The reduction of a parameter functionally linked to MYOC expression may
similarly be expressed as a percentage of a control fevel. In principle, MYOU silencing may be
determined in any cell expressing MYOC, either constitutively or by genomic engineering, and
by any appropriate assay.

For exampile, in certain instances, expression of MYOC is suppressed by at least about
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% by administration of an iRNA disclosed
herein. In some embodiments, MYOC is suppressed by at east about 60%, 65%, 70%, 75%, or

80% by adnunistration of an iRNA disclosed herein. In some embodiments, MYOC is
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suppressed by at least about 85%, 90%, 95%, 98%, 99%, or more by administration of an iIRNA
as described herein.

The term “antisense strand” or “guide strand” refers to the strand of an iIRNA, e.g., a
dsRNA, which includes a region that 15 substantially complementary to a target sequence.

As used herein, the term “region of complementarity” refers to the region on the
antisense strand that 1s substantially complementary to a sequence, for example a target
sequence, as defined heretn. Where the region of complementarity is not fully complementary to
the target sequence, the mismatches may be in the internal or terminal regions of the molecule.
In some embodiments, the region of corplementarity comprises 0, 1, or 2 rasmatches.

The term “sense strand” or “passenger strand” as used herein, refers to the strand of an
tRNA that includes a region that is substantially complementary to a region of the antisense
strand as that term is defined herein.

The terrus “blunt” or “blunt ended” as used herein in reference to a dsRNA mean that
there are no unpaired nucleotides or nucleotide analogs at a given terminal end of a dsRNA, 7.e,,
no nucleotide overhang One or both ends of a dsRNA can be blunt. Where both ends of a
dsRINA are blunt, the dsRNA is said to be blunt ended. To be clear, a “blunt ended” dsRNA isa
dsRINA that is blunt at both ends, 7.¢., no nucleotide overhang at either end of the molecule.
Most often such a molecule will be double-stranded over its entire length.

As used herein, and unless otherwise indicated, the term “complementary,” when used to
describe a first nucleotide sequence in relation to a second nuclectide sequence, refers to the
ability of an oligonucleotide or polynucicotide comprising the first nuclectide sequence 1o
hybridize and form a duplex structure under certain conditions with an oligonucleotide or
polynucleotide comprising the second nucleotide sequence, as will be understood by the skilled
person. Such conditions can, for example, be stringent conditions, where stringent conditions
may include: 400 mM NaCl, 40 mM PIPES pH 6.4, 1 M EDTA, 50°C or 70°C for 12~16 hours
followed by washing. Other conditions, such as physiologically relevant conditions as may be
encountered inside an organism, can apply. The skilled person will be able to determuine the set
of conditions most appropriate for a test of complementarity of two sequences in accordance
with the ultimate application of the hybridized nucleotides.

Complementary sequences within an iIRNA, e.g., within a dsRNA as described herein,

include base-pairing of the oligonucleotide or polynucleotide comprising a first nuclectide
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sequence to an oligonucleotide or polynuciectide comprising a second nucleotide sequence over
the entire length of one or both nucleotide sequences. Such sequences can be referred to as
“fully complementary” with respect to each other herein. However, where a first sequence is
referred to as “substantially complementary” with respect to a second sequence herein, the two
sequences can be fully complementary, or they may form one or more, but generally not more
than 5, 4, 3 or 2 mismatched base pairs upon hybridization for a duplex up to 30 base pairs, while
retaining the abiity to hybridize under the conditions most relevant to their ultimate application,
e.g., inhibition of gene expression via a RISC pathway. However, where two oligonucleotides
are desiguned to forro, upon hybridization, oue or more single stranded overbangs, such overhangs
shall not be regarded as mismatches with regard to the determination of complementarity. For
example, 3 dsRNA comprising one oligonucleotide 21 nucleotides in length and another
oligonucleotide 23 nucleotides in length, wherein the longer oligonucleotide comprises a
sequence of 21 nucleotides that 1s fully complementary to the shorter oligonucleotide, may yet be
referred to as “fully complementary” for the purposes described herein,

Complementary sequences, as used herein, may also include, or be formed entirely from,
non-Watson-Crick base pairs and/or base pairs formed from non-natural and modified
nuclectides, in as far as the above requirements with respect to their ability to hybridize are
fulfilled. Such non-Watson-Crick base patrs includes, but are not limited to, G:U Wobble or
Hoogstein base pairing,

e

The terms “cormplementary,” “fully complementary” and “substantially complementary”
herein may be used with respect to the base matching between the sense strand and the antisense
strand of a dsBRNA, or between the antisense strand of an iIRNA agent and a target sequence, as
will be understood from the context of their use.

As used herein, a polynucleotide that s “substantially complementary to at least part of”
a messenger RNA (mRNA) refers to a polynucleotide that is substantially complementary to a
contiguous portion of the mRNA of interest {e.g., an mRNA encoding a MYOC protein). For
example, a polynucleotide is complementary to at least a part of a MYOC mRNA it the sequence
is substantially complementary to a non-interrupted portion of an mRNA encoding MYOC. The
term “complementarity” refers to the capacity for pairing between nucleobases of a first nucleic

acid and a second nucleic acid.
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As used herein, the term “region of complementarity” refers to the region of one
nucieotide sequence agent that 1s substantially complementary to another sequence, e.g., the
region of a sense sequence and corresponding antisense sequence of a dsRNA, or the antisense
strand of an iIRNA and a target sequence, e.2., a MYOC nucleotide sequence, as defined herein,
Where the region of complementarity is ot fully complementary to the target sequence, the
mismatches can be in the internal or terminal regions of the antisense strand of the IRNA.
Generally, the most tolerated mismatches are in the terminal regions, e.g., within 3, 4, 3, or 2
nuclectides of the 57- or 37 -terminus of the iIRNA agent.

“Contacting,” as used herein, includes directly contacting a cell, as well as indirectly
contacting a cell. For example, a ceil within a subject may be contacted when a composition
comprising an 1RNA is administered {e.g., intraccularly, topically, or intravenously) to the
subject.

“Introducing into a cell,” when referring to an iIRNA, means facilitating or effecting
uptake or absorption into the cell. Absorption or uptake of an iIRNA can occur through unaided
diffusive or active cellular processes, or by auxtliary agents or devices. The meaning of this term
is not limited to cells i vifro; an iRNA may also be "introduced into a cell,” wherein the cell is
part of a living organism. In such an instance, introduction into the cell will include the delivery
to the organism. For examople, for in vive delivery, IRNA can be injected tuto a tissue site ot
administered systemically. /n vivo delivery can also be by a B-glucan delivery system, such as
those described in U.S. Patent Nos. 5,032,401 and 5,607,677, and U.S. Publication No.
2005/0281781, which are hereby incorporated by reference in their entirety. fn vifro tntroduction
into a cell includes methods known in the art such as electroporation and hipofection. Further
approaches are described herein below or known in the art.  As used herein, a “disorder related
to MYOC expression,” a “disease related to MYOC expression,” a “pathological process related
to MYOC expression,” “a MYOC-associated disorder,” “a MYOC-associated disease,” or the
like inciudes any condition, disorder, or disease in which MYOC expression is altered {e.g.,
decreased ot increased relative to a reference level, e g, alevel characteristic of a non-diseased
subject). In some embediments, MYOC expression s decreased. In some embodiments, MYOC
expression is increased. In some embodiments, the decrease or increase in MYOC expression s
detectable in a tissue sample from the subject (e.g., in an aqueous ocular fluid sample). The

decrease or increase may be assessed relative the level observed in the same individual prior to
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the development of the disorder or relative to other individual(s) who do not have the disorder.
The decrease or increase may be lunited to a particular organ, tissue, or region of the body (e.g.,
the eye). MYOC-associated disorders include, but are not limited to, glaucoma (e.g., primary
open angle glaucoma (POAG)).

The term “glavcoma”, as used herein, means any disease of the eye that ts caused by or
associated with damage to the optic nerve. In some embodiments, the glaucoma is associated
with elevated intraocular pressure. In some embodiments, the glaucoma is asymptomatic. In
other embodiments, the glaucoma has one or more symptoms, e.g., loss of peripheral vision,
tunnel vision, or blind spots. A von-limiting example of glaucoma that 18 treatable using
methods provided herein is primary open angle glaucoma (POAG).

The term “double-stranded RNA,” “dsRNA,” or “siRNA” as used herein, refers o an
tRMNA that includes an RNA molecule or complex of molecules having a hybridized duplex
region that comprises two anti-parallel and substantially complementary nucleic acid strands,
which will be referred to as having “sense” and “antisense” orientations with respect to a target
RNA. The duplex region can be of any length that permits specific degradation of a desired
target RNA, e.g., through a RISC pathway, but will typically range from 9 to 36 base pairs in
fength, e.g., 15-30 base pairs in length. Considering a duplex between 9 and 36 base pairs, the
duplex can be any length in this range, for example, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
2%,22,23,24,25 26,27, 28, 29,30, 31, 32, 33, 34, 35, or 36 and any sub-range therein
between, wnchuding, but not limited to 15-30 base pairs, 15-26 base pairs, 15-23 base pairs, 15-22
base pairs, 15-21 base pairs, 15-20 base pairs, 15-19 base pairs, 15-18 base pairs, 15-17 base
pairs, 18-30 base pairs, 18-26 base pairs, 18-23 base pairs, 18-22 base pairs, 18-21 base pairs,
18-20 base pairs, 19-30 base pairs, 19-26 base pairs, 19-23 base pairs, 19-22 base pairs, 19-21
base pairs, 19-20 base pairs, 20-30 base pairs, 20-26 base pairs, 20-25 base pairs, 20-24 base
pairs, 20-23 base pairs, 20-22 base pairs, 20-21 base pairs, 21-30 base pairs, 21-26 base pairs,
21-25 base pairs, 21-24 base pairs, 21-23 base pairs, or 21-22 base pairs. dSRNAs generated in
the cell by processing with Dicer and similar enzymes are generally in the range of 19-22 base
pairs in fength. One strand of the duplex region of a dsPNA comprises a sequence that is
substantially complementary to a region of a target RNA. The two strands forming the duplex
structure can be from a single RNA molecule having at least one self-complementary region, or

can be formed from two or more separate RNA molecules. Where the duplex region is formed
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from two strands of a single molecule, the molecule can have a duplex region separated by a
single stranded chain of nucleotides (herein referred to as a "hairpin foop™) between the 37-end of
one strand and the 5'-end of the respective other strand forming the duplex structure. The
hairpin loop can comprise at least one unpaired nuclectide; in some emboduments the hairpio
foop can comprise at feast 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least
10, at least 20, at least 23 or more unpaired nucleotides. Where the two substantially
complementary strands of a dsRNA are comprised by separate RNA molecules, those molecules
need not, but can be covalently connected. In some embeodiments, the two strands are connected
covalently by means other than a hairpin loop, and the connecting structure 15 a hnker.

In some embodiments, the iIRNA agent may be a “single-stranded siRNA” that is
introduced into a cell or organism to inhibit a target mRNA. In some emboduments, single-
stranded RNAi agents can bind to the RISC endonuclease Argonaute 2, which then cleaves the
target mRNA. The single-stranded siRNAs are generally 15-30 nucleotides and are optionally
chemically modified. The design and testing of single-stranded siRNAs are described in US.
Patent No. 8,101,348 and in Lima ef of., (2012} Cefl 150: 883-894, the entire contents of each of
which are hereby incorporated herein by reference. Any of the antisense nucleotide sequences
described herein {e.g., sequences provided in Tables 2A or 2B) may be used as a single-stranded
siRNA as described herein and optionally as chemically modified, e.g, as described herein, e g,
by the methods described in Lima ef g/, (2012} Cedi 150:883-894.

o some embodiments, an RNA interference agent includes a single stranded RNA that
interacts with a target RNA sequence to direct the cleavage of the target RNA. Without wishing
to be bound by theory, long double stranded RNA introduced into cells 1s broken down into
siRNA by a Type Il endonuclease known as Dicer (Sharp ef o/, (renes Dev. 2001, 15485},
Dicer, a ribonuclease-1lI-like enzyme, processes the dsRNA into 19-23 base pair short interfering
RNAs with characteristic two base 37 overhangs (Bernstein, ef af | (2001) Narure 409:363). The
siRNAs are then incorporated into an RNA-induced silencing complex (RISC) where one or
more helicases unwind the itRNA duplex, enabling the complementary antisense strand to guide
target recognition {(Nykanen, ef o/, (2001) Cefl 107:309). Upon binding to the appropriate target
mRNA, one or more endonucieases within the RISC cleaves the target to induce silencing

(Elbashir, ef o/, (2001} Genes Dev. 15:188). Thus, in some embodiments, the disclosure relates
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to a single stranded RINA that promotes the formation of a RISC complex to effect silencing of
the target gene.

“GCCT A T and “U” each generally stand for a nucleotide that contains guanine,
cytosine, adenine, thymidine and uracil as a base, respectively. However, it will be understood
that the terms “deoxyribonucleotide,” “ribonucleotide,” or “nucleotide” can also refer to a
moditied nucleotide, as further detailed below, or a surrogate replacement moiety. The skilled
person 18 well aware that guanine, cytosine, adenine, and uracil may be replaced by other
moieties without substantially altering the base pairing properties of an oligonuclectide
comprising a nucleotide bearing such replacement moiety. For example, without limitation, a
nucleotide comprising inosine as its base may base pair with nucleotides containing adenine,
cytosine, or uracil. Hence, nucleotides containing uracil, guanine, or adenine may be replaced in
the nucleotide sequences of dsRNA featured in the disclosure by a nucleotide containing, for
example, inosine. In another example, adenine and cytosine anywhere in the oligonucleotide can
be replaced with guanine and uract, respectively to form G-U Wobble base pairing with the
target mRNA. Sequences contatning such replacement moieties are suitable for the
compositions and methods featured in the disclosure.

As used herein, the term “1RNA” “RNAT, “iRNA agent,” or “RNA1 agent” or “RNA1
molecule” refers to an agent that contatns RNA as that term 18 detined herein, and which
mediates the targeted cleavage of an RNA transcript, e.g, via an RNA-induced silencing
complex (RISC) pathway. In some emnbodiments, an iIRNA as described herein effects wnhibition
of MYOC expression, e.g,, in a cell or mammal. Inhibition of MYOC expression may be
assessed based on a reduction in the level of MYOC mRNA or a reduction in the level of the
MYOC protein.

The term "linker” or “linking group” means an organic moiety that connects two parts of
a compound, e.g., covalently attaches two parts of a compound.

The term “lipophile” or “lipophilic moiety” broadly refers to any compound or chemical
moiety having an affinty for lipids. One way to characterize the lipophilicity of the hipophulic
moiety is by the octanol-water partition coefficient, logKow, where Kow isthe ratic of a
chemical’s concentration in the octanol-phase to its concentration in the aqueous phase of a two-
phase system at equilibrium. The octanol-water partition coefficient is a laboratory-measured

property of a substance. However, 1t may also be predicted by using coefficients attributed to the
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structural components of a chemical which are calculated using first-principle or empirical
methods (see, for example, Tetko et al | J. Chem. fnf Compat. Sci. 41:1407-21 (2001), which is
incorporated herein by reference in its entirety). It provides a thermodynamic measure of the
tendency of the substance to prefer a nov-aqueous or oily rotlieu rather than water (Le. its
hydrophilic/lipophilic balance). In principle, a chemical substance is lipophilic in character
when its logKyyw exceeds 0. Typically, the lipophilic moiety possesses a logKey exceeding 1,
exceeding 1.5, exceeding 2, exceeding 3, exceeding 4, exceeding S, or exceeding 10, For
instance, the logKeyw of 6-amino hexanol, for instance, 1s predicted to be approxamately 0.7,
Using the same method, the logKew of cholesteryl N-(hexan-6-ol} carbamate 13 predicied to be
10.7.

The lipophilicity of a molecule can change with respect to the functional group i carries.
For instance, adding a hydroxyl group or amine group to the end of a lipophilic moiety can
increase or decrease the partition coefficient (e.g., logKoew) value of the lipophilic moiety.

Alternatively, the hydrophobicity of the double-stranded RNAj1 agent, conjugated to one
or more lipophilic moteties, can be measured by its protein binding characteristics. For instance,
in certain embodiments, the unbound fraction in the plasma protein binding assay of the double-
stranded RNA1 agent could be determined to positively correlate to the relative hydrophobicity
of the double-stranded RN A1 agent, which could then positively correlate to the silencing activity
of the double-stranded RNAI agent.

In some embodiments, the plasma protein binding assay determined 15 an electrophoretic
mobility shift assay (EMSA) using human serum albumin protein. An exemplary protocol of this
binding assay is illustrated in detail in, e.g,, PCT/US2019/031170. The hydrophobicity of the
double-stranded RNAI agent, measured by fraction of unbound siRNA o the binding assay,
exceeds 0.15, exceeds 0.2, exceeds 0.25, exceeds 0.3, exceeds 0.35, exceeds 0.4, exceeds 0.45, or
exceeds 0.5 for an enhanced in vivo delivery of siRNA.

Accordingly, conjugating the lipophilic moieties to the internal position(s) of the double-
stranded RNAG agent provides optimal hydrophobicity for the enhanced in vivo delivery of
stRMNA.

The term “lipid nanoparticle” or “LNP” 1s a vesicle comprising a lipid layer
encapsulating a pharmaceutically active molecule, such as a nucleic acid molecule, e.g, a RNA1

agent or a plasmid from which a RNA1 agent is transcribed. LNPs are described in, for example,
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1.8, Patent Nos. 6,858,225, 6,815,432, 8,158,601, and 8,058,069, the entire contents of which
are hereby incorporated herein by reference.

As used herein, the term “modulate the expression of,)” refers to an at least partial
“inhibition” or partial “activation” of a gene {e.g.,, MYOU geve) expression in a cell treated with
an tRNA composition as described herein compared to the expression of the corresponding gene
in a control cell. A control cell includes an untreated cell, or a cell treated with a non-targeting
controf iIRNA.

The skilied artisan will recogrnize that the term “RNA molecule” or “ribonucleic acid
molecule”™ encompasses not only RNA molecules as expressed or found in nature, but also
analogs and derivatives of RINA comprising one or more ribonucleotide/ribonucieoside analogs
or derivatives as described herein or as known 1n the art. Sirictly speaking, a “ribonucleoside”
includes a nucleoside base and a ribose sugar, and a “nibonucleotide” is a ribonucleoside with
one, two or three phosphate moieties or analogs thereof (e.g., phosphorothicate). However, the
terms “ribonuclecside” and “ribonuciectide” can be considered to be equivalent as used herein.
The RNA can be modified in the nuclecbase structure, in the ribose structure, or in the ribose-
phosphate backbone structure, e.g., as described herein below. However, the molecules
comprising ribonucleoside analogs or derivatives must retain the ability to form a duplex. As
nou-limiting examples, an RNA molecule can also include at least one modified ribonucleoside
including but not limited to a 2’-O-methyl modified nucleoside, a nucleoside comprising a 57
phosphorothioate group, a terminal nucleoside linked to a cholesteryl derivative or dodecanoic
acid bisdecylamide group, a locked nucleoside, an abasic nucleoside, an acyciic nucleoside, a
glycol nucleotide, a 27 -deoxy-2 -fluore moditied nucleoside, a 27-amino-modified nucleoside,
2’ ~alkvl-modified nucleoside, morpholino nuclecside, a phosphoramidate or a non-natural base
comprising nucleoside, or any combination thereof. Alternatively, or in combination, an RNA
molecule can comprise at least two modified ribonucleosides, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least 10, at least 15, at least 20 or more, up to the entire
length of the dsRNA molecule. The modifications veed not be the same for each of such a
plurality of modified ribonucleosides in an RNA molecule. In some embodiments, modified
RNAs contemplated for use in methods and compositions described herein are peptide nucleic
acids (PNAs) that have the ability to form the required duplex structure and that permit or

mediate the specific degradation of a target RNA, e.g., via a RISC pathway. For clarity, it 1s
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understood that the term “iRINA” does not encompass a naturally cccurring double stranded
DNA wolecule or a 100% deoxymucleoside-containing BN A molecule.

In some aspects, a modified nibomacleoside includes a deoxyribonucleoside. In such an
instance, an iIRNA agent can comprise one or roore deoxyuucleosides, including, for example, a
deoxynucleoside overhang(s), or one or more deoxynucleosides within the double stranded
portion of a dsRNA. In certain embodiments, the RNA molecule comprises a percentage of
deoxyribonucleosides of at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95% or higher (but not 100%) deoxyribonucleosides, e.g., in one or both strands.

As used herein, the term “nucleotide overhang”™ refers to at feast one unpaired nucleotide
that protrudes from the duplex structure of an iRNA, e.g., a dsRNA. For example, when a 3" -end
of one strand of a dsRNA extends beyond the 5 -end of the other strand, or vice versa, thereis a
nucleotide overhang. A dsRNA can comprise an overhang of at least one nucleotide;
alternatively, the overhang can comprise at least two nucleotides, at least three nucleotides, at
feast four nucleotides, or at least five nuclectides or more. A nucleotide overhang can comprise
or consist of a nucleotide/nucleoside analog, including a deoxynuclectide/nucleoside. The
overhang(s) may be on the sense strand, the antisense strand or any combination thereof.
Furthermore, the nucleotide(s) of an overhang can be present on the 57 end, 3” end or both ends
of either an antisense or sense strand of a dsRNA.

In some embodiments, the antisense strand of a dsRNA has a 1-10 nucleotide overhang at
the 37 end and/or the 57 end. In some embodiments, the sense strand of a dsBNA has a 1-10
nucleotide overbang at the 3”7 end and/or the 5 end. In some embodiments, one or more of the
nuclectides in the overhang is replaced with a nucleoside thiophosphate.

As used herein, a “pharmaceutical composition” comprises a pharmacologically effective
amount of a therapeutic agent (e.g., an iIRNA} and a pharmaceutically acceptable carrier. As
used herein, “pharmacologically effective amount,” “therapeutically effective amount”™ or simply
“effective amount” refers to that amount of an agent {e.g., iIRNA} effective to produce the
intended pharmacological, therapeutic ot preventive result. For example, in a method of treating
a disorder related to MYOC expression {e.g., glaucoma, e.g., primary open angle glaucoma
{(POAG)), an effective amount includes an armnount effective to reduce one or more symptoms
associated with the disorder (e.g., an amount effective to; {a) inhibit or reduce the expression or

activity of MYOC; (b) reduce the level of misfolded MYOC protein; (¢) reduce trabecular
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meshwork cell death; {d) decrease intrancular pressure; or {e} increase visual acuity. For
example, if a given clintcal treatment s considered effective wheo there is at least a 10%
reduction in a measurable parameter associated with a disease or disorder, a therapeutically
effective amouut of a drug for the treatment of that disease or disorder is the amount necessary to
obtain at least a 10% reduction in that parameter. For example, a therapeutically effective
amount of an iIRNA targeting MYOC can reduce a level of MYOC mRNA or a level of MYOC
protein by any measurable amount, e.g., by at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%.

The terro “pharmaceutically acceptable carrier” refers to a carrier for adminisiration of a
therapeutic agent. Such carriers include, but are not limited to, saline, buffered saline, dextrose,
water, glycerol, ethanol, and combinations thereof The term specifically excludes cell culture
medium. For drugs administered orally, pharmaceutically acceptable carriers include, but are not
himited to pharmaceutically acceptable excipients such as inert diluents, disintegrating agents,
binding agents, lubricating agents, sweetening agents, flavoring agents, coloring agents and
preservatives. Suitable inert diluents include sodium and calcium carbonate, sodium and calcium
phosphate, and factose, while corn starch and alginic acid are suitable disintegrating agents.
Binding agents may include starch and gelatin, while the lubricating agent, if present, will
generally be magnesium stearate, stearic acid or tale. It desired, the tablets may be coated with a
material such as glyceryl monostearate or glyceryl distearate, to delay absorption in the
gastrointestinal tract. Agents wnchuded wn drug formulations are described further herein below.

As used heretn, the term "SNALP" refers to a stable nucleic acid-lipid particle. A
SWNALP represents a vesicle of lipids coating a reduced aqueous interior comprising a nucleic
actd such as an iRNA or a plasmid from which an iIRNA is transcribed. SNALPs are described,
eg., in U.S. Patent Application Publication Nos. 2006/0240093, 2007/0135372, and in
fntervational Application No. WO 2009/082817. These applications are incorporated herein by
reference in their entirety. In some embodiments, the SNALP is a SPLP. As used herein, the
terro “SPLP” refers to a nucleic acid-lipid particle comprising plasmid DNA encapsulated within
a lipid vesicle.

As used herein, the term “strand comprising a sequence” refers to an oligonucieotide
comprising a chain of nucleotides that is described by the sequence referred to using the standard

nucleotide nomenclature.
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As used herein, a “subject” to be treated according to the methods described herein,
includes a buman or non-human avimal, e.g., a mammal. The maromal may be, for example, a
rodent {e.g., a rat or mouse) or a primate {¢.g., a monkey). In some embodiments, the subjectisa
human,

A “subject in need thereof” includes a subject having, suspected of having, or at risk of
developing a disorder related to MYOU expression, e g, overexpression {2.g., glaucoma). In
some embodiments, the subject has, or is suspected of having, a disorder related to MYOC
expression or overexpression. In some embodiments, the subject 1s at risk of developing a
disorder related to MYOC expression or overexpression.

As used herein, “target sequence” refers to a contiguous portion of the nucleotide
sequence of an mRNA molecule formed during the transcription of a gene, e.g.,, MYOC,
ncluding mRNA that is a product of RNA processing of a primary transcription product. The
target portion of the sequence will be at least long enough to serve as a substrate for IRNA-
directed cleavage at or near that portion. For example, the target sequence will generally be from
9-36 nucleotides 1n length, e.g., 15-30 nucleotides in length, including all sub-ranges
therebetween. As non-limiting examples, the target sequence can be from 15-30 macleotides, 15-
26 nucleotides, 15-23 nucleotides, 15-22 nucleotides, 15-21 nuclectides, 15-20 nucleotides, 15-
19 nucleotides, 15-18 nucleotides, 15-17 nucleotides, 13-30 nucleotides, 18-26 nucleotides, 18-
23 nucleotides, 18-22 nuclectides, 18-21 nucleotides, 18-20 nucleotides, 19-30 nucleotides, 19-
26 nucleotides, 19-23 nucleotides, 19-22 nucleotides, 19-21 nucleotides, 19-20 nucleotides, 20-
30 nucleotides, 20-26 nucleotides, 20-23 nucleotides, 20-24 nucleotides, 20-23 nucleotides, 20-
22 nucleotides, 20-21 nucleotides, 21-30 nucleotides, 21-26 nucleotides, 21-25 nucleotides, 21-
24 nucleotides, 21-23 nucleotides, or 21-22 nucleotides.

As used herein, the phrases “therapeutically effective amount” and “prophylactically
etfective arount” and the like refer to an amount that provides a therapeutic benefit in the
treatment, prevention, or management of any disorder or pathological process related to MYOC
expression {e.g., glaucoma, e.g., primary open angle glaucoma (POAG)). The specitic amount
that is therapeutically effective may vary depending on factors known in the art, such as, for
example, the type of disorder or pathological process, the patient’s history and age, the stage of

the disorder or pathological process, and the administration of other therapies.
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29 Kk

In the context of the present disclosure, the terms “treat,” “treatment,” and the like mean
to prevent, delay, relieve or alleviate at feast one syraptorn associated with a disorder related to
MYOC expression, or to slow or reverse the progression or anticipated progression of such a
disorder. For example, the methods featured herein, when employed to treat a glaucoma, may
serve to reduce or prevent one or more symptoms of the glaucoma, as described herein, or 1o
reduce the risk or severity of associated conditions. Thus, unless the context clearly indicates

2% 6l

otherwise, the terms “treat,” “ireatment,” and the like are intended to encompass prophylaxis,
e.g., prevention of disorders and/or symptoms of disorders related to MYOC expression.
Treatment can also mean prolonging survival as corpared to expected survival in the absence of
treatment.

By “lower” wn the context of a disease marker or symptom 1s meant any decrease, e.g., a
statistically or clinically significant decrease in such level. The decrease can be, for example, at
teast 10%, at least 20%, at least 30%, at least 40%, at least 40%, at least 50%, at least 60%, at
feast 70%, at least B0%, or at least 90%. The decrease can be down to a level accepted as within
the range of normal for an individual without such disorder.

As used heretn, “MYOC” refers to “myocilin” the corresponding mRNA ("MYQOC
mRNA”), or the corresponding protein ("MYOC protein”™}. The sequence of a human MYOC

mRNA transcript can be found at SEQ D NO: L

i1 RNA Agents

Described herein are tRNA agents that modulate (e.g., inhibit) the expression of MYOC.

In some embodiments, the IRNA agent activates the expression of MYOC ina cell or
mammal.

In some embodiments, the iIRNA agent includes double-stranded ribonucleic acid
{dsRNA) molecules for inhibiting the expression of MYOC in a cell or in a subject {e.g., 1n a
mammal, e.g., in a human}, where the dsRNA includes an antisense strand having a region of
complementarity which 13 complementary to at least a part of an mRNA formed 1o the
expression of MYOC, and where the region of complementarity is 30 nucleotides or less in
fength, generally 19-24 nucleotides in length, and where the dsRNA, upon contact with a cell
expressing MYOC, inhibits the expression of MYOC, e.g., by at least 10%, 20%, 30%, 40%, or

0%,
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The modulation {e.g., inhibition) of expression of MYOC can be assayed by, for
example, a PCR or branched DNA (bDNA }-based method, or by a protein-based method, such as
by Western blot. Expression of MYQOC in cell culture, such as in COS celis, ARPE-19 cells,
hTERT RPE-1 cells, Hel.a cells, primary hepatocyies, HepG2 cells, primary cultured cells orin a
biological sample from a subject can be assayed by measuring MYOC mRNA levels, such as by
bDNA or TagMan assay, or by measuring protein levels, such as by immunofiuorescence
analysis, using, for example, Western Blotting or flow cytometsic technigues.

A dsRNA typically includes two RNA strands that are sufficiently complementary to
hybridize to form a duplex structure under conditions in which the dsRNA will be used. One
strand of a dsRNA (the antisense strand} typically includes a region of complementarity that is
substantially complementary, and generally fully complementary, to a target sequence, derived
from the sequence of an mRNA formed during the expression of MYOC. The other strand (the
sense strand) typically includes a region that 1s complementary to the antisense strand, such that
the two strands hybridize and form a duplex structure when combined under suitable conditions.
Generally, the duplex structure s between 15 and 30 inclusive, more generally between 18 and
25 inclusive, vet more generally between 19 and 24 inclusive, and most generally between 19
and 21 base pairs in length, inclusive. Similarly, the region of complementarity to the target
sequence ts between 15 and 30 inclusive, more generally between 18 and 25 inclusive, yet more
generally between 19 and 24 inclusive, and most generally between 19 and 21 nucleotides in
fength, inclusive.

in some embodiments, the dsRNA is between 15 and 20 nucleotides in length, inclusive,
and 1n other embodiments, the dsRNA 13 between 25 and 30 nucleotides in length, inclusive. As
the ordinarily skilled person will recognize, the targeted region of an RNA targeted for cleavage
will most often be part of a larger RNA molecule, often an mBRNA molecule. Where relevant, a
“part” of an mRNA target is a contiguous sequence of an mRNA target of sufficient length to be
a substrate for RNAi-directed cleavage (i.e , cleavage through a RISC pathway). dsRNAs
having duplexes as short as 9 base pairs can, under some circursiances, mediate RNAw-divected
RINNA cleavage. Most often a target will be at feast 15 nucleotides in length, e.g., 15-30
nucleotides in length.

One of skill in the art will also recognize that the duplex region is a primary functional

portion of a dsRNA, ez, a duplex region of 910 36, e.g., 15-30 base pairs. Thus, in some
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embodiments, to the extent that it becomes processed to a functional duplex of e.g., 15-30 base
pairs that targets a desired RNA for cleavage, an RNA molecule or complex of RNA molecules
having a duplex region greater than 30 base pairs is a dsRNA. Thus, an ordinanly skilled artisan
will recognize that in some embodiments, then, an miBRNA 15 a dsRNA. In some embodiments, a
dsRNA is not a naturally occurring miRNA. In some embodiments, an i(RNA agent useful to
target MYOU expression 15 not generated in the target cell by cleavage of a larger dsRNA

A dsRNA as described herein may further include one or more single-stranded nucleotide
overhangs. The dsRNA can be synthesized by standard methods known in the art as further
discussed below, e.g., by use of an automated DNA synthesizer, such as are commercially
available from, for example, Biosearch, Applied Biosystems, Inc.

In some embodiments, MYOC 15 a human MYGC,

In specitic embodiments, the dsRNA comprises a sense strand that comprises or consists
of a sense sequence selected from the sense sequences provided in Tables 2A or 2B and an
antisense strand that comprises or consists of an antisense sequence selected from the antisense
sequences provided in Tables 2A or 2B

in some aspects, a dsRNA will include at least sense and antisense nucleotide sequences,
whereby the sense strand is selected from the sequences provided in Tables 2A or 2B and the
corresponding antisense strand 1s selected from the sequences provided 1o Tables 2A or 2B.

In these aspects, one of the two sequences i1s complementary to the other of the two
sequences, with one of the sequences being substantially complementary to a sequence of an
mRNA generated by the expression of MYOC. As such, a dsRNA will tnclude two
oligonucleotides, where one oligonucieotide 1s described as the sense strand, and the second
oligonucieotide is described as the corresponding antisense strand. As described elsewhere
herein and as known in the art, the complementary sequences of a dsRNA can also be contained
as self-complementary regions of a single nucleic acid molecule, as opposed to being on separate
oligomicleotides.

The skilied person 1s well aware that dsRNAs having a duplex structure of between 20
and 23, but specifically 21, base pairs have been hailed as particularly effective in inducing RNA
interference (Elbashir er of | FMBO 2001, 20:6877-6888). However, others have found that

shorter or longer RNA duplex structures can be effective as well.
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In the embodiments described above, by virtue of the nature of the oligonuclectide
sequences provided in Tables 2A and 2B, dsRNAs described herein can include at least one
strand of a length of minimally 19 nuclectides. ¥t can be reasonably expected that shorter
duplexes having oune of the sequences of Tables 2A and 2B minus only a few nucleotides on one
or both ends will be similarly effective as compared to the dsRNAs described above.

In some embodiments, the dsRNA has a partial sequence of at least 15, 16, 17, 18, 19, 20,
or more configuous nuclectides from one of the sequences of Tables 2A or 2B.

In some embodiments, the dsRNA has an antisense sequence that comprises at least 15,
16, 17, 18, or 19 contiguous nucleotides of an antisense sequence provided in Tables 2A or 2B
and a sense sequence that comprises at least 15, 16, 17, 18, or 19 contiguous nuclectides of a
corresponding sense sequence provided in Tables 2A or 2B.

In some embodiments, the dsRNA comprises an antisense sequence that comprises at
feast 15, 16, 17, 18, 19, 20, 21, 22, or 23 contiguous nucleotides of an antisense sequence
provided in Tables 2A or 2B and a sense sequence that comprises at feast 15, 16, 17, 18, 19, 20,
or 21 contiguous nucleotides of a corresponding sense sequence provided in Tables 2A or 2B.

in some such embodiments, the dsRNA, although it comprises only a portion of the
sequences provided in Tables 2A or 2B 15 equally effective in inhibiting a level of MYOC
expression as 1s a dsRNA that comprises the full-length sequences provided in Tables 2A or 2B.
in some embodiments, the dsRNA differs 1n its inhibition of a level of expression of MYOQC by

not more than S, 10, 15, 20, 25, 30, 35, 40, 45, or 50 % inhibition compared with a dsRNA

,
comprising the full sequence disclosed herein.

In some embodiments, an itRNA described herein comprises an antisense strand
comprising at Igast 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of a portion of
nucleotide sequence of SEQ ID NG: 2. In some embodiments, an iRNA described herein
comprises a sense strand comprising at least 15 contiguous nucleotides, with 0, or 1, 2, or 3
mismatches, of the corresponding portion of the nucleotide sequence of SEQ ID NG: 1.

A human MYOC mRNA may have the sequence of SEQ ID NO: 1 provided heretn.
Homo sapiens myocilin (MYOC), mRNA

GAGCCAGCAAGGCCACCCATCCAGGCACCTCTCAGCACAGCAGAGCTTTCCAGAGGAAGCCTCA
CCAAGCCTCTGCAATGAGGTTCT \GATGCCAGCT
GTCCAGCTGCTGCTTCTGGCCTGCCTGGETGTGGGATGTGGEEECCAGGACAGCTCAGCTCAGGA

AGGCCAATGACCAGAGTGGCCEATGCCAGTATACCTTCAGTETGGCCAGTCCCAATGAATCCAG
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CTGCCCAGAGCAGAGCCAGGCCATGTCAGTCATCCATAACTTACAGAGAGACAGCAGCACCCAA
CGUTTAGACCTGGAGGCCACCARAGCTCGACTCAGCTCCCTGGAGAGCCTCCTCCACCAATTGA
CCTTGGACCAGGLTGCCAGGLCCCAGGAGACCCAGGAGGGLGCTGCAGAGGGAGCT “rCZ& CCT
GAGGCGGGAGCGLGACCAGCTGCGAAACCCARACCAGAGAGTTGGAGACTGCCTACAG Z&Lf”"“
CTCCGAGAC! \J&C TCALGT lClLB(}Af SGAAGAGAAGAAGCGACTAAGGCAAGARALANT G[«Gr’ VATCTG

I TP COAGCT ~ S——— . N T SN
,\,f&"b" SGTTGCAAAGCAGCAGCCAGGAGGETAGCAAGGCTGAGAAGGGEGCCAGTGTCCCCAGAL
e enon R T R T TR Y L ¢ e P T AT P T (T T T T £ T N S R Ty T

CCGAGACACTGCTCGGGECTGTGCCACCAGGCTCCAGAGAAGTTTCTACGTGGAATTTGGACACT

TTGG '“F"TC CAGGAACTGAAGTCCGAGCTAACTGAAGTTCCTGCTTCCCGAATTTITGAAGGAGA
GCCCATCTGGUTATCTCAGGAGTGGAGAGGGAGACACCGGATGTGGAGAACTAGTTTGGGTAGG
AGAGCCTCTCACGCTGAGAACAGCAGAARCAATTACTGGCAAGTATGGTGTGTGCATGCGAGAC
CCCAAGCCCACCTACC ?CT.’LCI«CC,C \GGAGACCACGTGGAGAATCCGACACAGTTGGCACGGATG
TCCGCCAGGTTTTTGRA ACCTCATCAGCCAGTTTATGCAGGGCTACCCTTCTAAGGTTCA
CATACTGCCTAGS ?f‘CN“ TGCAAE\C CACGGGTGCTOTGGTGTACTCGORGGAGCCTCTATTTCCAG
GGCGUTGAGTCCAGRACTGTCATAAGATATGAGCTGAATACCGAGACAGTGAAGGCTGAGAAGE
AATCCCTGGAGCTGGCTACCACG JﬂCI\FT”“CCGT‘AT”“"“TTGGGCTGF’"“I\QHC GACATTGA
T“’“ GCTGETGGATGAAGCAGGCCTCTGEGTCATTTACAGCACCGATGAGGCCARARGGTGCCATT

T 'CCT CTCCARACTGAACCCAGAGAATCTGGAACTCGARCAAACCT }CL} AGACABACATCCGTA
GCAGTCAGTCGCCAATGCCTTC ".TCAM TGTGGCACCTTGTACACCGTCAGCAGCTACACCTC
AGCAGATGCTACCGTCAACTTTGCTTATGACACAGGCACAGGTATCAGCAAGACCCTGACCATC
CCATTCAAGARCCGCTAT AAC"J ACAGCAGCATGATTGACTACAACCCCCTGGAGAAGARGCTCT
TTGCCTGGGACAACTTGA GCTCA"TT‘T‘ATGI\FATCAHC“"“C”“FBTXGATGTG,»\, AAGCCTC
CAAGCTGTACAGGCAATG “rA’“\,- GGAGATGCTCAGGGCTCCTGGEGE GZ&GCA“—G{ TGAAGGEGA
GAGCCAGCCAGCCAGGGCCCAGGCAGCTTTGACTGCTTTCCAAGTTTTCATTAATCCAGAAGGA
TCGARCATGGTCACCATCTAACTATTCAGGAATTGTAGTCTGAGGGCGTAGAL u‘.T TTCATATAA
'*‘zl ARTATCCTTTATCTTCTGTCAGCATTTATGGCGATGTTTAATGACATAGTT TTTCTTG
TCGATTTQGGGCAARAAGCTOQTAAGGCATAATAGTTTCT TCC'T‘G,L\AAACCAT L‘CC T C 'J_ TGCATGTT
ACATGGTTACCACARAGCCACAATAAARAGCATAACTTCTAAAGGAAGCAGRATAGCTCCTCTGG
CCAGCATCGAATATAAGTAAGATGCATTTACTACAGTTGECT T:TAAT(;CTTL,_AGZ&*_;GZ&Z\T“u
AGTTGEGTCTCACATAACCCTTTACATTGTGAAATARRATTTTCTTACCCAA (SEQIDNG: 1)

The reverse complement of SEQ ID NG 1 1s provided as SEQ H NO: 2 herein:

TTGGGETAAGAARATTTTATTTCACAATGTAAAGGGTTATGTGA CTXCCC"TJ\FTGTA
AAGCATTAGAAGCCE nCTLJTAC—.TT\TA ='~C.Z&TCT‘T7-\fTT7-\TATTCGZ& GCTGGCCE G
TTCTGCTTCCTTTAGAAGTTATGCTTTTTAT TGT GCTTG “’EGTAA“CFJLJT VACAT
CAATGGTTTTCAGGAAGAAACTATTATGCCTTACAGCTTTTGCCCCAAATCACAAGAAAACTTG
AACTATGTCATTAARACATCCCATAAATGCTGAC '«(;.rwy --Klfu«/x\,G[‘.’l‘J‘ TTTATTATATGAAATT
GTCTACGCCCTCAGACTACAATTCCTGAATAGTTAGATGGTGACCATGTTCATCCTTCTGGATT
AATGARRACTTGGARAGCAGTCAAAGCTGCCTGGGECCCTGLCTGGCTGGCTCTCCCTTCAGCCT
GCTCCCCCCAGGAGCCCTGAGCATCTCCTTCTGCCATTGC FTGTAT?@(’”TTGGPGGﬁT‘ [TCAC
ATCTTGGAGAGCTTGATGTCATAAGTGACCATGTTCAAGTTGTCCCAGGCAAAGAGCTTCTTCT
CCAGGGGGTTGTAGTCAATCATGCTGCTOTACTTATAGCGLTTCT TGA 'X'I SGEATGGETCAGGGT

CTTGCTGATACCTGTGCCTGTGTCATAAGCAAAGTTGACGLTAGCATCTGCTGAGGTGTAGC TG
CTGACGGTGTACAAGGTGCCACAGATGATGAAGGCATTGGCGACTGACTGCTTACGGATGTTTG
TCTCCCAGGTITGTTCGAGTTC (”,’HGATTC.T'(”TGG GTTCAGTTTCGAGAGGACAATGGCACCTTET
GGCCTCATCGGTGCTGTAAATGACCCAGAGGCCTGUCTTCATCCACAGCCAAGTCAATGTCCGTG
TAGCCACCCCAAGAATACGGGAAC “’Zer"“er'T\ sCCAGCTCCAGGGATTTCCTTCTCAGCCT
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deleleu

TCACTGTCTCQGTATTCAGCTCATATCTTATGACAGTTCT G AGCGCCCTGGARAATAGAG
F’“““CT GAGTACACCACAGCACCCGTGUTTTCCAGTGGCCTAGGCAGTATGTGAACCTTAGA!
GGTAGCCCTGCATAAACTGGCTGATGAGGTCATACTCAAARRCCTGECGGACATC “CT’“CZJ&
L./TGTLJTCIF\—’\TT‘\:TCC ACGTGGTCTCCTGGETETAGEGGCTAGGTGGECTTGGEGTCTCGCATCCA
CACACCATACTTGCCAGTAATTGTTTICTGCTGTTCTCAGCGTGAGAGGCTCTCCTACCCAAACT
AGTTCTCCACATCCGGTGTCTCCCTCTCCACTCCTGAGATAGCCAGATGGGCTCTCCTTCAARL
'i"J_'CGCJG.AALn'\,A QAACTTCAGTTAGCTCOQGACTTCAGTTCCTGCAAGGCCARAGTGTCCAAATT
CCACGTAGRARCTTCTCTGGAGCCTGETGGCACAGCCCGAGCAGTGTCTCGGETCTGGGGACAL
r:“v'ir“’“CQ(”Tr"“”?("TXG(“CTTGT“I\F’"“CFTG\)FTGC"WCT TCCAACCTCCTGGCCAGATTCTCAT
TTTCTTGCCTTAGTCGCTTCTTCTCTTCCTCCAGAACTGACTTGTCTCGGEGAGGAGGTTGCTGTA
}CUAC;'M I‘CCA.»’&C’I‘("TC'I (5 TCCAGCTGGTCCCECTCCCGCT CCCAGC
TCCCTCTGCAGCCCCTCCTGGETCTCCTGLGGCCTGGCAGCCTGGTCCAAGGTCAATTGGTGGA
GGAGGCTCTCCAGGGAGCTGAGTCGAGCTTTGOTGGCCTCCAGGTCTAAGCGTTGEE TGCTQCT
GTCTCTCTGTAAGTTATGGATGACTGACATGGLCTGGCTCTGUTCUTGGGCAGCTGGATTCATT
GGACTGGCCACACTG! AhGTATKCm”GVZATCGGTC ACTCTGGTCATTGGCC T‘T""CTGﬂ QCF".CAG
CTGTCCTGGCCCCCACATCCCACACCAGGCAGGCCAGARGC! GCATCTC
AGGCCCAAAGCTLGCAGCAACG I'C-;C.A'\,Af SAAGAACCTCATTOGCAGAGGUTTGGTGAL ?-L;w\,'i‘ TCCTC
TGGAAAGCTCTGCTGTGCTGAGAGETGCCTGEGATGGETGGCCTTGCTGECTC (SEQ I NG: 2)

T T
BRG]

In some embodiments, an iRNA described herein includes at least 15 contiguous
nucleotides from one of the sequences provided in Tables ZA and 2B, and may optionally be
coupled to additional nuclectide sequences taken from the region contiguous to the selected
sequence in MYQO(C.

While a target sequence is generally 15-30 nucleotides in length, there is wide variation
in the suitability of particular sequences in this range for directing cleavage of any given target
RINA. Various software packages and the guidelines set out herein provide guidance for the
identification of optimal target sequences for any given gene target, but an empirical approach
can also be taken in which a “window” or “mask” of a given size (as a non-limiting example, 21
nucleotides) is hiterally or figuratively (including, e.g., in silico) placed on the target RNA
sequence to identify sequences in the size range that may serve as target sequences. By moving
the sequence “window” progressively one nucleotide upstream or downstream of an initial target
sequence location, the next potential target sequence can be identified, until the complete set of
possible sequences 15 1dentified tor any given target size selected. This process, coupled with
systematic synthesis and testing of the identified sequences (using assays described herein or
known in the art) to identify those sequences that perform optimally can identify those RNA
sequences that, when targeted with an 1RNA agent, mediate the best inhibition of target gene

expression. Thus, it is contemplated that further optimization of inhibition efficiency can be
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achieved by progressively “walking the window” one nucleotide upstream or downstream of the
given sequences to wWdentity sequences with equal or better inhibition characteristics.

