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COMPOSITIONS AND METHODS FOR SILENCING CARBONIC
ANHYDHRASE 2 EXPRESSION

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority to U.S. Provisional Application No.
63/194,073, filed on May 27, 2021, and claims the benefit of priority to U S. Provisional
Application No. 63/289319, filed on December 14, 2021, The entire contents of the foregoing

applications are hereby incorporated herein by reference.

FIELD OF THE DISCLOSURE

The disclosure relates to the specific inhibition of the expression of carbonic anhydrase 2.

BACKGROUND OF THE INVENTION

Glaucoma is 4 leading cause of vision loss. Risk factors for glancoma include increased
intraocular pressure, age, race and vascular disease. The increased intraocular pressure may
cause damage to the optic nerve and loss of never fibers. Lowering intraocular pressure can
reduce development and progression of vision loss.

Carbonic anhydrase 2 {CA2) is a member of the carbonic anhydrase (CA) family of
metalloenzymes. CAZ catalyzes the reversible conversion of carbon dioxide to bicarbonate.
Carbonic anhydrases are expressed in the eye and CAZ2 appears to be the main CA form present
10 human ciliary epithelium which is respousible for producing agueous humor. Carbonic
anhydrase inhibitors have been shown to reduce aquecus humor production and thereby reduce
intraocular pressure in the eye.
expression of the CAZ2 gene such that subjects having a CAZ-associated disorder, such as

glaucoma, can be effeciively treated.

BRIEF SUMMARY OF THE INVENTION
The present disclosure describes methods and iIRNA compositions for modulating the
expression of carbonic anhydrase 2 {CA2). In certain embodiments, expression of CA2 18

reduced or inhibited using a CA2-specific IRNA. Such inhibition can be useful in treating
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disorders related to CAZ expression, such as ocular disorders {e.g., glaucoma or conditions
associated with glaucoma).

Accordingly, described herein are compositions and methods that effect the RNA-
induced silencing complex (RISC)-mediated cleavage of RNA transcripts of CA2, such asina
cell or i a subject {e.g., 10 a mammal, such as a human subject}. Also described are
compositions and methods for treating a disorder related to expression of CA2, such as glaucoma
or conditions associated with glaucoma.

The IRNAs {e.g,, dsRNAs) included in the compositions featured herein include an RNA
strand (the antisense strand) having a region, ¢.g., a region that is 30 nucleotides or less,
generally 19-24 nucleotides in length, that is substantially complementary to at least part of an
mRNA transcript of CAZ (e.g., a human CA2) (also referred to herein as a “CA2-specitic
iIRNA”). In some embodiments, the CA2 mRNA transcript is a human CA2 roRNA transcript,
e.g, SEQ 1D NO: | 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 CAZ mRNA.
In some embodiments, the human CA2 mRNA has the sequence NM_000067 3 (SEQ ID NO: 1),
The sequence of NM_{00067 3is also herein incorporated by reference in its entirety. The
reverse complement of SEQ ID NO: 1 is provided as SEQ 1D NO: 2 herein.

In some aspects, the present disclosure provides a double stranded ribonucleic acid
{dsRINA) agent for inhibiting expression of carbonic anhydrase 2 {(CA2), wherein the dsRNA
agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the sense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with G, 1, 2, or 3 mismatches, of a portion of a coding strand of human CAZ2 and the
antisense strand comprises a nucieotide sequence comprising at least 15 contiguous nucleotides,
with O, 1, 2, or 3 mismatches, of the corresponding portion of a nou-coding strand of human CA2
such that the sense strand is complementary to the af {east 15 contiguous nucleotides in the
antisense strand.

In some aspects, the present disclosure provides a double stranded ribonucletc acid
{dsRINA) agent for inhibiting expression of CAZ, 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, 0r 3
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mismatches, of a portion of nucleotide sequence of SEQ 1D NO: 2 such that the sense strand is
complementary to the at least 15 contiguous nucleotides in the antisense strand.

in some aspects, the present disclosure provides a human cell or tissue comprising a
reduced level of CAZ mRNA or a level of CA2 protein as compared to an otherwise similar
notreated cell or tissue, wherein optionally the cell or tissue 15 not genetically engineered (e.g.,
wherein the cell or tissne comprises one or more naturally arising mutations, e.g., CAZ2), wherein
optionally the level is reduced by at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 30%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%. In some embodiments, the human cell or
tissue is a ciliary epithelium cell, an optic nerve ¢ell, a trabecular meshwork cell, a Schlemim’s
canal cell (e.g., including an endothelial cell}, a juxtacanalicular tissue celi, a ciliary muscle cell,
a retinal cell, an astrocyte, a pericyte, a Miiller cell, a ganglion cell {e.g | including a retinal
ganglion cell), an endothelial cell, a photoreceptor cell, a retinal blood vessel (e.g., including
endothelial cells and vascular smooth muscle cells), episcieral veins 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 is a human ocular cell, e.g., (a ciliary epithelium celi,
an optic nerve cell, a trabecular meshwork cell, a Schlemm’s canal cell {e g | including an
endothelial cell), a juxtacanalicular tissue cell, a ciliary muscle cell, a retinal cell, an astrocyie, a
pericyte, a Miller cell, a ganglion cell (e g, including a retinal ganglion cell), an endothelial cell,
a photoreceptor cell, a retinal blood vessel (e.g., including endothelial cells and vascular smooth
muscle cells), episcleral veins or choroid tissue, e.g., a choroid vessel) comprising a reduced
level of CAZ mRNA or a level of CAZ2 protein as compared to an otherwise siroilar untreated
cefl. In some embodiments, the level is reduced by at least 10%, 15%, 20%, 25%, 30%, 35%,

40%, 45%, S0%, 55%, 60%, 65%, T0%, T5%. $0%, 85%, 90%, or 95%.

)
In some aspects, the present disclosure also provides a pharmaceutical composition for
inhibiting expresston of a gene encoding CAZ, comprising a dsRNA agent described herein.
The present disclosure also provides, in some aspects, a method of inhibiting expression
of CAZ in a cell, the method comprising:
{a)  contacting the cell with the dsRNA agent described herein, or a pharmaceutical

composition described herein; and

3

SUBSTITUTE SHEET (RULE 26)



10

15

3¢

WO 2022/251629 PCT/US2022/031337

(b)  maintaining the cell produced in step {a} for a time sufficient to obtain
degradation of the mRNA transcript of CA2, thereby inhibiting expression of the CA2 in the cell.

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

(a}  contacting the cell with the dsRNA agent described heretn, or a pharmaceutical
composition described herein; and

(b)  maintaining the cell produced in step (a) for a time sufficient to reduce levels of
CAZ mRNA, CA2 protein, or both of CAZ mRNA and protein, thereby inhibiting expression of
the CAZ in the cell.
The present disclosure also provides, in some aspects, a method of inhibiting expression of
CAZ2 in an ocular cell or tissue, the method comprising:

{a}  contacting the cell or tissue with a dsRNA agent that binds CAZ; and

(b}  maintaining the cell or tissue produced in step (2} for a time sufficient to reduce
levels of CAZ mRNA, CA2 protein, or both of CAZ mRNA and protein, thereby inhibiting
expression of CA2 in the cell or tissue.

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

It any of the aspects herein, e.g., the compositions and methods above, any of the
embodiments herein {e.g, below) may apply.

In some embodiments, the coding strand of human CAZ has the sequence of SEQ ID NO:
1. In some embodiments, the non-coding strand of human CAZ2 has the sequence of SEQ 1D NO:
2.

In some embodiments, the sense strand comprises a nucleotide sequence comprising at
feast 15 contiguous nuclectides, with 0, or 1, 2, or 3 mismatches, of the corresponding portion of
the nucleotide sequence of SEQ 1D NO: 1

in some embodiments, the dsRNA agent comprises a sense sirand 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

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

In some embodiments, the dsRINA agent comprises a sense strand 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 nuclectide sequence of
SEQ ID NG: 2 such that the sense strand 1s complementary to the at least 19 contiguous
nucleotides in the antisense strand. In some embodiments, the sense strand comprises a
nuclectide sequence comprising at least 19 contiguous nucleotides, with 0, 1, 2, or 3 mismatches,
of the corresponding portion of the nucleotide sequence of SEQ 1D NO: L

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 21
contiguous nuclectides, with 0, 1, 2, or 3 mismatches, of a portion of nuclectide sequence of
SEQ ID NG 2 such that the sense strand is complementary 1o the at feast 21 contiguous
nucleotides in the antisense strand. In some embodiments, the sense sirand 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 1D NO: 1

In some embodiments, the portion of the sense strand 18 a portion within 4 sense strand in
any one of Tables 3-10.

In some embodiments, the portion of the antisense strand is a portion within an antisense
strand in any one of Tables 3-10.

In some embodiments, the antisense strand comprises a nucleotide sequence comprising
at feast 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from one of the antisense
sequences listed in any one of Tables 3-10. In some embodiments, the sense strand comprises a
nucleotide sequence comprising at least 1S contiguous nucleotides, with §, 1, 2, or 3 mismatches,
from a sense sequence listed 1 any one of Tables 3-10 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 3-10. In some embodiments, the sense strand comprises a

nucleotide sequence comprising at least 17 contiguous nucleotides, with 0, 1, 2, or 3 mismatches,
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from a sense sequence listed in any one of Tables 3-10 that corresponds to the antisense
sequence.

in some embodiments, the antisense strand comprises a nucleotide sequence comprising
at least 19 contiguous nuclectides, with 0, 1, 2, or 3 mismatches, from one of the antisense
sequences Hsted in any one of Tables 3-10. In some embodiments, the sense strand comprises a
nucleotide sequence comprising at least 19 contiguous nuclectides, with 0, 1, 2, or 3 mismatches,
from a sense sequence listed in any one of Tables 3~10 that corresponds to the antisense
sequence.

In some embodiments, the antisense strand comprises a nuclectide sequence comprising
at least 21 contiguous nucleotides, with 0, 1, 2, or 3 mismaiches, {from one of the antisense
sequences listed in any one of Tables 3-10. In some embodiments, the sense strand comprises a
nucleotide sequence comprising at least 21 contiguous nucleotides, with §, 1, 2, ot 3 mismatches,
from a sense sequence listed in any one of Tables 3-10 that corresponds to the antisense
sequence.

In some embodiments, the sense strand of the dsRNA agent is at least 23 nucleotides in
length, e.g, 23-30 nucleotides in length.

In some embodiments, at ieast one of the sense strand and the antisense strand is
conjugated to one or more lipophilic moieties. In some embodiments, the lipophilic moiety 18
conjugated to one or more positions in the double stranded region of the dsRNA agent. In some
embodiments, the lipophilic moiety is conjugated via a linker or carrier. In some embodiments,
Hipophilicity of the lipophilic moiety, measured by logKow, exceeds 0. In some erabodiments,
In some embodiments, the hydrophobicity of the double-stranded RNA1 agent, measured by the
unbound fraction in a plasma protein binding assay of the double-stranded RNA1 agent, exceeds
0.2. In some embodiments, the plasma protein binding assay is an electrophoretic mobility shift
assay using human serum albumin 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 nucleotides 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.
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In some embodiments, at least one of the modified nuclectides is selected from the group
consisting of a deoxy-nuclectide, a 3" -terminal deoxythimidine (dT) nucleotide, a 2'-O-methyl
modified nuciectide, a 2'-fluoro modified nucleotide, a 2'-deoxy-modified nuclectide, a locked
nuclectide, an unlocked nuclectide, a conformationally restricted nuclectide, a constrained ethyl
nucleotide, an abasic nucleotide, a 27-amino-modified nucleotide, a 27-O-allyl-modified
nucleotide, 2°-C-alkvi-modified nuclectide, a 2"-methoxyethyl modified nucleotide, a 2'-0-
alkyl-modified nucleotide, a morpholino nucleotide, a phosphoramidate, a non-natural base
comprising nucleotide, a tetrahydropyran modified nucleotide, a 1,5-anhydrohexitol modified
nuclectide, 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 mimic, a glycol modified nucleotide, and a 2-
O~(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 2'-O-methyl modified nucleotide, a 2'-fluoro
modified nucleotide, a 2'-deoxy-modified nuclectide, unlocked nucleic acids {UNA) or glycerol
nucleic acid (GNA),

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

In some erabodiments, each strand 1s no more than 30 nucleotides 1n length. In some
embodiments, at least one strand comprises 4 37 overhang of at least | nucleotide. In some
embodiments, at least one strand comprises a 37 overhang of at least 2 nucleotides. In some
embodiments, at least one strand comprises 2 37 overhang of 2 nucleotides.

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

nucleotides. In some embodiments, each strand has 21-23 nucleotides.
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In some embodiments, the agent comprises at feast one phosphorothioate or
methyiphosphonate internucleotide linkage. In some embodiments, the phosphorothioate or
methylphosphonate internucleotide Hakage is at the 37-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 phosphorothioate or methylphosphonate internucleotide
linkage 15 at the 5’ -terminus of one strand.  In some embaodiments, the strand s the antisense
strand. In some embodiments, the strand is the sense strand.

In some embodiments, each of the 5°- and 3 -terminus of one strand comprises a
phosphorothicate or methylphosphonate internuclectide linkage. In some embodiments, the
strand is the antisense strand.

In some embodiments, the base pair at the 1 position of the 5'-end of the antisense strand
of the duplex 1s an Al base pair.

In some embodiments, the sense strand has a total of 21 nucleotides and the antisense
strand bas a total of 23 nucleotides. In some embodiments, one or more lipophilic moieties are
conjugated to one or more internal positions on at least one strand. In some embodiments, the
one or more lipophilic moteties are conjugated to one ot more internal positions o at least one
strand via a linker or casrier,

In some embodiments conjugating a lipophilic moiety to one or more internal positions
on at least one strand of the double-stranded IRNA agent provides surprisingly good resulis for
in vivo intravitreal delivery of the double-stranded iIRNAs, resulting in efficient entry into ocular
tissues. Examples and synthesis of lipophilic moteties are listed in PCT application number
PCT/USZ019/031170 which 1s hereby incorporated by reference in its entirety.

In some erobodiments, the internal positions include all positions except the terminal two
positions from each end of the at least one strand. In some embodiments, the internal positions
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 §’-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
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some embodiments, the internal positions include all positions 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.

In some embodiments, the one or more Hipophilic moteties 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. In 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 5, 6, 7, 15, and 17
on the sense strand, and positions 15 and 17 on the antisense strand, counting from the 5"-end of
each strand.

In some emsbodiments, the posttions in the double stranded region exclude a cleavage site
region of the sense strand.

In some embodiments, the sense strand is 21 nucleotides in length, the antisense strand i3 23
nucleotides in length, and the lipophilic maiety is conjugated to position 21, position 20, position
1S, position 1, position 7, position 6, or position 2 of the sense strand or position 16 of the
antisense strand. In some embodiments, the lipophilic molety is conjugated to position 21,
position 20, position 15, position 1, or position 7 of the sense strand. In some embodiments, the
lipophilic moiety is conjugated to position 21, pesition 20, or position 13 of the sense strand. In
some embodiments, the lipophilic moiety 1s conjugated to position 20 or position 15 of the sense
strand. In some embodiments, the lipophilic moiety ts conjugated to position 16 of the antisense
strand. In some embodiments, the lipophilic moiety is conjugated to position &, counting from
the 5 -end of the sense strand. In one embodiment, the saturaied or unsaturated C16
hydrocarbon chain is conjugated to position 6, counting from the 5" -end of the strand

In some embodiments, the lipophilic motety 1s an aliphatic, alicyclic, or polyalicyclic
compound. In some embodiments, the lipophilic moiety is selected from the group consisting of
lipid, cholesterol, retinotc acid, cholic acid, adamantane acetic acid, {-pyrene butyric acid,
dihydrotestosterone, 1,3-bis-Othexadecyl)glycerol, geranyloxyhexyanol, hexadecyiglycerol,
borneol, menthol, 1,3-propanediol, heptadecyi group, palmitic acid, myristic acid, O3-
{oleoyhlithocholic acid, O3-{oleoylicholenic acid, dimethoxytrityl, or phenoxazine. Suitable

lipophilic moieties also include those containing a saturated or unsaturated C4-C30 hydrocarbon
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chain {e.g., C4-C30 alky! or alkenyl), and an optional functional group sefected from the group
consisting of hydroxyl, amine, carboxylic acid, sulfonate, phosphate, thiol, azide, and alkyne.
The functional groups are useful to attach the lipophilic moiety to the iIRNA agent. In some
embodiments, the lipophilic moiety contains a saturated or nnsaturated C6-C18 hydrocarbon
chain {e.g., a linear C6-C18 alkyi or alkenyl). In one embodiment, the lipophilic moiety contains
a saturated or unsaturated C16 hydrocarbon chain (e.g., a linear C16 alkyl or alkenyl).

In sore embodiments, the lipophilic motety s a C6-C30 acid {e.g., hexanoic acid,
heptanoic acid, octanoic acid, nonanoic acid, decanoic acid, undecanoic acid, dodeancic acid,
tridecanoic acid, tetradecancic acid, pentadecanoic acid, hexadecancic acid, heptadecancic acid,
octadecanoic acid, oleic acid, Hinoleic acid, arachidonic acid, cis-4,7,10,13,16,19-docosahexanoic
acid, vitamin A, vitamin E, cholestero] etc.} or a C6-C30 alcohol {e.g., hexanol, heptanol,
octanol, nonanol, decanol, undecanol, dodeanol, tridecanol, tetradecanol, pentadecanol,
hexadecanol, heptadecanol, octadecanol, oleyi alcohol, linoleyl alcohol, arachidonic alcohol, cis-
4,7.10,13,16,19-docosahexanol, retinol, vitamin E, cholesterol etc.).

In one embodiment, the ligand is conjugated at the 2" -position of a nucleotide or
modified nucleotide within the sense or antisense strand. For example, a C16 ligand may be

conjugated as shown in the following structure:

|
0.

where ¥ denotes a bond to an adjacent nucleotide, and B 18 a nucleobase or a nucleobase
analog, optionally where B is adenine, guanine, cytosine, thymine or uracil.

In some embodiments, 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. In some
embodiments, the carrier is a cyclic group selected from the group consisting of pyrrolidinyl,

pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl,

[1,31dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyi, isothiazolidinyl
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quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl; or is an acyclic motety based on a
seringl backbone or a diethanolamine backbone.

in some embodiments, the lipophilic moiety is conjugated to the double-siranded 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.

In some embodiments, the lipophilic moiety is conjugated to a nuclecbase, sugar moety,
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 BNA, RNA, disulfide, amide,
functionalized monosaccharides or oligosaccharides of galactosamine, glucosamine, glucose,
galactose, mannose, and combivations thereof.

In some embodiments, the 3° end of the sense strand is protected via an end cap which is
a cyclic group having au amiue, said eyclic group being selected from the group consisting of
pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazcolinyl, imidazolidinyl, piperidinyl, piperazinyl,
[1,31dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl,
guinoxalinyl, pyridazinonyl, tetrabydrofuranyl, and decalinyl.

In some embodiments, the dsRNA agent further comprises a targeting ligand, e.g., 2
ligand that targets an ocular tissue. In some embodiments, the ocular tissue is ciftary epithelium,

an optic nerve, a trabecular meshwork, a juxtacanalicular tissue, a ganglion (¢.¢., including a

fall

retingl ganglion), episcieral veins or a Schlemuot’s canal {e.g., inchuding an endothelial cell)

In some embodiments, the ligand is conjugated to the sense strand. In some

3

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

embodiments, the ligand is conjugated to the 3’ end of the sense strand.

In some embodiments, the ligand comprises N-acetylgalactosamine (GalNAc). In some
embodiments, the targeting ligand comprises one or more GallNAc conjugates of one or more
GalNAc derivatives. In some embodiments, the Hgand 1s one or more GalNA¢ conjugates or one

or more (GalNAc denivatives are attached through a monovalent linker, or a bivalent, trivalent, or

tetravalent branched linker. In some embodiments, the ligand is
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In some embodiments, the dsRNA agent is conjugated to the ligand as shown in the following

schematic
S
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wherein X 18 O or 8. In some embodiments, the X153 0.

In some embodiments, the dsRNA agent further comprises a terminal, 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 ternucleotide linkage at the 57 end of the antisense strand, having the linkage phosphorus
atom in Rp configuration, and a terminal, chiral modification ocenrring at the first
internucleotide linkage at the S 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 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 internucleotide linkage at the 57 end of the antisense strand, having the
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linkage phosphorus atom in Rp configuration, and a terminal, chiral modification occurring at
the first internuclectide 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 terminal, chiral modification
occurring at the first, second and third intersucleotide linkages at the 37 end of the antisense
strand, having the linkage phosphorus atom in Sp configuration, a terminal, chiral modification
occurring at the fust imternucleotide linkage at the 5 end of the antisense strand, haviog the
finkage phosphorus atom in Rp configuration, and a terminal, chiral modification oceurring 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 terminal, chiral modification
occurring at the first, and second internucleotide Hnkages at the 37 end of the antisense strand,
having the linkage phosphorus atom in Sp configuration, a terminal, chiral modification
oceurring at the third internucleotide linkages at the 3° 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 linkage at the 5” 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
occurring at the first, and second internucleotide Hinkages at the 37 end of the antisense strand,
having the linkage phosphorus atom in S8p configuration, a terminal, chiral modification
occurring at the first, and second tnternucleotide hinkages 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 mnternucleotide hinkage at the 5” 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 phosphate or phosphate
mimic at the 57-end of the antisense strand. In some embodiments, the phosphate mimicisa 5'-
vinyi phosphonate (VP).

In various embodiments of the aforementioned dsRNA agents, the dsRNA agent targets a

hotspot region of an mRNA encoding CAZ.
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In another aspect, the present invention provides a dsRNA agent that targets a hotspot
region of & carbonic anhydrase 2 ({CAZ) mRNA.

in some embodiments, a cell described herein, e.g., a human cell, was produced by &
process comprising contacting a human cell with the dsRINA agent desciibed herein.

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

In soroe emvbodiments {e.g., embodiments of the methods described heretn), the cell is
within a subject. In some embodiments, the subject is a human. In some embodiments, the level
of CA2 mRNA is inhibited by at least 50%. In some embodiments, the level of CA2 protein is
inhibited by at feast 50%. In some embodiments, the expression of CAZ is inhibited by at least
50%. In some embodiments, inhibiting expression of CA2 decreases the CAZ protein level ina
biological sample {e.g., an optic nerve sample) from the subject by at least 30%, 40%, 50%,
60%, 70%, 80%, 90%, or 95%. In some embodiments, inhibiting expression of CA2 gene
decreases the CAZ mRNA fevel n a bioicgicai sample {e.g, an optic nerve sample) from the
subject by at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 959

In some embodiments, the su‘oj ect has been diagnosed with a CAZ2-associated disorder.
In some embodiments, the subject meets at least one diagnostic criterion for a CA2-associated
disorder. In some embodiments, the CAZ2 associated disorder is glaucoma or conditions
associated with glaucoma.

In some erabodiments, the ocular cell or tissue is g ciliary epitheliurn cell, an optic nerve

cell, a trabecular meshwork cell, a Schlemm’s canal cell (e.g, includivg an endothelial cell), a

fuxtacanalicular tissue cell, a ciliary muscle cell, a retinal cell, an astrocyte, a pericyte, a Miiller

cell, a ganglion cell {e.g, including a retinal ganglion cell), av endothelial cell, a photoreceptor
cell, a retinal blood vessel (e.g., including endothelial cells and vascular smooth muscle cells),
episcleral veins or choroid tissue, e.g, a choroid vessel.

In some embodiments, the CAZ-associated disorder is glaucoma and/or conditions
assoctated with glaucoma.

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 intraocular pressure, vision loss, optic nerve damage, ocular inflarnmation, visual

acuity, or presence, level, or activity of CAZ2 (e.g., CAZ gene, CAZ mRNA, or CA2 protein).
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In some embodiments, a level of the C A2 that is higher than a reference level is
indicative that the subject has glaucoma or & glaucoma associated condition. 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 intraocular
pressure; (b) inhibiting or reducing the expression or activity of CAZ: (¢) decreasing the amount
of aqueous humor; {d) inhibiting or reducing optic nerve damage; or (¢) inhibiting or reducing
retinal ganglion cell death.

In some embodiments, the treating results in at least a 30% mean reduction from baseline
of CA2 mRNA in the cell or tissue. In some embodiments, the treating results in at least a 60%
mean reduction from baseline of CAZ mBNA in the cell or tissue. In some embodiments, the
treating results in at least a 90% mean reduction from baseline of CA2 mRNA in the cell or
tissue.

In some embodiments, after treatment the subject experiences at least an 8-week duration
of knockdown following a single dose of dsRNA as assessed by CAZ2 protein in, for example, the
ciliary epithelium. In some embodiments, treating results in at least a [2-week duration of
knockdown following a single dose of dsRNA as assessed by CA2 protein in, for example, the
ciliary epithelium. In some embodiments, treating results in at least a 16-week duration of
knockdown following a single dose of dsRNA as assessed by CAZ2 protein in, for example, the
cifiary epithelium.

In some erabodiments, the subject is human.

In some embodiments, the dsRNA agent is administered at g dose of about 0.01 mg/kgto
about 50 mg/kg.

In some embodiments, the dsRNA ageut 13 administered to the subject ntraocularly. In
some embodiments, the intraocular administration comprises intravitreal administration, e.g,,
intravitreal injection; transscleral admimistration, e.g., transscleral injection; subconjunctival
administration, e.g., subconjunctival injection; retrobulbar administration, e.g., retrobulbar
injection; infracameral administration, ¢.g., intracameral injection, or subretinal adnunistration,
e.g., subretinal injection.

In some embodiments, the dsRINA agent is administered to the subiect intravenously. In

some embodiments, the dsRNA agent 15 administered to the subject topically.
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In some embodiments, a method described herein further comprises measuring a level of
CA2 {e.g, CAZ gene, CA2 mRNA, or CAZ protein) in the subject. In some embodiments,
measuring the level of CAZ in the subject comprises measuring the level of CAZ profeinina
biological sample from the subject (e.g., a ciliary epithelium sample). In some embodiments, a
method described herein further comprises performing a blood test, an imaging test, a tonometry
test or a ciliary epithelium biopsy.

In soroe ervbodiments, a method described heretn further comprises measuring a level of
CAZ {e.g., CA2 gene, CAZ mRNA, or CAZ protein) in the subject prior to treatment with the
dsRNA agent or the pharmaceutical composition. In some embodiments, upon determination
that a subject has a level of CAZ that is greater than a reference level, the dsRNA agent or the
pharmaceutical composition 1s administered to the subject. In some embodiments, measuring a
fevel of CAZ in the subject is performed after treatment with the dsSRNA agent or the
pharmaceutical composition.

In some embodiments, a method described herein further comprises treating the subject
with a therapy suitable for treatment or prevention of a CAZ-associated disorder, .2, glaucoma,
wherein the therapy coruprises medication to reduce intraocular pressure, laser treatent, surgery
or trabeculectomy. In some embodiments, a method described herein further comprises
administering to the subject an additional agent suitable for treatment or prevention of a CA2-
associated disorder. In some embodiments, the additional agent comprises a prostaglandin
analog, a beta blocker, an alpha-adrenergic agonist, a carbonic anhydrase inhubitor, or an anti-
CAZ agent.

In some embodiments, the anti-CAZ2 agent comprises an anti-CAZ antibody or antigen-
binding fragment thereof (e.g., an anti-CA2 antibody molecule).

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

incorporated by reference in their entirety.

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.

16

SUBSTITUTE SHEET (RULE 26)



10

15

30

WO 2022/251629 PCT/US2022/031337

BETAILED BESCRIPTION

iRNA directs the sequence-specific degradation of mRNA through a process known as
RNA interference (RNAI}). Described herein are IRNAs and methods of using them for
modulating (e.g., inhibiting) the expression of CA2. Also provided are compositions and
methods for treatment of disorders related to CAZ2 expression, such as glaucoma or conditions
associated with glancoma.

Human CAZ, also known as carbonic anhydrase 2. 1s a metalloenzyme encoded by the
CAZ gene. CA2 catalyzes the interconversion between carbon dioxide and bicarbonate. CAZ is
expressed by a variety of tissues including tissues of the eye, such as, ciliary epithelium, corneal
epithelium, Miiller cells, the lens, non-pigmented iris epithelium, retinal pigment epithelium, and
pigmented and non-pigmented epithelium of the ciliary processes.

Without wishing to be bound by theory, CAZ may exacerbate the pathogenesis of
glaucoma, e.g., by increasing intraocular pressure CAZ appears to be the main CA form
expressed in human ciliary epithelium which is responsible for producing aqueous humor.
Carbonic anhydrase inhibitors have been shown to reduce aquecus humor production by up to
40% and thereby reduce intraocular pressure in the eve.

The following description discloses how to make and use compositions containing
iRNAs to modulate (e.g., inhibit) the expression of CAZ2, as well as compositions and methods
for treating disorders related to expression of CA2,

In some aspects, pharmaceutical compositions containing CA2 iIRNA and a
pharmoacentically acceptable carrier, methods of using the compositions to tubibit expression of
CAZ, and methods of using the pharmaceutical compositions to treat disorders related to

expression of CAZ2 (e.g., glaucoma or conditions assoctated with glaucoma) are featured herein.

L Befinitions

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

The term “about” when referring to a sumber or a numerical range means that the

number or numerical range referred to is an approximation within experimental vanability {(or
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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 term “at least” prior to a number or serigs of numbers is understood o tnclude the
number adjacent to the term “at least”, and all subsequent numbers or integers that could
togteally be included, as clear from context. For example, the number of nucleotides ina
nucleic acid molecule must be an integer. For example, “at least 17 nucleotides of a
20-nucleotide nucleic acid molecule” means that 17, 18, 19, or 20 nuclectides have the
indicated property. When at least is present before a series of numbers or a range, it is
understood that “at least” can modify each of the numbers in the series or range.

As used herein, “no more than” or “or less” is understood as 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 nucleotides” hasa 2, 1, ot 0
mismatches. When “no more than” is present before a series of numbers or a range, it is
undersiood that “no more than” can modify each of the numbers in the series or range.

As used herein, “up t0” as in “up to 107 is understood as up to and including 10, ie.,
0,1,2,3,4.5.6,7,8.9 or 10,

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

EEIRTS

The terms “activate,” “enhance,” “up-regulate the expression of,” “increase the
expression of,” and the like, in so far as they refer to a CA2 gene, herein refer to the at least
partial activation of the expression of a CAZ gene, as manifested by an increase in the amount of
CAZ mRNA, which may be isolated from or detected in a first cell or group of cells in which a
CAZ geve 15 transcribed and which has or have been treated such that the expression of a CA2
gene is 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 CA2 gene is activated by at least about 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, or 50% by administration of an tRNA as described herein. In
some embodiments, a CA2 gene 1s activated by at least about 60%, 70%, or 80% by
administration of an iIRNA featured in the disclosure. In some embodiments, expression of a
CAZ 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 CA2 gene expression is increased by at least 1-
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fold, at least 2-fold, at least 5-fold, at least 10-fold, at least 50-fold, at least 100-fold, at least 500-
fold, at least 1000-fold or more in cells treated with an iRNA a5 described herein compared to
the expression in an unireated cell. Activation of expression by small dsRNAs is deseribed, for
example, in Li ef af., 2006 Proc. Natl. dcad. Sci. US.A. 103:17337-42, and in US2007/0111963
and US2005/226848, each of which s incorporated herein by reference.

The terms “silence,” “inhibit expression of” “down-regulate expression of,” “suppress
expression of,” and the like, i 50 far as they refer to CAZ, herein refer to the at least partial
suppression of the expression of CAZ, as assessed, e.g,, based on CAZ mRNA expression, CA2
protein expression, or another parameter functionally linked to CAZ expression. For example,
inhibition of CAZ expression may be manifested by a reduction of the amount of CAZ mRNA
which may be isolated from or detected in a first cell or group of cells in which CAZ is
transcribed and which has or have been treated such that the expression of CAZ2 is inhibited, as
compared to a control. The control may be a second cell or group of cells substantiaily identical
to the first cell or group of cells, except that the second cell or group of cells have not been s0
treated (control cells). The degree of inhibition is usually expressed as a percentage of a control
level, e.g.,

{mRBNA i control cells) - (mRNA m treated cells) «100%
70
(mRNA in control cells)

Alternatively, the degree of inhibition may be given in terms of a reduction of a
parameter that is functionally linked to CAZ expression, e.g., the amount of protein encoded by a
CA2 gene. The reduction of a parameter tunctionally linked to CAZ expression may similarly be
expressed as a percentage of a control level. In principle, CAZ silencing may be determined in
any cell expressing CA2, either constitutively or by genomic engineering, and by any appropriate
assay.

For example, in certain instances, expression of CAZ 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, CAZ is suppressed by at least about 60%, 65%, 70%, 75%, or 80% by
administration of an iIRNA disclosed herein. In some embodiments, CAZ is suppressed by at
least about 85%, 90%, 95%, 98%, 99%, or more by administration of an 1RNA as described

herein.
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The term “antisense strand” or “guide strand” refers to the strand of an iIRNA, .2, 3
dsRNA, which includes a region that is substantially complementary to a target sequence,

As used herein, the term “region of complementarity” refers to the region on the
antisense strand that is substantially complementary to a sequence, for example a target
sequence, as defined herein. Where the region of complementarity 1s 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 complementarity comprises 0, 1, or 2 mismatches.

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

The terms “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, e,
no nucleotide overhang. One or both ends of a dsRNA can be blunt. Where both ends of a
dsRNA are blunt, the dsRNA is said to be blunt ended. To be clear, a “blunt ended” dsRNA is a
dsRNA that is blunt at both ends, i.¢., 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 s second nucleotide sequence, refers to the
ability of an oligonucieotide or polynucieotide comprising the first nucleotide sequence to
hybridize and form a duplex structure under certain conditions with an oligonucleotide or
polynucieotide comprising the second nucleotide sequence, as will be understood by the skilled
person. Such conditions can be, for example, “stringent conditions”, including but not limited to,
400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 50°C or 70°C for 12-16 hours followed by
washing. As used herein, “stringent conditions” or “stringent hybridization conditions” refers to
conditions under which an antisense compound will hybridize to its target sequence, butto a
minimal number of other sequences. Stringent conditions are sequence-dependent and will be
different in different circumstances, and “stringent conditions” under which antisense
compounds hybridize to a target sequence are determined by the nature and composition of the
antisense compounds and the assays in which they are being investigated. Other conditions, such
as physiologically relevant conditions as may be encountered inside an organism, can apply. The

skilled person will be able to determine the set of conditions most appropriate for a test of
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complementarity of two sequences in accordance with the ultimate application of the hvbridized
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 nucleotide
sequence to an oligonucleotide or polynucleotide comprising a second nucleotide sequence over
the entire length of one or both nucleotide sequences. Such sequences can be referred to as
“fully comaplementary” with respect to each other herein. However, where a first sequence s
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. In
some embodiments, the “substantially complementary” sequences disclosed herein comprise a
contiguous nucleotide sequence which is at least about 80% complementary over its entire length
to the equivalent region of the target GPR146 sequence, such as about 85%, about 90%, about
91%, about 92%, about 93%, about 24%, about 95%, about 96%, about 97%, about 98%, or
about 99% complementary. However, where two oligonucieotides are designed to form, upon
hybridization, one or more single stranded overhangs, such overhangs shall not be regarded as
mismatches with regard to the determination of complementarity. For example, a dsRNA
comprising one oligonucleotide 21 nucleotides in length and another oligonucleotide 23
nucleotides in length, wheretn 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-vatural and modified
nucleotides, in as far as the above requirements with respect to their ability to hybridize are
fulfilled. Such non-Watson-Crick base pairs includes, but are not limited to, G:U Wobble or
Hoogsteen base paiting.

The terms “complementary,” “fully complementary” and “substantially complementary”
herein mayv be used with respect to the base matching between two oligonucleotides or
polynucieotides, such as the sense strand and the antisense strand of a dsRNA, or between the
antisense strand of an IRNA agent and a target sequence, as will be understood from the context

of their use.
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As used herein, a polynucleotide that is “substantially complementary to at least part of”
a messenger RNA (mRNA) refers to a polynuclectide that is substantially complementary to a
contiguous portion of the mRNA of interest {e.g,, an mBNA encoding a CAZ protein}. For
example, a polynucleotide is complementary to at least a part of a CAZ mRNA if the sequence is
substantially complementary to a son-interrupted portion of an oRNA encoding CA2. The term
“complementarity” refers to the capacity for pairing between nucleobases of a first nucleic acid
and a second nucleic acid.

As used herein, the term “region of complementarity” refers to the region of one
nuclectide sequence agent that is 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.g., a CA2 nucleotide sequence, as defined herein.
Where the region of complemeuntarity is not fully complementary to the target sequence, the
mismatches can be in the internal or terminal regions of the antisense strand of the IRNA
(enerally, the most tolerated mismatches are in the terminal regions, e.g., within 5,4, 3, or 2
nucleotides of the 57~ or 3’ -terminus of the iRNA agent.

“Contacting,” as used herein, includes directly contacting a cell, as well as indirectly
contacting a cell. For example, a cell within a subject may be contacted when a composition
comprising an iIRNA 1s administered (e.g., intraocularly, topically, or intravenously) to the
subiect,

“Introducing into a cell,” when referring to an 1RNA, means facilitating or effecting
uptake or absorption into the cell. Absorption or uptake of an tRNA can oceor through unaided
diffusive or active cellular processes, or by auxiliary agents or devices. The meaning of this term
is not limited to cells # vifro, an iIRNA may also be "introduced into a cell” wherein the cell 13
part of a living organism. in such an instance, introduction into the cell will include the delivery
to the organism. For example, for i vive delivery, iIRNA can be injected into a tissue site or
administered systemically. [ vive delivery can alsc be by a B-glucan delivery sysiem, 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. /5 vifro introduction
into a cell includes methods known in the art such as electroporation and lipofection. Further
approaches are described herein below or known in the art.  As used herein, a “disorder related

to CA2 expression,” a “disease related to CAZ expression,” a “pathological process related to
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CA2 expression,” “a CAZ-associated disorder,” “a CAZ-associated disease,” or the like includes
any condition, disorder, or disease in which CAZ2 expression is altered {e.g., decreased or
increased refative to a reference level, e.g., a level characterisiic of a non-diseased subject). In
some embodiments, CA2 expression is decreased. In some embodiments, CA2 expression is
increased. o some embodinents, the decrease or increase i CAZ2 expression 15 detectable in a
tissue sample from the subject (e.g., in an optic nerve sample}. The decrease or increase may be
assessed relative the level observed 1n the same mdividual prior to the development of the
disorder or relative to other individual(s) who do not have the disorder. The decrease or increase
may be limited to a particular organ, tissue, or region of the body (e.g., the eye). CAZ-associated
disorders include, but are not limited to, glaucoma or conditions associated with glaucoma.

The term “condition(s} associated with glaucoma,” as used herein, means any disease or
coudition that is associated with an increase in intraocular pressure. Non-limiting examples of
conditions associated with glaucoma that are treatable using methods provided herein include
glaucoma, open-angle glaucoma, angle-closure glaucoma, ocular inflammation, systemic
inflammation, anterior uveitis, acute retinal necrosis, Sturge-Weber syndrome, Axenfeld-Rieger
syndrome, Marfan syndrome, homocystinuria, Weill-Marchesani syndrome, and autoimmune
diseases, such as juvenile rheumatoid arthritis and Marie-Strumpell ankylosing spondylitis.