Further, it is contemplated that for any sequence identified, e.g., in Tables 2A and 2B,
further optimization can be achieved by systematically either adding or removing nucleotides to
generate longer or shorter sequences and testing those and sequences generated by walking a
window of the longer or shorter size up or down the target RNA from that point. Again,
coupling this approach to generating new candidate targets with testing for effectiveness of
iRNAs based on those target sequences in an infubition assay as known in the art or as described
herein can lead to further improvements in the efficiency of inhibition. Further still, such
optimized sequences can be adjusted by, e.g., the introduction of modified nucleotides as
described herein or as known in the art, addition or changes in overhang, or other modifications
as known in the art and/or discussed herein to further optimize the molecule {e.g., increasing
serum stability or circulating halt-life, increasing thermal stability, enhancing transmembrane
delivery, targeting to a particular location or cell type, increasing interaction with silencing
pathway enzymes, increasing release from endosomes, efc ) as an expression imhibitor.

in some embodiments, the disclosure provides an iIRNA of Table 2B that is un-modified
or un-conjugated. In some embodiments, an RNA1 agent of the disclosure has a nucleotide
sequence as provided in Table 2A, but lacks one or more higand or rooiety shown 1o the table. A
ligand or moiety {e.g., a lipophilic ligand or moiety} can be included in any of the positions
provided in the instant application.

AniRNA as described herein can contain one or more mismaiches to the target sequence.
In some embodiments, an iIRNA as described herein contains no more than 3 mismaiches. In
some embodiments, when the antisense strand of the iIRNA contains mismatches to a target
sequence, the area of mismatch s not located 1n the center of the region of complementarity. In
some embodiments, when the antisense strand of the iIRNA contains mismatches to the target
sequence, the mismatch is restricted to be within the last 5 nuclectides from either the 3" or 3°
end of the region of complementarity. For example, for a 23 nucleotide iIRNA agent RNA strand
which is complementary to a region of MYOC, the RNA strand generally does not contain any
mismatch within the central 13 nucleotides. The methods described herein, or methods known in
the art can be used to determine whether an iIRNA containing 3 mismaich to a target sequence is

effective in inhibiting the expression of MYOC. Consideration of the efficacy of iRNAs with
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mismatches in inhibiting expression of MYQOC is important, especially if the particular region of
complementarity in a MYOC gene i3 known o have polymorphic sequence variation within the
population.

In some embodiments, at least one end of a dsRNA has a single~stranded nucleotide
overhang of 1 to 4, generally 1 or 2 nucleotides. In some embodiments, dsRINAs having at least
one nucleotide overhang have superior inhubitory properties refative to their blunt-ended
counterparts. In some embodiments, the RNA of an iRNA {e.g., a dsRNA} is chemically
modified to enhance stability or other beneficial characteristics. The nucleic acids featured in the
disclosure may be synthesized and/or modified by methods well established in the art, such as
those described in “Current protocols in nucleic acid chemistry,” Beaucage, S.L. ef /. (Edrs.),
John Wiley & Sons, Inc., New York, NY, USA, which is hereby incorporated herein by
reference. Modifications include, for example, {a) end modifications, e.g., 5" end modifications
{phosphorylation, conjugation, inverted linkages, €#c.) 37 end modifications (conjugation, DNA
nucleotides, inverted linkages, efc.}, (b) base modifications, e.g., replacement with siabilizing

bases, destabilizing bases, or bases that base pair with an expanded repertotre of partners,

N

removal of bases (abasic nuclectides), or conjugated bases, (¢} sugar modifications {e.g., at the 2
position or 4’ posttion, or having an acyclic sugar} or replacement of the sugar, as well as (d)
backbone modifications, including modification or replacement of the phosphodiester linkages.
Specific examples of RNA compounds useful in this disclosure include, but are not limited to,
RNAs containing modified backbones or no vatural internucieoside linkages. RNAs having
modified backbones include, among others, those that do not have a phosphorus atom in the
backbone. For the purposes of this specification, and as sometimes referenced in the art,
modified RNAs that do not have a phosphorus atom in their internucleoside backbone can also
be considered to be oligonucleosides. In particular embodiments, the modified RNA will have a
phosphorus atom in s interoucleoside backbone.

Modified RNA backbones include, for example, phosphorothioates, chiral
phosphorothioates, phosphorodithioates, phosphotriesters, armninoalkylphosphotriesters, methyl
and other alkyl phosphonates including 3"-alkylene phosphonates and chiral phosphonates,
phosphinates, phosphoramidates including 3 -amino phosphoramidate and
aminoalkylphosphoramidates, thionophosphoramidates, thionoatkylphosphonates,

thionoalkylphosphotriesters, and boranophosphates having normal 3°-5 linkages, 2°-57 linked
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analogs of these, and those) having inverted polarity wherein the adjacent pairs of nucleoside
units are linked 37-5" to0 57-37 or 27-57 t0 57-27. Vartous salts, mixed salts and free acid forms are
also included.

Representative UK. patents that teach the preparation of the above phosphorus-
containing linkages include, but are not limited to, UK. Pat. Nos. 3,687 808; 4,469 863,
4,476,301; 5,023,243; 5.177.195: 5,188,807: 5,264 423: 5.276.019: 5,278,302; 5,286,717
$321,131; 5,399,676 5,405,939 5,453 496, 5,455,233; 5,466,677 5476925, 5,519,126,
5536.821: 5,541,316: 5,550,111; 5,563.253: 5,571.799: 5,587,361; 5,625,050 6,028,188
6,124,445 6,160,109 6,169,170, 6,172,209; 6, 239,265, 6.277,603: 6,326,199 6.346.614;
6,444 423 6.531,590; 6,534,639; 6,608,035, 6.683,167: 6,858,715: 6,867,294: 6,878 805;
7,015,315, 7,041,816, 7,273,933, 7,321,029, and US Pat RE39464, each of which is herein
incorporated by reference.

Modified RINA backbones that do not include a phosphorus atom therein have backbones
that are formed by short chain alky! or cycloalkyl internuciecside linkages, mixed heteroatoms
and alkyl or cycloalkyl internucleoside linkages, or one or more short chain heteroatomic or
heterocyclic internucleoside linkages. These include those having morpholine linkages (formed
in part from the sugar portion of a nucleoside); siloxane backbones; suifide, sulfoxide and
sutfone backbones; formacetyl and thioformacetyl backbones; methylene formacetyl and
thioformacetyl backbones; alkene containing backbones; sulfamate backbones; methyleneimine
and methylenehydrazino backbones; sulfonate and sulfonamide backbones; amide backboues,
and others having mixed N, 3, S and CH» component parts.

Representative U S, patents that teach the preparation of the above oligonucleosides
include, but are not limited to, 1J.8. Pat. Nos. 5,034,506; 5,166,315; 5,185,444, 5214 134;
§.216,141; 5.235,033; 5.64,562: 5,264,564: 5,405,938, 5.434.257: 5,466,677; 5,470,067
5 489,677, 5,541,307, 5,561,225: 5,596,086, 5,602,240; 5,608.046: 5,610,289; 5,618,704,
5,623,070, 5,663,312; 5,633,360, 5,677,437, and, 5,677,439, each of which is herein
incorporated by reference.

In other RNA mimetics suitable or contemplated for use in iRINAs, both the sugar and the
internucleoside linkage, i.e., the backbone, of the nucleotide units are replaced with novel
groups. The base units are maintained for hybridization with an appropriate nucleic acid target

compound. One such oligomeric compound, an RNA mimetic that has been shown to have
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excellent hybridization properties, is referred to as a peptide nucleic acid (PNA). In PNA
compounds, the sugar backbone of an RNA is replaced with an amide containing backbone, in
particular an amincethylglycine backbone. The nuclechases are retained and are bound directly
or indirectly to aza nitrogen atorus of the amide portion of the backbone. Representative U.S.
patents that teach the preparation of PNA compounds inchude, but are not limited to, U.S. Pat.
Nos. 5,539,082; 5,714,331; and 5,719,262, each of which 1s herein incorporated by reference.
Further teaching of PNA compounds can be found, for example, in Nielsen er o/, Science, 1991,
254, 1497-1500.

Some embodiments featured in the disclosure include RNAs with phosphorothicate
backbones and oligonucleosides with hetercatom backbones, and in particular ~CHz--NH--CH;--
, ~CHy--N{CH3)}--0--CHy~-[known as a methylene {methylimino) or MMI backbone], --CH,--0O-
-N{CH;3}--CHz--, --CHa--N{CH3)}--N{CH;}--CHo-- and --N{CH;)--CHy--CHz--{wherein the native
phosphodiester backbone 15 represented as --0--P--0--CHy--} of the above-reterenced U.5. Pat.
No. 5,489 677, and the amide backbones of the above-referenced U.S. Pat. No. 5,602,240, In
some embodiments, the RNAs featured herein have morpholino backbone structures of the
above-referenced UK. Pat. No. 5,034,560

Moditied RNAs may also contain one or more substituted sugar moieties. The iRNAs,
e.g., dsRNAs, featured herein can include one of the following at the 27 position: OH, ¥, O-, §-,
or N-atkyl; O- S-) or N-alkenyl; O-, 8- or N-altkynyl; or O-alkyl-C-alkyi, wherein the alkyl,
alkenyl and alkynyl may be substituted or unsubstituted Cy to Cyo alkyl or C; to Cyo alkenyl and
alkynyl. Exemplary suitable modifications include O{{CH2 2O nCH;, O(CH2).0CH;,
O{CH)uNH,, O{CH:z) oCH;, O(CH2).ONH;, and O{(CH ) ON[{CH)uCH3) ]2, where n and m are
from 1 to about 10, In other embodiments, dsRNAs include one of the following at the 27
position: Cy to Cio lower alkyl, substituted lower alkyl, alkaryi, aralkyl, O-alkaryl or Q-aralkyl,
SH, SCH, OCN, Cl, Br, CN, CF3, OCF;, SOCH;, SGCH;, ONG,, NO», Ni, NHa,
heterocycloalkyl, heterocycloalkaryl, aminoalkylamine, polvalkylamino, substituted silyl, an
RNA cleaving group, a reporter group, aun intercalator, a group for improving the
pharmacokinetic properties of an iIRNA, or a group for improving the pharmacodynamic
properties of an iIRNA| and other substituents having similar properties. In some embodiments,
the modification inclades a 2°-methoxyethoxy (27-0--CHCHOCH;, also known as 27-0-(2-

methoxyethyl) or 2°-MOE) (Martin ef af | Helv. Chim. Acta, 1995, 78:486-504) i.¢ , an alkoxy-
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alkoxy group. Another exemplary modification is 2°-dimethylamincoxyethoxy, i.e, a

O(CH pON(CH: )2 group, also known as 27-DMAOGE, and 2°-dimethylaminoethoxyethoxy {also
known in the art as 27-O-dimethylamincethoxyethyl or 2°-DMAECE), i.e, 27-0--CHz--0--CHz--
N(CH2)».

in other embodiments, an tRNA agent comprises one or more {e.g., about 1, 2,3, 4, 5,6, 7,
8,9, 10, or more) acyclic nucleotides {or nucleosides). In certain embodiments, the sense strand
or the antisense strand, or both sense strand and antisense strand, include less than five acyclic
nucleotides per strand (e.g., four, three, two or one acyclic nucleotides per strand}. The one or
more acyclic nucleotides can be found, for example, in the double~stranded region, of the sense
or antisense strand, or both strands; at the 5’-end, the 3 -end, both of the 57 and 3 -ends of the
sense or antisense strand, or both strands, of the iIRNA agent. In some embodiments, one or
more acyclic nucleotides are present at positions 1 to 8 of the sense or antisense strand, or both.
In some embodiments, one or more acyclic nucleotides are found 1n the antisense strand at
positions 4 to 10 {e.g., positions 6-8) from the 5’-end of the antisense strand. In some
embodiments, the one or more acvelic nucleotides are found at one or both 37 -terminal
overhangs of the iIRNA agent.

The term "acyclic nuclectide” or “acyclic nucleoside” as used herein refers to any
nucleotide or nucleoside having an acyclic sugar, e.g., an acyclic nbose. An exemplary acyclic
nucleotide or nucleoside can inchude a nucleobase, e.g., a naturally occurring or a modified
nucieobase {e.g., a nucleobase as described herein). In certain embodiments, a bond between
any of the ribose carbons {(C1, C2, C3, {4, or C5), is independently or in combination absent
from the nucleotide. In some embodiments, the bond between C2-C3 carbons of the ribose ring
is absent, e.g., an acyclic 27-3 ~-seco-nucleotide monomer. In other embodiments, the bond
between C1-C2, C3-C4, or C4-CS 15 absent {e.g., a U"-27, 37-4" or 4’5" -seco nuclectide
monomer). Exemplary acychic nucleotides are disclosed 1o US 8,314,227, 1ncorporated herein by
reference in its entirely. For example, an acyclic nucleotide can include any of monomers D-J in
Figures 1-2 of US 8,314,227, In some embodiments, the acvclic nucleotide includes the

following monomer:
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wherein Base is a nuclecbase, e.g., a naturally occurring or a modified nuclecbase {e.g., a
nuclecbase as described herein).

In certain embodiments, the acyclic nucleotide can be modified or denivatized, e.g., by
coupling the acyclic nucleotide to another moiety, e.g,, aligand {e.g., a GalNAc, a cholesterol
figand), an alkyl, a polyamine, a sugar, a polypeptide, among others.

In other embodiments, the IRNA agent includes one or more acyclic nucleotides and one
or more LNAs {e.g,, an LNA as described herein). For example, one or more acyclic nucleotides
and/or one or more LNAs can be present in the sense strand, the antisense strand, or both. The
number of acyclic nucleotides in one strand can be the same or different fror the number of
LNAs in the opposing strand. In certain embodiments, the sense strand and/or the antisense
strand coraprises less than five LNAs {e.g., four, three, two or one LNAs) located 1n the double
stranded region or a 3’-overhang. In other embodiments, one or two LNAs are located in the
double stranded region or the 3"-overhang of the sense strand. Alternatively, or in combination,
the sense strand and/or antisense strand comprises less than five acyclic nucleotides {(e.g., four,
three, two or one acyclic nuclectides) in the double-stranded region or a 37 -overhang. In some
embodiments, the sense strand of the iIRNA agent comprises one or two LNAs 1o the 37-overhang
of the sense strand, and one or two acyclic nucleotides in the double-stranded region of the
antisense strand {e.g., at positions 4 to 10 {e.g., positions 6-8} from the 57-end of the antisense
strand) of the iIRNA agent.

In other embodiments, inclusion of one or more acyclic nucleotides (alone or in addition to
one or more LNAs) in the iRNA agent results in one or more {or all} of (1) a reduction in an off-
target effect; (i1) a reduction in passenger strand participation in RNAL (iii} an increase in
specificity of the guide strand for ifs target mmRNA; (iv) a reduction in a oicroRNA off-target
effect; (v} an increase in stability; or {(vi) an increase in resistance to degradation, of the iRNA
molecule.

(ther modifications include 2" -methoxy (2°-OCH3), 27-5 aminopropoxy (2°-

OCH2CHCHoNH:z) and 2°-fluoro (2°-F). Similar modifications may also be made at other
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positions on the RNA of an iIRNA, particularly the 37 position of the sugar on the 3 terminal
nucieotide or in 2°-57 linked dsRNAs and the 57 position of 57 termoinal nucleotide. iIRNAs may
also have sugar mimetics such as cyclobutyl moieties in place of the pentofuranosyl sugar.
Representative U S patents that teach the preparation of such modified sugar structures include,
but are not limited to, U.S. Pat. Nos. 4,981,957, 5,118,800; 5,319,080; 5,359,044 5,393 878:

S 446,137 5,466,786; 5.514,785: 5,519,134; 5,567,811: 5,576,427 5,591 722: 5,597,609
610,300, 5,627,053; 5.639,873: 5,646,265 5,658,873 5.670,633; and 5,700,920, certain of
which are commonly owned with the instant application, and each of which 1s herein
incorporated by reference.

An iRNA may also include nucleobase (often referred to in the art simply as “base”)
modifications or substitutions. As used herein, “unmodified” or “natural” nucleobases include
the purine bases adenine (A) and guanine (), and the pyrimidine bases thymine (T), cytosine
(C) and uracil (U}, Modified nuclecbases include other synthetic and natural nucleobases such as
5~-methylcytosine (5~-me-C), S-hydroxymethyl eytosineg, xanthine, hypoxanthine, 2-
aminoadenine, G6-methyl and other alkyl derivatives of adenine and guanine, 2-propyl and other
alleyl dertvatives of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, S-
halouraci! and cytosine, S-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-
uracil (pseudouracil), 4~-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thiocalkyl, B-hydroxyl anal other 8-
substituted adenines and guanines, 5-halo, particularly 5-bromo, S-triflucromethyl and other 5-
substituted uraciis and cytosines, 7-methylguanine and 7-methyiadenine, 8-azaguanive and 8-
azaadenine, 7-deazaguanine and 7-daazaadenine and 3-deazaguanine and 3-deazaadenive.

Further nucleobases include those disclosed in U8, Pat. No. 3,687 808, those disclosed in
Muodified Nucleosides in Biochemisiry, Bictechnology and Medicine, Herdewijn, P. ed. Wiley-
VCH, 2008; those disclosed in The Concise Encyclopedia of Polymer Science and Engineering,
pages 858-859, Kroschwitz, J. L, ed. Johu Wiley & Sons, 1990, these disclosed by Englisch ef
al., Angewandte Chemie, International Edition, 1991, 30, 613, and those disclosed by Sanghvi, Y
S., Chapter 1S, dsBNA Research and Applications, pages 289-302, Crooke, 8. T and Lebleu, B,
Ed., CRC Press, 1993, Certain of these nucleobases are particularly useful for increasing the
binding affinity of the oligomeric compounds featured in the disclosure. These include S-
substituted pyrumidines, 6-azapyrimidines and N-2, N-0 and 0-6 substituted purines, including 2-

aminopropyladenine, S-propynyluracil and S-propynylcytosine. S-methyleytosine substitutions
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have been shown to increase nucleic acid duplex stability by 0.6-1.2°C (Sanghvi, Y. 8., Crooke,
5. T and Lebleu, B, Eds,, dsRNA Research and Applications, CRC Press, Boca Raton, 1993,
pp. 276-278} and are exemplary base substitutions, even more particularly when combined with
2’ ~O-methoxyethyl sugar modifications.

Representative U S, patents that teach the preparation of certain of the above noted
modified nucleobases as well as other modified nucleobases include, but are not limited to, the
above noted U.S. Pat. No. 3,687 808, as well as U.S. Pat. Nos. 4,845, 205; 5,130,30; 5,134,066,

S 175.273: 5,367.066: 5,432,272: 5.457.187: 5,459 255: 5,484,908 5.502,177: 5,525,711
5,552,540; 5,587,469, 5,594,121, 5,596,091, 5,614,617, 5,681,941, 6,015,886, 6,147,200,
6,166,107; 6,222,025 6,235,887: 6,380,368; 6,528 640; 6,639.062; 6,617,438; 7,045,610;

Wi

q

7,427,672, and 7,495,088, each of which is herein incorporated by reference, and U.S. Pat. No.
5,750,692, also herein incorporated by reference.

The RNA of an iRNA can also be modified to include one or more {e.g., about 1, 2, 3, 4,
5,6,7,8,9, 10, or more} bicyclic sugar moteties. A “bicyclic sugar” is a furanosyl ring modified
by the bridging of two atoms. A “bicyclic nucleoside” (“BNA”}) is a nucleoside having a sugar
motety comprising a bridge connecting two carbon atoms of the sugar ring, thereby forming a
bicyclic ring system. In certain embodiments, the bridge connects the 4’-carbon and the 27-
carbon of the sugar ring. Thus, in some embodiments an agent of the disclosure may include oue
or more locked nucleic acids {LNAs) (also referred to herein as “locked nucleotides”). In some
embodiments, a locked nucleic acid 1s a nucleotide having a modified ribose moiety in which the
ribose motety comprises an extra bridge connecting, e.g., the 27 and 4° carbons. This structure
effectively "locks" the ribose in the 37-endo structural conformation. The addition of locked
nucleic acids to siRNAs has been shown to increase siRNA stability in serum, increase thermal
stability, and to reduce oft-target effects (Elmen, J. er af., (2005) Nucleic Acids Research
33(1):439-447; Mook, OR. et o/, (2007 Mol Canc Ther 6(3):833-843; Grunweller, A. et o/,
(2003) Nucleic Acids Research 31(12):3185-3193}.

Examples of bicyclic nucleosides for use 1o the polyonucleotides of the disclosure tinclude
without limitation nucleosides comprising a bridge between the 4” and the 2 ribosyl ring atoms.
In certain ermnbodiments, the antisense polvnucleotide agents of the disclosure include one or
more bicyclic nucleosides comprising a 47 to 27 bridge. Examples of such 4” to 27 bridged

bicychic nucleosides, include but are not himited to 4 -(CH2}—0-27 (LNA);, 4°-(CH2}—S8-27;, 47
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{CH2)2—0-2" (ENA);, 4 -CH{CH3)—0-2" (also referred to as “constrained ethyl” or “cEt”} and
4 -CH(CH2OCH3 }—0-2" {(and analogs thereot see, e.g., U.S. Pat. No. 7,399 845), 47~
C{CH3YCH3—0-2’ {(and analogs thereof, see e.g., US Patent No. 8,278,283); 4’ -CHZ—
N{OCH3)-2’ (and analogs thereof; see e.g., US Patent No. 8,278,425, 4 -CH2—0—N(CH3)-2’
{see, e.g., U8 Patent Publication No. 2004/0171570), 4 -CH2Z—N(R}—-2", wherein R is H,
C1-C12 alkyl, or a protecting group (see, e.g., U.S. Pat. No. 7,427,672y, 4 -CH2—C(H}CH3}-2’
(see, e.g., Chattopadhyaya et o/, ./ Org. Chem , 2009, 74, 118-134); and 4" -CH2-—C(=CH2}-2’
{and analogs thereof, see, e.g., US Patent No. 8 278 426}, The contents of each of the foregoing
are incorporated herein by reference for the methods provided therein. Representative UK,
Patents that teach the preparation of locked nucleic acids inciude, but are not limited to, the
following: U.S. Pat. Nos. 6,268,490, 6,670,461, 6,794,499, 6,998 484; 7.053,207; 7,084,125,
7,399,845, and 8,314,227, each of which is herein incorporated by reference in its entirety.
Exemplary LNAs include but are not himited to, a 2°, 47-C methylene bicyclo nucleotide (see for

>

example Wengel ef af, International PCT 5 Publication No, W 00/66604 and WO 99/14226).

Any of the foregoing bicyclic nucleosides can be prepared having one or more
stereochemical sugar configurations wncluding for example a-L-ribofirranose and B-D-
ribofuranose (see WO 99/14226).

A RNAi agent of the disclosure can also be modified to include one or more constrained
ethyl nucleotides. As used herein, a "constrained ethyl nucleotide” or "cEt" is a locked nucleic
acid comprising a bicyclic sugar moiety comprising a 4’ -CH{CH3}-0-2” bridge. In some
embodiments, a constrained ethyl nucleotide 1s tn the S conformation referred to herein as S~
cEBt.”

A RNAI agent of the disclosure may also include one or more “conformationally
restricted nucleotides” (“CRN”}. CRN are nucleotide analogs with a linker connecting the
C2and C4° carbons of ribose or the C37 and -CS™ carbons of ribose. CRN lock the nibose ning
into a stable conformation and increase the hybridization affinity to mRNA. The linker is of
sufficient length to place the oxygen in an optimal position for stability and affinity resulting in
fess ribose ring puckering.

Representative publications that teach the preparation of certain of the above noted CRN
include, but are not limited to, US 2013/0190383; and WO 2013/0368068, the contents of each of

which are hereby incorporated heretn by reference for the methods provided therein,
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In some embodiments, a RNAI agent of the disclosure comprises one or more monomers
that are UNA (unlocked nucleic acid) nucleotides. UNA is unlocked acyclic nucleic acid,
wherein any of the bonds of the sugar has been removed, forming an unlocked "sugar” residue.
In one example, UNA also encompasses monomer with bonds between C17-C4” have been
removed (i ¢. the covalent carbon-oxygen-carbon bond between the C17 and U4’ carbons). In
ancther example, the C27-C3” bond {(i.e. the covalent carbon-carbon bond between the C2 and
C37 carbons) of the sugar has been removed (see Nuc. Acids Symp. Series, 52, 133-134 (2008)
and Fluiter et al., Mol Biosvse, 2009, 10, 1039},

Representative UK. publications that teach the preparation of UNA include, but are not
limited to, US8,314,227; and US Patent Publication Nos. 2013/0096289; 2013/0011922; and
2011/0313020, the contents of each of which are hereby incorporated heretn by reference for the
methods provided therein.

In other embodiments, the iIRNA agents include one or more {e.g, about 1, 2,3, 4,5, 6,7,
&, 9, 10, or more) G-clamp nuclectides. A G-clamp nucleotide is a moditied cytosine analog
wherein the modifications confer the ability to hydrogen bond both Watson-Crick and Hoogsteen
faces of a complementary guanine within a duplex, see for example Lin and Matteucei, 1998, J.
Am. Chem. Soc., 120, 8531-8532. A single G-clamp analog substitution within an
oligonucleotide can result in substavtially enhanced helical thermal stability and mismatch
discrimination when hybridized to complementary oligonucleotides. The inclusion of such
nucieotides in the iRWNA molecules can result in enhanced affinity and specificity to nucleic acid
targets, complementary sequences, or template strands.

Potentially stabilizing modifications to the ends of RNA molecules can include N-
{acetylaminocaproyi-4-hydroxyprolinol (Hyp-Co-NHAc), N-(caproyl-4-hydroxyprolinol (Hyp-
Coy, N-{acetyl-4-hydroxyprolinol (Hyp-NHAc), thymidine-2”-O-deoxythymidine (ether), N-
{aminocaproyl)-4-hydroxyprolinol (Hyp-Co-amino), 2-docosanoyl-unidine-37" phosphate,
inverted base dT(1dT) and others. Disclosure of this medification can be found in PCT
Publication No. WO 2011/005861.

Other modifications of a RNAi agent of the disclosure include a 5° phosphate or 57
phosphate mimic, e.g., a 5 -terminal phosphate or phosphate mimic on the antisense strand of a
RNA1 agent. Suitable phosphate mimics are disclosed in, for example US 2012/0157511, the

contents of which are incorporated herein by reference for the methods provided therein. In one
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embodiment, the double stranded RNAi agent of the invention further comprises a 5’ -phosphate
or a §’-phosphate mimic at the 5™ nucleotide of the antisense strand. Tn another embodiment, the
double stranded RNAI agent further comprises a 5" -phosphate mimic at the 5" nucleotide of the
antisense strand. In a specific embodiment, the 5’ -phosphate mimic 18 a 57-vinyl phosphonate
{5°-VP)}. In one embodiment, the phosphate mimic is a 8 -cyclopropyl phosphonate (VP}. In
some embodiments, the 5" -end of the antisense strand of the double-stranded IRNA agent does
not contain a 5’-vinyl phosphonate (VP).

In one embodiment, at least one of the modified nucleotides 1s selected from the group
consisting of a deoxy-nucleotide, a 2'-O-methyl modified nucleotide, a 2'-fluoro modified
nucleotide, a 2'-deoxy-modified mucleotide, a glycol modified nucleotide (GNA), e.g., Ggn, Can,
Tgu, or Agn, a nucleotide with a 2° phosphate, e g, GZp, C2p, Ap or Ulp, and, a vinyi-
phosphonate nuclectide; and combinations thereof. In other embodiments, each of the duplexes
of Tables 5 and 6 may be particularly modified to provide ancther double-stranded 1RNA agent
of the present disclosure. In one example, the 3’ -terminus of each sense duplex may be modified
by removing the 37 -terminal 196 ligand and exchanging the two phosphodiester internucleotide
linkages between the three 3" <terminal nucleotides with phosphorothicate internucleotide
linkages. That is, the three 3" -terminal nucleotides (N) of a sense sequence of the formula:

3= NI~ -No-2ZNn-1Nnl.S6 37
may be replaced with
§57- N1~ -Nn-2sNn-1sNo 37

An RNA target may have regions, or spans of the target RNA’s nucleotide sequence,
which are relatively more susceptible or amenable than other regions of the RNA target to
mediating cleavage of the RINA target via RNA interference induced by the binding of an RNAI
agent to that region. The increased susceptibility to RNA interference within such “hotspot
regions” (or stmply “hotspots”) roeans that iIRNA agents targeting the region will likely have
higher efficacy in inducing itRNA interference than iRNA agents which target other regions of
the target RNA. For example, without being bound by theory, the accessibility of a target region
of a target RNA may influence the efficacy of iRNA agents which target that region, with some
hotspot regions having increased accessibility. Secondary structures, for instance, that form in
the RNA target {e.g., within or proximate to hotspot regions) may affect the ability of the iRNA

agent to bind the target region and induce RNA interference.
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According to certain aspects of the invention, an iIRNA agent may be designed to target a
hotspot region of any of the target RNAs described herein, including any identified portions of a
target RNA {e g, a particular exon). As used herein, a hotspot region may refer to an
approximately 19-200, 19-150, 19-100, 19-75, 19-530, 21-200, 21-150, 21-100, 21-75, 21-50, 50-
200, 50-150, 50-100, 50-75, 75-200, 75-150, 75-100, 100-200, or 100-150 nucleoctide region of a
target RNA sequence for which targeting using RNA1 agents provides an observably higher
probability of efficacious silencing relative to targeting other regions of the same target RNA.
According to certain aspects of the invention, a hotspot region may comprise a limited region of
the target RNA, and 1n some cases, a substantially limited region of the target, including for
example, less than half of the length of the target RINA, such as about 5%, 10%, 15%, 20%, 25%,
or 30% of the lenth of the target RNA. Conversely, the other regions against which a hotspot is
compared may cumulatively comprise at least a majority of the length of the target RNA. For
example, the other regions may cumulatively comprise at least about 60%, or at least about 70%,
or at least about 80%, or at least about 90%, or at feast about 95% of the length of the target
RNA.

Compared regions of the target RNA may be empirically evaluated for identification of
hotspots using efficacy data obtained from in vitro or in vivo screening assays. For example,
RINAI agents targeting various regions that span a target RNA may be compared for frequency of
efficacious iRNA agents {e.g., the amount by which target gene expression is inhibited, such as
measured by mRNA expression or protein expression} that bind each region. In general, a
hotspot can be recognized by observing clustering of multiple efficacious RNAI1 agents that bind
to a limited region of the RNA target. A hotspot may be sufficiently characterized as such by
observing efficacy of iIRNA agents which cumulatively span at least about 60% of the target
region identified as a hotspot, such as about 70%, about 80%, about 0%, or about 95% or more
of the length of the region, 1ncluding both ends of the region (i.e at least about 60%, 70%, 80%,
90%, or 95% or more of the nucleotides within the region, including the nucleotides at each end
of the region, were targeted by an iIRNA agent). According to some aspects of the invention, ao
iRNA agent which demonstrates at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
30%,

90%, or 95% inlubition over the region (2.g., no more than about 50%, 45%, 40%, 35%

2

25%, 20%, 15%, 10%, or 5% mRNA rematning} may be identified as efficacious.
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Amenibility to targeting of RNA regions may also be assessed using quantitative
comparison of inhibition measurements across different regions of a defined size {e.g, 25, 30, 40,
50, 60, 70, 80, 90, or 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 nts). For example,
an average level of inhibition may be determined for each region and the averages of each region
may be compared. The average level of inhibition within a hotspot region may be substantially
higher than the average of averages for all evaluated regions. According to some aspects, the
average level of inhibition in a hotspot region may be at least about 10%, 20%, 30%, 40%, or
50% higher than the average of averages. According to some aspects, the average level of
inhibition in a hotspot region may be atleastabout 1.0, 1.1, 12,13, 14,1516, 1.7, 1.8 19, or
2.0 standard deviations above the average of averages. The average level of inhibition may be
higher by a statistically significant {e.g., p < 0.05) amount. According to some aspects, each
inhthition measurement within a hotspot region may be above a threshold amount (e.g., at or
below a threshold arnount of mRNA remaining). According to some aspects, cach inhibition
measurement within the regton may be substantially higher than an average of all inhibition
measurements across all the measured regions. For example, each inhibition measurement in a
hotspot region may be at least about 10%, 20%, 30%, 40%, or 50% higher than the average of all
inhthition measurements. According to some aspects, each inhibition measurement may be at
feastabout 1.0, 1.1, 1.2, 13,14, 1516, 1.7, 1.8 1.9, or 2.0 standard deviations above the
average of all inhibition measurements. Each inhibition measurement may be higherby a
statistically significant {e.g., p < 0.05) amount than the average of all inlibition measurements.

A standard for evaluating a hotspot may comprise various combinations of the above standards
where compatible (e g | an average level of inhibition of at least about a first amount and having
no inhibition measurements below a threshold level of a second amount, lesser than the first
amount}.

It 15 therefore expressly contemplated that any i(RNA agent, including the specific
exemplary iIRNA agents described herein, which targets a hotspot region of a target RNA, may
be preferably selected for inducing RNA nterference of the target oRNA as targeting such a
hotspot region is likely to exhibit a robust inhibitory response relative to targeting a region which
18 not a hotspot region. RN A1 agents targeting target sequences that substantially overlap {e.g,
by at least about 70%, 75%, 80%, 85%, 90%, 95% of the target sequence length) or, preferably,

that reside fully within the hotspot region may be considered to target the hotspot region.
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Hotspot regions of the RNA target(s) of the instant invention may include any region for which
the data disclosed herein demonsirates higher frequency of targeting by efficacious RNAJ agents,
including by any of the standards described elsewhere herein, whether or not the range(s} of such
hotspot region{s) are explicitly specified.

In various embodiuments, a dsRNA agent of the present invention targets a hotspot region

of an mRNA encoding MYOC.

L iRNA Motifs

In certain aspects of the disclosure, the double-stranded RINAL agents of the disclosure
include agents with chemical modifications as disclosed, for example, in WO 2013/075035, the
contents of which are incorporated heretn by reference for the roethods provided therein. As
shown herein and in WO 2013/075035, a supertor result may be obtained by introducing one or
more motifs of three identical modifications on three consecutive nuclectides into a sense strand
or antisense strand of an RNA1 agent, particularly at or near the cleavage site. In some
embodiments, the sense strand and antisense strand of the RNA1 agent may otherwise be
completely modified. The tntroduction of these motifs interrupts the modification pattern, if
present, of the sense or antisense strand. The RNAI agent may be optionally conjugated with a
Hipophilic motety or igand, e.g., a C16 moiety or ligand, for instance on the sense strand. The
RINAIL agent may be optionally modified with a (5)-glycol nucleic acid (GNA} modification, for
instance on one or more residues of the antisense sirand. The resulting RNA1G agents present
superior gene silencing activity.

In some embodiments, the sense strand sequence may be represented by formula (I);

5" pp-Na{ X X X 3-No-Y Y Y -Now(Z Z Z }-Na-1ig 3° (D)

wherein:

tand § are each 1ndependently § or 1;

p and g are each independently 0-6;

each Naindependently represents an oligonucleotide sequence comprising 0-25 modified
nucleotides, each sequence comprising at least two differently modified nucleotides;

cach Ne independently represents an oligonucieotide sequence comprising 0-10 modified
nucleotides;

each np and neindependently represent an overhang nucleotide;
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wherein Nb and Y do not have the same modification; and

XXX, YYY and 227 each independently represent one rootif of three identical
modifications on three consecutive nucleotides. In some embodiments, YYY is all 2°-F
modified nucleotides.

In some embodiments, the Na and/or No comprise modifications of alternating pattern.

In some embodiments, the YY'Y motif occurs at or near the cleavage site of the sense
strand. For example, when the RNA1 ageunt has a duplex region of 17-23 nucleotides in length,
the YYY motif can cecur at or the vicinity of the cleavage site (e.g.: can occur at positions 6, 7,
8 7,8,9,8,9 10:9, 10, 11, 10, 11,12 or 11, 12, 13) of the sense strand, the count starting from
the 1% nucleotide, from the 5’-end; or optionally, the count starting at the 1s paired nucleotide
within the duplex region, from the 57-end.

In some embodiments, 1is Land jis 0, oriis Oand jis 1, orboth i and j are 1. The sense
strand can therefore be represented by the following formulas:

5" np-Na-YYY-Np-ZZ7-Na-ig 37 {Ib};

5" np-Ne-XXX-No-YYY-Nang 3 (lc); or

5 np-Na- X XX-No-YYY-No-ZZ7-Na-ng 3° (Id).

When the sense strand is represented by formula (Ib), Ne represents an oligonuclectide
sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or O modified nucleotides. Hach Naindependently
can represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the sense strand is represented as formula (I¢), Norepresents an oligonucleotide
sequence comprising 0-10, 0-7, 0-5, (-4, 0-2 or O modified nucleotides. Each Nacan
independently represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the sense strand 18 represented as formula (1d), each No independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. In some
embodiments, Nvis 0, 1, 2, 3, 4, 5 or 6. Each Na can independently represent an oligonucleotide
sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

Each of X, Y and Z may be the same or different from each cther.

In other embodiments, 11s 0 and } 15 0, and the sense strand may be represented by the
formula:

5 np-Na-YYY- Nanng 37 (Ia)
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When the sense strand is represented by formula (Ia}, each N, independently can
represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

In some embodiments, the antisense strand sequence of the RNA1 may be represented by
formula (Ie):

5 g Ny o222 N =Y Y Y Ny (X XX 3N oy’ 37 (le)

wherein:
kand | are each independently O or 1;

p’ and g are each independently 0-6;

each Na” independently represents an oligonucleotide sequence comprising 0-25 modified
nuclectides, each sequence comprising at least two differently modified nucleotides;

each Nv’ independently represents an oligonucleotide sequence comprising 0-10 modified
nucleotides:

each np’ and ng” 1ndependently represent an overhang nucleotide;

wherein Ny’ and Y’ do not have the same modification;

and

XXX YY'Y, and 274727 each independently represent one of three identical
modification on three consecutive nucleotides.

in some embodiments, the Ny and/or Ny™ comprise modification of alternating pattern,

The YY'Y motif occurs at or near the cleavage site of the antisense strand. For
example, when the RNA1 agent has a duplex region of 17-23 nucleotides wn length, the YY'Y’
motif can occur at positions 9, 10, 11, 10, 11, 12; 11,12, 13, 12,13, 14 ; or 13, 14, 15 of the
antisense strand, with the count starting from the 1% nucleotide, from the 57-end; or optionally,
the count starting at the 1™ paired nucleotide within the duplex region, from the 5’- end. In some
embodiments, the Y’ Y'Y’ motif occurs at positions 11, 12, 13

In some embodiments, Y’ Y'Y motif is all 27-Ome modified nucleotides.

In on embodiment, kistandlis 0, orkisOandiisl, orboth Skandlare 1.

The antisense strand can therefore be represented by the following formulas:

S ng N -2 272 -Ny Y'Y Y -No'ng” 37 ()

S ng -N-Y Y Y -Np =¥ XX ~ny” 37 (thy; or

5 g Ny - 27222 -Ny-Y VY Ny - XXX -Ny -y’ 37 (1),
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When the antisense strand is represented by formula (Ig), No’ represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each N’
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the antisense strand is represented as formula (1), each Nv” independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified
nuclieotides. Hach No” independently represents an oligonucleotide sequence comprising 2-20, 2-
15, or 2-10 modified nucleotides. In some embodiments, Nvis 0, 1,2, 3,4, Sar 6.

In other erobodiments, k 18 0 and 115 0 and the antisense strand may be represented by the
formula:

5 Ilp7~Na’—Y"Y7Y’— Na’-—i’lq; 3’ (Ef}

When the antisense strand is represented as formula (If}, each Na’ independently
represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

Hach of X', Y’ and £” may be the same or different from each other,

Each nucleotide of the sense strand and antisense strand may be independently modified
with LNA, HNA, CeNA, GNA, 2’ -methoxyethyl, 2°-O-methyl, 2°-0O-allvl, 2°-C- allyl, 27-
hydroxyl, or 2'-flucro. For example, each nuclectide of the sense strand and antisense strand is
independently modified with 27-O-methyl or 2’-fluoro. Each X, ¥V, Z, X', Y and 27, in
particular, may represent a 2°-O-methy! modification or a 2’-fluorce medification.

o some embodiments, the sense strand of the RNAJ agent may contain YY'Y rootif
occurring at 9, 10 and 11 positions of the strand when the duplex region is 21 ut, the count
starting from the 1™ nucleotide from the 5" -end, or optionally, the count starting at the 1* paired
nucleotide within the duplex region, from the 57 end; and Y represents 2°-F modification. The
sense strand may additionally contain XXX motif or ZX 7 motifs as wing modifications at the
opposite end of the duplex reglon; and XXX and £27 each independently represents a 2°-OMe
modification or 2'-F modification.

In some embodiments the antisense strand may Y'Y'Y™ motif occurring at positions 11,
12, 13 of the strand, the count starting from the 1® nucleotide from the 5’-end, or optionally, the
count starting at the 1* paired nucleotide within the duplex region, from the 57- end; and Y’

represents 2°-O-methyl modification. The antisense strand may additionally contain X'X°X’
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motif or 27277 motifs as wing modifications at the opposite end of the duplex region; and
XXX and 272777 each independently represents a 27-OMe modification or 27-F modification.
The sense strand represented by any one of the above formulas {(Ia), (Ib), (Ic}, and (Id)
forms a duplex with an antisense strand being represented by any one of formulas (), (Igy, (Ih),
and (11}, respectively.
Accordingly, certain RNA1 agents for use in the methods of the disclosure may comprise
a sense strand and an antisense strand, each strand having 14 to 30 nucleotides, the RNA1 duplex

represented by formula ()

sense: 57 np ~Na-{ XXX -No- YYY Ny {7773 -No-1ng 37

antisense: 3 1y -Na - X XNy =Y Y'Y Ny (2L F 3Ny =g 57
(i)

wherein,

1,3, k, and I are each independently O or 1;

P, 0, ¢ and @ are each independently 0-6;

each Nyand Ny independently represents an oligonucleotide sequence comprising 0-25
modified nuclectides, each sequence comprising at least two differently modified nuclectides;
modified nucleotides;

wherein

each np’, np, ng’, and ng, each of which may or may not be present independently
represents an overhang nuclectide; and

XXXYYY,ZEZ, XXX, Y'Y Y, and 2727 F each independently represent one motif
of three identical modification on three consecutive nucleotides.

In some embodiments, 1150 and ji1s 0; orits T and j180; or1is O and jis 1; or both 1 and
jare 0; or both 1 and j are 1. In some embodiments, ks Oand 30, orkis Tand Lis 0, kis @ and
fis §; orbothkandlare 0; or both k and | are 1.

Exemplary corabinations of the sense strand and avtisense strand forming a RNAI duplex
include the formulas below:

5 np-Ny-¥Y Y Y-Nyng 3°

¥ ny Ny - Y Y Y -Noag 8

(k)
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S -Na-YY Y -Ne-Z 2 72 -Nyng 37

e -N - YY Y Ny - L84 -Na'ng” §7
an

5 np -Na- X X X Np- Y Y Y -Nyng 3

3 np ~Ny - XXX SNy’ - Y'Y Y '~ Na'-ng 5
(im)

S -Na- X XX -Np-YY Y -Np- 24 Z-Nyng 3

3y NG - XX 2XO-Ny - VY Y -Ny - 2722 -Na'-ny” 5
(in)

When the RNAi agent is represented by formula (1k}, each N, independently represents
an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the RINA1 agent s represented by formula (i1}, each Np independently represents an
oligonucleotide sequence comprising 1-10, 1-7, 1-5 or 1-4 modified nucleotides. Each N,
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the RINAT agent s represented as formula (Im), each No, Nv” independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 medified
nucleotides. Each N, independently represents an oligonucleotide sequence comprising 2-20, 2-
15, or 2-10 modified nucleotides.

When the RNAT agent 1s represented as formula (In), each Ny, Ny independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, (-2 or 0 modified
nucleotides. Hach Ny, Ny independently represents an oligonucleotide sequence comprising 2-
20, 2-15, or 2-10 modified nucleotides. Each of N,, No’, Ny and Ny™ independently comprises
modifications of alternating pattern.

Eachof X, ¥ and Z 1o formulas (§j), (Ik), (1), (Ire), and (In) may be the same or different
from each other.

When the RNAI agent is represented by formulda (7)), (TIk), (), (I, and (In), at least one
of the Y nucleotides may form a base pair with one of the Y’ nucleotides. Alternatively, at least
two of the Y nucleotides form base pairs with the corresponding Y™ nucleotides; or all three of

the Y nucleotides all form base pairs with the corresponding Y’ nucleotides.
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When the RNAI agent is represented by formula (1) or (In), at least one of the Z
nucieotides may form a base pair with one of the 77 nucleotides. Alternatively, at least two of
the Z nucleotides form base pairs with the corresponding 7’ nuclestides; or all three of the Z
nucleotides all form base pairs with the correspounding 77 nucleotides.

When the RNAI agent is represented as formula (Im) or (In), at least one of the X
nucleotides may form a base pair with one of the X nucleotides. Alternatively, at feast two of
the X nucleotides torm base pairs with the corresponding X nucleotides; or all three of the X
nucleotides all form base pairs with the corresponding X nucleotides.

In some embodiments, the modification on the Y nucleotide 15 different than the
modification on the Y’ nucleotide, the modification on the Z nucleotide is different than the
modification on the 77 nucleotide, and/or the modification on the X nucleotide 13 different than
the modification on the X’ mucleotide.

In some embodiments, when the RNAG agent 15 represented by formula (HId), the Na
modifications are 2’-O-methyl or 27-fluore modifications. In some embodiments, when the
RNA agent is represented by formula (In), the Na moditications are 2°-O-methyl or 2°-fluore

>

modifications and np’ >0 and at least one np’ is linked to a neighboring nuclectide a via
phosphorothioate linkage. In some embodiments, when the RNAi agent is represented by
formula (In), the Namodifications are 2°-O-methyl or 27 -fluoro modifications, np” >0 and at least
one np’ 1s linked to a neighboring nucleotide via phosphorothicate linkage, and the sense strand
18 conjugated to one or more moteties or ligands {(e.g., one or more lipophilic moieties, optiovally
one or more C16 moieties, or one or more GalNAc moieties) attached through a bivalent or
trivalent branched linker. In some embodiments, when the RNA1 agent is represented by formula
{In}, the Namodifications are 2’-G-~-methyl or 2"-flucro modifications, np” >0 and at least one np’
15 linked to a neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at
feast one phosphorothioate linkage, and the sense strand is conjugated to one or more moieties of
ligands {e.g., one or more lipophilic moieties, optionally one or more C16 moieties, or one or
more GalNAc¢ moteties) attached through a bivalent ot trivalent branched hinker,

In some embodiments, when the RNAT agent is represented by formula (Hla}, the Na
moditications are 27-0O-methyl or 2°-fluoro modifications, np” >0 and at least one np” 1s linked to
a neighboring nuclectide via phosphorothicate linkage, the sense strand comprises at least one

phosphorothioate linkage, and the sense strand is conjugated to one or more moieties or ligands
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{e.g., one or more lipophilic moieties, optionally one or more C16 moieties, or one or more
GalNAc moieties) attached through a bivalent ot trivalent branched huoker

In some embodiments, the RNAI agent is a multimer containing at least two duplexes
represented by formula (I, (Ik), (B), (Im), and (In), wherein the duplexes are connecied by a
linker. The linker can be cleavable or non-cleavable. Optionally, the multimer further comprises
a ligand. Each of the duplexes can target the same gene or two different genes; or each of the
duplexes can target same gene at two different target sites.

In some embodiments, the RNA1 agent is a multimer containing three, four, five, six or
more duplexes represented by tformula (Iy}, k), (1), (Im), and (In), wherein the duplexes are
connected by a linker. The linker can be cleavable or non-cleavable. Optionally, the multimer
further comprises a ligand. Each of the duplexes can target the same gene or two different genes;
or each of the duplexes can target same gene at two different target sites.

In some embodiments, two RNAI agents represented by formula (Iy), {0k}, (1), (Im), and
{In} are linked to each other at the 57 end, and one or both of the 37 ends and are optignally
comjugated to a ligand. Each of the agents can target the same gene or two different genes; or
gach of the agents can target same gene at two different target sites.

Various publications describe multimeric RNA1 agents that can be used in the methods of
the disclosure. Such publications include WQ2007/091269, WO2010/141511, WO2007/117686,
WO2009/014887, and WO2011/031520; and US 7858769, the contents of each of which are
hereby incorporated herein by reference for the methods provided therein. In certain
embodiments, the RNAI agents of the disclosure may include GalNAc¢ ligands.

As described in more detail below, the RNAI agent that contains comjugations of one or
more carbobydrate moteties to a RNA1 agent can optimize one or more properties of the RNAI
agent. In many cases, the carbohydrate moiety will be attached to a modified subunit of the
RNAI agent. For example, the ribose sugar of one or more ribonucleotide subunits of a dsRNA
agent can be replaced with another moiety, e.g., a non-carbohydrate (preferably cyclic) carrier to
which 1s attached a carbohydrate ligand. A nibonucleotide subunit o which the ribose sugar of
the subunit has been so replaced is referred to herein as a ribose replacement modification
subunit (RRMS). A cyclic carrier may be a carbocycelic ring system, 4.¢., all ring atoms are
carbon atoms, or a heterocyclic ring system, 7.e., one or more ring atoms may be a heteroatom,

e.g., nitrogen, oxygen, sulfur. The cyclic carrier may be a monocyclic ring system, or may
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contain two or more rings, e.g. fused rings. The cyclic carrier may be a fully saturated ring
system, or it may contain oue or more double bonds.

The ligand may be attached to the polynuclectide via a carrier. The carriers include (i) at
least one “backbone attachment point,” preferably two “backbone attachment points” and (1) at
feast one “tethering attachment point.” A “backbone attachment point” as used herein refers to a
functional group, e.g. a hydroxyl group, or generally, a bond available for, and that 1s suitable for
incorporation of the carrier into the backbone, e.g., the phosphate, or moditfied phosphate, e.g.,
sutfur containing, backbone, of a ribonucleic acid. A “tethering attachment potnt” (TAP) in
some embodiments refers to a constituent ring atom of the cyclic carrier, e.g., a carbon atom or a
heteroatom (distinct from an atom which provides a backbone attachment point), that connects a
selected moiety. The motety can be, e.g., a carbohydrate, e.g. monosacchande, disaccharide,
trisaccharide, tetrasaccharide, oligosaccharide, and polysaccharide. Optionally, the selected
moiety 15 connected by an intervening tether to the cyclic carrier. Thus, the cyclic carrier will
often inchude a functional group, e.g., an amino group, or generally, provide a bond, that is
suitable for incorporation or tethering of another chemical entity, e.g., a ligand to the constituent
ring.

The RNAI agents may be conjugated to a ligand via a carrier, wherein the carrier can be
cyclic group or acyclic group; preferably, the cyclic group is selected from pyrrolidinyl,
pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, {1,3]dioxolane,
oxazolidinyl, isoxazohidinyl, morpholinyl, thiazolidinyl, isothiazohidinyl, quinoxalinyl,
pyridazinonyl, tetrabydrofuryl and and decalin; preferably, the acyclic group is selected from
serinol backbone or diethanolamine backbone.

In certain specific embodiments, the RNAt agent for use in the methods of the disclosure
is an agent selected from the group of agents listed in any one of Tables 2A and 2B. These
agents may further comprise a ligand. The ligand can be attached to the sense strand, antisense
strand or both strands, at the 3"-end, 5’-end, or both ends. For instance, the ligand may be

conjugated to the sense sirand, in particular, the 37-end of the sense strand.
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IV iRNA Coniugates

The iIRNA agents disclosed herein can be in the form of conjugates. The conjugate may
be attached at any suitable focation 1n the IRNA molecule, e.g., at the 37 end or the 57 end of the
sense or the antisense strand. The conjugates are optionally attached via a linker.

In some embodiments, an iIRNA agent described herein is chemically linked to one or
more ligands, moieties or conjugates, which may confer functionality, e.g., by affecting {e.g.,
enhancing) the activity, cellular distribution or cellular uptake of the iIRNA. Such moieties
include but are not limited to lipid moieties such as a cholesterol motety (Letstoger ef o/, Proc.
Natl. Acid Sci. TISA, 1989, 86: 6553-6556), cholic acid (Manoharan ef af ., Biorg. Med Chem.
Let, 1994, 4:1053-1060), a thioether, e.g., beryl-S-tritylthiol (Manoharan e of, Ann. N.Y. dcad.
Sci., 1992, 660:306-309; Mancharan et af | Biorg. Med. Chem. Ler. 1993, 3:2765-2770), a
thiocholesterol (Oberhauser ef af | Nucl Acids Res., 1992, 20:533-538), an aliphatic chain, e.g.,
dodecandiol or undecyl residues (Saison-Behmoaras et of, FMBO J, 1991, 10:1111-1118;
Kabanov et af , FEBS Lett., 1990, 259:327-330; Svinarchuk ef of ., Biochinie, 1993, 75:49-54), a
phospholipid, e.g., di-hexadecyl-rac-glycero! or triethyl-ammonium 1,2-di-O-hexadecyl-rac-
glycerc-3-phosphonate (Mancharan ef af , Terrahedron Leff. | 1995, 36:3651-3654; Shea ef af,
Nucl Acids Res., 1990, 18:3777-3733)}, a polyamine or a polyethylene glycol chain (Manoharan
et al | Nucleosides & Nucleofides, 1995, 14.969-973), or adamantane acetic acid {(Manoharan ef
al., Tetrahedron Lett., 1995, 36:3651-3654), a palmityl moiety (Mishra ef al | Biochim. Biophys.
Acta, 1995, 1264:229-237), or an octadecylamine or hexylamino-carbonyloxycholesterol motety
(Crocke ef al | J. Pharmacol. Exp. Ther., 1996, 277:923-937).

In some embodiments, a ligand alters the distribution, targeting or lifetime of an IRNA
agent into which it 1s incorporated. In some embodiments, a ligand provides an enhanced
athinity for a selected target, e.g., molecule, cell or cell type, compartment, e.g., a cellular or
organ compartment, tissue, organ or region of the body, as, e.g., compared to a species absent
such a ligand. Typical ligands will not take part in duplex pairing i a duplexed nucleic acid.

Ligands can include a naturally occurring substance, such as a protein {e.g., human serum
albumin (HSA), low-density lipoprotein (LDL), or globulin), carbohydrate (e.g,, a dexiran,
puliulan, chitin, chitosan, inulin, evclodextrin or hyaluronic actd); or aliptd. The ligand may

also be a recombinant or synthetic molecule, such as a synthetic polymer, e.g., a synthetic
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polyamine acid. Examples of polyaminc acids include polyamino acid is a polylysine (PLL),
poly L-aspartic acid, poly L-glutaric acid, styrene-maleic acid anhydride copolymer, poly(L~
lactide-co-glycolied) copolymer, divinyl ether-maleic anhydride copolymer, N-{2-
hydroxypropyDimethacrylamide copolymer (HMPA), polyethylene glycol (PEG), polyvinyl
alcobol (PVA), polyurethane, poly(2-ethylacryllic acid}, N-isopropylacrylamide polymers, or
polyphosphazine. Examples of polyamines include: polyethylenimine, polylysine (PLL),
spermine, spermidine, polyamine, pseudopeptide-polyamine, peptidomimetic polyamine,
dendrimer polyamine, arginine, anudine, protamine, cationic lipid, cationic porphyrin,
quaternary salt of a polyamine, or an o helical peptide.

Ligands can also include targeting groups, e.g., a cell or tissue targeting agent, e.g., a
fectin, glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell type such as a
kidney cell. A targeting group can be a thyrotropin, melanotropin, lectin, glycoprotein,
surfactant protein A, Mucin carbohydrate, multivalent lactose, multivalent galactose, N-acetyl-
galactosamine, N-acetyi-gulucosamine multivalent mannose, multivalent fucose, glycosylated
polyaminoacids, multivalent galactose, transferrin, bisphosphonate, polvglutamate,
polvaspartate, a lipid, cholesterol, a steroid, bile acid, folate, vitamin B12, biotin, or an RGD
peptide or RGD peptide mimetic.

Other examples of ligands include dyes, 1ntercalating agents {e.g. acridines), cross-linkers
{e.g. psoralene, mitomycin C), porphyrins {TPPC4, texaphyrin, Sapphyrin), polycyelic aromatic
hydrocarbons (e.g., phenazine, dihydrophenazine), artificial endonucieases {e.g. EDTA),
ipophilic molecules, e.g, cholesterol, cholic acid, adamantane acetic acid, 1-pyrene butyric acid,
dihydrotestosterone, 1,3-Bis-Othexadecylglveerol, geranyloxyvhexyl group, hexadecylglyeerol,
borneol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic acid,G3-~
{oleoyDlithocholic acid, O3-{oleoyl)cholenic acid, dimethoxytrityl, or phenoxazinejand peptide
conjugates {e.g., antennapedia peptide, Tat peptide), alkylating agents, phosphate, amino,
mercapto, PEG {(e.g, PEG-40K), MPEG, [MPEG]:, polyamino, alkyl, substituted alkyl,
radiolabeled markers, enzymes, hapteos (e.g. biotin}, transport/absorption facilitators {e.g.,
aspirin, vitamin E, folic acid), synthetic ribonucleases {e.g., imidazole, bisimidazole, histamine,
imidazole clusters, acnidine-imidazole conjugates, Eu3+ complexes of tetraazamacrocycles),

dinitrophenyl, HRP, or AP.
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Ligands can be proteins, e.g., glycoproteins, or peptides, e.g., molecules having a specific
atfinity for a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell type such as
an ocular cell. Ligands may also include hormones and hormone receptors. They can also
include noun-peptidic species, such as hipids, lectins, carbohydrates, vitamins, cofactors,
multivalent lactose, multivalent galactose, N-acetyl-galactosamine, N-acetyl-glucosamine
multivalent mannose, or multivalent fucose. The ligand can be, for example, a
ipopolysaccharide, an activator of p38 MARP kinase, or an activator of NF-xB.

The ligand can be a substance, e.g., a drug, which can increase the uptake of the iRNA
agent into the cell, for example, by disrupting the cell’s cytoskeleton, e.g., by disrupiing the
cell’s microtubules, microfilaments, and/or intermediate filaments. The drug can be, for
example, taxon, vincristine, vinblastine, cytochalasin, nocodazole, japlakinolide, latrunculin A,
phalloidin, swinholide A, indanocine, or myoservin.

In some embodiments, a ligand attached to an 1RNA as described herein acts as a
pharmacokinetic modulator (PK modulator}. PK modulators include lipophiles, bile acids,
steroids, phospholipid analogues, peptides, protein binding agents, PEG, vitamins erc. Exemplary
PK modulators include, but are not limited to, cholesterol, fatty acids, cholic acid, fithocholic
acid, diatkylglycerides, diacylglyceride, phospholipids, sphingolipids, naproxen, itbuprofen,
vitamin E, biotin efc. Oligonucleotides that comprise a number of phosphorothioate linkages are
also known to bind to serum protein, thus short oligonucleotides, e.g., oligonucleotides of about
S bases, 10 bases, 15 bases or 20 bases, comprising multiple of phosphorothioate linkages in the
backbone are also amenable to the present disclosure as ligands {e.g. as PK modulating ligands).
In addition, aptamers that bind serum components {e.g. serurmn proteins) are also suitable for use
as PK modulating ligands in the embodiments described herein,

Ligand-conjugated oligonucleotides of the disclosure may be synthesized by the use of an
oligonucleotide that bears a pendant reactive functionality, such as that derived from the
attachment of a linking molecule onto the oligonuclectide (described below). This reactive
oligonucleotide may be reacted directly with commercially avaitable ligands, ligands that are
synthesized bearing any of a variety of protecting groups, or ligands that have a linking moiety
attached thereto.

The oligonucleotides used in the conjugates of the present disclosure may be

convemently and routinely made through the well-known technigue of solid-phase synthesis.
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Equipment for such synthesis is sold by several vendors including, for example, Applied
Biosystems (Foster City, Calit) Auy other means for such synthesis known in the art may
additionally or alternatively be employed. 1t 1s also known to use similar techniques to prepare
other oligonucleotides, such as the phosphorothioates and alkylated derivatives.

In the ligand-conjugated oligonuclectides and ligand-molecule bearing sequence-specific
linked nucleosides of the present disclosure, the oligonucleotides and oligonucleosides may be
assembled on a suitable BNA synthesizer utilizing standard nucleotide or nucleoside precursors,
or nucleotide or nucleoside conjugate precursors that already bear the linking motety, ligand-
nucleotide or nucleoside~-conjugate precursors that already bear the ligand molecule, or non-
nucleoside ligand-bearing building blocks.

When using nucleotide~-conjugate precursors that already bear a linking motety, the
synthesis of the sequence-specific linked nucleosides is typically completed, and the ligand
molecule ts then reacted with the hinking moiety to form the ligand-conjugated oligonucleotide.
In some embodiments, the oligonucleotides or linked nucleosides of the present disclosure are
synthesized by an automated synthesizer using phosphoramidites derived from ligand-nucleoside
conjugates in addition to the standard phosphoramidites and non-standard phosphoramidites that

are commercially available and routinely used 1n oligonuclestide synthesis.

A, Lipophilic Moieties

In certain embodiments, the lipophilic moiety is an aliphatic, cychic such as alicyelic, or
polyeyelic such as polyvalicyelic compound, such as a steroid {e.g., sterol) or a linear or branched
aliphatic hydrocarbon. The lipophilic moiety may generally comprise a hydrocarbon chain,
which may be cyclic or acyclic. The hydrocarbon chain may comprise various substifuents or
one or more heteroatoms, such as an oxygen or nitrogen atom. Such lipophilic aliphatic moieties
include, without hmitation, saturated or unsaturated C4-Csp hydrocarbon {e.g., Ce-Cis
hydrocarbon), saturated or unsaturated fatty acids, waxes {(e.g., monchydric alcohol esters of
fatty acids and fatty diaroides), terpenes {e.g,, Cuo terpenes, Cis sesquiterpenes, Coo diterpenes,
Cao triterpenes, and Cqo tetraterpenes), and other polyalicyclic hydrocarbons. For instance, the
tipophilic moiety may countain a Cs~Csae hydrocarbon chain {e.g., C4-Cao alkyl or atkenyl). In

some embodiments the lipophilic motety contains a saturated or unsaturated Cs-Cis hydrocarbon
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chain {e.g., a linear Cs-C1s alkyl or alkenyl). In some embodiments, the lipophilic moiety
contains a saturated or uusaturated C16 hydrocarbon chain {e.g., a linear C16 alkyl ot alkenyl).
The lipophilic moiety may be attached to the RINA# agent by any method known in the
art, including via a functional grouping already present in the lipophilic motety or introduced
into the RNAI agent, such as a hvdroxy group (e.g., —CO-—CHy—OH). The functional groups
already present in the lipophilic moiety or introduced into the RNA1 agent include, but are not
lumited to, hydroxyl, amine, carboxylic acid, sulfonate, phosphate, thiol, azide, and alkyne.
Conjugation of the RINA1 agent and the lipophtlic moiety may occur, for example,

through formation of an ether or a carboxylic or carbamoy! ester inkage between the hydroxy

The alkyl group R may be cvclic {e.g., cyclohexyl) or acyclic (e.g., straight-chained or branched;
and saturated or unsaturated). Alkyl group R may be a butyl, pentyl, hexvl, heptyl, octyl, nonyl,
decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl or octadecyl
group, or the like.

In some embodiments, the lipophilic motety is conjugated to the double-stranded RNA1
agent via a linker a linker containing an ether, thigether, urea, carbonate, amine, amide,
maleimide-thioether, disulfide, phosphodiester, sulfonamide linkage, a product of a click reaction
{e.g., atriazole from the azide-~-alkyne cycloaddition), or carbamate.

In another embodiment, the lipophilic motety is a steroid, such as sterol. Steroids are
polycyelic compounds containing a perhydro-1,2~-cyclopentanophenanthrene ring system.
Steroids include, without limitation, bile acids (e.g., cholic acid, deoxycholic acid and
dehydrocholic acid), cortisone, digoxigenin, testosterone, cholesterol, and cationic steroids, such
as cortisone. A “cholesterol derivative” refers to a compound derived from cholesterol, for
example by substitution, addition or removal of substituents.

o another embodiment, the lipophilic motety 1s an aromatic moiety. In this coutexi, the
term “aromatic” refers broadly to mono- and polyaromatic hydrocarbons. Aromatic groups
include, without limitation, Ce~Cia aryl moieties comprising one to three aromatic rings, which
may be optionally substituted; “aralkyl” or “arvlalkyl” groups comprising an aryl group
covalently linked to an alkyl group, either of which may independently be optionally substituted
or unsubstituted; and “heteroaryl” groups. As used herein, the term “heterparyl” refers to groups

having S to 14 ring atoms, preferably 5, 6, 9, or 10 ring atoms; having 6, 10, or 14z electrons
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shared in a cyclic array, and having, in addition to carbon atoms, one to about three heteroatoms
selected from the group consisting of nitrogen (N}, oxygen (O}, and sulfur (5},

As emploved herein, a “substituted” alkvl, cycloalkyl, aryl, heteroaryl, or heterocyclic
group is one having one to about four, preferably one to about three, more preferably one or two,
non-hydrogen substituents. Suitable substituents include, without limitation, halo, hydroxy,
nitro, haloalkyl, alkyl, alkaryl, aryl, aralkyl, atkoxy, aryloxy, amino, acylamino, alkylcarbamoyl,
arylcarbamoyl, aminocalkyl, alkoxycarbonyl, carboxy, hydroxyalkyl, atkanesulfonyl,
arenesulfonyl, alkanesulfonamido, arenesulfonamido, aralkylsultonamido, alkylearbonyl,
acyloxy, cyano, and ureido groups.

In some embodiments, the lipophilic moiety 1s an aratkyl group, e.g., a Z-arylpropanoyl
motety. The structural features of the aralkyl group are selected so that the lipophilic moiety will
bind to at least one protein in vive. In certain embodiments, the structural features of the aralkyl
group are selected so that the lipophilic moiety binds to serum, vascular, or cellular protetns. In
certain embodiments, the structural features of the aralkyl group promote binding to albumin, an
immunogiobulin, a lipoprotein, g-2-macroglubulin, or u-1-glycoprotein,

in certain embodiments, the ligand is naproxen or a structural dertvative of naproxen.
Procedures for the synthesis of naproxen can be found in U.S. Pat. No. 3,904,682 and U.S. Pat.
No. 4,009,197, which are hereby wncorporated by reference in their entirety. Naproxen has the

chemical name {5)-6-Methoxy-g-methyl-2-naphthaleneacetic acid and the structure is

In certain embodiments, the ligand is ibuproten or a structural derivative of tbuprofen.
3y

Procedures for the synthesis of thuprofen can be found in US3,228 831, which is incorporated

herein by reference for the methods provided therein. The structure of ibuprofen 13
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Additional exemplary aralkyl groups are illustrated in US 7,626,014, which is
incorporated herein by reference for the methods provided therein.

In another embodiment, suitable lipophilic moieties include lipid, cholesterol, retinoic
actd, cholic acid, adamantane acetic acid, 1-pyrene butyric acid, dibydrotestosterone, 1,3-bis-
O(hexadecyl)glyeerol, geranyloxyhexyanol, hexadecylglycerol, borneol, menthol, 1,3~
propanedial, heptadecyl group, palmitic acid, myristic acid, O3-{oleoyhlithocholic acid, O3-
{oleoylicholenic acid, ibuprofen, naproxen, dimethoxytrityl, or phenoxazine.

In certain embodiments, more than one lipophilic moiety can be incorporated into the
double-strand RNAiI agent, particularty when the lipophilic motety bas a tow lipophilicity or
hydrophobicity. In some embaodiments, two or more lipophilic moieties are incorporated into the
same strand of the double-strand RNA1 agent. Tu some emobodiments, each strand of the double-
strand RNA1 agent has one or more lipophilic moieties incorporated. In some embodiments, two
or more lipophilic moieties are incorporated into the same position (i ¢., the same nucleobase,
same sugar motety, or same internuclecsidic Hinkage) of the double-strand RNAj agent. This can
be achieved by, e.g,, conjugating the two or more lipophilic moieties via a carrier, or conjugating
the two or more lipophilic moteties via a branched linker, or conjugating the two or more
lipophilic moieties via one or more linkers, with one or more linkers linking the lipophilic
moieties consecutively.

The lipophilic moiety may be conjugated to the RNAI agent via a direct attachment to the
ribosugar of the RNAI agent. Alternatively, the hipophilic motety may be conjugated to the
double-strand RNAt agent via a inker or a cartier.

In certain embodiments, the lipophilic moiety may be conjugated to the RNAI agent via
one or more {inkers (tethers).

In some embodiments, the lipophilic motety is conjugated to the double-stranded RNA1
agent via a linker containing an ether, thioether, urea, carbonate, amine, amide, maleimide-
thigether, disulfide, phosphodiester, sulfonamide linkage, a product of a click reaction {e.g., a

iriazole from the azide-alkyne cycloaddition), or carbamate.

B. Linid Conjugates

In some embodiments, the ligand 1s a ipid or lipid-based molecule. Such a lipid or lipid-
based molecule can typically bind a serum protein, such as human serum albumin (HSA) An

HSA binding ligand allows for vascular distribution of the conjugate 10 a target tissue. For
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example, the target tissue can be the eve. Other molecules that can bind HSA can alsc be used as
figands. For example, neproxin or aspitio can be used. A lipid or lipid-based Higand can (a)
increase resistance to degradation of the conjugate, (b) increase targeting or transport into a
target cell or cell membrave, and/or (¢} can be used to adjust binding to a serum protein, e.g.,
HSAL

A lipid-based ligand can be used to modulate, e.g., control {e.g., inhibit) the binding of
the conjugate to a target tissue. For example, a lipid or lipid-based ligand that binds to HSA
more strongly will be less likely to be targeted to the kidney and therefore less likely to be
cleared from the body. A lipid or lipid-based ligand that binds to HSA less strongly can be used
to target the conjugate to the kidney.

o some embodiments, the hipid-based ligand binds HSA. For example, the ligand can
bind HSA with a sufficient affinity such that distribution of the conjugate to a non-kidney tissue
is enhanced. However, the affinity is typically not so strong that the HSA-ligand binding cannot
be reversed.

In some embodiments, the lipid-based ligand binds HSA weakly or not at all, such that
distribution of the conjugate 1o the kidoey is enhanced. Other moieties that target to kidney cells
can also be used in place of or in addition to the lipid-based ligand.

In another aspect, the ligand 1s a moiety, e.g., a vitamn, which is taken up by a target
cell, e.g., a proliferating cell. These are particularly useful for treating disorders characterized by
unwanted cell proliferation, e.g,, of the malignant or non-malignant type, e.g., cancer cells.
Exemplary vitamins include vitamin A, E, and K. Other exemplary vitaminos include are B
vitamin, e.g., folic acid, B12, riboflavin, biotin, pyridoxal or other vitamins or nutrients taken up

by cancer cells. Also included are HSA and low-density lipoprotein (LDL).

C. Cell Permeation Agenis

In another aspect, the ligand is a cell-permeation agent, such as a helical cell-permeation
agent. In some embodiments, the agent is amphipathic. An exemplary agent is a peptide such as
tat or antennopedia. If the agent is a peptide, it can be modified, including a peptidvimimetic,
ivertomers, non-peptide or pseudo-peptide linkages, and use of D-amino acids. The helical

agent is typically an a-helical agent, and can have a lipophilic and a lipophobic phase.

68



923

10

15

20

25

30

CA 03224868 2023-12-19

WO 2023/278406 PCT/US2022/035266

The ligand can be a peptide or peptidomimetic. A peptidomimetic (also referred to
herein as an oligopeptidormimetic) 1s a molecule capable of folding into a defined three-
dimensional structure similar to a natural peptide. The attachment of peptide and
peptidomimetics to 1IRNA agents can affect pharmacokinetic distribution of the 1RNA, such as by
enhancing cellular recognition and absorption. The peptide or peptidomimetic moiety can be
about 5-50 amino acids long, e.g., about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 amino acids long.

A peptide or peptidomimetic can be, for example, a cell permeation peptide, cationic
peptide, amphipathic peptide, or hydrophobic peptide (e.g., consisting primarily of Tyr, Trp or
Phe). The peptide motety can be a dendrimer peptide, constrained peptide or crosslinked
peptide. In another alternative, the peptide moiety can include a hydrophobic membrane
transiocation sequence (MTS). An exemplary hydrophobic MT S-containing peptide 1s RFGF
having the amino acid sequence AAVALLPAVLLALLAP (SEQ ID NO: 3). An RFGF analogue
{e.g., amino acid sequence AALLPVLLAAP (SEQ ID NO: 4)) containing a hydrophobic MTS
can also be a targeting motety. The peptide moiety can be a “delivery” peptide, which can carry
targe polar molecules including peptides, oligonucleotides, and protein across cell membranes.
For example, sequences from the HIV Tat protein (GREKKRRQRRRPPQ (SEQ ID NO: 5)) and
the Drosophila Antennapedia protein (RQIKIWFQNRRMEKWEKK (SEQ ID NO: 6)) have been
found to be capable of functioning as delivery peptides. A peptide or peptidomimetic can be
encoded by a random sequence of DNA, such as a peptide identified from a phage-display
fibrary, or one-bead-one~compound (OBOC) combinatorial library (Lam ef o/, Navure, 35482~
84, 19913 Typically, the peptide or peptidomimetic tethered to a dsRINA agent via an
incorporated monomer unit 1s a cell targeting peptide such as an arginine-glycine-aspartic acid
{RGD)peptide, or RGD mumic. A peptide moiety can range in length from about § amino acids
to about 40 amino acids. The peptide moieties can have a structural modification, such as to
increase stability or direct conformational properties. Any of the structural modifications
described below can be utilized.

An RGD peptide for use tn the compositions and wethods of the disclosure may be linear
or cyclic, and may be modified, e.g., glycosylated or methylated, to facilitate targetingto a
specitic tissue(s). RGD-contairung peptides and peptidomirnetics may include D-amino acids, as
well as synthetic RGD mimics. In addition to RGD, one can use other moieties that target the

integrin ligand. In some embodiments, conjugates of this ligand target PECAM-1 or VEGF.
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An RGD peptide motety can be used to target a particular cell type, e.g, a tumor celi,
such as an endothelial tumor cell or a breast cancer tumor cell (Zitzmann ef al, Cancer Res.,
62:5139-43, 2002). An RGD peptide can facilitate targeting of an dsRNA agent to tumors of a
variety of other tissues, including the lung, kidoey, spleen, or liver (Aoki er af., Cancer Gene
Therapy 8:.783-787, 2001}, Typteally, the RGD peptide will facilitate targeting of an iRNA
agent to the kidney. The RGD peptide can be linear or ¢yclic, and can be moditied, e.g.,
glycosylated or methvlated to facilitate targeting to specific tissues. For example, a glycosylated
RGD peptide can deliver a iIRNA agent to a tumor cell expressing aviks (Haubner ef af | Jour.
Nucl Med. | 42:326-336, 2001},

A “cell permeation peptide” is capable of permeating a cell, e.g., a microbial cell, such as
a bacterial or fungal cell, or a mammalian cell, such a5 a human cell. A microbial cell-
permeating peptide can be, for example, an o-helical linear peptide (e.g., LL-37 or Ceropin P1}, a
disultide bond-containing peptide {e.g., o ~defensin, B-defensin or bactenecin), or a peptide
contatning only one or two dominating amino acids {e.g., PR-39 or indolicidin}. A cell
permeation peptide can also mclude a nuclear localization signal (NLS). For example, a cell
permeation peptide can be a bipartite amphipathic peptide, such as MPG, which 1s dertved from
the fusion peptide domain of HIV-1 gp41 and the NLS of SV40 large T antigen (Simeoni ef g/,
Nucl. Acids Res. 31:2717-2724, 2003},

B, Carbohvdrate Conjueates and Ligands

in some embodiments of the compositions and methods of the disclosure, an iIRNA
oligonucleotide turther comprises a carbohydrate. The carbohydrate conjugated iIRNA are
advantageous for the i vive delivery of nucleic acids, as well as compositions suitable for in
vivo therapeutic use, as described herein. As used herein, “carbohydrate” refers to a compound
which is either a carbohydrate per se made up of one or more monosaccharide units having at
least 6 carbon atoms {which can be linear, branched or cyclic) with an oxygen, nitrogen or sulfur
atom bonded to each carbon atom; or a compound having as a part thereof a carbohydrate moiety
made up of one or more monosaccharide units each having at least six carbon atoms {which can
be linear, branched or cyclic), with an oxygen, nitrogen or sulfur atom bonded to each carbon
atom. Representative carbohydrates include the sugars (mono-, di~, tri- and oligosaccharides

containing from about 4, 5, 6, 7, §, or 9 monosaccharide units), and polysaccharides such as
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starches, glycogen, cellulose and polysaccharide gums. Specific monosaccharides include C5
and above {e.g., C5, C6, C7, or C8) sugars, di- and trisaccharides include sugars having two or
three monosaccharide units {e.g,, C5, C6, C7, or C8).

In certain embodiments, the compositions and rethods of the disclosure include a Clo

923

figand. In exemplary embodiments, the C16 ligand of the disclosure has the following structure
{exemplified here below for a uracil base, vet attachment of the C16 ligand 1s contemplated for a
nucleotide presenting any base (T, G, A, ete.} or possessing any other modification as presented
herein, provided that 27 ribo attachiment is preserved) and is attached at the 27 position of the ribo

within a residue that is so modified:

Chemical Formula: CysH43N,0gP
Exact Mass: 530.2757
Molecular Weight: 530.5913

As shown above, a C16 ligand-modified residue presents a straight chain alkyl at the 27-

io

ribo position of an exemplary residue (here, a Uracil) that is so modified.

In some embodiments, a carbohydrate conjugate of a RNA1 agent of the instant disclosure

further comprises one or more additional ligands as described above, such as, but not limited to,
15 a PK modulator or a cell permeation peptide.

Additional carbohydrate conjugates (and linkers) suitable for use iu the present disclosure
include those descnibed in WO 2014/179620 and WO 2014/179627, the entire contents of each
of which are incorporated herein by reference.

In certain embodiments, the compositions and methods of the disclosure include a vinyl

20 phosphonate (VP) modification of an RNAJ agent as described herein. In exemplary

embodiments, a vinyl phosphonate of the disclosure has the following structure:
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A vinyl phosphonate of the instant disclosure may be attached to either the antisense or
the sense strand of a dsRNA of the disclosure. In certain preferred embodiments, a vinyl
phosphonate of the instant disclosure is attached to the antisense strand of a dsRINA, optionally at

5  the 57 end of the antisense strand of the dsRNA. The dsRNA agent can comprise a phosphorus-
containing group at the 5"-end of the sense strand or antisense strand. The 5’-end phosphorus-
containing group can be 5”-end phosphate (§57-P), §™-end phosphorothicate (5°-P8}, 57 -end
phosphorodithioate (57-P52), 5”-end vinylphosphonate (5°-VP}, 57-end methylphosphonate
{(MePhos), or 5'~-deoxy-5"-C-malonyl. When the 5" -end phosphorus-containing group 1s 5’ -end

10 vinyiphosphonate (87-VP), the 5°-VP can be either 57-E-VP isomer (i.¢e., trans-vinviphosphonate,

=0 Y
L) C,-' 1\ o E
Yo . s ﬁ{\, S
S ot \
oM O v g . . . ) on O .
- <}, 5-Z-YP isomer (1.e, cis~vinylphosphonate, ), of mixtures
thereof

Vinyl phosphate modifications are also contemplated for the compositions and methods

of the instant disclosure. An exemplary vinyl phosphate structure is

N
O— » — OH
|
15 OH

In some embodiments, a carbohydrate conjugate comprises a monosaccharide. In some
embodiments, the monosaccharide is an N-acetylgalactosamine (GalNA¢) GalNAc conjugates,

which comprise one or more N-acetylgalactosamine (GalNAc) derivatives, are described, for
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example, in U.S. Patent No. 8,106,022, the entire content of which is hereby incorporated herein
by reference. In some ernbodirents, the GalNAc conjugate serves as a ligand that targets the
iRNA to particular cells. In some embodiments, the GalNAc conjugate targets the iRNA to liver
cells, e.g., by serving as a ligand for the asialoglycoprotein receptor of liver cells (e.g.,

hepatocytes).

923

In some embodiments, the carbohydrate conjugate comprises one or more GalNAc
derivatives. The GalNAc derivatives may be attached via a linker, e.g., a bivalent or trivalent
branched linker. In some embodiments the GalNAc¢ conjugate 15 conjugated to the 37 end of the
sense strand. In some embodiments, the GalNAc conjugate 18 conjugated to the IRNA ageot

10 {e.g., tothe 3" end of the sense strand} via a linker, e.g., a linker as described herein.

In some embodiments, the GalNAc¢ conjugate is

ACHN
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Formula 1L
In some embodiments, the RNAt agent i3 attached to the carbohydrate conjugate via a

linker as shown in the following schematic, wherein X is O or S:

i5

In some embodiments, the RNAT agent is conjugated to L90 as defined in Table 1 and

shown below:



CA 03224868 2023-12-19

WO 2023/278406 PCT/US2022/035266

trans-4-Hydroxyprotinol

H H " Ho '
L \»'N\'.:-'O ;}——\\ OH Bite of
o} L G Conjugation
3 NT Y
Trigntennary GalNAS ~ H H O.;‘: e iy -
~ N~ N e o \ O
© o o T )
s CA2 - Diacroboxylic Acid Tether
S L Vi e
o H H

In some embodiments, a carbohydrate comjugate for use in the compositions and methods
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Aunother representative carbohydrate conjugate for use in the embodiments described

herein includes, but is not limuted to,
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In some embodiments, the carbohydrate conjugate further comprises one or more
additional ligands as described asbove, such as, but not limited to, a PK modulator and/or a cell

permeation peptide.

In some embodiments, an 1RNA of the disclosure 15 conjugated to a carbohydrate through

5  alinker. Nop-limiting examples of iIRNA carbohydrate conjugates with linkers of the
compositions and methods of the disclosure include, but are not limited to,
HO (OH
\K\/ 0., i N i
HO ,/Nv N N s snnndannn
AcHN T \Q G,
, [
H)\ OH . & . L\N
o H H -
-!C\ e \/\ ™ o N N /»\\/O\/}"NY \/"\_/\/\/‘\\/Ly:‘
AcHN b 1 o G
o [¥] 8] O 4
HO
\&/o
HO = O ’\v/\ﬂ_»:\i/\/ TR
§ R . PNIYY T
AGHN ¢ {Formula XXV},
pio JOH
HO..;\E,«:,: EVD\/\/H\ PPN ™
AcHN N \'é \ X“OM
f)H | {3, o
o \\1 o , H N* s
hoifr\\/o\«f\/“\ ANy B AN N
AcHN e |} H x '3 \ /_y
Ho OH © ¢
i S\, o | x=1-30
HO- 73 \"’\’ -, NN : ;
AcHN H (Formula XXV),
\S /o H
o —v\k/qv\)\\NwN‘n’O
AcN & I %Q
“"\
OH 5
HO x,,_(} . ’ \ H (N/\q,/of(
H\J “““ /M/ \’/\\")\N"‘\/"‘\/"*VN Q\/’\\,/]' r“\r"vﬁ\-\j"\{b\/"io '\E(‘ MO
0-4 © : y
"] <\/ H < I/ %= 1-30
Hoiﬂq}? ’\xﬂ""Nv NN y= 115 ~r
AcHN H {Formula XXV,
HG SOH
[N 2 H
HO-}»/T“A’O\‘/\"/)\\ NN N TO
L\"HN‘ H 5 *ﬁ.)
HO &‘ { oY
—0
HO':‘:;:\ \/"\\)'i\ /\/A\/\VN O,\/«\ ‘j—‘N m"j %X/'A\'}/ \,(V\')
OH 3
HO x = {-30
é’ -0) 9. 2 y =115
HO »T\SVO S N N e N NG -l\o/ ’
10 AcHN H

(Formula XXV,
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g iy g | y= 116
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A
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x= 130

and

pery N© N {(Formula XXX},

5  when one of X or Y 15 an oligonucleotide, the other is a hydrogen.

E. Thermally Destabilizing Modifications
In certain embodiments, a dsRNA molecule can be optimized for RNA interference by
incorporating thermally destabilizing modifications in the seed region of the antisense strand
10 {(7.e., at positions 2-9 of the 5-end of the antisense strand) to reduce or inhibit off-target gene
sifencing. It has been discovered that dsRNAs with an antisense strand comprising at least one
thermally destabilizing modification of the duplex within the first 9 nucleotide positions,
counting from the 57 end, of the antisense strand have reduced off-target gene silencing activity.
Accordingly, in some embodiments, the antisense strand comprises at least one {e.g., one, two,
15 three, four, five, or more) thermally destabilizing moedification of the duplex within the first 9
nucleotide positions of the 57 region of the antisense strand. In some embodiments, one or more
thermally destabilizing moditication(s} of the duplex 19/are located in positions 2-9, or preferably

positions 4-8, from the 5 -end of the antisense strand. In some further embodiments, the
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thermally destabilizing modification{s} of the duplex 1s/are located at position 6, 7, or 8 from the
S’-end of the antisense strand. In still some further ernbodiments, the thermally destabilizing
modification of the duplex is located at position 7 from the 5’ -end of the antisense strand. The

termn “thermally destabilizing modification{s)” includes modification{s) that would result with a

923

dsRNA with a lower overall melting temperature {Tm) (preferably a Tm with one, two, three, or
four degrees lower than the Tm of the dsRNA without having such modification(s). In some
embodiments, the thermally destabilizing modification of the duplex 15 located at position 2, 3, 4,
5, or 9 from the 5’-end of the antisense strand.

The thermally destabilizing modifications can include, but are not Hirotted to, abasic
18 modification; mismatch with the opposing nucleotide in the opposing strand; and sugar
modification such as 2’-deoxy modification or acyclic nucleotide, e.g., unlocked nucleic acids
{(UNA) or glyeol nucleic acid (GNA).

Exemplified abasic modifications include, but are not limited to, the following:

\ \ \ R \O
e W Ty e

? ? . O OQ
i | i i

AN
AY

\oj 0 0
* - . Rll * R'
0 0 0o

15 Wherein R=H, Me, Et or OMeg; R’ =H, Me, Et or OMe; R” = H, Me, Fi or OMe
PV V%,V 4 W O
I NN
o 5 | T

O O O O 0 X (o)
I77{ ~ ~ \é,f ‘15_ %‘{l’
Mod2
; Mod3 Mod4 Mod5
2'-OMe Abasic . X
( Spacer) I (3'-OMe) (5'-Me) (Hyp-spacer)
X=0OMe, F

wherein B 15 a modified or unmodified nucleobase.

Exemplified sugar modifications include, but are not limited to the following:
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O

. N \fl\NH
ke o B \O—lfO?B \\\o_, N/&O
R

0 o R o
1 ]
: :

2'-deoxy unlocked nucleic acid glycol nucleic acid
R=H, OH, O-alkyl R=H, OH, O-alkyl
i
o} 0%0\?‘13*
- .

o \ \
;
.

\O—,,' . N © \\O 0 B b O RB
R unlocked nucleic acid —w
Q R=H, OH, CH3, CH,CHj;, O-alkyl, NH,, NHMe, NMe,

o R Q
R’ =H, OH, CHs, CH,CH3, O-alkyl, NH,, NHMe, NMe, ; |
glycol nucleic acid R" = H, OH, CH3, CH,CHa, O-alkyl, NH,, NHMe, NMe R = H, methyl, ethyl
R= H, OH, O-alkyl R™ = H, OH, CHa, CH,CHj, O-alkyl, NH,, NHMe, NMe,
R™ = H, OH, CHs, CH,CHs, O-alkyl, NH,, NHMe, NMe;
wherein B is a modified or unmodified nucleobase.
In some embodiments the thermally destabilizing modification of the duplex 15 selected

5  from the group consisting of

B 8

A
«2{,0\ /\z;r/r js\ﬁ/>§ e Bi
\; s wds, Q\: $

wherein B is a modified or unmodified nuclecbase and the asterisk on gach structure represenis

s and

either R, 5 or racemic.
10 The term "acyclic nucleotide” refers to any nucleotide having an acyclic ribose sugar, for

example, where any of bonds between the ribose carbons {e.g., CU-C2", C2°-C3", C3°-C4", 4~
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047 or C17-047) is absent or at least one of ribose carbons or oxygen (e.g., C1", C2°, C3’°, C4’,

or 347) are independently or tn combination absent froro the nucleotide. In some embodiments,

acyclic nucleotide 13 , or
N
r/"
&
, wherein B is a modified or unmodified nucieobase, R! and R? independently

are H, halogen, OR;, or alkyl; and Rs is H, alkyl, cycloalkyl, aryi, aralkyl, heteroaryl or sugar}.
The term “UNA” refers to unlocked acyclic nucleic acid, wherein any of the bonds of the sugar
has been removed, forming an unlocked "sugar” residue. In one example, UNA also
encompasses monomers with bonds between C17-C4” being removed (1.¢. the covalent carbon-
oxygen-carbon bond between the C17 and C4” carbons). In another example, the C2°-C3’ bond
{1.e. the covalent carbon-carbon bond between the C2 and €37 carbons) of the sugar is removed
{see Mikhatlov et. al., Tetrahedron Letters, 26 (173 2059 (1985}, and Fluter et al., Mol. Biosyst,
10: 1039 (2009), which are hereby incorporated by reference in their entirety). The acyclic
derivative provides greater backbone flexibility without affecting the Watson-Crick pairings.

The acyclic nuclectide can be linked via 2°-5" or 3°-%” linkage.

The term "GNA’ refers to glycol nucleic acid which 1s a polymer stmilar to BNA or RNA

but differing in the composition of its “backbone” in that is composed of repeating glycerol units

linked by phosphodiester bonds:
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i
(RI-GNA

The thermally destabilizing modification of the duplex can be mismatches {i.e,
noncomplementary base patrs) between the thermally destabilizing nucleotide and the opposing
nucleotide in the opposite strand within the dsRNA duplex. Exemplary mismatch base pairs
mclude GG, GA, GU, GT, AA AC CC,CU CT,UU, TT, UT, or a combination
thereof. Other mismatch base pairings known in the art are also amenable to the present
invention. A mismatch can occur between nucleotides that are either naturally occurring
niucleotides or modified nucleotides, 1.e, the mismatch base pairing can occur between the
nucieobases from respective nucleotides independent of the modifications on the ribose sugars of
the nuclectides. In certain embodiments, the dsRNA molecule contains at least one nucleobase
in the mismatch pairing that 1s a 2°~-deoxy nucleobase; e.g., the 2’-deoxy nucleobase 15 in the
sense strand.

In some embodiments, the thermally destabilizing modification of the duplex in the seed
region of the antisense strand includes nucleoctides with impaired W-C H-bonding to

complementary base on the target mRNA, such as:

84



CA 03224868 2023-12-19

WO 2023/278406 PCT/US2022/035266
N i
HN)\JLL HNA\JIQ ﬁII\; SI> LAy Lo
e o

1 w

oﬁ\j oiiE \NJ\ -\ij T; i\)i? ™
b

SN NH N7 M

N xx Ny N
OO0 00 E‘I (L} e
N WL) ¥ Wl,v N/ N!N N/:g

More examples of abasic nucleotide, acyclic nucleotide modifications {(inchiding UNA

and GNA), and mismatch modifications have been described 1o detail in WO 2011/133876,
5 which is herein incorporated by reference in iis entirety.

The thermally destabilizing modifications may also include universal base with reduced
or abolished capability to form hydrogen bonds with the opposing bases, and phosphate
modifications.

In some embodiments, the thermally destabilizing modification of the duplex mcludes

10 nucleotides with non-canonical bases such as, but not limited to, nucleobase modifications with
impaired or completely abolished capability to form hydrogen bonds with bases in the opposite
strand. These nucleobase modifications have been evaluated for destabilization of the central
region of the dsRINA duplex as described in WO 2010/0011895, which is herein incorporated by

reference in its entirety. Exemplary nucleobase modifications are:
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\;\j /N =N
g\lf ﬂ\l/’\ /‘j g?jf;;i\;qﬁz

inosine nebularine 2-aminopurine
F
NO, F
R NO, — N CHy
/] Ly ¢ NN
ZF N N N-- CHs ¢
e | ) N=
2’4“ . n . ﬁi“m
S-nitroindole 3-nitropyrrole 4-Fluoro-8- 4-Methylbenzimidazole
methyibenzimidazole

diflucrctoluens
In some embodiments, the thermally destabilizing modification of the duplex tn the seed

region of the antisense strand includes one or more o-nucleotide complementary to the base on

the target mRNA, such as:

Q H
\,«O N\r_.NHA \\{“ ..... N
;jw \.\( . /\( \\(0\;.“{/ %gm
]

l

hof\(j "o bo " 7 N L N MK
b Lo® w0 T T, 0 R
wherein R is H, OH, OCH;, F, NH:, NHMe, NMe; or O-alkyl.
Exemplary phosphate modifications known to decrease the thermnal stability of dsRNA

923

duplexes compared to natural phosphodiester linkages are

6 8 5 66 6
O=P-8H O=P-CHy O=P-CH,~COOH O=zP-R OzP-NHR OzP-OR
o e 6" T 5

The alky! for the R group can be a Ci-Csalkyl Specific alkyls for the R group include,

but are not limited to methyl, ethyl, propyl, isopropyl, butyl, pentyl and hexyl
As the skilled artisan will recognize, in view of the functional role of nucleobases is
defining specificity of a RN A1 agent of the disclosure, while nucleobase modifications can be

performed in the various manners as described herein, e.g., to tntroduce destabilizing

modifications into a RNA1 agent of the disclosure, e.g., for purpose of enhancing on-target effect
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relative to off-target effect, the range of modifications available and, in general, present upon
RNAI agents of the disclosure tends to be much greater for non-nuclechase modifications, e.z.,
modifications to sugar groups or phosphate backbones of polyribonucleotides. Such
modifications are described in greater detail o other sections of the instant disclosure and are
expressly contemplated for RNA1 agents of the disclosure, etther possessing native nuclecbases
or modified nucleobases as described above or elsewhere herein.

In addition to the antisense strand comprising a thermally destabilizing modification, the
dsRINA can also comprise one or more stabilizing modifications. For example, the dsRNA can
comprise at feast two {e.g., two, three, four, five, six, seven, eight, nine, ten, or more) stabilizing
modifications. Without limitations, the stabilizing moedifications all can be present in one strand.
In some embodiments, both the sense and the auntisense strands comprise at least two stabilizing
modifications. The stabilizing modification can occur on any nucleotide of the sense strand or
antisense strand. For instance, the stabilizing modification can occur on every nucleotide on the
sense strand or antisense strand; each stabilizing modification can occur tn an alternating pattern
on the sense strand or antisense strand; or the sense strand or antisense strand comprises both
stabilizing modification in an alternating pattern. The alternating pattern of the stabilizing
modifications on the sense strand may be the same or different from the antisense strand, and the
alternating pattern of the stabilizing modifications on the sense strand can have a shift relative to
the alternating pattern of the stabilizing modifications on the antisense strand.