The term “double~stranded RNA,” “dsRNA,” or “siRNA” as used herein, refers to an
iRNA 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
length, e.g., 15-30 base pairs in length. Considering a duplex between 9 and 36 base pairs, the
duplex can be any length 1o this range, for example, 9, 10, 11, 12, 13, 14, 15, 16, 17, 1§ 19, 20,
21,22,23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, or 36 and any sub-range therein
between, including, 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
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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 Dhcer and similar enzymes are generally in the range of 19-22 base
pairs in length. One strand of the duplex region of a dsDNA comprises a sequence that is
substantially complerentary 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 15 formed
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 loop"} between the 3”-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 nucleotide; in some embodiments the hairpin
foop can comprise at feast 3, at least 4, atleast S, 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 embodiments, the two strands are connected
covalently by means other than a hairpin loop, and the connecting structure is a linker,

In some embodiments, the IRNA agent may be a “single-stranded siRNA” that is
introduced into a cell or organism to inhibit a target mRNA. In some ernbodiments, 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 U.S,
Patent No. 8,101,348 and in Lima er af, (2012) Cell 150: 883-894, the entire contents of each of
which are hereby 1ncorporated heretn by reference. Any of the antisense nucleotide sequences
described herein {e.g., sequences provided in Tables 3-10) 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 er o/, (2012} Cell 150:883-89%4,

In 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 is broken down into
siRNA by a Type I endonuclease known as Dicer (Sharp ef al |, Genes Dev. 2001, 15:485).

Dicer, a ribonuclease-1I-like enzyme, processes the dsRNA into 19-23 base pair short interfering
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RINAs with characteristic two base 3' overhangs (Bernstein, ef af., (2001} Narure 409:363). The
siRMNAs are then incorporated into an RNA-induced silencing complex (RISC) where one or
more helicases unwind the siRNA duplex, enabling the complementary antisense strand to guide
target recognition (Nykanen, er o, (2001} Cedl 107:309). Upon binding to the appropriate target
mRNA, one or more endonucleases within the RISU cleaves the target to induce silencing
{Elbashir, ef af | (2001} Genes Dev. 15:188). Thus, in some embodiments, the disclosure relates
to a single stranded RNA that promotes the formation of a RISC complex to effect silencing of
the target gene.

“GACT AT 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,” “nibonuclectide.” or “nucleotide” can also referto a
modified nucleotide, as further detailed below, or a surrogate replacement moiety. The skilled
person is well aware that guanine, cytosing, adenine, and uracil may be replaced by other
moieties without substantially altering the base pairing properties of an oligonucieotide
comprising a nucleotide bearing such replacement motety. For example, without limitation, a
nucleotide comprising inosine as its base may base pair with nucleotides containing adenine,
cytosine, or uract]. Hence, nucleotides containing uraci], 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 uraci], respectively to form G-U Wobble base pairing with the
target mRNA, Sequences containing such replacement moieties are suitable for the
compositions and methods featured in the disclosure.

As used herein, the term “iIRNA,” “RNAY”, “IRNA agent,” ot “RNAJ agent” or “RNAj
molecule” refers to an agent that contains RNA as that term is defined herein, and which
mediates the targeted cleavage of an RNA transcript, ¢ g, via an RNA-induced silencing
complex (RISC) pathway. In some embodiments, an iRNA as described herein effects inhibition
of CAZ expression, e.g, in a cell or mammal.  Inhibition of CA2 expression may be assessed
based on a reduction in the level of CA2 mRNA or a reduction in the level of the CAZ protein.

The term "linker” or “linking group” means an organic moiety that connects two parts of

a compound, e.g., covalenily attaches two parts of a compound.
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The term “lipophife” or “lipophilic motety” broadly refers to any compound or chemical
moiety having an affinity for lipids. One way 1o characterize the lipophilicity of the lipophilic
moiety is by the octanol-water partition coefficient, logKew, where Kow is the ratio of a
chemical’s concentration in the octanol-phase to its concentration in the agueous phase of a two-
phase system at equilibrium. The octanol-water partition coetficient 15 a laboratory-measured
property of a substance. However, it may also be predicted by using coetticients attributed to the
structural components of a chemical which are calculated using fivst-principle or empirical
methods (see, for example, Tetko et al,, J Chem. Inf Comput. 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 non-agueous or oily milieu rather than water (1. its
hydrophilic/lipophilic balance). In principle, a chemical substance is lipophilic in character
when its logKoew exceeds 0. Typically, the lipophilic moiety possesses a logKow exceeding 1,
exceeding 1.5, exceeding 2, exceeding 3, exceeding 4, exceeding 5, or exceeding 10. For
instance, the logKow of 6-amino hexanol, for instance, is predicted to be approximately 0.7.
Using the same method, the logKow of cholesteryl N-(hexan-6-0l) carbamate is predicted to be
10.7.

The lipophilicity of a molecule can change with respect to the functional group it 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,, logKow) value of the lipophilic moiety.

Alternatively, the hydrophobicity of the double-stranded RNAi agent, conjugated to one
or more lipophilic moieties, can be measured by its protein binding characteristics. For tustance,
in certain embodiments, the unbound fraction in the plasma protein binding assay of the double-
stranded RNAJ agent could be determined to positively correlate to the refative hydrophobicity
of the double-stranded RNAI agent, which could then positively correlate to the silencing activity
of the double-stranded RNA1 agent.

In some embodiments, the plasma protein binding assay determined is an elecirophoretic
mobility shift assay (EMSA) using human serum albumin protein. An exemplary protocol of this
binding assay is tlustrated in detail in, e.g., PCT/USZ019/031170. The hydrophobicity of the
double-stranded RNA# agent, measured by fraction of unbound siRNA in 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 vive delivery of siRNA.
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Accordingly, conjugating the lipophilic moieties to the internal position(s} of the double-
stranded RNAI agent provides optimal hydrophobicity for the enhanced i vivo delivery of
siRNA.

The term “lipid nanoparticle” or “LINP” is a vesicle comprising a lipid layer
encapsulating a pharmaceutically active molecule, such as a nucleic acid molecule, e.g., a RNAi
agent or a plasmid from which a RNAi agent is transcribed. LNPs are described in, for example

U.S. Patent Nos. 6,858,225, 6,815,432, 8, 158,601, and 8,058,069, the entire contents of which

b

are hereby incorporated herein by reference.

Ag used herein, the term “modulate the expression of,” refers to an at least partial
“inhibition” or partial “activation” of a gene {e.g., CA2 gene) expression in a cell treated with an
iRNA composition as described herein compared to the expression of the corresponding gene in
acontrol cell. A control cell includes an untreated cell, or a cell treated with a non-targeting
control iIRNA.

The skitled artisan will recognize 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 RNA comprising one or more ribonucleotide/ribonucleoside analogs
or derivatives as described herein or as known in the art. Strictly speaking, a “ribonucleoside”
includes a nucleoside base and a ribose sugar, and a “ribonuclectide” 1s a ribonucleoside with
one, two or three phosphate moieties or analogs thereof (e.2., phosphorothioate). However, the
terms “ribonucleoside” and “ribonucleotide” can be considered to be equivalent as used herein.
The RNA can be modified in the nucleobase structure, in the ribose structure, or in the riboge-
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
non-Himiting examples, an RNA molecule can also include at feast one medified ribonucleoside
including but not limited to a 2'-O-methyl moditied nucleoside, a nucleoside comprising a &'
phosphorothioate group, a terminal nucleoside linked to a cholesteryl derivative or dodecanoic
actd bisdecylamide group, a locked nucleoside, an abasic nucleoside, an acyclic nucleoside, a
glycol nucleotide, a 2-deoxy-2'-fluoro modified nucleoside, a 2'-amino-meodified nucleoside, 2'-
alkyl-modified nucleoside, morpholino nucleoside, a phosphoramidate or a non-natural base
comptising 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 [east 3, at
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least 0, at least 7, at least 8, at least 9, at east 10, at least 15, at least 20 or more, up 1o the entire
fength of the dsRNA molecule. The modifications need 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
actds (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 is
understood that the term “1IRNA” does not encompass a naturally occurring double stranded
DNA molecule or a 100% deoxynucleoside-containing BNA molecule.

In some aspects, a modified ribonucleoside includes a deoxyribonucleoside. In such an
instance, an iRNA agent can comprise one or more deoxynucleosides, 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 oue or both strands.

As used herein, the term “nucleotide overhang” refers to at least one unpaired nuclectide
that protrudes from the duplex structure of an iIRNA, e.g., a dsSRNA. For example, when a 3'-end
of one strand of a dsRNA exiends beyond the 5-end of the other strand, or vice versa, therg is a
nucleotide overhang. A dsRINA can comprise an overhang of at least one nucleotide;
alternatively, the overhang can comprise at least two nucleotides, at least three nucleotides, at
teast four nucleotides, or at least five nucleotides or more. A nucleotide overhang can comprise
or consist of a nucleotide/nucleoside analog, including a deoxynucleotide/nuclesside. 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 5" end, 3" end or both ends of
either an antisense or sense strand of a dsRNA.

In some ermbodiments, the antisense strand of a dsRNA has a 1-10 nucleotide overhang at
the 3° end and/or the 5" end. In some embodiments, the sense strand of a dsRNA hasa 1-10
nuclectide overhang at the 37 end and/or the 5™ end. In some embodiments, one or more of the
nucleotides in the overhang s replaced with a nucleoside thiophosphate.

As used herein, a “pharmaceutical composition” comprises a pharmacologically effective
amount of a therapeutic agent (e.2., an iIRNA) and a pharmaceutically acceptable carrier. As

used herein, “pharmacologically effective amount,” “therapeutically effective amount” or simply
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“effective amount” refers to that amount of an agent {e.g., iIRNA) effective to produce the
intended pharmacological, therapeutic or preventive result. For example, in a method of treating
a disorder related to CAZ expression {e.g., glaucoma or conditions associated with glaucoma), an
effective amount includes an amount effective to reduce one or more symptoms associated with
the disorder, e.g.. an amount etfective to (a) inhibit or reduce intraocular pressure, (b} iohibit or
reduce the expression or activity of CAZ; {c} decrease the amount of aquecus humor; (d} inhibit
or reduce optic nerve damage; or (e} inhibit or reduce retinal ganglion cell death or an amount
effective to reduce the risk of developing conditions associated with the disorder. For example,
if a given clinical treatment is considered effective when there is at least a 10% reduction in a
measurable parameter associated with a disease or disorder, a therapeutically effective amount of
a drug for the treatment of that disease or disorder s the amount necessary to obtain at least a
10% reduction iu that parameter. For exarople, a therapeutically effective amount of an iRNA
targeting CAZ can reduce a level of CA2 mRNA or a level of CAZ protein by any measurable
amount, .g., by at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, S0%, 553%, 60%, 65%,
T0%, T5%, 80%, 85%, 90%, or 95%.

The term “pharmaceutically acceptable carrier” refers 1o & carrier for administration of a
therapeutic agent. Such carriers include, but are not limited to, salive, 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
limited to pharmaceutically acceptable excipients such as inert diluents, disintegrating agents,
binding agents, lubricating agents, sweetening ageunts, flavoring agents, coloring agents and
preservatives. Suitable inert diluents include sodium and calcium carbonate, sodium and calcium
phosphate, and lactose, while corn starch and alginic acid are snitable disintegrating agents.
Binding agents may include starch and gelatin, while the lubricating agent, if present, will
generally be magnesium stearate, stearic acid or talc. I desired, the tablets may be coated with a
material such as glyceryl monostearate or glyceryl distearate, {o delay absorption in the
gastrointestinal tract. Agents included in drug formulations are described further herein below.

As used herein, the term "SNALP" refers to a stable nucleic acid-lipid particle. A
SNALP represents a vesicle of lipids coating a reduced aquecus interior comprising a nucleic
acid such as an IRNA or a plasmid from which an iRNA is transcribed. SNALPs are described,

e.g, in U.8. Patent Application Publication Nos. 2006/0240093, 2007/0135372, and in
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International Application No. WO 2009/082817. These applications are incorporated herein by
reference in their entivety. In some embodiments, the SNALP is a SPLP. As used herein, the
term “SPLP” refers to a nucleic acid-lipid particle comprising plasmid DNA encapsulated within
a liptd 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

As used herein, a “subject” to be treated according to the methods described herein,
includes a human or non-human animal, e.g,, a mammal. The mammal may be. for example, a
rodent (e.g., a rat or mouse} or a primate (e.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 CA2 expression, e.g., overexpression {e.g., glaucoma or
conditions associated with glaucoma). In some embodiments, the subject has, or is suspecied of
having, a disorder related to CAZ expression or overexpression. In some embodiments, the
subject is at risk of developing a disorder related to CAZ 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, ez, CAZ, including
mRINA that is a product of RNA processing of a primary transcription product. The target
portion of the sequence will be at least long enongh 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
nuclectides in 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 nucleotides, 15-26 nucleotides,
15-23 nucleotides, 13-22 nucleotides, 15-21 nuclectides, 15-20 nucleotides, 15-19 nucleotides,
15-18 nucleotides, 15-17 nucleotides, 18-30 nucleotides, 18-26 nucleotides, 18-23 nucleotides,
18-22 nuclectides, 18-21 nucleotides, 18-20 nucieotides, 19-30 nucleotides, 19-26 nuclectides,
19-23 nucleotides, 19-22 nucleotides, 19-21 nucleotides, 19-20 nucleotides, 20-30 nucleotides,
20-26 nucleotides, 20-25 nuclectides, 20-24 nuclectides, 20-23 nucleotides, 20-22 nucleotidas,
20-21 nucleotides, 21-30 nucleotides, 21-26 nuclectides, 21-25 nucleotides, 21-24 nucleotides,

21-23 nucleotides, or 21-22 nucleotides.
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As used herein, the phrases “therapeutically effective amount” and “prophylactically
effective amount” 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 CA2
expression {e.g., glaucoma or conditions associated with glaucoma). The specific 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.

M@

In the context of the present disclosure, the terms “treat,” “treatment,” and the like mean
to prevent, delay, relieve or alleviate at least one symptom associated with a disorder related to
CA2 expression, or to slow or reverse the progression or anticipated progression of such a
disorder. For exaraple, the methods featured herein, when employed to treat glaucoma or
conditions associated with glaucorsa, may serve to reduce ot prevent one or more symptoms of
glaucoma or conditions associated with glaucoma, as described herein, or to reduce the risk or
severity of associated conditions. Thus, unless the coniext clearly indicates otherwise, the terms
“treat,” “treatment,” and the like are intended to encompass prophylaxis, ¢.g., prevention of
disorders and/or symptoms of disorders related to CAZ2 expression. Treatment can also mean
prolonging survival as compared to expected survival in the absence of treatment.

By “lower” in the context of a disease marker or symptorn is meant any decrease, e.g., a
statistically or clinically significant decrease in such level. The decrease can be, for example, at
feast 10%, at least 20%, at least 30%, at least 40%, at least 40%, at least 50%, at least 60%, at
least 70%, at least 80%, 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 herein, “CA2” refers to “carbonic anhvdrase 27 the corresponding mRNA (*CAZ2
mRNA"), or the corresponding protein (“CAZ protein”). The sequence of a human CAZ mRNA
transcript can be found at SEQ D NO: 1

The term “substituted” refers to the replacement of one or more hydrogen radicals in a
given structure with the radical of a specified substituent including, but not hmited to: alkyl,
alkenyl, alkyoyl, aryl, heterocyclyl, halo, thiol, alkylthio, arylthio, alkylthioalkyl, arylthioalkyl,
alkylsulfonyl, alkylsuifonylalkyl, arylsulfonylalkyl, alkoxy, aryloxy, aralkoxy, aminocarbonyl,
alkylaminocarbonyl, arylaminocarbonyl, alkoxycarbonyl, aryloxycarbonyl, haloalkyl, amino,

triflucromethyl, cyano, nitro, alkylamino, arylamino, alkylaminoalkyl, arylaminoalkyl,
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aminoatkylamino, hyvdroxy, alkoxyalkyi, carboxyaliyl, alkoxycarbonylalkyl,
aminocarbonylalkyl, acyl, aralkoxyearbonyl, carboxylic acid, sulfonic acid, sulfonyt, phosphonic
acid, arvl, heteroaryl, heterocyclic, and aliphatic. It is understood that the substituent can be
further substituted.

The term “alkyl” refers to saturated and unsaturated non-aromatic hydrocarbon chains
that may be a straight chain or branched chain, containing the indicated number of carbon atoms
{these include without limitation propyl, allyl, or propargyl), which may be optionally inserted
with N, O, or S. For example, “(C1-C6) alky!” means a radical having from 1 6 carbon atoms in
a linear or branched arrangement. “(C1-C&) alkyl” includes, for example, methyl, ethyl, propyi,
iso-propyl, n-butyl, tert-butyl, pentyl and hexyl. In certain embodiments, a lipophilic moiety of
the instant disclosure can include a C6-C18 alkyl hydrocarbon chain.

The term “alkylene” refers to an opticually substituted saturated aliphatic branched or
straight chain divalent hydrocarbon radical having the specified number of carbon atoms. For
exarople, “(C1-Co) alkylene” means a divalent saturated aliphatic radical baving from 1-6 carbon
atoms int a linear arrangement, .2, [(CHz}u] , where nt is an integer from 1 te 6. “(C1-C6)
alkylene” includes methylene, ethylene, propylene, butylene, pentylene and hexylene.
Alternatively, “(C1-C6) alkylene” means a divalent saturated radical having from 1-0 carbon
atoms in a branched arrangement, for example: [(CH2CHCHCHaCH(CH3),
HOCHCH2CH:CHaC(CH 12|, [(CH2C(CHa pCH{CHs)3, and the like. The term “alkylenedioxo”
refers to a divalent species of the structure —O—R—0— in which R represents an alkylene.

The term “mercapto” refers to an —SH radical. The term “thicalkoxy” refers to an —8—
alkyl radical.

The term “halo” refers to any radical of fluorine, chlorine, bromine or jodine. “Halogen”
and “halo” are used interchangeably herein.

As used herein, the term “cycloalkyl” means a saturated or unsaturated nonaromatic
hydrocarbon ring group having from 3 to 14 carbon atoms, unless otherwise specified. For
example, “(C3-C10) eycloalkyl” means a hydrocarbon radical of a (3-10)-membered saturated
aliphatic cyclic hydrocarbon ring. Examples of cycloalkyl groups include, but are not limited to,
cyclopropyl, methyl-cyclopropyl, 2,2-dimethyl-cyclobutyl, 2-ethyl-cyclopentyl, cyclohexyl, etc.
Cycloalkyls may include multiple spiro- or fused rings. Cycloalkyl groups are optionally mono-,

di-, tri-, tetra-, or penta-substituted on any position as permiited by normal valency.
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As used herein, the term “alkeny!” refers to a non-aromatic hydrocarbon radical, straight
or branched, containing at least one carbon-carbon double bond, and having from 2 to 10 carbon
atoms unless otherwise specified. Up to five carbon-carbon double bonds may be present in such
groups. For example, “C2-C6” alkenyl is defined as an alkenyl radical having from 2 to ¢ carbon
atorns. Examples of alkeny] groups tnclude, but are not limited to, ethenyl, propenyl, buteoyl,
and cyclohexenyl. The straight, branched, or cyclic portion of the alkenyl group may contain
double bonds and 15 optionaily mono-, di-, tri-, tetra-, or penta-substituied on any position ag
permitted by normal valency. The term “cycloatkenyl” means a monocyclic hydrocarbon group
having the specified number of carbon atoms and at least one carbon-carbon double bond.

As used herein, the term “alkynyl” refers to a hydrocarbon radical, straight or branched,
containing from 2 to 10 carbon atoms, unless otherwise specified, and containing at least one
carbou-carbon triple bond. Up to 5 carbon-carbon triple bonds may be present. Thus, “C2-C6
alkynyl” means an alkynyl radical having from 2 to 6 carbon atoms. Examples of alkynyl groups
include, but are not limited to, ethynyl, 2-propynyl, and 2-butynyl. The straight or branched
portion of the alkyny! group may contain triple bonds as permitted by normal valency, and may
be optionally mono-, di-, tri-, tetra-, or penta-substituted on any position as permitted by normal
valency.

As used herein, “atkoxyl” or “alkoxy” refers to an aitkyl group as defined above with the
indicated number of carbon atoms attached through an oxygen bridge. For example, “(C1-
(3)alkoxy” includes methoxy, ethoxy and propoxy. For example, “(C1-Céjalkoxy”, is intended
to include C1, C2, C3, C4, C5, and C6 alkoxy groups. For example, “(C1-C8)alkoxy”, is
intended to include C1, C2, C3, C4, C5, Ce, 7, and C8 alkoxy groups. Examples of alkoxy
include, but are not limited to, methoxy, ethoxy, v-propoxy, i-propoxy, n-butoxy, s-butoxy, t-
butexy, n-pentoxy, s-pentoxy, n-heptoxy, and n-octoxy. “Alkylthio” means an alky! radical
attached through a sulfur linking atom. The terms “alkylamino” or “aminoalkyl”, means an alkyl
radical attached through an NH linkage. “Dialkylamino” means two alkyl radical attached
through a nitrogen linking atom. The amino groups may be unsubstituted, monosubstituted, or
di-substituted. In some embodiments, the two alkyl radicals are the same {e.g., N,N-
dimethylamino). In some embodiments, the two alkyl radicals are different (e.g., N-ethyl-N-

methylamino).
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As used herein, “aryl” or “aromatic” means any stable monocyclic or polycyclic carbon
ring of up to 7 atoms in each ring, wherein at least one ring is aromatic. Examples of aryl groups
include, but are not limited to, phenyl, naphthyl, anthracenyl, tetrahydronaphthyl, indanyl, and
bipheny!. In cases where the aryl substituent is bicyclic and one ring is non-aromatic, it is
understood that attachment 1§ via the aromatic ring. Aryl groups are optionally mono-, di-, tri-,
tetra-, or penta-substituted on any position as permitted by normal valency. The term “arylalkyl”
or the term “aralkyl” refers to alkyl substituted with an aryl. The term “arylatkoxy™ refers to an
alkoxy substituted with aryl.

“Hetero” refers to the replacement of at least one carbon atom in 4 ring system with at
feast one hetercatom selected from N, 8 and (0. “Hetero™ also refers to the replacement of at
least one carbon atom in an acyclic system. A hetero ring system or a hetero acyclic system may
have, for example, 1, 2 or 3 carbon atoms replaced by a heteroatom.

As used herein, the term “hetercaryl” represents a stable monocyclic or polyeyclic ring of
up to 7 atoros in each ring, wherein at least one ring is aromatic and contains from 1 to 4
heteroatoms selected from the group consisting of O, N and S. Examples of hetercaryl groups
include, but are not limited to, acridinyi, carbazolyl, cinnoliny], quinoxalinyl, pyrrazolyl, indolyi,
benzotriazolyl, furanyl, thienyl, benzothienyl, benzofuranyl, benzimidazolonyl, benzoxazolonyl,
quinolinyl, isoquinolinyl, dihvdroiscindolonyl, imidazopyridinyl, isoindolonyl, indazolyl,
oxazolyl, oxadiazolyl, isoxazolyl, indolyi, pyrazinyl, pyridazinyl, pyridinyl, pyrimidinyl,
pyrrolyl, tetrahydroquinoline. “Heteroaryl” is also understood to include the N-oxide derivative
of any nitrogen-containing heteroaryl. To cases where the heteroaryl substituent is bicyclic and
one ring is non-aromatic of contains no heteroatoms, it is understood that attachment is via the
aromatic ring or via the beteroatom containing ring. Heteroaryl groups are optionally mono-, di-,
tri-, tetra-, or penta-substituted on any position as permitted by normal valency.

As used herein, the term “heterocycle,” “heterocyclic,” or “heterocyclyl” means a 3- to
14-membered aromatic or nonaromatic heterocycle containing from 1 t0 4 hetercatoms selected
from the group consisting of O, N and S, including polyeyelic groups. As used herein, the term
“heterocyclic” is also considered to be synonymous with the terms “heterocycle” and
“heterocyclyl” and is understood as also having the same definitions set forth herein,
“Heterocyclyl” includes the above mentioned heteroaryls

as well as dihydro and tetrabydro

3

analogs thereof. Examples of heterocyclyi groups include, but are not limited to, azetidinyl,
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benzoimidazolyl, benzofuranyl, benzofurazanyl, benzopyrazolyl, benzotriazolyl,
benzothiophenyl, benzoxazolyl, carbazolyl, carbolinyl, cinnolinyl, furanyl, imidazolyl, indolinyl,
indolyl, indolazinyl, indazolyl, ischenzofuranyl, tsoindolyl, isoquinolyl, isothiazolyl, isoxazolyl
naphthpyridinyl, oxadiazolyl, oxooxazolidinyl, oxazolyl, oxazoline, oxopiperazinyl,
oxopyrrolidinyl, oxomorpholinyl, isoxazoline, oxetanyl, pyranyl, pyrazinyl, pyrazolyl,
pyridazinyl, pyridopyridinyi, pyridazinyl, pyridyl, pyridinonyi, pyrimidyl, pyrimidinonyl,
pyrrolyl, quinazolinyl, quinolyl, quinoxalinyl, tetrahydropyranyl, tetrahydrofuranyl,
tetrahydrothiopyranyl, tetrabydroisoquinolinyl, tetrazolyl, tetrazolopyridyl, thiadiazolyl,
thiazolyl, thienyl, triazolyl, 1,4-dioxanyl, hexahydroazepinyl, piperazinyl, piperidinyl, pyridin-2-
onyl, pyrrolidinyl, meorpholinyl, thiomorpholinyl, dihydrobenzoimidazolyl, dibydrobenzofuranyl,
dihydrobenzothiophenyl, dihydrobenzoxazolyl, dikydrofuranyl, dihydroimidazolyl,
dibydroindolyl, dihydroisooxazolyl, dihydroisothiazolyl, dihydrooxadiazolyl, dihydrooxazolyl,
dihydropyrazinyl, dihydropyrazolyl, dihydropyridinyl, dihydropyrimidiny!, dihvdropyrrolyl,
dihydroguinolinyl, dibydrotetrazolyl, dibydrothiadiazolyi, dibydrothiazolyl, dihydrothienyi,
dihydrotriazolyl, dihydroazetidinyl, dioxidothiomorpholinyl, methvlenedioxybenzoyl,
tetrghydroturanyl, and tetrahydrothienyl, and N-oxides thereof. Attachment of a heterocyclyl
substituent can occur via a carbon atom or via a heteroatom. Heterocyelyl groups are optionally
mono-, di-, tri-, tetra-, or penta~substituted on any position as permitied by normal valency.

“Heterocycloatkyl” refers to a cycloalkyl residue in which one to four of the carbons is
replaced by a heteroatom such as oxygen, nitrogen or sulfur. Examples of heterocycles whose
radicals are heterocyclyl groups include tetrahydropyran, morpholine, pyrrolidine, pipetidine,
thiazoliding, oxazole, oxazoline, isoxazole, dioxane, tetrahydrofuran and the like.

The term “heteroaryl” refers to an aromatic 5-8 membered monocyclic, 8-12 membered
bicyclic, or 11-14 membered tricyclic ring system having 1-3 heteroatoms if monocyelic, 1-6
heteroatoms if bicychic, or 1-9 heteroatoms it tricyclic, said heteroatoms selected from O, N, or §
{e.g., carbon atoms and 1-3, 1-6, or 1-9 heteroatoms of N, O, or § it monocyclic, bicyclic, or
tricyclic, respectively), wherein 0, 1, 2, 3, or 4 atoms of cach ring may be substituted by a
substituent. Examples of heteroaryl groups include pyridyl, furyl or furanyl, imidazolyl,
benzimidazolyl, pyrimidinyl, thiophenyl or thienyl, quindlinyl, indolyl, thiazolyl, and the like.
The term “hetercarylalkyl” or the term “heteroaralkyl” refers to an alkyl substituted with a

hetercaryi. The term “heteroarylalkoxy” refers to an alkoxy substituted with hetercaryl.
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The term “cycloalkyl” as employed herein includes saturated and partially unsaturated
cyclic hydrocarbon groups having 3 to 12 carbons, for example, 3 to 8 carbons, and, for example,
3 to 6 carbons, wherein the cycloalkyl group additionally may be optionally substituted.
Cyceloalkyl groups include, without limitation, cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, eyclohexenyl, cycloheptyl, and cyclooctyl

The term “acyl” refers to an alkylcarbonyl, cycloatkylcarbonyl, aryicarbonyl,
heterocyclyicarbonyl, or heteroaryicarbonyl substituent, any of which may be further substituted
by substituents.

As used herein, “keto” refers to any alkyl, alkenyl, allynyl, eycloalkyl, eyeloatkenyl,
heterocyclyl, heteroaryi, or aryl group as defined herein attached through a carbony! bridge.

Examples of keto groups include, but are not limited to, alkanovl {e g, acetyl, propionyi,
butanoyl, pestanoyl, bexanoyl), alkenovl {e.g., acrylovl) alkynoyl (e.g., ethynovl, propynoyi,

butynoyl, pentynovi, hexynoyl}, arvioyl (e.g., benzovl), heteroarylovl {e.g., pyrroloyl,
imidazoloyi, quinolinoyl, pyridinoyl).

As used herein, “alkoxycarbonyl” refers to any alkoxy group as defined above attached
through a carbonyl bridge (i.e, —C(030-alkyl}. Examples of alkoxycarbonyl groups include,
but are not limited to, methoxycarbonyl, ethoxycarbonyl, isc-propoxycarbonyl, n-
propoxycarbonyl, t-butoxycarbonyl, benzyloxycarbonyl or n-pentoxycarbonyl.

As used herein, “aryloxycarbonyl” refers to any aryl group as defined herein attached
through an oxycarbonyl bridge (1. ¢., —C(O)0-aryl). Examples of aryloxycarbonyl groups
nclude, but are not limited to, phenoxycarbonyl and naphthyloxycarbonyl,

As used herein, “heteroaryloxycarbony!” refers to any heteroaryl group as defined herein
attached through an oxycarbonyl bridge (i.e., —C(0)0-heteroaryl). Examples of
heteroaryloxycarbonyl groups include, but are not limited to, 2-pyridyloxycarbonyl, 2-
oxazolyloxycarbonyl, 4-thiazolyloxycarbonyl, or pyrimidinyloxycarbonyl.

The term “ox0” refers to an oxygen atom, which forms a carbony] when attached to
carbon, an N-oxade when attached to nitrogen, and a sulfoxide or suitone when attached to
sulfur.

The person of ordinary skill in the art would readily understand and appreciate that the
compounds and compositions disclosed herein may have certain atoms {e.g., N, O, or § atoms}) in

a protonated or deprotonated state, depending upon the environment in which the compound or
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composition is placed. Accordingly, as used herein, the structures disciosed herein envisage that
certain functional groups, such as, for example, OH, SH, or NH, may be protonated or
deprotonated. The disciosure herein is intended to cover the disclosed compounds and
compositions regardless of their state of protonation based on the pH of the environment, as

would be readily understood by the person of ordinary skill in the art.

il. iRNA Agents

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

In some embodiments, the iIRNA agent activates the expression of CA2 ina cell or
mammal.

In some embodiments, the iIRNA agent includes double-stranded ribonucleic acid
{dsRNA) molecules for inhibiting the expression of CA2 n a cell or in 4 subject {e.g., ina
mammal, e.g., in a human), where the dsRNA includes an antisense strand having a region of
complementarity which is complementary 1o at least a part of an mRNA formed 1o the
expression of CA2, and where the region of complementarity is 30 nucleotides or less in length,
generally 19-24 nucleotides in length, and where the dsRNA, upon contact with a cell expressing
CAZ, inhibits the expression of CA2, e.g., by at Jeast 10%, 20%, 30%, 40%, or 50% as compared
to a simular cell not contacted with the RNA1 agent or an RNA1 agent not complimentary to the
CA2 gene.

The modulation {e.g., inhibition} of expression of CA2 can be assayed by, for example, a
PCR or branched DNA (bDNA}-based method, or by a protetn-based method, such as by
Western blot. Expression of CAZ in cell culture, such as in COS cells, ARPE-19 cells, hTERT
RPE-1 cells, RPE-J celis, Hel.a cells, primary hepatocytes, HepG2 cells, primary cultured cells
or in a biological sample from a subject can be assayed by measuring CA2 mRNA levels, such as
by bDBNA or TagMan assay, or by measuring protein levels, such as by immunotluorescence
analysis, using, for example, Western Blotting or flow cytometric technigues.

A dsBRNA typically ncludes 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 coroplementary, or fully complementary, to a target sequence, derived from the

sequence of an mRNA formed during the expression of CAZ. The other strand (the sense strand)
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typically includes a region that is 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 is 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 base pairs in length, inclusive. Similarly, the region of complementarity to the target
sequence is 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 nuclectides in length, inclusive,
and in other embodiments, the dsRNA is 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 ruolecule, often an mRNA 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 (e, cleavage through a RISC pathway). dsRNAs
having duplexes as short as 9 base pairs can, under some circumstances, mediate RNAi-directed
RNA cleavage. Most often a target will be at least 15 nucleotides in length, e.g, 15-30
nuclectides in length.

Onue of skill in the art will also recognize that the duplex region is a primary functional
portion of a dSRNA, e.g., a duplex region of 910 36, e.g., 15-30 base pairs. Thus, in some
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 ordinarily skilled artisan
will recognize that in some embodiments, then, an miRNA is a dsRNA. In some erobodiments, a
dsRNA is nnot a naturally occurring miRINA. In some embodiments, an iRNA agent useful to
target CAZ expression is not generated in the farget cell by cleavage of a larger dsRINA.

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, CA2 is a human CA2.
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In specific embodiments, the dsRNA comprises a sense strand that comprises of consists
of a sense sequence selected from the sense sequences provided in Tables 3-10 and an antisense
strand that comprises or consists of an antisense sequence selected from the antisense sequences
provided in Tables 3-10.

In some aspects, a dsSRNA will include at least sense and antisense nucleotide sequences,
whereby the sense strand is selected from the sequences provided in Tables 3-10 and the
corresponding antisense strand is selected from the sequences provided in Tables 3-10.

In these aspects, one of the two sequences is 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 CAZ. As such, a dsRNA will include two
oligonucleotides, where one oligonucleotide is described as the sense strand, and the second
oligonucleotide 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 seif-complementary regions of a single nucleic acid molecule, as opposed to being on separate
oligonucleotides.

The skilled person is well aware that dsRNAg 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 ef of | EMPBO 2001, 20:6877-6888) However, others have found that
shorter or longer RNA duplex structures can be effective as well,

In the embodiments described above, by virtue of the nature of the oligonuclectide
sequences provided in Tables 3-10, dsRNAg described heretn can include at least ove sirand of a
fength of minimally 19 nuciectides. It can be reasonably expected that shorter duplexes having
one of the sequences of Tables 3-10 minus only a few nucleotides on one or both ends will be
similarly effective as compared to the dsRNAs described above.

In some ermbodiments, the dsRNA has a partial sequence of at least 15, 16, 17, 18, 19, 20,
or more contiguous nuclectides from one of the sequences of Tables 3-10.

In some embodiments, the dsRNA has an antisense sequence that comprises at least 15,
16,17, 18, or 19 contiguous nuclectides of an antisense sequence provided 1n Tables 3-10 and a
sense sequence that comprises at feast 15, 16, 17, 18, or 19 contiguous nuclectides of a

corresponding sense sequence provided in Tables 3-10.
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In some embodiments, the dsRNA comprises an antisense sequence that comprises at
feast 15, 16, 17, 18, 19, 20, 21, 22, or 23 contiguous nucieotides of an antisense sequence
provided in Tables 310 and a sense sequence that comprises at feast 15, 16, 17, 18, 19, 20, or 21
contiguous nuclectides of a corresponding sense sequence provided in Tables 3-10.

In some such embodiments, the dsRNA, although it comprises only a portion of the
sequences provided in Tables 3-10 is equally effective in inhibiting a level of CAZ expression as
15 a dsRINA that comprises the full-length sequences provided 1o Tables 3-10. In some
embodiments, the dsRNA differs in its inhibition of a level of expression of CA2 by not more
than 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 % inhibition compared with a dsRNA comprising the
full sequence disclosed herein,

The iIRNAs of Tables 3-10 were designed based on human CAZ2 sequence. Without
wishing to be bound by theory, CAZ sequence is conserved sufficiently between species such
that certain iIRNAs designed based on a human sequence have activity against CAZ from
primates, such as cynomolgus monkey, and other species, including, for example, mouse, rai,
and rabbit.

Consequently, in some embodiments, an iRNA of Tables 3-10 decreases CA2 protein or
CAZ mRNA levelsin acell. In some embodiments, the cell is a rodent cell (e.g., arat cell), or a
primate cell {e.g., a cynomolgus monkey cell or a human cell}. In some embodiments, CA2
protein or CA2 mRNA levels are reduced by at feast 30%, 40%, 50%, 60%, 70%, 30%, 90%, or
95%. In some embodiments, the iIRNA of Tables 3-10 that inhibits CAZ in a human cell has less
than 5, 4, 3, 2, or | mismaiches to the corresponding portion of human CAZ. In some
embodiments, the iRNA of Tables 3-10 that inhibits CAZ in a human cell has no mismatches to
the corresponding portion of human CAZ,

iRNAs designed based on rodent sequences can have utility, e.g, for inhibiting CA2 in
human cells, e.g., for therapeutic purposes, or for inhibiting CAZ in rodent cells, e.g., for
research characterizing CA2 1n a rodent model.

In some embodiments, an tRNA described herein comprises an antisense strand
comprising at least 15 contiguous nuciectides, with 0, 1, 2, or 3 mismatches, of a portion of
nucleotide sequence of SEQ 1D NO: 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
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mismatches, of the corresponding portion of the nucleotide sequence of SEQ ID NG: 1. A human
CA2 mRNA may have the sequence of SEQ ID NO: 1 provided herein,

in some embodiments, an iIRNA described herein includes at least 15 contiguous
nuclectides from one of the sequences provided in Tables 3-10, and may optionally be coupled to
additional nuclectide sequences taken from the region contiguous to the selected sequence in
CA2.

While a target sequence 13 geverally 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-linuiting example, 21
nucteotides) is literally 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 dowunstream of an initial target
sequence location, the next potential target sequence can be identified, until the complete set of
possible sequences is identified for 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 pertorrn optimally can identify those RNA
sequences that, when targeted with an IRNA agent, mediate the best inhibition of target gene
expression. Thus, it 1s conternplated that turther optimization of inhibition efficiency can be
achieved by progressively “walking the window” one nucleotide upstream or downstream of the
given sequences to identify sequences with equal or better inhibition characteristics.

Further, it 1s conternplated that for any sequence identified, e.g:, o Tables 3-10, further
optimization can be achieved by systematically either adding or removing nuclectides to
generate longer or shorter sequences and testing those and sequences generated by walking &
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 effectivencss of
iRNAs based on those target sequences in an inhibition 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 nuclectides as

described herein or as known in the art, addition or changes in overhang, or other modifications
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as known in the art and/or discussed herein to further optimize the molecule {(e.g., increasing
serum stability or circulating half-life, increasing thermal stability, enhancing transmembrane
delivery, targeting to a particular location or cell type, increasing interaction with siencing
pathway enzymes, increasing release from endosomes, e#¢.) as an expression inhibitor.

In some embodiments, the disclosure provides an iRNA of any of Tables 3-10 that 1s un-
modified or un-conjugated. In some embodiments, an RNA1 agent of the disclosure has a
nucleotide sequence as provided in any of Tables 3-10, but lacks one or more ligand or motety
shown in the tables. A ligand or motety {e.g,, a lipophilic ligand or moiety} can be included in
any of the positions provided in the instant application.