In some embodiments, the antisense strand comprises at least two {e.g., two, three, four,
five, six, seven, eight, nine, ten, or more) stabilizing modifications. Without limitations, a
stabilizing modification in the antisense strand can be present at any positions.

In some embodiments, the antisense strand comprises stabilizing modifications at
positions 2, 6, 8, 9, 14, and 16 from the 5" -end. In some other embodiments, the antisense strand
comprises stabilizing modifications at positions 2, 6, 14, and 16 froro the 57 -end. In still some
other embodiments, the antisense strand comprises stabilizing medifications at positions 2, 14,
and 16 from the 5’ -end.

In some embodiments, the antisense strand comprises at least one stabilizing modification
adjacent to the destabilizing modification. For example, the stabilizing modification can be the
nucleotide at the 5" -end or the 3’-end of the destabilizing modification, i.e., at position ~1 or +1

from the position of the destabilizing modification. In some embodiments, the antisense strand
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comprises a stabilizing modification at each of the §’-end and the 3 -end of the destabilizing
modification, Le., positions -1 and +1 from the position of the destabilizing modification.

In some embodiments, the antisense strand comprises at least two stabilizing
modifications at the 3’-end of the destabilizing wodification, Le., at positions +1 and +2 trom the
position of the destabilizing modification.

In some embodiments, the sense strand comprises at least two {e.g., two, three, four, five,
six, seven, eight, nine, ten or more} stabilizing modifications. Without imitations, a stabilizing
modification in the sense strand can be present at any positions. In some embodiments, the sense
strand coruprises stabilizing modifications at positions 7, 10, and 11 from the §-end. In some
other embodiments, the sense strand comprises stabilizing modifications at positions 7, 9, 10,
and 11 from the 5-end. In some embodiments, the sense strand comprises stabilizing
modifications at positions opposite or complimentary to positions 11, 12, and 15 of the antisense
strand, counting from the 5’-end of the antisense strand. In some other embodiments, the sense
strand comprises stabilizing modifications at positions opposite or complimentary to positions
11, 12, 13, and 15 of the antisense strand, counting from the 57-end of the antisense strand. In
some embodiments, the sense strand comprises a block of two, three, or four stabilizing
modifications.

In some embodiments, the sense strand does not coraprise a stabilizing modification in
position opposite or complimentary to the thermally destabilizing modification of the duplex in
the antisense strand.

Exemplary thermally stabilizing modifications nclude, but are not Himited to, 2’-fluoro
modifications. Other thermally stabilizing modifications include, but are not imited to, LNA

In some embodiments, the dsRNA of the disclosure comprises at least four {e.g., four,
five, six, seven, eight, nine, ten, or more) 2 -fluoro nucleotides. Without himitations, the 27-
fluoro nucleotides all can be present 1o one strand.  In some embodiments, both the sense and the
antisense strands comprise at least two 2'-fluore nucleotides. The 2°-fluore modification can
occur on any nucleotide of the sense strand or antisense sirand. For instance, the 2”-fluoro
modification can occur on every nuclectide on the sense strand or antisense strand; each 2'-
fluore modification can occur tn an alternating pattern on the sense strand or antisense strand; or
the sense strand or antisense strand comprises both 2’ -fhuoro modifications n an alternating

pattern. The alternating pattern of the 2" -fluoro modifications on the sense strand may be the
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same or different from the antisense strand, and the alternating pattern of the 2’ -fluoro
modifications on the sense strand can have a shift relative to the alternating pattern of the 27~
fluoro modifications on the antisense strand.

In some embodiments, the antisense strand comprises at feast two {e.g., two, three, four,
five, six, seven, eight, nine, ten, or more} 2°-fluoro nucleotides. Without himitations, a 2'-fluore
moditication in the antisense strand can be present at any positions. In some embodiments, the
antisense comprises 2'-flucro nucleotides at positions 2, 6, 8, 9, 14, and 16 from the 57-end. In
some other embodiments, the antisense comprises 27 -fluoro nucleotides at positions 2, 6, 14, and
16 from the S7~end. In still some other embodiments, the antisense comprises 27 -fluoro
nucleotides at positions 2, 14, and 16 from the 5’ -end.

o some embodiments, the antisense strand comprises at least one 2°-fluoro nucleotide
adjacent to the destabilizing modification. For example, the 2’-fluoro nucleotide can be the
nuclectide at the 5’ -end or the 37-end of the destabilizing modification, i.¢., at position -1 or +1
from the position of the destabilizing modification. In some embodiments, the antisense strand
comprises a 2 -fluoro nucleotide at each of the 5" -end and the 37-end of the destabilizing
modification, Le., positions -1 and +1 from the position of the destabilizing modification.

In some embodiments, the antisense strand comprises at least two 2’ -fluoro nucleotides at
the 3’-end of the destabilizing moditfication, é.e., at positions +1 and +2 from the position of the
destabilizing modification.

In some embodiments, the sense strand comprises at feast two {e.g., two, three, four, five,
8ix, seven, eight, nine, ten, or more) 27 -fluore nucleotides. Without limitations, 3 2’-fhuore
modification in the sense strand can be present at any positions. In some embodiments, the
antisense comprises 2’-fluoro nucleotides at positions 7, 10, and 11 from the S7-end. I some
other embodiments, the sense strand comprises 2°-fluoro nuclectides at positions 7, 9, 10, and 11
from the 5’-end. In some embodiments, the sense strand comprises 2°-fluoro nucleotides at
positions opposite or complimentary to positions 11, 12, and 15 of the antisense strand, counting
from the 5 -end of the antisense strand. In some other embodiments, the sense strand comprises
2’ -fluoro nucleotides at positions opposite or complimentary to positions 11, 12, 13, and 15 of
the antisense strand, counting from the 5 -end of the antisense strand. In some embodiments, the

sense strand comprises a block of two, three, or four 2'-fluors nucleotides.
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In some embodiments, the sense strand does not comprise a 2’-fluoro nuclestide in
position opposite or coraplimentary to the thermally destabilizing modification of the duplex in
the antisense strand.

In some embodiments, the dsRNA molecule of the disclosure comprises a 21 nucleotides
{nt) sense strand and a 23 nucleotides (nt) antisense, wherein the antisense strand contains at
teast one thermally destabilizing nucleotide, where the at least one thermally destabilizing
nucteotide occurs in the seed region of the antisense strand {(f.e., at position 2-9 of the §™-end of
the antisense strand), wherein one end of the dsRNA is blunt, while the other end is comprises a
2 nt overhang, and wherein the dsRNA optionally further has at least one {e.g., one, two, three,
four, five, six, or all seven} of the following characteristics: {1) the antisense comprises 2, 3, 4, 5,
or 6 27-fluoro modifications; (i1} the antisense comprises 1, 2, 3, 4, or 5 phosphorothioate
internucleotide linkages; (it1) the sense strand is conjugated with a ligand; (iv} the sense strand
comprises 2, 3, 4, or 5 27-fluoro modifications; (v} the sense strand comprises 1,2, 3, 4, or §
phosphorothioate internucleotide linkages; (vi} the dsRNA comprises at least four 27-fluoro
modifications; and {vi1) the dsRNA comprises a blunt end at 5’-end of the antisense strand.
Preferably, the 2 nt overhang is at the 37-end of the antisense.

In some embodiments, every nucleotide in the sense strand and antisense strand of the
dsRNA molecule may be modified. Each nucleotide way be modified with the same or ditferent
modification which can include one or more alteration of one or both of the non-linking
phosphate oxygens or of one or rore of the linking phosphate oxygens; alteration of a
constituent of the ribose sugar, e.g., of the 2" hvdroxyl on the ribose sugar; wholesale
replacement of the phosphate moiety with “dephospho” linkers; modification or replacement of a
naturally occurring base; and replacement or modification of the ribose-phosphate backbone.

As nucleic acids are polvmers of subunits, many of the modifications occur at a posttion
which is repeated within a nucleic acid, e.g., a modification of a base, or a phosphate maoiety, ora
non-linking O of a phosphate moiety. In some cases, the modification will occur at all of the
subject positions in the nucleic acid but in many cases it will not. By way of example, a
modification may only occur at a 37 or §7 terminal position, may ooly occur tn a terminal region,
e.g., at a position on a terminal nucleotide or in the last 2, 3, 4, 5, or 10 nuclectides of a strand.

A modification roay occur in a double strand region, a single strand region, orin both. A

modification may occur only in the double strand region of an RNA or may only cccurina
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single strand region of an RNA. FE.g., a phosphorothioate modification at a non-linking O
position may only occur at one or both termini, may only occur in a terrotval region, e.g., at a
position on a terminal nucleotide or in the last 2, 3, 4, 5, or 10 nucleotides of a strand, or may
occur in double strand and single strand regions, particularly at termini. The 5 end or ends can
be phosphorylated.

It may be possible, e.g,, to enhance stability, to include particular bases in overhangs, or
to include moditied nucleotides or nuclectide surrogates, 1n single strand overhangs, eg., ina §’
or 3” overhang, or in both. F.g., it can be desirable to include purine nucleotides in overhangs.
In some embodiments all or some of the bases in a 37 or §” overbang may be modified, e g, with
a modification described herein. Modifications can include, e.g., the use of modifications at the
27 position of the ribose sugar with modifications that are known in the art, e.g., the use of
deoxyribonucleotides, 2’ -deoxy-2 -fluoro (2°-F) or 2’-0-methyl modified instead of the
ribosugar of the nucleobase, and moditications tn the phosphate group, e.g., phosphorothioate
modifications. {Overhangs need not be homologous with the target sequence.

In some embodiments, each residue of the sense strand and antisense strand is
independently modified with ENA, HNA, CeNA, 27-methoxyethyl, 27~ G-methyl, 2°-0-allvi, 2°-
C- allyl, 2’-deoxy, or 2"-fluoro. The strands can contain more than one modification. In some
embodiments, each residue of the sense strand and antisense strand is independently modified
with 27-O-methyl or 27 -fluore. 1t is to be understood that these modifications are in addition to
the at least one thermally destabilizing modification of the duplex present in the antiseuse strand.

Atleast two different modifications are typically present on the sense strand and
antisense strand. Those two modifications may be the 2°-deoxy, 2°- O-methyl, or 2’ -fluoro
modifications, acyelic nuclectides or others. In some embodiments, the sense strand and
antisense strand each comprises two differently modified nucleotides selected from 27-O-methyl
or 2’-deoxy. In some embodiments, each residue of the sense strand and antisense strand is
independently modified with 2°-O-methyl nucleotide, 2°-deoxy nucleotide, 2"-deoxy-2 -fluoro
nucleotide, 2’-0-N-methylacetamido (27-0-NMA) nucleotide, a 27-O-dimethylaminoethoxyethyl
{27-0-DMAEQE) nucleotide, 2°-C-aminopropyl (2°-0-AP) nucleotide, or 2’-ara-F nucleotide.
Again, 1t 15 to be understood that these modifications are in addition to the at least one thermally

destabilizing modification of the duplex present in the antisense strand.
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In some embodiments, the dsRINA molecule of the disclosure comprises medifications of
an alternating pattern, particular in the B1, B2, B3, B1’, B2, BY’, B4’ regions. The term
“alternating motif” or “alternative pattern” as used herein refers to a motif having one or more
modifications, each modification occurring on alternating nucleotides of one strand. The
alternating nucleotide may refer to one per every other nucleotide or one per every three
nucleotides, or a similar pattern. For example, if A, B and C each represent one type of
modification to the nuclectide, the alternating motif can be “ABABABABABARB. ..
“AABBAABBAABB. [ “AABAABAABAAB. [ “AAABAAABAAAB. )
“AAABBBAAABBRB. ) or “ABCABCABCABRC. . elc.

The type of modifications contained in the alternating motif may be the same or different.
For example, if A, B, C, D each represent one type of modification oun the nucleotide, the
alternating pattern, 1.., modifications on every other nuclectide, may be the same, but each of
the sense strand or antisense strand can be selected from several possibilities of modifications
within the alternating motif such as “ABABAB. .7, “ACACAC.. " “BDBDBD.. " or
“CDCDCD.. )7 ete.

in some embodiments, the dsSRNA molecule of the disclosure comprises the modification
pattern for the alternating motif on the sense strand relative to the moedification pattern for the
alternating motif on the antisense strand 1s shifted. The shift may be such that the modified
group of nucleotides of the sense strand corresponds to a differently maodified group of
nucteotides of the antisense strand and vice versa. For example, the sense strand when paired
with the antisense strand in the dsRNA duplex, the alternating motif in the sense strand may start
with “ABABAB” from 57-37 of the strand and the alternating motif in the antisense strand may
start with "BABABA” from 37-5of the strand within the duplex region. As another exampie,
the alternating motif in the sense strand may start with “TAABBAABB” from §7-3° of the strand
and the alternating motif 1n the antisense strand may start with “BBAABBAA” from 37-57of the
strand within the duplex region, so that there is a complete or partial shift of the modification
patterus between the sense strand and the antisense strand.

The dsRNA molecule of the disclosure may further comprise at least one
phosphorothicate or methylphosphonate internucleotide linkage. The phosphorothioate or
methylphosphonate internucleotide linkage modification may occur on any nucleotide of the

sense strand or antisense strand or both in any position of the strand. For instance, the
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internuclectide linkage modification may occur on every nuclectide on the sense strand or
antisense strand; each woternucleotide linkage modification may occur in an alternatiog pattern on
the sense strand or antisense strand; or the sense strand or antisense strand comprises both
internucleotide hinkage modifications in an alternating pattern. The aliernating pattern of the
internucleotide linkage modification on the sense strand may be the same or different from the
antisense strand, and the alternating pattern of the internucleotide linkage modification on the
sense sirand may have a shift relative to the alternating pattern of the internuclectide linkage
modification on the antisense strand.

In some embodiments, the dsRNA molecule comprises the phosphorothicate or
methylphosphonate internucleotide linkage modification in the overhang region. For example,
the overhang region comprises two nucleotides having a phosphorothioate or methylphosphonate
internucleotide linkage between the two nucleotides. Internucleotide linkage modifications also
may be made to link the overhang nucleotides with the ternmuinal paired nucleotides within duplex
region. For example, at least 2, 3, 4, or all the overhang nucleotides may be linked through
phosphorothicate or methylphosphonate internucleotide linkage, and optionally, there may be
additional phosphorothioate or methylphosphonate internucleotide linkages linking the overhang
nuclectide with a paired nucleotide that is next to the overhang nucleotide. For instance, there
may be at least two phosphorothioate interoucleotide linkages between the terminal three
nucleotides, in which two of the three nucleotides are overhang nucleotides, and the third is a
paired nucleotide next to the overhang nucleotide. Preferably, these terminal three nuclectides
may be at the 37-end of the antisense strand.

In some embodiments, the sense strand of the dsRNA molecule comprises 1-10 blocks of
two to ten phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3,
4,5,6,7,8,9, 10, 11,12, 13, 14, 15, or 16 phosphate internucleotide linkages, wherein one of
the phosphorothioate or methylphosphonate internucleotide Hinkages 1s placed at any position in
the oligonmuclectide sequence and the said sense strand is paired with an antisense strand
comprising any combination of phosphorothioate, methylphosphonate, and phosphate
internuclectide linkages or an antisense strand comprising either phosphorothioate or
methylphosphonate or phosphate linkage.

in some embodiments, the antisense strand of the dsRNA molecule comprises two blocks

of two phosphorothicate or methylphosphonate internucleotide linkages separated by 1, 2, 3, 4,
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5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, or 18 phosphate internucleotide linkages, wherein one
of the phosphorothicate or methylphosphonate internucleotide linkages is placed at any position
in the oligonucleotide sequence and the said antisense strand is paired with a sense strand
comprising any combination of phosphorothioate, methylphosphonate, and phosphate
internuclectide linkages or an antisense strand comprising either phosphorothioate or
methylphosphonate or phosphate linkage.

in some embodiments, the antisense strand of the dsRNA molecule comprises two blocks
of three phosphorothioate or methylphosphonate intermucleotide linkages separated by 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, or 16 phosphate internucleotide linkages, wherein one of the
phosphorothicate or methylphosphonate internucleotide linkages is placed at any position in the
oligonucleotide sequence and the said antisense strand is paired with a sense strand comprising
any combination of phosphorothicate, methylphosphoenate, and phosphate internucieotide
linkages or an antisense strand comprising either phosphorothicate or methylphosphonate or
phosphate linkage.

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks
of four phosphorothicate or methylphosphonate internucleotide linkages separated by 1, 2, 3, 4,
5,6,7,8,9 10, 11, 12, 13, or 14 phosphate internuclectide linkages, wherein one of the
phosphorothioate or methylphosphonate internuciectide linkages 15 placed at any position in the
oligonucleotide sequence and the said antisense strand is paired with a sense strand comprising
any combination of phosphorothioate, methylphosphonate, and phosphate internucieotide
linkages or an antisense strand comprising either phosphorothioate or methylphosphonate or
phosphate linkage.

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks
of five phosphorothicate or methylphosphonate internucleotide linkages separated by 1, 2, 3, 4,
5,6,7,8,9,10, 11, or 12 phosphate internucleotide linkages, wherein one of the
phosphorothioate or methylphosphonate internucieotide linkages is placed at any position in the
oligonucleotide sequence and the said antisense strand 18 paired with a sense strand comprising
any combination of phosphorothicate, methylphosphonate, and phosphate internuclectide
finkages or an antisense strand comprising either phosphorothioate or methylphosphonate or

phosphate linkage.

94



923

10

15

20

25

30

CA 03224868 2023-12-19

WO 2023/278406 PCT/US2022/035266

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks
of six phosphorothioate or methylphosphonate internuclectide linkages separated by 1,2, 3, 4, 5,
6,7, &, 9, or 10 phosphate internucleotide linkages, wherein one of the phosphorothioate or
methylphosphonate wnternucleotide hinkages is placed at any position in the oligonucleotide
sequence and the said antisense strand is paired with a sense strand comprising any combination
of phosphorothicate, methylphosphonate, and phosphate internucleotide linkages or an antisense
strand comprising either phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks
of seven phosphorothioate or methylphosphonate interoucleotide linkages separated by 1, 2, 3, 4,
5, 6, 7, or 8 phosphate internuclectide linkages, wherein one of the phosphorothioate or
methylphosphonate internucleotide linkages 1s placed at any position o the oligonucleotide
sequence and the said antisense strand is paired with a sense strand comprising any combination
of phosphorothioate, methylphosphonate, and phosphate internucleotide linkages or an antisense
strand comprising etther phosphorothicate or methyiphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks
of eight phosphorothicate or methylphosphonate internucleotide finkages separated by 1, 2, 3, 4,
5, or 6 phosphate internuclectide linkages, wherein one of the phosphorothioate or
methylphosphonate wnternucleotide hinkages is placed at any position in the oligonucleotide
sequence and the said antisense strand is paired with a sense strand comprising any combination
of phosphorothicate, methylphosphouvate, and phosphate internuclectide linkages or an antisense
strand comprising either phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks
of nine phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3, or
4 phosphate internucleotide linkages, wherein one of the phosphorothioate or methyiphosphonate
internucleotide inkages 1s placed at any position in the oligonucleotide sequence and the said
antisense strand is paired with a sense strand comprising any combination of phosphorothioate,
methyiphosphonate, and phosphate internucleotide linkages or an antisense strand comprising
either phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the dsRNA molecule of the disclosure further comprises one or
more phosphorothioate or methylphosphonate internuciectide linkage modification within

positions [-10 of the terruint position{(s) of the sense or antisense strand. For example, at least 2,
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3,4,56,7,8,9 or 10 nucleotides may be linked through phosphorothioate or
methylphosphonate internucleotide linkage at one end or both ends of the sense or antisense
strand.

In some embodiments, the dsRNA wmolecule of the disclosure further comprises one or
more phosphorothioate or methyiphosphonate internucleotide linkage modification within
positions 1-10 of the internal region of the duplex of each of the sense or antisense strand. For
example, atleast 2, 3, 4, 5, 6,7, 8, &, or 10 nucleotides may be linked through phosphorothioate
methylphosphonate internucleotide linkage at position 8-16 of the duplex region counting from
the 5’-¢nd of the sense strand; the dsRNA molecule can optionally further comprise one or more
phosphorothicate or methylphosphonate internucieotide linkage modification within positions 1-
10 of the termini position(s).

In some embodiments, the dsRNA molecule of the disclosure further comprises one to
five phosphorothioate or methylphosphonate internucleotide linkage moditication(s) within
position 1-5 and one 1o five phosphorothicate or methyiphosphonate internucleotide linkage
modification(s} within position 18-23 of the sense strand {counting from the 5’ -end), and one to
five phosphorothicate or methyiphosphonate internucleotide linkage modification at positions 1
and 2 and one to five within positions 18-23 of the antisense strand {counting from the 5-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothicate internuclectide linkage modification within position 1-5 and one
phosphorothioate or methylphosphonate internucieotide linkage modification withio position 18-
23 of the sense strand (counting from the §7-end), and one phosphorothicate internuciectide
hinkage modification at positions 1 and 2 and two phosphorothioate or methylphosphonate
internucleotide linkage modifications within positions 18-23 of the antisense strand {counting
from the 5 -end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 and one
phosphorothioate internucleotide linkage modification within position 18-23 of the sense strand
{counting from the ¥’-end), and one phosphorothicate internuclectide linkage modification at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within

positions 18-23 of the antisense strand {counting from the 8’ -end).
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In some embodiments, the dsRINA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 and two
phosphorothioate internucleotide linkage modifications within position 18-23 of the sense strand
{counting from the 5’-end), and one phosphorothioate internucleotide linkage modification at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand {counting from the $”-end).

in some embodiments, the dsSRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 and two
phosphorothioate intervucteotide linkage modifications within position 18-23 of the sense strand
{counting from the 5’-end), and one phosphorothicate internuclectide linkage modification at
positions | and 2 and ove phosphorothioate internucieotide linkage moditication within positions
18-23 of the antisense strand {counting from the 5 -end}.

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate internucieotide linkage modification within position 1-5 and one
phosphorothicate internucleotide linkage moditication within position 18-23 of the sense strand
{counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions | and 2 and two phosphorothicate internucleotide linkage modifications within
positions 18-23 of the antisense strand (counting {rom the 5 -end).

In some embodiments, the dsRINA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification within position 1-5 and one within
position 18-23 of the sense strand (counting from the 5™-end), and two phosphorothioate
internucleotide hinkage modification at positions 1 and 2 and one phosphorothioate
internucleotide linkage modification within positions 18-23 of the antisense strand (counting
from the 5 -end).

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification within position 1-5 {counting from the 5~
end) of the sense strand, and two phosphorothieate internucleotide Hinkage roodifications at
positions 1 and 2 and one phosphorothioate internuciectide linkage modification within positions
18-23 of the antisense strand {counting from the 5 -end).

in some embodiments, the dsSRNA molecule of the disclosure further comprises two

phosphorothioate internucleotide linkage modifications within position 1-5 {counting from the
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5’-end} of the sense strand, and one phosphorothioate internucleotide linkage modification at
positions | and 2 and two phosphorothioate internucieotide linkage modifications within
positions 18-23 of the antisense strand {counting from the 5’ -end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucieotide linkage modifications within position 1-5 and one within
position 18-23 of the sense strand (counting from the S™-end), and two phosphorothicate
internucleotide linkage modifications at positions 1 and 2 and one phosphorothioate
internucleotide hinkage modification within positions 18-23 of the antisense strand {counting
from the 5" -end).

In some embodiments, the dsRINA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 and oue
phosphorothioate internucleotide linkage modification within position 18-23 of the sense strand
{counting from the 57-end), and two phosphorothicate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand {counting from the $”-end).

in some embodiments, the dsSRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 and one
phosphorothioate internucleotide linkage modification within position 18-23 of the sense strand
{counting from the ¥’-end), and one phosphorothicate internuclectide linkage modification at
positions | and 2 and two phosphorothioate internucieotide linkage modifications within
positions 18-23 of the antisense strand {counting from the 8’ -end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucieotide linkage modifications at position 1 and 2, and two
phosphorothicate internucleotide linkage moditications at position 20 and 21 of the sense strand
{counting from the 57-end), and one phosphorothioate internucieotide inkage modification at
positions | and one at position 21 of the antisense strand (counting from the 5'-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothicate internuclectide linkage modification at position 1, and one phosphorothioate
internuclectide linkage modification at position 21 of the sense strand {counting from the 5°-

end}, and two phosphorothioate internuciectide linkage modifications at positions 1 and 2 and
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two phosphorothicate internucleotide linkage modifications at positions 20 and 21 the antisense
strand {counting from the S™-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate intervucleotide linkage modifications at position 1 and 2, and two
phosphorothioate internucieotide linkage modifications at position 21 and 22 of the sense strand
{counting from the 5’-end), and one phosphorothioate tnternucleotide hinkage modification at
positions 1 and one phosphorothioate internuclestide linkage modification at position 21 of the
antisense strand (counting from the S™-end}.

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothicate internuclectide linkage modification at position 1, and one phosphorothioate
internucleotide inkage modification at position 21 of the sense strand (counting from the 5°-
end}, and two phosphorothioate internuclectide linkage maodifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage modifications at positions 21 and 22 the antisense
strand (counting from the 5’-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications at position 1 and 2, and two
phosphorothioate internucleotide linkage modifications at position 22 and 23 of the sense strand
{counting from the 5’-end), and one phosphorothicate internucleotide linkage modification at
positions 1 and one phosphorothicate internucleotide linkage modification at position 21 of the
antisense strand (counting from the 57-end).

In some embodiments, the dsSRNA molecule of the disclosure furrther comprises one
phosphorothioate internucleotide linkage modification at position 1, and one phosphorothicate
internucleotide linkage modification at position 21 of the sense strand {counting from the 5°-
end), and two phosphorothicate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage modifications at positions 23 and 23 the antisense
strand (counting from the 5"-end).

In some embodiments, compound of the disclosure comprises a pattern of backbone
chiral centers. In some embodiments, a common pattern of backbone chiral centers comprises at
teast S internucleotidic hinkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 6 internucleotidic linkages in the Sp

configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
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feast 7 internucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers coruprises at least 8 wnternucleotidic linkages in the Sp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
least 9 internucleotidic Hinkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 10 internucleotidic linkages in the Sp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
feast 11 internuclectidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 12 internucleotidic linkages in the Sp
configuration. In some emnbodiments, a common patiern of backboune chiral centers comprises at
feast 13 internucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers coruprises at least 14 internucleotidic linkages in the Sp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
least 15 internucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 16 internucleotidic linkages in the Sp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
feast 17 internuclectidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 18 internucleotidic linkages in the Sp
configuration. In some emnbodiments, a common patiern of backboune chiral centers comprises at
feast 19 internucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backboune chiral centers comprises no more than 8 internucleotidic linkages in the Rp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises
no more than 7 internucieotidic linkages in the Rp configuration. In some embodiments, a
common pattern of backbone chiral centers comprises no more than 6 internucleotidic linkages
in the Rp configuration. In some embodiments, a conumon pattern of backbone chiral centers
comprises no more than 5 internucleotidic linkages in the Rp coofiguration. In some
embodiments, a common pattern of backbone chiral centers comprises no more than 4
internucleotidic hinkages in the Rp configuration. In some embodiments, a cormmon pattern of
backbone chiral centers comprises no more than 3 internucieotidic linkages in the Rp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises
no more than 2 internucieotidic linkages in the Rp configuration. In some embodiments, a

common pattern of backbone chiral centers comprises no more than 1 internucleotidic linkages
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in the Rp configuration. In some embodiments, a common pattern of backbone chiral centers
comprises no more than 8 internucleotidic linkages which are not chiral {as a non-limiting
example, a phosphodiester). In some embodiments, a common pattern of backbone chiral
centers comprises no more than 7 internucleotidic linkages which are not chiral. In some
embodiments, a common pattern of backbone chiral centers comprises no more than 6
internuclectidic linkages which are not chiral. In some embodiments, a common pattern of
backbone chiral centers comprises no more than § internuciectidic linkages which are not chiral.
In some embodiments, a common pattern of backbone chiral centers comprises no more than 4
internucleotidic hinkages which are not chiral. In some emboduments, a common pattern of
backbone chiral centers comprises no more than 3 internucieotidic linkages which are not chiral.
In some embodiments, a common pattern of backbone chiral centers comprises no wore than 2
internucleotidic linkages which are not chiral. In some embodiments, a common pattern of
backbone chiral centers comprises no more than | internucleotidic linkages which are not chiral.
In some embodiments, a common pattern of backbone chiral centers comprises at least 10
internuclectidic linkages in the Sp configuration, and no more than 8 internucleotidic linkages
which are not chiral. In some embodiments, a common pattern of backbone chiral centers
comprises at least 11 internuclectidic linkages in the Sp configuration, and no more than 7
internucleotidic hinkages which are not chiral. In some emboduments, a common pattern of
backbone chiral centers comprises at least 12 internucleotidic linkages in the Sp configuration,
and no more than 6 internucleotidic linkages which are not chiral. In some embodiments, a
common pattern of backbone chiral centers comprises at least 13 internucleotidic linkages in the
Sp configuration, and no more than 6 internucieotidic linkages which are not chiral. In some
embodiments, a common pattern of backbone chiral centers comprises at least 14
internuclectidic linkages in the Sp configuration, and no more than 5 internucleotidic linkages
which are not chiral. In some embodiments, a coromon pattern of backbone chiral centers
comprises at least 15 internucleoctidic linkages in the Sp configuration, and no more than 4
internucleotidic hinkages which are not chiral. In some embodunents, the internucleotidic
linkages in the Sp configuration are optionally contiguous or not contiguous. In some
embodiments, the tnternucleotidic linkages 1n the Rp configuration are optionally contiguous or
not contiguous. In some embodiments, the internucleotidic linkages which are not chiral are

optionally contiguous or not contiguous.
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In some embodiments, compound of the disclosure comprises a block is a
stereochemistry block. In some embodiments, a block is an Rp block in that each
internucleotidic linkage of the block 1s Rp. In some embodiments, a 5”-block is an Rp block. In
some embodiments, a 37-block 1s an Rp block. Tn some ernbodiments, a block 1s an Sp block in
that each intersucleotidic linkage of the block 1s Sp. In some embodiments, a 5"-block is an Sp
block. In some embodiments, a 37-block is an Sp block. In some embodiments, provided
oligonucleotides comprise both Rp and Sp blocks. In some embodiments, provided
oligonucleotides comprise one of more Rp but no Sp blocks. In some embodiments, provided
oligonucleotides comprise one of mwore Sp but no Rp blocks. In some embodiments, provided
oligonucleotides comprise one or more PO blocks wherein each internucleotidic linkage in a
natural phosphate linkage.

In some embodiments, compound of the disclosure comprises a 5'-block is an Sp block
wherein each sugar moiety comprises a 2°-F modification. In some embodiments, a S™-block is
an Sp block wherein each of internucleotidic linkage 1s a modified internucleotidic linkage and
each sugar moiety comprises a 2°-F modification. In some embodiments, a 5’ -block is an Sp
biock wherein each of internucleotidic linkage is a phosphorothicate linkage and each sugar
motety comprises a 2'-F modification. In some embodiments, a §’-block comprises 4 or more
nucleoside units. In some embodiments, a 57-block comprises 5 or more nucleoside units. In
some embodiments, a 5'-block comprises 6 or more nucleoside units. In some embodiments, a
5’-block comprises 7 or more nucleoside umts. o some embodiments, a 37-block 1s an Sp block
wherein each sugar moiety comprises a 2°-F modification. In some embodiments, a 3" -block is
an Sp block wherein each of internucleotidic linkage 1s a modified internucleotidic linkage and
each sugar moiety comprises a 2’-F modification. In some embodiments, a 3"-block is an Sp
block wherein each of internucleotidic linkage 1s a phosphorothioate linkage and each sugar
motety comprises a 27-F modification. In some embodiments, a 37-block comprises 4 or more
nuclecside units. In some embodiments, a 3'-block comprises 5 or more nucleoside units. In
some embodiments, a 37-block comprises 6 or more nucleoside units. In some embodiments, a
3 -block comprises 7 or more nucleoside units.

In some embodiments, compound of the disclosure comprises a type of nucleoside in a
region or an oligonucleotide is followed by a specific type of internucleotidic linkage, e.g.,

natural phosphate linkage, modified tnternucleotidic linkage, Rp chiral internucleotidic linkage,
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Sp chiral internucleotidic linkage, etc. In some embodiments, A is followed by Sp. In some
embodiments, A is followed by Rp. In some embodiments, A is followed by natural phosphate
linkage {(PO). In some embodiments, U is followed by Sp. In some embodiments, U is followed
by Rp. In some embodiments, U is followed by natural phosphate linkage (PO). In some
embodiments, C is followed by Sp. In some embodiments, € 1s followed by Rp. In some
embodiments, C is followed by natural phosphate linkage (PO). In some embodiments, G is
followed by Sp. In some embodiments, 3 is followed by Rp. In some embodiments, G is
followed by natural phosphate linkage (PO). In some embodiments, C and U are followed by
Sp. In some embodiments, C and U are followed by Rp. In some embodiments, C and U are
followed by natural phosphate linkage (PO). In some embodiments, A and G are followed by
Sp. In some embodiments, A and G are followed by Rp.

In some embodiments, the dsRNA molecule of the disclosure comprises mismatch(es)
with the target, within the duplex, or combinations thereof. The mismatch can occur in the
overhang region or the dupiex region. The base pair can be ranked on the basis of their
propensity to promote dissociation or melting {e.g., on the free energy of association or
dissociation of a particular pairing, the simplest approach is to examine the pairs on an tndividual
pair basis, though next neighbor or similar analysis can also be used}. In terms of promoting
dissociation: AU s preferred over G:C; GiU s preferred over G:C; and LC is preferred over
G:C (I=inosine}. Mismatches, e.g., non-canonical or other than canonical pairings (as described
elsewhere herein} are preferred over canonical (AT, AU, G:C) pairings; and pairings which
include a universal base are preferred over canonical pairings,

In some embodiments, the dsRNA molecule of the disclosure comprises at least one of
the first 1, 2, 3, 4, or § base pairs within the duplex regions from the 5'- end of the antisense
strand can be chosen independently from the group of! AU, G:U, I.C, and nusmatched pairs,
e.z., non-canonical or other than canonical paitings or pairings which include a universal base, to
promote the dissociation of the antisense strand at the 5’-end of the duplex.

In some embodiments, the nucleotide at the 1 position within the duplex region from the
5’-end in the antisense strand is selected from the group consisting of A, dA, dU, U and dT.
Alternatively, at least one of the first 1, 2 or 3 base pair within the duplex region from the 57~ end
of the antisense strand 15 an AU base pair. For example, the first base pair within the duplex

region from the 57- end of the antisense strand is an AU base pair.
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It was found that introducing 4" -modified or 5’ -modified nuclectide to the 3"-end of a
phosphodiester (PO), phosphorothicate (PS), or phosphorodithioate (PS2) linkage of a
dinucleotide at any position of single stranded or double stranded oligonucleotide can exert steric
effect to the wnternucleotide linkage and, hence, protecting ot stabilizing it against nucleases.

In some embodiments, 5" -modified nucleoside is introduced at the 37-end of a
dinucleotide at any position of single stranded or double stranded siRINA. For instance, a 57~
alkylated nucleoside may be introduced at the 37-end of a dinucleotide at any position of single
stranded or double stranded siRNA. The alkyl group at the S° position of the ribose sugar can be
racemic or chirally pure 8 or § isomer. An exemplary 5 -alkylated nucleoside is 57-methyl
nucleoside. The 5 -methyl can be either racemic or chirally pure R or 8 isomer.

In some embodiments, 4 -modified nucleoside is introduced at the 37-end of a
dinucleotide at any position of single stranded or double stranded siRNA. For instance, a 4’-
alkylated nucleoside may be introduced at the 37-end of a dinuclectide at any position of single
stranded or double stranded siRNA. The alkyl group at the 47 position of the ribose sugar can be
raceniic or chirally pure K or Yisomer. An exemplary 4 -alkylated nucleoside is 47 -methyl
nucieoside. The 4" -methvl can be either racemic or chirally pure R or S isomer. Alternatively, a
4’ -O-alkylated nucleoside may be introduced at the 37-end of a dinucleotide at any position of
single stranded ot double stranded siRNA. The 47-0O-alkyl of the ribose sugar can be racemic or
chirally pure R or S isomer. An exemplary 4’ -CU-alkylated nucleoside is 47-O-methyl nucleoside.
The 4’-O-methyl can be either racemic or chirally pure 8 or § isomer.

In some embodiments, 5”-alkylated nucleoside is introduced at any position on the sense
strand or antisense strand of a dsRNA, and such modification maintains or improves potency of
the dsRNA. The 5-altkyl can be either racemic or chirally pure K or S isomer. An exemplary 5~
alkylated nucleoside 1s 57 -methyl nucleoside. The 57 -methyl can be either racemic or chirally
pure K or Y isomer.

In some embodiments, 4’ -alkylated nucleoside is introduced at any position on the sense
strand or antisense strand of a dsRNA, and such modification maintains or improves potency of
the dsRNA. The 4’ -atkyl can be either racemic or chirally pure R or S isomer. An exemplary 47-
alkylated nucleoside 1s 4" -methyl nucleoside. The 4’ -methyl can be either racemic or chirally

pure £ or § isomer,
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In some embodiments, 4'-C-alkylated nucleoside is introduced at any position on the
sense sirand or antisense strand of a dsRNA, and such modification maintains or improves
potency of the dsRNA. The 5’-alkyl can be either racemic or chirally pure X or S isomer. An
exemplary 47-O-alkylated nucleoside 15 4’-O-methyl nucleoside. The 47-O-methyl can be either
racemic or chirally pure £ or § isomer.

In some embodiments, the dsRNA molecule of the disclosure can comprise 27-57 linkages
(with 2°-H, 2’-0OH, and 2’-OMe and with P=0 or P=8}. For example, the 2°-5 linkages
modifications can be used to promote nuclease resistance or to inhubit binding of the sense to the
antisense strand, or can be used at the §7 end of the sense strand to avoid sense strand activation
by RISC.

o another embodiment, the dsRNA molecule of the disclosure can comprise L sugars
{e.g., L ribose, L-arabinose with 2°-H, 2°-OH and 2°-OMe). For example, these L sugars
modifications can be used to promote nuclease resistance or to inhubit binding of the sense to the
antisense strand, or can be used at the 57 end of the sense strand to avoid sense strand activation
by RISC.

Various publications describe multimeric siRNA which can ali be used with the dsRNA
of the disclosure. Such publications include W(O2007/091269, US 7858769, WO2010/141511,
WOZ007/117686, WOZ009/014887, and WO2011/031520 which are hereby incorporated by
their entirely.

In some embodiments dsRNA molecules of the disclosure are 57 phosphorylated or
include a phosphoryl analog at the 37 prime terminus. 5" -phosphate modifications include those
which are compatible with RISC mediated gene silencing. Suitable modifications include: 5°-
monophosphate ((HOR(OP-0-57), 5" -diphosphate ((HOR({O)P-O-P(HOXO-0-5"), 57~
triphosphate ((HOR(OWP-O-(HOXOWP-O-PHONO)-0-5");, 5’ -guanosine cap (7-methylated or
non~-methylated) (Tm-G-O-5"-(HOXO)P-O-(HOYOP-O-PHOKG)-0-5");, S™~-adenosine cap
{Appp), and any modified or unmodified nucleotide cap structure (N-O-5"-(HOYO)P-O-
(HOYO)P-O-P(HOYNO»0-57); 5" -monothiophosphate {phosphorothioate; (HOR{SIP-0-57); 57-
mongodithiophosphate (phosphoradithicate; (HOWHSYSP-0-57), 5 -phosphorothiclate
{((HOZ{0)P-S-57); any additional combination of oxygen/sulfur replaced monophosphate,
diphosphate and triphosphates (e.g. 5”-alpha-thiotriphosphate, 5 ~-gamma-thiotriphosphate, etc.),

57 -phosphoramidates ((HOR(O)P-NH-5", (HOY}NH{O)P-0-57), 57 -alkylphosphonates
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{R=alkyl=methyl, ethvl, isopropyl, propyl, etc, e.g. RB{OHNO)-0-5"-, 5’ -alkenyiphosphonates
{i.e. vinyl, substituted vioyl), (OHR{(O)P-5"-CH2-), 5 -alkyletherphosphonates
{R=alkvlether=methoxymethyl (MeOCHZ-}, ethoxymethyl, etc,, e.g. RP(OHKXO0)-0-5"-). In one

example, the modification can in placed 1o the antisense strand of a dsRNA molecule.

E. Linkers

In some embodiments, the conjugate or ligand described herein can be attached to an
iRNA oligonucleotide with various linkers that can be cleavable or non-cleavable.

Linkers typically comprise a direct bond or an atom such as oxygen or sulfur, a unit such
as NRSB, C{(O), C(OINH, SO, SO;, SONH or a chain of atoms, such as, but not limited to,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, aryialkyl, arylalkenvl, arylalkynyl, hetercarvlalkyl, heteroarylatkenyl,
hetercaryialkynyl, heterocyclylalkyl, heterocyclylalkenyl, heterocyelylalkynyl, aryl, hetercaryl,
heterocyelyl, cycioalkyl, evcloalkenyl, atkvlaryialkyl, alkylarylalkenvl, alkylarylalkynyl,
alkenylarylalkyl, alkenvlarylalkenyl, alkenylarylalkynyl, alkynylarylalkyl, alkynylarylaltkenyl,
allkynylarylalkynyl, alkythetercarylalioyl, alkvihetercarylalkenyl, allcytheteroaryialkynyl,
alkenylheteroarylalkyl, alkenylheteroarylalkenyl, alkenylhetercarylalkynyl,
alkynylhetercarylalkyl, allkynylheteroarylalkenyl, alkynytheteroaryialkynyl,
alkylheterocyclylaltkyl, alkylheterocyclylaltkenvl, alkylhererccyclylaltkynyl,
alkenylheterocyelvlalkyl, alkenytheterocyclylatkenyl, alkenylheterocyelylalkyoyl,
alkynylheterocyclylatkyl, alkynylheterocyclylalkenvl, alkynylheterocyclylallynyl, alkylaryl,
alkenylaryl, atkynylaryl, alkytheteroaryl, alkenylheteroaryl, alkynythereroaryl, which one or
more methyvlenes can be interrupted or terminated by O, §, 8(0), 5G;, N(RB), C((0), substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyclic; where R8 is hydrogen, acyl, aliphatic ot substituted aliphatic. In some
embodiments, the linker is between about 1-24 atoms, 2-24, 3-24, 4-24, 5-24, 6-24, 6-18, 7-18,
8-18 atoms, 7-17, 8-17, 6-16, 7-16, or §-16 atoms,

In some embodiments, a dsRINA of the disclosure 1s conjugated to a bivalent or trivalent
branched linker selected from the group of structures shown 1n any of formula (XXX} -

(XXXIV):

106



CA 03224868 2023-12-19

WO 2023/278406 PCT/US2022/035266
Formula XXX{ Formula XXX
PZA_QEA_RzA_ —~ T2A_| 2A /[/P3A-Q3A'R3A' = T3A_| 3A
p2B_(32B_R2B | e, \i‘P3B-Q3B-R3B' o838
q q
B PSA_QSA_RSA ] T5A_L5A
pHA_(pHA R #A e R
g PSB_QSB_RSB]STTSB_LSB
q
PGB RE = T4E. 8 | pSC_()SC_RSC T5C_| 5C
q*e 5¢C
: q
Formula XXX Formula X0V
5
wherein:

q2A, q2B, g3A, @3B, g4A, ¢4B, gSA, ¢5B and g5C represent independently for each
occurrence 0-20 and wherein the repeating unit can be the same or different;

ZA 2B 3A 3B 4A 4B p3A S8 psSC r2A p2B v3A r3B pdA 4B pd4A pSE S0
plA pIB p3A piB pia piB psA pSB piC 24 728 p3A p3B A 4B A PIE

16 each independently for each occurrence absent, CO, NH, O, §, OC(C), NHC(O), CHy, CH:NH
or CH(,
absent, alkylene, substituted alkylene wherein one or more methylenes can be interrupted or
terminated by one or more of G, 8, S(0), SOz, N(RN), C(R'y=C(R™), C=C or C(O);
15 R2ZA RIB R RE R R R R R are each independently for each occurrence
absent, NH, G, 8§, CHz, C{OH0, C{ONH, NHCH{RHC(O), ~-C{O)»-CHRY-NH-, CO, CH=N-(,
O

HO < Seg SRS
T T oA oy T

&—5
s N or heterocyclyl;
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L2 L2 LA LR L LY L% 1% and L represent the ligand; i.e. each independently
for each occurrence a monosaccharide (such as GalNAc), disaccharide, trisaccharide,
tetrasaccharide, oligosaccharide, or polysaccharide; and R is H or amino acid side chain,
Trivalent conjugating GallNAc derivatives are particularly useful for use with RNA1 agents for
inhibiting the expression of a target gene, such as those of formula (XXXV):

Formula XXXV

PSA,_{“}SA_R SA TﬁA_L:SA
= o ’ SA
4
5B 3B n 5B 58_, 58
PR P-R ]?T L
q
3C 3C psC 5C ; 5C
PR ]?T L

¢!

wherein L% 178 and L% represent a monosaccharide, such as GalNAg¢ derivative.

Examples of suitable bivalent and trivalent branched linker groups conjugating GalNAc
derivatives include, but are not limited {o, the structures recited above as formudas I, VIE X1, X,
and XHI

A cleavable linking group is one which is sutficiently stable outside the cell, but which
upon entry into a target cell is cleaved to release the two parts the linker is holding together. Ina
some embodiments, the cleavable linking group is cleaved at least about 10 times, 20, times, 30
times, 40 times, 50 times, 60 times, 70 times, 80 times, 90 times or more, or at feast about 100
times faster in a target cell or under a first reference condition {(which can, e.g., be selected to
mimic or represent infraceliular conditions) than in the blood of a subject, or under a second
reference condition (which can, e.g., be selected to mimic or represent conditions found in the
blood or serum}.

Cleavable linking groups are susceptible to cleavage agents, e.g., pH, redox potential or
the presence of degradative molecules. Generally, cleavage agents are more prevalent or found
at higher levels or activities inside cells than in serum or blood. Examples of such degradative
agents include: redox agents which are selected tor particular substrates or which have no
subsirate specificity, including, e.g., oxidative or reductive enzymes or reductive agents such as
mercaptans, present in cells, that can degrade a redox cleavable linking group by reduction;

esterases, endosomes or agents that can create an acidic environment, e.g., those that result in a
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pH of five or lower; enzymes that can hydrolyze or degrade an acid cleavable linking group by
acting as a general acid, peptidases (which can be substrate specific), and phosphatases.

A cleavable linkage group, such as a disuifide bond can be susceptible to pH. The pH of
human serum 18 7.4, while the average intraceitular pH is shightly lower, ranging from about 7.1~
7.3. Endosomes have a more acidic pH, in the range of 5.5-0.0, and lysosomes have an even
more actdic pH at around 5.0, Some hinkers will have a cleavable linking group that 1s cleaved at
a suttable pH, thereby releasing a cationic lipid from the ligand inside the cell, or into the desired
compartment of the cell.

A linker can include a cleavable hinking group that is cleavable by a particular enzyme,
The type of cleavable linking group incorporated into a linker can depend on the cell to be
targeted.