An iRNA as described herein can contain one or more mismatches to the target sequence.
In some embodiments, an IRNA as described herein contains no more than 3 mismatches. In
some embodiments, when the antisense strand of the IRNA contaius raismatches 1o a target
sequence, the area of mismaich is not located in the center of the region of complementanty. In
some embodiments, when the antisense strand of the IRNA contains mismatches 1o the target
sequence, the mismatch is resiricted to be within the last S nucleotides from eitherthe 5" 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 CAZ, the RNA strand generally does not contain any
mismatch within the central 13 nucleotides. The methods described heretn, or methods known in
the art can be used to determine whether an iIRNA containing a mismatch to a targel sequence is
effective in inhibiting the expression of CA2. For example, Jackson ef al. (Nat. Biotechnol.
2003;21: 635-637) described an expression profile study where the expression of a small set of
genes with sequence identity to the MAPK 14 siRNA only at 1218 nt of the sense strand, was
down-regulated with similar kinetics to MAPK 14, Simnilarly, Lin ef of , (Nucleic Acids Res.
2005; 33(14): 4527-4535) using qPCR and reporter assays, showed that a 7 nt complementation
between a sitRNA and a target 1s sufficient to cause mBNA degradation of the target.
Consideration of the efficacy of iIRNAs with mismatches in inhibiling expression of CAZ is
important, especially if the particular region of complementarity in a CAZ gene 15 known to have
polymorphic sequence variation within the population.

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 RNA target via RNA interference induced by the binding of an RNAI
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agent to that region. The increased susceptibility to RNA interference within such “hotspot
regions” {or simply “hotspots”) means that iIRNA agents targeting the region will likely have
higher efficacy in inducing 1IRNA 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 iIRNA 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 iIRNA
agent to bind the target region and induce RNA interference.

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, 19-50, 21-200, 21-150, 21-100, 21-75, 21-50, 50-
200, 50-150, 50-100, 5075, 75200, 75-150, 75100, 100-200, or 100-150 rucleotide region of a
target RNA sequence for which targeting using RNA# agents provides an observably higher
probability of efficacious silencing relative to targeting other regions of the same target RINA.
According to certain aspects of the invention, a hotspot region may comprise a limited region of
the target RNA, and in some cases, a substantially limited region of the target, tncluding for
example, less than halt of the length of the target RNA 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 ai least about 70%,
or at least about 80%, or at least about 90%, or at least 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,
RNAIJ agents targeting various regions that span a target RNA may be compared for frequency of
efficacious iIRNA agents {e.g., the amount by which target gene expression 15 inhubited, 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 RNAI agents that bind
to a limited region of the RNA target. A hotspot may be sufficiently characterized as such by

observing efficacy of iRINA agents which cumulatively span at least about 60% of the target
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region tdentified as a hotspot, such as about 70%, about 80%, about 90%, or about 95% or more
of the length of the region, including 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 iRNA agent). According to some aspects of the invention, an
iRNA agent which demonstrates at least about S0%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, or 95% inhibition over the region {e.g., no more than about 50%, 45%, 40%, 35%, 30%

O 5

25%, 20%, 15%, 10%, or 5% mRNA remaimuog) may be identified as efficacious.

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 & hotspot region roay be substantially
higher than the average of averages for all evaluated regions. According to some aspects, the
average level of inhibition v & hotspot region ray be at feast about 10%, 20%, 30%, 40%, ot
50% higher than the average of averages. According to some aspects, the average level of
inhibition in a hotspot region may be atleastabout 10, 11, 12,13, 14, 1516, 17 18 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
inhibition measurement within a hotspot region may be above a threshold amount {e.g., at or
below a threshold amount of mRNA remaining). According to some aspects, each inhibition
measurement within the region may be substantially higher than av average of all inbibition
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
inhibition 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 higher by a
statistically significant (e.g., p < 0.05) amount than the average of all inhibition measurements.
A standard for evaluating a hotspot may comprise varicus 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 4 second amount, lesser than the first

amount).
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It is therefore expressly contemplated that any IRNA agent, including the specific
exemplary iRNA agents described herein, which targets a hotspot region of a target RNA, may
be preferably selected for inducing RNA interference of the target mRINA as targeting such a
hotspot region is likely to exhibit a robust inhibitory response relative to targeting a region which
is not 2 hotspot region. RNA1 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 way be considered to target the hotspot region.
Hotspot regions of the RNA target(s) of the instant invention may include any region for which
the data disclosed herein demonstrates higher frequency of targeting by efficacious RNA1 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 varions embodiments, a dsSRNA agent of the present invention targets a hotspot region
of an mRNA encoding CA2.

In some embodiments, at least ove end of a dsRNA has a single-stranded nucleotide
overhang of 1 to 4, generally | or 2 nucleotides. In some embodiments, dsRINAs having at least
one nucleotide overhang have superior inhibitory properties relative to their blunt-ended
counterparts. In some embodiments, the RNA of an iRNA {e.g,, a dsRNA} is chemically
maodified to enhance stability or other beneficial charactenistics. The nucleic acids featured in the
disclosure may be synthesized and/or modified by methods weli established in the art, such as
those described in “Current protocols in nucleic acid chemistry” Beaucage, S.L. ¢f ¢f (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, efc.) 37 end modifications (conjugation, DNA
nucleotides, inverted linkages, efc.), (b) base modifications, e.g,, replacement with stabilizing
bases, destabilizing bases, or bases that base pair with an expanded repertoire of partners,
removal of bases {abasic nuclectides), or conjugated bases, (¢} sugar modifications (e.g., at the 2
position or 4° position, 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 inchude, but are not limited to,
RNAs containing roodified backbones or no natural internucleoside linkages. RNAs having

modified backbones include, among others, those that do not have a phosphorus ator in the
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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 internucieoside backbone can also
be considered to be oligonucleosides. n particular embodiments, the modified RNA will have a
phosphorus atom in its internucleoside backbone.

Modified RNA backbones include, for example, phosphorothioates, chiral
phosphorothicates, phosphorodithicates, phosphotriesters, aminoalkylphosphotriesters, methyl
and other alkyl phosphonates including 3'-alkylene phosphonates and chiral phosphonates,
phosphinates, phosphoramidates including 3'-amino phosphoramidate and
amincalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
thionoalkylphosphotriesters, and boranophosphates having normal 3%-5' linkages, 2'-5' linked
analogs of these, and those) having inverted polarity wherein the adjacent pairs of nucleoside
units are linked 3'-5' t0 5'-3' or 2'-5' 10 §™-2', Various 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, U.S. 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; 5,476,925, 5,519,126;
5.536.821: 5.541.316; 5,550,111 5,563,253 5.571.799: 5.587.361; 5.625,050; 6.028,188:
0,124,445, 6,160,109, 6,169,170, 6,172,209, 6, 239,265, 6,277,603, 6,326,199, 6,346,614,
6,444 473 6 531,590 6.534.639: 6,608,035 6.683,167; 6,858.715: 6,.867,294: 6 878 805,
7,015,315, 7041 816; 7,273,933, 7.321,029; and US Pat RE39464, each of which is herein
incorporated by reference.

Moditied RNA backbones that do not tuclode a phosphorus atom therein have backbones
that are formed by short chain alkyl or cycloalkyl internuciecside linkages, mixed heteroatoms
and alkvl or cycloalkyl internucleoside linkages, or one or more short chain heteroatomic or
heterocyclic internucieoside linkages. These include those having morpholine linkages (formed
in part from the sugar portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and
sulfone backbones; formacetyl and thioformacety! backbones; methylene formacetyl and
thioformacety! backbones; alkene containing backbones; sulfamate backbones; methyleneimino
and methylenehydrazino backbones; sulfonate and sulfonamide backbones; amide backbones;

and others having mixed N, O, § and CH: component parts.
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Representative U 8. patents that teach the preparation of the above oligonucieosides
include, but are not imited to, U.S. Pat. Nos. 5,034,506; 5,166,315, 5,185,444; 5,214,134,
5.216,141: 5,235.033; 5,64,562: 5,264,564 5,405 938: 5,434.257; 5.466,677: 5,470,967,

5,480 677 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 iIRNAs, both the sugar and the
internucleoside linkage, i.e, the backbone, of the nucleotide units are replaced with alternate
groups. The nuclecbase 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 excellent hybridization properties, is referred to as a peptide nucleic acid (PNA). In PNA
compounds, the sugar backbone of an RNA s replaced with an amide containing backbone, in
particular an aminoethylglycine backbone. The nuclecbases are retained and are bound directly
or indirectly to aza nitrogen atorus of the amide portion of the backbone. Representative U8,
patents that teach the preparation of PNA compounds include, but are not fimited to, U.S. Pat.
Nos. 5,539,082; 5,714,331 and 5,719,262, each of which i3 herein incorporated by reference,
Further teaching of PNA compounds can be found, for example, in Nielsen ef ¢/, Science, 1991,
254, 1497-1500.

Some embodiments featured in the disclosure include RNAs with phosphorothicate
backbones and oligonucleosides with heteroatom backbones, and in particular ~-CHo--NH--CHo-,
--CHa--N{CHz)--0--CHz--[known as a methylene (methylimino) or MMI backboue], --CHz--0O--
N{CHz)--CHz--, --CHa--N{CH3)--N{CH; }--CHz-- and --N{CH;5)}--CHa--CHz-- of the above-
referenced U.S. Pat. No. 5,489,677, and the amide backbones of the above-referenced U.S. Pat.
No. 5,602,240, In some embodiments, the RINAs featured herein have morpholino backbone
structures of the above-referenced U.S. Pat. No. 5,034,506, The native phosphodiester backbone
can be represented as -O-P{OYOH-OCH:-.

Moditied RNAs may also contain one or more substituted sugar moieties. The iIRNAs,
e.g., dsRNAs, featured herein can include one of the following at the 2' position: OH; F; O- 5,
or N-alkyl; O-, 8- or N-alkeny!; O-, 8- or N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyl,
alkenyl and alkynyl may be substituted or unsubstituted C1 to Cio alkyl or €2 to Cio alkenyl and

alkynyl. Exemplary suitable modifications include O[{CH2 3O} «CHs, O{CH2).«OCH3,
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(M CHapNH2, O(CH2) oCHs, O(CH2ONH:, and O(CH WON[{CH 1CHz) ), where 0 and m are
from 1 to about 10. In other embodiments, dsRNAs include one of the following at the 2'
position: C1 1o Cw lower alkyl, substituied lower alkyl, alicaryl, aralkyl, G-alkaryl or O-aralkyl,
SH, SCH3, OCN, Cl, Br, CN, CF3, OCFE3, SOCH:, SO.CHs, ONOGy, NGO, N3, NHz,
heterocycloalkyl, heterocycloalkaryl, aminoalkylamine, polyalkylamino, substituted silyl, an
RINA cleaving group, a reporter group, an intercalator, a group for improving the
pharmacokinetic properties of an tRNA, or 2 group for improving the pharmmacodynamic
properties of an IRNA, and other substituents having similar properties. In some embodiments,
the modification includes a 2'-methoxyethoxy (2'-0--CH2CH2OCH;, also known as 2'-0-(2-
methoxyethyl}y or 2-MOE) (Mastin ef af , Helv. Chim. Acta, 1995, 78:486-304 3 i.e, an alkoxy-
alkoxy group. Another exemplary modification is 2'-dimethylamincoxyethoxy, i.e., a
O{CH2RON(CHs ) group, also known as 2-DMAOE, and 2'-dirsethylaminoethoxyethoxy (also
known in the art as 2-O-dimethylaminoethoxyethyl or 2-DMAEOE}, i.¢, 2'-0--CHy-0--CHi--
N(CHs.

in other embodiments, an iIRNA agent comprises one or more {e.g, about 1,2, 3,4, 5,6, 7,
8,9, 10, or more) acychic 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
nucleatides per strand {e.g., four, three, two or one acyclic nucleotides per strand). The one or
more acyelic 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 5’ and 3'-ends of the
sense or antisense strand, or both strands, of the iIRNA agent. o 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 roore acyclic nucleotides are found in 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 acyclic nucleotides are found at one or both 3'-ternunal overhangs
of the tRNA agent.

The term "acyclic nucleotide” or “acyclic nucleoside” as used herein refers to any
nucleotide or nucleoside having an acyclic sugar, e.g, an acyclic nibose. An exemplary acyclic
nucleotide or nucleoside can include a nucleobase, e.g., a naturally occurring or a modified
nucleobase {e.g., a nucleobase as described herein). In certain embodiments, a bond between

any of the ribose carbons (C1, C2, C3, C4, or C5), is independently or in combination absent
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from the nucleotide. In some embodiments, the bond between C2-C3 carbons of the ribose ring
is absent, ¢.g., an aeyclic 2°-3 -seco-nuclectide monomer. In other embodiments, the bond
between C1-C2, C3-C4, or C4-CS 15 absent {e.g,, 8 17-27, 34" or 47-5 -seco nucleotide
monomer). Exemplary acyclic nuclectides are disclosed in US 8,314,227, incorporated herein by
reference in s 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 acyclic nucleotide includes the

following monomer:

o

wherein Base is a nuclecbase, e.g., a naturally oceurring or a2 modified nucleobase (e.g., a
nucleobase as described herein).

In certain embodiments, the acyclic nucleotide can be modified or derivatized, e.g., by
coupling the acyclic nuclectide to another moiety, e.g., a ligand {(e.g., a GalNAc, a cholestero!
ligand), 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 nuclectides in one strand can be the same or different from the number of
LNAs in the opposing strand. In certain embodiments, the sense strand and/or the antisense
strand comprises less than five LNAs {e.g., four, three, two or one LNAs) located in 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 nucleotides} in the double-stranded region or a 3’ -overhang. In some
embodiments, the sense strand of the iIRNA agent comprises one or two LNAs in 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 5'-end of the antisense

strand) of the iIRNA agent.
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In other embodiments, inclusion of one or more acyclic nucleotides (alone or in addition to
one or more LNAg) in the iRNA agent results in one or more {or all) of’ (i) a reduction in an off-
target effect; (i1} a reduction in passenger strand participation in RNAI; (i1} an increase in
specificity of the guide strand for its target mRNA; (iv) a reduction in 2 microRNA off-target
effect; (v} an increase in stability; or (vi} an increase in resistance to degradation, of the iIRNA
molecule.

Other modifications include 2'-methoxy (2'-0CH:), 2-3 aminopropoxy {2'-
OCHCHCHaNHo) and 2'-fluore (2'-F). Similar modifications may alsc be made at other
positions on the RNA of an iRNA, particularly the 3' position of the sugar on the 3" terminal
nucleotide or in 2-3" linked dsRNAs and the §' position of 5' terminal nucleotide. iIRNAs may
also have sugar mimetics such as cyclobutyl moieties in place of the pentofuranosyl sugar.
Representative 1.8, patents that teach the preparation of such modified sugar structures include,
but are not limited to, U 8. Pat. Nos. 4,981,957, 5,118,800; 5,319,080; 5,359,044, 5,393 878;
5,446,137: 5,466,786, 5,514,785. 5,519,134; 5,567.811: 5,576,427, 5,591,722; 5,597,909
5,610,300; 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 is 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 (G}, and the pyninmidine bases thymine (T}, cytosine
{C} and uracit (U). Modified nucleobases include other synthetic and natural nuclechases such as
S-methyleytosine (S-me-C}, 5-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-
aminoadenine, 6-methyl and other alkyl derivatives of adenine and gnanine, 2-propyl and other
alkyl! derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-
halouracil and cytosine, S-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-
uractl (psendouracil}, 4-thicuracil, 8-halo, 8-amino, 8-thiol, 8-thivalkyl, &-hydroxyl anal other 8-
substituted adenines and guanines, S-halo, particularly S-bromo, S-triflucromethyl and other 5-
substituted uracils and cytosines, 7-methyiguanine and 7-methyiadenine, 8-azaguanine and 8-
azaadenine, 7-deazaguanine and 7-daazaadenine and 3-deazaguanine and 3-deazaadenine.

Further modified nucleobases include those disclosed in U.S. Pai. No. 3,687 808, those

disclosed in Modified Nucleosides in Biochemistry, Biotechnology and Medicine, Herdewijn, P.
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ed. Wiley-VCH, 2008; those disclosed in The Concise Encyclopedia of Polymer Science and
Engincering, pages 858-859, Kroschwitz, J. L, ed. John Wiley & Sons, 1990, these disclosed by
Englisch er ol Angewandie Chemie, tnternational Edition, 1991, 30, 613, and those disclosed by
Sanghvi, Y 8., Chapter 15, dsRNA Research and Applications, pages 289-302, Crooke, 8. T. and
Lebleu, B., Ed., CRC Press, 1993, Certain of these modified nucleobases are particularly useful
for increasing the binding affinity of the oligomeric compounds featured in the disclosure. These
include S-substituted pyrimidines, 6-azapyrimidives and N-2, N-6 and O-6 substituted purines,
including 2-aminopropyladenine, S-propynyluracil and S-propynylcytosine. S-methyleytosine
substitutions have been shown to increase nucleic acid duplex stability by 0.6-1.2°C (Sanghvi, Y.
S., Crooke, S.T. and Lebleu, B, Eds., dsRNA Research and Applications, CRC Press, Boca
Raton, 1993, pp. 276-278) and are exemplary base substitutions, even more particularlty 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; 5,130,302, 5,134,066;
5,175,273; 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,
6,166,197 6222025 6.235,887; 6,380,368: 6 528 640: 6,639.062; 6.617.438: 7.045.610;
7,427,672; and 7,495,088, each of which is herein incorporated by reference, and U8, Pat. Ne,
5,750,692, also herein incorporated by reference.

The RNA of an tRNA 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 moieties. A “bicyelic sugar” 1S a furanosyl ring modified
by the bridging of two atoms. A “bicyclic nucleoside” (“BNA”} 1s a nucleoside baving a sugar
moiety 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 2'-
carbon of the sugar ring. Thus, 1o some embodiments an agent of the disclosure may include one
or more locked nucleic acids (LNAs) (also referred to herein as “locked nucleotides™). In some
embodiments, a locked nucleic acid is a nucleotide having 2 modified ribose moiety in which the
ribose moiety comprises an extra bridge connecting, e.g., the 2' and 4' carbons. This structure
effectively "locks” the ribose in the 3'-endo structural conformation. The addition of locked

nucleic acids to siRNAs has been shown to increase siRNA stability in serum, increase thermal
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stability, and to reduce off-target effects (Elmen, J. ef af., (2005) Nucleic Acids Research
33(1%:439-447; Mook, QR. ef ¢, (2007 Mol Cane Ther 6(3):833-843, Grunweller, A. ef ol
(2003} Nucleic Acids Kesearch 31{12):3185-3193).

Examptles of bicyclic nucleosides for use in the polynucleotides of the disclosure include
without imitation nucleosides comprising a bridge between the 4 and the 27 ribosyl ting atoms.
{n certain embodiments, the antisense polynucleotide agents of the disclosure include one or
more bicychic nucleosides comprising a4 4" to 2" bridge. Examples of such 4" to 2" bridged
bicyclic nucleosides, include but are not limited to 4'«(CHz}—0-2" (LNA}; 4'«(CHy)—S-2"; 4'-
(CH2)2—0-2' (ENAY;, 4-CH(CH3)—0-2' (also referred to as “constrained ethyl” or “cEt”) and
4'-CH{CHOCH;}-0-2' {(and analogs thereof) see, e.g., U.S. Pat. No. 7,399,845}, 4'-
C{CH:3){CH:)}—0-2' (and analogs thereof, see e.g., US Patent No. 8,278 283}, 4'-CH:—
N{OCH3)-2' (and analogs thereof, see e.g., US Patent No. § 278,425}, 4-CHy—O—N{CHs}-2'
(see, e.g., U.S. Patent Publication No. 2004/0171570); 4'-CHy—-N{R }0-2', wherein Ris H, Ci-
Ci2 alkyl, or a protecting group (see, e.g., U.S. Pat. No. 7,427,672}, 4'-CHy—C(HNCH3)-2' (see,
e.g., Chattopadhyava et af., J. Org. Chem., 2009, 74, 118-134); and 4'-CH—C{=CH}-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 U.S. Patents
that teach the preparation of locked nucleic acids include, but are not limited to, the following:
U.S. Pat. Nos. 6,268,490, 6,070,401; 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
L.NAs include but are not Himited to, a 2', 4'-C methylene bicyclo nucleotide (see for example
Wengel ef af, International PCT § Publication No. WO 00/66604 and WO 99/14226).

Auwy of the foregotng bicyclic nucleosides can be prepared having one or more
stereochemical sugar configurations including for example a-L-ribofurancse 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 cthyl nucleotide" or "¢Et" is a locked nucleie
actd comprising a bicyclic sugar motety comprising a 4'-CH{CH3)-0-2' bridge. In some
embodiments, a constrained ethyl nucleotide is in the S conformation referred to herein as “S-

ckiL”
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A RNAI agent of the disclosure may also include one or more “conformaticnally
restricted nucleotides” (“CRN”). CRN are nucleotide analogs with a linker connecting the
C2and C4’ carbons of ribose or the €3 and -CS' carbons of ribose. CRN lock the ribose ring into
a stable conformation and increase the hybridization affinity to mRNA. The linker is of sufficient
length to place the oxygen tu an optimal position for stability and affinity resulting in less 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 2013/036868, the contents of each of
which are hereby incorporated herein by reference for the methods provided therein,

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 exanple, UNA also encompasses monomer with bonds between C1'-C4' have been
removed (i.e. the covalent catbon-oxygen-carbon bond between the C1' and C4' carbons). In
another example, the C2'-C3' bond (i.e. the covalent carbon-carbon bond between the C2' and
C3' carbons) of the sugar has been removed (see Nuc. Acids Symp. Series, 52, 133-134 (2008)
and Fluiter et al , Mol Biosyst, 2009, 10, 1035).

Representative U S. publications that teach the preparation of UNA include, but are not
Hmited to, 188,314,227, and US Patent Publication Nos. 2013/0096289; 2013/0011922; and
2011/0313020, the contents of each of which are hereby incorporated herein by reference for the
methods provided therein,

An RNAI agent of the disclosure may also include one or more “cyclohexene nucleic
actds” ot {“CeNA”). CeNA are nucleotide analogs with a replacement of the furanose moiety of
DNA by a cyclohexene ring. Incorporation of cylcohexenyl nucleosides in a DNA chain
increases the stability of a DNA/RNA hybrid. CeNA 1s stable against degradation in serum and a
CeNA/RNA hybrid is able to activate E. Coli RNase H, resulting in cleavage of the RNA strand.
(see Wang et al., Am. Chem. Soc. 2000, 122, 36, 8595-8602, hereby incorporated by reference).

In other embodiments, the iIRNA agents include one or more (e.g., about 1, 2, 3,4, 5,6, 7,
g, 9, 10, or more} G-clamp nuclectides. A G-clamp nucleotide is a modified cytosine analog
wherein the modifications confer the ability to hydrogen boud both Watson-Crick and Hoogsteen

faces of a complementary guanine within a duplex, see for example Lin and Matteucci, 1998, /.
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Am. Chem. Soc., 120, 8531-8532. A single G-clamp analog substitution within an
oligonucleotide can result in substantially enhanced helical thermal stability and mismatch
discrimination when hybridized to complementary oligonucleotides. The inclusion of such
nuclectides in the iIRNA molecules can result in enhanced affinity and specificity to nucleic acid
targets, coroplementary sequences, or template strands.

Potentially stabilizing modifications to the ends of RNA molecules can include N-
{acetylaminocaprovi}-4-hydroxyprolinol (Hyp-Co-NHAc), N~{(caproyl-4-hydroxyprolinol (Hyp-
(6}, N-(acetyl-4-hydroxyprolinol (Hyp-NHAc), thymidine-2'-0-deoxythymidine {ether}, N-
{(aminecaproyl}-4-hydroxyprolinol (Hyp-C6-amino), 2-docosanoyi-uridine-3"- phosphate,
inverted base dT(idT) and others. Disclosure of this modification can be found in PCT
Publication No. WO 2011/005861.

(Other modifications of a RNA1 agent of the disclosure include a 5° phosphate or 5
phosphate mimic, e.g., a 5 -terminal phosphate or phosphate mimic on the antisense strand of a
RNA{iagent. 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
embodiment, the double stranded RNAI agent of the invention further comprises a 5’ -phosphate
or a 5"-phosphate mimic at the 5™ nucleotide of the antisense strand. In another embodiment, the
double stranded RNA1 agent further comprises a 5’-phosphate mimic at the 5° nucleotide of the
antisense strand. In a specific embodiment, the 5’ -phosphate mimic is a 5'-viny! phosphonate
{(5’-VP}. In one embodiment, the phosphate mimic is a 5”-cyclopropyl phosphonate (VP). In
some embodiments, the 57-end of the antisense strand of the double-stranded (RNA agent does
not contain a 5’ -viny! phosphonate (VF}.

In one embodiment, at least one of the modified nucleotides 1s selected from the group
consisting of a deoxy-nuclectide, a 2'-0-methyl modified nucleotide, a 2'-flucre modified
nucleotide, a 2'-deoxy-modified nucleotide, a glycol modified nucleotide (GNA), e.g., Ggn, Car,
Tan, or Agn, a nuclectide with a 2° phosphate, e.g., G2p, C2p, A2p or U2p, and, a vinyl-
phosphonate nucleotide; and combinations thereof. In other embodiments, each of the duplexes
of Tables 5, 6, 8, and 10 may be particularly modified to provide another double-stranded i1RNA
agent of the present disclosure. In one example, the 3’-terminus of each sense duplex may be
modified by removing the 3’ -terminal 196 ligand and exchanging the two phosphodiester

internucleotide linkages between the three 3’-terminal nucleotides with phosphorothicate
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internuclteotide linkages. That is, the three 3 -terminal nuclectides (N} of a sense sequence of the
formula;
§"- Ni-... ~Nn-ZNn-INnl.96 37
may be replaced with
- Wi~ -No-2sNn-1sNn 37
That is, for example, AD-1559459, the sense sequence:
asgsaucgGIoGIC Ciganuccugen 196
may be replaced with
asgsaucgGRuGHCECfgauuccugsesu
while the antisense sequence remains unchanged to provide another double-stranded iRNA agent

of the present disclosure.

i1, iRNA Moetifs

In certain aspecis of the disclosure, the double-stranded RNAL agents of the disclosure
include agents with chemical modifications as disclosed, for example, in W0 2013/075033, the
contents of which are incorporated herein by reference for the methods provided therein. As
shown herein and in WO 2013/075035, a superior result may be obtained by introducing one or
more motifs of three identical modifications on three consecutive nucleotides into a sense strand
or antisense strand of an RNAI 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 introduction of these motifs interrupts the modification pattern, if
present, of the sense or antisense strand. The RNA1 agent may be optionally conjugated with a
lipophilic motety or ligand, e.g., a C16 motety or ligand, for instance on the sense strand. The
RINAI1 agent may be optionally modified with a (8)-glycol nucleic acid {GINA) medification, for
nstance on one or more residues of the antisense strand. The resulting RNAt agents present
superior gene silencing activity.

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

5 np-Na-( X X X 3-No-Y ¥ Y No-(Z Z Z }i-Na-nig 3' (1)

wherein:

tand j are each independently O or 1

p and g are each independently 0-6;
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each Naindependently represents an oligonucleotide sequence comprising (-25 modified
nucleotides, each sequence comprising at least two differenily modified nucleotides;

each Nvindependently represents an oligonucleotide sequence comprising 0-10 modified
nucleotides;

each np and neindependently represent an overhang nucleotide;

wherein Nb and Y do not have the same modification; and

XXX, YYY and 277 cach independently represent one motif of three identical
modifications on three consecutive nucleotides. In some embodiments, YYY isall 2'-F
modified nucleotides.

In some embodiments, the Naand/or Ne 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 agent has a duplex region of 17-23 nucleotides in length,
the YY'Y motif can occur at or the vicinity of the cleavage site {e.g. can occur at positions 6, 7,
87,89, 8,9 10,9 10, 11, 10, 11,12 or 11, 12, 13) of the scuse strand, the count starting from
the 1™ nucleotide, from the 5’-end; or optionally, the count starting at the I« paired nuclectide
within the duplex region, from the 5*-end.

in some embodiments, iis Tandjis0, oriisOandjis 1, orboth i and j are 1. The sense
strand can therefore be represented by the following formulas:

5 ap-Na-YYY-No-ZZZ-Na-nig 3' (Ib};

3 np-Na- XXX -No-YYY-Narng 3' {Io); o1

5 np-Na- XXX -Ne-YYY-Np-ZZ7-Na-11g 3' (Id).

When the sense strand is represented by formula (Ib), No represents an oligonucleotide
sequence comprising 0-10, 6-7, 0-5, 0-4, 0-2 or 0 moditied nucleotides. Hach Naindependently
can represent an oligonuclectide sequence comprising 2-20, 2-15, or 2-10 medified nucleotides.

When the sense strand 18 represented as formula (Ic), Nerepresents an oligonucleotide
sequence comprising 0-10, ¢-7, 0-5, (-4, 0-2 or { medified nucleotides. Each Nacan
independently represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the sense strand is represented as formula (Id), each No independently represents an

oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Tn some
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embodiments, Nois ¢, 1, 2, 3, 4, 5 or 6. Hach Nacan independently represent an oligonuciectide
sequence comprising 2-20, 2-15, or 2-10 modified nuclectides.

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

In other embodiments, i is 0 and | is 0, and the sense strand may be represented by the
formula:

5 1p-Na=Y Y'Y~ No-itg 3' (2},

When the sense strand 15 represented by formula (Ia), each Na 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 RNA{ may be represented by
formula (Iey:

5 ng-No (222N Y'Y Y N (XX X 5Ny 3 (Je)

wherein:
k and | are each independently 0 or 1

r and q° are each independently 0-6;

each N’ independently represents an oligonucieotide sequence comprising 0-25 modified
nucleotides, each sequence comprising at least two differently modified nuclestides;

each N’ independently represents an oligonucleotide sequence comprising 0-10 modified
nucleotides;

each np” and ng’ independently represent an overhang nucleotide;

wherein No” and Y~ do not have the same modification;

and

XXX, YY'Y, and 272’2 each independently represent one of three identical
modification on three consecutive nucleotides.

In some embodiments, the Na” and/or Nv'” comprise modification of alternating pattern.

The Y'Y'Y" motif occurs at or near the cleavage site of the antisense strand. For
example, when the RNAi agent has a duplex region of 17-23 nucleotides in length, the YY'Y’
motif can occur at positions 8, 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 5’-end; or optionaily,
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 motifis all 2°-0-me modified nucleotides.
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In on embodiment, kis T and 18 0, orkisOandlis 1, orboth 5 kandlare 1.

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

5 ng ~Na'-Z'Z 2 -No™=YY'Y"-Ng'np’ 3' (g):

5 ng-Na-Y'YY N - XK X -ny” 3" (Th); or

5 g Ny~ 288N Y Y'Y Ny~ X'XX-Ny-ng” 3' (H).

When the antisense strand is represented by formula {(Iglh}, No represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nuclectides. Each N’
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nuclectides.

When the antisense strand is represented as formula (i), each Nv” independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified
nucteotides. Each Na” independently represents an oligonucleotide sequence comprising 2-20, 2-
15, or 2-10 modified nucleotides. In some embodiments, Nois 0, 1, 2, 3,4, 5 or 6.

In other embodiments, k is O and | s 0 and the antisense strand may be represented by the
formula:

5 ny-Na-¥Y’Y Y- No-ng' 3 (1),

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 nuclectides.,

Each of X', Y™ and Z° 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, 27 -methoxyethyl, 2°-C-methyl, 2°-0-allyl, 27-C-aliyl, 2°-
hydroxyl, or 2’-fluoro. For example, each nucleotide of the sense strand and antisense strand is
independently modified with 2" -O-methyl or 2’-fluoro. Each X, Y, Z, X°, Y and 27, in
particular, may represent a 2°-O-methy! modification or a 2’-fluoro medification.

In some embodiments, the sense strand of the RNA1 agent may contain YYY motif
occurring at 9, 10 and 11 positions of the strand when the duplex region is 21 nt, 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 ZZZ motifs as wing modifications at the
oppostte end of the duplex region; and XXX and 227 each independently represents a 2°-OMe

modification or 2'-F modification.
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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 5’- end; and ¥’
represents 2’-O-methyl modification. The antisense strand may additionally contain XXX’
motit or 7277 motifs as wing modifications at the opposite end of the duplex region; and
XXX and 2°2°2” each independently represents a 2’-OMe modification or 2°-F moedification.

The sense strand represented by any one of the above formulas (Ia), (Ib), (¢}, and (Id)
forms a duplex with an antisense strand being represented by any one of formulas (if), (Ig), (1h},
and (1), respectively.

Accordingly, certain RNAI 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 RNAi duplex
represented by formula (I}

sense: 5" np N { XXX} -No= YYY =Ny (ZZ7))-Na-11q 3'

antisense: 3 g’ -Na - XKOR-Ny - Y'Y'Y'-No’ (222 0-No"-ng” 5 (1)

wherein,

i,1, k, and 1 are each independently G or 1;

0. p, g and q are each independently 0-0;

each Naand Na' independently represents an oligonucleotide sequence comprising 0-25
modified nucleotides, each sequence comprising at [east two differently modified nucleotides;

each Np and No' independently represents an oligonucleotide sequence comprising 0-10
modified nucleotides:

wherein

each ny', tp, ng, and ne, each of which may or may not be present independently
represents an overhang nucleotide; and

XXX, YYY, 222, XXX YY'Y', and £'7'7' each independently represent one motif of
three tdentical modifications on three consecutive nucleotides.

In some embodiments, s Oand s O, ortis tand j1s 0, or11s O and j 15 1; or both 1 and
jare0; orbothiandjare 1. In some embodiments, kisOandlis G orkis Tand Tis 0; kis O and
fisl;orbothkandiareO; orbothk and are 1.

Exemplary combinations of the sense sirand and antisense strand forming a RNA: duplex

include the formulas below:
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5 fip-Na-Y Y YNty 3

3y NG Y'YVY-Ny'ng” §' (Tk)

Snp-Na-¥Y ¥ Y -Ne -2 Z 7 -Nong &'

3 e -Na- Y'Y'Y'-No'- Z2'7- Na'-ng” 5 (ID)

Sap -Na~ X X X -Np- Y Y Y -Narng 3

3" np -Ng- X' XK -Np'- Y'Y'Y'- Na“-ng” §' {Im}

Fip-Na- XX K-No-YYY-No- 27 Z-Narng 3'

3 np -Na= XXCX-No'- Y'Y'Y'-Ny'- 2'2'2'-Na'-ng” 5' (In)

When the RNAI agent is represented by formula (Ik), each N independently represents
an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the RNAi agent is represented by formula (1), each Ny independently represents an
oligonucleotide sequence comprising 1-10, 1-7, 1-5 or 1-4 modified nucleotides. Each Na
independently represents an oligonucleotide sequence comprising 2-20, 2-13, or 2-10 modified
nucleotides.

When the RNAI agent is represented as formula {Im), each N, Nv" independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified
nucleotides. Each Na independently represents an oligonucleotide sequence comprising 2-20, 2-
15, or 2-10 modified nucleotides.

When the RNAI agent is represented as formula (In}, each Nb, Ny independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified
nucleotides. Hach Ny, Nao” independently represents an oligonucleotide sequence comprising 2-
20, 2-15, or 2-10 modified nucleotides. Each of Ni, No*, Nb and Ny’ independently comprises
modifications of alternating pattern.

Each of X, Y and Z in formulas (1), (Ik), (I}, (im), and {In) may be the same or different
from cach other.

When the RINAI agent is represented by formula (8, (), (I}, (Im), and (In), at least one
of the ¥ nucleotides mayv 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’ muclectides; or ali three of
the Y nucleotides all form base pairs with the corresponding Y' nucleotides.

When the RNAi agent is represented by formula (1) or (In), at least one of the Z

nuclectides may form a base pair with one of the Z' nucleotides. Alternatively, at least two of
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the 7 nucieotides form base pairs with the corresponding 7' nucleotides; or all three of the Z
nucleotides all form base pairs with the corresponding 2" nucleotides.

When the RINAL agent is represented as formula (Im) or {In}, at feast one of the X
nuclectides may form a base pair with one of the X' nucleotides. Alternatively, at least two of
the X nucleotides form 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 is different than the
modification on the Y’ nucleotide, the modification on the 7 nucleotide is different than the
modification on the Z° nucleotide, and/or the modification on the X nucleotide is different than
the modification on the X nucleotide,

In some embodiments, when the RNAi agent is represented by formula (IHd), the Na
modifications are 2"-O-methyl or 2’-fluore modifications. In some embodiments, when the
RNAi agent is represented by formula (In), the Namodifications are 2’-O-methvyi or 2°-fluoro
modifications and np' >0 and at least one np' 15 linked 10 a neighboring nucleotide a viag
phosphorothicate linkage. In some embodiments, when the RNAI agent is represented by
formula (In), the Namodifications are 2°-O-methyl or 2°-fluoro modifications, np' >0 and at least
one nyp' is linked to a neighboring nucleotide via phosphorothicate linkage, and the sense strand is
conjugated to one or more moieties or ligands {e.g,, one or more lipophilic moieties, optionally
one or more C16 moieties, or one or more GalNAc moieties) attached through a bivalent or
trivalent branched linker. In some embodiments, when the RNAi agent is represented by formula
{In}, the Namodifications are 2"-O-methyl or 2’-fluoro modifications, np' >0 and at least one vy’
is linked to a neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at
least one phosphorothioate finkage, and the sense strand 15 conjugated to one or more moieties or
ligands (e.g., one or more lipophilic moieties, optionally one or more C16 moieties, or one or
more GalNAc moieties) attached through a bivalent or trivalent branched linker.

In some embodiments, when the RNAi agent is represented by formula (Ik), the Na
modifications are 2°-O-methyl or 2’-fluoro modifications, np' >0 and at least one ny' 15 linked to a
neighboring nuclectide via phosphorothioate linkage, the sense strand comprises at least one
phosphorothicate linkage, and the sense strand is conjugated to one or more moieties or Higands
{e.z., one or more lipophilic moieties, optionally one or more C16 moieties, or one or more

GalNAc moieties) attached through a bivalent or trivalent branched linker.

61

SUBSTITUTE SHEET (RULE 26)



10

15

3¢

WO 2022/251629 PCT/US2022/031337

In some embodiments, the RNA1 agent is a multimer containing at least two duplexes
represented by formula (Ij), (Ik), (I, (Im), and (In), wherein the duplexes are connected by a
tinker. 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 geve at two ditferent target sites.

In some embodiments, the RNA1 agent is a multimer containing three, four, five, six or
more duplexes represented by formula (3j), (Ik), (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 ai two different target sites.

In some embodiments, two RNA1 agents represented by formula (1), (I, (I, (Im}, and
{In} are linked to each other at the 57 end, and one or both of the 37 ends and are optionally
conjugated to a ligand. Fach of the agents can target the same gene or two different genes; or
each of the agents can target same gene at two different target sites.

Vartous publications describe multimeric RNA1 agents that can be used in the methods of
the disclosure. Such publications include W(O2007/091269, WO2010/141511, W(2007/117686,
WOZ009/014887, and WOZ011/031520; 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 detatl below, the RNA1 agent that contains conjugations of one or
more carbohydrate moieties to a RNAJ agent may improve one or more properties of the RNAG
agent. In many cases, the carhohydrate motety will be attached to a modified subunit of the
RINAt agent. For example, the ribose sugar of oue or more ribonucleotide subunits of a dsRNA
agent can be replaced with another moiety, e.g., a non-carbohydrate (e.g., cyclic) carrier to which
1s attached a carbohydrate ligand. A nbonucleotide subunit in which the ribose sugar of the
subunit has been so replaced is referred to herein as a ribose replacement modification subunit
(REMS). A cyclic carrier may be a carbocyclic ring system, 7.e., all ring atoms are carbon
atoms, or a heterocyclic ring system, i.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 contain
two or more rings, e.g. fused rings. The cyclic carrier may be a fully saturated ring system, or it

may contain one or more double bonds.
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The ligand may be attached to the polynucleotide via a carrier. The carriers include (i} at
feast one “backbone attachment point,” such as two “backbone attachment points” and (i) 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 s suitable for
incorporation of the carrier into the backbone, e.g., the phosphate, or modified phosphate, e.gz.,
sulfur containing, backbone, of a ribonucleic acid. A “tethering attachment point” (TAP) in
some embodiments refers to a constituent ring atom of the cyclic carrier, e.2., a carbon atom or a
hetercatom (distinct from an atom which provides a backbone attachment point), that connects a
selected moiety. The moiety can be, e.g,, a carbohydrate, e¢.g. monosaccharide, disaccharide,
trisaccharide, tetrasaccharide, oligosaccharide, and polysaccharide. Optionally, the selected
motety is connected by an intervening tether to the eyclic carrier. Thus, the cyclic carrier will
often include 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
fing.

The RNA1 agents may be conjugated to a ligand via a carrier, wherein the carrier can be
cyclic group or acyclic group. The cyclic group can be selected from pyrrolidinyl, pyrazolinyl,
pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, {1,31dioxolane,
oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, 1sothiazolidinyl, quinoxaliny,
pyridazinonyl, tetrahydrofuryt and and decalin. The acyclic group can be a serinol backbone or
diethanolamine backbone.

In certain specific embodiments, the RNAJ agent for use in the wethods of the disclosure
is an agent selected from the group of agents listed in any one of Tables 3-10. These agents may
further compnise 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 strand, 1n particular, the 37-end of the sense strand.
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IV, iRNA Conjugates

The iRNA agents disclosed herein can be n the form of conjugates. The conjugate may
be attached at any suitable location in the iRNA molecule, e.g, at the 3° end or the 5" end of the
seuse ot 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 IRNA. Such moteties
include but are not limited to liptd moieties such as a cholesterol moiety (Letsinger ef af,, Proc.
Natl. Acid. Sci. [/S4, 1989, 86: 6553-6556), cholic acid (Manoharan ef af , Riorg. Med. Chem.
Let 1994, 4:1053-1060}, a thioether, e.g., beryl-S-tritylthiol (Manoharan er of | Arn. N.Y. Acad,
Sci., 1992, 660:306-309; Mancharan ef of ., Biorg. Med. Chem. Let., 1993, 3:2765-2770), a
thiocholesterol {Oberhauser er af | Nucl Acids Res., 1992, 20:533-338), an aliphatic chain, e.g.,
dodecandiol or undecyl residues {Saison-Behmoaras ef of , FAMBO J, 1991, 10:1111-1118;
Kabanov et ¢f | FEBS Lett., 1990, 259:327-330; Svinarchuk ef af | Biochimie, 1993, 75:49-54}, a
phospholipid, e.g., di-hexadecyl-rac-glycerol or triethyl-ammonium 1,2-di-O-hexadecyl-rac-
glycero-3-phosphonate (Manoharan ef o/, Tetrahedron Leit., 1995, 36:3651-3054; Shea ef gl ,
Nucl. Acids Res., 1990, 18:3777-3783), a polyamine or a polyethylene glycol chain (Manoharan
et al., Nucleosides & Nucleotides, 1995, 14:969-973), or adamantane acetic acid (Manoharan ef
al., Tetrahedron Lett., 1995, 36:3651-3654), a palmityl motety (Mishra ef ol | Biochim. Biophys.
Acta, 1995, 1264.229-237), or an octadecylamine or hexylamino-carbonyloxycholesterol moiety
(Crocke et al | J. Pharmacol Fxp. Ther., 1996, 277:923-937).

In some embodiments, a ligand alters the distribution, targeting or lifetime of an IRNA
agent into which it is incorporated. In some embodiments, a ligand provides an enhanced
atfinity for a selected target, e.z., molecule, cell or cell type, compartment, e.g., a cellular or
organ compartrent, tissue, organ or region of the body, as, e.g., compared {0 a species absent
such a ligand. Typical ligands will not take part in duplex pairing i a duplexed nucleic acid.

Ligands can tnclude a naturally occurring substance, such as a protein {e.g., human serum
albumin (HSA), low-density lipoprotein (LDL)}, or globulin); carbohydrate (e.g., a dextran,
pultulan, chitin, chitosan, inulin, cyclodextrin or hyaluronic acid), or a lipid. 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 polyamino acids include polyamino acid is a polylysine (PLL),
poly L-aspartic acid, poly L-glutamic acid, styrene-maleic acid anhydride copolymer, poly({L-
factide~-co~-glycolied) copolymer, divinyl ether-maleic anhydride copolymer, N-(2~
hydroxypropylimethacrylamide copolymer (HMPA), polyethyiene glycol (FEG), polyvinyl
alcobol (PVA), polyurethane, poly(2-ethylacryllic acid), N-isopropylacrylamide polymers, ot
polyphosphazine. Examples of polyamines include: polyethylenimine, polylysine (PLL),
spermine, spermidine, polyamine, pseudopeptide-polyamine, peptidomimetic polyamine,
dendrimer polyamine, arginine, amidine, 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
lectin, glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell tvpe such as
an ocular cell. A targeting group can be a thyrotropin, melanotropin, lectin, glycoprotein,
surfactant protein A, Mucin carbohydrate, multivalent lactose, multivalent galactose, N-acetyl-
galactosamine, N-acetyl-gulucosamine multivalent mannose, multivalent fucose, glycosyiated
polyaminoacids, multivalent galactose, transferrin, bisphosphonate, polyghutamate,
polyaspartate, g lipid, cholesterol, a steroid, bile acid, folate, vitamin B12, biotin, or an RGD
peptide or RGD peptide mimetic.

Other examples of ligands include dyes, intercalating agents (e.g. acridines), cross-linkers
{e.g. psoralene, mitomycin C}, porphyrins (TPPC4, texaphyrin, Sapphyrin), polycyclic aromatic
hydrocarbons {e.g., phenazine, dihydrophenazine), artificial endonucleases (e.g. EDTA),
fipophilic molecules, e.g., cholesterol, cholic acid, adamantane acetic acid, I-pyrene butyric acid,
dihydrotestosterone, 1,3-Bis-O(hexadecyl)glycerol, geranyloxyhexyl group, hexadecylgiveeral,
borneol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, royristic acid, 03+
{oleoyhlithocholic acid, O3-(nleoylicholenic acid, dimethoxyirityl, or phenoxazine)and peptide
conjugates {e.g., antennapedia peptide, Tat peptide), alkylating agents, phosphate, amino,
mercapto, PEG {e.g., PEG-40K), mPEG, [mPEG], polvamino, alkyl, substituted alkyl,
radiolabeled markers, enzymes, haptens {e.g. biotin), transport/absorption facilitators {e.g.,
aspirin, vitamin E, folic acid}, synthetic nbonucieases {e.g., umidazole, bisimidazole, histamine,
imidazole clusters, acridine-imidazole conjugates, Eu3+ complexes of tetraazamacrocycles),

dinitrophenyl, HRP, or AP.
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Ligands can be proteins, e.g,, glycoproteins, or peptides, e.2., molecules having a specific
affinity 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 non-peptidic species, such as lipids, lectins, carbohydrates, vitamins, cofactors,
multivalent lactose, muultivalent galactose, N-acetyl-galactosamine, N-acetyl-glucosamine
multivalent mannose, or multivalent fucose. The ligand can be, for example, a
lipopolysaccharide, an activator of p38 MAP kinase, or an activator of NF-«B.

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 disrupting the
cell’s microtubules, microftlaments, and/or intermediate filaments. The drug can be, for
example, taxon, vincristing, vinblastine, cytochalasin, nocodazole, japlakinolide, latrunculin A,
phatloidin, swinholide A, indanocine, ot myoservin,

In some embodiments, a ligand attached to an iRNA as described herein acts as a
pharmacokinetic modulaior (PK modulator). PK modulators include lipophiles, bile acids,
steroids, phospholipid analogues, peptides, protein binding agents, polyethylene glycol (PEG),
vitamins efc. Exemplary PK modulators include, but are not limited to, cholesterol, fatty acids,
cholic acid, lithocholic acid, dialkylglycerides, diacylglyceride, phospholipids, sphingolipids,
naproxen, ibuprofen, vitamin E, biotin efc. Oligonucleotides that comprise a number of
phosphorothicate Hinkages are also known to bind to serum protein, thus short oligonucieotides,
e.z., oligonucleotides of about S bases, 10 bases, 15 bases or 20 bases, comprising multiple of
phosphorothioate Hinkages in the backbone are also arvenable to the present disclosure as ligands
{e.g. as PK modulating ligands). In addition, aptamers that bind serum components {e.g. serum
proteins) are also suitable for use as PK modulating ligands in the embodinents 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 oligonucieotide (described below). This reactive
oligonucleotide may be reacted directly with commercially available ligands, ligands that are
synthesized bearing any of a variety of protecting groups, or ligands that have a linking moiety

attached thereto,
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The oligonucleotides used in the conjugates of the present disclosure may be
conveniently and routinely made through the well-known technique of solid-phase synthesis,
Equipment for such synthesis is soid by several vendors including, for example, Applied
Biosysterns (Foster City, Calif.}). Any other means for such synthesis known in the art may
additionally or alternatively be employed. It s also known to use similar technigues to prepare
other oligonucleotides, such as the phosphorothioates and alkylated derivatives.

In the ligand-conjugated oligonacleotides and ligand-molecule bearing sequence-specific
finked nucleosides of the present disclosure, the oligonucleotides and cligonucleosides may be
assembled on a suitable DNA synthesizer utilizing standard nuclectide or nucleoside precursors,
or nucleotide or nucleoside conjugate precursors that already bear the linking moiety, 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 moiety, the
synthesis of the sequence-specific linked nucleosides is typically completed, and the Higand
molecule is then reacted with the linking 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-nuclecside
conjugates in addition to the standard phosphoramidites and non-standard phosphoramidites that

are commercially avaifable and routinely used in oligonucleotide synthesis.

A. Lipophilic Moieties

In certain embodiments, the lipophilic moiety is an aliphatic, cyclic such as alicyclic, or
polyeyche such as polyalicyclic compound, such as a steroid (e.g., sterol} or a linear or branched
aliphatic hydrocarbon. The lipophilic moiety may generally comprise a hvdrocarbon chain,
which may be cyclic or acyclic. The hydrocarbon chain may comprise various substituents or
one of more heteroatoms, such as an oxygen or nitrogen atom. Such lipophilic aliphatic moieties
include, without limitation, saturated or unsaturated Cs-Cao hydrocarbon {e.g., Co-Cia
hydrocarbon}, saturated or unsaturated fatty acids, waxes {e.g., monohydrsic alcohol esters of
fatty acids and fatty diamides), terpenes {(e.g., Cio terpenes, Cis sesquiterpenes, Cao diterpenes,
Cao triterpenes, and Cao tetraterpenes), and other polyalicyclic bydrocarbons. For instance, the

lipophilic moiety may contain a C4-Cso hydrocarbon chain {e.g., C4-Cxo alkyl or alkenyl). In
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some embodiments the lipophilic molety contains a saturated or unsaturated Ce-Cis hydrocarbon
chain {e.z., a linear Ce-Chs alkyl or alkenyl). In some embodiments, the lipophilic moiety
contains a saturated or unsaturated C16 hydrocarbon chain {e.g, a linear C16 alkyl or alkenyl).

In some embodiments, the lipophilic moiety is a C6-C30 acid {e.g., hexanoic acid,
heptanoic acid, octanoic acid, nonanoic acid, decanote acid, undecanoic acid, dodeanoic acid,
tridecanoic acid, tetradecanoic acid, pentadecanoic acid, hexadecanoic acid, heptadecanoic acid,
octadecanoic acid, oleic acid, linoleic acid, arachidonic acid, ¢i9-4,7,10,13,16,19-docosahexanoic
acid, vitamin A, vitamin E, cholesterol etc.} or a C6-C30 alcchol {e.g., hexanol, heptanol,
octanol, nenanol, decanol, undecanol, dodcanol, tridecanol, tetradecanol, pentadecanol,
hexadecanol, heptadecanol, octadecanol, oleyl alcohol, linoleyl alcohol, arachidonic alcobol, cis-
4,7,10,13,16,19-docosahexanol, retinol, vitamin E, cholesterol etc ).

The lipophilic moiety may be attached to the RNAJ agent by any method known i the
art, including via a functional grouping already present in the lipophilic moiety or introduced
into the RNAI agent, such as a hydroxy group {e.g, —CO—CH>—OH). The functional groups
already present in the lipophilic moiety or introduced into the RNAI agent include, but are not
limited to, hydroxyl, amine, carboxylic acid, sulfonate, phosphate, thiol, azide, and alkyne.

Conjugation of the RNA agent and the lipophilic moiety may occur, for example,
through formation of an ether or a carboxylic or carbamoyl ester linkage between the hydroxy
and an alky! group R, an atkanoyl group RCO- or & substituted carbamoy! group RNHC O
The alkyl group R may be cyclic {e.g,, cyclohexyl) or acyclic (e.g., straight-chained or branched;
and saturated or unsaturated). Alkyl group R may be a butyl, peotyl, hexyl, heptyl, octyl, nonvl,
decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl or octadecyl
group, or the like.

In some embodiments, the lipophilic moiety is conjugated 1o the double-stranded RINAi
agent via a linker a linker containing an ether, thioether, urea, carbonate, amine, amide,
maleimide-thioether, disulfide, phosphodiester, sulfonamide linkage, a product of a click reaction
{e.g., a tnazole from the azide-alkyne cycloaddition), or carbamate.

In another embodiment, the lipophilic motety is a steroid, such as sterol. Steroids are
polyeyclic 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
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as cortisone. A “cholesterol] derivative” refers to a compound derived from cholesterol, for
example by substitution, addition or removal of substituents.

in another embodiment, the lipophilic motety is an aromatic moiety. In this contexi, the
term “aromatic” refers broadly to mono- and polyaromatic hydrocarbons. Aromatic groups
include, without limttation, Ce~Cis aryl moieties comprising one to three aromatic rings, which
may be optionally substituted; “aralkyl” or “arylalkyl” 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 “hetercary!” refers to groups
having S to 14 ring atoms, preferably 3, 6, 9, or 10 ring atoms; having 6, 10, or 14 electrons
shared in a cyclic array, and having, in addition to carbon atoms, one to about three hetercatoms
selected from the group consisting of nitrogen (N}, oxygen (O}, and sutfur (8).

As employed herein, a “substituted” alkvl, cycloalkyl, aryl, hetercaryl, or heterocyclic
group is one having one to about four, preferably one to about three, more preferably one or twe,
nou-hydrogen substituenis. Suitable substituents include, without limitation, halo, hydroxy,
nitro, haloalkyl, alkyl, alkaryl, aryl, aralkyl, alkoxy, aryloxy, amino, acylamino, alkylcarbamoyl,
aryicarbamoyl, aminoaltkyl, alkoxycarbonyl, carboxy, hydroxyalkyl, alkanesulfonyl,
arenesulfonyl, alkanesulfonamido, arenesulfonamido, aralkylsulfonamido, alkylcarbonyl,
acyloxy, cyano, and ureido groups.

In some embodiments, the lipophilic moiety is an aralkyl group, e.g., a Z-arylpropanoyi
moiety. The structural features of the aralkyl group are selected so that the lipophilic moiety will
bind to at least one protein tn vivo, In certain embodiments, the structural features of the aralkyl
group are selected so that the lipophilic moiety binds to serum, vascular, or cellular proteins. In
certain embodiments, the structural features of the aralkyl group promote binding to albumin, an
immunoglobulin, a lipoprotein, g-2-macroglubulin, or a-1-glycoprotein.

In certain embodiments, the ligand 1s naproxen or a structural derivative of naproxen.
Procedures for the synthesis of naproxen can be found in U.S. Pat. No. 3,904,682 and U.S. Pat.

Ne. 4,009,197, which are hereby incorporated by reference in thetr entirety. Naproxen has the
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chemical name (8)-0-Methoxy-g~methyl-2-naphthaleneacetic acid and the structure is
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In certain embodiments, the ligand is thuprofen or a structural derivative of ibuprofen.
Procedures for the synthesis of ibuprofen can be found in US3,228 831, which is incorporated

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

In another embodiment, suitable linophilic moieties include lipid, cholesterol, retinoic
acid, cholic acid, adamantane acetic acid, 1-pyrene butyric acid, dihydrotestosterone, 1,3-bis-
Othexadecylglycerol, geranyloxyhexyanol, hexadecylglyeerol, bomeol, menthol, 1,3-
propanediol, heptadecy! group, palmitic acid, myristic acid, (3-(oleoyl)lithocholic acid, 3-
{oleayljcholenic acid, thuprofen, naproxen, dimethoxytrityl, or phenoxazine.

In certain embodiments, more than one lipophilic moiety can be incorporated tnto the
double-strand RNAI agent, particularly when the lipophilic moiety has a low lipophilicity or
hydrophobicity. In some embodiments, two or more lipophilic moteties are incorporated into the
same strand of the double-strand RN A agent. In some embodiments, each strand of the double-
strand RNAT agent has one or more Hpophilic moteties incorporated. In some embodiments, two
or more lipophilic moieties are incorporated into the same position {i.e., the same nuclecbase,
same sugar moiety, or same internucleosidic linkage) of the double-strand RNAi 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 moieties via a branched linker, or conjugating the two or more
lipophilic moteties via one or more linkers, with one or more linkers linking the lipophilic

moieties consecutively.
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The lipophilic moiety may be conjugated to the RNAI agent via a direct attachment to the
ribosugar of the RNAI agent. Alternatively, the lipophilic moiety may be conjugated to the
double-strand RNA1 agent via a linker or a carrier.

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

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

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

B. Lipid Comjugates

In some embodiments, the ligand is a lipid or lipid-based molecule. Such a lipid or hpid-
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 to a target tissue. For
example, the target tissue can be the eye. Other molecules that can bind HSA can also be used as
Higands. For example, neproxin or aspirin can be used. A lipid or lipid-based ligand can {a}
increase resistance to degradation of the conjugate, (bt) increase {argeting or transport into a
target cell or cell membrane, and/or (¢} can be used to adjust binding to a serum protein, e.g.,
HSA.

A hpid-based ligand can be used to modulate, e.g., control {e.g., inhibit) the binding of
the conjugaie 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 sirongly can be used
to target the conjugate to the kidney.

In some embodiments, the lipid-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
i3 enhanced. However, the affinity 18 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 to the kidney s enhanced. Other moieties that target to kidney cells

can also be used in place of or in addition to the lipid-based ligand.
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In another aspect, the ligand is a moiety, e.g., a vitamin, which is taken up by a target
cell, e.z., aprofiferating cell. These are particularly useful for treating disorders characterized by
unwanied 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 vitamins include 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 Agents

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. I the agent is a peptide, it can be moditied, including a peptidylnmimetic,
wvertomers, non-peptide or psendo-peptide linkages, and use of D-amino acids. The belical
agent is typically an e-helical agent, and can have a lipophilic and a lipophobic phase.

The ligand can be a peptide ot peptidomimetic. A peptidomimetic (also referred to
herein as an oligopeptidomimetic) is a melecule capable of folding into a defined three-
dimensional structure similar to a natural peptide. The attachment of peptide and
peptidomimetics 10 iIRNA agents can affect pharmacokinetic distribution of the iRNA, 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 moiety can be a dendrimer peptide, constrained peptide or crosslinked
peptide. In another alternative, the peptide moiety can include a bydrophobic membrane
transtocation sequence (MTS). An exemplary hydrophobic MTS-containing peptide is RFGF
having the amino acid sequence AAVALLPAVLELALLAP (SEQ ID NO: 3). An RFGF analogue
{e.g., amino actd sequence AALLPVLLAAP (SEQ 1D NGO: 4)) containing a hydrophobic MTS
can also be a targeting motety. The peptide motety can be a “delivery” peptide, which can carry
large polar molecules including peptides, oligonucleotides, and protein across cell membranes.
For example, sequences from the HIV Tat protein {GRKKRRQRRRPPQ (SEG 1D NO: 531 and
the Drosophila Antennapedia protein (RQIKIWFONRRMKWEKK (SEQ ID NO: 6)) have been

found to be capable of functioning as delivery peptides. A peptide or peptidomimetic can be
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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 ol Nature, 354.82-
84, 19913 Typically, the peptide or peptidomimetic fethered to 2 dsRINA agent via an
incorporated monomer unit is a cell targeting peptide such as an arginine-glycine-aspartic acid
{(RGD)-peptide, or RGD mimic. A peptide motety can range in length from about S 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 in the compositions and methods of the disclosure may be linear
or cyclic, and may be modified, e.g., glycosylated or methylated, to facilitate targeting to a
specific tissue(s). RGD-containing peptides and peptidomimetics may include D-amino acids, ag
well as synthetic RGD mimics. In addition to RGD, one caun use other moteties that target the
integrin ligand. In some embodiments, conjugates of this ligand target PECAM-1 or VEGF.

Au RGD peptide moiety can be used to target a particular cell type, e.g., an ocular cell, a
tumor cell, such as an endothelial tumor cell or a breast cancer tumor cell (Zitzmann efaf.,
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, kidney, spleen, or liver {Aoki er af.,
Cancer Gene Therapy 8:783-787, 2001). Typically, the RGD peptide will facilitate targeting of
an iRNA agent to the eye or kidney. The RGID peptide can be linear or cyclic, and can be
modified, e.g., glycosylated or methylated to facilitate targeting to specific tissues. For example,
a giveosylated RGD peptide can deliver a IRNA agent to a tumor cell expressing avls (Haubner
et al., Jour. Nucl Med.  42:326-336, 2001).

A “cell permeation peptide” 1s capable of permeating a cell, e.g., a microbial cell, such as
a bacterial or fungal cell, or a mammalian cell, such as a human cell. A microbial cell-
permeating peptide can be, tor example, an e-helical linear peptide {e.g., LL-37 or Ceropin P1), a
disultide bond-containing peptide {e.g., o -defensin, §-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 include a nuclear localization signal (NLS). For example, a cell
permeation peptide can be a bipartite amphipathic peptide, such as MPG, which is derived from
the fusion peptide domain of HIV-1 gp41 and the NLS of SV40 large T antigen (Simeoni ef o/,
Nucl, Acids Res. 31:2717-2724, 2003).
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D. Carbohydrate Conjugates and Ligands

in some embodiments of the compositions and methods of the disclosure, an IRNA
oligonucleotide further comprises a carbohydrate. The carbohydrate conjugated iIRNA are
advantageous for the in vivo delivery of nucletc acids, as well as compositions suitable for i
vive 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
feast 6 carbon atoms (which can be linear, branched or cyclicy 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 (meono-, di-, tri- and oligosaccharides
containing from about 4, 5, 6, 7, 8, or 9 monosaccharide units), and pelysaccharides such as
starches, glycogen, cellulose and polysaccharide gums. Specific monosaccharides include €S
and above {e.g., CS, C6, U7, or C8) sugars; di- and trisaccharides include sugars having two or
three monosaccharide ymits {e.g., €5, C6, C7, or C8).

in certain embodiments, the compositions and methods of the disclosure include a C16
ligand. In exemplary embodiments, the C16 ligand of the disclosure has the following structure
{exemplified here below for a uracil base, yet attachment of the €16 ligand is contemplated for a
nucleotide presenting any base (C, G, A, etc.) or possessing any other modification as presented
herein, provided that 27 ribo attachment ts preserved) and is attached at the 27 position of the ribo

within a residue that is so modified:
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Chemical Formula: CogHs3NoOgP
Exact Mass: 530.2757
Molecular Weight: 530.5913

As shown above, a C16 ligand-modified residue presents a straight chain atkyl at the 2~
ribe position of an exemplary residue (here, a Uracil) that is so modified.

In some emsbodiments, a carbohydrate conjugate of a RNAT ageut of the instant disclosure

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

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

10 In certain embodiments, the compositions and methods of the disclosure include a vinyl
phosponate (VP) modification of an RNAT agent as described berein. In exemplary

embodiments, a vinyl phosphonate of the disclosure has the following structure:

e o
-

,-;’,
o7 N
o

A vinyl phosponate of the instant disclosure may be attached to either the antisense or the
15 sense strand of a dsRNA of the disclosure. In certain embodiments, a vinyl phosphonate of the
instant disclosure is attached to the antisense strand of a dsRNA, optionally at the 5 end of the
antisense strand of the dsRNA. The dsRNA agent can comprise a phosphorus-contatning group

at the 5’-end of the sense strand or antisense strand. The 5”-end phosphorus-containing group can

be 57-end phosphate (5°-P), 5™-end phosphorothioate (57-P8), 57 -end phosphorodithioate {57~
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P82}, 3 -end vinylphosphonate (5°-VP}, 57-end methylphosphonate (MePhos), or §'-deoxy-5"-C-

malonyl. When the 5" -end phosphorus-containing group is 53" -end vinylphosphonate (5°-VP), the

"), 5-2-VP

OH

. o . . O . .
somer (1.¢., cis~vinylphosphonate, ™), or muxtures thereof,

Vinyl phosphate modifications are also contemplated for the compositions and methods

of the instant disclosure. An exemplary vinyl phosphate structure is:

=\
Qe P (O
.

In some embodiments, a carbohydrate conjugate comprises a monosaccharide. In some
embodiments, the monosaccharide is an N-acetylgalactosamine (GalNAc). GalNAc conjugates,
which comprise one or more N-acetylgalactosamine {GalNAg) derivatives, are described, for
example, in U.S. Patent No. 8,106,022, the entire content of which is hereby incorporated herein
by reference. In some embodiments, 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 astaloglycoprotein receptor of liver cells (e.g.,
hepatocytes).

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

{e.g., to the 37 end of the sense strand) via a linker, e.g., a linker as described herein.
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In some embodiments, the GalNAc conjugate is
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In some embodiments, the RNAI agent is attached to the carbohydrate conjugate via a

linker as shown in the following schematic, wherein X s O or §;
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In some erbodiments, the RNAG agent is conjugated to 196 as defined in Table 2 and
shown below:
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In some embodiments, a carbohydrate conjugate for use in the compositions and methods

of the disclosure is selected from the group consisting of;

i o) N N._.0
HO 7 Ve RN %
AcHN ng \g

HO) <7i* S
HO /A/O\MAYN\/\/Ny\/O
AcHN o o o

HO OH )
e A
HO-A 7™ OMF»N/\/\N o
AN M H N §
AgHN 0 Formula 11,
MO, HO
HO ,
i O
O\J’\Q’A‘\/O\/\N
HO HQ H
HO" -9
HO O
i
QV’\O‘I\“‘/O\’AN ’\\(\/OVM
HO HO Ho o
HQ’ M\;«h_,,—O
HO-
OV/\O,\"O\/\N o]
b Formula 1,
HG O
Li .
NSO
o NHAC ~
HO L
0 L
NHAc Formula IV,
Ho PH
Ho R~ Or™g
NHAc
o
Ho oM (
e} ; @
HO N
NHAC Formuia V,

78

SUBSTITUTE SHEET (RULE 26)



WO 2022/251629

HEY O
”O&X/Uv%/\y
»10& o NFAC
HO o\/\/\{ NH
NHAC O Formula V],
HO O
Hojo NP N
HO OH  NHAc Bw
Q"‘C N
O\/N\/’\\_Q__/ E
NHACHG o =N
i\:%)&/o\/ \v/j
NHAS Formulag VI
Bz0— O”*T
BZG’
Evo ﬁ
O"'\C
tsz(.'} ACO"'
BzO
%}«ommia VHI,
uo OH
&/"‘0
AcHN \\
1
i 1
HO %m \
ACHN M
wo OH

s @/
AckHN

‘\\\
\F/O\//\/:WN
ot
HO ”T\\A/GWL N\’/\”/\/\le\

Formula IX,

79

SUBSTITUTE SHEET (RULE 26)

PCT/US2022/031337



WO 2022/251629 PCT/US2022/031337

Ot
HG ¢

&“\W Q
O - F__’“}X/Ov\_ N ) -~ \,O N ,/;O

AN T

"

<& :
“2 o ¢

IS, AV ‘v/’\cr’\wk?\/’\;\iwf\/@»e .

ACHN H & o
Ho A ]
\ o
R (2 /L
HO /‘i\kfo\f’ o NG
AcHN H

Formula X,

Formula X1,

-2

FQ,
P2

o
:’"!O\p—*"’“\\% " y
Péi O\V/N\v/\F,JN\V/\\fN. .

O OH
HO‘”\EA» -3 ?
HO- e \ O
s H H |
5 ~2 Oxv/\'\.,-’ A\'T{”N‘\/”"\;’ N‘;{‘/\'\d" 0‘\»""%& b

PRy

{_‘3 . OM @ o Q
HoN O J

HO ey L
O-v”\/\F,«N‘”\” YO
{

Formuls XI4,

80

SUBSTITUTE SHEET (RULE 26)



WO 2022/251629

n..i
meO\mJ\Nww\sTo
"o »d—-'\l H g

i
4(3&”\\’ M M\/\VNTO\/

i\f‘Hf\.
i yo @ H o J/
HO (‘T\X/Q\,'\/‘*“ M‘WN LLO
AchN H Formula XI1I,
Ho OH
0
o OH HOA Y G

G Formula X1V
HO O
L
Ho O HOMISLO o
~ AchHN
ACHN K/’ ' N/\\‘/\”/H o
H
G Formula XV
HO OH
Q.
o OH O bt O

O Formula XVI,

O Formula XV,

O Formula XV,

81

SUBSTITUTE SHEET (RULE 26)

PCT/US2022/031337



WO 2022/251629 PCT/US2022/031337

O Formula XIX,
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Another representative carbohydrate conjugate for use in the embodiments described

herein includes, but is not limited to,
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Formula XX,

when one of X or Y is an oligonucleotide, the other is a hydrogen.
In some embodiments, the carbohydrate conjugate further comprises one or more
5 additional ligands as described above, such as, but not Hmited to, a PK modulator and/or a cell
permeation peptide.
In some embodiments, an itRNA of the disclosure 15 conjugated to a carhobydrate through
a linker. Non-limiting examples of iRNA carbohydrate conjugates with linkers of the
compositions and methods of the disclosure include, but are not limited to,
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when one of X or Y 1s an oligonucleotide, the other is a bydrogen.
E. Thermally Destabilizing Modifications
10 In certain embodiments, a dsSRNA molecule can be optimized for RNA interference by

incorporating thermally destabilizing modifications in the seed region of the antisense strand
{7.e., at positions 2-9 of the 57 -end of the antisense stravd) to reduce or tohibit off-target gene

sifencing. It has been discovered that dsRNAs with an antisense strand comprising at least one
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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,
three, four, five, or more) thermally destabilizing modification of the duplex within the first 9
5  nucleottde posttions of the 57 regton of the antisense strand. In some embodiments, one or more
thermally destabilizing modification(s} of the duplex is/are located in positions 2-9, or positions
4-8, from the 5'-end of the antisense strand. In some further embodiments, the thermaily
destabilizing modification(s} of the duplex is/are located at position 6, 7, or 8 from the 5" -end of
the antisense strand. In still some further embodiments, the thermally destabilizing modification
16 of the duplex is located at position 7 from the 5’ -end of the antisense strand. The term
“thermally destabilizing modification(s)” includes modification(s) that would result witha
dsRNA with a lower overall melting teraperature (Tm), such as 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 is located at position 2, 3, 4,
15 5, or 9 from the 5" -end of the antisense strand.
The thermally destabilizing modifications can include, but are not limited to, abasic
modification; mismatch with the opposing nucleotide in the opposing strand; and sugar

2

modification such as 2’-deoxy modification or acyclic nucleotide, e.g., unlocked nucleic acids

{UNA) or glycol nucleic actd (GNA).

20 Exemplified abasic modifications include, but are not limited to, the following:
‘\\ 4 \'*\ R \\\
b4 o C oY o 4 0
%:w;? OW (m;.% %/O ;/’
9 0 N
; : ;
. $ o RR e
R Rf . R = -

O O O

Wherein R = H, Me, Et or OMe; R” =H, Me, Et or OMe; R” =H, Me, Et or OMe
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wherein B 18 a modified or unmodified nucleobase
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Exemphified sugar modifications include, bat are not limited to the following

2'-deoxy

O

~ ~
. \E:\"“n
et

0

giycol nucleic acid
R= M, OH, G-alhyi
5

unlocked nucleic acid
R=H, OH, O-alkyl

unlocked nucleic acid

R= H, OH, CH,, CH.CHg, G-alkyl, NH,, NHMe, NMe,
R'= H, OH, CH;, CH,CH,, O-alkyl, NH,, NHMe, NMes,
"= H, OH, OHy, CH,CH, O-alkyl, NH,, NHMa, NMe,
R™=H, OH, CH,, CH,CH, C-alkyl, NH,, NHMe, NMe,
R™ = H, OH, CHy, CHLCHy, G-alkyl, NH,, NHMe, Nie,

O

< NH
' ,N”"L*“o
O—,,‘ 4
1

glyeol nucleic acid
R=H, OH, C-alkyl

wherein B is a modified or unmodified nucleobase

B
~0 5 0 /’O‘%

H i
o R Q

R-= H, methyl, ethyl

In sorne crobodiments the thermally destabilizing modification of the duplex is sclected

from the group consisting of
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wherein B is a modified or unmodified nucleobase and the asterisk on each structure represents
either &8, § or racemic.
The term "acychic nucleotide” refers to any nuclectide having an acyclic ribose sugar, for
5  example, where any of bonds between the ribose carbons {e.g, CU-C2°, C2°-C3 C3°-C4°, C4*-
047, ot C17-047) is absent or at least one of ribose carbons or oxygen {e.g, CU, C27, ¥, (47,

or 04") are independemiy or in combination absent from the nucleotide. In some embodiments,

,..

r{? R2 '
o
vulan
acyclic nucleotide is |
FW—(
Eé\ s . . 1 o1 2.
$ , wherein B is a modified or unmodified nucleobase, R' and R” independently

10 are H, halogen, ORs, or alkyl; and R is H, alkyl, eycloalkyl, aryl, arallyl, 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 C1'-C4' being removed (i.e. the covalent carbon-
oxygen-carbon bond between the C1' and C4' carbons). In ancther example, the C2'-C3' bond

15 {(i.e the covalent catbon-carbon bond between the C2' and C3' carbons) of the sugar is removed
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{see Mikhailov et. al., Tetrahedron Letters, 26 (17): 2059 (1985); and Fluiter et al., Mol Biosyst,,
10: 1039 {2009), which are hereby incorporated by reference in their entivety). The acyclic
derivative provides greater backbone flexibility without affecting the Watson-Crick pairings.
The acyclic nucleotide can be linked via 2°-57 or 3°-5" linkage.

The term “GNA’ refers to glycol nucleic actd which is a polymer similar to DNA or RNA

alycerol units

o

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

linked by phosphodiester bonds:

(R) - GNA

The thermally destabilizing modification of the duplex can be mismatches {L.e,,
noncomplementary base pairs) between the thermally destabilizing nucleotide and the opposing
nuclectide in the opposite strand within the dsRNA duplex. Exemplary mismatch base pairs
include GG, GA, GU, GT, AA AC, CC, CU, CT, UU, T.T, U.T, or a combination
thereof. (ther mismatch base pairings known in the art are also amenable {o the present
mvention. A mismatch can occur between nucleotides that are either naturally occurring
nucleotides or modified nucleotides, i.¢., the mismatch base pairing can occur between the
nuclechases from respective nucleotides independent of the modifications on the ribose sugars of
the nucleotides. In certain embodiments, the dsRNA molecule contains at least one nuclechase
in the mismatch pairing that is a 2'-deoxy nucleobase; ¢.g., the 2’-deoxy nuclecbase is in the

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

complementary base on the target mRNA, such as:

0 0 S NH SN “NH N
SN \N’ﬂ\/i‘@ N N g Xy
. 3 D Ny Y Ti\ B NQ\ b

HNT NN N SN TN ]N/ N Z N N
e e o

HN N7 o H | 0 0

o Nj Q«;ﬁ\N/E 5 g /NT// ey L%?\ N k\N
" e

e ke e N e
' “HH ' NH, “NH N

SRY - N N
z\>@$t\;\ DB f‘fj» N
NN NOTNOONTTN N N 2N

I O i P A

More examples of abasic nuclectide, acyclic nucleotide modifications (including UNA
and GNA), and mismatch modifications have been described in detail in WO 2011/133876,
which 13 heretn incorporated by reference in its entirety.

The thermally destabilizing modifications may also include universal base with reduced

10 or abolished capability to form hydrogen bonds with the opposing bases, and phosphate
modifications.

In some embodiments, the thermally destabilizing modification of the duplex includes
nucleotides with non-canonical bases such as, but not limited to, muclechase modifications with
impaired or completely abolished capability to form hydrogen bonds with bases in the opposite

15 strand. These nucleobase modifications have been evaluated for destabilization of the central
region of the dsRNA duplex as described in WO 2010/0011895, which is herein incorporated by

reference in iis entirety. Exemplary nucleobase modifications are:
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¢ | Q’tﬂi\
.. Z T’ N4L\NH

e 2
inosine nebularine 2-aminopuring
F
A NO NO; I CH
™ Ry P2 N 3
CL a0 O 0 oS
; F N N P
Lo . LT e
2}4_ ‘ . ' A
diffuorotoluene  S-nitroindole 3-nitropyrrole  4-Fluorg-6- 4-Methyibenzimidazole

methylbenzimidazole
In some embodiments, the thermally destabilizing modification of the duplex tn the seed
region of the antisense strand includes one or more g-nuciectide complementary to the base on

the target mRNA such as:

G H
»A/N =0 : N\\r, NH E*O\\(O = i} 0 §--Q /'"N
3 A OO N O 2 ECUNP: R W
SO AR R VLS QL SOe™
d J“R N - N o IQ‘JN

o % A
5 A, A NH, %0 R
wherein R is H, OH, OCH;, F, NH2, NHMe, NMez or O-alkyl.
Exemplary phosphate modifications known to decrease the thermal stability of dsRNA
duplexes compared to natural phosphodiester linkages are:
{ 4 } { t i
§ E § ; ; ;
i 1} i { [}
o 9 0 0 9 0
Q:F?""SH OL“FE”“CHg O:F”“CHQ""COOH Q"m“Ff""R QEF?""NH-R OE?“OHR
o G O @]
| ; ; i i E
! i t ! l i
R = alkyl
10 The alkyl for the R group can be a Ci-Cealkyl. Specific alkyls for the R group include,

but are not limited to methyi, ethyl, propyl, isopropyl, butyl, pentyl and hexyl.

As the skilled artisan will recognize, in view of the functional role of nuclechases is
defining specificity of a RNA1 agent of the disclosure, while nucleobase modifications can be
performed in the various manners as described herein, e.g., to introduce destabilizing

15 modifications into a RNAJ 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-nuclecbase modifications, e.g.,
modifications to sugar groups or phosphate backbones of polyribonucieotides. Such
modifications are described in greater detail in other sections of the instant disclosure and are
expressly contemplated for RNA1 agents of the disclosure, etther possessing native nucieobases
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 least two {e.g., two, three, four, five, six, seven, eight, nine, ten, or more) stabilizing
modifications. Without limitations, the stabilizing modifications all can be present in one strand.
In some embodiments, both the sense and the antisense strands comprise at least two stabilizing
modifications. The stabilizing modification can oceur 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 ocour tv 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 from the 5" -end. In still some
other embodiments, the antisense strand comprises stabilizing modifications at posttions 2, 14,
and 16 from the 5" -end.