In general, the suitability of a candidate cleavable linking group can be evaluated by
testing the ability of a degradative agent (or condition) to cleave the candidate linking group. It
will also be desirable to also test the candidate cleavable linking group for the ability to resist
cleavage in the blood or when in contact with other non-target fissue. Thus, one can determine
the relative susceptibility to cleavage between a first and a second condition, where the first is
selected to be indicative of cleavage in a target cell and the second is selected to be indicative of
cleavage in other tissues or biological fhuids, e.g., blood or serum. The evaluations can be
carried out in cell free systems, in cells, in cell culture, in organ or tissue culture, or in whole
antmals. It can be usefuld to make initial evaluations n cell-free or culture conditions and to
confirm by further evaluations in whole animals. In some embodiments, useful candidate
compounds are cleaved at least about 2, 4, 10, 20, 30, 40, 50, 60, 70, 80, 90, or about 100 times
faster in the cell (or under 7n vifro conditions selected to mimic tntracellular conditions) as
compared to blood or serum {or under i vitro conditions selected to mimic extracellular

conditions}.

t. Redox cleavable linking eroups

In some embodiments, a cleavable inking group is a redox cleavable linking group that 1s
cleaved upon reduction or oxadation. An example of reductively cleavable hinking group 1s a
disulphide linking group (-5-8-). To determine if a candidate cleavable linking group is a

suttable “reductively cleavable linking group,” or for example is suitable for use with a particular
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iRNA motety and particular targeting agent one can lock to methods described herein. For
example, a candidate can be evaluated by incubation with dithiothreitol (DTT), or other reducing
agent using reagents know in the art, which mimic the rate of cleavage which would be cbserved
inacell, eg., atarget cell. The candidates can also be evaluated under conditions which are
selected t0 mimic blood or serum conditions. In one, candidate compounds are cleaved by at
most about 10% in the blood. In other embodiments, useful candidate compounds are degraded
at least about 2, 4, 10, 20, 30, 40, 50, 60, 70, 80, 90, or about 100 times faster in the cell (or
under in vifro conditions selected to minuc intraceliular conditions) as compared to blood (or
under in vitro conditions selected to mimic extraceliular conditions). The rate of cleavage of
candidate compounds can be determined using standard enzyme kinetics assays under conditions
chosen to mimie intracetinlar media and compared to conditions chosen to mimic extracellular

media.

i1, Phosphate-based cleavable linking groups

In some embodiments, a cleavable linker comprises a phosphate-based cleavable linking
group. A phosphate-based cleavable linking group is cleaved by agents that degrade or
hydrolyze the phosphate group. An example of an agent that cleaves phosphate groups in cells
are enzymes such as phosphatases in cells. Examples of phosphate-based linking groups are -O-
PO}ORK)-O-, -O0-P(SYORK}C-, -O-P(SHSRK)}-O-, -S-P{OWORK}-O-, -O-P(O}ORk}-S-, -8-
P{ONORK)-5-~, -O-P(SYORK)-S-, -S-P(SHORK}-O-, -O-P(O}RK)-O-, -O-P(S}RK)-O-, -5-
PEHRK)-O-, -S-P{SHRK)-O-, -S-P{O}RK)-S-, -O-P(SYH Rk}-5-. In some embodiments,
phosphate-based linking groups are -O-P(OXOH)-O-, -O-P(SYOH-O-, -O-P(SHSH}-O-, -5-
POYOHRO-, ~O-PIOYOH)-S-, -S-P{OXCH)-S-, -C-P(SKOH}-S-, -5-P(S}OH)O-, -O-
P(OYH)-O-, -O-P(S}H)-O-, -S-FOYH)-O, -8-P(SYH}-O-, -S-P(O)}H)-5-, -O-P(S}H)-5- In
some embodiments, a phosphate-based linking group is ~-O-P{OYOH)-0O-. These candidates can

be evaluated using methods analogous to those described above.

1. Acid cleavable linking ercups

In some embodiments, a cleavable linker comprises an acid cleavable linking group. An
actd cleavable linking group 1s a linking group that is cleaved under acidic conditions. In some

embodiments acid cleavable linking groups are cleaved in an acidic environment with a pH of
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about 6.5 or lower {e.g., about 6.0, 5.75, 5.5, 5.25, 5.0, or lower), or by agents such as enzymes
that can act as a general acid. In a cell, specific low pH organelles, such as endosomes and
lvsosomes can provide a cleaving environment for acid cleavable linking groups. Examples of
acid cleavable linking groups include but are not limted to hydrazones, esters, and esters of
amino acids. Acid cleavable groups can have the general formula ~-C=NN-, C{O)(, or -OC({O).
In some embodiments, the carbon attached to the oxygen of the ester (the alkoxy group) 1s an
aryl group, substituted altkyl group, or tertiary alkyl group such as dimethyi pentyl or t-butyl.

These candidates can be evaluated using methods analogous to those described above.

iv. Ester-based cleavable hinkine groups

o some embodiments, a cleavable linker comprises an ester-based cleavable linking
group. An ester-based cleavable linking group is cleaved by enzymes such as esterases and
amidases in cells. Examples of ester-based cleavable linking groups include but are not limited
to esters of alkyiene, alkenvlene and alkynylene groups. Ester cleavable linking groups have the
general formula ~-C{0)0-, or -OC{0)-. These candidates can be evaluated using methods

analogous to those described above.

v. Peptide-based cleavable linking groups

In some embodiments, a cleavable linker comprises a peptide-based cleavable linking
group. A peptide-based cleavable linking group 1s cleaved by enzymes such as peptidases and
proteases in cells. Peptide-based cleavable linking groups are peptide bonds formed between
aming acids to yield oligopeptides {(e.g., dipeptides, tripeptides ¢#c.} and polypeptides. Peptide-
based cleavable groups do not include the amide group ((C{O)NH-). The amide group can be
formed between any alkylene, alkenylene or alkynelene. A peptide bond 1s a special type of
amide bond formed between amino acids to yield peptides and proteins. The peptide-based
cleavage group is generally limited to the peptide bond {(7.e., the amide bond) formed between
amino acids yielding peptides and proteins and does not include the entire amide functional
group. Peptide-based cleavable linking groups have the general formula -
NHCHRAC(ONHCHRBC(O)-, where RA and RB are the R groups of the two adjacent amino
acids. These candidates can be evaluated using methods analogous to those described above.

Representative U S, patents that teach the preparation of RNA conjugates include, but are not
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limited to, U.S. Pat. Nos. 4,828,979; 4,948 882: 5.218,105; 5,525,465, 5.541,313; 5,545,730;
5,552,538 5,578,717, 5,580,731; 5.591,584: 5,109,124; 5,118,802; 5,138,045: 5,414,077,

3 486.603: 5,512,439 5,578,718 5,608,046, 4,387.044: 4.605,735; 4,667.025: 4,762,779
4789,737; 4,824 941 4,835,263; 4,876,335; 4,904, 582: 4,958,013, 5,082.830; 5,112,963
5214136 5,082.830: 5,112,963; 5,214,136 5.245,022: 5,254 469; 5,258 506: 5,262,536
§.272.250; 5,292,873 5.317.008: 5,371,241, 5,391,723; 5,416,203, 5.451.463: 5,510,475
512,667, 5,514,785: 5,565,552; 5,567,810 5,574,142; 5,585.481: 5,587.371; 5,595,726,
5.597.696; 5,599,923: 5,599,028 and 5,688,941: 6.294.664: 6320.017; 6,576,752, 6,783,931;
6,900,297 7,037,646, 8,106,022, the entire contents of each of which is herein incorporated by
reference.

It 15 not necessary for all positions 1n a given compound to be uniformly modified, and 1o
fact more than one of the aforementioned modifications may be incorporated in a single
compound or even at a single nucleoside within an 1IRNA The present disclosure also includes
iRNA compounds that are chimerte compounds.

“Chimeric” iRNA compounds, or “chimeras,” in the context of the present disclosure, are
tRNA compounds, e.g., dsRNAs, that contain two or more chemically distinct regions, each
made up of at least one monomer unit, 7.¢., a nucleotide in the case of a dsRNA compound.
These tRNAs typically contain at least one region wherein the RNA 1s modified 50 as to confer
upon the 1IRNA increased resistance to nuclease degradation, increased cellular uptake, and/or
increased binding affinity for the target nucleic acid. An additional region of the itRNA may
serve as a substrate for enzymes capable of cleaving RNADNA or RNARNA hybrids. By way
of example, RNase H is a cellular endonuclease which cleaves the RNA strand of an RNA DNA
duplex. Activation of RNase H, therefore, results in cleavage of the RNA target, thereby greatly
enhancing the efficiency of IRNA inhubition of gene expression. Consequently, comparable
results can often be obtained with shorter iRNAs when chimenic dsRNAs are used, compared to
phosphorothioate deoxy dsRNAs hybridizing to the same target region. Cleavage of the RNA
target can be routinely detected by gel electrophoresis and, if necessary, associated nucleic acid
hybridization techniques known in the art.

In certain instances, the RNA of an iRNA can be modified by a non-ligand group. A
number of non-ligand molecules have been conjugated to iRNAs tn order to enhance the activity,

cellular distnibution or cellular uptake of the iIRNA | and procedures for performing such
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conjugations are available in the scientific literature. Such non-ligand moieties have included
fipid rooieties, such as cholesterol (Kubo, T. ef af,, Biochem. Biophys. Res. Comm., 2007,
365(1):54-61; Letsinger ef ol | Proc. Nafl. Acad. Sci. USA, 1989, 86:6553), cholic acid

{(Manoharan ef af |, Bioorg. Med. Chem. Lett., 1994, 4.1053)

3, a thioether, e.g., hexyl-S-iritylthiol
{Manoharan ef of |, dnn. NY. Acad Sci., 1992, 660.306; Manoharan et of | Bicorg. Med. Chem.
Let 1993 3:2765), a thiocholesterol (Oberhauser ef ol , Nucl Acids Res., 1992, 20:533), an
aliphatic chain, e.g., dodecandiol or undecy! residues (Saison-Bebmoaras ef af , FAMBOJ., 1991,
10111, Kabanov ef af, FEBS Lett., 1990, 259:327; Svinarchuk er af ., Biochimie, 1993, 75:49), a
phospholipid, e.g., di-hexadecyl-rac-glycerol or triethylarmomonium 1,2-di-O-hexadecyl-rac-
glycero-3-H-phosphonate (Mancharan ef o/, {etrahedron Lett., 1995, 36:3651; Shea er af., Nucl.
Acids Res., 1990, 18:3777), a polyamine or a polyethylene glycol chain (Manoharan ef o/,
Nucleosides & Nucleotides, 1995, 14:969), or adamantane acetic acid {Mancharan ef af |
Tetrahedron Lett, 1995, 36:3651), a palmityl motety (Mishra ef af |, Biochim. Biophys. Acia,
1995, 1264:229), or an octadecylamine or hexylamino-carbonyl-oxycholesterol moiety {Crooke
et al., J. Pharmacol. Fxp, Ther., 1996, 277:923). Representative United States patents that teach
the preparation of such RNA conjugates have been listed above. Typical conjugation protocols
involve the synthesis of an RNAs bearing an aminolinker at one or more positions of the
sequence. The armivo group is then reacted with the molecule being conjugated using
appropriate coupling or activating reagents. The conjugation reaction may be performed either
with the RNA still bound to the solid support or following cleavage of the RNA, in solution

phase. Purtfication of the RNA conjugate by HPLC typically affords the pure conjugate.

V. Delivery of iRNA

The delivery of an iRINA to a subject in need thereof can be achieved in a number of
different ways. /i vive delivery can be performed directly by administering a composition
comprising an iRNA| e.g. a dsRNA, to a subject. Alternatively, delivery can be performed
indirectly by administering one or more vectors that encode and divect the expression of the

itRNA. These alternatives are discussed further below.
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A, Dhrect delivery

o general, any method of delivering a vucleic acid molecule can be adapted for use with
an iIRNA {see e.g., Akhtar 8. and Julian RL. (1992} Trends Cell. Biol 2(5%:139-144 and
WO94/02595, which are incorporated herein by reference in their entiveties). However, there are
three factors that are important to consider in order to successfully deliver an iIRNA molecule in
vivo: {a) biclogical stability of the delivered molecule, (2) preventing non-specific effects, and
(3} accumulation of the delivered molecule in the target tissue. The non-specific effects of an
iRNA can be minimized by local administration, for example by direct injection or implantation
into a tissue {(as a non-hmiting example, the eye) or topically administering the preparation.
Local administration to a treatment site maximizes local concentration of the agent, limits the
exposure of the agent to systernic tissues that roay otherwise be harmed by the ageot or that may
degrade the agent, and permits a lower total dose of the iRNA molecule to be administered.
Several studies have shown successful knockdown of gene products when an iRNA 15
administered locally. For example, intraocular delivery of a VEGF dsRNA by intraviireal
injection in cynomolgus monkeys (Tolentino, M1, ef af (2004) Reting 24:132-138) and
subretinal injections in mice (Reich, 8], er af (2003) Mo/, Vis. 9:210-216) were both shown to
prevent neovascularization in an experimental model of age-related macular degeneration. In
addition, direct intratumoral injection of a dsRNA 1n mice reduces tumor volume (Pille, 1, er af
{2005 Mol Ther. 11:267-274) and can prolong survival of tumor-bearing mice (Kim, Wi, ef of
(2006) Mol Ther. 14:343-350; 14, 8, et o/ (2007 Mol Ther. 15:515-523). RNA interference
has also shown success with local delivery to the CNS by direct injection (Do, G, ef af. {2004)
Nucleic Acids 32:e49; Tan, PH,, ef of (2005) Gene Ther. 12:59-66; Makimura, H., e7 of (2002
BMC Newrosci. 3:18, Shishkina, GT., ef af (2004} Neuroscience 129:521-528; Thakker, ER | ef
af (2004) Proc. Natl. Acad Sci. US4 100:17270-17275; Akaneya,Y ., er af (2005) J.
Newrophysiol 93:594-602) and to the lungs by intranasal administration (Howard, KA, ef af
(2000) Mol. Ther. 14:476-484; Zhang, X, ef af (2004} J. Biol. Chem. 279:10677-10684; Bitko,
Y., ef al (2005) Nat. Med. 11:50-55). For admimstering an IRNA systemically for the treatment
of a disease, the RNA can be moditied or alternatively delivered using a drug delivery system;
both methods act to prevent the rapid degradation of the dsRNA by endo- and exo-nucleases in

VIVG,
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Modification of the RWNA or the pharmaceutical carrier can also permit targeting of the
itRNA composition to the target tissue and avoid undesirable off-target effects. iRNA molecules
can be modified by chemical conjugation to other groups, e.g., a lipid or carbohydrate group as
described herein. Such conjugates can be used to target IRNA to particular cells, e.g., liver cells,
e.g., hepatocytes. For example, GalNAc conjugates or lipid (e.g, LNP} formulations can be used
to target iIRNA to particular cells, e.g, hiver cells, e.g., hepatocytes.

iRNA molecules can also be modified by chemical conjugation to lipophilic groups such
as cholesterol to enhance cellular uptake and prevent degradation. For example, an iRNA
directed against ApoB conjugated to a lipophilic cholesterol moiety was injecied systemically
into mice and resulted in knockdown of apoB mRNA in both the liver and jejunum (Soutschek,
I, ef af (2004) Nature 432:173-178). Conjugation of an iRNA to au aptamer has been shown to
inhthit tumor growth and mediate tumor regression in a mouse model of prostate cancer
{(McNamara, JO, ef ol (2000) Nat. Biotechnol. 24:1005-1015). In an alternative embodiment,
the 1RNA can be delivered using drug delivery systems such as a nanoparticle, a dendrimer, a
polymer, liposomes, or a catiome delivery system. Positively charged cationic delivery systems
facilitate binding of an iRNA molecule (negatively charged) and also enhance interactions at the
negatively charged cell membrane to permit efficient uptake of an iRNA by the cell. Cationic
Hipids, dendrimers, or polymers can either be bound to an 1RNA, or induced to form a vesicle or
micelle (see e.g., Kim SH., e of (2008) Jowrnal of Controlled Release 129(2):107-1106) that
encases an iIRNA. The formation of vesicles or micelles further prevents degradation of the
tRNA when administered systemically. Methods for making and administering cationic~- iRNA
complexes are well within the abilities of one skilled 1n the art (see e.g., Sorensen, DR, e¢r af
{20033 J. Mol Biol 327.761-766; Verma, UN,, ef af (2003} Clin. Cancer Kes. 9:1291-1300;
Arnold, AS ef af (2007 J. Hypertens. 25:197-205, which are incorporated herein by reference in
their entirety}. Some pon-limiting examples of drug delivery systerns useful for systemic
delivery of iRNAs include DOTAP (Sorensen, DR, ef af (2003}, supra; Verma, UN,, er o/
{2003}, supra), Oligofectamine, "solid nucleic acid lipid particles” (Zimmermann, TS, ef o/
{2006} Nature 441:111-114), cardiolipin {Chien, PY ., ef ¢/ (2005) Cancer Gene Ther. 12:321-
328; Pal, A, et af (2005) [t J. Oncol. 26:1087-1091), polyethyleneimine (Bonnet ME | ef of
(2008) Pharm. Res. Aug 16 Epub ahead of print; Aigner, A. (2006} J. Biomed. Biotechnol.
71659}, Arg-Gly-Asp (RGD) peptides (Liy, S. (2006) Mol Pharm. 3:472-487), and
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polyamidoamines {Tomalia, DA | ef af (2007) Biochem. Soc. Trans. 35.61-67;, Yoo, H,, ef af
{1999} Pharm. Res. 16:1799-1804). In some embodiments, an iIRNA forms a complex with
cyclodextrin for systemic administration. Methods for administration and pharmaceutical
compositions of IRNAs and cyclodextring can be found in U S, Patent No. 7,427,605, which 1s

herein incorporated by reference in tfs entirety.

B. Vector encoded iIRNAs

In another aspect, iIRNA targeting MYOC can be expressed from transcription units
inserted into DNA or RNA vectors (see, e.g., Couture, A, ef ol T1G. (1996}, 12:5-10; Skillern,
A, ef al | International PCT Publication No. WO 00/22113, Conrad, International PCT
Publication No. W 00/22114, and Conrad, U.S. Pat. No. 6,054,299}, Expression can be
transient {on the order of hours to weeks) or sustained {weeks to months or longer), depending
upon the specific construct used and the target tissue or cell type. These transgenes can be
introduced as a linear construct, a circular plasmid, or a viral vector, which can be an integrating
or non-integrating vector. The transgene can also be constructed to permit it to be inherited as an
extrachromosomal plasmid {Gassmann, ef af , Proc. Na#l. Acad. Sci. US4 (1995) 92:12923.

The individual strand or strands of an tRNA can be transcribed from a promoter on an
expression vector. Where two separate sirands are to be expressed to generate, for exaruple, a
dsRNA, two separate expression vectors can be co-introduced {e.g., by transfection or infection)
into a target cell. Alternatively, each individual strand of a dsRNA can be transcribed by
promoters both of which are located on the same expression plasmid. In some embodiments, a
dsRINA 1s expressed as an inverted repeat joined by a hinker polynucleotide sequence such that
the dsRNA has a stem and ioop structure.

AniRNA expression vector is typically a DNA plasmid or viral vector. An expression
vector compatible with eukaryotic cells, e.g., with vertebrate cells, can be used to produce
recombinant constructs for the expression of an iIRNA as described herein. Eukaryotic cell
expression vectors are well known in the art and are available from a number of commercial
sources. Typically, such vectors contain convenient restriction sites for insertion of the desired
nucleic acid segment. Delivery of iIRNA expressing vectors can be systemic, such as by

intravenous or intramuscular administration, by administration to target cells ex-planted from the
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patient followed by reintroduction into the patient, or by any other means that aliows for
introduction into a desired target cell.

An iRNA expression plasmid can be transfected into a target cell as a complex with a
cationic lipid carrier {e.g., Oligofectamine) or a non-cationic liptd-based carrier (e.g.,
Transit-TKO™). Multiple lipid transfections for IRNA-mediated knockdowns targeting
different regions of a target RINA over a period of a week or more are also contemplated by the
disclosure. Successful introduction of vectors into host cells can be monitored using various
known methods. For example, transient transfection can be signaled with a reporter, such as a
fluorescent marker, such as Green Fluorescent Protein (GFP). Stable transfection of cells ex vivo
can be ensured using markers that provide the transfected cell with resistance to specific
environmental factors (e.g., antibiotics and drugs), such as hygromycin B resistance.

Viral vector systems which can be utilized with the methods and compositions described
herein include, but are not himited to, {(a) adenovirus vectors; {(b) retrovirus vectors, including but
not fimited to lentiviral vectors, moloney murine leukemia virus, efc.; (¢} adeno-~ associated virus
vectors; {d) herpes simplex virus vectors; (¢} SV40 vectors; (£} polyoma virus vectors;

{2} papilloma virus vectors; (h) picormnavirus vectors; {1} pox virus vectors such as an orthopox,
e.g., VacCinia virus vectors or avipox, e.g. canary pox or fowl pox; and (}) a helper-dependent or
gutless adenovirus, Replication-defective viruses can also be advantageous. Different vectors
wiil or will not become incorporated into the cells” genome. The constructs can include viral
sequences for transtection, if desired. Alternatively, the construct may be incorporated into
vectors capable of episomal replication, e.g EPV and EBV vectors. Constructs for the
recombinant expression of an iIRNA will generally require regulatory elements, e.g., promoters,
enhancers, efc., to ensure the expression of the iIRNA in target cells. Other aspects to consider
for vectors and constructs are further described below,

Vectors useful for the delivery of an iIRNA will include regulatory elements {promoter,
enhancer, efc.) sufficient for expression of the iIRNA in the desired target cell or tissue. The
regulatory elements can be chosen to provide either counstitutive or regulated/inducible
expression.

Expression of the iIRNA can be precisely regulated, for example, by using an inducible
regulatory sequence that is sensitive to certain physiological reguiators, e.g., circulating glucose

levels, or hormones (Docherty ef af, 1994, FASER J. 8:20-24). Such inducible expression
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systems, suitable for the control of dsRNA expression in cells or in mammals include, for
example, regulation by ecdysone, by estrogen, progesterone, tetracycline, chemical inducers of
dimerization, and isopropyl-B-D1-thiogalactopyranoside (IPTG). A person skilled in the art
would be able to choose the appropriate regulatory/promoter sequence based on the intended use
of the iIRNA transgene.

In a specific embodiment, viral vectors that contain nucleic acid sequences encoding an
tRNA can be used. For example, a retroviral vector can be used {(see Miller ef of | Meth.
Fnzvimol 217:581-599 (1993}, These retroviral vectors contain the components necessary for
the correct packaging of the viral genome and integration into the host cell DNA. The nucleic
acid sequences encoding an iRNA are cloned into one or more vectors, which facilitates delivery
of the nucleic acid into a patient. More detail about retroviral vectors can be found, for example,
in Boesen ef ol | Biotherapy 6:291-302 (1994), which describes the use of a retroviral vector to
deliver the mdrl gene to hematopotetic ster cells in order to make the stem cells more resistant
to chemotherapy. Other references illustrating the use of retroviral vectors in gene therapy are:
Clowes ef ol J. Clin. Invest. 93:644-651 (1994); Kiem ef ol , Blood §83:1467-1473 (1994,
Salmons and Gunzberg, Human Gene Therapy 4:129-141 (1993); and Grossman and Wilson,

~

Curr. Opin. in Genetics and Devel 3:110-114 (1993). Lentiviral vectors contemplated for use

and 5,981,276, which are herein incorporated by reference.

Adenoviruses are also conternplated tor use in delivery of iIRNAs. Adenoviruses are
especially attractive vehicles, e.g., for delivering genes to respiratory epithelia. Adenoviruses
naturally infect respiratory epithelia where they cause a mild disease. Other targets for
adenovirus-based delivery systems are liver, the central nervous system, endothelial cells, and
muscle. Adenoviruses have the advantage of being capable of intecting non-dividing cells
Kozarsky and Wilson, Crrrent Opinion in Genetics and Development 3.499-503 (1993) present
a review of adenovirus-based gene therapy. Bout ef o/, Humuan Gene Therapy 5:3-10 (1994}
demonstrated the use of adenovirus vectors to transter genes to the respiratory epithelia of rhesus
monkeys. Other instances of the use of adenoviruses in gene therapy can be found in Rosenfeid
et af., Science 252:431-434 (1991); Rosenfeld ef af | Cefl 68:143-155 (1992}, Mastrangeli 7 af
S Clin. Invest. 91:225-234 (1993}, PCT Publication W094/12649; and Wang, ef al., Gene
Therapy 2:775-783 {1995). A suitable AV vector for expressing an iIRNA featured in the
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disclosure, a method for constructing the recombinant AV vector, and a method for delivering
the vector into target cells, are described 1n Xia H ef af (2002), Nat. Biotech. 20: 1606-1010,

Use of Adenc-associated virus {AAV) vectors is also contemplated (Walsh ef o/, Proc.
Soc. Fxp. Biol Med. 204:289-300 (1993); U.S. Pat. No. 5,436,146}, In some embodiments, the
iRNA can be expressed as two separate, complementary single-stranded RNA molecules from a
recombinant AAV vector having, for example, either the U6 or Hi RNA promoters, or the
cytomegalovirus (CMV) promoter. Suitable AAYV vectors for expressing the dsRNA featured 1
the disclosure, methods tor constructing the recombinant AV vector, and methods for delivering
the vectors 1nto target cells are described 1n Samulski R er af. (1987}, J. Virol 61: 3096-3101;
Fisher K J ef af. {1996), J. Virol, 70: 520-532; Samulski R ez o {1989}, J Viral 63: 3822-382¢;
USRS Pat No. 5,252,479, U.S. Pat. No. 5,139,941 International Patent Application No. WO
94/13788; and International Patent Application No. WO 93/24641, the entire disclosures of
which are herein incorporated by reference.

Another typical viral vector 13 a pox virus such as a vaccinia virus, for example an
atteniuated vaccinia such as Modified Virus Ankara (MVA) or NYVAC, an avipox such as fowl
POX OF CaNary pox.

The tropism of viral vectors can be modified by pseudotyping the vectors with envelope
proteins or other surface avtigens from other viruses, or by substituting different viral capsid
proteins, as appropriate. For example, lentiviral vectors can be pseudotyped with surface proteins
from vesicular stomatitis virus {VSV), rabies, Ebola, Mokola, and the ke, AAV vectors can be
made to target different cells by engineering the vectors to express different capsid protein
serotypes; see, e.g., Rabinowitz J E ef af. (2002), J Viral 76:791-801, the entire disclosure of
which is herein incorporated by reference.

The pharmaceutical preparation of a vector can include the vector in an acceptable
diluent, or can include a slow release matrix 1o which the gene delivery vehicle is imbedded.
Alternatively, where the complete gene delivery vector can be produced intact from recombinant
cells, e.g., retroviral vectors, the pharmaceutical preparation can include one or more cells which

produce the gene delivery system.
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Vi Pharmaceutical compositions containing iIRNA

o some embodiments, the disclosure provides pharmaceutical compositions containing
an iIRNA, as described herein, and a pharmaceutically acceptable carrier. The pharmaceutical
composition countaining the iIRNA is useful for treating a disease or disorder related to the
expression or activity of MYOC (e.g., glaucoma, e.g., primary open angle glaucoma (POAG)).
Such pharmaceutical compositions are formulated based on the mode of delivery, Tn some
embodiments, compositions can be formulated for localized delivery, e.g., by intraccular
delivery {(e.g., intravitreal administration, e.g., intravitreal injection; transscleral administration,
e.g., transscleral injection; subconjunctival admirustration, e .g., subconjunctival injection,
retrobulbar administration, e.g., retrobulbar injection; intracameral administration, e.g.,
intracameral injection; or subretival administration, e.g, subretinal injection).  In other
embodiments, compositions can be formulated for topical delivery. In anocther example,
compositions can be formulated for systemic administration via parenteral delivery, e.g., by
intravenous (IV) delivery. In some embodiments, a composition provided herein {e.g., a
composition comprising a GalNAc conjugate or an LNP formulation) is formulated for
intravenous delivery.

The pharmaceutical compositions featured herein are administered in a dosage sufficient
to 1ohibit expression of MYOC, In general, a suitable dose of iIRNA will be in the range of 0.01
to 200.0 milligrams per kilogram body weight of the recipient per day. The pharmaceutical
composition may be administered once daily, or the iRNA may be administered as two, three, or
more sub-doses at appropriate intervals throughout the day or even using continuous infusion or
delivery through a controlled release formulation. Tn that case, the iRNA contained in each
sub-dose must be correspondingly smaller in order to achieve the total daily dosage. The dosage
unit can also be compounded for delivery over several days, e.g., using a conventional sustained
release formulation which provides sustained release of the IRNA over a several day period.
Sustained release formulations are well known in the art and are particularly useful for delivery
of agents at a particular site, such as can be used with the agents of the present disclosure. In this
embodiment, the dosage unit contains a corresponding multiple of the daily dose.

The etfect of a single dose on MYOC levels can be long lasting, such that subsequent
doses are administered at not more than 3, 4, or S-day intervals, or at not morethan 1, 2, 3, 4, 12,

24, or 36-week intervals.
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The skilied artisan will appreciate that certain factors may influence the dosage and
tuming requited to effectively treat a subject, including but not limited to the severity of the
disease or disorder, previous treatments, the general health and/or age of the subject, and other
diseases present. Moreover, treatruent of a subject with a therapeutically effective amount of a
compaosttion can include a single treatment or a series of treatments. Hstimates of effective
dosages and i vive half-lives for the individual iIRNAs encompassed by the disclosure can be
made using conventional methodologies or on the basis of in vive testing using a suitable animal
model.

A suttable arumal model, e.g., a roouse or a cynomolgus monkey, e.g., an avimal
containing a transgene expressing human MYOC, can be used to determine the therapeutically
effective dose and/or an effective dosage regimen adminisiration of MYQC siRNA.

The present disclosure also includes pharmaceutical compositions and formulations that
include the IRNA compounds featured herein. The pharmaceutical compositions of the present
disclosure may be administered in a number of ways depending upon whether local or systemic
treatrnent 15 desired and upon the area to be treated. Administration may be local {e.g., by
intraccular injection), topical {e.g., by an eye drop solution}, or parenteral. Parenteral
administration includes intravenous, intraarterial, subcutanecus, intraperitoneal or intramuscular
injection or nfusion; subdermal, e.g., via an implanted device; or intracranial, ez, by
intraparenchymal, intrathecal, or intraventricular administration.

Pharmaceutical compositions and formulations for topical administration may include
transdermal patches, ointments, lotions, creams, gels, drops, suppositories, sprays, hquids and
powders. Conventional pharmaceutical carriers, aqueous, powder or oily bases, thickeners and
the like may be necessary or desirable. Coated condoms, gloves aund the like may also be useful.
Suitable topical formulations mnclude those in which the iRNAs featured in the disclosure are in
admixture with a topieal delivery agent such as lipids, liposomes, fatty acids, fatty acid esters,
steroids, chelating agents and surfactants. Suitable lipids and liposomes include neutral (e.g,
dioleoyiphosphatidyl DOPE ethanolamine, dimyristoylphosphatidyl choline DMPC,
distearolyphosphatidyi choline) negative {e.g., dimyristoylphosphatidyl glycerol DMPG) and
cationic {e.g., dioleoyltetramnethylaminopropyl DOTAP and dioleoylphosphatidyl ethanolamine
DOTMA) iIRNAs featured in the disclosure may be encapsulated within liposomes or may form

complexes thereto, in particular to cationic hiposomes. Alternatively, iRNAs may be complexed
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to lipids, in particular to cationic lipids. Suitable fatty acids and esters include but are not limited
to arachidomic acid, oleic acid, eicosanoic acid, lauric acid, caprylic acid, capric acid, myristic
acid, palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein,
dilaurin, glyceryl T-monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine, an
acyicholine, or a Cigo allyl ester (e.g., isopropylmyristate IPM}, monoglyceride, diglyceride or
pharmaceutically acceptable salt thereof. Topical formulations are deseribed in detail in U5,

Patent No. 6,747,014, which 1s incorporated herein by reference.

A Linosomal formulations

There are many organized surfactant structures besides microemulsions that have been
studied and used for the formulation of drugs. These include monolayers, micelles, bilayers and
vesicles. Vesicles, such as liposomes, have attracted great interest because of their specificity
and the duration of action they offer from the standpoint of drug delivery. As used in the present
disclosure, the term "liposome” means a vesicle composed of amphiphilic lipids arranged in a
spherical bilayer or bilayers.

Liposomes are unilamellar or multifamellar vesicles which have a membrane formed
from a lipophilic material and an aqueous interior. The agueous portion contains the
composition to be delivered. Cationic lposomes possess the advantage of being able to fuse to
the cell wall. Non-cationic liposomes, although not able to fuse as efficiently with the cell wall,
are taken up by macrophages i vivo.

in order to traverse intact mammalian skin, lipid vesicles must pass through a sernies of
fine pores, each with a diameter less than 50 nm, under the influence of a suitable transdermal
gradient. Theretore, it is desirable 10 use a liposome which is highly deformable and able to pass
through such fine pores.

Further advantages of liposomes include; liposomes obtatned from natural phospholipids
are biocompatible and biodegradable; liposomes can incorporate a wide range of water and lipid
soluble drugs; liposomes can protect encapsulated drugs in their internal compartments from
metabolism and degradation (Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.}, 1988, Marcel Dekker, Inc., New York, N Y, volume 1, p. 245). Important
counsiderations in the preparation of liposome formulations are the lipid surface charge, vesicle

size and the agueous volume of the liposomes.
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Liposomes are useful for the transfer and delivery of active ingredients to the site of
action. Because the liposomal membrane is structurally sumilar to biological membranes, when
liposomes are applied to a tissue, the liposomes start to merge with the cellular membranes and
as the merging of the liposome and cell progresses, the liposomal contents are emptied into the
cell where the active agent may act.

Liposomal formulations have been the focus of extensive investigation as the mode of
delivery for many drugs. There is growing evidence that for topical administration, liposomes
present several advantages over other formulations. Such advantages include reduced side-
effects related to high systemic absorption of the admunistered drug, increased accumulation of
the administered drug at the desired target, and the ability to administer a wide variety of drugs,
both hydrophilic and hydrophobic, into the skin.

Several reports have detailed the ability of liposomes to deliver agents including high-
molecular weight DNA into the skin. Compounds including analgesics, antibodies, hormones
and high-molecular weight DNAs have been administered to the skin. The majority of
applications resulted in the targeting of the upper epidermis

Liposomes fall into two broad classes. Cationic liposomes are positively charged
liposomes which interact with the negatively charged DNA miolecules to form a stable complex.
The positively charged DNA/Liposome complex binds to the negatively charged celi surface and
is internalized in an endosome. Due to the acidic pH within the endosome, the liposomes are
ruptured, releasing their contents wnto the cell cytoplasm (Wang ef af |, Biochem. Biophys. Kes.
Commumn., 1987, 147, 980-985}.

Liposomes which are pH-sensitive or negatively charged, entrap DNA rather than
complex with it. Since both the DNA and the lipid are similarly charged, repulsion rather than
complex formation occurs. Nevertheless, some DNA 1s entrapped within the agueous interior of
these liposomes. pH-seusitive liposomes have been used to deliver DNA encoding the thymidine
kinase gene to cell monolayers in culture. Expression of the exogenous gene was detected in the
target cells (Fhou er af ., Jomornad of Controlled Release, 1992, 19, 269-274).

One major type of liposomal compaosition includes phospholipids other than naturally
derived phosphatidylcholine. Neutral liposome compositions, for example, can be formed from
dimyristoy! phosphatidylcholine (BMPC) or dipalmitoyl phosphatidylcholine (DPPC). Anionic

liposome compositions generally are formed from dirnyristoyl phosphatidylglycerol, while
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anionic fusogenic liposomes are formed primarily from dicleoy! phosphatidylethanolamine
(DOPE). Another type of liposomal composition is formed from phosphatidyicholine (PC) such
as, for example, soybean PC, and egg PC. Another type is formed from mixtures of
phospholipid and/or phosphatidylcholine and/or cholesterol.

Several studies have assessed the topical delivery of liposomal drug formulations to the
skin. Application of liposomes containing interferon to guinea pig skin resulted in a reduction of
skin herpes sores while delivery of interferon via other means {e.g., as a solution or as an
emulsion} were ineffective (Weiner e af ., Jouwrnal of Drug Targeting, 1992, 2, 405-410).
Further, an additional study tested the efficacy of interferon administered as part of a liposomal
formulation to the administration of interferon using an aqueous system, and concluded that the
fiposomal formulation was superior to aqueous administration (du Plessis ef of ., Antivirad
Research, 1992, 18, 259-265).

Mon-tonic liposomal systems have also been examined to determine their utility in the
delivery of drugs to the skin, in particular systems comprising non-ionic surfactant and
cholesterol. Non-ionic liposomal formulations comprising Novasome ™ I (glyceryl
diaurate/cholesterol/polyoxyethylene-10-stearyl ether) and Novasome ™ I (glyceryl
distearate/cholesterol/polyoxyethylene-10-stearyl ether) were used to deliver cyclosporin-A into
the dermis of mouse skin. Results indicated that such non-ionic liposomal systems were
effective in facilitating the deposition of cyclosporin-A into different layers of the skin (Hu ef al.
STPR. Pharma. Sci., 1994, 4, 6, 466).

Liposomes also include “sterically stabilized” liposomes, a term which, as used herein,
refers to liposomes comprising one or more specialized hipids that, when incorporated into
liposomes, result in enhanced circulation lifetimes relative to liposomes lacking such specialized
lipids. Examples of sterically stabilized lposomes are those in which part of the vesicle-forming
fipid portion of the liposome (A) comprises one or more glycolipids, such ag
monoesialoganglioside G, or {(B) is derivatized with one or more hydrophilic polymers, such as
a polyethylene glycol (PEG) moiety. While not wishing to be bound by any particular theory, it
is thought in the art that, at least for sterically stabilized liposomes containing gangliosides,
sphingomyelin, or PEG-derivatized lipids, the enhanced circulation half-life of these sterically
stabilized liposomes derives from a reduced uptake into cells of the reticuloendothelial system

(RES) (Allen ef af |, FEBS Letters, 1987, 223, 42, Wu et af , Cancer Research, 1993, 53, 3765).
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Various liposomes comprising one or more glycolipids are known in the art.
Papahadijopoulos ef af. (4nn. N.¥. Acad. Sci., 1987, 507, 64) reported the ability of
monosialoganglioside G, galactocerebroside sulfate and phosphatidylinositol to improve blood
half-lives of liposomes. These findings were expounded upon by Gabizon ef of. (Froc. Nail.
Acad Sci. US.A., 1988, 8BS, 69493 U.S. Pat. No. 4,837,028 and WO 88/04924, both to Allen ef
af., disclose liposomes comprising (1) sphingomyelin and (2) the ganglioside Gy or a
galactocerebroside sulfate ester. 1S, Pat. No. 5,543,152 (Webb ef o/ ) discloses Hiposomes
comprising sphingomyelin. Liposomes comprising | 2-sn-dimnyristoylphosphatidyicholine are
disclosed in WO 97/13499 (Lim ef af).

Many liposomes comprising lipids derivatized with one or more hydrophilic polymers,
and methods of preparation thereof, are known in the art. Sunamoto ef of (Bull. Chem. Soc.
Jpn., 1980, 53, 2778} described liposomes comprising a nonionic detergent, 2Cn1sg, that
contains a PEG motety. Blum ef af (FEBS Lett., 1984, 167, 79) noted that hydrophilic coating
of polystyrene particles with polvmeric glycols results in significantly enhanced blood half-lives.
Synthetic phospholipids modified by the attachment of carboxylic groups of polyalkylene
glycols {e.g., PEG) are described by Sears (U5, Pat. Nos. 4,426,330 and 4,534,899}, Klibanov
et al (FEBS Left., 1990, 268, 235} described experiments demonstrating that liposomes
comprising phosphatidylethanolamine (PE) derivatized with PEG or PEG stearate have
significant increases in blood circulation half-lives. Blume er af. (Biochimica et Biophysica Acta,
1990, 1029, 91) extended such observations to other PEG-denvatized phospholipids, e.g,, DSPE-
PEG, formed from the combination of distearoylphosphatidyicthanolaming (BSPE) and PEG
Liposomes having covalently bound PEG moieties on their external surface are described in
Furopean Patent No. EP 0 445 131 B1 and W 90/04384 1o Fisher. Liposome compositions
containing 1-20 mole percent of PE derivatized with PEG, and methods of use thereof, are
described by Woodle ef af (U5, Pat. Nos. 5,013,556 and 5,356,633 ) and Martin ef o/ (U5, Pat.
No. 5,213,804 and European Patent No. EP 0 406 813 B1}. Liposomes comprising a number of
other lipid-polymer conjugates are disclosed in WO 91/05545 and U.S. Pat. No. 5,225,212 (both
to Martin ef ¢of ) and in WO 94/20073 (Zalipsky er ol ). Liposomes comprising PEG-modified
ceramide lipids are described in WO 96/10391 (Chot e¢r af). US. Pat. No. 5,540,935 (Miyazaki ef
al yand U.S. Pat. No. 5,556,948 (Tagawa ef al } describe PEG-containing liposomes that can be

further denvatized with functional moieties on their surfaces.
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A number of liposomes comprising nucleic acids are known in the art. WO 96/40062 to
Thierry ef of. discloses methods for encapsulating high molecular weight nucleic acids n
liposomes. U.S. Pat. No. 5,264,221 to Tagawa ¢7 o/ discloses protein-bonded liposomes and
asserts that the countents of such liposomes may nclude a dsRNA. U.S. Pat. No. 5,665,710 to
Rahman ef af describes certain methods of encapsulating oligodeoxynucleotides in liposomes.
WO 97/04787 to Love ef of. discloses liposomes compnsing dsRNAs targeted to the raf gene.

Transfersomes are vet another type of liposomes, and are highly deformable lipid
aggregates which are attractive candidates for drug delivery vehicles. Transtersomes may be
described as lipid droplets which are so highly deformabie that they are easily able to penetrate
through pores which are smaller than the droplet. Transfersomes are adaptable to the
envirorment in which they are used, e.g., they are self-optimizing (adaptive to the shape of pores
in the skin}, self-repairing, frequently reach their targets without fragmenting, and often self-
loading. To make transfersomes it 1s possible to add surface edge-activators, usually surfactants,
to a standard liposomal composition. Transfersomes have been used to deliver serum albumin to
the skin. The transfersome-mediated delivery of serum albumin has been shown to be as
effective as subcutaneous injection of a solution containing serum albumin.

Surfactants find wide application in formulations such as emulsions (including
microemulsions) and iposomes. The most common way of classifying and ranking the
properties of the many different types of surfactants, both natural and synthetic, is by the use of
the hydrophile/lipophile balance (HLB). The nature of the hydrophilic group (also knowu as the
"head"} provides the most useful means for categorizing the different surfactants used in
formulations (Rieger, in Pharmaceuntical Dosage Forms, Marcel Dekker, Inc, New York, NY |
1988, p. 285),

It the surfactant molecule 1s not ionized, 1t 15 classitied as a nonionic surfactant. Nonionic
surfactants find wide application in pharmaceutical and cosmetic products and are usable over a
wide range of pH values. In general, their HLB values range from 2 to about 18 depending on
their structure. Nontonice surfactants include noniounic esters such as ethylene glycol esters,
propylene glycol esters, glyveeryl esters, polyglyceryl esters, sorbitan esters, sucrose esters, and
ethoxylated esters. Nonmjonic alkanolamides and ethers such as fatty alcohol ethoxylates,

propoxylated alcobols, and ethoxylated/propoxylated block polymers are also included in this
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class. The polyoxyethylene surfactants are the most popular members of the nonionic surfactant
class.

If the surfactant molecule carries a negative charge when it is dissolved or dispersed in
water, the surfactant 1s classified as anionic. Anjonic surfactants include carboxylates such as
soaps, acyl lactylates, acyl amides of amino acids, esters of sulfuric acid such as atkyl sulfates
and ethoxylated alloyl sulfates, sultonates such as alkyl benzene sulfonates, acyl isethionates,
acyl taurates and suifosuccinates, and phosphates. The most important members of the anionic
surfactant class are the altkyl sulfates and the soaps.

If the surfactant molecule carries a positive charge when it is dissolved or dispersed o
water, the surfactant is classified as cationic. Cationic surfactants include quaternary ammonium
salts and ethoxylated amines. The quaternary ammonium salts are the most used members of
this class.

If the surfactant molecule has the ability to carry either a positive or negative charge, the
surfactant is classified as amphoteric. Amphoteric surtfactants include aceylic acid derivatives,
substituted alkylamides, N-alkylbetaines and phosphatides.

The use of surfactants in drug products, formulations and in emulsions has been reviewed

(Rieger, in Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York, N.Y , 1988, p. 285},

B. Nucleic acid lipid particles

In some embodiments, a MYOC dsRNA featured 1n the disclosure is fully encapsulated
in the lipid formuldation, e.g., to form a SPLP, pSPLP, SNALP, or other nucleic acid-lipid
particle. SNALPs and SPLPs typically contain a cationic lipid, a non-cationic lipid, and a lipid
that prevents aggregation of the particle {e.g., a PEG-lipid conjugate). SNALPs and SPLPs are
extremely usetul for systemic applications, as they exhubit extended circulation lifetimes
following intravenous (1.v.} injection and accumulate at distal sites {e.g., sites physically
separated from the administration site). SPLPs include “pSPLP,” which include an encapsulated
condensing agent-nucieic acid complex as set forth in PCT Publication No. WO 00/03683. The
particles of the present disclosure typically have a mean diameter of about 50 nm to about 150
nm, more typically about 60 nm to about 130 nm, more typically about 70 nm to about 110 nm,
most typically about 70 nm to about 90 nm, and are substantially nontoxic. In addition, the

nucleic acids when present in the nucleic acid- lipid particles of the present disclosure are
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resistant in aqueous solution to degradation with a nuclease. Nucleic acid-lipid particles and
their method of preparation are disclosed in, e.g., U.S. Patent Nos. 5,976,567, 5,981,501,
6,534,484; 6,586,410; 6,815,432, and PCT Publication No. W0 96/40904,

In some embodiments, the lipid to drug ratio (imass/mass ratio) {e.g,, lipid to dsRNA
ratio} will be in the range of from about 1:1 to about 50:1, from about 1:1 to about 251, from
about 3:1 to about 15:1, from about 4:1 to about 10:1, from about 5:1 to about 9.1, or about 6:1
to about 9:1.

The cationic lipid may be, for example, N N-dioleyl-N, N-dimethylammonium chloride
(DODAC), N N-distearyl-N,N-dimethylammounium bromide (DDAB), N-(I (2,3~
dioleoyloxy)propyl }-N, N N-trimethylammonium chloride (DOTAP), N-(1 (2.3~
dioleyloxypropyl 3-N, N N-trimethylammonium chlonde (BOTMA), N N-dimethyl-2,3-
dioleyioxyjpropylamine (DODMA), 1,2-Dilincleyloxy-N,N-dimethylaminopropane
(DLinDMA), 12-Dilinolenyloxy-IN, N-dimethylaminopropane (DLenDMA), 1,2-
Dilinoleyicarbamovioxy-3-dimethylaminopropane (DLin-C-DAP), 1,2-Dilinoleyoxy-3-
{dimethylaminoacetoxypropane (DLin-DAC), 1,2-Dilinoleyoxy-3-morpholinopropane (DLin-
MA}, 1,2-Dilinolecyl-3-dimethylaminopropane (DLinDAP), 1,2-Dilinoleylthio-3-
dimethylaminopropane (DLin-8-DMA), 1-Linoleoyl-2-lincleyloxy-3-dimethylaminopropane
(DLn-2-DMAP), 1,2-Dilinoleyloxy-3-trumethylaminopropane chloride salt (DLin-TMA Cl),
1,2-Dilinoleoyl-3-trimethylaminopropane chloride salt (BLin-TAP.Cl), 1,2-Dilinoleyloxy-3-(IN-
methylpiperazinojpropane (DLn-MPZ), or 3-(N,N-Dilinoleylamino)-1,2-propanediol (DLinAP),
3N N-Dioleylamino)-1,2-propanedio (DOAP), 1,2-Dilincleyloxo-3-(2-N)N-
dimethylaminojethoxypropane (DLin-EG-DMA}, 1 2-Dilinolenyloxy-N, N-
dimethylaminopropane (DLinDMA}, 2,2-Bilinolevi-4-dimethylaminomethyt-[ 1,3 }-dioxolane
{(DLin-K-DMA) or analogs thereof, (3aR,55,6a8)-N, N-dimethyl-2 2-di({97,127 }-octadeca-9,12-
dienyhitetrahydro-3aH-cyclopenta{df 1,3]dioxol-5-amine {ALNI00)}, (67,97,2872,317)-
heptatriaconta-0,9,28,3 1-tetraen-19-vl 4-(dimethylamino}butanoate (MC3}), 1,17-(2-(4-{2-((2~
{bis(Z-hydroxydodecyhamino)ethyl ¥ 2-hydroxydodecylamino)ethylpiperazin-1-
vhethylazanediyldidodecan-2-ol {Tech G1}, or a mixture thereof. The cationic lipid may
comprise from about 20 mol % to about 50 mol % or about 40 mol % of the total lipid present in

the particle.

128



923

10

15

20

25

CA 03224868 2023-12-19

WO 2023/278406 PCT/US2022/035266

In some embodiments, the compound 2,2-Dilinoleyi-4-dimethylaminoethyl-{1,3]-
dioxolane can be used to prepare lipid-siRNA nanoparticles. Synthesis of 2,2-Dilinoleyi-4-
dimethylaminoethyl-[1,3]-dioxolane is described in United States provisional patent application
number 61/107,998 filed on October 23, 2008, which is herein incorporated by reference.

In some embodiments, the lipid-siRNA particle includes 40% 2,2-Bilincleyl-4-
dimethylaminoethyl-[1,3}-dioxolane: 10% DSPC: 40% Cholesterol: 10% PEG-C-DOMG {mole
percent) with a particle size of 63.0 + 20 nm and a 0.027 siRNA/Lipid Ratio.

The non-cationic lipid may be an anionic lipid or a neutral lipid including, but not limited
to, distearoylphosphatidylcholine (DSPC), dioleoylphosphatidylcholine (DOPC),
dipalmitoylphosphatidvicholine (DPPC), dicleoylphosphatidylglycersl (DOPG),
dipalmitoyiphosphatidylglycerol (DPPG), dioleoyi-phosphatidylethanolamine (DOPE),
palmitoyloleoylphosphatidyicholine (POPC), palmitoyloleoyiphosphatidylethanolamine (POPE),
dioleoyl- phosphatidyiethanolamine 4-(N-maleimidomethyl j-cyelohexane-i- carboxylate (DOPE-
mal), dipalmitoyl phosphatidy! ethanolamine (DPPE), dimynstoyiphosphoethanclamine
(DMPE), distearoyl-phosphatidyl-ethanolamine (DSPE), 16-O-monomethyl PE, 16-O-dimethyl
PE, 18-1 -trans PH, 1 -stearoyl-2-oleoyl- phosphatidyethanolamine (SOPE}, cholestercl, ora
mixture thereof. The non-cationic lipid may be from about 5 mol % to about 90 mol %, about 10
mol %, or about 58 mol % if cholesterol is included, of the total lipid present in the particle.

The conjugated lipid that inhibits aggregation of particles may be, for example, a
polyethyleneglycol (PEG)-lipid including, without limitation, a PEG-diacylglyeerol (DAG), a
PEG-dialkyloxypropyl (IDAA}, a PEG-phospholipid, a PEG-ceramide (Cer), or a mixture thereof.
The PEG-DAA conjugate may be, for example, a PEG-dilauryloxypropyl (Cia), a PEG-
dimyristyloxypropyt {(Cis), a PEG-dipalmityloxypropyl (Cig), or a PEG- distearyloxypropyl
{Clz). The conjugated lipid that prevents aggregation of particles may be from 0 mol % to about
20 mol % or about 2 mol % of the total lipid present in the particle.

In some embodiments, the nucleic acid-lipid particle further includes cholesterol at, e.g.,
about 10 mol % to about 60 mol % or about 48 mol % of the total hipid present in the particle.

In some embodiments, the iIRNA is formulated in a lipid nanoparticie (LNP).
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INFOI

o some embodiments, the hiptdoid NDO&-4HCT (MW 1487) (see U S Patent Application

No. 12/056,230, filed 3/26/2008, which is herein incorporated by reference ), Cholesterol (Sigma-

Aldrich), and PEG-Ceramide C16 (Avanti Polar Lipids) can be used to prepare hipid-dsRNA

923

nanoparticles {e.g., LNPO1 particles). Stock solutions of each in ethanol can be prepared as

follows: ND98, 133 mg/ml; Cholesterol, 25 mg/ml, PEG-Ceramide C16, 100 mg/ml. The ND9§,

Cholesterol, and PEG-Ceramide C16 stock solutions can then be combined in a, e.g, 42:48:10

molar ratic. The combined lipid solution can be mixed with agueous dsRNA {e.g., in sodium

acetate pH 3) such that the final ethanol concentration is about 35-45% and the final sodium
10 acetate concentration is about 100-300 mM. Lipid-dsRNA nanoparticles typically form

spontaneously upon mixing. Depending on the desired particle size distribution, the resultant

nanoparticle mixture can be extruded through a polycarbonate membrane {e.g., 100 nm cut-off)

using, for example, a thermobarrel extruder, such as Lipex Extruder (Northern Lipids, In¢). In

some cases, the extrusion step can be omitted. FHihanol removal and simultansous buffer

15 exchange can be accomplished by, for example, dialysis or tangential flow filtration. Buffer can

be exchanged with, for example, phosphate buffered saline (PBS) at about pH 7, e.g., about pH

6.9, about pH 7.0, about pH 7.1, about pH 7.2, about pH 7.3, or about pH 7.4

H
Qj/ A NP e NP g

/’W%’“\/“\N/L\/\NWN\/NNNNV/\\H/N\«

/
MND9E Isomer |

20 Formula 1

ENPOT formulations are described, e.g., in International Application Publication
No. WO 2008/042973, which is hereby incorporated by reference.
Additional exemplary hipid-dsRNA formulations are provided in the following table.

25
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Table 4: Fxemplarvy linid formulations

cationic lipid/non-cationic
Cationic Lipid lipid/cholestersl/PEG-lipid conjugate
Lipid:siRNA ratie

DLnDMADPPC/Cholesterol/PEG-
1.2-Dilinolenyioxy -1, N- cDMA

dimethylaminopropace (DLinDMA) (37 1/7.1734.4/1 .4)

hpid siBRNA ~ 71

SNALP

o , ) XTC/DPPC/Cholesterol/PEG-cDMA
2,2-Dilinoleyi-4-dimethyvlaminoethyl-

S XTC . v 57.3/7.1/344/1 4
{1,3}-dioxclane (XTC) o
hipidisiRNA ~ 701

) ) ) XTC/DSPC/Cholesterol/ PEG-DMG
2.2-Bilinoleyi-4-dimethylaminoethyl-

ENPGS ) STE/T5/31.53.5
{1,3]-dioxolanc (XTC) )
IipidisiRNA ~ 6:1

XTC/DSPC/Cholestercl/ PEG-DMG
2.2-Dilinoleyvi-4-dimethylaminocthyl-

LNpOs | ) 57.5/7.5/31.5/3.5
{1.3]-dioxolane (XTC) o
lipid:siRNA ~ 1101

XTC/DSPC/Cholesterol/PEG-DMG
2,2-Dilinolevi-4-dimethviaminoethyl-

LNPG7 | 60/7.5/31/1 5,
{1.3]-dioxclane (XTC) o
hipid:siRNA ~ 6:1

. , ) XTC/DSPC/Cholesterol/PEG-DMG
2. 2-Dilinoleyi-4-dimethylaminoethyl-

LNPOS 60/7.5/38/1.5,
{1,3}-dioxclane (XTC) o
hprd:siRNA ~ 111

N , ) XTC/DEPC/Cholesterol/PEG-DMG
2. 2-Prilinoleyi-4-dimethyvlaminoethyl-

LNPgY ) v S0/10/38.5/1.5
{1,3}~dioxolane (XTC) o
Lipid:siRNA 10:1

{3aR.55.6aS5)-N, N-dimethyl-2,2-

di{(9Z, 122y -octadeca-9, 12~ ALNIGS/DSPC/ Cholestero/PEG-DMG
LNPID | dicnyDietrabiydro-3aH- 50/10G/38.5/1.5

cyclopentaldff 1.3 ]dioxol-5-amine Lipid siRNA 10:1

{(ALN100)

(64.92.287. 31 Zy-heptatriaconta- MC-3/GSPC/Cholesterol/PEG-DMG
LNP11 | 6,928 3 -tetraen-19-y1 4- 30/10/38.5/1.5

{(dimethylaminc)butancate (MC3) LipidisiRNA 100
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LNPI2

E (24~ 2-((2~(bis(2-
hydroxydodecyiyaminojethyh(2-
hyvdroxydodecyhaminojethyhipipetazin-
t-vhethyvlazanedivhdidodecan-2-of

(C12-200)

C12-200/DSPC/Cholesterol/PEG-DMG
50/10/38.5/1.5

Lipid:siRNA 10:1

ENPI3

XTC

XTC/DSPC/Chol/PEG-DMG
50/10/38.5/1.5
Lipid:stRNA: 33:1

ENP14

MC3

MC3/DSPC/Chol/PEG-DMG
40/15/40/5
Lipid:siRNA: F1:1

LNPI1S

MC3

MC3/DSPC/Chol/PEG-DSG/GalNAC-
FEG-DSG

56/10/35/4.5/0.5

Lipid:siBNA: 1121

LNPl6

MC3

MC3/DSPC/Chol/PEG-DMG
50/10/38.5/1.5
Lapid:siRNA: 71

LNPL7

MC3

MC3DSPC/Chol/PEG-DSG
50/10/38.5/1.5

Lipid:siRNA: 101

ENP18

MC3

MC3/DSPC/Chol/PEG-DMG
50/10/38.5/1.5
Lipid:siRNA: 12:1

LNPI9

MC3

MC3/DSPC/Chol/PEG-DMG
SGAGISIS
Lipid:siRNA: 8:1

LENP20

MC3

MC3/DSPC/Chol/PEG-DPG
SG/1G/38.5/1.5
Lipid:siRNA: 10:1

LNP23

C12-200

C12-200/DSPC/Chol PEG-DSG
50/10/38.5/1.5

Lipid:siRNA: 71

LENP22

XTC

XTC/DSPC/Chol/PEG-DSG
50/106/38.5/1.5
Lipid:siRNA: 10:1
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DSPC: distearoylphosphatidylcholine
DPPC: dipalmitoylphosphatidylcholine

PEG-DMG:  PEG-didimyristoyl giveerol {C14-PEG, or PEG-C14) (PEG with avg mol wt of
2000)

PEG-DSG: PEG-distyryi glycerol {C18-PEG, or PEG-C18} (PEG with avg mol wt of 2000}
PEG-cDMA: PEG-carbamoyl-1,2-dimyristyloxypropylamine (PEG with avg mol wt of 2000)

SNALP (1 2-Dilinolenyloxy-N N-dimethylaminopropane (DLinDMA )} comprising
formulations are described in International Publication No. WQO2009/127060, filed Apnl 15,
2009, which is hereby incorporated by reference.

XTC comprising formulations are described, e.g., in U8, Provisional Serial No,
61/148,366, filed January 29, 2009; U8, Provisional Serial No. 61/156,851, filed March 2, 2009;
U.S. Provisional Serial No. 61/185,712, filed June 10, 2009; U.S. Provisional Serial No.
©1/228,373, filed July 24, 2009; UK. Provisional Serial No. 61/239,686, filed September 3,
2009, and International Application No. PCT/US2010/022614, tiled January 29, 2010, which are
hereby incorporated by reference.

MC3 comprising formulations are described, e.g., in U.S. Provisional Serial No.
61/244,834, filed September 22, 2009, U.S. Provisional Serial No. 61/185,800, filed June 10,
2009, and International Application No. PCT/US10/28224, filed June 10, 2010, which are hereby
incorporated by reference.

ALNY-100 comprising formiations are described, e g., International patent application
number PCT/US09/63933, filed on November 10, 2009, which is hereby incorporated by
reference.

C12-200 comprising forrmulations are described in U.S. Provisional Serial No.
61/175,770, filed May 5, 2009 and International Application No. PCT/US10/33777, filed May 5,

2010, which are hereby incorporated by reference.
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. Synthesis of cationic lipids

Any of the compounds, e.g., cationic lipids and the like, used 1n the nucleic acid-lipid
particles featured in the disclosure may be prepared by known organic synthesis techniques. AH
substituents are as defined below uoless indicated otherwise.

“Alkyl” means a straight chain or branched, noncyclic or cyclic, saturated aliphatic
hydrocarbon containing from 1 to 24 carbon atoms. Representative saturated straight chain
alleyls include methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, and the like; while saturated
branched alkyls include 1sopropyl, sec-butyl, isobutyl, ferf-butyl, isopentyl, and the like.
Representative saturated cyclic altkyls include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
and the like; while unsaturated cyclic atkyls include cyclopentenyl and cyclohexenyl, and the
fike.

“Alkenyl” means an alkyl, as defined above, containing at least one double bond between
adjacent carbon atoms. Alkenyls include both cis and trans isomers. Representative straight
chain and branched alkenyls tnclude ethylenvl, propylenyl, -butenyl, 2-butenyl, isobutytenyt, 1-
pentenyl, 2-pentenyl, 3-methyl-1-butenyl, Z-methyl-2-butenyl, 2 3-dimethyl-2-butenyl, and the
fike.

“Alkynyl” means any alkyl or atkenyl, as defined above, which additionally contains at
least one triple bond between adjacent carbons. Representative straight chain and branched
alkynyls include acetylenyl, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, Z-pentynyl, 3-methyl-1
butynyl, and the like.

“Acyl” means any alkyl, alkenyl, or alkyny! wherein the carbon at the point of attachment
is substituted with an oxo group, as defined below. For example, -C(=0)alkyl, -C{(=0jalkenyl,
and -C{(=0)alkynyl are acyi groups.

“Heterocycle” means a 5- to 7-membered monocyclic, or 7- to 10-membered bicyclic,
heterocyehic ring which is either saturated, unsaturated, or aromatic, and which contains from 1
or 2 heteroatoms independently selected from nitrogen, oxygen and sulfur, and wherein the
nitrogen and sutfur heteroatoms may be optionally oxidized, and the witrogen heteroatom way be
optionally quaternized, including bicyclic rings in which any of the above heterocycles are fused
to a benzene ring. The heterocycle may be attached via any heteroatom or carbon atonm.
Heterocycles include hetercaryls as defined below. Heterocycles include morpholinyl,

pyrrolidinonyl, pyrrolidinyl, piperidinyl, pipenzynyl, hydantoinyl, valerolactamyl, oxiranyl,
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oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydropyridinyl, tetrahydroprimidinyl,
tetrahydrothiophenyl, tetrabydrothiopyranyl, tetrahydropyrimidingl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, and the like.

The terms “optionally substituted alkyl”, “optionally substituted alkenyl”, “optionally
substituted alkyavl”, “optionally substituted acyl”, and “optionally substituted heterocycle”
means that, when substituted, at least one hydrogen atom 1s replaced with a substituent. In the
case of an oxo substituent (=0} two hydrogen atoms are replaced. In this regard, substituents
include oxo, halogen, heterocycle, -CN, -

ORY, -NR'RY, -NRYC{=0)R?Y, -NRXSO:RY, -C(=OIRY, -C(=0)OR", -C{(=0)NR'RY, —~SO,R*

and ~-SONRRY, whereinnis 0, 1 or 2, R¥ and RY are the same or different and independently
hydrogen, alkyl or heterocycle, and each of said alky! and heterocycle substituents may be
further substituted with one or more of oxg, halogen, -OH, -CN, alkyi, -OR%,

heterocycle, -NRRY, -NR*CEQRY -NRISO:RY, -C(=OR?, -C(=0)0R”, -C(=ONR'RY, -SOR”
and -SONRRY.

“Halogen” means fluoro, chloro, brome and iodo.

in some embodiments, the methods featured in the disclosure may require the use of

protecting groups. Protecting group methodology is well known to those skilled in the art (see,

Jor example, PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, Green, TW. ef af , Wiley-

Interscience, New York City, 1999). Briefly, protecting groups within the context of this
disclosure are any group that reduces or eliminates unwanted reactivity of a functional group. A
protecting group can be added to a functional group to mask its reactivity during certain
reactions and then removed to reveal the original functional group. In some embodiments an
“alcohol protecting group” is used. An “alcohol protecting group” is any group which decreases
or eliminates unwanted reactivity of an alcohol functional group. Protecting groups can be

added and removed using technigues well known in the art.

Synthesis of Formula A

In some embodiments, nucleic acid-lipid particles featured in the disclosure are

formulated using a cationic lipid of formula A:
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where R1 and R2 are independently alkyl, alkenyl or alkynyl, each can be optionally substituted,
and R3 and R4 are independently lower alkvl or R3 and R4 can be taken together to form an
optionally substituted heterocyclic ring. In some embodiments, the cationic lipid is XTC (2,2~
Dilinoleyi-4-dimethylaminoethyl-[1,3}-dioxolane). In general, the lipid of formula A above may
be made by the following Reaction Schemes 1 or 2, wherein all substituents are as defined above

undess indicated otherwise.

Scheme 1

Br OH
2r
O )
1 TR IR4
3 OH O R NHRR
4
o R2 e
R R2
i
R4 3
/
N 5
R3" B3XY f/R
e] R N
D R:E/"“ )
Rz MARRRARRARARAARARARRARARAAAARARER X_ O !:.‘{!
rR3
Formuia A > )

Lipid A, where Ry and R» are independently alkyl, alkenyl or alkynyl, each can be
optionally substituted, and Rs and Ry are independently Tower alkyl or Ry and R4 can be taken
together to form an optionally substituted heterocyclic ring, can be prepared according to
Scheme 1. Ketone | and bromide 2 can be purchased or prepared according to methods known
to those of ordinary skill in the art. Reaction of 1 and 2 yields ketal 3. Treatment of ketal 3 with

amine 4 yields hipids of formula A The lipids of formula A can be converted to the
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corresponding ammonium salt with an organic salt of formula 5, where X is anion counter ion

selected from halogen, hydroxide, phosphate, sulfate, or the like.

Scheme 2
+
BrMg-—R, +  R,~CN H O::<R2
Ry
¥ RB

N—R,

Q

Aliernatively, the ketone 1 starting material can be prepared according to Scheme 2.
Grignard reagent 6 and cyanide 7 can be purchased or prepared according to methods known to
those of ordinary skill in the art. Reaction of 6 and 7 yields ketone 1. Conversion of ketone 1 to

the corresponding lipids of formuda A 15 as described 1o Scheme 1.

Svnthesis of MC3

Preparation of DLin-M-C3-DMA {(i.e, (67 97, 287 31 -heptatriaconta-6,9,28 3 1-
tetraen-19-y1 4-{dimethylarminoibutanocate) was as follows. A solution of (62,97,287 317}
heptatriaconta-0,9,28,3 1-tetraen-19-0f (0.53 g), 4-N N-dimethylaminobutyric acid hydrochloride
{0.51 g}, 4-N, N-dirnethylaminopyridine {(0.61g) and 1-ethyl-3-(3-
dimethylaminopropyljcarbodiimide hydrochioride (0.53 g} in dichloromethane (5 mL} was
stirred at room temperature overnight. The solution was washed with dilute hydrochloric acid
followed by dilute aqueous sodium bicarbonate. The organic fractions were dried over
anhydrous magunesium sulphate, filtered and the solvent removed on a rotovap. The residue was

passed down a stlica gel column (20 g) using a 1-5% methanol/dichloromethane elution gradient.
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Fractions containing the purified product were combined and the solvent removed, yielding a

colorless ol {0.54 g).

Svathests of ALNY-100

Synthests of ketal S19 [ALNY-100] was performed using the following scheme 3.

'\iHPOP NHMe NGbzMe JChaMe NCbzhe

LAH )\ Cbz-O%y, NEt3 ’ NRIO, Os04 , v I
7 ] (:7 R Hi
H

$14 518
518 $17A 5178

o NN TN N N N .../\\““ AN —
o

C r" \\\./‘\//\\,/ S N N LAH, 1M THF o F T NN NN PN
Mg Nove < Mooz
/\\/’\\/"\__&»"\:/\,/\\‘ -
§18 518

Synthesis of 515:

To a stirred suspension of L1AIH4 (3.74 g, 0.09852 mol) in 200 mil anhydrous THF in a
two neck RBF (1L}, was added a solution of 514 (10g, 0.04926mol} in 70 mL of THF slowly at 0
0C under nitrogen atmosphere. After complete addition, reaction mixture was warmed to room
temperanire and then heated to reflux for 4 h. Progress of the reaction was monitored by TLC.
After completion of reaction {by TLC) the mixture was cooled to 0 °C and quenched with careful
addition of saturated Na2504 solution. Reaction mixture was stirred for 4 h at room temperature
and filtered off. Residue was washed well with THF. The filtrate and washings were mixed and
diluted with 400 mL dioxane and 26 mL conc. HCI and stirred for 20 minutes at room
temperature. The volatilities were stripped off under vacuum to furnish the hydrochloride salt of
515 as a white solid. Yield: 7.12 ¢ IH-NMR (DMSO, 400MHz): = 9.34 (broad, 2H), 5.68 (s,
2H), 3.74 (m, 1H), 2.66-2.60 (m, 253, 2.50-2.45 (m, 5H),

Synthesis of 516:

To a stirred solution of compound 515 in 100 mL dry DCM in a 250 mL two neck RBF,
was added NEI3 (37.2 mi., 0.2669 mol) and cooled to 0 °C under nitrogen atmosphere. After a
slow addition of N-(benzyloxy-carbonyloxy)-succinimide (20 g, 0.08007 mol) in 50 mL dry

DM, reaction mixture was allowed to warm to room temperature.  After completion of the
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reaction (2-3 h by TLC) mixture was washed successively with IN HCI solution (1 x 100 mL)
and saturated NaHCO3 solution (1 x SO ml). The organic layer was then diied over anhyd.
Na2504 and the solvent was evaporated to give crude material which was puritied by silica gel
column chromatography to get 516 as sticky mass. Yield: 11g (89%). 1H-NMR (CDCI3,
400MHz): 6 = 7.36-7.27(m, SH), 5.69 (5, 2H), 5.12 (s, 2H), 4.96 (br., 1H) 2.74 (s, 3H}, 2.60(m,
2H), 2.30-2.25(m, 2H). LC-MS [M+H] -232.3 (96.94%).

Synthesis of 517A and 517B:

The cyclopentene 516 (5 g, 0.02164 mol) was dissolved in a solution of 220 ml. acetone
and water {10:1} in a single neck 500 mL RB¥ and to it was added N-methyl morpholine-N-
oxide (7.6 g, 0.06492 wol) followed by 4.2 mL of 7.6% solution of 0304 (0.275 g, 0.00108 mol)
in tert-butanol at room temperature. After completion of the reaction {~ 3 h), the mixture was
quenched with addition of solid Na2$03 and resulting mixture was stirred for 1.5 h at room
temperature. Reaction mixture was diluted with BCM (300 mL) and washed with water (2 x 100
mL) followed by saturated NaHCO3 (1 x 50 mL) solution, water (1 x 30 mL) and finally with
brine (Ix 50 mL}. Organic phase was dried over an. Na2S04 and solvent was removed in
vacuum. Silica gel column chromatographic purification of the crude material was afforded a
suxture of diastereomers, which were separated by prep HPLC. Yield: - 6 g crude

517A - Peak-1 (white solid), 5.13 g (96%). 1H-NMR (DMSO, 400MHz): §= 7.39-
731(m, SH), 5.04(s, 2H), 4.78-4.73 (m, 1H), 4 48-4 47(d, 2H), 3.94-3.93(m, 2H), 2.71(s, 3H),
1.72- 1.67{(m, 4H} LC-MS - [M+H}-266.3, [M+NH4 +1-283 .5 present, HPLC-97 86%.

Stereochermistry confirmed by X-ray.

Synthesis of S18:

Using a procedure analogous to that described for the synthesis of compound SO5,
compound 5318 (1.2 g, 419} was obtained as a colorless otl. 1H-NMR (CDCI3, 400MHz): &=
7.35-7.33(m, 43, 7.30-7.27(m, 1H)}, 5.37-5.27(m, 8H), 5.12(s, 2H), 4.75(m, 1H), 4.58-
4.57(m,2H), 2.78-2.74(m, TH}, 2.06-2 00{m 8H}, 1.96-191(m, 2H}, 1.62(m, 4H}, 1 48(m, 2H),
1.37-1.25(br m, 36H), 0.87(m, 6H). HPLC-98.65%.

General Procedure for the Synthesis of Compound 519:
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A solution of compound 518 {1 eq) in hexane {15 mL)} was added in a drop-wise fashion
to an wee-cold solution of LAH in THF (1 M, 2 eg). After complete addition, the mixture was
heated at 40°C over 0.5 h then cooled again on an ice bath. The mixture was carefully
hydrolyzed with saturated aqueocus Na2S04 then filtered through celite and reduced to an ail.
Column chromatography provided the pure 519 (1.3 g, 68%) which was obtained as a colorless
oil. 13C NMR = 1302, 130.1 (x2), 127.9(x3), 112.3, 793, 64.4, 44.7, 38.3,35.4,31.5, 299
(x2), 29.7, 29.6 (x2), 29.5 (x3), 29.3 (x2), 27.2 (x3), 25.6, 24.5, 23 3, 226, 14.1; Flectrospray MS
{(+ve). Molecular weight for C44HBONOZ (M + H)+ Calc. 654.6, Found 654 6.

Formulations prepared by either the standard or extrusion-free method can be
characterized in similar manners. For example, formulations are typically characterized by
visual inspection. They should be whitish translucent solutions free from aggregates or
sediment. Particle size and particle size distribution of lipid-nanoparticles can be measured by
light scattering using, for example, a Malvern Zetasizer Nano 28 (Malvern, USA). Particles
should be about 20-300 om, such as 40-100 nm in size. The particle size distribution should be
unimodal. The total dsRNA concentration in the formulation, as well as the entrapped fraction,
is estimated using a dye exclusion assay. A sample of the formulated dsRNA can be incubated
with art RNA-binding dye, such as Ribogreen (Molecular Probes) in the presence or absence of a
formulation distuptiog surfactant, e.g., 0.5% Triton-X100. The total dsRNA in the formulation
can be determined by the signal from the sample containing the surfactant, relative to a standard
curve. The entrapped fraction is determined by subtracting the “free” dsRNA coutent {as
measured by the signal in the absence of surfactant) from the total dsRNA content. Percent
entrapped dsRNA 1s typically >85%. For SNALP formulation, the particle size ts at least 30 nm,
at least 40 nm, at least 50 nm, at least 60 nm, at least 70 nm, at least 80 nm, at least 90 nm, at
feast 100 nm, at feast 110 nm, and at least 120 nm. The suitable range 1s typically about at least
S0 nm to about at least 110 nm, about at feast 60 nm to about at least 100 nm, or about at least
80 nm to about at least 20 nm.

Compogitions and formulations for oral adminisiration include powders or granules,
microparticulates, nanoparticulates, suspensions or solutions in water or non-aqueous media,
capsules, gel capsules, sachets, tablets or minutablets. Thickeners, flavoring agents, diluents,
emulsifiers, dispersing aids or binders may be desirable. In some embodiments, oral

formulations are those in which dsRNAs featured 1n the disclosure are administered in
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conjunction with one or more penetration enhancers surfactants and chelators. Suitable
surfactants include fatty acids and/or esters or salts thereof, bile acids and/or salts thereof
Suitable bile acids/salts include chenodeoxycholic acid (CDCA) and
ursodeoxychenodeoxycholic acid (UDCA), cholic acid, dehydrocholic acid, deoxycholic acid,
glucholic actd, glycholic acid, glycodeoxycholic acid, taurocholic acid, taurodeoxycholic acid,
sodium tauro-24,25-dihydro-fusidate and sodium glycodihydrotusidate. Suitable fatty acids
include arachidonic acid, undecanoic acid, oleic acid, fauric acid, caprylic acid, capric acid,
myristic acid, palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate,
monootein, dilaurio, glyceryl Lsrnonocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine,
an acylcholine, or a monoglyceride, a diglyceride or a pharmaceutically acceptable salt thereof
{e.g., sodium). In some embodiments, combinations of penetration enhancers are used, for
example, fatty acids/salts in combination with bile acids/salts. One exemplary combination is the
sodium salt of lauric acid, capric acid and UDCA. Further penetration enhancers include
polyoxyethylene-9-laury] ether, polyoxyethylene-20-cetyl ether. DsRNAs featured in the
disclosure may be delivered orally, in granular form including sprayed dried particles, or
complexed to form micro or nanoparticles. DsSRNA complexing agents include poly-amino acids;
polyimines; polyacrylates; polyalkylacrylates, polyoxethanes, polvalkylcyancacrylates;
cationized gelatins, albumins, starches, acrylates, polyethyleneglycols (PEG) and starches,
polyatkyvleyanoacrylates;, DEAE-derivatized polyimines, pollulans, celluloses and starches.
Suitable complexing agents include chitosan, N-tnimethylchitosan, poly-L-lysine, polvhistidine,
polyornithine, polyspermines, protamine, polyvinylpyridine,
polythiodiethylaminomethylethylene P(TDAE), polyaminostyrene {e.g., p-amino},
poly{methylcyanocacrylate}, poly{ethyleyvanoacryiate), poly{butylevanoacrylate),
poly(isobutyleyanocacrylate), poly(ischexylcynaoacrylate), DEAE-methacrylate, DEAE-
hexylacrylate, DEAE-acrylamide, DEAE-albumin and DEAE-~dextran, polymethylacrylate,
polyhexylacrylate, poly(D,L-lactic acid), poly{DL-lactic-co-glycolic acid (PLGA)}, alginate, and
polyethyleneglycol (PEG). Oral formulations for dsRNAs and their preparation are described in
detail in 1.8, Patent 6,887 906, US Pubin. No. 20030027780, and U.S. Patent No. 6,747,014,
each of which is incorporated herein by reference.

Compositions and formulations for parenteral, intraparenchymal {(into the brain},

intrathecal, intravitreal, subretinal, transscleral, subconjunctival, retrobulbar, intracameral,
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intraventricular, or intrahepatic administration may include sterile agueous solutions which may
also contain buffers, diluents and other suitable additives such as, but not himited to, penetration
enhancers, carrier compounds and other pharmaceutically acceptable carriers or excipients.

Pharmaceutical compositions of the present disclosure include, but are not limited to,
solutions, emulsions, and liposome-containing formulations. These compositions may be
generated from a variety of components that include, but are not limited to, preformed liquids,
self-emulsifying solids and self-emulsifying semisolids.

The pharmaceutical formulations featured in the present disclosure, which may
conveniently be presented in unit dosage form, may be prepared according to conventional
techniques well known in the pharmaceutical industry. Such techniques include the step of
bringing into association the active wngredients with the pharmaceutical carrier(s) or excipient(s}.
in general, the formulations are prepared by uniformly and intimately bringing into association
the active ingredients with liquid carriers or finely divided solid carriers or both, and then, if
necessary, shaping the product.

The compositions featured in the present disclosure may be formulated into any of many
possible dosage torms such as, but not limited to, tablets, capsules, gel capsules, hiqud syrups,
soft gels, suppositories, and enemas. The compositions may also be formulated as suspensions
in aqueous, non-aqueocus or mixed media. Aqueous suspensions may further contain substances
which increase the viscosity of the suspension including, for example, sodium

carboxymethyleellulose, sorbitol and/or dextran. The suspension may also contain stabilizers.

B Additional Formulations

i Emulsions
The compositions of the present disclosure may be prepared and formulated as

emuldsions. Emulsions are typically heterogeneous systems of one liquid dispersed in another in
the form of droplets usually exceeding 0. 1um in diameter (see e.g., Ansel’s Pharmaceutical
Dosage Forms and Drug Delivery Systems, Allen, LY., Popovich NG, and Ansel HC ., 2004,
Lippincott Williams & Wilkins (8th ed.), New York, NY, Idson, in Pharmaceutical Dosage
Forms, Licherman, Rieger and Banker (Hds }, 1988, Marcel Dekker, Inc, New York, NY |
volure 1, p. 199; Rosoff, in Pharmaceutical Dosage Forms, Ligherman, Rieger and Banker

(Eds.), 1988, Marcel Dekker, Inc., New York, NY | Volume 1, p. 245; Block in Pharmacentical
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Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc,, New York,
NY ., volume 2, p. 335; Higucht ef o/, 1o Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, Pa., 1985, p. 301). Emulsions are often biphasic systems comprising two
imriscible liguid phases intimately mixed and dispersed with each other. In general, emulsions
may be of either the water-in-oil (w/o) or the oil-in~-water (o/w} variety. When an aqueous phase
i finely divided into and dispersed as minute droplets into a bulk oily phase, the resulting
composition is called a water-in-otl (w/o) emulsion. Alternatively, when an oily phase is finely
divided into and dispersed as minute droplets into a bulk aqueous phase, the resulting
composition 1s called an od-in-water {o/w) emulsion. Emulsions may contain additional
components in addition to the dispersed phases, and the active drug which may be present as a
solution in either the aqueous phase, oily phase or itself as a separate phase. Pharmaceutical
excipients such as emulsifiers, stabilizers, dyes, and anti-oxidants may also be present in
emulsions as needed. Pharmaceutical emulsions may also be multiple erulsions that are
comprised of more than two phases such as, for example, in the case of oil-in~water-in-oil
{o/w/o} and water-in-otl-in-water {(w/o/w) emulsions. Such complex formulations often provide
certain advantages that simple binary emulsions do not. Multiple emulsions tn which individual
oil dropiets of an o/w emulsion enclose small water droplets constitute a w/o/w emulsion.
Likewise, a system of oil droplets enclosed 1n globules of water stabilized 1o an oily continuous
phase provides an o/w/o emulsion.

Emulsions are characterized by little ot no thermodynamie stability. Often, the dispersed
or discontinuous phase of the emulsion is well dispersed into the external or contimuous phase
and maintained in this form through the means of emulsifiers or the viscosity of the formulation.
Either of the phases of the emulsion may be a semisolid or a solid, as is the case of emulsion-
stvie ointruent bases and creams. Other means of stabilizing emulsions entail the use of
emulsifiers that may be tuncorporated into either phase of the emulsion. Emulsifiers may broadly
be classified into four categories: synthetic surfactants, naturally occurring emulsifiers,
absorption bases, and finely dispersed solids {see e.g., Ansel’s Pharmacentical Dosage Forms
and Drug Delivery Systems, Allen, LV, Popovich NG, and Ansel HC., 2004, Lippincott
Willlams & Wilkins (8th ed.}, New York, NY; Idson, in Pharmaceutical Dasage Forms,
Lieberman, Rieger and Banker (EHds.}, 1988, Marcel Bekker, Inc., New York, NY, volume 1, p.
199).
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Synthetic surfactants, also known as surface active agents, have found wide applicability
in the formulation of emulsions and have been reviewed in the literature (see e.g., Ansel’s
FPharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV, Popovich NG, and
Aunsel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY,; Rieger, in
Phormaceuticod Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker,
Inc., New York, NY , volume |, p. 285; Idson, in Pharmaceutical Dosage Forms, Lieberman,
Rieger and Banker (Eds.), Marcel Dekker, Inc., New York, N.Y ., 1988, volume 1, p. 199).
Surfactants are typically amphiphilic and comprise a hydrophilic and a hydrophobic portion.

The ratio of the hydrophilic to the bydrophobic vature of the surfactant has been termoed the
hydrophile/lipophile balance (HLB) and is a valuable tool in categorizing and selecting
surfactants in the preparation of formulations. Surfactants may be classified into different
classes based on the nature of the hydrophilic group: nonionic, antonic, cationic and amphoteric
{(see e.z., Ansel’s Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV,
Popovich NG, and Ansel HC | 2004, Lippincott Willtams & Wilkins (8th ed. ), New York, NY
Rieger, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds ), 1988, Marcel
Dekker, Inc., New York, N.Y, volume 1, p. 285},

Naturally occurring emulsifiers used in emulsion formulations include lanolin, beeswax,
phosphatides, lecithin and acacia. Absorption bases possess hydrophilic properties such that they
can soak up water to form w/o emulsions yet retain their semisolid consistencies, such as
anhydrous lanohn and hydrophilic petrolatum. Finely divided solids have also been used as good
emulsifiers especially in combination with surfactants and in viscous preparations. These include
polar inorganic solids, such as heavy metal hydroxides, nonswelling clays such as bentonite,
attapulgite, hectorite, kaolin, montmoritionite, colioidal aluminum silicate and colloidal
magnesiut aluminum silicate, pigments and nonpolar solids such as carbon or glyceryl
tristearate.

A large variety of non-emulsifying materials are also included in emulsion formulations
and contribute to the properties of emuisions. These include fats, oils, waxes, fatty acids, fatty
alcohols, fatty esters, humectants, hydrophilic colloids, preservatives and antioxidants (Block, in
Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Hds ), 1988, Marcel Dekker,
Inc., New York, NY ., volume 1, p. 335; Idson, in Pharmaceutical Dosage Forms, Lieberman,

Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc, New York, N Y., volume 1, p. 199),
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Hydrophilic colloids or hydrocolioids include naturally occurring gums and synthetic
polymers such as polysaccharides (for example, acacia, agar, alginic acid, carrageenan, guar
gum, karaya gum, and tragacanth), cetiulose derivatives (for example, carboxymethylcellulose
and catboxypropyleellulose), and synthetic polymers (for exarple, carbomers, cellulose ethers,
and carboxyvinyl polymers). These disperse or swell in water to form colloidal sclutions that
stabilize emulsions by forming strong interfacial films around the dispersed-phase droplets and
by increasing the viscosity of the external phase.

Since emulsions often contain a number of ingredients such as carbohydrates, proteins,
sterols and phosphatides that roay readily support the growth of microbes, these formulations
often incorporate preservatives. Commonly used preservatives included in emulsion
formulations include methyl paraben, propyl paraben, guaternary ammonium salts,
benzalkonium chloride, esters of p-hydroxybenzoic acid, and boric acid. Antioxidants are also
commonly added to emulsion formulations to prevent deterioration of the formulation.
Antioxidants used may be free radical scavengers such as tocopherols, alkyl gallates, butylated
hyvdroxyanisole, butylated hydroxytoluene, or reducing agents such as ascorbic acid and sodium
metabisulfite, and antioxidant synergists such as citric acid, tartaric acid, and lecithin,

The application of emulsion formulations via dermatological, oral and parenteral routes
and methods for their manufacture have been reviewed in the literature {see e.g., Ansel’s
Pharmaceutical Dosage Forms and Drug Delivery Svstems, Allen, LV | Popovich NG, and
Ansel HC | 2004, Lippincott Williams & Wilkins (8th ed ), New York, NY; Idson, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Hds ), 1988, Marcel Delder,
Inc, New York, N Y., volume 1, p. 199}, Emulsion formulations for oral delivery have been
very widely used because of ease of formulation, as well as efficacy from an absorption and
bioavailability standpoint (see e.g., Ansel’s Pharmaceutical Dosage Forms and Drug Delivery
Systems, Allen, LV, Popovich NG, and Ansel HC ., 2004, Lippincott Williams & Wilkins (8th
ed.), New York, NY; Rosoft, in Pharmaceufical Dosage Forms, Lieberman, Rieger and Banker
{(Hds.), 1988, Marcel Dekker, Inc, New York, N Y, volume 1, p. 245; Idson, wn Pharmaceunticad
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc,, New York,
NY, volume 1, p. 199} Mineral-ail base laxatives, oil-soluble vitaming and high fat nutsitive
preparations are among the materials that have commonly been administered orally as o/w

emuisions.
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In some embodiments of the present disclosure, the compositions of iIRNAs and nucleic
acids are formulated as microemulsions. A roicroemulsion roay be defined as a system of water,
oil and amphiphile which is a single optically isotropic and thermodynamically stable liquid
solution {see e.g., Ansel’s Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen,
LV, Popovich NG, and Ansel HC |, 2004, Lippincott Williams & Wilkins (8th ed.}, New York,
WY, Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds ), 1988,
Marcel Dekker, Inc, New York, N.Y., volume 1, p. 245). Typically, microemulsions are
systems that are prepared by first dispersing an oil in an agueous surfactant solution and then
adding a sufficient amount of a fourth component, generally an intermediate chain-length alcohol
to form a transparent system. Therefore, microemulsions have also been described as
thermodynamically stable, 1sotopically clear dispersions of two immiscible hiquids that are
stabilized by interfacial films of surface-active molecules (Leung and Shah, in: Controfied
Release of Drugs: Polvmers and Aggregate Systems, Rosoft, M, Ed., 1989, VCH Publishers,
New York, pages 185-215). Microemuisions commonly are prepared via a combination of three
to five components that include o1l, water, surfactant, cosurfactant and electrolyte. Whether the
microemulsion is of the water-in~-cil (w/0) or an oil-in-water (o/w) type is dependent on the
properties of the oil and surfactant used and on the structure and geometric packing of the polar
heads and hydrocarbon tails of the surfactant molecules (Schott, in Remington’s Pharmaceatical
Sciences, Mack Publishing Co., Easton, Pa., 1985 p. 271).

The phenomenological approach utilizing phase diagrams has been extensively studied
and has vielded a comprehensive knowledge, to one skilled in the art, of how to formulate
microemulsions (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems,
Allen, LV, Popovich NG, and Ansel HC | 2004, Lippincott Withams & Wilkins (8th ed }, New
York, NY; Rosoff, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds ),
1988, Marcel Dekker, Inc, New York, NY ., volume 1, p. 245, Block, wn Pharmaceutical
Diosage Forms, Lieberman, Rieger and Banker (Eds .}, 1988, Marcel Dekker, Inc,, New York,
N.Y., volume 1, p. 335). Compared to conventional emulsions, microemulsions offer the
advantage of sclubilizing water-insoluble drugs in a formulation of thermodynamically stable
droplets that are formed spontaneously.

Surfactants used in the preparation of microemuisions include, but are not limited to,

ioni¢ surfactants, non-ionic surtactants, Brij 96, polyoxyethylene oleyl ethers, polyglycerol fatty
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acid esters, tetraglycercl monolaurate (ML310), tetraglycerol monooleate (MO310),
hexaglycerol monooleate (PO310), hexaglycerol pentacleate (POS00), decaglycerol monocaprate
(MCA750), decaglycerol monooleate (MO750), decaglycerol sequioleate (80750), decaglycerol
decaoteate (DAGTS0), alone ot in combination with cosurfactants. The cosurfactant, usually a
short-chain alcohol such as ethanol, 1-propanol, and I-butancl, serves to increase the interfacial
fluidity by penetrating into the surfactant film and consequently creating a disordered film
because of the void space generated among surfactant molecules. Microemuisions may,
however, be prepared without the use of cosurfactants and alcohol-free self-emulsifying
microemulsion systems are known in the art. The aqueous phase may typically be, but 1s not
limited to, water, an aqueous solution of the drug, glycerol, PEG300, PEG400, polyglycerols,
propylene glyeols, and derivatives of ethylene glycol. The oil phase may include, but 1s not
limited to, materials such as Captex 300, Captex 355, Capmul MCM, fatty acid esters, medium
chain (C8-C12) mono, di, and tri-glycerides, polyoxyethyiated glyceryl fatty acid esters, fatty
alcobols, polvglveolized glycerides, saturated polyglycolized C3-C10 glycerides, vegetable oils
and silicone oil.

Microemulsions are particularly of interest from the standpoint of drug solubilization and
the enhanced absorption of drugs. Lipid based microemulsions {(both o/w and w/o) have been
proposed to enhance the oral bioavailability of drugs, including peptides (see e.g, U.S. Patent
Nos. 6,191,105; 7,063 860; 7.070,802; 7,157,099, Constantinides et af | Pharmaceutical
Research, 1994, 11, 1385-1390; Ruischel, Meth. Find. Exp. Clin. Pharmacol., 1993, 13, 205).
Microemulsions afford advantages of improved drug solubilization, protection of drug from
enzymatic hydrolysis, possible enhancement of drug absorption due to surfactant-induced
alterations in membrane fluidity and permeability, ease of preparation, ease of oral
administration over solid dosage forrs, improved clinical potency, and decreased toxicity {see
e.g., US Patent Nos. 6,191,105, 7,063,860; 7,070,802; 7,157,099, Constantinides ef o/,
Pharmaceutical Research, 1994, 11, 1385; Ho ef af., J Pharm. Sci., 1996, 85, 138-143). Often
microemulsions may form spontaneously when their components are brought together at ambient
temperature. This may be particularly advantageous when formulating thermolabile drugs,
peptides or IRNAs. Microemulsions have also been effective 1n the transdermal delivery of
active components in both cosmetic and pharmaceutical applications. It is expected that the

microemulsion compositions and formulations of the present disclosure will facilitate the
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increased systemic absorption of iIRNAs and nucleic acids from the gastrointestinal tract, as well
as improve the local cellular uptake of 1RNAs and nucleic acids.

Microemulsions of the present disclosure may also contain additional components and
additives such as sorbitan monostearate (Grill 3), Labrasol, and penetration enhancers to improve
the properties of the formulation and to enhance the absorption of the iIRNAs and nucleic acids of
the present disclosure. Penetration enhancers used in the microemulsions of the present
disclosure may be classified as belonging to ong of five broad categories--surfactants, fatty acids,
bile salts, chelating agents, and non-chelating non-surtactants (Lee ef gl , Critical Keviews in
Therapeutic Drug Carrier Systems, 1991, p. 92). Each of these classes has been discussed

above.

ii. Penetration Enhancers

In some embodiments, the present disclosure employs various penetration enhancers to
effect the efficient delivery of nucleic acids, particularly iIRNAgs, to the skin of animals. Most
drugs are present in solution in both 1onized and nonionized forms. However, usually only lipid
soluble or lipophilic drugs readily cross cell membranes. It has been discovered that even non-
lipophilic drugs may cross cell membranes if the membrane to be crossed is treated with a
penetration enhancer. In addition to aiding the diffusion of non-lipophilic drugs across cell
membranes, penetration enhancers also enhance the permeability of lipophilic drugs.

Penetration enhancers may be classitied as belonging to one of five broad categories, i.e.,
surfactants, fatty acids, bile salts, chelating agents, and non-chelating non-surfactants {see e.g.,
Malmsten, M. Surfactants and polymers in drug delivery, fnforma Health Care, New York, NY,
2002; Lee ef af , Criticad Reviews in Therapeutic Drug Carrier Systems, 1991, p.92}3. Hach of the
above-mentioned classes of penetration enhancers are described below in greater detail.

Surfactanis: To connection with the present disclosure, surfactants (or "surface-active
agents") are chemical entities which, when dissolved i an aqueous solution, reduce the surface
tension of the solution or the interfacial tension between the aqueous solution and another higuid,
with the result that absorption of iIRNAs through the mucosa is enhanced. In addition to bile
salts and fatty acids, these penetration enhancers include, for exarmple, sodiur fauryl sulfate,
polyoxyethyiene-S-lauryl ether and polyoxyethylene-20-cetyl ether) {see e.g., Malmsten, M.