In some embodiments, the antisense strand compnises at feast one stabilizing modification
adjacent to the destabilizing modification. For example, the stabilizing modification can be the
nucleotide at the §”-end or the 3-end of the destabilizing modification, ée., 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 5’-end and the 3 -end of the destabilizing
modification, ie., 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 modification, 7.¢., at positions +1 and +2 from the
position of the destabilizing modification.

In some embodiments, the sense strand comprises at least two {e.g., two, three, four, five,
5%, seven, eight, nine, ten or more} stabilizing modifications. Without Himitations, a stabilizing
modification in the sense strand can be present at any positions. In some embodiments, the sense
strand comprises stabilizing modifications at positions 7, 10, and 11 from the 5’-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 cther embodiments, the sense
strand comprises stabilizing modifications at positions opposiie 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 stabilizing
modifications.

In some embodiments, the sense strand does not comprise a stabilizing modification in
position opposite or complimentary 1o the thermally destabilizing modification of the duplex in
the antisense strand.

Exemplary thermally stabilizing modifications include, but are not fimited to, 2’-fluoro
modifications. Other thermally stabilizing modifications include, but are not limited 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 limitations, the 2'-
fluoro nucleotides all can be present in one strand. In some embodiments, both the sense and the
antisense strands comprise at least two 2" -fluoro nucleotides. The 2°-fluoro modification can
occur on any nucleotide of the sense strand or antisense strand. For instance, the 27-fluoro
modification can occur on every nucleotide on the sense strand or antisense strand, each 2°-
fluoro modification car occur in an alternating paitern on the sense strand or antisense strand; or
the sense strand or antisense strand coroprises both 2’-fluoro modifications in 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 least two {e.g., two, three, four,
five, six, seven, eight, nine, ten, or more) 2 -fluoro nucleotides. Without limitations, a 2’-fluoro
modification in the antisense strand can be present at any positions. In some embodiments, the
antisense comprises 2’ ~-fluoro nucleotides at positions 2, 6, 8, 9, 14, and 16 from the 5-end. In
some other embodiments, the antisense comprises 2’-fluoro nucleotides at positions 2, 6, 14, and
16 from the 5’-end. In still some other embodiments, the antisense comprises 2°-fluoro
nucleotides at positions 2, 14, and 16 from the 5’-end.

o
/
L

In some embodiments, the antisense strand comprises at least one 2°-fluoro nuclectide
adjacent to the destabilizing modification. For example, the 2°-fluoro nucleotide can be the
nucleotide at the 3’-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
comprises a 2’ -fluoro nucleotide at each of the 5"-end and the 3"-end of the destabilizing
modification, i.e., 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 modification, i.e., at positions +1 and +2 from 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) 2°-fluoro nucleotides. Without limitations, a 2’-fluoro
modification in the sense strand can be present at any positions. In some embaodiments, the
antisense comprises 2’ -fluoro nucleotides at positions 7, 10, and 11 from the 5™-end. In some
other embodiments, the sense strand comprises 2’-fluoro nucleotides 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 posttions 11, 12, 13, and 15 of
the antisense strand, counting from the 5’-end of the antisense sirand. In some embodiments, the

sense strand comprises a block of two, three, or four 27-fluoro nucleotides.
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In some embodiments, the sense strand does not comprise a 2'-fluore nuclectide in
position opposite or complimentary 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 vucleotides {ut) antisense, wherein the antisense strand contains at
least one thermally destabilizing nuclectide, where the at least one thermally destabilizing
nucleotide occurs in the seed region of the antisense strand (7.e., at position 2-9 of the §7-end of
the antisense strand}, wherein one end of the dsRINA 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; (311) the sense strand is conjugated with a ligand; (iv) the sense strand
comprises 2, 3, 4, or 5 2"-fluoro moedifications; (v} the sense strand comprises 1, 2, 3,4, or 5
phosphorothioate internucleotide linkages; (vi) the dsRNA comprises at least four 2’ -fluoro
modifications; and {vii} the dsRNA comprises a blunt end at 5’-end of the antisense strand. In
certain embodiments, the 2 nt overhang is at the 37-end of the antisense strand.

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

As nucleic acids are polymers of subunits, many of the modifications occur at a position
which is repeated within a nucleic acid, e.g, a modification of a base, or a phosphate moiety, ora
non-finking 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, 2
modification may only occur ata 3” or 37 terminal position, may only occur in a terminal region,
e.g., at a position on a terminal nucleotide or in the last 2, 3, 4, 5, or 10 nucleotides of a strand.
A modification may occur in a double strand region, a single strand region, or in both. A

modification may occur only in the double strand region of an RNA or may only occorin a
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single strand region of an RNA. F.g., a phosphorothicate modification at a non-hinking O
position may only occur at one or both termini, may only ocour in & terminal region, e.g., ata
position on a terminal nucleotide or in the last 2, 3, 4, 5, or 10 nuclectides 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 modified nucleotides or nucleotide surrogates, in single strand overhangs, e.g, ina §’
or 37 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 ina 3’ or §* overhang may be modified, .z, with
a modification described herein. Modifications can include, e.g., the use of modifications at the
2’ 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°-O-methy] modified wostead of the
ribosugar of the nuclecbase, and modifications in 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 LNA, HNA, CeNA, 2’-methoxyethyl, 2°- O-methyl, 2°-O-allyl, 2°-
C- allyl, 2’~deoxy, or 2'-flucro. The strands can contain more than one modification. In some
embodiments, each residue of the sense strand and antisense strand 1§ independently modified
with 2'-O-methyl or 2°-fluore. 1tis 1o be understood that these modifications are in addition to
the at feast one thermally destabilizing modification of the duplex present in the antisense strand.

At least two different modifications are typically present ou the sense strand and
antisense strand. Those two modifications may be the 2'-deoxy, 2°- O-methyl, or 2’ -flucro
maodifications, acyclic nucleotides or others. In some embodiments, the sense strand and
antisense strand each comprises two differently modified nucleotides selected from 2°-O-methyl
or 2’ -deoxy. In some embodiments, each residue of the sense strand and antisense strand 1s
independently modified with 2'-C-methyl nucleotide, 2’-deoxy nuclectide, 2'-deoxy-2’-fluoro
nucleotide, 2'-0O-N-methylacetamido (2-0-NMA} nucicotide, a 2'-O-dimethylaminoethoxyethyl
{2'-O-DMAEOQOE) nucleotide, 2'-O-aminopropyl (2'-0-AP) nuclectide, or 2'-ara-F nucleotide.
Again, it 15 10 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 dsRNA molecule of the disclosure comprises modifications of
an alternating patiern, particnlar in the B1, B2, B3, BU', 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 nucleotide, the alternating motif can be “ABABABABABAR. [V
“AABBAABBAABE.. " “AABAABAABAAB. " “AAABAAABAAARB...
“AAABBBAAABBE. . or “ABCABCABCABC. .. etc.

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 medification on the nucleotide, the
alternating pattern, 1.¢., modifications on every other nucleotide, may be the same, but each of
the sense strand or antisense strand can be selected from several possibilities of modifications
within the glternating motif such as “ABABAB...”, “ACACAC...” “BDBDBD. . . or
“CDCDCD . )7 et

In some embodiments, the dsRNA molecule of the disclosure comprises the modification
pattern for the aliernating motif on the sense strand relative to the modification patiern for the
alternating motif on the antisense strand s shifted. The shift may be such that the modified
group of nucleotides of the sense strand corresponds to a differently modified group of
nucleotides of the antisense strand and vice versa. For example, the sense strand when paired
with the antisense strand 1n the dsRNA duplex, the alternating motif in the sense strand may start
with “ABABAB” from §5-3’ of the strand and the alternating motif in the antisense strand may
start with “BABABA” from 37~57of the strand within the duplex region. As another example,
the aiternating motif in the sense strand may start with “AABBAABB” from 57-3° of the strand
and the alternating motif in the antisense strand may start with “BBAABBAA” from 37-5 of the
strand within the duplex region, so that there is a complete or partial shift of the modification
patterns 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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internucteotide linkage modification may occur on every nucleotide on the sense strand or
antisense strand; each internucleotide linkage modification may occur in an alternating pattern on
the sense strand or antisense strand; or the sense strand or aniisense sirand comprises both
internucleotide linkage modifications in an alternating pattern. The alternating 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 strand roay have a shift relative to the alternating patiern of the internuclectide linkage
modification on the antisense strand.

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

In some embodiments, the sense strand of the dsSRNA molecule comprises 1-10 blocks of
two to ten phosphorothicate or methylphosphonate internucleotide linkages separated by 1, 2, 3,
4,5 6,7 89,10, 11,12, 13, 14, 15, or 16 phosphate internuclectide linkages, wherein one of
the phosphorothicate or methylphosphonate internucleotide linkages is placed at any position in
the oligonuciectide sequence and the said sense strand is paired with an antisense strand
comprising any combination of phosphorothioate, 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 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 cligonucleotide 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 erther phosphorothioate or
methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks
of three phosphorothicate or methylphosphonate internucleotide linkages separated by 1,2, 3, 4,
5,6,7,89,10, 11, 12, 13, 14, 15, or 16 phosphate internucleotide linkages, wherein one of the
phosphorothicate or methylphosphonate internuclectide 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, methylphosphonate, and phosphate internucleotide
linkages or an antisense strand comprising either phosphorothioate or methylphosphonate or
phosphate lokage.

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

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

phosphate linkage.
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In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks
of six phosphorothioate or methyiphosphonate internuclectide linkages separated by 1,2, 3, 4, §,
6,7, 8,9, or 10 phosphate internucleotide linkages, wherein one of the phosphorothicate or
methylphosphonate internuclectide 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, methylphosphonate, and phosphate internucleotide linkages or an antisense
strand comprising either phosphorothioate or methyiphosphonate or phosphate linkage.

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

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks
of nine phosphorothioate or methylpbosphonate internuclectide linkages separated by 1,2, 3, or
4 phosphate internucleotide linkages, wherein one of the phosphorothioate or methylphosphonate
internuclectide 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 internucleotide linkages or an antisense strand comprising
either phosphorothioate or methyiphosphonate 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 termini position(s) of the sense or antisense strand. For example, at least 2,
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3,4,5,6,7, 8,9 or 10 nucleotides may be linked through phosphorothicate or
methylphosphonate internucleotide Hinkage at one end or both ends of the sense or antisense
strand.

In some embodiments, the dsRNA molecule of the disclosure further comprises one or
more phosphorothioate or methylphosphonate internucleotide hnkage 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, 9, or 10 nucleotides may be linked through phosphorothioate
methyiphosphonate internucleotide linkage at position 8-16 of the duplex region counting from
the 5’-end of the sense strand; the dsBNA molecule can optionally further comprise one or more
phosphorothicate or methylphosphonate internuclectide linkage modification within positions 1-
10 of the termim position(s).

In somwe ermvbodiments, the dsRNA molecule of the disclosure further comprises one to
five phosphorothicate or methyiphosphonate internucleotide linkage modification{s} within
position 1-5 and one to five phosphorothioate or methylphosphonate internucleotide linkage
modification{s} within position 18-23 of the sense strand (counting from the 5"-end), and one to
five phosphorothioate 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 internucleotide linkage modification within position 1-3 and one
phosphorothioate or methylphosphonate internucleotide linkage modification within position 18-
23 of the sense strand {counting from the S’-end), and one phosphorothicate internuclectide
linkage 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 sorme ernbediments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate tnternucleotide linkage modifications within position 1-5 and one
phosphorothioate internucleotide linkage modification within position 18-23 of the sense strand
{counting from the 5’-end}, and one phosphorothioate 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 5-end).
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In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothicate 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 phosphorothicate internuclectide linkage modification at
positions | and 2 and two phosphorothioate internucleotide linkage moditications within
positions 18-23 of the antisense strand {counting from the 5"-end}.

In some erbodiments, the dsRNA 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 phosphorothicate internuclectide linkage modification at
positions | 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 and one
phosphorothicate internuclectide linkage modification within position 18-23 of the sense strand
{counting from the 5’ -end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothicate internuclieotide linkage modifications within
positions [8-23 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 -5 and one within
position 18-23 of the sense strand {counting from the 5”-end), and two phosphorothioate
internucleotide linkage 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 tnternucleotide linkage modification within position 1-5 (counting from the §°-
end} of the sense strand, and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and one phosphorothioate internuclectide linkage modification within positicns
18-23 of the antisense strand (counting from the 5 -end).

In some emnbodiments, the dsRNA molecule of the disclosure further comprises two

phosphorothioate internucleotide linkage modifications within position -3 {counting from the
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5 -end} of the sense strand, 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 5" -end}.

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 and one within
position 18-23 of the sense strand {counting from the 5’-end), and two phosphorothioate
wternucleotide linkage wodifications 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 two
phosphorothicate internuclectide linkage moditications within position 1-5 and one
phosphorothioate toternucleotide linkage wodification 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 phosphorothioate internucleotide Hinkage 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 5’-end), and one phosphorothicate internuciectide linkage modification at
positions | and 2 and two phosphorothioate 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 at position 1 and 2, and two
phosphorothicate internuclectide linkage modifications at position 20 and 21 of the sense strand
{counting from the 5”-end), and one phosphorothioate internucleotide linkage modification at
positions 1 and one at position 21 of the antisense sirand {counting from the 5" -end).

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

end), and two phosphorothioate internucieotide linkage modifications at positions 1 and 2 and
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two phosphorothioate internucleotide linkage modifications at positions 20 and 21 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 21 and 22 of the sense strand
{counting from the 5’-end), and one phosphorothicate internuclectide linkage modification at
positions | and one phosphorothioate woternucleotide linkage wodification 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 internucleotide linkage modification at position 1, and one phosphorothioate
internucleotide linkage modification at position 21 of the sense strand (counting from the 5'-
end), and two phosphorothicate internucieotide linkage modifications 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 embediments, the dsRINA molecule of the disclosure further comprises two
phosphorothicate internuclectide 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 phosphorothioate internucieotide linkage modification at
positions 1 and one phosphorothioate internucleotide linkage modification at position 21 of the
antisense strand (counting from the 5-end).

In some emsbodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification at position 1, and one phosphorothioate
internucleotide linkage modification at position 21 of the sense strand {counting from the 5~
end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage moditications 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
least 5 internucleotidic Hnkages in the Sp configuration. In some embodimenis, 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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least 7 internucleotidic Hinkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 8 internucleotidic linkages in the Sp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
least O internucleotidic linkages 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
teast 11 nternucleotidic linkages to 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 embodiments, a common pattern of backbone chiral centers comprises at
least 13 internucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 14 internucleotidic linkages in the Sp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises at
feast 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 internucleotidic 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 embodiments, a common pattern of backbone chiral centers comprises at
least 19 internucleotidic finkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises no more than 8§ internucleotidic linkages in the Rp
coufiguration. In some embodiments, a common pattern of backbone chiral centers comprises
no more than 7 internucleotidic linkages in the Rp configuration. In some embodiments, a
common pattern of backbone chiral centers coroprises no more than 6 internucleotidic linkages
in the Rp configuration. In some embodiments, a common pattern of backbone chiral centers
comprises no more than 5 mternucleotidic linkages i the Rp configuration. In some
embodiments, a common paitern of backbone chiral centers comprises 0o more than 4
internucleotidic linkages in the Rp configuration. In some embodiments, a common pattern of
backbone chiral centers comprises no more than 3 internucleotidic linkages in the Rp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises
no more than 2 internucleotidic 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 ® 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 internuclectidic 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 5 internucleotidic linkages which are not chiral.
In some embodiments, a common pattern of backbone chiral centers comprises no more than 4
internucleotidic linkages which are not chiral. In some embodiments, a common pattern of
backbone chiral centers comprises no more than 3 internucleotidic linkages which are not chiral.
In some embodiments, a common pattern of backbone chiral centers comprises no more than 2
wternucleotidic linkages which are not chiral. Tn some embodiments, a common patter of
backbone chiral centers comprises no more than | internucleotidic linkages which are not chiral.
In some embodiments, a coromon 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 chirgl centers
comprises at least 11 internucleotidic linkages in the Sp configuration, and no more than 7
internucleotidic linkages which are not chiral. In some embodiments, 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 internucleotidic linkages which are not chiral. In some
embodiments, a common pattern of backbouve chiral centers comprises at least 14
internuclectidic linkages in the Sp configuration, and no more than 3 internucieotidic linkages
which are not chiral. In some embodiments, a cormmon pattern of backbone chiral centers
comprises at least 15 internucleotidic linkages in the Sp configuration, and no more than 4
internucleotidic linkages which are not chiral. In some embodiments, the internucleotidic
linkages in the Sp configuration are optionally contiguous or not contiguous. {n some
embodiments, the internuclectidic linkages in the Rp configuration are optionally contiguous or
not contiguous. In some embodiments, the internucleotidic linkages which are not chiral are

opticnally 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 3’-block is an Rp block. In some embodiments, a block is an Sp block in
that each internucleotidic linkage of the block 1s Sp. o some embodiments, a 5”-block 1s an Sp
block. {n some embodiments, a 3’-block is an Sp block. In some embodiments, provided
oligonucleotides comprise both Rp and Sp blocks. In some embodiments, provided
oligonucleotides comprise one or more Rp but no Sp blocks. In some embodiments, provided
oligonucleotides comprise one or more Sp but no Rp blocks. In some embodiments, provided
oligonucleotides comprise one or more PO blocks wherein each internuclectidic linkage in a
natural phosphate linkage.

In some emsbodiments, compound of the disclosure comprises a S™-block is an Sp block
wherein each sugar moiety comprises a 2’-F modification. In some embodiments, a 5'-block is
an Sp block wherein each of tnternucleotidic linkage is a modified tnternucleotidic linkage and
each sugar moiety comprises a 2’-F modification. In some embodiments, a 5”-block i1s an Sp
block wherein each of internucleotidic linkage is a phosphorothioate linkage and each sugar
motety comprises a 2'-F modification. In some embodiments, a 5’ -block comprises 4 or more
nucleoside units. In some embodiments, a 5°-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 units. In some embodiments, a 37-hlock is an Sp bloc
wherein each sugar moiety comprises a 2°-F modification. In some embodiments, a 3" -block is
an Sp block wherein each of internuclectidic linkage is a modified internucleotidic linkage and
each sugar moiety comprises a 2’-F modification. In some embodiments, a 37-block s an Sp
block wherein each of internuclectidic linkage is a phosphorothioate linkage and each sugar
moiety comprises a 2'-F modification. In some embodiments, a 37-block comprises 4 or more
nucleoside 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, 4
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 oligonucieotide is followed by a specific type of internucleotidic linkage, e.g.,

natural phosphate linkage, modified internuclectidic linkage, Rp chiral internucleotidic linkage,
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Sp chiral internucleotidic linkage, eic. 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
finkage (P0). 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 1s followed by Sp. In some embodiments, C 15 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, G 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 ersbodiments, the dsSRNA 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 duplex 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 individual
pair basis, though next neighbor or similar analysis can also be used). In terms of promoting
dissociation: AU is preferred over G:C; G:U 18 preferred over G:C; and 1.C is preferred over
.C {I=inosine). Mismaiches, e.g., non-canonical or other than canonical pairings (as described
elsewhere herein) are preferred over canonical (AT, A:U, 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 S base pairs within the duplex regions from the 57~ end of the antisense
strand can be chosen independently from the group oft AU, G:U, 1.C, and mismatched pairs,
e.z., non~canonical or other than canonical pairings 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 §°- end
of the antisense strand i3 an AU base pair. For example, the first base pair within the duplex

region from the 5'- end of the antisense strand is an AU base pair.
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It was found that introducing 4" -modified or 5’ -modified nucleotide to the 3"-end of a
phosphodiester (PO}, phosphorothioate (PS), or phosphorodithioate (P82) linkage of a
dinucleotide at any position of single stranded or double siranded oligonucleotide can exert steric
effect to the internucleotide linkage and, hence, protecting or stabilizing it against nucleases.

In some embodiments, 3" -moditied nucleoside is introduced at the 37-end of a
dinucleotide at any position of single stranded or double stranded siRNA. For instance, a 5~
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 37 position of the ribose sugar can be
racemic or chirally pure R or Sisomer. An exemplary 5 -alkylated nucleoside is 5 -methyl
nucleoside. The S™-methy! can be either racemic or chirally pure X or § isomer.

In some embodiments, 4" -modified nucleoside is introduced at the 3 7-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 3"-end of a dinucleotide at any position of single
stranded or double stranded siRNA. The alkyl group at the 4° position of the ribose sugar can be
racemic or chirally pure R or § isomer. An exemplary 4 -alkyiated nucleoside is 4"-methyl
nucleoside. The 4’-methyl can be either racemic or chirally pure R or Sisomer. Alternatively, a
4 -O-alkylated nucleoside may be introduced at the 37-end of a dinucleotide at anv position of
single stranded or double stranded siRNA. The 4’ -O-alkyl of the ribose sugar can be racemic or
chirally pure R or Sisomer. An exemplary 4'-Cr-alkylated nucleoside is 4’-O-methy! nucleoside.
The 4-O-methyl can be cither racemic or chirally pure R or § 1sorer.

In some embodiments, 5™ -alkyiated 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 57~alkyl can be either racemic ot chirally pure KX or Sisomer. An exemplary 5°-
alkylated nucleoside is §”-methyl nucleoside. The 5’-methyl can be either racemic or chirally
pure K or § isomer.

In some embodiments, 4" -atkyiated 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 -alkvi can be either racemic or chirally pure X or Sisomer, An exemplary 47~
alkylated nucleoside is 4”-methyl nucleoside. The 4’-methyl can be either racemic or chirally

pure & or S isomer.
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In some embodiments, 4’-(-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 57-alkyl can be either racemic or chirally pure K or Sisomer. An
exemplary 4’-O-atkylated nucleoside is 4’-O-methyl nuclecside. The 4’-O-methyl can be either
racemic or chirally pure R or § isomer.

In some embodiments, the dsRINA molecule of the disclosure can comprise 2°-57 linkages
{with 2’-H, 2’-0H, and 2’-OMe and with P=0 or P=8). For example, the 27-5" linkages
modifications can be used to promote nuclease resistance or to inhibit 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.

In 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 inhibit binding of the sense to the
antisense strand, or can be used ai the $” end of the sense strand to avoid sense strand activation
by RISC.

Various publications describe multimeric giRNA which can all be used with the dsRNA
of the disclosure. Such publications include W{32007/091269, US 7858769, W(Z010/141511,
WQO2007/117686, WO2009/014887, and WO2011/031520 which are hereby incorporated by
their entirely.

In some erabodiments dsRNA molecules of the disclosure are 57 phosphorylated or
include a phosphoryl analog at the 57 prime terminus. 5'-phosphate modifications include those
which are compatible with RISC mediated gene silencing. Suitable modifications include: 5'-
monophosphate ((HOR(0WP-0-5'); 5'-diphosphate ((HOR(O)P-O-PHOY0)-0-57; 5~
triphosphate ((HOR{(O)P-O-(HOWOWP-O-P(HO )Y 0)-0-5"; §'-guanosine cap (7-methylated or
non-methylated} (Tm-G-O-5'-(HOWOWP-O-(HOYOWP-O-P(HOKO)-0-5"; S-adenosine cap
{Appp}, and any modified or unmodified nucleotide cap structure (N-O-5-(HOXOW-O-
(HOYO)P-O-P(HOKO)-0-5Y; S'-monothiophosphate (phosphorothioate, (HOR(S)P-0G-57%; §'-
monodithiophosphate (phosphorodithioate; (HOWHSHSP-(-5Y, 5'-phosphorothiolate
{((HO2(0)P-S8-5"; any additional combination of oxygen/sulfur replaced monophosphate,
diphosphate and triphosphates {e.g. 5-alpha-thiotriphosphate, 5'-gamma-thiotriphosphate, etc.),
5'-phosphoramidates ((HOR{O)P-NH-&', (HO}NHz ) O)P-0G-5, 5'-alkylphosphonates
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{R=alkyl=methyl, ethyl, isopropyl, propyl, etc.,, e.g. RB{OH}O)}-0-5'-, S'-alkenylphosphonates
{i.e. vinyl, substituted vinyl), (OHR{Q)P-5'-CH2-), §'-alkvietherphosphonates
{(R=alkylether=methoxymethyl (MeOCH2-), ethoxymethyl, etc., e.g. REOHO»0-5'-). In one

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

F. Linkers

In soroe ersbodiments, 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 NRB, C{O}, C{O3NH, SO, SO2, SO2NH or a chain of atoms, such as, but not limited te,
substituted or unsubstituted alkyl, substituted or unsubstituted atkenyl, substituted or
unsubstituted alkynyl, arylalkyl, arvialkenyl, arylalkyuyl, heteroarylalioyl, heteroarylatienyl,
heteroarylaikynyl, heterccyelylatkyl, heterocyclylalkenyl, heterocyelylalkynyl, aryl, heteroaryl,
heterocvelyl, eycloalkyl, cycloalkenyl, alkyviarylalkyl, atkylarylatkenyl, alkylarylatkynyl,
alkenylarylatkyl, atkenylaryialkenyl, alkenylarylalkynyl, alkyvnvlarvlalkyl, alkynylarylalkenyl,
alkynylarylatkynyl, alkytheteroarylalkyl, alkylhetercarylalkenyl, alkylheteroarylalkynyi,
alkenviheteroarylalkyl, alkenylheteroarylalkenyl, alkenylheteroarylalkynyl,
alkynytheteroarylalkyl, atkynylheteroarylalkenyl, alkynylheteroarylalkynyl,
alkylheterocyclylalkyi, alkylheterocyclylalkenyl, alkylhererocyelylalkynyl,
alkenylheterocyclylalkyl, alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl,
alkyoylheterocyclylalkyl, alkynylheterocyclyiatkenyl, alkynytheterocyclylatiynyl, alkylaryl,
alkenylaryl, alkynylaryl, alkyiheteroaryi, atkenylheterocaryl, atkynyihereroaryl, which one or
more methylenes can be interrupted or terminated by O, 5, S(0), S0z, N{R3B), C{0), substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyclic; where R8 1s hvdrogen, acyl, aliphatic or substituted aliphatic. In some
embodiments, the Hnker 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 8-16 atoms.

In some embodiments, a dsRNA of the disclosure 1s conjugated to a bivalent or trivalent
branched linker selected from the group of structures shown in any of formula (XXXI) ~
(XXXIVY:
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Formula XXX1 Formula XXX
PZA_QZA_RZ/—\ -——:—-——TZA—LQA PSAM(}?A“ R3A ) TIAL3A
LTA oA
s N ’
Pﬁi_QQBMRZB ‘TKT‘QB'QB })3B“Q3B_R3B E:-B“HTSBBLE
q.;.;J q./
}

pIAQSARSA E T5A_f 5A
P4Am(§4A_’R4A‘ THA | 44 q5 A
A 4A SR B & R 5
q SR8 p 5B 58 1 55
PEOTR 53 s
q
PQ’B*QQB“R"@B'AB T4B 4 48 P5C~Q5C~R5C! T5C_1 5C
q qib
Formula XX Formula XXXIV

ur

wherein:

q2A, q2B, q3A, g3B, gd4A, q4B, gSA, ¢5B and q5C represent independently for each
occurrence 0-20 and wherein the repeating unit can be the same or different;

plA pIB piA piB pid piB pih pSB pSC 24 I8 734 3B THA 4B TIA B PSC 4

16 each independently for each occurrence absent, CO, NH, O, §, OC(G), NHC(O), CHz, CHaNH
or CHa(,

QMO8 O 8 Q% Q% 74, OF (7Y are independently for each cccurrence
absent, alkylene, substituted alkylene wherein one or more methylenes can be interrupted or
terminated by one or more of ©, S, ${0), SO, NRM), C(Ry=CR ™), C=C or C(O);

15 R¥ R R R R R R R® R are each independently for each occurrence

absent, NH, O, 8, CHz, C(0)0, C(OYNH, NHCHRHC(O), -C(O)-CHR)-NH-, O, CH=N-0,

G
O S3
HO 5—3
v N e Y N
H /TN
J‘j‘- \\/ 3 H 9 2 5
&8

N or heterocyclyl;
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LA LI LA L8 A L 1A [ and LC represent the ligand, 7.e. each independently

for each occurrence a monosaccharide (such as GalMNAc), 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 RNAG agents for
5  inhibiting the expression of a target gene, such as those of formula (XXXV):

Formula XXXV

i pSA_ﬁS A__‘RS A THAY BA
R 3A

g
PSB"QSB-R5B l_SB_T5B_L58
q

. piC"QﬁC_R:iC feme TSC 50
qDC

wherein L7, 178 and L represent a monosaccharide, such as GalNAc derivative.
Examples of suitable bivalent and trivalent branched linker groups conjugating GalNAc

10 dertvatives include, but are not limited to, the structures recited above as formulas IL VI, XL X,

and XHI

A cleavable linking group is one which is sufficiently 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 {east about 10 times, 20, times, 30

15 times, 40 times, 50 times, 60 times, 70 times, 80 times, 90 times or more, or at least about 100
times faster in a target cell or under a first reference condition {which can, e.g., be selected to
mimi¢ of represent intracellular conditions) than in the blood of a subject, or under g second
reference condition (which can, e.g., be selected to mimic or represent conditions found in the
blood or serum).

20 Cleavable linking groups are susceptible o 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 for particular substrates or which have no
substrate specificity, including, e.g., oxidative or reductive enzymes or reductive agents such as

25 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 resultin 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 Hinkage group, such as a disuifide bond can be suscepiible to pH. The pH of
human serum is 7.4, while the average intracellular pH is slightly lower, ranging from about 7.1-
7.3. Endosomes have a more acidic pH, in the range of 5.5-6.0, and lysosomes have an even
more acidic pH at arcund 5.0. Some linkers will have a cleavable linking group that is cleaved at
a suitable pH, thereby releasing a cationic liptd from the ligand 1uside the cell, or into the desired
compartment of the cell.

A linker can include a cleavable linking 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 suttability 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 bloed or when in contact with other non-target tissue. 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 ts selected to be indicative of
cleavage in other tissues or biological fluids, 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
animals. It can be useful to make initial evaluations in cell-free or culture conditions and to
coufirm by further evaluations in whole antmals. 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 i the cell {or under in vifro conditions selected to mimic ntracellular conditions) as
compared to blood or serum {or under i vitro conditions selected to mimic extraceliular

conditions).

i. Redox cleavabie linking groups
In some embodiments, a cleavable linking group s a redox cleavable linking group that is
cleaved upon reduction or oxidation. An example of reductively cleavable linking group is a
disulphide linking group (-5-8-). To determine if a candidate cleavable huking group is a

suitable “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 look 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 observed
inacell, eg, atarget cell. The candidates can also be evaluated under conditions which are
selected to mimic blood or serurn 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, 30, 60, 70, 80, 90, or about 100 times faster in the cell {or
under in vifro conditions selected to mimic intracellular conditions) as compared to blood {or
under i vifro conditions selected to mimic extracellular conditions). The rate of cleavage of
candidate compounds can be determined using standard enzyme kinetics assays under conditions
chosen to mimic intracellular media and compared to conditions chosen to mimic extracellular

media.

it. Phosphate-based cleavable linking groups

In some embodiments, a cleavable linker comprises a phosphate-based cleavable linking
group. A phosphate-based cleavabie 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-
P(OYORK)-0-, ~-O-P(SHORK}-O-, -O-P(SHSRE)-O-, -S-POYORK}-O-, -O-P(OHORK})-S~, -8~
P{OYORk)-S-, -O-P(SYORK)-8-, -S-P(S}ORk)-O-, -0-P{O)}Rk)-0-, -O-P(S}Rk)-O-, -8-
PLOYRK)-0-, -S-P(SHRK)-O-, -S-PLOHRK)-S-, ~-O-P(S)( RK)-S-. In some embodiments,
phosphate-based linking groups are -O-F{O}OH)-0-, -O-P(SHOH}-G-, -O0-P(SHSH}-O-, -5-
P(OYOH)-0-, -O-P(OYOH)-5-, -S-P(OHOH)-S-, ~O-P(SYOH)-S-, -8-P(SYOH)-O-, -O-
POYH)-O-, -0-P(SHH}-0O-, -8-P{O)H}-O, -8-P(S}H}-O-, -8-P(O)H}-S-, -O-P(SHH)-8--,
wherein Rk at each occurrence can be, independently, C1-C20 alkyl, C1-C20 haloalkyl, C6-C10
aryt, or C7-C12 aratkvl. In some embodiments, a phosphate-based linking group is -O-
P(OYOH)-O- These candidates can be evaluated using methods analogous to those described

above.
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ii. Acid cleavable linking groups

in some embodiments, a cleavable linker comprises an acid cleavable linking group. An
acid cleavable linking group is 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
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
fysosomes can provide a cleaving environment for acid cleavable linking groups. Examples of
actd cleavable linking groups include but are not limited to hydrazones, esters, and esters of
amino acids. Acid cleavable groups can have the general formula -C=NN-, {0}, or -OC(0).
In some embodiments, the carbon attached to the oxygen of the ester {the alkoxy group)is an
aryl group, substituted alky! group, or tertiary alkyl group such as dimethy! penty! or t-butyl.

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

iv. Fster-based cleavable linking groups
In some ermnbodiments, 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 alkylene, alkenylene 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
amine acids to vield oligopeptides (e.g., dipeptides, tripeptides efc.} and polypeptides. Peptide-
based cieavable groups do not inciude the amide group (-C{O)NH-}. The amide group can be
formed between any alkylene, alkenylene or alkynelene. A peptide bond is a special type of
amide bond formed between amino acids o yield peptides and proteins. The peptide-based

cleavage group is generally limited to the peptide bond (7.¢., the amide bond) formed between
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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(OINHCHREC(0)-, where R* and R¥ are the R groups of the two adjacent amino
acids. These candidates can be evaluated using methaods analogous to those described above.
Representative U.S. patents that teach the preparation of RNA conjugates include, but are not
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: § 414,077,
5,486 603 5,512,439 5,578, 718; 5,608,046, 4,587,044; 4,605,735: 4,667,025 4,762,779;
4,789,737, 4,824,941, 4,835,263; 4,876,335, 4,904,582; 4,958,013, 5,082,830, 5,112,963;
5,214.136; 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 5.317.098: 5,371,241, 5,301,723; 5,416,203, 5,451 463: 5,510.475:
5,512,667, 5,514,785: 5,565.552: 5,567,810 5,574,142; 5,585 481: 5,587.371; 5,595,726:
5.597.696: 5,500.023; 5,509,028 and 5,688 941; 6.294.664; 6,320,017; 6,576,752; 6,783,931

A

6,900,297, 7,037,646, 8,106,022, the entire contents of each of which is herein incorporated by
reference.

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

“Chimeri¢” iIRNA compounds, or “chimeras,” in the context of the present disclosure, are
iRNA 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 Jeast one region wheretn the RNA 1s modified so as to confer
upon the iIRNA increased resistance to nuclease degradation, increased cellular uptake, and/or
increased binding aftinity for the target nucleic acid. An additional region of the iRNA may
serve as a substrate for enzymes capable of cleaving RNADNA or RNARNA hybrids. By way
of example, RNase H 15 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 iIRNA inhibition of gene expression. Consequently, comparable
results can often be obtained with shorter iRNAs when chimeric dsRNAs are used, compared to

phosphorothioate deoxy dsRINAs hybridizing to the same target region. Cleavage of the RNA
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target can be routinely detected by gel elecirophoresis and, if necessary, associated nucleic acid
hybridization techniques known in the art,

in certain instances, the RNA of an iIRNA can be modified by a non-ligand group. A
number of non-ligand molecules have been conjugated to IRNAs in order to enhance the activity,
cellular distrtbution or cellular uptake of the iIRNA, and procedures for performing such
conjugations are available in the scientific literature. Such non-ligand moieties have included
lipid moteties, such as cholesterol (Kubo, T. et af., Biochem. Biophys. Res. Comm., 2007,
365(1).54-61, Letsinger ef adl., Proc. Natl. Acad. Sci. US4, 1989, 86:6553), cholic acid
{(Mancharan ef al , Bioorg. Med. Chem. Lett., 1994, 4:1053), a thioether, e.g., hexyl-S-tritylthiol
{Manoharan ef af, Adnn. N.Y. Acad. Sei., 1992, 660:306; Manoharan ef af., Bioorg. Med. Chem.
Let 1993 3:2765), a thiocholesterol (Oberhauser ef af | Nucl Acids Res., 1992, 20:533), an
aliphatic chain, e.g., dodecandiol or undecyl residues (Saison-Behmoaras ef af | FMBO /., 1991,
10:111; Kabanov ef af FEBS Lett., 1990, 259:327; Svinarchuk ef ol | Biochimie, 1993, 75:49), a
phospholipid, e.g., di-hexadecyl-rac-glycerol or triethvlammonium 1,2-di-O-hexadecyl-rac-
glycero-3-H-phosphonate (Manoharan ef af, Tesrahedron Leit., 1995, 36:3651; Shea ef af., Nuci.
Acids Kes., 1990, 18:3777), a polyamine or a polyethylene glycol chain (Mancharan er of
Nucleosides & Nucleotides, 1995, 14:969), or adamantane acetic acid (Mancharan ef af,,
Tetrahedron Lett, 1995, 36:3651), a palmityl moiety (Mishra ef af |, Biochim. Biophys. Acta,
1995, 1264:229), or an octadecylamine or hexylamino-carbonyl-oxvcholesterol moiety (Crooke
et al., J Pharmacaol 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 amino group 1s 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. Purification of the RNA conjugate by HPLC typically affords the pure conjugate.

V.  Delivery of iRNA
The delivery of an iRNA 1o a subject in need thereof can be achieved in a number of
different ways. fn 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
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indirectly by administering one or more vectors that encode and direct the expression of the

itRNA. These alternatives are discussed further below.

A. Direct defivery

In general, any method of delivering a nucleic acid molecule can be adapted for use with
an iRNA (see e.g, Akhtar S. and Julian RL. (1992) Trends Cell. Biol. 2(5):139-144 and
W(394/02595, which are incorporated herein by reference in their entireties). However, there are
three factors that are important to consider in order to successtully deliver an iRNA molecule in
vivo: {a) biological 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 mimmized by local administration, for example by direct injection or implantation
1010 4 tissue {as a nou-limiting 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 {o systemic tissues that may otherwise be harmed by the agent or that may
degrade the agent, and permits a lower total dose of the iIRNA molecule to be administered.
Several studies have shown successful knockdown of gene products when an iRNA s
administered locally. For example, intraccular delivery of a dsRNA by intravitreal injection in
cynomolgus monkeys {Tolentine, MY | er af (2004) Reting 24:132-138) and subretinal injections
in mice (Reich, 8J., ef of (2003} Mol Vis. 9:210-216) were both shown {o prevent
neovascularization in an experimental model of age-related macular degeneration. In addition,
direct intratumoral injection of 3 dsRNA in mice reduces tumor volume (Pille, I, er o/ (2005)
Mol Ther. 11:267-274) and can prolong survival of tumor-bearing mice (Kim, W1, ef af (2006}
Mol Ther. 14:343-350; L1, S, er af (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 32:249; Tan, PH., ef af (2005) Gene Ther. 12:539-60; Makamura, H., e7 af (2002) BMC
Newrosci, 3:18; Shishkina, GT., ef of (20043 Neuroscience 129:521-328; Thakker, ER ., ef of
(2004} Proc. Natl. Acad. Sci. US4 101:17270-17275; AkanevaY ., ef af (2005} J.
Newrophysiol. 93:594-602) and to the lungs by tntranasal administration (Howard, KA., et o/
{2006} Mol. Ther. 14:476-484; Zhang, X, et af (2004).1. Biol Chem. 279:10677-10684; Bitko,
V., el af (2005) Not. Med. 11:50-55). For administering an iRNA systemically for the treatment

of a disease, the RINA can be modified or alternatively delivered using a drug delivery system;
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both methods act to prevent the rapid degradation of the dsRNA by endo- and exo-nucleases in
Vivo.