Surfactants and polymers in drug delivery, Intorma Health Care, New York, NY, 2002; Lee ¢f
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af ., Critical Reviews in Therapeuntic Drug Carrier Systems, 1991, p.92); and perfluorochemical
emuldsions, such as FC-43. Takahashi et o/ | /. Pharm. Pharmacol., 1988, 40, 252},

Fatty acids: Various fatty acids and their derivatives which act as penetration enhancers
include, for example, oleic acid, lauric acid, capric acid (n-decanoic acid), myristic acid, palimitic
actd, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monooletn {1-monocoleoyl-
rac-glycerol}, dilaurin, caprylic acid, arachidonic acid, glycerol 1-monocaprate, 1-
dodecylazacycloheptan-2-one, acylcarnitines, acylcholines, Ciop alkyl esters thereof {e.g.,
methyl, isopropyl and t-butyl), and mono- and di-glycerides thereof (.., oleate, laurate, caprate,
myristate, palmitate, stearate, linoleate, eic.) (see e.g., Touitou, B, ef o/, Fuhoncement in Drug
Delivery, CRC Press, Danvers, MA, 2006; Lee ef ol Critical Reviews in Therapeutic Drug
Carrier Systems, 1991, p.92; Muramshi, Critical Reviews in Therapeutic Drug Carrvier Systems,
1990, 7, 1-33; El Hariri ef af | J. Pharm. Pharmacol | 1992, 44, 651-654).

Bile safts: The physiological role of bile includes the facilitation of dispersion and
absorption of lipids and fat-soluble vitamins (see e.g., Malmsten, M. Surfactants and polymers in
drug delivery, /nforma Health Care, New York, NY, 2002; Brunton, Chapter 38 in: Goodman &
Gilman’s The Pharmacological Basis of Therapeutics, 9th Hd., Hardman ef o/ Eds,, McGraw-
Hill, New York, 1996, pp. 934-935). Various natural bile salts, and their synthetic derivatives,
act as penetration enhancers. Thus, the term "bile salts” includes any of the naturally occurring
components of bile as well as any of their synthetic derivatives. Suitable bile salts include, for
example, cholic acid {or its pharmaceutically acceptable sodium salt, sodium cholate),
debydrocholic actd (sodium dehvdrocholate), deoxycholic acid (sodium deoxycholate), glucholic
acid {sodium glucholate), glycholic acid (sodium glycocholate), glycodeoxycholic acid (sodium
glyvcodeoxycholate), taurocholic acid {sodium taurocholate), taurodeoxycholic acid (sodium
taurodeoxycholate), chenodeoxycholic acid (sodium chenodeoxycholate), ursodeoxycholic acid
(UDCA), sodium tauro-24,25-dihydro-fusidate (STDHF), sodium glycodihydrofusidate and
polyoxyethylene-S-lauryl ether (POE} (see e.g.,, Malmsten, M. Surfactants and polymers in drug
delivery, fnforma Health Care, New York, NY, 2002, Lee ef of., Critical Reviews in Therapeutic
Drug Carrier Systems, 1991, page 92; Swinyard, Chapter 39 In: Remington’s Pharmaceutical
Sciences, 18th Ed., Gennaro, ed., Mack Publishing Co , Easton, Pa,, 1990, pages 782-733;
Muranisht, Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Yamamoto ef

al., J. Pharm. Fxp. Ther., 1992, 263, 25; Yamashita ef ol S Pharm. Sci., 1990, 79, 579-583}.
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Chelating Agents: Chelating agents, as used in connection with the present disclosure,
can be defined as compounds that remove metallic ions from solution by forming complexes
therewith, with the result that absorption of iIRNAs through the mucosa is enhanced. With
regards to their use as penetration enhancers tn the present disclosure, chelating agents have the
added advantage of also serving as DNase inhibitors, as most characterized DNA nucleases
require a divalent metal 1on for catalysis and are thus inhibited by chelating agents (Jarrett, J.
Chvomaiogr., 1993, 618, 315-339). Suitable chelating agents include but are not limited to
disodium ethylenediaminetetraacetate (EDTA), citric acid, salicylates {e.g., sodium salicylate, S-
methoxysalicylate and homovanilate), N-acyl derivatives of collagen, taureth-9 and N-amino
acy! derivatives of B-diketones (enamines){see e.g., Katdare, A. ef ol , Fxcipient development for
pharmaceutical, biotechmology, and drug delivery, CRC Press, Danvers, MA, 2006, Lee e o/,
Critical Reviews in Therapeuntic Drug Carrier Systems, 1991, page 92; Muranishi, Critica!
Reviews i Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Buur ef af., J. Control Rel. | 1990,
14, 43-51),

Non-chelating non-surfactants: As used herein, non-chelating non-surfactant penctration
enhancing compounds can be defined as compounds that demonstrate insignificant activity as
chelating agents or as surfactants but that nonetheless enhance absorption of iIRNAs through the
alimentary mucosa {see e.g., Muranishy, Critical Reviews in Therapeutic Drug Carrier Systems,
1990, 7, 1-33}. This class of penetration enhancers include, for example, unsaturated cyclic
ureas, 1-alkyi- and I-alkenyiazacyclo-alkanone derivatives (Lee ef af, Critical Reviews in
Therapeutic Drug Carrvier Systems, 1991, page 92); and non-steroidal anti-inflammatory agents
such as diclotenac sodium, indomethacin and phenylbutazone (Yamashuta ef of ., J. Pharm.
Pharmacol. | 1987, 39, 621-626).

Agents that enhance uptake of iRNAs at the cellular level may also be added to the
pharmaceutical and other compositions of the present disclosure. For example, cationic lipids,
such as lipofectin (Junichi ef o/, U.S. Pat. No. 5,705,188), cationic glycerol derivatives, and
polycationic wolecules, such as polylysine (Lollo ef o/, PCT Application WO 97/30731), are
also known to enhance the cellular uptake of dsRINAs. Examples of commerciaily available
transfection reagents include, for example Lipofectamine™ (Invitrogen; Carlsbad, CA),
Lipofectamine 2000™ (Invitrogen; Carisbad, CA), 293fectin™ {(Invitrogen; Carisbad, CA),

Cellfectin™ (Invitrogen; Carlsbad, CA}, DMRIE-C™ {Invitrogen; Carlsbad, CA), FreeStyle™
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MAX {Invitrogen, Carlsbad, CA}, Lipofectamine™ 2000 CD (Invitrogen; Carlsbad, CA),
Lipofectamine™ (Invitrogen; Carlsbad, CA), RNAIMAX (Invitrogen; Carlsbad, CA),
Oligofectamine™ {(Invitrogen; Carlsbad, CA), Optitect™ (Invitrogen; Carlsbad, CA), X-
tremeGENE Q2 Transfection Reagent (Roche; Grenzacherstrasse, Switzertand), DOTAP
Liposomal Transfection Reagent (Grenzacherstrasse, Switzerland), BOSPER Liposomal
Transfection Reagent (Grenzacherstrasse, Switzerland), or Fugene (Grenzacherstrasse,
Switzeriand), Transtectam® Reagent (Promega, Madison, W), TransFast™ Transfection
Reagent (Promega; Madison, WI), TEx™.-20 Reagent (Promega; Madison, WI), TEx™-50
Reagent (Promega; Madison, W1, DreamFect™ {OF Biosciences; Marseille, France),
EcoTransfect (OZ Biosciences;, Marseille, France), TransPass® D1 Transfection Reagent (New
England Biolabs; Ipswich, MA, USA), LyoVec™/LipoGen™ {(Invivogen; San Diego, CA,
USA), PerFectin Transfection Reagent (Genlantis; San Diego, CA, USA), NeuroPORTER
Transfection Reagent (Genlantis; San Diego, CA, USA), GenePORTER Transtection reagent
{Genlantis; San Diego, CA, USA), GenePORTER 2 Transfection reagent (Genlantis; San Diego,
CA USA), Cytofectin Transfection Reagent (Genlantis; San Diego, CA, USA), BaculoPORTER
Transfection Reagent (Genlantis; San Diego, CA, USA), TroganPORTER™ transfection
Reagent {Genlantis; San Diego, CA, USA ), RiboFect (Bicoline; Taunton, MA, USA}, PlasFect
{Bioline, Taunton, MA, USA), UnFECTOR (B-Bridge International; Mountain View, CA,
USA), SureFECTOR (B-Bridge International; Mountain View, CA, USA), or HiFect™ (B-
Bridge International, Mountain View, CA, USA), among others.

Other agents may be utilized to enhance the penetration of the administered nuclete acids,
including glycols such as ethylene glycol and propylene glycol, pyrrols such as 2-pyrrol, azones,
and terpenes such as limonene and menthone.

i, Carriers

Certain compositions of the present disclosure also incorporate carrier compounds in the
formulation. As used herein, “carrier compound” can refer to a nucleic acid, or analog thereof,
which is inert (7.e, does not possess biclogical activity per se) but is recognized as a nucleic acid
by in vive processes that reduce the bicavailability of a nucleic acid having biological activity by,
for example, degrading the biclogically active nucleic acid or promoting its removal from

circulation. The coadministration of a nucleic acid and a carnier compound, typically with an
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excess of the latter substance, can result in a substantial reduction of the amount of nucleic acid
recovered 1n the liver, kidney or other extracirculatory reservoirs, presumably due to competition
between the carrier compound and the nucieic acid for a common receptor. For example, the
recovery of a partially phosphorothioate dsRNA in hepatic fissue can be reduced when it 1s
coadmintstered with polyinosinic acid, dextran sulfate, polycytidic acid or 4-acetamido-
4’1sothiocyanc-stitbene-2,2” -disultonic acid (Mivao ef af., DsRNA Res. Dev., 1995, 5, 115-121;

Takakura ef al, DsRNA & Nucl. Acid Drug Dev., 19906, 6, 177-183),

In contrast to a carrier compound, a pharmaceutical carrier or excipient may comprise,
e.z., a pharmaceutically acceptable solvent, suspending agent or any other pharmacologically
inert vehicle for delivering one or more nucleic acids to an amimal. The excipient may be liqgud
or solid and 1s selected, with the planned manner of administration in mind, so as to provide for
the desired bulk, consistency, efc., when combined with a nucleic acid and the other components
of a given pharmaceutical composition. Typical pharmaceutical carriers include, but are not
fimited to, binding agents {e.g., pregelatinized maize starch, polyvinvipyrrolidone or
hydroxypropyl methylcellulose, erc); fillers {e.g., lactose and other sugars, microcrystalline
cellulose, pectin, gelatin, calcium sulfate, ethy] cellulose, polyacrylates or calcium hydrogen
phosphate, efc }; lubricants {e.g., magnesium stearate, talc, silica, colloidal silicon dioxide,
stearic acid, metallic stearates, hydrogenated vegetable oils, corn starch, polyethylene glycols,
sodium benzoate, sodium acetate, efc. ), disintegrants {e.g., starch, sodium starch glycolate, eic.};
and wetting agents {e.g., sodium lauryl sulphate, e#c).

Pharmaceutically acceptable organic or inorganic excipients suitable for non-parenteral
administration which do not deleteriously react with nucleic acids can also be used to formulate
the compositions of the present disclosure. Suitable pharmaceutically acceptable carriers
include, but are not limited to, water, salt solutions, alcohols, polyethylene glycols, gelatin,
lactose, amylose, magnesium stearate, tale, silicic acid, viscous paraffin,
hydroxymethyleellulose, polyvinylpyrrolidone and the like.

Formulations for topical administration of nucleic acids may include sterile and non-
sterile aquecus solutions, non-agquecus solutions in common solvents such as alcohols, or

solutions of the nucleic acids in liquad or solid oil bases. The solutions may also contain buffers,
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diluents and cother suitable additives. Pharmaceutically acceptable organic or inorganic excipients
suitable for non-parenteral administration which do not deleteriously react with nucleic acids can
be used.

Suttable pharmaceutically acceptable excipients include, but are not Iimited to, water, salt
solutions, alcohol, polyethyvlene glvcols, gelatin, lactose, amylose, magnesium stearate, talc,

silicic acid, viscous paraffin, hydroxymethylcellulose, polyvinylpyrrolidone and the like.

v. Other Components

The compositions of the present disclosure may additionally contain other adjunct
components conventionally found in pharmaceutical compositions, e.g., at their art-established
usage levels. Thus, for example, the compositions may contain additional, compatible,
pharmaceutically-active materials such as, for example, antipruritics, astringents, local
anesthetics or anti-inflaromatory agents, or may contatn additional materials usetul in physically
formulating various dosage forms of the compositions of the present disclosure, such as dves,
flavoring agents, preservatives, antioxidants, opacifiers, thickening agents and stabilizers.
However, such materials, when added, should not unduly interfere with the biological activities
of the components of the compositions of the present disclosure. The formulations can be
sterilized and, if desived, mixed with auxiliary agents, e.g., lubricants, preservatives, stabilizers,
wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers, colorings, flavorings
and/or aromatic substances and the like which do not deleteriously interact with the nucleic
acid{s) of the formulation.

Aqueous suspensions may contain substances that increase the viscosity of the
suspenston including, for example, sodium carboxymethylcellulose, sorbitol and/or dextran. The
suspension may also contain stabilizers,

In some embodiments, pharrvaceuntical compositions featured in the disclosure include
{a) one or more IRNA compounds and (b) one or more biologic agents which function by a non-
RNAi mechanism. Examples of such biologic agents include agents that interfere with an
interaction of MYOC and at least one MYOC binding partner.

Toxicity and therapeutic efficacy of such compounds can be deternuned by standard
pharmaceutical procedures in cell cultures or experimental animals, e.g., for determining the

LP350 (the dose lethal to 50% of the population} and the EDSO0 (the dose therapeutically effective
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in 50% of the population). The dose ratio between toxic and therapeutic effects is the therapeutic
index and it can be expressed as the ratio LDSO/EDS0. Compounds that exhibit high therapeutic
indices are typical.

The data obtained from cell culture assays and animal studies can be used in formulating
a range of dosage for use in humans. The dosage of compositions featured in the disclosure lies
generally within a range of circulating concentrations that include the EDA0 with little or no
toxicity. The dosage may vary within this range depending upon the dosage form employed and
the route of administration utilized. For any compound used in the methods featured in the
disclosure, the therapeutically effective dose can be estimated inutially from cell culture assays.
A dose may be formulated in animal models to achieve a circulating plasma concentration range
of the compound or, when appropriate, of the polypeptide product of a target sequence {(e.g.,
achieving a decreased concentration of the polypeptide) that includes the IC50 (7.e., the
concentration of the test compound which achieves a half~maximal inhibition of symptoms) as
determined in cell culture. Such information can be used to more accurately determine useful
doses in hurnans. Levels in plasma may be measured, for example, by high performance hiquid
chromatography.

In addition to their administration, as discussed above, the iRNAs featured in the
disclosure can be administered in combination with other known agents effective in treatruent of
diseases or disorders related to MYOC expression {e.g., glaucoma, e.g,, primary open angle
glaucoma (POAG)). Tn any event, the administering physician can adjust the amount and timing
of IRNA administration on the basis of results observed using standard measures of efficacy

known in the art or described herein

VI Methods of treating disorders related to expression of MYQC

The present disclosure relates to the use of an 1RNA targeting MYOQC to inhibit MYOC
expression and/or to treat a disease, disorder, or pathological process that is related to MYOC
expression {e.g., glaucoma, e.g., primary open angle glaucoma (POAG)).

In some aspects, a method of treatment of a disorder related to expression of MYQOC is
provided, the method comprising administering an iIRNA {(e.g,, a dsRNA) disclosed herein to a
subject in need thereof. In some embodiments, the itRNA inhibits (decreases) MYQC

EXPression.
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In some embodiments, the subject s an animal that serves as a model for a disorder

related to MYOC expression, e.g., glaucoma, e.g., pnmary open angle glauvcoma (POAG). .

In some embodiments, the disorder related to MYOU expression is glaucoma. A non-
himiting example of glaucoma that 1s treatable using the method described herein includes
primary open angle glaucoma (POAG).

Chnical and pathological features of glaucoma include, but are not imited to, vision loss,
a reduction o visual acuity {e.g., halos around lights and blurriness) ) and decreased leakage of
aqueous humor from the eye.

o some embodiments, the subject with glaucoma 1s less than 18 years old. In some
embodiments, the subject with glaucoma is an adult. In some embodiments, the subject with
glaucoma 1s more than 60 years old. In some embodiments, the subject has, or is identified as
having, elevated fevels of MYOU mRNA or protein relative to a reference level {e.g., a fevel of
MYOC that 1s greater than a reference level).

In some embodiments, glaucoma is diagnosed using analysis of a sampie from the
subject (e.g, an aqueous ocular fluid sample). In some embodiments, the sample 1s analyzed
using a method selected from one or more of fluorescent 1n situ hybridization (FISH),
immunohistochemistry, MYOC immunoassay, electron microscopy, laser microdissection, and
mass spectrometry. In some embodiments,glaucoma is diagnosed using any sutiable diagnostic
test or technique, e.g., Goldmann Applanation Tonometry, measurement of central corneal
thickness (CCT), automated static threshold perimetry {e.g. Humphrey field analysis), Van
Herick technique, gontoscopy, ultrasound biomicroscopy and anterior segment optical coberence
tomography {AS-OCT), angiography (e.g., fluorescein angiography or indocyanine green
angiography), electroretinography, ulirasonography, pachymetry, optical coherence tomography
(OCT), computed tomography (CT) and magnetic resonance imaging (MRI}, tonometry, color
vision testing, visual field testing, shit-larp examination, ophthalmoscopy, and physical
examination {e.g., to assess visual acuity {e.¢., by fundoscopy or optical coherence tomography

(OCT)H.
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B. Combination Therapies

o some embodiments, an 1IRNA {e.g., a dsRNA) disclosed herein s administered in
combination with a second therapy {e.g., one or more additional therapies) known to be effective
in treating a disorder related to MYOC expression {glaucoma, e.g., primary open angle glaucoma
{POAG)) or a symptom of such a disorder. The iIRNA may be administered before, after, or
concurrent with the second therapy. In some embodiments, the iRNA is administered before the
second therapy. In some embodiments, the tRNA is administered after the second therapy. In
some embodiments, the 1IRNA 1s administered concurrent with the second therapy.

The second therapy may be an additional therapeutic agent. The iRNA and the additional
therapeutic agent can be administered in combination in the same composition or the additional
therapeutic agent can be administered as part of a separate composition.

In some embodiments, the second therapy is a non-1RNA therapeutic agent that is
effective to treat the disorder or symptoms of the disorder.

In some embodiments, the IRNA is administered in conjunction with a therapy.

Exemplary combination therapies include, but are not limited to, laser trabeculoplasty
surgery, trabeculectomy surgery, a minimally invasive glaucoma surgery, placement of a
drainage tube in the eve, oral medication or eye drops. .

Administraiion dosages. routes. and timing

A subject {e.g., a human subject, e.g., a patient} can be administered a therapeutic amount
of IRWNA. The therapeutic amount can be, e.g., 0.05-50 mg/kg.

In some embodiments, the IRNA 1s formulated for delivery to a target organ, e.g., to the

In some embodiments, the iIRNA is formulated as a hipid formulation, e.g., an LNP
formulation as described herein. In some such embodiments, the therapeutic amount 1s 0.05-5
mg/kg dsRNA. In some embodiments, the hipid formulation, e.g., LNP formulation, is
administered intravenously.

In some embodiments, the iIRNA 13 1o the form of a GalNAc conjugate e.g., as described
herein. In some such embodiments, the therapeutic amount is 0.5-50 mg dsRNA. In some
embodiments, the ¢.g., GalNAc conjugate 15 administered subcutanecusly.

in some embodiments, the administration is repeated, for example, on a regular basis,

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

In some embodiments, the 1RNA agent is adroimstered in two or moore doses.  In sorue
embodiments, the number or amount of subsequent doses 1s dependent on the achievement of a
desired effect, e g, tofa) inhibit or reduce the expression or activity of MYOC, (b) reduce the
fevel of misfolded MYOU protein; (¢} reduce trabecular meshwork cell death; (d) decrease
intraccular pressure; or {e) increase visual acuity, or the achievement of a therapeutic or
prophylactic effect, e.g., reduction or prevention of one or more symptoms associated with the

disorder.

In some embodiments, the iIRNA agent is administered according to a schedule. For
example, the iIRNA agent may be administered once per week, twice per week, three times per
week, four times per week, or five times per week. In some embodiments, the schedule involves
regularly spaced administrations, e.g., hourly, every four hours, every six hours, every eight
hours, every twelve hours, daily, every 2 days, every 3 days, every 4 days, every 5 days, weekly,
biweekly, or monthly. In some embodiments, the iIRNA agent 1s administered at the frequency
required to achieve a desired effect.

In some embodiments, the schedule involves closely spaced administrations followed by
a longer period of time during which the agent is not administered. For example, the schedule
may involve an initial set of doses that are administered in a relatively short peried of time {e.g.,
about every 6 hours, about every 12 hours, about every 24 hours, about every 48 hours, or about
every 72 hours) followed by a fonger time period {e.g., about | week, about 2 weeks, about 3
weeks, about 4 weeks, about 5 weeks, about 6 weeks, about 7 weeks, ot about 8 weeks) during
which the iIRNA agent 1s not administered. In some embodiments, the tRNA agent is initially
administered hourly and 1s later administered at a longer interval {e.g., daily, weekly, biweekly,
or monthly). In some embodiments, the tRNA agent is initially administered daily and is later
administered at a longer interval (e.g., weekly, biweekly, or monthly). In certain embodiments,
the longer interval increases over time or s determined based ou the achievement of a desired
effect.

Before admimstration of a full dose of the iIRNA, patienis can be admwinistered a smaller

dose, such as a 5% infuston dose, and monitored for adverse effects, such as an allergic reaction,
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or for elevated lipid levels or blood pressure. In another example, the patient can be monitored

for unwanted effects.

Vi Methods for modulatine expression of MYOC

In some aspects, the disclosure provides a method for modulating (e.g., inhibiting or
activating) the expression of MYOC, e.g., in a cell, in a tissue, or in a subject. In some
embodiments, the cell or tissug is ex vivo, in vifro, or in vivo. In some embodiments, the cell or
tissue 15 in the eve {e.g., a trabecular meshwork tissue, a ciliary body, a retinal pigment
epithelium (RPE), a retinal tissue, an astrocyte, a pericyte, a Miller cell, a ganglion cell, an
endothelial cell, a photoreceptor cell, a retinal blood vessel {e.g, including endothelial cells and
vascular smooth muscle cells), or choroid tissue, e.g., a choroid vessel). In some embodiments,
the cell or tissue is in a subject {e.g.,, a mammal, such as, for example, a human). In some
embodiments, the subject {e.g., the human) 1s at risk, or 1s diagnosed with a disorder related to
expression of MYOC expression, as described herein.

In some embodiments, the method includes contacting the cell with an iIRNA as described
herein, in an amount effective to decrease the expression of MYOU in the cell. In some
embodiments, contacting a cell with an RINAI agent includes contacting a cell in vifro with the
RINAI agent or contacting a cell in vivo with the RNA1 agent. In some embodiments, the RNA:
agent is put into physical contact with the cell by the individual performing the method, or the
RNA1 agent may be put wnto a situation that will permit or cause it to subsequently come into
contact with the cell. Contacting a cell 1n vitro may be doune, for example, by tncubating the cell
with the RNAi agent. Contacting a cell in vivo may be done, for example, by injecting the RNA1
agent into or near the tissue where the cell 1s located, or by injecting the RNAt agent into another
area, e.g., ocular tissue. For example, the RNAI agent may contain or be coupled to a ligand,
e.z., a hipophilic motety or moteties as described below and further detailed, e.g, in
PCT/US2019/031170 which is incorporated herein by reference in its entirety, including the
passages therein describing lipophilic moteties, that directs or otherwise stabilizes the RNAJ
agent at a site of interest. Combinations of in vitro and in vivo methods of contacting are also
possible. For example, a cell may also be contacted in vitro with an RNA{ agent and

subsequently transplanted into a subject.
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The expression of MYOC may be assessed based on the level of expression of MYOC
mRNA, MYOC protein, or the level of another parameter functionally linked to the level of
expression of MYOC. In some embodiments, the expression of MYOC is inhibited by at least
5%, at teast 10%, at least 15%, at least 20%, at feast 25%, at least 30%, at least 35%, at feast
40%, at teast 45%, at least 50%, at least 55%, at least 60%, at leasi 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, or at least 95%. In some embodiments, the iIRNA
has an ICsp in the range of 0.001-0.01 oM, 0.001-0.10 nM, 0.001-1.0 nM, 0.001-10 nM, 0.01-
0.05 oM, 0.01-0.50 nM, 0.02-0.60 oM, 0.01-1 0 oM, 0.01-1.5 oM, 0.01-10 sM. The ICsp value
may be normalized relative to an appropriate control value, e.g., the ICso of a nov-targeting
iRNA.

o some embodiments, the method includes wtroducing into the cell or tissue an iIRNA as
described herein and maintaining the cell or tissue for a time sufficient to obtain degradation of
the mRINA transcript of MYQC, thereby inhubiting the expression of MYOC 1n the cell or tissue.

In some embodiments, the method includes administering a composition described
herein, e.g, a composition comprising an IRNA that binds MYQOC, to the mammal such that
expression of the target MYOCU is decreased, such as for an extended duration, e.g., at Igast two,
three, four days or more, e.g., one week, two weeks, three weeks, or four weeks or longer. In
some embodiments, the decrease in expression of MYOU 13 detectable within 1 hour, 2 hours, 4
hours, & hours, 12 hours, or 24 hours of the first administration.

o some embodiments, the method includes administering a coruposition as described
herein 10 a mammal such that expression of the target MY OC is increased by e.g., at least 10%
compared to an untreated animal. In some embodiments, the activation of MYOC occurs over
an extended duration, .g., at least two, three, four days or more, e.g., one week, two weeks,
three weeks, four weeks, or more. Without wishing to be bound by theory, an iRNA can activate
MYOC expression by stabilizing the MYOC mRNA transcript, interacting with a promoter in the
genome, or inhibiting an inhibitor of MYQOC expression.

The iRNAs useful for the methods and compositions featured in the disclosure
specifically target RNAs (primary or processed) of MYOC. Compositions and methods for
inhibiting the expression of MYOC using iRNAs can be prepared and performed as described

elsewhere herein.
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In some embodiments, the method includes administering a composition containing an
iRNA, where the iIRNA includes a nuclectide sequence that is complementary to at feast a part of
an RNA transcript of MYOC of the subject, e.g, the mammal, e.g., the human, to be treated.
The composition may be administered by any appropriate means known in the art including, but
not lunited to ocular {e.g., intraccular}, topical, and intravenocus administration.

In certain embodiments, the composition is administered intraocularly {e.g., by
intravitreal administration, e.g., intraviireal injection; transscleral administration, e.g.,
transscleral injection; subcomjunctival administration, e.g , subconjunctival injection; retrobulbar
administration, e.g., retrobulbar injection; intracameral administration, e.g., infracameral
injection; or subretinal administration, e.g., subretinal injection. In other embodiments, the
composition is administered topically. In other embodiments, the composition 1s administered
by intravenous infusion of injection.

In certain embodiments, the composition 1s administered by intravenous infusion or
injection. In some such embodiments, the composition comprises a lipid formulated siRNA
{e.g., an LNP formulation, such as an LNP11 formulation) for intravenous infusion.

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

methods, and examples are tHustrative only and not intended to be limiting.
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Specific Embodiments

1. A double stranded ribonucleic acid (dsRNA) agent for inhibiting expression of myocilin
(MYOC), wherein the dsRNA agent comprises a sense strand and an antisense strand forming a
double stranded region, wherein the sense strand comprises a nuclectide sequence comprising at
feast 1S contiguous nucleotides, with 0, 1, 2, or 3 musmatches, of a portion of a coding strand of
human MYOC and the antisense strand comprises a nuclectide sequence comprising at least 15
contiguous nucleotides, with §, 1, 2, or 3 mismatches, of the corresponding portion of a non-
coding strand of buman MYOC such that the sense strand is complementary to the at least 15

contiguous nucleotides in the antisense strand.

2. The dsRNA agent of embodiment 1, wherein the coding strand of human MYOC

comprises the sequence SEQ ID NO: L

3. The dsRNA agent of embodiment 1 or 2, wherein the non-coding strand of human

MYOC comprises the sequence of SEQ D NO: 2.

4. A double stranded ribonucleic acid (dsRNA) agent for inhibiting expression of MYOC,
wherein the dsRNA agent comprises a sense strand and an antisense strand forming a double
stranded region, wherein the antisense sirand comprises a nucleotide sequence comprising at
least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of a portion of nucleotide
sequence of SEQ 1D NO: 2 such that the sense strand 15 complementary to the at feast 15

contiguous nucleotides in the antisense strand.

5. The dsRNA agent of embodiment 4, wherein the sense strand comprises a nucleotide
sequence comprising at least 15 contiguous nucleotides, with 0, or 1, 2, or 3 mismaiches, of the

corresponding portion of the nuclectide sequence of SEQ IDNG: 1.
5a. The dsRNA agent of any of the preceding embodiments, wherein the antisense strand

comprises a nucleotide sequence comprising at feast 15 contiguous nucleotides, with 0, 1,2, or 3

mismatches, from the antisense strand nuclectide sequence of duplex AD-1565804 and the sense
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strand comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1,

2, or 3 musmatches, from the sense strand nucleotide sequence of duplex AD-1565804.

5b. The dsRNA agent of any of the preceding erobodiments, wherein the avtisense strand
comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with ¢, 1, 2, or 3
mismatches, from the antisense strand nucleotide sequence of duplex AD-1565837 and the sense
strand comprises a nucleoctide sequence comprising at least 15 contiguous nucleotides, with 0, 1,

2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-1565837.

6. The dsRNA of any of the preceding embodiments, wherein the dsRNA agent comprises a
sense strand and an antisense strand, wherein the antisense strand comprises a nucleotide
sequence comprising at least 17 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of a
portion of nucleotide sequence of SE( ID NO: 2 such that the sense strand 1s complementary to

the at least 17 contiguous nucleotides in the antisense strand.

7. The dsRNA of embodiment 6, wherein the sense strand comprises a nuclestide sequence
comprising at least 17 contiguous nucleotides, with 0, or 1, 2, or 3 mismatches, of the

corresponding portion of the nuclectide sequence of SEQ IDNG: 1.

8  The dsRNA of any of the preceding embodiments, wherein the dsRNA agent comprises a
sense sirand and an antisense strand, wherein the antisense strand comprises a nuclectide
sequence comprising at least 19 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of a
portion of nucleotide sequence of SEQ 1D NO: 2 such that the sense strand is complementary to

the at least 19 contiguous nucleotides in the antisense strand.
O The dsRNA of embodiment & wherein the sense strand comprises a nucleotide sequence
comprising at least 19 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of the

corresponding portion of the nucleotide sequence of SEQ D NO: 1.

10. The dsRNA of any of the preceding embaodiments, wheretn the dsRNA agent comprises a

sense strand and an antisense strand, wherein the antisense strand comprises a nucleotide
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sequence comprising at least 21 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of a
portion of nucleotide sequence of SEQ 1D NO: 2 such that the sense strand is complementary to

the at least 21 contiguous nuclectides in the antisense strand.

11. The dsRNA of embodiment 10, wherein the sense strand comprises a nucleotide
sequence comprising at least 21 contiguous nucleotides, with 0, or 1, 2, or 3 mismatches, of the

corresponding portion of the nucleotide sequence of SEQ ID NG 1.

12, The dsRNA agent of any one of the preceding embodiments, wheretn the portion of the

sense strand is a portion within a sense strand in any one of Tables 2A and 2B.

13. The dsRNA agent of any one of the preceding embodiments, wherein the portion of the

antisense strand 1s a portion within an antisense strand in any one of Tables 2A and ZB.

14. The dsRINA agent of any of the preceding embodiments, wherein the antisense strand
comprises a nucleotide sequence comprising at feast 15 contiguous nucleotides, with 6, 1, 2, or 3

mismatches, from one of the antisense sequences listed in any one of Tables 2A and 2B.

15 The dsRNA agent of any of the preceding embodiments, wherein the sense strand
comprises a nuclectide sequence comprising at least 15 contiguous nucleotides, with 6, 1,2, or 3
mismatches, from a sense sequence listed in any one of Tables ZA and 2B that corresponds to the

antisense sequence.

16. The dsRINA agent of any of the preceding embodiments, wherein the antisense strand
comprises a nuclectide sequence comprising at least 17 contiguous nucleotides, with 6, 1,2, or 3

mismatches, from one of the antisense sequences listed in any one of Tables 2A and 2B.

17. The dsRNA agent of any of the preceding embodiments, wherein the sense strand
comprises a nucleotide sequence comprising at least 17 contiguous nucleotides, with 0, 1, 2, or 3
mismatches, from a sense sequence listed in any one of Tables ZA and 2B that corresponds to the

antisense sequence.
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18 The dsRINA agent of any of the preceding embodiments, wherein the antisense strand
comprises a nucleotide sequence comprising at feast 19 contiguous nucleotides, with 0, 1,2, or 3

musmatches, from one of the antisense sequences listed in any one of Tables 2A and 2B.

19. The dsRINA agent of any of the preceding embodiments, wherein the sense strand
comprises a nucleotide sequence comprising at feast 19 contiguous nucleotides, with 6, 1, 2, or 3
mismatches, from a sense sequence listed in any one of Tables 2A and ZB that corresponds to the

antisense sequence.

20. The dsRNA agent of any of the preceding embodiments, wheretn the antisense strand
comprises a nucleotide sequence comprising at feast 21 contiguous nucleotides, with 0,1, 2, or 3

nmuismatches, from one of the antisense sequences listed in any one of Tables 2A and 2B.

21. The dsRNA agent of any of the preceding embodiments, wherein the sense strand
comprises a nucleotide sequence comprising at feast 21 contiguous nucleotides, with 6, 1, 2, or 3
mismatches, from a sense sequence listed in any one of Tables 2A and ZB that corresponds to the

antisense sequence.

22, The dsRNA agent of any of the preceding ermnbodiments, wherein the sense strand is at

feast 23 nucleotides 1o length, e.g., 23-30 nuclectides in length.

23. The dsRNA agent of any of the preceding embodiments, wherein at feast one of the sense

strand and the antisense strand is conjugated to one or more lipophilic moieties.

24 The dsRNA agent of embodiment 23, wherein the lipophilic motety is conjugated to one

or more positions 1 the double stranded region of the dsRNA agent.

25 The dsRNA agent of embodiment 23 or 24, wherein the lipophilic moiety 18 conjugated

via a Hnker or carrier.
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26. The dsRNA agent of any one of embodiments 23-25, wherein lipophilicity of the

fipophilic moiety, measured by logKow, exceeds 0.

27. The dsRNA agent of any one of the preceding embodiments, wheretn the hydrophobicity
of the double-stranded RNAI agent, measured by the unbound fraction in a plasma protein

binding assay of the double-stranded RINAI agent, exceeds 0.2,

28. The dsRNA agent of embodiment 27, wherein the plasma protein binding assay is an

electrophoretic mobility shift assay using human serurs albunin protein.

29. The dsRINA agent of any of the preceding embodiments, wheretn the dsRNA agent

comprises at least one modified nucleotide.

30. The dsRNA agent of embodiment 29, wherein no more than five of the sense strand
nucleotides and not more than five of the nucleotides of the antisense strand are unmodified

nucleotides.

31. The dsRNA agent of embodiment 29, whereiun all of the nucleotides of the sense strand

and all of the nucleotides of the antisense strand comprise a modification.

32. The dsRNA agent of any one of embodiments 29-31, wherein at least one of the modified
nucleotides is selected from the group consisting of a deoxy-nucleotide, a 3" -terminal deoxy-
thymine {(dT) nuclectide, a 27-O-~-methyl modified nucleotide, a 2"-fluoro modified nucleotide, a
2 -deoxy-modified nucleotide, a locked nucleotide, an unlocked nucleotide, a conformationally
restricted nucleotide, a constrained ethyl nucleotide, an abasic nucleotide, a 2”-amino-modified
nucleotide, a 2’ -O-allyl-modified nucleotide, 2°-C-altkyl-modified nuclectide, a 2’ -methoxyethyl
modified nucleotide, a 27-0O-alkyl-modified nucleotide, a morpholino nucleotide, a
phosphoramidate, a non-natural base comprising nucleotide, a tetrahydropyran modified
nucieotide, a 1, S-anhydrohexitol modified nucleotide, a cyclohexenyl modified nuclectide, a
nuclteotide comprising a phosphorothicate group, a nucleotide comprising a methylphosphonate

group, a nucleotide comprising a S”-phosphate, a nucleotide comprising a 5" -phosphate mimic, a
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glycol modified nucleotide, and a 2-O-{N-methylacetamide} modified nucleotide; and

combinations thereof,

33, The dsRNA agent of any of embodiments 29-31, wherein no more than five of the sense
strand nucleotides and not more than five of the nucleotides of the antisense strand include
moditications other than 2°-O-methyl modified nucleotide, a 27-fluoro modified nucleotide, a 2°-

deoxy-modified nucleotide, unlocked nucleic acids (UNA) or glycerol nucleic acid (GNA).

34. The dsRNA agent of any of the preceding erabodiments, which comprises a non-
niucleotide spacer {(wherein optionally the non-nuclectide spacer comprises a C3-C6 alkyl}
between two of the contiguous nuclectides of the sense strand or between two of the contiguous

nucleotides of the antisense strand.

35 The dsRNA agent of any of the preceding embodiments, wherein each strand is no more

than 30 nucleotides in length.

36. The dsRINA agent of any of the preceding embaodiments, wherein at feast one strand

comprises a 37 overhang of at least 1 nucleotide.

37 The dsRNA agent of any of the preceding embodiments, wherein at least one sirand

comprises a 37 pverhang of at least 2 nucleotides.

38. The dsRNA agent of any of the preceding embodiments, wherein the double stranded

region 15 15-30 nucleotide pairs in length.

3

39. The dsRINA agent of embodiment 38, wherein the double stranded region is 17-23

nucleotide pairs in length,

40. The dsRNA agent of embodiment 38, wherein the double stranded region 1s 17-25

nucieotide pairs in length,
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lsled

41. The dsRNA agent of embodiment 38, wherein the double stranded region is 23-27

nucieotide pairs in length.

42. The dsRNA agent of embodiment 38, wherein the double stranded region 15 19-21

nucleotide patrs in length.

43. The dsRNA agent of embodiment 38, wherein the double stranded region 15 21-23

nuclectide pairs in length.

44 The dsRNA agent of any of the preceding embodiments, wherein each strand has 19-30

nucleotides.

4S. The dsRNA agent of any of the preceding embodiments, wherein each strand has 19-23

nucleotides.

46. The dsRNA agent of any of the preceding embodiments, wherein each strand has 21-23

nucleotides.

47. The dsRNA agent of any of the preceding embodiments, wherein the agent comprises at

feast one phosphorothioate or methylphosphonate internucleotide linkage.

48. The dsRNA agent of embodiment 47, wherein the phosphorothioate or

methyiphosphonate internucieotide linkage s at the 3'-terminus of one strand.
49 The dsRNA agent of embodiment 48, wherein the strand 1s the antisense strand.

50. The dsRNA agent of embodiment 48, wherein the strand is the sense strand.

51 The dsRNA agent of embodiment 47, wherein the phosphorothioate or

methylphosphonate internuclectide linkage is at the 5’-terminus of one strand.
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52. The dsRNA agent of embodiment 51, wherein the strand is the antisense strand.

53. The dsRNA agent of embodiment 51, wherein the strand is the sense strand.

54. The dsRNA agent of embodiment 47, wherein each of the 5’ and 3 -terminus of one

strand comprises a phosphorothicate or methylphosphonate internucleotide linkage.

55. The dsRNA agent of embodiment 54, wherein the strand is the antisense strand.

56. The dsRINA agent of any of the preceding embodiments, wherein the base pair at the 1

position of the 37 -end of the antisense strand of the duplex is an AU base pair.

57. The dsRNA agent of embodiment 54, wherein the sense strand has a total of 21

nucleotides and the antisense strand has a total of 23 nuclectides.

58 The dsRNA agent of any one of embodiments 23-57, wherein one or more lipophilic

moieties are conjugated to one or more internal positions on at least one strand.

59 The dsRNA agent of embodiment 58, wherein the one or more lipophilic moteties are

conjugated to one or more internal positions on at least one strand via a linker or carrier.

60. The dsRINA agent of embodiment 39, wherein the internal positions include all positions

except the terminal two positions from each end of the at least one strand.

61, The dsRINA agent of embodiment 59, wherein the internal positions include all positions
fand b

except the terminal three positions from each end of the at least one strand.

62. The dsRNA agent of any one of embodiments 59-61, wherein the internal positions

exclude a cleavage site region of the sense strand.
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53. The dsRNA agent of embodiment 62, wherein the internal positions include all positions

except positions 9-12, counting from the 57-end of the sense strand.

64. The dsRNA agent of embodiment 62, whereiu the internal positions include all positions

except positions 11-13, counting from the 37-end of the sense strand.

05. The dsRNA agent of any one of embodiments 59-61, wherein the internal positions

exclude a cleavage site region of the antisense strand.

66. The dsRINA agent of embodiment 65, wherein the internal positions include all positions

except positions 12-14, counting from the 5™ -end of the antisense strand.

67. The dsRNA agent of any one of embodiments 59-61, wherein the internal positions
inchude all positions except positions 11-13 on the sense strand, counting from the 37-end, and

positions 12-14 on the antisense strand, counting from the 5’ -end.

68. The dsRNA agent of any one of embodiments 23-67, wherein the one or more lipophilic
moieties are conjugated to one or more of the internal positions selected from the group
consisting of positions 4-8 and 13-18 on the sense strand, and positions 6-10 and 15-18 on the

antisense strand, counting from the S’end of each strand.

69. The dsRINA agent of embodiment 68, wherein the one or more lipophilic moieties are
conjugated to one or more of the internal positions selected from the group consisting of
positions S, 6, 7, 15, and 17 on the sense strand, and positions 15 and 17 on the antisense strand,

counting from the 57-end of each strand.

70. The dsRNA agent of embodiment 24, wherein the positions in the double siranded region

exclude a cleavage site region of the sense strand.

71. The dsRNA agent of any one of embodiments 23-70, wherein the sense strand 15 21

nucleotides in length, the antisense strand 15 23 nucleotides in length, and the lipophilic moiety is
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conjugated to position 21, position 20, position 15, position 1, position 7, position 6, or position

2 of the sense strand or position 16 of the antisense strand.

72. The dsRNA agent of embodiment 71, wherein the lipophiic motety 13 conjugated to

wosition 21, position 20, position 15, position 1, or position 7 of the sense strand.
2 E E E

73. The dsRINA agent of embodiment 71, wherein the lipophilic motety is conjugated to

position 21, position 20, or position 15 of the sense strand.

74. The dsRINA agent of embodiment 71, wherein the lipophilic moiety is conjugated to

position 20 or position 15 of the seunse strand.

75. The dsRNA agent of embodiment 71, wherein the lipophilic moiety is conjugated to

position 16 of the antisense strand.

76. The dsRINA agent of embodiment 71, wherein the lipophilic motety is conjugated to

position &, counting from the 5"-end of the sense strand.

77. The dsRINA agent of any one of embodiments 23-76, wherein the lipophilic moiety is an

aliphatic, alicyclic, or polyalicyclic compound.

78. The dsRNA agent of embodiment 77, wherein the lipophilic moiety 13 selected from the
group consisting of liptd, cholesterol, retingic acid, cholic acid, adamantane acetic acid, t-pyrene
butyric acid, dihydrotestosterone, 1,3-bis-Othexadecyliglyeerol, geranyloxyvhexyanol,
hexadecylglycerol, borneol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic

acid, O3-(oleoyiilithocholic acid, O3-{cleoyl)cholenic acid, dimethoxytrityl, or phenoxazine.

79. The dsRNA agent of embodiment 78, wherein the lipophilic moiety contains a saturated
or unsaturated C4-C30 hydrocarbon chain, and an optional functional group selected from the
group consisting of hydroxyl, amine, carboxylic acid, sulfonate, phosphate, thidl, azide, and

alkyne.
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80 The dsRNA agent of embodiment 79, wherein the lipophilic motety contains a saturated

or unsaturated C6-C 18 hydrocarbon chain.

81. The dsRNA agent of embodiment 79, wherein the lipophilic moiety contains a saturated

or unsaturated €16 hydrocarbon chain.

82. The dsRNA agent of any one of embodiments 23-81, wherein the lipophilic motety 1s
conjugated via a carrier that replaces one or more nucleotide(s) in the internal position(s) or the

double stranded region.

83. The dsRINA agent of embodiment 82, wherein the carrier 15 a cyclic group selected from
the group consisting of pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl,
piperidinyl, piperazinyl, {1,3]dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl,
thiazolidinyl, isothiazolidinyl, quinoxalinyl, pyridazinonyl, tetrahydroturanyl, and decalinyl; or

is an acyclic moiety based on a serinol backbone or a diethanolamine backbone.

34. The dsRNA agent of any one of embodiments 23-81, wherein the lipophilic motety is
conjugated to the double-stranded iRNA agent via a linker containing an ether, thioether, urea,
carbonate, amine, amide, maleimide-thioether, disulfide, phosphodiester, sulfonamide linkage, a

product of a click reaction, or carbamate.

85. The double-stranded iRNA agent of any one of embodiments 23-84, wherein the

lipophilic moiety 15 conjugated to a nucleobase, sugar moiety, or internucieosidic linkage.

86. The dsRINA agent of any one of embodiments 23-85, wherein the lipophilic moiety is
conjugated via a bio-cleavable hinker selected from the group consisting of DNA, RNA,
disulfide, amide, functionalized monosaccharides or oligosaccharides of galactosamine,

glucosamine, glucose, galactose, mannose, and combinations thereof.
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87. The dsRNA agent of any one of embodiments 23-86, wherein the 3’ end of the sense
strand 1s protected via an end cap which is a eyclic group having an amine, said cyclic group
being selected from the group consisting of pyrrolidinyl, pyrazolinyl, pyrazolidinyl,
imidazolinyl, imidazohidioyl, piperidinyl, piperazinyl, [1,3]dioxolanyl, oxazolidinyl,
isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl, pyridazinonvl,

tetrahydrofuranyl, and decalinyl.

88. The dsRNA agent of any one of embodiments 23-87, further comprising a targeting

higand, e.g, a ligand that targets an ocular tissue or a liver tissue.

89 The dsRNA agent of embodirnent 88, wherein the ligand 15 conjugated to the sense

strand.

90. The dsRNA agent of embodiment &8 or 89, wherein the ligand is conjugated to the 3” end

or the 57 end of the sense strand.

©1. The dsRINA agent of embodiment 88 or 89, wherein the ligand is conjugated to the 3" end

of the sense strand.
92 The dsRNA agent of any one of embodiments 88-91, wherein the ocular tissue s a
trabecular meshwork tissue, a ciliary body, a retinal tissue, a retinal pigment epithelium (RPE) or

choroid tissue, e.g., a choroid vessel.

93 The dsRINA agent of any one of embodiments 88-91, wherein the targeting ligand

comprises N-acetylgalactosamine {GalNAc).

94. The dsRNA agent of any one of embodiments 88-91, wherein the targeting ligand 15 one

or more GallNAc conjugates or one or more or GallNAc dertvatives.
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95 The dsRNA agent of embodiment 94, wherein the one or more GallNAc conjugates or one
or more GalNAc¢ derivatives are attached through a monovalent Hinker, or a bivalent, trivalent, or

tetravalent branched linker.