Modification of the RNA or the pharmaceutical carrier can also permit targeting of the
iRNA composition to the target tissue and avoid undesirable off-target effects. iIRNA molecules
can be moditied by chemical conjugation to other groups, e.g., a lipid or carbohydrate group as
described herein. Such conjugates can be used to target iIRNA to particular cells, e.g., liver cells,
e.g., hepatocytes. For example, GalNAC conjugates or liptd {e.g.,, LNP) formulations can be used
to target IRNA to particular cells, e.g., liver 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 injected systemically
0to mice and resulted i knockdown of apoB mRINA in both the Hver and jejunum (Soutschek,
1, et af {2004) Nature 432:173-178). Conjugation of an iRNA to an aptamer has been shown to
inhibit tumor growth and mediate tumor regression in & mouse mode! of prostate cancer
{McNamara, JO., ef of (2006) Nat. Biotechnol 24:1005-1015). In an alternative embodiment,
the IRNA can be delivered using drug delivery systems such as a nanoparticle, a dendrimer, a
polymer, liposomes, or a cationic delivery system. Positively charged cationic delivery systems
facilitate binding of an iIRNA molecule (negatively charged) and also enhance interactions at the
negatively charged cell membrane to permit efficient uptake of an IRNA by the cell. Cationic
lipids, dendrimers, or polymers can either be bound to an iIRNA, or induced to form a vesicle or
micelle (see e.g, Kim SH., ef af (2008} Journad of Controlled Release 129(2):107-116) that
encases an iIRNA. The formation of vesicles or micelles further prevents degradation of the
iRNA when administered systemically. Methods for making and administering cationic- IRNA
complexes are well within the abilities of one skilled in the art (see ¢.g., Sorensen, DR, e7 of
{2003) /. Mol Biol 327.761-766; Verma, UN | ef ol (2003) Clin. Cancer Res. 9:1291-1300;
Arnold, AS er of (2007) 1. Hyperfens. 25.197-205, which are incorporated herein by reference in
their entirety). Some non-limiting examples of drug delivery systems useful for systemic
delivery of IRNAs include DOTAP (Sorensen, DR, er af {2003}, supra;, Verma, UN , ef o/
{2003}, supra), Oligofectamine, "solid nucleic acid lipid particles" (Zimmermann, TS, ef of
(2000) Nature 441:111-114), cardiolipin (Chien, PY., ef af (2005) Cancer Gene Ther. 12:321-

328; Pal, A, er al (200%) Int J. Oncol. 26:1087-1091), polyethyleneimine (Bonnet ME., e of
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{2008} Phorm. Res. Aug 10 Epub ahead of print; Aigner, A (20600} ./. Siomed. Bioctechnol.
71659), Arg-Gly-Asp (RGD) peptides (Liu, S. (2006} Mol. Pharm. 3.472-487), and
polyamidoamines {(Tomalia, DA, ef af (2007} Biochem. Soc. Trams. 35:61-67, Yoo, H, et of
(1999} Pharm. Res. 16:1799-1804). In some embodiments, an iRNA forms a complex with
cyclodextrin for systemic administration. Methods for administration and pharmaceutical
compositions of IRNAs and cyclodextrins can be found in U.S. Patent No. 7,427,605, which is

herein 1ncorporated by reference in its entirety.

B. Vector encoded iRNAs

In another aspect, iIRNA targeting CAZ can be expressed from transcription units inserted
into DNA or RNA vectors (see, e.g, Couture, A, ef ol TG, (1996}, 12:5-10; Skillern, A et of ,
international PCT Publication No. WQ 00/22113, Conrad, Intemational PCT Publication No,
WO 0022114, 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 ot 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 (Gassann, ef of., Proc. Natl. Acad. Sci. US4 (1995 92:1292).

The individual strand or strands of an iIRNA can be transcribed from a promoter on an
expression vector. Where two separate strands are to be expressed to generate, for example, 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. Io some emsbodiments, a
dsRNA is expressed as an inverted repeat joined by a linker polynucleotide sequence such that
the dsRINA has a stem and loop 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 iRNA 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 iRNA expressing vectors can be systemic, such as by
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intravenous or intramuscular administration, by administration to target cells ex-planted from the
patient followed by reintroduction into the patient, or by any other means that allows 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 lipid-based carrier {e.g,
Transit-TKO™). Multiple lipid transfections for iRNA-mediated knockdowns targeting
different regions of a target RNA 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 inchude, but are not Hmited to, {a) adenovirus vectors; (b} retrovirus vectors, including but
not limited to lentiviral vectors, moloney murine leukemia virus, efc.; (¢) adeno- associated virys
vectors, (d) herpes simplex virus vectors; {¢) SV40 vectors; (f) polyoma virus vectors;

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

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

Expression of the iRNA can be precisely regulated, for example, by using an inducible

regulatory sequence that is sensitive to certain physiological regulators, e.g., circulating glucose
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levels, or hormones (Bocherty ef af, 1994, FASES .. 8:20-24). Such inducible expression
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-p-D1-thicgalactopyranoside (IPTG). A person skilled in the art
would be able to choose the appropriate regulatory/promoter sequence based on the tntended use
of the tRNA transgene.

In a specific embodiment, vival vectors that contain nucleic acid sequences encoding an
iRNA can be used. For example, a retroviral vector can be used (see Miller ef af | Meih.
Enzymol, 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 caun be found, for example,
in Boesen e ol., Biotherapy 6:291-302 {1994), which describes the use of a retroviral vector to
deliver the mdrl gene to hematopoietic stem cells in order to roake the stem cells more resistant
to chemotherapy. Other references illustrating the use of retroviral vectors in gene therapy are:
Clowes et ol J. Clin. Invest. 93:644-651 (1994); Kiem et 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

n
wh
LR

inchude, for example, the HIV based vectors described in U.S. Patent Nos. 6,143,520, 5,665,
and 5,981,276, which are herein incorporated by reference.

Adenoviruses are also contemplated for use in delivery of iRNAs, Adenoviruses are
especially attractive vehicles, e.g., for delivering genes fo 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 infecting non-dividing cells.
Kozarsky and Wilson, Current Opinion in Genetics and Development 3.499-503 (1993 ) present
a review of adenovirus-based gene therapy. Bout ef af | Human Gene Therapy §5:3-10 (1994}
demonstrated the use of adenovirus vectors to transfer genes 1o the respiratory epithelia of rhesus
monkeys. Other instances of the use of adencoviruses in gene therapy can be found in Rosenfeld
et al, Science 252:431-434 (1991); Rosenfeld ef af , Cefi 68:143-155 (1992); Mastrangeli ef o/,

. Clin, Invest. 91:225-234 (1993), PCT Publication W(O94/12649; and Wang, ef al., Gene
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Therapy 2.775-783 (1995). A suitable AV vector for expressing an iRNA featured in the
disclosure, a method for constructing the recombinant AV vector, and a method for delivering
the vector into target cells, are described in Xia H et af. (2002), Nat. Siofech. 20: 1006-1610.

Use of Adenc-associated virus (AAV) vectors is also contemplated (Walsh er o/, Proc.
Soc. Fxp. Biol Med. 204:289-300 (1993}, U8, Pat. No. 5,436,146). In some embodiments, the
iRNA can be expressed as two separate, complementary single-stranded RINA molecules from a
recombinant AAYV vector having, for example, either the U6 or HI RNA promoters, or the
cytomegalovirus (CMV) promoter. Suitable AAV vectors for expressing the dsRNA featured in
the disclosure, methods for constructing the recombinant AV vector, and methods for delivering
the vectors into target cells are described in Samulski R ef af. (1987), /. Viral. 61:3096-3101;
Fisher K Fetaf (1996), J. Virol., 70: 520-532; Samulski R ef e/ (1989), J. Virol 63: 3822-3826;
UK Pat No. 5,252,479, U8, 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 is a pox virus such as a vaccinia virus, for example an
attenuated vaccinia such as Modified Virug 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 antigens 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 (VSYV), rabies, Ebola, Mokola, and the like. AAY vectors can be
made to target different cells by engineering the vectors to express different capsid protein
serotypes; see, e.g., Rabinowitz § E er ol (20023, .7 Viral 76:791-801, the entire disclosure of
which is herein incorporated by reference.,

The pharmaceutical preparation of a vector can include the vector n an acceptable
diluent, or can include a siow release mairix in 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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¥Yi. Pharmaceutical compositions containing iIRNA

In some embodiments, the disclosure provides pharmaceutical compositions containing
an iRNA, as described herein, and a pharmaceutically acceptable carrier. The pharmaceutical
composition containing the IRNA is useful for treating a disease or disorder related to the
expression or activity of CAZ (e.g., glaucoma or conditions associated with glaucoma). Such
pharmaceutical compositions are formulated based on the mode of delivery. In some
embodiments, compositions can be formulated for localized delivery, e.g., by wntraocular
delivery {e.g, intravitreal administration, e g, intravitreal injection; transscleral adminisiration,
e.g., transscleral injection; subconjunctival administration, e.g., subconjunctival injection;
retrobulbar adminisiration, e.g., retrobulbar injection; intracameral administration, e.g.,
intracameral injection; or subretinal administration, e.g, subretinal injection). In other
embodiments, compositions can be formulated for topical delivery. In another example,
compositions can be formulated for systemic administration via parenteral delivery, e.g, by
intravenous (IV) delivery. Tn some embodirnents, 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 inhibit expression of CA2. In general, a suitable dose of IRNA will be in the range of 0.01 to
200.0 milligrams per kifogram 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 throngh a controlled release formulation. In that case, the iRNA contained in each
sub-dose rust be correspondingly sroaller in order to achieve the total datly 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 effect of a single dose on CAZ2 levels can be long lasting, such that subsequent doses
are administered at not more than 3, 4, or 5-day intervals, or at not more than 1, 2, 3, 4, 12, 24, or

36-week intervals.
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The skilled artisan will appreciate that certain factors may influence the dosage and
timing required 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, treatment of a subject with a therapeutically effective amount of a
composttion can include a single treatrent or a series of treatments. Estimates of effective
dosages and i vivo half-lives for the individual tRNAs encompassed by the disclosure can be
made using conventional methodologies or on the basis of in vive testing using a suitable animal
model.

A suitable animoal model, e.g, a mouse or a cynomolgus monkey, e.g., an animal
containing a transgene expressing human CAZ2, can be used to determine the therapeutically
effective dose and/or an effective dosage regimen administration of CA2 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
treatment is desired and upon the area to be treated. Administration may be local (e.g., by
intraocular injection), topical {e.g,, by an eye drop solution), or parenteral. Parenteral
administration includes intravenous, intraarterial, subcutancous, intraperitoneal of intramuscular
injection or infusion; subdermal, e.g,, via an implanted device; or infracranial, e.g., by
intraparenchymal, intrathecal, or intraventricular administration.

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

complexes thereto, in particular to cationic liposomes. Alternatively, iRNAs may be complexed
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to lipids, i particular to cationic lipids. Suitable fatty acids and esters include but are not limited
to arachidonic acid, oleic acid, eicosanoic acid, lauric acid, caprylic actd, capric acid, myristic
acid, palmitic acid, stearic acid, Hinoleic acid, linolenic acid, dicaprate, tricapraie, monoolein,
dilaurin, glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine, an
acylcholine, or a Ciae alkyl ester {e.g.. isopropylmyristate IPM), monoglyceride, diglyceride ot
pharmaceutically acceptable salt thereof. Topical formulations are described in detail in U.S.

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

A, Liposomal 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 presert
disclosure, the term "liposome” means & vesicle composed of amphiphilic lipids arranged in a
spherical bilayer or bilayers.

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

In order to traverse tntact maromalian skin, lipid vesicles must pass through a series of
fing pores, each with a diameter less than 50 nm, under the influence of a suitable transdermal
gradient. Therefore, it is desirable to use a liposome which 1s highly deformable and able to pass
through such fine pores.

Further advantages of liposomes include; liposomes obtained from natural phospholipids
are biocompatible and biodegradable; liposomes can incorporate a wide range of water and lipid
soluble drugs; hposomes can protect encapsulated drugs in their internal compartments from
metabolism and degradation (Rosoft, in Plarmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y | volume 1, p. 245). Important
cousiderations in the preparation of Hiposome 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 similar to biological membranes, when
liposomes are applied to a tissue, the liposomes start fo mearge with the cellular membranes and
as the merging of the liposome and cell progresses, the liposomal contents are emptied into the
cetl where the active agent may act.

Liposomal formulations have been the focus of extensive investigation as the mode of
delivery for many drugs. There s growing evidence that Tor topical admimstration, liposomes
present several advantages over other formulations. Such advantages include reduced side-
effects related to high systemic absorption of the administered 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 tncluding high-
molecular weight DNA into the skin. Compounds including analgesics, antibodies, hormones
and high-molecular weight DNAs have been adminisiered o the skin. The majority of
applications resuited in the targeting of the upper epidermis

Liposomes fall into two broad classes. Cationic liposomes are positively charged
fiposomes which interact with the negatively charged DNA molecules to form a stable complex.
The positively charged DNA/liposome complex binds to the negatively charged cell surface and
is internalized in an endosome. Due 1o the acidic pH within the endosome, the liposomes are
ruptured, releasing their contents into the cell cytoplasm (Wang ef af | Biochem. Biophys. Kes.
Conmun., 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 is entrapped within the aqueous interior of
these liposomes. pH-sensitive 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 (Lhou ef of , Jowrnal of Controfled Refease, 1992, 19, 269-274).

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

liposome compositions generally are formed from dimyristoyl phosphatidyiglycerol, while
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anionic fusogenic liposomes are formed primarily from dioleoy! phosphatidylethanolamine
{DOPE). Another type of liposomal composition is formed from phosphatidylcholine (PC) such
as, for example, soybean PC, and egg PC. Another type i3 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 gninea pig skin resulted in a reduction of
skin herpes sores while delivery of interferon via other means {e.g., a3 a solution or as an
emulsion} were ineffective (Weiner ef al., Journal of Drug Targeting, 1992, 2, 405-410).
Further, an additional study tested the efficacy of interferon administered as part of a fiposomal
formulation fo the administration of interferon using an aqueous system, and concluded that the

liposomal formulation was superior to aqueous administration (du Plessis et af., Antiviral

Research, 1992, 18, 259-265).

Non-ionic 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
dilaurate/cholesterol/polyoxyethylene-10-stearyl ether) and Novasome™ H {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 e7 af.
STP. Pharma. Sci., 1994, 4, 6, 466).

Liposores also include “sterically stabilized” liposomes, a term which, as used herein,
refers to liposomes comprising one or more specialized lipids that, when incorporated into
Hiposomes, result in enhanced circulation ifetimes relative to Hiposomes lacking such specialized
lipids. Examples of sterically stabilized liposomes are those in which part of the vesicle-forming
lipid portion of the liposome (A} comprises one or more glycolipids, such as
monosialoganglioside O, or (B} is derivatized with one or more hydrophilic polymers, such as
a polyethylene glycol (PEG) motety. While not wishing to be bound by any particular theory, it
is thought 1n 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 et al., FEBS Letters, 1987, 223, 42, Wu ef al., Cancer Research, 1993, 53, 3705).
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Yarious liposomes comprising one or more glycolipids are known in the art.
Papshadjopoulos et of. (4nw. NV, Acad Sci., 1987, 507, 64) reported the ability of
monosialoganglioside Gan, galactocerebroside sulfate and phosphatidylinositol to improve blood
half-lives of liposomes. These findings were expounded upon by Gabizon ef af. (Proc. Natl.
Acad. Sci. ULS.A. 1988, 8S, 6949). US Pat. No. 4,837,028 and WO 88/04924, both to Allen e/
af. | disclose liposomes comprising (1) sphingomyelin and (2) the ganglioside Gm or a
galactocerehroside sulfate ester. U.S. Pat. No. 5,543,152 (Webb ef af.) discloses Hiposomes
comprising sphingomyelin. Liposomes comprising 1,2-sn-dimyristoylphosphatidylcholine are
disclosed in WO 97/13499 (Lim 7 of).

Many liposomes comprising lipids derivatized with one or more hydrophilic polymers,
and methods of preparation thereof, are known in the art. Sunamoto ef af (Bull. Chem. Soc.
Jpn., 1980, 53, 2778) descnibed liposomes corprising a nonionic detergent, 2Ci1s6, that
contains a PEG motety. Hlum er aof (FEBS Lett., 1984, 167, 79) noted that hydrophilic coating
of polystyrene particles with polymeric glycols results in significantly enhanced blood half-tives.
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, 208, 235} described experiments demonstrating that liposomes
comprising phosphatidylethanolamine (PE) derivatized with PEG or PEG stearate have
significant increases in blood circulation half-lives. Blume ef &/, (Biochimica ef Biophysica Acta,
1990, 1029, 91) extended such observations to other PEG-derivatized phospholipids, e.g,, DSPE-
PEG, formed from the combination of distearoylpbosphatidylethanolamine (DSPE) and PEG.
Liposomes having covalently bound PEG moieties on their external surface are described in
European Patent No. EP 0445 131 Bl and W0 90/04384 to Fisher. Liposome compositions
containing 1-20 mole percent of PE derivatized with PEG, and methods of use thereof, are
described by Woodle ef of (U.S. Pat. Nos. 5,013,556 and 5,356,633 ) and Martin ef o/ (U.S. Pat.
No. 5,213,804 and European Patent No, EP 0 496 813 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 ol ) and in WO 94/20073 (Zalipsky er ol ). Liposomes comprising PEG-modified
ceramide lipids are described in WO 96/10391 (Chot ez &f). 1.8 Pat. No. 5,540,935 (Miyazaki ef
al yand U.S. Pat. No. 5,556,948 (Tagawa ef af ) describe PEG-containing liposomes that can be

further derivatized with functional moieties on their surfaces.
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A number of liposomes comprising nucleic acids are known in the art. W0 96/40062 to
Thierry ef af. discloses methods for encapsulating high molecular weight nucleic acids in
fiposomes. U.S. Pat. No. 5,264,221 to Tagawa ef o/, discloses protein-bonded liposomes and
asserts that the contents of such liposomes may include a dsRNA. U Pat. No. 5,665,710 to
Rahman ef af. describes certain methods of encapsulating oligodeoxynucleotides in liposomes.
WO 97/04787 to Love ef ol discloses liposomes comprising dsRNAs targeted to the raf gene.

Transfersomes are yet another type of liposornes, and are highly deformable lipid
aggregates which are attractive candidates for drug delivery vehicles. Transfersomes may be
described as lipid droplets which are so highly deformable that they are easily able to penetrate
through pores which are smaller than the droplet. Transfersomes are adaptable to the
environment in which they are used, e.g, they are self-optimizing (adaptive to the shape of pores
1o the skin), self-repairing, frequently reach their targets without fragmenting, and often self-
foading. To make transfersomes it is possible to add surface edge-activators, usually surfactants,
to a standard liposomal composition. Transfersomes have been used to deliver serum atbumin 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 Hiposomes. The most common way of classifving and ranking the
properties of the many different types of surfactants, both natural and syathetic, is by the use of
the hydrophile/lipophile balance (HLB). The nature of the hydrophilic group {also known 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, N.Y
1988, p. 285).

If the surfactant molecule is not ionized, it is classified 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. Nonionic surfactants include nontonic esters such as ethylene glyeol esters,
propylene glycol esters, glyceryl esters, polyglyceryl esters, sorbitan esters, sucrose esters, and
ethoxylated esters. Nonionic alkanolamides and ethers such as fatty alcohol ethoxylates,

propoxylated alcohols, and ethoxylated/propoxylated block polyrers 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 3 negative charge when it is dissolved or dispersed in
water, the surfactant is classified as anionic. Anionic surfactants include carboxylates such as
soaps, acy! lactylates, acyl amides of amino acids, esters of sulfuric acid such as alkyl sulfates
and ethoxylated alkyl sulfates, sulfonates such as atkyl benzene sulfonates, acyl isethionates,
acyl taurates and suifosuccinates, and phosphates. The most important members of the anionic
surfactant class are the alky! sulfates and the soaps.

If the surfactant molecule carries a positive charge when it is dissolved or dispersed in
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 surfactants include acrvlic acid derivatives,
substituted altkylamides, 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 erabodiments, a CAZ dsRNA featured in the disclosure is fully encapsulated in
the lipid formulation, 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 useful for systemic applications, as they exhibit extended circulation lifetimes
following intravenous (1.v.) mjection and accumulate at distal sites {e.g., sites physically
separated from the administration site). SPLPs inciude “pSPLP,” which include an encapsulated
condensing agent-nucleic 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 sofution 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 96/40964.

In some embodiments, the lipid to drug ratio (mass/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 2511, 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-disteary!-N,N-dimethylammontum bromide (BDAB), NI -(2,3-
dioleoyloxy)propyl }-N,N,N-trimethylammonium chloride (DOTAP), N-(1-(2,3-
dioteyloxy)propyl)-N. N N-trimethylammonium chloride (DOTMA), N N-dimethyl-2 3-
dioleyloxypropylamine (DODMA), 1,2-DiLinoleylogy-N, N-dimethylaminopropane
{DLinDBMA}, 1 2-Dilinolenyloxy-N,N-dimethylaminopropane (DLenDMA), 1,2~
Dilinoleylcarbamoyioxy-3-dimethylaminopropane (DLin-C-DAP), 1.2-Dilinoleyoxy-3-
{dimethylaminojacetoxypropane {(DLin-DAC), 1,2-Dilinoleyoxy-3-morpholinopropane (DLin-
MA), 1,2-Dilinoleoyl-3-dimethylaminopropane (DLinDAP), 1,2-Dilinoleylthio-3-
dimethylaminopropane {DLin-S-DMA), I-Linoleoyl-2-linoleyloxy-3-dimethylaminopropane
{DLin-2-DMAP), 1,2-Dilinoleyloxy-3-tnmethylaminopropane chloride salt (DLin-TMA.C1),
1,2-Dilinoleoyl-3-trimethylaminopropane chloride salt (BLin-TAP.CH), 1,2-Dilinoleyioxy-3-{N-
methylpiperazinojpropane (DLin-MPZ), or 3-(N N-Dilinoleylamino)- 1 2-propanediol (DLinAP),
3-(N N-Dioleylamino)-1,2-propanedio (DOAP), 1,2-Dilinoleylogo-3-(2-NN-
dimethylamino jethoxypropane {DLin-EG-DMA}, 1,2-Dilinolenyloxy-N, N-
dimethylaminopropane (DLinDMA), 2,2-Dilinoleyl-4-dimethylaminomethyl-{ 1,3 }-dioxolane
{DLin-K-DMA) or analogs thereof, (3aR,5s,6a8)-N,N-dimethyi-2,2-di((9Z, 127 }-octadeca-9,12-
dienybitetrahydro-3aH-cyclopentald][ 1.3 ]dioxol-5-amine (ALN100), (62,927,282 312)-
heptatriaconta-0,9,28 31-tetraen-19-vl 4-(dimethviaminobutanoate (MC3), 1,1-(2-(4-{2-((2-
{(bis(2-hydroxydodecyhaminojethyl ) 2-hydroxydodecyljamino)ethypiperazin-1-
yl)ethylazanediyljdidodecan-2-ol (Tech (31}, or a mixture thereof. The cattonic lipid may
comprise from about 20 mol % to about 50 maol % or about 40 mol % of the total lipid present in

the particle.
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In some embodiments, the compound 2,2-Dilinoleyl-4-dimethylaminoethyl-{1,3}-
dioxolane can be used to prepare lipid-siRNA nanoparticles. Synthesis of 2,2-Dilinoleyl-4-
dimethylaminoethyl-[1,3}-dioxclane 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-Dilinoleyi-4-
dimethviaminoethyl-[1,3}-dioxolane: 10% DSPC: 40% Cholesterol: 10% PEG-C-DOMG (mole
percent) with a particle size of 63.0 + 20 nm and 2 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), dioleoyiphosphatidylcholine (DOPC),
dipalmitoyiphosphatidylcholine (DPPC), dioleoylphosphatidyiglycerol (DOPG),
dipalmitoylphosphatidylglycerol (DPPG), dioleoyl-phosphatidvlethanolamine (DOPE),
palmitoyloleoylphosphatidylcholine (POPC), palmitoyloleoyiphosphatidylethanolamine (POPE),
dioleovl- phosphatidylethanolamine 4-(N-maleimidomethylj-cyclohexane-I- carboxylate (DOPE-
mal}, dipalmitoyl phosphatidyl ethanolamine (DPPE), diroyristoylphosphoethanolamine
{DMPE), distearoyl-phosphatidyi-ethanolamine (DSPE), 16-O-monomethyl FE, 16-O-dimethyl
PE, 18-1 -trans PE, I -stearoyl-2-oleoyl- phosphatidyethanolamine (SOPE), cholesterol, or a
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 pid present in the particle.

The conjugated lipid that inhibits aggregation of particles may be, for example, a
polyethyleneglycol (PEG)-lipid including, without imitation, s PEG-diacylglycerol (DAG), a
PEG-dialkyloxypropyl {(DAA), a PEG-phospholipid, a PEG-ceramide (Cer}, or a mixture thereof.
The PEG-DAA conjugate may be, for example, a PEG-dilauryloxypropyl (Ciz), a PEG-
dimyristyloxypropyl {Cus), a PEG-dipalmityloxypropyl (Cie), or a PEG- distearvioxypropyl
{Cle). 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 fuwther includes cholesterol af, e.g.,
about 10 mol % to about 60 mol % or about 48 mol % of the total lipid present in the particle.

In some embodiments, the iRNA is formulated in a lipid nanoparticle (LNP}.
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NP0

In some embodiments, the lipidoid NDO8-4HCT (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 lipid-dsRNA
nanoparticles (e.g, LNPOT particles). Stock solutions of each in ethanol can be prepared as
follows: ND98, 133 mg/ml; Cholesterol, 25 mg/ml, PEG-Ceramide €16, 100 mg/ml. The ND9g,
Cholesterol, and PEG-Ceramide C16 stock solutions can then be combined in g, e.g., 42:48:10
molar ratio. The combined lipid solution can be mixed with aquecus dsRNA (e.g, in sodium
acetate pH 3) such that the final ethanol concentration is about 35-45% and the final sodium
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 nro cut-off)
using, for example, a thermobarrel extruder, such as Lipex Extruder (Northern Lipids, Inc). In
some cases, the extrusion step can be omitted. Ethanol removal and simultaneous buffer
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
S N e N N

o H H
/W%MN/J\/\N/\/N\/\M/\MNV”\H/NN/\\N\/\/\\/'
Q

M’A\f\/\w/\t\j 0 oy NW\VW/\
H H
NDS§ isomer |

Formula 1

ENPOT formulations are described, e.g, tn International Application Publication
No. WO 2008/042973, which is hereby incorporated by reference.

Additional exemplary lipid-dsRNA formulations are provided in the following Table 1.
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Table 1: Exemplary lipid formulations

cationic lipid/non-cationic
Cationic Lipid tipid/cholesterol/PEG-lipid conjugate
Lipid:siRNA ratio
DLinDMA/DPPC/Cholesterol/PEG-
1.2-Bilinolenyloxy-N,N- cBMA
dimethylaminopropane (DLinDMA) (S7T.17.1/34.4/1.4)
IipidisiBNA ~ 721
XTC/DPPC/Cholesterol/PEG-cDMA
2.2-Dilinoleyi-4-dimethylamincethvl-
5-XTC . B STHTEE44/14
{1,3]-dioxolane (XTC) o
hipidisiRNA ~ 711
. ) ) XTCMSPC/Cholesterel PEG-DMG
2.2-Dilinolevi-d-dimethylaminoethyl- .
LNPGS ) 57575315135
{1,3}-dioxolane (XTC) o
Hiptd:siRNA ~6:]
. ) i XTC/DSPC/Cholestero/PEG-DMG
] 2.2-Dilinolevi-4-dimethylaminoethyl-
ENPGE | 57.5/7.5/31.5/3.5
{1.3]-dioxolane (XTC)
Hipid:siRNA ~ [1:1
XTCDSPC/ Cholesterol/PEG-DMG
60/7.5/38/1.5,
lipid:siRNA ~6:1
. ) : XTC/DSPC/Cholesterol/FEG-DMG
2.2-Drlinoley i-4-dimethylaminoethyl-
LNPOS N ) G0/7.5/38/1.5,
{1,3]-dioxolane (XTC} o
bipidisiRNA ~ 111
. ) i XTC/DSPC/Cholesterol/PEG-DMG
2.2-Dilinoleyi-4-dinmethylaminocetivil-

LNPGO ‘ S0/10/38.5/1.5
{1,3}-dioxolane (XTC)
Lipid:siRNA 10:1

SNALP

2.2-Dilinoleyi-4-dimethylaminoethyl-
{1.3]-dioxclane (XTC)

LNPO

g

{3aR.55,6a8)-N, N-dimethy]-2,2-

d{(92,122)octadeca-9,12~ ALNTOO/DSPC/ CholesteroV PEG-BMG
LNPIO | dicayDictratydro-3aH- 50/10/38.5/1.5

cvclopentad]f1,3dioxol-5-amine Lipid:siRNA 1011

{ALNI(0)

(62,92 287 31Z)-heplatriaconta- MC-3/BSPC/CholesteroPEG-DMG
LNPID | 6,928 3 -tctracn-19-yE 4~ 50/10/38.5/1.5

{(duncthylaoino)butanoate (ML3) LipidsiRNA 13:1
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LNP12

(2422 -(bis(2-

hydroxydodacy Damino)ethy1}2-
hydroxydodecy Gamino)ethy piperazin.
L-vhethylazagediyhdidodecan-2-0l
(C12-2000

C12-200/D3PC/Cholesterol PEG-DMG
50/10/38.5/1.5
LipidisiRNA 101

LNP13

XTC

XTC/DSPC/Chol/PEG-DMG
S0/10/38.5/1.5
Lipid:siRNA: 3311

LNPI4

MC3

MC3/DSPC/Chol/PEG-DMG
40/15/40/5
Lipid:siRNA: i1:1

LNPIS

M3

MC3/DSPC/IChol/PEG-DSG/GalNAc-
FEG-DSG

50/10/35/4.510.5

LipidisiRNA: 1111

LNP16

M3

MC3/DSPC/Chol/PEG-DMG
50/16/38.5/1.5

Lipid:siRNA: 7:1

LNP{7

MC3

MC3/DSPC/Chol/PEG-DRG
50/10/38.5/1.5
Lipid:siRNA: 1001

ENP1S

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

LNPI9

MC3

MC3/DEPC/IChol/PEG-DMG
50/10/35/5
Lipid:siRNA: 8:1

LNP20

MC3

MC3/DSPC/IChol/PEG-DPG
50/16/38.5/1.5
Lipid:siRNA: 10:1

LNP21

{12-200

C12-200/D3PC/Chol PEG-BSG
50/16/38.8/1.5
LipidsiBNA: 711

LNP22

XTC

XTC/DSPC/Chol/PEG-DSG
50/10/38.5/1.5
Lipid:siRNA: 1001

137

SUBSTITUTE SHEET (RULE 26)




10

15

WO 2022/251629 PCT/US2022/031337

DEPC: distearoyiphosphatidyicholine
DPPC: dipalmitoylphosphatidyicholine

PEG-DMG: PEG-didimyristoy] glycerol ({C14-PEG, or PEG-C14} (PEG with avg mol wt of
2000}
PEG-DSG: PEG-distyryl glyeerol (CI3-PEG, or PEG-C18) (PEG with avg mol wi of 2000)

PEG-cDMA: PEG-carbamoyl-1, 2-dimyristyloxypropylamine (PEG with avg mol wt of 2000}

SNALP (1.2-Bilinolenyloxy-IN,N-dimethylaminopropane (BLinDMA )} comprising
formulations are described in International Publication No. W(2009/127060, filed April 15,
2009, which is hereby incorporated by reference.

XTC comprising formulations are described, e.g., in U.S. Provisional Serial No.
651/148,366, filed January 29, 2009; U.S. 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.
61/228,373, filed July 24, 2009, U.S. Provisional Serial No. 61/239,686, filed September 3,
2009, and International Application No, PCT/US2010/022614, filed 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 forroulations are described, e.g, International patent application
number PCT/US09/63933, filed on Novenmber 10, 2009, which is hereby incorporated by
reference.

C12-200 comprising formulations 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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C. Synthesis of cationic lipids

Any of the compounds, e.g., cationic Hipids and the like, used in the nucleic acid-lipid
particles featured in the disclosure may be prepared by known organic synthesis technigques. All
substituents are as defined below unless 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
alkyls include methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, and the like; while saturated
branched alkyls include isopropyl, sec-butyl, 1sobutyl, fers-butyl, isopentyl, and the like.
Representative saturated cyclic alkyls include eyclopropyl, eyclobutyl, cyclopentyl, cyclohexyl,
and the like; while unsaturated cyclic alkyls 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 altkenyls tnclude ethylenyl, propylenyl, I-butenyl, 2-butenyl, isobutylenyl, 1-
pentenyl, 2-pentenyl, 3-methyl-1-butenyl, Z-methyl-2-butenyl, 2,3-dimethyl-2-butenyl, and the
like.

“Alkyayl” means any alky! or altkenyl, 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-butynvl, 1-pentynyl, Z-pentynyl, 3-methyl-1
butynyl, and the like.

“Acyl” means any atkyl, alkenyl, or alkynyl wherein the carbon at the point of attachruent
is substituted with an oxo group, as defined below. For example, -C(=0lalkyl, -C(=0alkenyl,
and ~C{=Olalkynyl are acyl groups.

“Heterocycle” means a 3- to 7-membered monocyclic, or 7- 1o 10-membered bicyclic,
heterocychic ring which is erther saturated, unsaturated, or aromatic, and which contains from 1
or 2 heteroatoms independently selected from nitrogen, oxygen and sulfur, and wherein the
nitrogen and sulfur heteroatoms may be optionally oxidized, and the nitrogen heteroatom may 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 atom.
Heterocycles include heteroaryls as defined below. Heterocycles include morpholinyl,

pyrrolidinonyl, pyrrolidinyl, piperidinyl, piperizynyl, hydantoinyl, valerolactamyl, oxiranyl,
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oxetanyl, tetrahydrofuranyl, tetrahydsopyranyt, tetrahydropyridinyl, tetrahydroprimidinyl,
tetrahydrothiophenyl, tetrahydrothiopyranyl, tetrahydropyrimidinyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, and the like.

The terms “optionally substituted alkyl”, “optionally substituted alkeny!”, “optionally
substituted alkynyl”, “optionally substituted acyl”, and “optionally substituted heterocycle”
means that, when substituted, at least one hydrogen atom is replaced with a substituent. In the
case of an oxo substituent (=3} two hydrogen atoms are replaced. In this regard, substitnents
include oxo, halogen, heterocycle, -CN, -

ORY, -NR'RY, -NR*C(=0)RY -NR'SO:R?, -C{(=0)R", -C{(=0)0R", -C{(=0)NR'R, -SO.R*

and -SOuNR*RY, whereinn is 0, 1 or 2, R* and R are the same or different and independently
hydrogen, alkvl or heterccycle, and each of said alkyl and heterocycle substituents may be
further substituted with one or more of oxo, halogen, -OH, -CN, alkyl, -OR,

heterocycle, -NRRY -NR*C(=0)RY -NR*SO:RY, -C(=0R* -C(=0)ORY, -C(=INR'RY, -SOR"
and -SOuNR*RY.

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

In some ermbodiments, 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, T.W. 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” 1s used. An “alcohol protecting group™ s any group which decreases
or eliminates unwanted reactivity of an alcohol functional group. Protecting groups can be

added and removed using techriques well known in the art.

Synthests 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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R;

&

A
N’-"R‘g

/—J
Qﬁ"ﬂb
R “-/K\ R 7

where R1 and R2 are independently alkyl, alkeny! or alkynyl. each can be optionally substitnted,

5

and R3 and R4 are independently lower alkyl 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-dimcthylaminocthyl-{1.3]-dioxolane). In general, the lipid of formula A above may
be made by the following Reaction Schemes 1 or 2, wherein all substifuents are as defined above

unless indicated otherwise.

Scheme 1

Br
Qo .y
2 \OH o K NHRR?
- ) 4
Lan e
R/: 7l R

/ R

N _ 5
R e [
8 R377*
Rt R X o R
o %\RZ
(9]

Formula A

Lipid A, where Ry and Rz are independently alkyl, alkenyvl or alkyayl, each can be
opticnally substituted, and Rs and Ry are independently lower alkyl or Rz and Ry 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 vields ketal 3. Treatment of ketal 3 with

amine 4 yields lipids of formula A. The lipids of formula A can be converted to the
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corresponding ammoninm salt with an organic salt of formula 3, where X is anton counter ion
selected from halogen, hydroxide, phosphate, sulfate, or the like.

Scheme 2

B?‘MQWR'E + RQ"CN --——-H---——-----"-a- Q:(RZ
Ry
¥
v Ry
5
N"’“‘"R4

e
Ry Ry
Alternatively, the ketone 1 starting matenial can be prepared according to Scheme 2.
Urignard reagent 6 and cyanide 7 can be purchased or prepared according to methods known o
those of ordinary skill in the art. Reaction of 6 and 7 yields ketone 1. Conversion of ketene 1 to

the comresponding lipids of formula A is as described in Scheme 1

Syuthesis of MC3:

Preparation of DLin-M-C3-DMA (i.e., (62,92,287,31)-heptatriaconta-6.9,28,31-
tetracn-19-y1 d-(dimethylamino)Ybutanoate) was as follows. A solution of {(67,97,287,312)-
heptatriaconta-6,9,28,31-tetraen-19-01 {0.533 ¢), 4-N N-dimethylaminobutyric acid hydrochloride
(0.51 gJ, 4-N,N-dimethylaminopyridine (0.61g) and 1-ethyl-3-(3-
dimethylaminopropylearbodiimide hydrochloride (8.53 g) in dichloromethane (5 mL) was
stirred at room temperature overnight, The solution was washed with dilute hydrochloric acid
followed by dilute agueons sodium hicarbonate. The organic fractions were dried over
anhydrous magnesium sulphate, filtered and the solvent removed on a rotovap. The residue was

passed down a stlica gel columm (20 g) using a 1-5% wethanol/dichloromethane elution gradient.
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Fractions containing the purified product were combined and the solvent removed, yielding 2

colorless otl {0.54 g).

Synthesis of ALNY-100:

5 Syuthesis of ketal 519 [ALNY-100} was performed using the following scheme 3:
NHZoc NiMe NCuzMe

Coz-08u, NEf;

i
LAH 1
________} p—
848

514 516

NMG, 0sC4

NCbzMe ’:}NCbZE\I‘:e
H-:_‘ng i HO@
OH
OH
174
5178 5
PTSA

o — —

e ChS -
LAH, 1M THF
0
I PN N
o
818
NN

Synthesis of 515:
To a stitred suspension of LiAlH4 (3.74 ¢, 0.09852 mol} in 200 ml anhydrous THF in a

10 twoneck RBF (1L}, was added a solution of 514 (10g, (.04926mol) in 70 mL of THF slowly at §
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0C under nitrogen atmosphere. After complete addition, reaction mixture was warmed to room
temperature 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 cocled to 0 0C and quenched with
careful addition of saturated Na2804 solution. Reaction mixture was stirred for 4 h at room
temperatore and filtered off. Restdue 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 hydrochlonde
salt of 15 as a white solid. Yield: 7.12 g TH-NMR (BMSQ, 400MHz}: 6= 9.34 (broad, 2H},
5.68 (5, 2H), 3.74 (m, 1H), 2.66-2.60 (m, 2H}), 2.50-2.45 (m, 5H).