5 96. The dsRNA agent of embodiment 94, wherein the ligand s

O
MO O
Q H H 1
HO OMNWNY/\/Q *
AcHN & 5 o

97. The dsRNA agent of embodiment 96, wherein the dsRNA agent 1s conjugated to the

ligand as shown 1n the following schematic

HO O\/\/\H/N\/\,N\EO

AcHN o

OH
HO
o) Oy H

H H
O
HO \/\/\gN\/\/N\g/\/O\%(

N
AcHN o o

ro LOH
%0 ~
HO N N0
J\/YH N

10 AcHN o ,

wherein X 15 O or 8.
08. The dsRNA agent of embodiment 97, wherein the X 1s O.
15 99 The dsRNA agent of any one of embodiments 1-98, further comprising a terminal, chiral

modification occurring at the first internuclectide linkage at the 37 end of the antisense strand,

having the linkage phosphorus atom in Sp configuration,
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a terminal, chiral modification occurring at the first internucleotide linkage at the 57 end of
the antisense strand, having the linkage phosphorus atom 1n Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5™ end of
the sense strand, having the linkage phosphorus atom in either Rp configuration or Sp

configuration.

100, The dsRNA agent of any one of embodiments 1-98, further comprising

a terminal, chiral modification occurring at the first and second internucleotide hinkages at
the 37 end of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 57 end of
the antisense strand, having the linkage phosphorus atom 1n Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 57 end of

the sense strand, having the linkage phosphorus atom in either Rp or Sp configuration.

101, The dsRNA agent of any one of embodiments 1-98, further comprising

a terminal, chiral modification occurring at the first, second and third internuclectide linkages
at the 3" end of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first internuclectide linkage at the 5™ end of
the antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurting at the first internucleotide lunkage at the 57 end of

the sense strand, having the linkage phosphorus atom in either Rp or Sp configuration,

102. The dsRNA agent of any one of embodiments 1-98, further comprising

a terminal, chiral modification occurring at the first, and second internucleotide hinkages at
the 37 end of the antisense strand, having the linkage phosphorus ators in Sp configuration,

a terminal, chiral modification occurring at the third internucleotide linkages at the 37 end of
the antisense strand, having the linkage phosphorus atom in Rp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 57 end of
the antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide Hinkage at the 5" end of

the sense strand, having the linkage phosphorus atom in either Rp or Sp configuration.
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103, The dsRNA agent of any one of embodiments 1-98§, further comprising

a terminal, chiral modification occurring at the first, and second internucleotide linkages at
the 37 end of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first, and second internucleotide hinkages at
the 57 end of the antisense strand, having the linkage phosphorus atorm in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide Hinkage at the 5" end of

the sense strand, having the linkage phosphorus atom in either Rp or Sp configuration.

104. The dsRNA agent of any one of embodiments 1-103, further comprising a

phosphate or phosphate mirnic at the 57-end of the antisense strand.

10s. The dsRINA agent of erabodiment 104, wheretn the phosphate mimic is a 5™ -vinyl

phosphonate (VP).

106. A cell containing the dsRNA agent of any one of embodiments 1-108.
107. A human ocular cell, e g, (a cell of the trabecular meshwork, a cell of the ciliary

body, an RPE cell, an astrocyte, a pericyte, a Miiller cell, a ganglion cell, an endothelial cell, or a
photoreceptor cell} comprising a reduced level of MYOU mRNA or a level of MYOC protein as
compared to an otherwise similar untreated cell, wherein optionally the level is reduced by at
least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,

&5%, 90%, or 95%.

2

108, The human cell of embodiment 107, which was produced by a process comprising

contacting a human cell with the dsRNA agent of any one of embodiments 1-94.

109. A pharmaceutical composition for inhibiting expression of MYOC, comprising the

dsRINA agent of any one of embodiments 1-105.

110. A pharmaceutical composition comprising the dsRNA agent of any one of

embodiments 1-105 and a lipid formulation.
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111 A method of wnhibiting expression of MYOC in a cell, the method comprising:
(a} contacting the cell with the dsRNA agent of any one of embodiments 1-105, or a
pharmaceutical composition of embodiment 109 or 110; and
(b} maintaining the cell produced in step (3) for a time sufficient to obtain
degradation of the mRNA transcript of MYOC, thereby inhibiting expression of MYQOC in the

cell.

112, A method of inhibiting expression of MYOC in a cell, the method coruprising:
{(a} contacting the cell with the dsRINA agent of any one of embodiments 1-105, ora
pharmaceutical corposition of embodiment 109 or 110; and
(b}  maintaining the cell produced in step (a} for a time sufficient to reduce levels of
MYOC mRNA, MYOC protein, or both of MYOC mRNA and protein, thereby inhibiting

expression of MYOC in the cell.

113, The method of embodiment 111 or 112, wherein the cell 1s within a subject.

114, The method of emboduiment 113, wherein the subject 15 a human

115, The method of any one of embodiments 111-114, wherein the level of MYOC mRNA

is inhibited by at least 50%.

116. The method of any one of embodiments 111-114, wherein the level of MYQC protein

is inhubited by at least 50%.

117. The method of embodiment 114-116, wherein inhibiting expression of MYOC
decreases a MYOC protein level in a biological sample {e.g., an aqueous ocular fluid sample)

from the subject by at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95%.

118, The method of any one of embodiments 114-117, wherein the subject has been
diagonosed with a MYOC-associated disorder, e.g., glancoma, e.g., primoary open angle glaucoma

(POAG).
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119, A method of wnhibiting expression of MYOC in an ocular cell or tissue, the method
comprising:

{a) contacting the cell or tissue with a dsSRNA agent that binds MYQOC, and

{b) maintaining the cell or tissue produced in step (a) for a time sufficient to reduce levels of

MYOC mBRNA, MYOC protein, or both of MYOC mBNA and protein, thereby inhibiting

expression of MYOC in the cell or tissue.

120, The method of embodiment 119, wherein the ocular cell or tissue comprises a
trabecular meshwork tissue, a ciliary body, an RPE cell, a retinal tissue, an astrocyte, a pericyte,
a Miller cell, a ganglion cell, an endothelial cell, a photoreceptor cell, a retinal blood vessel
{e.g., including endothelial cells and vascular smooth muscle cells), or choroid tissue, eg., a

choroid vessel.

120a. A method of reducing intraccular pressure in a subject, comprising administering to the
subject a therapeutically effective amount of the dsRNA agent of any one of embodiments 1-105
or a pharmaceutical composition of embodiment 109 or 110, thereby reducing intraccular

pressure in the subject.

120b. A method of liroiting an increase in intraocular pressure, or roaintaining a coustant
intraocular pressure, in a subject, comprising administering to the subject a therapeutically
etfective amount of the dsRNA agent of any one of embodiments 1-105 or a pharmaceutical
composition of embodiment 109 or 110, thereby limiting the increase in intraocular pressure, or

maintaining a constant intraccular pressure in the subject.

121. A method of treating a subject having, or diagnosed with having, a MYOC-associated
disorder comprising administering to the subject a therapeutically effective amount of the
dsRINA agent of any one of embodiments 1-105 or a pharmaceutical composition of embodiment

109 or 110, thereby treating the disorder.

122, The method of embodiment 118 or 121, wherein the MYOC-associated disorder 18

glaucoma.
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122a. A method of treating a subject having glaucoma, comprising administering to the
subject a therapeutically effective amount of the dsRNA agent of any one of embodiments 1-105

or a pharmaceutical composition of embodiment 109 or 110, thereby treating the glavcoma.

123, The method of embodiment 122 or 122a, wherein glaucoma is selected from the group

consisting of primary open angle glauvcoma (POAG).

2
>

124, The method of any one of embodiments 121-123, wherein treating comprises

amelioration of at least one sign or symptom of the disorder.

125, The method of embodiment 124, wherein at least one sign or symptom of
glaucoma comprises a rmeasure of one or more of optic nerve damage, vision loss, tunnel vision,
bhurred vision, eye pain or presence, level, or activity of MYQC {e.g,, MYOU gene, MYQGC
mRNA, or MYOC protein).

126. The method of any one of embodiments 121123, where treating comprises prevention

of progression of the disorder.

127. The method of any one of embodiments 124-126, wherein the treating comprises one or
more of (a) inhibiting or reducing the expression or activity of MYOC; (b) reducing the level of
misfolded MYOC protein; (¢} reducing trabecular meshwork cell death; (d) decreasing
intraocular pressure; or {e) increasing visual acuity.

128, The method of embodiment 127, wherein the treating results in at least a 30% mean
reduction from baseline of MYOC mRNA in the trabecular meshwork tissue, ciliary body, retina,
RPE, a retinal blood vessel (e.g., including endothelial cells and vascular smooth muscle cells),

or choroid tissue, e.g., a choroid vessel.

129, The method of embodiment 128 wherein the treating resulis in at least a 60% mean
reduction from baseline of MYOC mRNA in the trabecular meshwork tissue, ciliary body, retina,
RPE, a retinal blood vessel (e.g., including endothelial cells and vascular smooth muscle cells),

or choroid tissue, e.g., a chorotd vessel.

178



10

15

20

CA 03224868 2023-12-19

WO 2023/278406 PCT/US2022/035266

130, The method of embodiment 129, wherein the treating results in at least a 90% mean
reduction from baseline of MYOC mRNA in the trabecular meshwork tissue, ciliary body, retina,
RPE, a retinal blood vessel (e.g, including endothelial cells and vascular smooth muscle cells),

or chorotd tissug, e.2., a choroid vessel.

131. The method of any one of embodiments 124-129, wherein after treatment the subject
experiences at least an 8-week duration of knockdown following a single dose of dsRINA as

assessed by MYOU protein in the retina.

132, The method of embodiment 131, wherein treating results in at least a 12-week duration

of knockdown following a single dose of dsRNA as assessed by MYOC protein in the retina.

133, The method of embodiment 132, wherein treating results in at least a 16-week duration

of knockdown following a single dose of dsRNA as assessed by MYOC protein in the retina.

134, The method of any of embodiments 113-133, wherein the subject is human.

135. The methed of any one of embodiments 114-134, wherein the dsRNA agent is

administered at a dose of about 0.01 mg/kg to about 50 mg/kg.

136, The method of any one of embodiments 114-135, wherein the dsRNA agent is

administered to the subject intraocularly, intravenously, or topically.

137, The method of embodiment 136, wherein the intraocular administration comprises
intravitreal administration {¢.g., intravitreal injection), transscleral administration {e.g.,
transscleral injection), subconjunctival administration {(e.g., subconjunciival injection),
retrobulbar administration {e.g., retrobulbar injection), intracameral administration {e.g.,

intracameral injection}, or subretinal administration {e.g., subretinal injection),

138, The method of any one of embodiments 114-137, fusther comprising measuring level of

MYOC {e.g., MYOC gene, MYOC mRNA, or MYOC protein) in the subject.
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139, The method of embodiment 138, where measuring the level of MYOC in the subject
comprises measuring the level of MYOU gene, MYOC protein or MYOCU mRNA in a biological

sample from the subject {e.g., an aqueous ocular fluid sample}.

140, The method of any one of embodiments 114-139, further comprising performing a

blood test, an imaging test, or an agueous ocular fluid biopsy.

141. The method of any one of embodiments 138-140, wherein measuring level of MYQC
{e.g., MYOC gene, MYOU mRNA, or MYOU protein) tn the subject is performed prior to

treatment with the dsRNA agent or the pharmaceutical composition.

142, The method of embodiment 141, wherein, upon determination that a subject has a level
of MYOC (e.g., MYOU gene, MYOU mRNA, or MYOC protein) that s greater than a reference

fevel, the dsRINA agent or the pharmaceutical composition is administered to the subject.

143. The method of any one of embodiments 139-142, wherein measuring level of MYOCU
{e.g., MYOQC gene, MYOU mRNA, or MYOC protein) in the subject 18 performed after

treatroent with the dsRNA agent or the pharmaceutical composition.

144. The method of any one of embodiments 121-143, further comprising administering to
the subject an additional agent and/or therapy suitable for treatment or prevention of an MYOC-

associated disorder.

145, The method of embodiment 144, wherein the additional agent and/or therapy comprises
one or more of a photodynamic therapy, photocoagulation therapy, a steroid, a non-stercidal anti-

inflammatory agent, an anti-MYOC agent, and/or a vitrectomy.
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EXAMPLES
Example 1. MYOC siRNA

MNucleic acid sequences provided herein are represented using standard nomenclature.

See the abbreviations of Table 1.

Table 1. Abbreviations of nucleotide monomers used in nucleic acid sequence representation
It will be understood that these monomers, when present in an oligonucleotide, are mutually

linked by 5°-3’-phosphodiester bonds.

Abbreviation Nucleotide(s)

A Adenosine-3’-phosphate

Ab beta-L-adenosine-3 -phosphate

Abs beta-L-adenosine-3 ~phosphorothioste
Af 2’ ~-fluorcadenosine-3 -phosphate

Afs 2’ -flusroadencsine-3 -phosphorothicate
{Ahd) 2’ -O~bexadecyl-adenosine-3 -phosphaie
{Ahds) 2’ -(3-hexadecyl-adenosine-3’-phosphorothiocate
As adenosine-3’-phosphorothicate

{AZp) adenosine 2 ~-phosphate

{AZps) adenosine-2 -phosphorothioate

C cytidine-3’-phosphate

Ch beta-L-cytidine~-3 -phosphate

{Chs beta-L-cytidine-3"~phosphorothicate

Cf 2’ -fluorocytiding-3 -phosphate

Cfs 2’ -fluorocytidine-3 " -phosphorothicate
(Chd) 2’ -O-hexadecyl-cytidine-3 -phosphate
{Chds) 2’ -O-hexadecyl-cytidine-3 -phosphorothioate
Cs cytidine-3 -phosphorothicate

{Cp) cytosing 2 -phosphate

{C2ps) cytidine-2 -phosphorothioate

& guanosine-3’-phosphate

Gb beta-1 -cuanosine-3’-phosphate

Gbs beta-L-guanosine-3 -phosphorothicate
Gf 2’ -fluoroguanosine-3’-phosphate

Gis 2’ -fluoroguanosine-3 -phosphorothioate
(Ghd) 2’ -O-hexadecyl-guanosine-3 -phosphate
{Ghds) 2’-O~-hexadecyl-guanosine-3 -phosphorothioate
s guanosine-3’ -phosphorothioate

{G2p) cuanosing 2 -phosphate

(G2ps) guanosine-2 -phosphorothicate

T 5’-methvluridine-3’-phosphate

Th beta-L-thvmidine-3’ -phosphate
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Ths beta-L-thymidine-3"-phosphorothioate

Tf 2’ -fluoro-S-methvluridine-3~-phosphate

Tfs 2’ -fluoro-S-methyluridine-3 ~phosphorothioate
Tan thymidine-glveol nucleic acid (GNA) S-Isomer
Agn adenosine- glycol nucleic acid (GNA) S-Isomer
Can cytidine-glycol nucleic acid (GNA) S-Isomer
Ggn guanosine-glyeol nucleic acid (GNA) S-Tsomer
Ts S-methyluridine-3-phosphorothioate

{T2p) thyoudine 2 -phosphate

J Uridine-3"-phosphate

Ub beta-L-uridineg-3’-phosphate

Ubs beta-L-uridine-3"-phosphorothicate

uf 2’ -fluorouridine-3’-phosphate

Ufs 2’ -fluorouridine -3’ -phosphorothioate

{Uhd) 2’ -O-hexadecyl-uridine-3 -phosphate

{Uhds) 2’ -O-hexadecyl-uridine-3’-phosphorothicate

Us uridine -3 -phosphotothioate

{U2p) uracil 2°-phosphate

{LU2ps) uridine-2" ~phosphorothioate
N any nucleotide (G, A, C, T or U)

/P Vinyl phosphonate

a 2’ -O-methyladenosine-3 -phosphate

as 2’ -O-methyladenosine-3’~ phosphorothioate

c 2’ -O-methyleytidine-3  -phosphate

€8 27 -0O~methyleytidine-3’ - phosphorothioate

g 2’ -O-methylguanosine-3 " -phosphate

25 2’ -O~methyviguanosine~-3’- phosphorothioate

£ 2’ -3-methyl-S-methylunidine-3 '-phosphate

ts 2’ -C-methyi-5-methyluridine-3"-phosphorothinate
U 2’ -O-methylunidine-3 -phosphate

us 2’ -C-methyluridine-3 -phosphorothicate

dA 2’ ~deoxyadenosine-3 -phosphate

dAs 2’ -deoxvadenosine-3 -phosphorothioate

aC 2 ~deoxycytidine-3 -phosphate

dCs 2’ ~-deoxyeytidine-3 ~phosphorothioate

4G 2’ ~-deoxyguanosine-3’-phosphate

di3s 2’ ~deoxyguanosine-3’~phosphorothicate

dt 2’ ~-deoxythymidine

d¥s 2’ -deaxythymidine-3 ~phosphorothicate

dU 2’ -deoxvyuridine

8 phosphorothicate linkage

Los! N-{tris{GalNAc-alkyl-amidodecanovl yi-4-hydroxyprolinol

Hyp-(GalNAc-alkyl)3

{Aeo) 2’ -(-methoxyethyladenosine-3’-phosphate
{Aeos) 2’ -C-methoxvyethyladenosine-3 -phosphorothicate
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{Geo) 2’ -O-methoxyethylguanosine-3 ~phosphate
{((Geos) 2’-O~methoxyethyvlguanosing-3’~ phosphorgthioate
{Teo}) 2’ --methoxyethyl-5-methyvluridine-3"-phosphate
{Teos) 2’ -O~methoxyethvl-5~-methylunidine-3’- phosphorothicate
{m5Ce0) 2’ -O-methoxyethyl-S-methvicytidine-3 -phosphate
{m3Ceos) 2’ -C-methoxyethyl-5-methyleviidine-3’ - phosphorothioate

The chemical structure of L96 is as follows:

trans-4-Hydroxyprofinot

Site of

\ B . .
) OH Conjugation

Triantennary GalNAc ~

Experimental Methods

Bioinformatics

Four sets of siRINAs targeting the human MYOC, “myocilin” (human: NCBI refseqiD

NM 000261.2 ; NCBI GenelD>: 4653) were generated. The human NM_000261 2 REFSEQ

mRNA has a length of 2100 bases. Pairs of oligos were generated using bioinformatic methods
and ranked, and exemplary pairs of oligos are shown in Table 2A and Table 2B. Modified

sequences are presented in Table 2A. Unmodified sequences are presented in Table 2B,
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Table 2A. Exemplary Human MYOC siRNA Medified Single Strands and Duplex Sequences

Attomey Docket No. A108868 1490W(0 (ALN-40TW()

Column 1 indicates duplex name and the number following the decimal point in a duplex name merely refers to a batch production

number. Column 2 indicates the name of the sense sequence. Column 3 indicates the sequence D tor the sequence of column 4.

Column 4 provides the moditfied sequence of a sense strand suitable for use in a duplex described herein. Columun 5 indicates the

antisense sequence name. Column 6 indicates the sequence 1D for the sequence of column 7. Column 7 provides the sequence of a

modified antisense strand suttable for use in a duplex described herein, e g, a duplex comprising the sense sequence in the same row

of the table. Column & indicates the position in the target mRNA (NM_000261.2) that is complementary to the antisense strand of

Column 7.

Colurn 9 indicated the sequence 1D for the sequence of column 8.

Duplex Sense Seq D Sense sequence Antisense Seq il | Antisense sequence mMRNA target SECID NO:

Name sequence | NO: {5"-3"} sequence | NO: {5'-3"} sequence in {mRNA
name {sense} name {anti MM _000261.2 target)

sense)

AD- A- 7 csuscuclAhd)GfcAf | A- 451 VPusAfsadGelTgnicug | ACCUCUCAGCACAGC | 895

1565444 | 2893965.1 CfAfgcagageususa 2893966.1 cuguGfclifgagagsgsu AGAGCUUU

A

AD- A- g csuscuc{Ahd)GfcAf | A- 452 YPusAfsagedTe{Tgnlge | ACCUCUCAGCACAGL | 896

1565445 | 28839651 Cfafpeagagoususa 2893867.1 uguGfclifgagagsgsu AGAGCUUY

i

AD- A 9 csuscuc{AhdGicAF | A- 453 VPusAfsagdCu(C2plug | ACCUCUCAGCACAGC | 897

1565692 | 2893965.1 CfAfgcagagoususa 2894431.1 cuguGfcUfgagagsgsu AGAGCUUU

A

AD- A~ 10 uscsucag{ChdlaCiaf | A- 454 VPusAfsaadGe{Tgnicu | CCUCUCAGCACAGCA | 898

1565446 | 2883968.1 Gfcagagouususa 28938691 geugtiipClugagasgsg GAGCUUUC

A

AD- A- 11 csasgceagiAhdlgCiuf | A- 455 VPustfscedTol{Tgnigga | CACAGCAGAGCUULIC | 899

1565447 | 28935970.1 Ufuccagaggsasa 2893971.1 aagCfulfugcugsusg CAGAGGAA

A

WED (U8) 56869076v 1
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AD- A~ 12 asasug{AhdlzGiulf | A- 456 VPusGisudGe{Agnicag | GCAALIGAGGUUCUUC | 200
1565448 | 2893972.1 CfUfucugugcasesa 2893973.1 aagahfcCfucauusgse UGUGCACG

A

AD- A~ 13 asasug{AhdjgGfuli | A- 457 VPusGisugdCa{Clplag | GCAAUGAGGUUCUUC | 301
1565693 | 2883972.1 CfUfucugugrascsa 2894432.% aagahfcCiucauusgse UGUGCALG

A

AD- A- 14 asusgagg{UhdiuCil | A- 458 VPusClsgudGel{Agnica | CAAUGAGGUUCUUCY | 902
1565449 | 2893974.1 fUfcugugcacsgsa 2893975.1 gaaghAfaCfcucaususg GUGCACGU

A

AD- A- 15 usgsagg{UhdiUfclif | A- 459 VPusAfscgudGe{Agnic | AAUGAGGUUCUUCY | 803
1565450 | 2893976.1 UfCfugugcacgsusa 2893977.1 agaabGfaAfccucasusy GUGCACGUU

A

AD- A~ 16 usgsagel{UhdiUfcUf | A- 460 VPusAfscgdTe{C2plac | AAUGAGGUUCUUCY | 204
1565694 | 2893976.1 UfCfugugcacgsusa 2894433.1 agaaGfaAfccucasusy GUGCACGUU

A

AD- A~ 17 giasgpulUhdjCiullf | A- 461 VPusAfsacdGu{G2pica | AUGAGGUUCUUCUG | 305
1565695 | 2884434.1 CtUfpugcacgususa 2894435.% cagaffgAfaccucsasu UGCACGUUG

A

AD- A- 13 asgsguu{ChdiUfulf | A- 462 VPusCisaacGfuGiCiac | UGAGGUUCUUCUGU | 906
1193175 | 2058574.1 UfGfugcacguusgsa 1801665.1 agAfaGfaaccuscsa GCACGUUGC

.5

AD- A- 19 asgsguu{ChdiuuCfy | A- 463 YPusdCsaadCedTgeac | UGAGGUUCUUCUGY | 807
1565793 | 2893978.1 fGiugcacguusgsa 2894582.1 dagAfagaaccuscsg GCACGUUGC

A

AD- A~ 20 asgsguu{Chd}ifuCf | A- 464 VPusCfsaadCg{Tgnlee | UGAGGUUCUIUCUGU | 208
1565795 | 2058874.1 UfGfugcacpuusgsa 2894535.1 acaghfaGfaaccusesg GCACGUUGC

A

Al- A 21 asgsgu{Chd)UfuCf | A- 485 YPudCsaadC{Tgnigca | UGAGGUUCUUCUGU | 809
1565796 | 2058874.1 UfGfugcacpuusgsa 2894586.1 cdAghfagaaccuscsg GCACGUUGC

A

AD- A- 22 asgsgua{ChdiUfuCt | A- 466 VPusClsaadCg{Tenlge | UGAGGUUCUUCUGU | 910
1565797 | 2894587.1 UfGfugcacguusgsa 2894588.1 acaghfaGiuaccuscsg GCACGUUGC

A

WED (U8) 56869076v 1

Page 185 of 2758

185



CA 03224868 2023-12-19

PCT/US2022/035266

WO 2023/278406

Attomey Docket No. A108868 1490W(0 (ALN-40TW()

AD- A~ 23 asgsgau{ChdiUfulf | A- 467 VPusCfsaadCg{Tgnlee | UGAGGUUCUIUCUGU | 211
1565798 | 2894589.1 UfGfugcacpuusgsa 28945901 acaghfaGiauccuscsg GCACGUUGC

A

Al- A 24 asgscu{ChdjUfuCt | A- 468 YPusCisaadCe{Tgnige | UGAGGUUCUUCUGU | 812
1565799 | 2884591.1 UfGfugcacpuusgsa 28945923 acaghfaGfaagouscsg GCACGUUGC

A

AD- A- 25 asgsguu{ChdiuuCil | A- 469 VPusdCsaadCzdTgeae | UGAGGUUCUUCUGU | 9132
1565451 | 2893978.1 fGfugcacguusgsa 2893979.1 dAgAfagaaccuscsa GCACGUUGC

A

AD- A- 26 gsgsuuc{UhdjucfG | A- 470 YPusdGscadAcdGugea | GAGGUUCUUCUGUG | 814
1565452 | 2893980.1 fUfgcacguugscsa 2893981.1 dCaGfaagaaccsuse CACGUUGLY

A

AD- A~ 27 gsgsuuciUhdlUfcUf | A- 471 VPusGiscadAc{G2plug | GAGGUUCULUICUGUG | 215
1565696 | 2894436.1 Gfifgcacguugscsa 2894437.1 cacaGfaAfgaaccsuse CACGUUGCU

A

AD- A~ 28 gsusucu{Uhd)CIUFG | A- 472 VPusdUsaadCgdTgcac | AGGUUCUUCUGUGTCA | 916
1565794 | 2884583.1 fugcacguusgsa 28945843 dagAfagaacscsy CGUUGC

A

AD- A- 28 gsusucu{UhdicuGild | A- 473 VPusdAsgedAadCauge | AGGUUCUUCUGUGCA | 917
1565453 | 2893982.1 fGicacguugesusa 2893983.1 dAcAfgaagaacscsu CGUUGCUG

A

AD- A- 30 ususcu{ChdugUfG | A- 474 YPusdCsagdCadAcgug | GGUUCUUCUGUGCAL | 818
1565454 | 2893984.1 fCfacguugcusgsa 2893985.1 dCaCfagaagaascse GUUGCUGT

A

AD- A~ 31 uscsuuc{UhdIGfuGT | A- 475 VPusGiscadGo{Agnlac | GUUCUUCUGUGCACG | 219
1565455 | 2893986.1 CfAfcguugcugscsa 2893937.1 gugcAfcAfgaagasasc UUGCUGCA

A

AD- A~ 32 uscsuuc{UhdiguGiC | A- 476 YPusdGscadGedAacgy | GUUCUUCUGUGCALG | 920
1565456 | 2883988.1 fAfcguugcugsesa 28939891 dGeAfcagaagasasc UUGCUGCA

A

AD- A- 33 csusucug{UhdigCfA | A- 477 VPusUfsgeadGelagnia | UUCUUCUGUGCACGU | 921
1565457 | 2893990.1 fCfzuugcugesasa 2893991.1 cpugCfaCiagaagsasa UGCUGCAG

A

WED (U8) 56869076v 1
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AD- A~ 34 csusucug{Uhd)gCfA | A- 478 VPuslifsgedAg{C2plaa | BUCUUCUGUGCACGU | 922
1565697 | 2893990.1 fCfguugcugosasa 2894438.1 cgugCfalfagaagsasa UGCUGCAG

A

AD- A~ 35 ususcug{Uhd)Gical | A- 479 VPusCisugdCa{G2pica | UCUUCUGUGCACGUL | 923
1565698 | 2884439.1 CiGfuupgougeasgsa 28944403 acguGfcafeagaasgsa GLUGCAGC

A

AD- A- 36 uscsugugiChdlaliGc | A- 480 VPusGfscudGe{agnige | CULICUGUGCACGUUG | 924
1565458 | 2893992.1 fUfugcugcagsesa 2893993.1 aacgUfgCfacagasasg CUGCAGCU

A

AD- A- 37 csusgug{Chdiafe Gt | A- 481 YPusAfsgoudGolAgnlg | BUCUGUGCACGUUGE | 825
1565459 | 2893994.1 UfUfzcugcagosusa 2893895.1 caacGfuGfcacagsasa UGCAGCUY

A

AD- A~ 38 csusgug{ChdiafeGf | A- 482 VPusAfsgedTg{C2plag | UUCUGUGCACGUUGC | 926
1565699 | 2893994.1 UfUfgcugcagesusa 28944411 caacGfuGfcacagsasa UGCAGCUU

A

AD- A~ 39 usgsugc{Ahd}CfgUf | A~ 483 VPusAfsagdCu{G2Zplca | UCUGUGCACGUUGCY | 927
1565700 | 2884442 .1 UfGfougragoususa 28944433 geaafgUfgcacasgsa GLAGCUUU

A

AD- A- 40 gsusgea{Chd)Giulf | A- 484 VPusAfsaadGe{Tgnlge | CUGUGCACGUUGCUG | 928
1565460 | 2893996.1 GfClugcagouususa 2893997.1 agcaifcGiugcacsasg CAGCUUUG

A

AD- A- 41 gsesacg{UhdjugCiy | A- 485 VPusdCscadAadGeuge | GUGLACGUUGLLGCA | 829
1565461 | 2893998.1 fGcagecuuugsgsa 2893999.1 dagCfaacgugesasc GCUUUGES

A

AD- A- 42 csascgulihndlgclfG | A- 486 YPusdCscedAadAgoug | UGCACGUUGCUGCAG | 230
1565462 | 2894000.1 fCfagouuuggsgsa 2894001.1 dCaGfcaacgugscsa CUUUGGEGEC

A

AL A 43 gaasgaug{ChdicAfG | A- 487 YPusAfspediegl{G2piac | CUGAGAUGCCAGTUG | 831
1565701 | 2884444.1 fCiuguccagesusa 28944453 agcuGfgCfaucucsasg UCCAGLUG

A

AD- A- 44 gsasugc{Chd)AfgCt | A- 488 YPusGiacadGe{Tgnlgg | GAGAUGCCAGCUGUC | 932
1565463 | 2894002.1 UfGfuccagcugsesa 2894003.1 acagCfuGigraucsusc CAGCUGCU

A
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AD- A- 45 csusguc{ChdagCfUuf | A- 489 YPusdCsagdAadGeage | AGCUGUCCAGCUGCU | 933
1565464 | 2894004.1 Gfcugcuucusgsa 2894005.1 dagCfuggacagscsu GCUUCUGG

A

Al- A 46 cscsagalihd)Gicdt | A- 490 YPusAfepgdCaifgniga | GUCCAGCUGCUGTUY | 934
1565465 | 2884006.1 GfCfuucuggocsusa 28940073 agcaGicAfgouggsasc CUGGLCUG

A

AD- A- 47 csusggo{ChdiUfgCiC | A- 491 VPusUfscdCelAgnicac | UUCUGGCCUGCCUGSE | 935
1565466 | 2894008.1 fUfggupuggesasa 2894009.1 caggClaGizccagsasa UGUGGGAU

A

AD- A- 43 csusggal ChdUtgCiC | A- 492 VPustfscccdAci{Agnice | BUCUGGCCUGLICUGSE | 836
1565467 | 2884008.1 fUfgzupguggpsasa 2894010.1 aggfaGfgceagsasa UGUGGGAU

A

AD- A~ 49 csusgge{ChdiifgliC | A- 493 YVPusbifscedCal{C2plac | BUCUGGCCUGCCUGSE | 937
1565702 | 2894008.1 fUfggugugggsasa 2894446.1 cagg(faGigecagsasa UGUGGGAU

A

Al- A 50 usgsgec{ihd}GicCf | A- 494 YPusafsurdCoi{Agnica | UCUGGLCUGTCUGEY | 838
1565468 | 2884011.1 UfGfgugupgggasusa 2894012.3 ccagGfcAfgpocasgsa GUGGGAUG

A

AD- A- 51 gscscug{Chd)CfuGl | A- 495 VPusAfscadTedAcacae | UGGCCUGCCUGGUGU | 939
1565469 | 2894013.1 GfUfgugugaugsusa | 2894014.1 cAfgGfcagposcsa GGGAUGUG

A

AD- A- 52 gsescug{Chd)CfuGh | A- 496 VPusAfscadTe{C2picac | UGGCCUGCCUGGUGH | 840
1565703 | 28%4447.1 Gfitfgugggaugsusa 2894448.1 accAfgGicaggrscsa GGGAUGUG

A

AD- A~ 53 asgsag{lhd}zGfcCf | A- 497 VPusAfsuadCu{G2plge | CCAGAGUGGCCGAUG | 241
1565704 | 2894449.1 GfAfugcecaguasusa 2894450.1 aucgGfcCiacucusgsg CCAGUAUA

A

AD- A~ 54 asgsug{UhdigGicCi | A- 498 VPusUfscadTu{G2plgg | UCAGUGUGGCCAGUL | 942
1565705 | 2884451.1 AfGfucccaaugsasa 28944523 acugGfcCfacacusgsa CCAAUGAA

A

AD- A- 55 gsusgugg{Chd)cATG | A- 499 VPusUfsucdAu(Tenlge | CAGUGUGGCCAGUCT | 9432
1565470 | 2894015.1 fUfcccasugasasa 2894016.1 gacuGGfgCicacacsusg CAAUGAAU

A
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A

AD- A~ 56 gsusgugz{Chd)cAfG | A- 500 VPusdTsucdAudTgega | CAGUGUGGCCAGUCC | 944
1565471 | 2894015.1 fUfcecaaugasasa 2894017.1 dCuGfgecacacsusg CAAUGAAU

A

Al- A 57 gacscagg{ChdicATUf | A- 501 YPusGsadTe{Agnicug | GAGLCAGGLLAUGUL | 845
1565472 | 2884018.1 Gfucagucauscsa 2894019.3 acauGigCfouggesusc AGUCAUCC

A

AD- A- 53 gscscagg{Chd)cAfUT | A- 502 YPusGisaugdAc{Tgnlz | GAGCCAGGCCAUGUC | 946
1565473 | 2894018.1 Gfucagucauscsa 2894020.1 acauGfgCfcuggesuse AGUCAUCC

A

AD- A- 5% gsescagg{Chd)cAfUT | A- 503 VPusGisaudGai{Clplug | GAGCTAGGLCAUGUL | 847
1565706 | 28%4018.1 Gfucagucauscsa 2894453.1 acaubfglicuggesusc AGUCAUCC

A

AD- A~ 50 gsgsccallthd)GiuCf | A- 504 VPuslifsaudGg{Agniug | CAGGCCAUGUCAGUC | 248
1565474 | 2894021.1 AfGfucauccausasa 2894022.1 acughfcAfuggoesusg ALICCAUAA

A

AD- A~ 61 gaasce{Uhd)gGiaGl | A- 505 VPusGiscudTu{G2Zplgu | UAGACCUGGAGGLCA | 949
1565707 | 2884454.1 GfCfraccaaagscsa 28944553 ggcclifeCfaggucsusa CCARAGLU

A

AD- A- 62 csusgg{AhdigGiclf | A- 506 VPusClisgadGe{Tgniuu | ACCUGGAGGCCACCA | 950
1565475 | 2894023.1 AfCfcaaagcucsgsa 28940243 geugGicCiuccagsesu AAGCUCGA

A

AD- A- 63 gsasaac{Chd)Cfaaf | A- 547 VPusAfsacdTe{Tenicup | UGGAAACCCAAALLCA | 851
1565476 | 2884025.1 AfCfcagagagususa 28940256.1 guulfegGfguuucscsa GAGAGUUG

A

AD- A- 64 csasgealAhd)}CicURC | A- 508 VPustifsgdTol{Tenicge | UACAGCAACCUCCUCC | 952
1565477 | 2894027.1 fCfuccgagacsasa 2894028.1 aggaGfgUfugcugsusa GAGACAA

A

AD- A~ 65 csasgealAhd)CicUiC | A- 509 VPusUfsgudCu{C2pige | UACAGCAACCUCCUCT | 953
1565708 | 2884027.1 fCiuccgagacsasa 2894456.3 aggaGigiUfugcugsusa GAGACAA

A

AD- A- 66 gscsaac{ChdUfeCE | A- 510 VPusCisudTe{Tenlcue | CAGCAACCUCCUCCGA | 954
1565478 | 2894029.1 Uflfcpagacaasgsa 2894030.1 gzagGiaGizuugesusg GACAAGU
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AD- A~ 57 gscsaac{Chd)fcCf | A- 511 VPusCfsuugdTe{Tenie | CAGCAACCUCCUCCGA | 955
1565479 | 2894029.1 UfCfegagacaasgsa 2894031.1 ggagGlaGiguugcsusg GACAAGU

A

AD- A~ 68 gacsaac{Chd)UfcCf | A- 512 VPusCisuudGu{C2pluc | CAGCAACCUCCUCTGA | 956
1565709 | 2884029.1 UfCfcgagacaasgsa 2894457 .3 sgagGiaGiguugesusg GACAAGU

A

AD- A- 69 asgsaca{Ahd)guCiaf | A- 513 VPusdCscudCodAgaac | CGAGACAAGUCAGUU | 957
1565480 | 2894032.1 Gfuucuggagsgsa 2894033.1 dTgAfcuugucuscsg CUGGAGGA

A

AD- A- 70 csasagu{ChdjafgUf | A- 514 YPusClsuudCofTenice | GACAAGUCAGUUCUG | 858
1565481 | 28%4034.1 UfCfuggaggaasgsa 2894035.1 agaaCfuGfacuugsuse GAGGAAGA

A

AD- A~ 71 gsuscag{Uhd)Ufclf | A- 515 VPusbfscudCu{Tgnlce | AAGUCAGUUCUGGAG | 959
1565482 | 2894036.1 GfGfaggaagagsasa 2894037.1 uccaGiaafougacsusy GAAGAGAA

A

AL A 72 asgsaau{ChdjugGiC | A- 516 YPusdUsaadCodiecug | UGAGAAUCUGGLCAG | 960
1565483 | 2884038.1 fCfaggagguusgsa 2894039.3 dGeCfagauucuscsa GAGGUUGG

A

AD- A- 73 usgsgecl Ahd)Gigal | A- 517 VPusGfscdTu{Tgnloca | UCUGGCCAGGAGGUL | 961
1565484 | 2894040.1 GfGfuuggaaagscsa 2894041.3 accuCfolifzgecasgsa GGAAAGCA

A

AD- A- 74 usgsgec{Ahd}Gfgaf | A- 518 YPusGlscudTu{C2plca | UCUGGLCAGGAGGUU | 862
1565710 | 23%4040.1 GfGfuuggaaagscsa 2894458.1 aceuCfelifggecasgsa GGAAAGCA

A

AD- A~ 75 csasgoc{Ahd}Gigal | A- 519 VPusGisccdTu{G2plcu | AGCAGCCAGGAGGUA | 963
1565711 | 2894459.1 GfGfuagcaaggscsa 2894460.1 acculfclfgoougscsu GCAAGGCU

A

Al- A 76 usgscea{ChdifaGt | A- 520 YPusUfsucdTe{Tgnlgg | UGUGLCACCAGGLUC | 964
1565485 | 2884042.1 GfCfuccagagasasa 2894043.3 agcctfgGiuggeasesa CAGAGAAG

A

AD- A- 77 asasuu{UhdigGfalf | A- 521 VPusAfsagedCelAgnia | GGAAUUUGGACACUL | 965
1565486 | 2894044.1 AfCfuuuggcoususa 2894045.1 aguglUfcCiaaauuscse UGGCCULC

A
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WE CLAIM:

i. A double stranded ribonucleic acid (dsRNA) agent for inhibiting expression of
myociin (MYOC), whereitn the dsRNA agent cornprises a sense strand and an antisense strand
forming a double stranded region, wherein the antisense strand comprises a nuclectide sequence
comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 musmatches, from one of the
antisense sequences listed in any one of Tables 2A and 2B, and wherein the sense strand
comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3
mismatches, from a sense sequence listed in any one of Tables ZA and 2B that corresponds to the

antisense sequence.

2. The dsRINA agent of claim 1, wherein the antisense strand comprises a nuclectide
sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from the
antisense strand nucleotide sequence of duplex AD-1565804 and the sense strand comprises a
nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches,

from the sense strand nucleotide sequence of duplex AD-1565804.

3. The dsRNA agent of claim 1, wherein the antisense strand comprises a nucleotide
sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from the
antisense strand vucleotide sequence of duplex AD-1565837 and the sense strand comprises a
niucleotide sequence comprising at least 15 contiguous nuclectides, with 0, 1, 2, or 3 mismatches,

from the sense strand nucleotide sequence of duplex AD-1565837.

4. The dsRNA agent of any one of claims 1-3, wherein at least one of the sense strand

and the antisense strand is conjugated to one or more lipophilic moteties.

5. The dsRNA agent of claim 4, wherein the lipophilic moiety is conjugated via a linker

Or carrier.

6. The dsRNA agent of claim 4 or 5, wherein one or more lipophilic moieties are
e 2 E

conjugated to one or more internal positions on at least one strand.
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7. The dsRNA agent of any one of claums 1-3, wherein at least one of the sense sirand
and the antisense strand is conjugated to one or more of an arginine-glycine-aspartic acid (RGD)-

peptide or RGD peptide mimetic.

8. The dsRNA agent of any one of claims 4-6, wherein the hipophilic moiety is an

aliphatic, alicyclic, or polyalicyelic compound.

9. The dsRNA agent of claim 8, wherein the lipophilic moiety contatus a saturated or

unsaturated C16 hydrocarbon chain.

10, The dsRINA agent of any one of claims 4-6, wherein the lipophilic moiety is
conjugated via a carrier that replaces one or more nucleotide(s) in the internal position{s) or the

double stranded region.

11. The dsRNA agent of any one of claims 4-6, wherein the lipophilic motety is
conjugated to the double-stranded iIRNA agent via a linker containing an ether, thioether, urea,
carbonate, amine, amide, maleimide-thicether, disulfide, phosphodiester, sulfonamide linkage, a

product of a click reaction, or carbamate.

12, The double-stranded iRNA agent of any one of claims 4-6, wherein the lipophilic

motety 18 conjugated to a nuclecbase, sugar moiety, or internucieosidic linkage.

13. The dsRINA agent of any one of claims 1-12, wherein the dsRNA agent comprises at

feast one modified nucleotide.
14. The dsRNA agent of claim 13, whertein no more thau five of the sense strand

nuclectides and not more than five of the nuclectides of the antisense strand are unmodified

nucleotides.
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15. The dsRINA agent of claim 13, wherein all of the nuclectides of the sense strand and

all of the nucleotides of the antisense sirand cormprise a modification.

16, The dsRINA agent of any one of clairus 13-15, wherein at least one of the modified
nucleotides is selected from the group counsisting of a deoxy-nucleotide, a 3’ -terminal deoxy-
thymine {(dT) nucleotide, a 27-O-methyl moditied nucleotide, a 2’ -tluore modified nucleotide, a
2’-deoxy-modified nucleotide, a locked nucleotide, an unlocked nucleotide, a conformationally
restricted nucleotide, a constrained ethyl nucleotide, an abasic nucleotide, a 27 -amino-modified
nucleotide, a 27-0-allyl-modified nuclectide, 27-C-alkyl-modified nucleotide, a 27 ~-methoxyethyl
modified nucleotide, a 27-O-alkyl-modified nucleotide, a morpholine nuclectide, a
phosphoramidate, a non-natural base comprising nucleotide, a tetrabydropyran rodified
nucleotide, a 1,5-anhvdrohexitol modified nucleotide, a cyclohexeny! medified nucleotide, a
nuclectide compnsing a phosphorothicate group, a nucleotide comprising a methylphosphonate
group, a nucleotide comprising a S'-phosphate, a nuclectide comprising a 5’ -phosphate mimic, a
glycol modified nucleotide, and a 2-O-(N-methylacetamide) modified nucleotide; and

combinations thereof

17. The dsRNA agent of any of any one of claims 1-16, wherein at least one sirand

comprises a 37 overhang of at feast 2 nucleotides.

18. The dsRNA agent of any one of claimsi-17, wherein the double stranded region 18

15-30 nucleotide pairs in length.

19 The dsRINA agent of claim 18, wherein the double stranded region 1s 17-23

nucieotide pairs in length.

20. The dsRNA agent of any one of claims 1-19, wherein each strand has 19-30

nucleotides.

21. The dsRNA agent of any one of claims 1-20, wherein the agent comprises at least one

phosphorothioate or methylphosphonate internucleotide linkage.
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22, The dsRNA agent of any one of claims 4-21, further comprising a targeting ligand,

e.g., a ligand that targets an ocular tissue.

23, The dsRNA agent of claum 22, wherein the ocular tissue is a trabecular meshwork
tissue, a ciliary body, a retinal tissue, a retinal pigment epithelium (RPE) or choroid tissue, e.g, a

choroid vessel.

24, The dsRNA agent of any one of claims 1-23, further comprising a phosphate or

phosphate mimic at the 5"-end of the antisense strand.

25, The dsRINA agent of claim 24, wherein the phosphate mimic is a 5" -vinyl

phosphonate (VP).

26. The dsRNA of any one of claims 1-25, wherein the dsRNA agent targets a hotspot

region of an mRNA encoding MYOC.

27 A dsRNA agent that targets a hotspot region of a mayocilin (MYOC) mRNA.

28. A cell containing the dsRNA ageunt of any ove of claims 1-27.

29. A pharmaceutical composition for inhibiting expression of a MYOC, comprising the

dsRNA agent of any one of claims 1-27.

30. A method of inhibiting expression of MYOC in a cell, the method comprising:

{(a} contacting the cell with the dsRINA agent of any one of claims 1-27, or a
pharmaceutical composition of claim 29; and

(b}  maintaining the cell produced in step (a} for a time sufficient to reduce levels of
MYOC mRNA, MYOC protein, or both of MYOC mRNA and protein, thereby inhibiting

expression of MYOC in the cell.
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31. The method of claim 30, wherein the cell is within a subject.

32. The method of claim 31, wherein the subject is a human.

33, The method of claim 32, wherein the subject has been diagnosed with a MYQOC-
associated disorder, e.g., glaucoma {e.g., primary open angle glaucoma (POAG), angle closure

glaucoma, congenital glaucoma, and secondary glaucoma}.

34, A method of treating a subject diagnosed with a MYOC-associated disorder
comprising administering to the subject a therapeutically effective amount of the dsRINA agent
of any one of claims 1-27 or a pharmaceutical composition of claim 29, thereby treating the

disorder.

35. The method of claim 34, wherein the MYQOC-associated disorder is glaucoma.

36. The method of claim 35, wherein glaucoma ts primary open angle glancoma
> 2 3 g

(POAG).

37. The method of any one of claims 34-36, wherein treating comprises amelioration of

at least ove sign or symptom of the disorder.

38. The method of any one of claims 34-37, wherein the treating comprises {a) inhibiting
or reducing the expression or activity of MYOC,; {(b) reducing the level of misfolded MYOC
protein; {¢} reducing trabecular meshwork cell death; (d} decreasing intraocular pressure; or (e}

increasing visual acuity.

39, The method of any one of claims 31-38, wherein the dsRNA agent 15 administered to

the subject intraocularly, intravenously, or topically.

40. The method of claim 39, wherein the intraocular administration comprises
3

intravitreal administration (¢ g, intravitreal injection), transscleral administration {(e.g.,
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transscleral injection), subconjunctival administration {e.g., subconjunctival injection},
retrobulbar administration {e.g., retrobulbar injection), intracameral administration {e.g,,

intracameral injection}, or subretinal administration {e g., subretinal injection}.

41. The method of any one of claims 31-40, further comprising administering to the
subject an additional agent or therapy suitable for treatment or prevention of an MYOC-
associated disorder (e.g., laser trabeculoplasty surgery, trabeculectomy surgery, a minimally
invasive glancoma surgery, placement of a drainage tube in the eye, oral medication, or eye

drops).
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