Synthesis of S16:

To a stirred solution of compound 515 in 100 mL dry DCM in 4 250 mL two neck RBF,
was added NE3 (37.2 mL, 0.2669 mol) and cooled to ¢ OC under mitrogen atmosphere. After a
stow addition of N-(benzyloxy-carbonyloxy}-succinimide (20 g, 0.08007 mol) in 50 mL dry
DCM, reaction mixture was allowed to warm to room temperature. After completion of the
reaction {2-3 h by TLC) mixture was washed successively with IN HC solution (1 x 100 mL)
and saturated NaHCO3 solution (1 x 50 mL). The organic laver was then dried over anhyd.
Na2504 and the solvent was evaporated to give crude material which was purified by silica gel
column chromatography to get S16 as sticky mass. Yield: 131g (89%). TH-NMR (CD{13,
400MHz): & = 7.36-7.27(m, SH), 5.69 (s, 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%),

Syuthesis of 517A and 5178:

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 RBF and to it was added N-methyl morpholine-N-
oxide (7.6 g, 0.06492 mol) followed by 4.2 mL of 7.6% solution of (s(4 (0.275 g, ¢.00108 mol)
in tert-butanol at roows temperature. After completion of the reaction (~ 3 h), the mixture was
quenched with addition of solid Na2803 and resulting mixture was stirred for 1.5 h at room
temperature. Reaction mixture was diluted with DCM (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 (1x 50 mL}. Organic phase was dried over an.Na2804 and solvent was removed in
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vacuum. Silica gel column chromatographic purification of the crude material was afforded a
mixture of diastereomers, which were separated by prep HPLC. Yield: - 6 g crude

S17A - Peak-1 {white solid), 5.13 g (96%). 1H-NMR (DMSO, 400MHz): &= 7.39-
7.3 m, $H), 5.04(s, 2H), 4.78-4.73 (m, 1H), 448-4.47(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 +]-283 5 present, HPLL-97 86%.

Stereochemistry confirmed by X-ray.

Synthesis of S18:

Using a procedure analogous to that described for the synthesis of compound 503,
compound 518 (1.2 g, 41%) was obtained as a colosless oil. TH-NMR (CDCI3, 400MHz): 6=
7.35-7.33(m, 4H), 7.30-7.27(m, 1H), 5.37-5.27(m, SH), 5.12(s, 2H), 4.75(m, 1H), 4.58-

4.57(m 2H), 2.78-2 74(m, 7H), 2.06-2.00(m,8H), 1.96-1.91(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

A solution of compound 518 (1 eq) in hexane {15 mL) was added in a drop-wise fashion
to an ice~-cold solution of LAH in THF {1 M, 2 eq). After complete addition, the mixture was
heated at 40°C over (.5 h then cooled again on an ice bath. The mixture was carefully
hydrolyzed with saturated aqueous Na2S04 then filtered through celite and reduced to an il
Column chromatography provided the pure 519 (1.3 g, 68%) which was obtained as a colorless
il I3CNMR = 130.2, 130.1 (x2), 127.9 (x3), 1123, 793, 64.4, 447, 38.3,35.4,31.5,29.9
(x2), 29.7,29.6 (x2), 29.5 (x3), 29.3 (x2). 27.2 (x3), 25.6, 24.5, 233, 226, 14.1; Electrospray MS
{+ve): Molecular weight for C44HEONOZ (M + H}t Cale. 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 transtucent solutions free from aggregates or
sediment. Pasticle size and particle size distribution of liptd-nanoparticles can be measured by
light scattering using, for example, a Malvern Zetasizer Nano ZS (Malvern, USA). Particles
should be about 20-300 nm, 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 an RNA-binding dye, such as Ribogreen (Molecular Probes) in the presence or absence of a
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formulation disrupting surfactant, e.g., 0.5% Triton~-X100. The total dsRNA in the formulation
can be determined by the signal from the sarople containing the surfactant, relative to a standard
curve. The entrapped fraction is determined by subtracting the “free” dsRNA content {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 s at least 30 nm,
at least 40 nm, at feast 50 nm, at least 60 nm, at least 70 nm, at least 80 nm, at least 90 nm, at
teast 100 nm, at least 110 nm, and at least 120 om. The sustable range 1s typically about at least
50 am to about at least 110 nm, about at least 60 nm to about at least 100 nm, or about at least
80 nm to about at least 90 nm.

Compositions and formulations for oral administration include powders or granules,
microparticulates, nanoparticulates, suspensions or solutions in water or non-aqueous media,
capsules, gel capsules, sachets, tablets or minitablets. Thickeners, flavoring agents, diluents,
emulsifiers, dispersing aids or binders may be desirable. In some embodiments, oral
formudations are those in which dsRNAs featured 1u the disclosure are administered in
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
ursodeoxvehenodeoxycholic acid (UDCA), cholic acid, dehydrocholic acid, deoxycholic acid,
glucholic acid, glycholic acid, glycodeoxycholic acid, taurocholic acid, taurodeoxycholic acid,
sodium tanro-24,25-dihydro-tusidate and sodiurn glycodihydrofusidate. Suitable fatty acids
include arachidonic acid, undecanoic acid, oleic acid, lauric acid, caprylic acid, capric acid,
myristic acid, palmitic acid, stearic acid, Hinoleic acid, linolenic acid, dicaprate, tricaprate,
monoolein, dilautin, glyceryl l-monocaprate, I-dodecylazacycloheptan-2-one, an acylearnitine,
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. Oune exemplary combination ts 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. DsRNA complexing agents include poly-amino acids;

polyimines; polyacryiates; polyalkylacrylates, polyoxethanes, polyalkylcyancacrylates;
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cationized gelatins, albumins, starches, acrylates, polyethyleneglycols (PEG) and starches;
polyvalkyleyanoacrylates; DEAE-derivatized polyimines, pollulans, celluloses and starches.
Suitable complexing ageats include chitosan, N-trimethyichitosan, poly-L-lysine, polyhistidine,
polyornithine, polyspermines, protamine, polyvinylpyridine,
polythiodiethylaminomethylethylene P(TDAE), polyaminostyreve (e.g., p-amino},
poly{methylcvanoacrylate}, poly{ethvicyancacrylate), poly(butylcyanoacrylate),
poly(isobutyleyanoacrylate), poly(ischexyleynaoacrylate), 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
polvethyleneglycol (PEG). Oral formulations for dsRNAs and their preparation are described in
detail in U 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,
intraventricular, or intrahepatic administration may include sterile aqueous solutions which may
also contain buffers, diluents and other suitable additives such as, but not limited 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-emulsitying solids and self-ermulsifying semisolids.

The pharmaceutical formulations featured in the present disciosure, 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 ingredients with the pharmaceutical carrier(s) or excipient{s}.
In general, the formulations are prepared by uniformly and intimately bringing into assoctation
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 forms such as, but not Himited to, tablets, capsules, gel capsules, iquid syrups,

soft gels, suppositories, and enemas. The compositions may also be formulated as suspensions
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in aguecus, non-agquecus or mixed media. Aqueous suspensions may further contain substances
which increase the viscosity of the suspension including, for example, sodium

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

D. Additionad Formulations
i. Emudsions

The compositions of the present disclosure may be prepared and formulated as
emulsions. Emulsions are typically heterogeneous systems of one liquid dispersed in another in
the form of droplets usually exceeding 0. Lum in diameter (see e.g., Ansel's Pharmaceutical
Dosage Forms and Drug Delivery Systems, Allen, LV, Popovich NG, and Ansel HC., 2004,
Lippincott Williams & Wilkans (8th ed.), New York, NY; Idson, in Pharmacentical Dosage
Forms, Licberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc, New York, NY,
volume 1, p. 199; Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
{Eds.), 1988, Marcel Dekker, Inc., New York, N.Y, Volume 1, p. 245, Block in Pharmacentical
Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York,
N.Y., volume 2, p. 335; Higuchi ¢f o/, in Remington's Pharmaceutical Sciences, Mack
Publishing Co,, Easton, Pa., 1985, p. 301}, Emulsions are often biphasic systems comprising two
imriscible liquid phases intimately mixed and dispersed with each other. In general, emulsions
may be of either the water-in-oil (w/o} or the oif-in-water (o/w} variety. When an aqueous phase
13 finely divided into and dispersed as minute droplets into a bulk otly phase, the resulting
composition is called a water-tu-otl (w/0) eroulsion. Alternatively, when an oily phase is finely
divided into and dispersed as minute droplets into a bulk aqueous phase, the resulting
composttion is called an otl-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 1n etther the agueous phase, oily phase or iiselt as & 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 emulsions that are
comprised of more than two phases such as, for example, in the case of oil-in-water-in-cil
{o/w/o} and water-in-oil-in-water (w/o/w) emulsions. Such complex formulations often provide
certain advaniages that sirople binary emulsions do not. Multiple emulsions o which individual

oil droplets of an o/w emulsion enclose small water droplets constitute a w/o/w emulsion,
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Likewise, a system of oil droplets enclosed in globules of water stabilized in an oily continuous
phase provides an o/w/o emulsion.

Emulsions are characterized by little or no thermodynamic stability. Gften, the dispersed
or discontinuous phase of the emulsion is well dispersed into the external or continnous phase
and raaintained in this form through the means of emulsifiers or the viscosity of the formulation.
Fither of the phases of the emulsion may be a semisolid or a solid, as is the case of emulsion-
style ointroent bases and creams. Other means of stabilizing emulsions entail the use of
emulsifiers that may be incorporated 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 Pharmaceutical Dosage Forms
and Drug Delivery Systems, Allen, LV, Popovich NG., and Ansel HC., 2004, Lippincott
Williams & Witking (8th ed.), New York, NY, Idson, in Pluprmccentical Dosage Forms,
Lieberman, Rieger and Banker (Eds }, 1988, Marcel Dekker, Inc, New York, NY., volume 1, p.
199).

Synthetic surfactants, alsc known as surface active agents, have found wide applicability
in the formulation of emulsions and have been reviewed in the literature (see 2., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV, Popovich NG, and
Ansel HC | 2004, Lippincott Williams & Witking (8th ed.), New York, NY; Rieger, in
Pharmacentical Dosage Forms, Lieberman, Rieger and Banker (Eds.}, 1988, Marcel Dekker,
Inc, New York, NY  volume |, p. 285; Idson, in Pharmacentical Dosage Forms, Licberman,
Rieger and Bavker (Eds.), Marcel Dekker, Inc, New York, NY ., 1983, volume 1, p. 199).
Surfactants are typically amphiphilic and comprise a hydrophilic and a hydrophobic portion.
The ratio of the hydrophilic o the bydrophobic nature of the surfactant has been terrued 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, anionic, cationic and amphoteric
{see e.z., 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
Rieger, in Pharmaceutical Dosage Forms, Ligberman, Rieger and Banker (Eds ), 1988, Marcel

Dekker, Inc, New York, N.Y, volume 1, p. 285).
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Naturalty occurring emulsifiers used in emulsion formulations include lanolin, beeswax,
phosphatides, lecithin and acacia. Absorption bases possess hydrophilic properties such that they
can scak up water to form w/o emulsions et refain their semisolid consistencies, such as

good

Lo

anhydrous {anolin and hydrophilic petrolatum. Finely divided solids have also been used as
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, montrooriiionite, colloidal alurmnum silicate and colloidal
magnesium aluminum silicate, pigments and nonpolar solids such as carbon or glyceryi
tristearate.

A large variety of non-emulsifying materials are also included in emulsion formulations
and contribute to the properties of emulsions. These include fats, oils, waxes, fatty acids, fatty
alcohols, fatty esters, humectants, hydrophilic colloids, preservatives and antioxidants (Block, in
FPharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988, Marcel Dekker,
Inc., New York, NY., volume 1, p. 335, Idson, in Pharmacentical Dosage Forms, Licberman,
Rieger and Banker (Eds.}, 1988, Marcel Dekker, Inc., New York, N.Y , volume 1, p. 199},

Hydrophilic coliotds or hydrocolloids include naturally occurring gums and synthetic
polymers such as polysaccharides (for example, acacia, agar, alginic acid, carrageenan, guar
gum, karaya gur, and tragacanth), cellulose derivatives {for example, carboxymethylcellulose
and carboxypropylcellulose), and synthetic polymers {for example, carbomers, cellulose ethers,
and carboxyvinyl polymers). These disperse or swell in water to form colloidal solutions that
stabilize eroulsions 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 may readily support the growth of microbes, these formulations
often incorporate preservatives. Commonly used preservatives included in emulsion
formulations inchude methy! paraben, propvl paraben, quaternary ammonium saits,
benzalkomum chloride, esters of p-hydroxybenzoic acid, and boric acid. Antioxidants are also
commonly added to emulsion formulations to prevent deterioration of the formulation.
Antioxidanis used may be free radical scavengers such as tocopherols, alkyl gallates, butylated
hydroxyanisole, butylated hydroxytoluene, or reducing agents such as ascorbic acid and sodium

metabisulfite, and antioxidant synergists such as citric acid, tartaric acid, and lecithin.

150

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2022/251629 PCT/US2022/031337

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
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV, Popovich NG, and
Ansel HC,, 2004, Lippincott Williams & Wilkins (8th ed.}, New York, NY; Idson, in
Fharmacenticol Dosage Forms, Lieberman, Rieger and Banker {Eds.), 1938 Marcel Dekker,
fnc., 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 etficacy from an absorption and
bicavailability 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; Rosoff, in Pharmaceunticad Dosage Forms, Lieberman, Rieger and Banker
(Eds ), 1988, Marcel Dekker, Inc, New York, NY ., volume 1, p. 245; Idson, in Pharmaceutical
Dosage Forms, Licherman, Rieger and Banker (Eds ), 1988, Marcel Dekker, Inc., New York,
N.Y., volume 1, p. 199). Mineral-oil base laxatives, otl-soluble vitamins and high fat nutnitive
preparations are among the materials that have commonly been administered orally as o/fw
emulsions.
it. Microemulsions

In some embodiments of the present disclosure, the compositions of iIRNAs and nucleic
acids are formulated as microemuisions. A microemulsion may be defined as a system of water,
oil and amphiphile which is a single optically 1sotropic and thermodynamically stable hquid
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,
NY; Rosoff, in Pharmoceutical Dosage Forms, Licberman, 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 aqueous surfactant solution and then
adding a sufficient amount of a fourth component, generally an intermediate chain-fength alcohol
to form a transparent system. Therefore, microemulsions have also been described as
thermodynamically stable, isctopically clear dispersions of two immiscible liguids that are
stabilized by interfacial films of surface-active molecules (Leung and Shah, in: Confroffed
Release of Drugs: Polymers and Aggregate Systems, Rosoff, M., Ed, 1989, VCH Publishers,
New York, pages 185-215). Microemulsions commonly are prepared via a combination of three

to five components that include oil, water, surfactant, cosurfactant and electrolyte. Whether the
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microemulsion is of the water-in-oil {(w/c} or an cil-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 Pharmaceuiical
Sciences, Mack Publishing Co., Easton, Pa., 1985, p. 271}

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

Surfactants used in the preparation of microemulsions include, but are not limited to,
ionic surfactants, non-ionic surfactants, Brij 96, polyoxvethylene oleyl ethers, polyglveerol fatty
acid esters, tetraglycerol monolaurate (ML310}, tetraglycerol monooleate (MG310),
hexaglycerol monooleate (PO310), hexaglycerol pentaoleate (PO500), decaglycerol monocaprate
{MCAT750), decaglycerol monooleate (MO750), decaglycerol sequioieate {SG750), decaglycero
decaoleate (DAOT50), alone or in combination with cosurfactants. The cosurfactant, usually a
short-chain alcohol such as ethavol, T-propanol, and 1-butanol, 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. Microemuldsions 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
fimited to, water, an aquecus solution of the drug, glyeercl, PEG300, PEG400, polyglycerols,
propylene glycols, and derivatives of ethvlene glycol. The oil phase may include, but is not
limtted to, materials such as Captex 300, Captex 355, Capmul MUM, fatty acid esters, medium
chain {C8-C12) mono, di, and tri-glycerides, polyoxyethylated glyceryl fatty acid esters, fatty
aleohols, polyglycolized glycerides, saturated polyglycolized C8-C 10 glycerides, vegetable oils

and silicone oil.
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Microemulsions are pasticulasly 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 2.g., U.S. Patent
Nos. 6,191,105; 7,063,860, 7,070,802, 7,157,099, Constantinides ef af | Pharmaceuntical
Hesearch, 1994, 11, 1385-1390; Ritachel, Meth. Find Fxp. 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 forms, improved clinical potency, and decreased toxicity (see
e.g., U.S. Patent Nos. 6,191,105; 7,063, 860; 7,070,802; 7,157,099, Constantinides ef af,
Pharmacewsical Research, 1994, 11, 1385; Ho et ol | J. Pharm. Sci., 1996, 85, 138-143). Often
microemulsions may forra spontasecusly 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 in 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
increased systemic absorption of iIRNAs and nucleic acids from the gastrointestinal tract, as well
as improve the local cellular uptake of iIRNAs 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 formoulation and 1o enbance the absorption of the iRNAs and nucleic acids of
the present disclosure. Penetration enhancers used in the microemulsions of the present
disclosure may be classified as belonging to one of five broad categories—-surfactants, fatty acids,
bile salts, chelating agents, and non-chelating non-surfactants (Lee ef af , Critical Reviews in
Therapeutic Drug Carrier Systems, 1991, p. 92). Each of these classes has been discussed

above,

iii. Penetration FEnhanicers
In some embodiments, the present disclosure employs various penetration enhancers to
effect the efficient delivery of nucleic acids, particularly iRNAs, to the skin of animals. Most

drugs are present in solution in both ionized and nonionized forms. However, usually only lipid
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sofuble or lipophilic drugs readily cross cell membranes. It has been discovered that even non-
{ipophilic drugs may cross cell membranes if the membrane to be crossed is treated with a
penetration enhancer. in addifion to aiding the diffusion of non-lipophilic drugs across cell
membranes, penetration enhancers also enhance the permeability of lipophilic drugs.

Penetration enhancers may be classified 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 polyroers n drog delivery, nforma Health Care, New York, NY,
2002; Lee ef al | Critical Reviews in Therapeutic Dyug Corvier Systems, 1991, p.92). Each of the
above-mentioned classes of penetration enhancers are described below in greater detail.

Surfactants: In connection with the present disclosure, surfactants {(or "surface-active
agents") are chemical entities which, when dissolved in an agueous solution, reduce the surface
tension of the solution or the interfacial tension between the agueous solution and another Haquid,
with the result that absorption of iIRNAs through the mucosa is enhanced. In addition to bile
salis and faity acids, these penetration enhancers include, for example, sodium lauryl sulfate,
polyoxyethylene-9-tauryl ether and polyoxyethylene-20-cetyl ether) (see e.g., Malmsten, M.
Surfactants and polymers in drug delivery, Informa Health Care, New York, NY, 2002; Lee er
al., Critical Reviews in Therapeutic Dvug Carvier Svstems, 1991, p.92); and perflucrochemical
emulsions, such as FC-43. Takahashi et of , J. Pharm. Pharimacol.| 1988, 40, 252).

Fatiy acids: Various fatty acids and their derivatives which act as penetration enhancers
inchude, for example, oleic acid, laurie acid, capric acid (n-decanoic acid}, myristic acid, palmitic
acid, stearic acid, Hnoleic acid, linolenic acid, dicaprate, tricaprate, monoolein {I-monooleoyl-
rac-glycerol), dilaurin, caprylic acid, arachidonic acid, glycerol 1-monocaprate, |-
dodecylazacycloheptan-2-one, acylcarnitines, acylcholines, Ciao alkyl esters thereof (e.g.,
methyl, isopropy! and t-butyl), and mone- and di-glycerides thereof (7.¢., oleate, laurate, caprate,
myristate, palmitate, stearate, linoleate, efc.} {see e.g., Toutton, B et ol Fnhancement in Drug
Delivery, CRC Press, Danvers, MA, 2006; Lee ef af., Critical Reviews in Therapeutic Drug
Carrier Systems, 1991, p.92; Muranishi, Critical Reviews in Therapeutic Drug Carvier Systems,
1990, 7, 1-33; El Hasiri ef ol | J. Pharm. Pharmacol | 1992, 44, 651-654),

Bile saits: 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 n

drug delivery, Informa Health Care, New York, NY, 2002; Brunton, Chapter 38 in: Goodman &
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Gilman's The Pharmacoiogical Basis of Therapeutics, 9th Bd., 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
exarple, cholic acid {or its pharmaceutically acceptable sodiuny salt, sodium cholate},
dehydrocholic acid (sodium dehvdrocholate), deoxycholic acid {sodium deoxycholate), glucholic
acid {sodium glucholate}, glycholic acid (sodium glycocholate), glycodeoxycholic acid (sodium
glycodeoxycholate), taurocholic acid (sodium taurocholate}, taurodeoxycholic acid (sodium
taurodeoxycholate), chenodeoxycholic acid (sodium chenodeoxycholate}, ursodeoxycholic acid
{UDCA), sodium tauro-24,25-dihvdro-fusidate (STDHF), sodium glycodihydrofusidate and
polyoxyethylene-9-lauryl ether (POE) (see e.g., Malmsten, M. Surfactants and polymers in drug
delivery, Informa Heualth Cave, New York, NY, 2002; Lee ef af, Critical Reviews in Therapeutic
Dirug Carrier Systems, 1991, page 92; Swinvard, Chapter 39 In: Remingfon's Pharmaceutical
Sciences, 18th Ed,, Geunaro, ed., Mack Publishing Co., Easton, Pa., 1990, pages 782-783;
Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Yamamoto ef
al., J Pharm. Exp. Ther., 1992, 263, 25, Yamashita ¢7 o/, J. Pharm. Sci., 1990, 79, 579-583),
Chelating Agents: Chelating agents, as used in connection with the present disclosure,
can be defined as compounds that remove metallic 1ons 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 in the present disclosure, chelating agents have the
added advantage of also serving as DNase inhibitors, as most characterized DNA nucleases
require a divalent metal ion for catalysis and are thus inhibited by chelating agents (Jarrett, J.
Chromatogr., 1993, 618, 315-339). Surtable chelating agents include but are not hnuted to
disodium ethylenediaminetetraacetate (EDTA), citric acid, salicylates (e.g, sodium salicylate, 5-
methoxysalicylate and homovanilate), N-acyl derivatives of collagen, laureth-9 and N-amino
acyl dertvatives of f-diketones {enamines){see e.g., Katdare, A ef g/, Excipient development for
pharmaceutical, biotechnology, and drug defivery, CRC Press, Danvers, MA| 2006; Lee ef of
Critical Reviews in Therapeutic Drug Carvier Systems, 1991, page 92; Muranishi, Crifical
Reviews in Therapeutic Drug Carrier Svstems, 1990, 7, 1-33; Buur ef af , J. Control Rel., 1990,

14, 43-51).
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Non-chelating non-surfacianis: As used herein, non-chelating non-surfactant penetration
enhancing compounds can be defined as compounds that demonstrate insignificant activity as
chelating agents or as surfactanis but that nonetheless enhance absorption of iIRNAs through the
alimentary mucosa (see e.g., Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems,
1990, 7, 1-33). This class of penetration enhancers include, for example, vnsaturated cyclic
ureas, 1-alkyl- and 1-alkenylazacyclo-aikanone derivatives (Lee e7 ¢of | Crifical Reviews in
Therapeutic Drug Carvier Systems, 1991, page 92); and non-sterordal anti-inflammatory agents
such as diclofenac sodium, indomethacin and phenylbutazone (Yamashita ef af | 1. Pharm.
Fhormacol,, 1987, 30, 621-626).

Agents that enhance uptake of iIRNAs 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 of, US Pat. No. 5,705,188), cationic glyeerol derivatives, and
polycationic molecules, such as polylysine (Lolio er of, PCT Application WG 97/30731), are
also known to enhance the cellular uptake of dsRNAs. Examples of commercially available
transfection reagents include, for example Lipofectamine™ (Invitrogen; Carisbad, CA),
Lipofectarnine 20007 (Invitrogen; Carlsbad, CA), 293 fectin™ (Invitrogen; Carlsbad, CA),
Cellfectin™ {Invitrogen; Carlsbad, CA), DMRIE-C™ (Invitrogen; Carisbad, CA), FreeStyle™
MAX (Invitrogen; Carlsbad, CA), Lipofectamine™ 2000 CD (Tnvitrogen; Carlsbad, CA),
Lipofectamine™ {Invitrogen, Carisbad, CA}, RNAIMAX (Invitrogen; Carlsbad, CA),
Oligofectamine™ (Invitrogen; Carlsbad, CA), Optifect™ (Invitrogen; Carlsbad, CA), X-
tremeGENE (2 Transfection Reagent (Roche; Grenzacherstrasse, Switzerland), DOTAP
Liposomal Transfection Reagent {Grenzacherstrasse, Switzerland), DOSPER Liposomal
Transfection Reagent (Grenzacherstrasse, Switzerland}, or Fugene (Grenzachersirasse,
Switzerland), Transfectam® Reagent (Promega; Madison, WI), TransFast™ Transfection
Reagent (Promega; Madison, W1}, TH™.20 Reagent (Promega; Madison, W1, TH™-50
Reagent (Promega, Madison, WI), DreamFect™ (OZ Biosciences, Marseille, France),
EcoTranstect (OZ Biosciences; Marseille, France), TransPass® DI 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 Transfection reagent

{Genlantis; San Diego, CA, USA), GenePORTER 2 Transfection reagent (Genlantis; San Diego,
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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 (Bioline; Taunton, MA, USA), PlasFect
{Bioline; Taunton, MA, USA), UniFECTOR (B-Bridge International, Mountain View, CA,

JSA), SureFECTOR (B-Bridge International; Mountain View, CA, USA}, or HiFect™ (B-
Bridge International, Mountain View, CA USA), among others.

(ther agents may be utilized to enhance the penetration of the administered nucletc acids,

including glycols such as ethylene glycol and propylene glycol, pyrrols such as 2-pyrrol, azoues,

and terpenes such as limonene and menthone.

v, Carriers

Certain compositions of the present disclosure also incorporate carrier compounds o the
formulation. As used herein, “carrier compound” can refer to a nucleic acid, or analog thereot,
which is inert (/.e., does not possess biological activity per se) but is recognized as a nucleic acid
by iz vivo processes that reduce the bicavailability of a nucleic acid having biological activity by,
for example, degrading the biologically active nucleic acid or promoting its remnoval from
circulation. The coadministration of a nucleic acid and a carrier compound, typically with an
excess of the latter substance, can result in a substantial reduction of the amount of nucleic acid
recovered in the liver, kidney or other extracirculatory reservoirs, presumably due to competition
between the carrier compound and the nucleic acid tor a common receptor. For example, the
recovery of a partially phosphorothicate dsRNA in hepatic tissue can be reduced when it is
coadministered with polyinosinic acid, dextran sulfate, polycvtidic acid or 4-acetamido-
4sothiocyano-stithene-2, 2'-disulfonic acid (Miyao ef al., DsRN4 Res. Dev., 1995, S, 115-121;

Takakura ef al., DsRNA & Nucl. Acid Drug Dev., 1996, 6, 177-183).

V. Lxcipients
In contrast to a carrier compound, a pharmaceutical carrier or excipient may comprise,
e.g., a pharmaceutically acceptable solvent, suspending agent or any other pharmacologically
inert vehicle for delivering one or more nucleic acids to an animal. The excipient may be liquid
or solid and is 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
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of a given pharmaceutical composition. Typical pharmaceutical carriers include, but are not
fimited to, binding agents {¢.g,, pregelatinized maize starch, polyvinylpyrrolidone or
hydroxypropyl methylcellulose, et }; fillers (e.g, lactose and other sugars, microcrystalling
cellulose, pectin, gelatin, calcium sulfate, ethyl cellulose, polvacrylates or calcium hydrogen
phosphate, efc. ), lubricants {e.g., magnestum stearate, tale, stlica, colloidal silicon dioxide,
stearic acid, metallic stearates, hydrogenated vegetable oils, corn starch, polyethylene glycols,
sodium benzoate, sodium aceiate, efc.); disintegrants {e.g., starch, sodium starch glycolate, efc };
and wetting agents {e.g., sodium lauryl sulphate, efc}.

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 carniers
include, but are not imited to, water, salt solutions, aleohols, polyethylene glycols, gelatin,
lactose, amylose, magnesium stearate, talc, silicic acid, viscous paraffin,
hydroxymethyleellulose, polyvinylpyrrolidone and the like,

Formulations for topical administration of nucleic acids may include sterile and non-
sterile aqueous solutions, non-agueocus solutions in common solvents such as alcohols, or
solutions of the nucleic acids in liguid or solid oif bases. The solutions may also contain buffers,
diluents and other suitable additives. Pharmaceutically acceptable organic or inorganic excipients
suttable for non-parenteral administration which do not deleteriously react with nucleic acids can
be used.

Suitable pharmaceutically acceptable excipients include, but are not limited to, water, salt
solutions, alcohol, polyethyiene glycols, gelatin, lactose, amylose, magnestum stearate, talc,

siticie acid, viscous paraffin, hydroxymethylcellulose, polyvinyipyrrolidone and the like.

vi. Other Components
The compositions of the present disclosure may additionally contain other adjunct
components conventionally found i pharmaceutical compeositions, 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-inflamumatory agents, or may contain additional materials useful in physically

formulating various dosage forms of the compositions of the present disclosure, such as dyes,
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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 desired, 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
suspension including, for example, sodium carboxymethylcellulose, sorbitol and/or dextran. The
suspension may also contain stabilizers.

In some embodiments, pharmaceutical compositions featured in the disclosure include
{a) one or more iIRNA compounds and (b) one or more biologic agents which function by a non-
RNA1 mechanism. Examples of such biclogic agents include agents that interfere with an
interaction of CAZ and at least one CAZ binding partner,

Toxicity and therapeutic efficacy of such compounds can be determined by standard
pharmaceutical procedures in cell cultures or experimental animals, e.g, for determining the
L1350 (the dose lethal to 50% of the population} and the ED50 (the dose therapeutically effective
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/EDSC. 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 EDSO with little ot 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 initially 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 conceniration of the polypeptide) that includes the IC50 (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
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doses in humans. Levels in plasma may be measured, for example, by high performance liquid
chromatography.

In addition to their administration, as discussed above, the iRNAs featured i the
disclosure can be administered in combination with other known agents effective in treatment of
diseases or disorders related to CAZ expression {e.g, glaucoma or conditions associated with
glaucoma). In any event, the administering physician can adjust the amount and timing of iIRNA
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 o expression of CA2

The present disclosure relates to the use of an IRNA targeting CAZ2 to inhubit CA2
expression and/or to treat a disease, disorder, or pathological process that is related to CAZ2
expression {e.g., glaucoma or conditions associated with glaucoma}.

In some aspects, a method of treatment of a disorder related to expression of CA2 is
provided, the method comprising administering an iIRNA {e.g., a dsRNA) disclosed hereinto a
subject in need thereof. In some embodiments, the iIRNA inhibits {(decreases) CAZ expression.

In some embodiments, the subject is an animal that serves as a model for a disorder

related to CAZ2 expression, e.g,, glaucoma or conditions associated with glaucoma.

A. Glauncoma or Conditions Associated with Glancoma

In some embodiments, the disorder related to CA2 expression s glaucoma ot conditions
associated with glaucoma. Non-limiting examples of glaucoma or conditions associated with
glaucoma that are treatable using the methods described herein include glaucoma, open-angle
glaucoma, angle-closure glaucoma, ocular inflammation, systemic inflammation, anterior uveitis,
acute retinal necrosis, Sturge-Weber syndrome, Axenteld-Rieger syndrome, Marfan syndrome,
homocysiinuria, Weill-Marchesani syndrome, and autoimmune diseases, such as juvenile
rheumatoid arthritis and Marie-Strompell ankvlosing spondylitis.

Clinical and pathological features of glaucoma or conditions associated with glaucoma
include, but are not limited to, intraocular pressure, vision loss, a reduction in visual acuity {e.g.,
characterized by floating spots, blurriness around the edges or center of field of vision (e.g,

scotomay, ocular inflammation, and/or optic nerve damage.
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In some embodiments, the subject with glaucoma or conditions associated with glaucoma
i3 less than 18 years old. In some embodiments, the subject with glaucoma or conditions
associated with glaucoma is an adult. In some embodiments, the subject has, or is identified as
having, elevated levels of CA2 mRNA or protein relative to a reference level {e.g, a level of
CAZ that 1s greater than a reference level).

In some embodiments, the glaucoma or conditions associated with glancoma is
diagnosed using analysis of a sample from the subject (e.g.. a ciliary epithelium sample). In
some embodiments, the sample is analyzed using a method selected from cne or more of:
fluorescent in situ hybridization (FISH), immunohistochemistry, CA2 immunoassay, electron
microscopy, laser microdissection, and mass spectrometry. In some embodiments, glaucoma or
conditions associated with glaucoma is diagnosed using any suitable diagnostic test or technique,
e.g, tonometry, pachymetry, evaluation of the retina, gonioscopy, angiography {e.g.. fluorescein
angtography or indocyanine green angiography), electroretinography, ultrasonography, optical
coherence tomography {OCT), computed tomography (CT) and maguetic resonance imaging
{MRY), color vision testing, visual field testing, slit-lamp examination, ophthalmoscopy, and
physical examination {e.g., to assess visual acuity {e.g., by fundoscopy or optical coherence

&

tomography (OCT)).

R. Combination Therapies

In some embodiments, an iIRNA {e.g., a dsRNA) disclosed herein is administered in
combination with a secoud therapy {e.g., one or more additional therapies) known to be effective
in treating a disorder related to CA2 expression {e.g., glaucoma} or a symptom of such a
disorder. The iRNA 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 ermbodiments, the
iRNA is 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 compaosition.

In some embodiments, the second therapy is a nou-iRNA therapeutic agent that is

effective to treat the disorder or symptoms of the disorder.

161

SUBSTITUTE SHEET (RULE 26)



10

15

3¢

WO 2022/251629 PCT/US2022/031337

In some embodiments, the iIRNA is administered in conjunction with a therapy.
Exemplary combination therapies include, but are not limited to, medication to reduce
intraccular pressure, laser treatment, surgery or trabeculectomy. In some embodiments, the
additional therapeutic agent comprises a prostaglandin analog, a beta blocker, an alpha-
adrenergic agonist, a carbonic ashydrase whibitor, ot an anti~-CAZ agent.

In some embodiments, the additional therapeutic is a prostaglandin analog. In some
embodiments, the prostaglandin analog comprises Bumatoprost (Lumigan®), Latanoprost
{(Xalatan®), Tafluprost (Zioptan™}, latanoprostene bunod (Vyzulta™) or Travoprost {Travatan
Z®).

In some embodiments, the additional therapeutic agent is a beta blocker. fn some
embodiments, the beta blocker comprises Betaxolol (Betoptic S®) or Timolol (Betimol ®,
Timoptic}.

In some embodiments, the additional therapeutic agent is an alpha-adrenergic agonist. In
some emnbodiments, the alpha-adrenergic agonist comprises brimonidine {Alphagan®P) ot
apraclonidine (Iopidine®).

In some ermbodiments, the additional therapeutic agent is a carbonic anhydrase inhibitor,
in some embodiments, the carbonic anhydrase inhibitor comprises dorzolamide (Trusopt®),
brinzolamide (Azopt®), acetazolamide (Diamox) or methazolamide (Neptazane®).

In some embodiments, the anti-CAZ2 agent is an antibody molecule. In some

embodiments the antibody is a monoclonal antibody.

(. Administration dosages, routes, and fiming
A subject {e.g., a human subject, e.g., a patient) can be administered a therapeutic amouunt
of iRNA. The therapeutic amount can be, e.g,, 0.05-50 mg/kg.

In somme emnbodiments, the 1RNA 1s formulated for delivery to a target organ, e.g., 1o the

In some embodiments, the iIRNA is formulated as a fipid formulation, e.g., an LNP
formulation as described herein. In some such embodiments, the therapeutic amount 15 0.05-5
mg'kg dsRNA. In some embodiments, the lipid formulation, e.g., LNFP formulation, is

administered intravenously,
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In some embodiments, the iIRNA is in 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 e.g., GalNAc conjugate is administered subcutaneously.

In some embodiments, the IRNA is in the form of a C16 conjugate e.g, as described
herein.

In certain embodiments, subjects can be administered a therapeutic amount of dsRNA,
such as about 0.01 mg/kg to about 200 mg/kg. In other ebodiments, subjects can be
administered a therapeutic amount of dsRNA, such as about (.01 mg/kg to about 500 mg/kg. In
yet other embodiments, subjects can be administered a therapeutic amount of dsRNA of about
500 mg/kg or more.

In some embodiments, the administration is repeated, for example, on a regular basis,
such as, daily, biweekly {7.e., every two weeks) for oue month, two months, three roonths, four
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 iIRNA agent is administered in two or more doses.  In some
embodiments, the number or amount of subsequent doses is dependent on the achievement of a
desired effect, e.g., to (a) inhibit or reduce imraocular pressure; (b) inhibit or reduce the
expression or activity of CAZ; (¢} decrease the amount of aqueous humor; {d) inhibit or reduce
optic nerve damage; or {¢) inhibit or reduce retinal ganglion cell death, or the achievement of a
therapeutic or prophylactic effect, e.g., reduction or prevention of one or more sympioms
associated with the disorder.

In some emboduments, the iIRNA agent 13 administered according to a schedule. For
example, the IRNA 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 emmbodiments, the schedule involves
regularly spaced adminisirations, e.g., hourly, every four hours, every six hours, every eight
hours, every twelve hours, datly, every 2 days, every 3 days, every 4 days, every 5 days, weekly,
biweekly, or monthly. In some embodiments, the iIRNA agent is administered at the frequency
required to achieve a desired effect.

In some embodiments, the schedule involves closely spaced admimstrations followed by

a longer period of time during which the agent is not administered. For example, the schedule

163

SUBSTITUTE SHEET (RULE 26)



10

15

3¢

WO 2022/251629 PCT/US2022/031337

may involve an initial set of doses that are administered in a refatively short period of time {e.g.,
about every 6 hours, about every 12 hours, about every 24 hours, about every 48 hours, or ahout
every 72 hours) followed by a longer time period {e.g., about T week, about 2 weeks, about 3
weeks, about 4 weeks, about 5 weeks, about 6 weeks, about 7 weeks, or about & weeks} during
which the IRNA agent 15 not administered. In some embodiments, the i(RNA agent 1s initially
administered hourly and is later administered at a longer interval {e.g, daily, weekly, biweekly,
or moonthly). In some embodiments, the (RNA agent is initially adrinistered daily and s later
administered at a longer interval {e.g., weekly, biweekly, or monthly). In certain embodiments,
the longer interval increases over time or is determined based on the achievement of a desired
effect.

Betore administration of a full dose of the iIRNA| patients can be administered a smaller
dose, such as a 3% infusion dose, and monitored for adverse effects, such as an allergic reaction,
or for elevated lipid fevels or blood pressure. In another example, the patient can be monitored

for unwanted effects,

Viii, Methods for modulating expression of CA2

In some aspects, the disclosure provides a method for modulating {e.g., inhibiting or
activating) the expression of CA2, e.g., in a cell, in a tissue, or in a subject. In some
embodiments, the cell or tissue is ex vive, in vitre, or in vive. In some embodiments, the cell or
tissue is in the eye (e.g,, a ciliary epithelium cell, an optic nerve cell, a trabecular meshwork cell,
a Schlemro’s canal cell {e.g., including an endothelial cell), a juxtacanalicular tissue cell, a
cifiary muscle cell, a retinal cell, an astrocyte, a pericyte, a Muller cell, a ganglion cell (e g,
including a retinal ganglion cell), an endothelial cell, a photoreceptor cell, a retinal blood vessel
{e.g., including endothelial cells and vascular smooth muscle cells), episcleral veins or choroid
tissue, e.g., a choroid vessel). In some embodiments, the cell or tissue 15 10 a subject {e.g., a
mammal, such as, for example, a human). In some embodiments, the subject (e.g., the human} is
at risk, or 1s diagnosed with a disorder related to expression of CAZ 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 CAZ in the cell. To some

embodiments, contacting a cell with an RNAI agent includes contacting a cell in vitro with the
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RINAL agent or contacting a cell iz vive with the RNA1 agent. In some embodiments, the RNAi
agent is put into physical contact with the cell by the individual performing the method, or the
RMNAI1 agent may be put into a situation that will permit or cause it to subsequently come into
contact with the cell. Contacting a cell in vitro may be done, for example, by incubating the cell
with the RNA1 agent. Contacting a cell 1o vivo may be done, for example, by injecting the RNA1
agent into or near the tissue where the cell s located, or by injecting the RNA1 agent into ancther
area, .g., ocular tissue. For example, the RNA1 agent may contain or be coupled to a ligand,
e.g., a lipophilic moiety or moieties 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 RNAi
agent at a site of interest. Combinations of in vitro and in vivo methods of contacting are also
possible. For exarple, a cell may also be contacted in vitro with an RNAT agent and
subsequently transplanted into a subject.

The expression of CA2 may be assessed based on the level of expression of CA2 mRNA,
CA2 protein, or the level of another parameter functionally linked to the level of expression of
CA2 Insome embodiments, the expression of CA2 is inhibited by at least 5%, at least 10%, at
feast 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at
teast 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
feast 83%, at least 90%, or at least 95%. In some embodiments, the iIRNA has an [Cso 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
M, 0.02-0.60 nM, 0.01-1.0 nM, 0.01-1.5 oM, 0.01-10 nM. The ICso value mway be normalized
relative to an appropriate control value, e.g., the ICso of a non-targeting iIRNA.

In some embodiments, the method inclades infroducing 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 mRNA transcript of CAZ, thereby inhibiting the expression of CAZ2 in the cell or ussue.

In some embodiments, the method includes administering a composition described
herein, e.g., a composition comprising an 1RNA that binds CA2, to the mammal such that
expression of the target U A2 is decreased, such as for an extended duration, e.g., at least 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 CAZ2 is detectable within { hour, 2 hours, 4

hours, 8 hours, 12 hours, or 24 hours of the first administration.

165

SUBSTITUTE SHEET (RULE 26)



10

15

3¢

WO 2022/251629 PCT/US2022/031337

In some embodiments, the method includes administering a composition as described
herein to a mammal such that expression of the target CAZ is increased by e.g., at least 10%
compared 1o an untreated animal. In some embodiments, the activation of CAZ occurs over an
extended duration, e.g.. at least two, three, four days or more, e.¢., one week, two weeks, three
weeks, four weeks, or more. Without wishing to be bound by theory, an tRNA can activate CAZ
expression by stabilizing the CA2 mRNA transcript, interacting with a promoter in the genome,
or inhibiting an inhibitor of CAZ2 expression.

The iIRNAs useful for the methods and compositions featured in the disclosure
specifically target RNAs (primary or processed) of CA2. Compositions and methods for
inhibiting the expression of CA2 using iIRNAs can be prepared and performed as described
elsewhere herein.

In some emsbodiments, the method includes administering a composition containing an
iRNA, where the iRNA includes a nucleotide sequence that is complementary to at least a part of
an RNA transcript of CAZ2 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
{imited to ocular {e.g., intraocular), topical, and intravenous administration,

In certain embodiments, the composition is administered intraocularly {e.g., by
intravitreal administration, € g, intravitreal injection; transscleral administration, e.g,
transscleral injection; subconjunctival administration, e.g., subconjunctival injection; retrobulbar
administration, e.g., retrobulbar injection; intracameral administration, e.g | intracameral
injection; or spbretinal administration, e.g., subretinal injection. In other embodiments, the
composition is administered topically. In other embodiments, the composition is administered
by intravenous tofusion or injection.

In certain embodiments, the composition is administered by intravenous infusion or
ijection. 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
meantng as commonly understood by one of ordinary skill 1 the art to which this disclosure
belongs. Although methods and materials similar or equivalent to those described herein can be
used to the practice or testing of the IRNAs and methods featured in the disclosure, suitable

methods and materials are described below. All publications, patent applications, patents, and

166

SUBSTITUTE SHEET (RULE 26)



10

15

3¢

WO 2022/251629 PCT/US2022/031337

other references mentioned herein are incorporated by reference in their entivety. In case of
conflict, the present specification, including definitions, will control. In addition, the materials,

methods, and examples are iltustrative only and not intended to be limiting.

Specific Embodiments

I an embodiment the disclosure provides a double stranded tibonucleic actd (dsRNA)
agent for inhibiting expression of carbonic anhydrase 2 {CA2), wherein the dsRNA agent
comprises a sense strand and an antisense strand forming a double stranded region, wherein the
sense strand comprises a nucleotide sequence comprising at least 15 contiguous nucleotides, with
0, 1, 2, or 3 mismatches, of a portion of a coding strand of human CAZ2 and the antisense strand
comprises a nuclectide 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 CAZ such that the
sense strand is complementary o the at least 15 contiguous nucleotides in the antisense strand.

In some embodiments the disclosure provides a double stranded ribonucleic acid
{dsRINA) agent for inhibiting expression of carbonic anhydrase 2 {(CA2), wherein the dsRNA
agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the sense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, of a portion of a coding strand of human CAZ and the
antisense strand comprises a nucleotide sequence comprising at least 15 contiguous nucleotides,
with 0, 1, 2, or 3 mismaiches, of the corresponding portion of a nov-coding strand of human CA2
such that the sense strand is complementary to the at least 15 contiguous nucleotides in the
antisense strand wherein the dsRNA agent comprises at least one modified nucleotide.

In some embodiments the coding strand of human CAZ comprises the sequence SEQ [D
NO: 1. In some embodiments the non-coding strand of human CAZ comprises the sequence of
SEQIDNO: 2

In some embodiments the double stranded ribonucieic actd (dsRNA) agent for inhibiting
expression of CA2 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, of a portion of nucleotide sequence of
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SEQ 1D NG 2 such that the sense strand is complementary to the at feast 15 contiguous
nucleotides in the antisense strand.

in some embodiments the double stranded ribonucleic acid (dsRNA) agent for inhibiting
expression of CAZ comprises a sense strand and an antisense strand forming a double stranded
region, wherein the sense strand comprises a sucleotide sequence comprising at least 15
contignous nucleotides, with 0, or 1, 2, or 3 mismatches, of the corresponding portion of the
nucleotide sequence of SEQ ID NO: 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 O, 1, 2, or 3 mismatches, of a portion of nuclectide sequence of SEQ ID NG: 2
such that the sense strand 1s complementary to the at least 17 contiguous nucleotides in the

antisense strand.

In some embodiments the dsSRNA agent comprises a sense strand and an antisense strand,
wherein the sense strand comprises a nucleotide sequence comprising at least 17 contiguous
nucleotides, with O, or 1, 2, or 3 mismatches, of the corresponding portion of the nucleotide
sequence of SEQ D NGO L.

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 contignous
nucleotides, with 6, 1, 2, or 3 mismatches, of a portion of nucleotide sequence of SEQ D NO: 2
such that the sense strand is complementary 1o the at least 19 coutignous nucleotides in the
antisense strand.

In some embodiments the sense strand cornprises a nucleotide sequence comprising at
{east 19 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, of the corresponding portion of
the nuclectide sequence of SEQ ID NO: 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 21 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, of a portion of nuciectide sequence of SEG 1D NO: 2
such that the sense strand is complementary to the at least 21 contiguous nucleotides in the

antisense strand,
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In some embodiments the sense strand of the dsRNA agent 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 NO: 1.

In some embodiments the portion of the sense strand of the dsRNA agent is a portion
within a sense strand 10 any one of Tables 3-10. In some embodiments the portion of the
antisense strand of the dsRINA agent is a portion within an antisense strand in any one of Tables
3-10.

In some embodiments the antisense strand of the dsRNA agent comprises a nucleotide
sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from one
of the antisense sequences listed in any one of Tables 3-10.

In some embodiments the sense strand of the dsRNA agent 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 3-10 that corresponds to the antisense sequence,

In some embodiments the antisense strand of the dsRNA agent comprises a nucieotide
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 3-10,

in some embodiments the sense strand of the dsRNA agent comprises a nucleotide
sequence comprising at least 17 contiguous nucleotides, with &, 1, 2, or 3 mismatches, from a
sense sequence listed in any one of Tables 3-10 that corresponds to the antisense sequence,

In some embodiments the antisense strand of the dsRNA agent comprises a nucleotide sequence
comptising at least 19 contiguous nucleotides, with 0,1, 2, or 3 mismatches, from one of the
antisense sequences listed in any one of Tables 3-10.

In some embodiments the sense strand of the dsRNA agent comprises a nucleotide
sequence comprising at least 19 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from a
sense sequence listed in any one of Tables 3-10 that corresponds to the antisense sequence.

In some embodiments the antisense sirand of the dsRNA agent comprises a nucieotide
sequence comprising at least 21 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from one
of the antisense sequences listed in any one of Tables 3-10.

In some embodiments the sense strand of the dsRNA agent comprises a nucleotide
sequence comprising at least 21 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from a

sense sequence fisted in any one of Tables 3-10 that corresponds to the antisense sequence.
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In some embodiments the sense strand of the dsRNA agent is at least 23 nuclectides in
fength, e.g., 23-30 nucleotides in length.

in some embodiments at least one of the sense strand and the antisense strand of the
dsRINA agent is conjugated to one or more lipophilic moieties.

In some embodiments the lipophilic motety is conjugated to one or more positions in the
double stranded region of the dsRNA agent. In some embodiments the lipophilic motety 1s
conjugated via a hinker or carrier,

In some embodiments the lipophilicity of the lipophilic moiety, measured by logKow,
exceeds 0.

In some embodiments the hydrophobicity of the double-stranded RNAI agent, measured
by the unbound fraction in a plasma protein binding assay of the double-stranded RNA1 agent,
exceeds 0.2,

In an embodiment the plasma protein binding assay is an electrophoretic mobility shift
assay using huroan serum albumin protetn.

In a particular embodiment the dsRNA agent comprises at least one modified nucleatide.

In some ermbodiments no more than five of the sense strand nuclectides and not more
than five of the nucleotides of the antisense strand of the dsRNA agent are unmodified
nucleotides.

In some embodiments all of the nucleotides of the sense strand and all of the nucleotides
of the antisense strand of the dsRNA agent comprise a modification.

In some ersbodiments at Teast one of the modified nuclectides of the dsBRNA agent is
selected from the group consisting of a deoxy-nucleotide, a 3'-terminal deoxythimidine (dT)
nucleotide, a 2'-O-methyi 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-moditied nucleotide,
a 2'-O-allvi-modified nucleotide, 2’-C-alkyl-modified nucleotide, a 2"-methoxyethyl modified
nuclectide, a 2°-0O-alkyl-modified nucleotide, 2 morpholine nucleotide, a phosphoramidate, a
non-natural base comprising nucleotide, a tetrahydropyran modified nucleotide, a 1,5-
anhydrohexitol modified nucleotide, a cyclohexeny! modified nucleotide, a nucleotide
comptising a phosphorothioate group, a nucleotide comprising a methylphosphonate group, a

nucleotide comprising a 3’ -phosphate, a nucleotide comprising a 53’ -phosphate mimic, a glycol
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modified nucleotide, and a 2-O-(N-methylacetamide) modified mucleotide; and combinatiocns
thereof.

in some embodiments no more than five of the sense strand nuclectides and not more
than five of the nucleotides of the antisense strand of the dsRNA agent include modifications
other than 2-O-methyl modified nuclectide, a 2'-fluoro modified nucleotide, a 2'-deoxy-modified
nucleotide, unlocked nucleic acids (UNA} or glycerol nucleic acid {(GNA).

In sorve ervbodiments the dsRNA agent comprises a non-nucleotide spacer (wherein
opticnally the non-nucleotide spacer comprises a C3-C0 alkyl) between two of the contiguous
nuclectides of the sense strand or between two of the contiguous nucleotides of the antisense
strand.

In some embodiments each strand of the dsRNA agent is no more than 30 nucleotides in

fength.

In some embodiments at least one strand of the dsRNA agent comprises a 37 overhang of
at least 1 nucleotide.

In some ermbodiments at feast one strand of the dsRNA agent comprises a 37 overhang of
at feast 2 nucleotides.

In some embodiments the double stranded region of the dsRNA agent is 15-30 nucleotide
pairs in length. In some embodiments the double stranded region of the dsRNA agent is 17-23
nucleotide pairs in length. In some embodiments the double stranded region of the dsRNA agent

~y

15 17-25 nucleotide pairs in length. In some embodiments the double stranded region of the
dsRNA agent is 23-27 nucleotide pairs in length.  In some embodiments the double stranded
region of the dsRNA agent is 19-21 nucleotide pairs in length. In some embodiments the double
stranded region is 21-23 nucleotide pairs in length. In some embodiments the positions in the
double stranded region exclude a cleavage site region of the sense strand of the dsRNA agent.

In some embodiments each strand of the dsRNA agent has 19-30 nucleotides. In some
embodiments each strand of the dsRNA agent has 19-23 nucleotides. In some embodiments each
strand of the dsRNA agent has 21-23 nucleotides.

In some embodiments the dsRNA agent comprises at least one phosphorothioate or
methylphosphonate internucleotide linkage. 1o some embodiments the phosphorothioate or

methylphosphonate internuclectide finkage is at the 3 -terminus of one strand of the dsRNA
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agent. In some embodiments the phosphorothicate or methyiphosphonate internucleotide
finkage is at the 3" -terminus of the antisense strand of the dsRNA agent. In some embodiments
the phosphorothioate or methylphosphonate internucleotide linkage is at the 3" -terminus of the
sense strand of the dsRINA agent. In some embodiments the phosphorothioate or
methylphosphonate tnternucleotide Hinkage 1s at the $'-terminus of one strand of the dsRNA
agent. In some embodiments the phospherothioate or methylphosphonate internuclectide linkage
15 at the S™-terminus of the antisense strand of the dsRNA agent. In some embodiments the
phosphorothioate or methylphosphonate internucleotide linkage is at the 5" -terminus of the sense
strand of the dsRINA agent. In some embodiments the 5'- and 3’ -terminus of one strand of the
dsRNA agent comprises a phosphorothioate or methylphosphonate internucleotide linkage.

In some embodiments the 57- and 3" -terminus of the antisense strand of the dsRNA agent
comprises a phosphorothioate or methylphosphonate internucleotide linkage.

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 of the dsRNA agent has a total of 21 nucleotides
and the antisense strand has a total of 23 nucleotides.

In some embodiments one or more lipophilic moieties are conjugated to one or more
internal positions on at least one strand of the dsRNA agent. In some embodiments one or more
lipophilic moieties are conjugated to one or more internal positions on at least one strand of the
dsRINA agent via a linker or carrier. In some embodiments the internal positions include all
positions except the terminal two positions from each end of at least one strand of the dsRNA
agent. In some embodiments the uternal positious tnclude all positions except the terminal three
positions from each end of the at least one strand of the dsRNA agent. In some embodiments the
internal positions exclude a cleavage site region of the sense strand of the dsRNA agent.

In some embodiments the internal positions include all positions except positions 9-12,
counting from the 5-end of the sense strand of the dsRNA agent.

In some embodiments the internal positions include all positions except positions 11-13,
counting from the 3 -end of the sense strand of the dsRNA agent.

in some embodiments the internal positions exclude a cleavage site region of the

antisense strand of the dsRNA agent.
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In some embodiments the internal positions tnclude all positions except positions 12-14,
counting from the 5’ -end of the antisense strand of the dsRINA agent.

In some embodiments the internal positions include all positions except positions 11-13
on the sense strand of the dsRNA agent, counting from the 3"-end, and positions 12-14 on the
antisense strand of the dsRNA agent, counting from the §™-end.

In some embodiments the lipophilic moieties are conjugated to one or more of the
nternal positions selected {rom the group consisting of posttions 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 of the dsRNA agent.

In some embodiments the lipophilic moieties are conjugated to one or more of the
internal positions selected from the group consisting of positions 5, 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

of the dsRINA agent.

In some embodiments the sense strand is 21 nucleotides in length, the antisense strand is
23 nucleotides in length, and the lipophilic moiety is 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 of the dsRNA agent.

In some embodiments the lipophilic moiety is conjugated to position 21, position 20,
position 15, position 1, or position 7 of the sense strand of the dsRNA agent.

In some emsbodiments the lipophilic moiety is conjugated to position 21, position 20, or
position 15 of the sense strand of the dsRNA agent.
In some embodiments the Hipophilic motety s conjugated to position 20 or posttion 15 of the
sense strand of the dsRINA agent.
in some embodiments the lipophilic motety 15 conjugated to position 16 of the antisense strand of
the dsRNA agent.

In some embodiments the lipophilic motety 15 conjugated to position 6, counting from the
5’ -end of the sense strand of the dsRNA agent.

In some embodiments the lipophilic moiety is an aliphatic, alicyclic, or polyalicyclic

compound.
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In some embodiments the lipophilic moiety is selected from the group consisting of lipid,
cholesterol, retinoic acid, cholic acid, adamantane acetic acid, I-pyrene butyric acid,
dihydrotestosterone, 1,3-bis-Othexadecyl)glycerol, geranyloxyhexyanol, hexadecyiglycerol,
borneol, menthol, 1,3-propanediol, heptadecy! group, palmitic acid, myristic acid, O3-
{oleoyHlithocholic acid, O3-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine.

In some embodiments 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, thiol, azide, and alkyne.

In some embodiments the lipophilic moiety contains a saturated or unsaturated C6-C18
hydrocarbon chain.

In some embodiments the lipophilic moiety contains a saturated or unsaturated C16
hydrocarbon chain,

In some embodiments 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,

In some embodiments the carrier is a cyclic group selected from the group consisting of
pyrrolidinyl, pyrazolinvl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl,
[1,31dioxolanyl, oxazolidinyl, isoxazolidinvl, morpholinyl, thiazolidinyl, isothiazolidinyl,
quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl; or is an acyclic moiety based on a
serinol backbone or a diethanolamine backbone.

In some ewsbodiments the lipophilic moiety is conjugated to the double-stranded IRNA
agent via a linker containing an ether, thioether, urea, carbonate, aming, amide, maleimide-
thioether, disulfide, phosphodiester, sulfonamide linkage, a product of a click reaction, or
carbamate.

In some embodiments the lipophilic motety 1s conjugated to a nuclecbase, sugar moiety,
or nterpucleocsidic linkage.

In some embodiments the lipophilic motety 15 conjugated via a bio-cleavable linker
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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In some embodiments the 37 end of the sense strand of the dsRNA agent is protected via
an end cap which 1s a cyclic group having an amine, said cyclic group being selected from the
group consisting of pymrolidinyl, pyrazolinyl, pyrazolidinyi, imidazolinyl, imidazolidinyl,
piperidinyl, piperazinyl, [1,3ldioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl,

5  isothiazolidinyl, quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl.

In some embodiments the dsRNA agent further comprising a targeting ligand, e g, a
ligand that targets an ocular tissue or a liver tissue. In some emboduments the figand 13
conjugated to the sense strand of the dsRNA agent. In some embodiments the ligand is
conjugated to the 3° end or the 57 end of the sense strand of the dsRNA agent. In some

16 embodiments the ligand is conjugated to the 37 end of the sense strand of the dsRNA agent.

In some embodiments the dsRNA agent further comprising a ligand that targets an ocular
tissue wherein the ocular tissue is ciliary eptthelium, an optic nerve, a trabecular meshwork, a
tuxtacanalicular tissue, a ganglion {e g, including a retinal ganglion), episcleral veins ora
Schlemm’s caval {e.g., including an endothelial cell).

15 In some embodiments the targeting ligand of the dsRNA agent comprises N-
acetylgalactosamine {(GaiNAc). In some embodiments the targeting ligand of the dsRNA agent is
one or more GalNAc conjugates or one or more or GalNAc derivatives. In some emsbodiments
the GalNAc conjugates or one or more GalNAc derivatives are attached through a monovalent

linker, or a bivalent, irivalent, or tetravalent branched linker.

20 In some emnbodiments the targeting ligand of the dsRNA agent 15
HO OH
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In some embodiments the dsRNA agent is conjugated to the ligand as shown in the

following schematic
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wherein X is Qor 8.

5 In some embodiments the dsRNA agent further comprises a terminal, chiral modification
occurring at the first internuclectide linkage at the 3 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

10 internucleotide linkage at the 5" end of the sense strand, having the linkage phosphorus aton 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 internucleotide linkages at the 37 end of the antisense strand,
having the linkage phosphorus atom in Sp configuration; a terminal, chiral modification

15 occurring at the first internucleotide linkage at the 5° 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.
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In some embodiments the dsRNA agent further comprises a terminal, chiral modification
occurring at the first, second and third internuclectide linkages at the 37 end of the antisense
strand, having the Hinkage phosphorus atom in Sp configuration; a terminal, chiral modification
occurring at the first internucleotide linkage at the 5 end of the antisense strand, having the
linkage phosphorus atom tn 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 tn either Rp or Sp configuration.

In some embodiments the dsRNA agent further comprises a terminal, chiral modification
oceurring at the first, and second 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 third internucleotide linkages at the 37 end of the antisense strand, having the
{inkage phosphorus atom in Rp configuration; a terminal, chiral modification occurring at the
first internuclectide linkage at the 57 end of the antisense strand, having the linkage phosphorus
ator in Rp configuration; and a terminal, chiral modification occurring at the first
internuclectide linkage at the 5” end of the sense sirand, having the linkage phosphorus atom in
either Rp or Sp configuration.

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 tirst, and second internucleotide Hnkages 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 internuclectide linkage at the 57 end of the sense strand, having the linkage
phosphorus atom o either Rp or Sp counfiguration.

In some embodiments the dsRNA agent further comprises a phosphate or phosphate
mimic at the 5" -end of the antisense strand. In some embodiments the phosphate mimicis a 5°-
vinyi phosphonate {(VP),

In some embodiments the disclosure provides a cell containing the dsRNA agent of any
one of the preceding embodiments.

In some embodiments the cell containing the dsRINA agent is a human ocularcell, eg., {8
ciliary epithelium cell, an optic nerve cell, a trabecular meshwork cell, a Schiernm’s canal cell

(e.g., including an endothelial cell), a juxtacanalicular tissue cell, a ciliary muscle cell, a retinal
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cell, an astrocyte, a pericyte, a Millier cell, a ganglion cell (e.g.. tncluding a retinal ganglion cell),
an endothelial cell, a photoreceptor cell, a retinal blood vessel {e.g,, including endothelial cells
and vascular smooth muscle cells), episcleral veins or choroid tissue, €.g., a choroid vessel}
comprising a reduced level of CAZ mRNA or a level of CA2 protein as compared to an
otherwise similar untreated cell, wherein optioually the level (s reduced by at least 10%, 15%,

20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%

) 5

,or 95%.

In soroe ersbodiments the human cell containing the dsRINA agent is produced by a
process comprising contacting a human cell with the dsRNA agent of any one of preceding
embodiments.

In some embodiments the disclosure provides a pharmaceutical composition for
inhibiting expression of CA2, comprising the dsRNA agent of any one of preceding
embodiments.

In a particular embodiment the disclosure provides a pharmaceutical composition
comprising the dsRNA agent of any one of preceding embodiments and a lipid formulation,

In some embodiments the disclosure provides a method of inhibiting expression of CA2
in g cell, the method comprising:

{a})  contacting the cell with the dsRNA agent of any one of preceding embodiments or
a pharmaceutical composition comprising the dsRNA agent of any one of preceding
embodiments; and

(by  maintaining the cell produced in step (a) for a time sufficient fo obtain

degradation of the mRNA transcript of CA2, thereby tnhibiting expression of CAZ in the cell.

In other embeodiments the disclosure provides a method of inhibiting expression of CA2
in a cell, the method comprising:

(a} contacting the cell with the dsRNA agent of any one of preceding embodiments
or a pharmaceutical composition comprising the dsRNA agent of any one of preceding
embodiments; and

(b}  maintaining the cell produced 1n step (2} for a time sufficient to reduce levels of
CA2 mRNA, CAZ protein, or both of CA2 mRNA and protein, thereby inhibiting expression of

CAZ in the cell.
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In some embodiments the disclosure provides a method of inhibiting expression of CA2
in g cell wherein the cell is within a subject.

in some embodiments the disclosure provides a method of inhibiting expression of CAZ
in a cell, wherein the cell is within a human subject.

In some embodiments the disclosure provides a method of inhibiting expression of CA2
in a cell wherein the level of CA2Z mRNA is inhibited by at least 50%.

In some embodiments the disclosure provides a method of inhibiting expression of CA2
in a cell wherein the level of CA2 protein is inhibited by at least 30%.

In some embodiments the disclosure provides a method of inhibiting expression of CA2
in a cell wherein inhibiting expression of CA2 decreases a CA2 protein level in a biclogical
sample {e.g., a ciliary epithelium sample) from the subject by at least 30%, 40%, 50%, 60%,
T0%, 80%, 90%, or 95%.

In particular embodiments the disclosure provides a method of inhibiting expression of
CAZ in g cell wherein the subject has been diagnosed with a CAZ2-associated disorder, e.g.,
glaucoma.

In some ermbodiments the method of inhibiting expression of CAZ2 in an ocular cell or
tissue comprises

(a}  contacting the cell or tigsue with a dsRNA agent that binds CAZ; and

(b}  maintaining the cell or tissue produced in step (2) for a time sufficient to reduce
levels of CAZ mRNA, CAZ protein, or hoth of CAZ mRNA and protein, thereby inhibiting
expression of CAZ in the cell or tissue. To some ervbodiments the ocular cell or tissue comprises
a ciliary epithelium cell, an optic nerve cell, a trabecular meshwork cell, a Schlemm’s canal cell
{e.g., ncluding an endothelial cell), a juxtacanalicular tissue cell, a ciliary muscle cell, a retinal
cell, an astrocyte, a pericyte, a Miller cell, a ganglion cell {e.g., including a retinal ganglion cell),
an endothelial cell, a photoreceptor cell, a retinal blood vessel {e. g, including endothelial cells
and vascular smooth muscle cells), episcleral veins or choroid tissue, €.g., a choroid vessel.

In some embodiments the disclosure provides a method of treating a subject diagnosed
with a CA2-associated disorder comprising administering to the subject a therapeutically
effective amount of the dsRNA agent of any one of preceding embodiments or a pharmaceutical

composition thereof, thereby treating the disorder. In some embodiments the disclosure provides

179

SUBSTITUTE SHEET (RULE 26)



10

15

3¢

WO 2022/251629 PCT/US2022/031337

a method of treating a subject diagnosed with 2 CAZ-associated disorder wherein the CA2-
associated disorder is glaucoma or a glaucoma associated condition,

in particular embodiments the disclosure provides a method of treating a subject
diagnosed with a CAZ-associated disorder wherein treating comprises amelioration of at least
one sign or symptom of the disorder. In particular embodiments the disclosure provides a method
of treating a subject diagnosed with a CA2-associated disorder where treating comprises
prevention of progression of the disorder. In some ervbodiments the treating comprises ong or
more of (a} inhibiting or reducing intraccular pressure; {b) inhibiting or reducing the expression
or activity of CAZ; (¢} decreasing the amount of agueous humor; {(d} inhibiting or reducing optic
nerve damage; () inhibiting or reducing retinal ganglion cell death; () medication to reduce
intraocular pressure; {g) laser treatment; (b} surgery; (1) or trabeculectomy.

In sore ervbodiments the disclosure provides a method of treating a subject diagnosed
with glaucoma wherein at least one sign or symptom of glaucoma comprises a measure of one or
more of intraocular pressure, vision loss, optic nerve damage, ocular inflammation, visual acuity,
or presence, level, or activity of CAZ {e.g., CAZ gene, CAZ mRNA, or CA2 protein).

In particular embodiments the disclosure provides a method of tregting a subject
diagnosed with a CAZ-associated disorder wherein the treating results in at least a 30% mean
reduction from baseline of CAZ mRNA in a ciliary epithelium cell, an optic nerve cell, a
trabecular meshwork cell, a Schlemm’s canal cell (e.g., including an endothelial cell), a
juxtacanalicular tissue cell, a ciliary muscle cell, retinal pigment epithelium (RPE}, a retinal cell,
aun astrocyie, a pericyte, a Miller cell, a ganglion cell {e.g,, including a retinal ganglion cell}, an
endothelial cell, a photoreceptor cell, a retinal blood vessel (e.g., including endothelial cells and

vascudar smooth muscle cells), episcleral veins or choroid fissue, e.g., a choroid vessel.

In some ermbodiments the disclosure provides a method of treating a subject diagnosed
with a CAZ-associated disorder wherein the treating results in at {east a 60% mean reduction
from baseline of CA2 mRNA in the ctliary epithelium cell, optic nerve cell, trabecular meshwork
cefl, Schiemm’s canal cell (&g, including an endothehial celi), juxtacanalicular tissue cell, ciliary
muscle cell, retinal pigment epithelium (RPE), retinal cell, astrocyte, pericyte, Miller cell,

ganglion cell {e.g, including retinal ganglion cell), endothelial cell, photoreceptor cell, retinal
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blood vessel (e.g., including endothelial celis and vascular smooth muscle cells), episcleral veins
or choroid tissue, e.g., choroid vessel.

in other embodiments the disclosure provides a method of treating a subject diagnosed
with a CAZ2-associated disorder wherein the treating results in at least a 90% mean reduction
from baseline of CAZ mRNA iu the ciliary epithelium cell, optic nerve cell, trabecular meshwork
cell, Schiemm’s canal cell (e.g, including an endothelial cell), juxtacanalicular tissue cell, ciliary
muscle cell, retival pigment epithelium (RPE), retinal cell, astrocyte, pericyte, Miller cell,
ganglion cell {e.g, including retinal ganglion cell), endothelial cell, photoreceptor cell, retinal
blood vessel {e.g., including endothelial cells and vascular smooth muscle cells), episcleral veins
or choroid tissue, e.g., choroid vessel.

In some embodiments the disclosure provides a method of treating a subject diagnosed
with a CAZ-associated disorder wherein after treatrnent the subject experiences at least an 8-
week duration of knockdown following a single dose of dsRNA as assessed by CA2 protein in
the ciltary epithelium.

In particular embodiments the disclosure provides a method of treating a subject
diagnosed with a CAZ2-associated disorder wherein treating results in at least a 12-week duration
of knockdown following a single dose of dsRNA as assessed by CA2 protein in the ciliary
epithelium,

In particular embodiments the disclosure provides a method of treating a subject
diagnosed with a CAZ2-associated disorder wherein treating results in at least a 16-week duration
of knockdown following a single dose of dsRNA as assessed by CAZ protein in the ciliary
epithelium.

In some embodiments the disclosure provides a method of treating a subject diagnosed

with a CA2-associated disorder wherein the subject is human.

In some embodiments the disclosure provides a method of treating a subject diagnosed
with a CA2-associated disorder wherein the dsRNA agent is administered at a dose of about
0.01 mg/kg to about 50 mg/kg. In some embodiments the disclosure provides a method of
treating a subject diagnosed with a CAZ-associated disorder wherein the dsRNA agent is
administered to the subject intraocularly, intravenously, ot topically. In some embodiments the

intraocular administration comprises intravitreal administration {e.g., intravitreal injection),
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transscleral administration {e.g., transscleral injection), subconjunctival administration {e.g.,
subconjunctival injection), retrobulbar administration {e.g., retrobulbar injection), intracameral
administration {e.g., intracameral injection), or subretinal adminisiration {e.g., subretinal
injection).

In some embodiments the method of treating a subject diagnosed with a CAZ2-associated
disorder further comprising measuring level of CAZ {e.g., CA2 gene, CAZ mRNA or CAZ
protein) in the subject.

In some embodiments measuring the level of CAZ in the subject comprises measuring the
level of CA2 gene, CA2 protein or CAZ mRNA in a biological sample from the subject {e.g., a
ciliary epithelium sample). In some embodiments measuring level of CA2 (e.g., CAZ gene, CA2
mRNA, or CA2 protein) in the subject is performed prior to treatment with the dsRNA agent or
the pharmaceutical composition. In other embodiments measuring level of CAZ {e.g., CAZ gene,
CAZ mRNA, or CA2 protein) in the subject is performed after treatment with the dsRNA agent
or the pharmaceutical composition. In some embodiments upon determination that a subject has
alevel of CAZ {e.g, CAZ gene, CAZ mRNA, or CA2 protein) that is greater than a reference
fevel, the dsRNA agent or the pharmaceutical composition is administered to the subject. In
some embodiments, measuring level of CA2 (e.g,, CAZ gene, CA2 mRNA, or CAZ protein) in
the subject is performed after treatment with the dsRNA agent or the pharmaceutical
composition,

In some ernbodiments the disclosure provides a method of treating a subject diagnosed
with a CAZ-associated disorder further comprising performing a blood test, an imaging {est, a
tonometry test or a ciliary epithelium biopsy.

In some embodiments the disclosure provides a method of treating a subject diagnosed
with a CAZ2-associated disorder, the method further comprising administering to the subject an
additional agent and/or therapy suitable for treatment or prevention of an CAZ-associated
disorder. In some embodiments the additional agent and/or therapy compsises one or more of a
prostaglandin analog, a beta blocker, an alpha-adrenergic agonist, a carbonic anhydrase inhibitor,

or an anti-CAZ2 agent.
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EXAMPLES
Example 1. CA2 siRNA

Nucleic acid sequences provided herein are represented using standard nomenclature.

See the abbreviations of Table 2.

Table 2. Abbreviations of nuclectide monomers used in nucleic acid sequence representation

1t 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 -phosphorothioate
Af 2" -fluoroadenosine-3 -phosphate
Afs 2’ -fluoroadenosine-3 -phosphorothioate
(Ahd) 2'-0-hexadecyl-adenosine-3'-phosphate
{Ahds) 2'-()-hexadecyl-adenosine-3'-phosphorothioate
AS adenosine-3 -phosphorothiocate

A2p) adenosine-2 -phosphate
(AZps) adenosine-2 -phosphorothioate
C eytidine-3’-phosphate
Ch beta-L-cytidine-3'-phosphate
Chs beta-L-evtidine-3'-phosphorothicate
Cf 2’ -flyorocytidine-3 -phosphate
Cfs 27 -fluorocytidine-3’ -phosphorothioate
{Chd) 2'-O-hexadecyl-cytidine-3'-phosphate
(Chds} 2-O-hexadecyl-cytidine-3'-phosphorothioate
(s cytidine-3’-phosphorothioate
(C2p) cytidine-2 -phosphate
(C2ps) cytidine-2 -phosphorothicate
& guanosine-3 -phosphate
Gh beta-L-guanosine-3 -phosphate
Gbs beta-L-guanosine-3 -phosphorothioate
Gf 2 -fluoroguanosine-3 -phosphate
(fs 2’-fluoroguanosine-3 -phosphorothipate
(Ghd) 2-O-hexadecyl-guanosine~3'-phosphate
{(Ghds) 2'-O-hexadecyi-guanosine-3'-phosphorothicate
(is guanosine-3 -phosphorothicate
((32p) guanosine-2 -phosphate
(GZ2ps) guanosine-2 -phosphorothicate
T S*-methyluridine-3 -phosphate
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Thb beta-L-thymidine-3'-phosphate

Ths beta-L-thymidine-3'-phosphorothioate

T 2’ -fluoro-S-methyluridine-3 -phosphate

Tfs 2 -fluoro-5-methvluridine-3” -phosphorothioate

Tan thvmidine-glycol nucleic acid (GNA) S-Isomer

Agn adenosine- glycol nucleic acid (GNA) S-Isomer

Cen cytidine-glycol nucleic acid (GNA) S-Isomer

Gen guanosine-glveol nucleic acid (GNA) S-Isomer

Ts S-methyluridine-3’-phosphorothioate

U Undine-3’-phosphate

Ub beta-L-uridine-3 -phosphate

Ubs beta-L-uriding-3 -phosphorothioate

Ut 27 -fluorouridine~3’~phosphate

Ufs 2" -fluorouridine -3 -phosphorothicate

(Uhd) 2'-O-hexadecyl-uridine-3"-phosphate

{Uhds) 2'-0-hexadecyl-uridine-3'-phosphorothinate

Us uridine -3"-phosphorothicate

{(U2p) uridine-2 -phosphate

(Ulps) uridine-2 -phosphorothioate

N any nucleotide (G, A, C, Tor U)

VP Vinyl phosphonate

a 2-O-methyladenosine-3 -phosphate

as 2-O-methyladenosine-3’- phosphorothicate

C 2-O-methyleytidine-3 -phosphate

cs 2'-0-methylcytidine-3 '~ phosphorothicate

4 2-O-methylguanosine-3’-phosphate

s 2'-0-methylguanosine-3'- phosphorothioate

t 2’ -O-methyl-5-methyluridine-3’-phosphate

ts 2’-O-methyl-5-methylundine-3 -phosphorothicate

u 2'-O-methylunidine-3 -phosphate

us 2-O-methyluridine-3"-phosphorothioate

dA 2 -deoxyadenosine-3 -phosphate

dAs 2 -deoxvadenosine-3 -phosphorothioate

dC 2 -deoxycvtidine-3 -phosphate

dCs 2 -deoxveytidine-3 uphospharodmme

G 2 -deoxyguanosine-3 -phosphate

dGs 2 -deoxyguanosine-3 -phosphorothioate

dT 2'-deoxvthymidine

dTs 2 -deoxythymidine-3 -phosphorothioate

du 2 -deoxyuridine

s phosphorothioate linkage

Lo6! N-{tris{GalNAc-alkyl-amidodecanoyt)]-4-hydroxyprolnol
Hyp-{GalNAc-alky)3

{Aeo) 2’ -O-methoxyethyladenosine-3' -phosphate

(Aeos) 27-O-methoxyethyladenosine-3’ ~-phosphorothicate
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{Geo) 2’-O-methoxyethyiguanosine-3’ -phosphate

{Geos) 2" -0-methoxyethyiguanosine-3’ - phosphorothioate

{Teo} 27 -O-methoxyethyl-S-methyluridine-3 -phosphate

{Teos) 27 -Cmethoxyethyl-5-methyluridive-3’ - phosphorothicate
{m5Ceo0} 2" -O-methoxyethyl-S-methyleytidine-3 -phosphate
{m5Ceos) 27 -O-methoxyethyl-5~-methyleytidine-3’ - phosphorothioate

"The chernical structure of L96 is as follows:

trans-d-Hydroxyprolino
;
v S ~N
HG
. Qitas
FARR O St of

Canjugation

Triantennary GaiNAc <

Experimental Methods

Bioinformatics

Transcripts

siRNAs targeting the human CAZ, “carbonic anhydrase 27 (human: NCBI refseqlD
NM_000067.3; NCBI GenelD: 760) were generated. The human NM_ 0000673 REFSEQ
mBNA, version 1, has a length of 1562 bases. Pairs of oligos were generated using
bioinformatic methods and ranked, and exemplary pairs of oligos are shown in Tables 3 and 4,
Tables 7 and 8, and Tables 9 and 10 Modified sequences are presented in Tables 5, 6, §, and 10,
Unmodified sequences are presented in Tables 3, 4,7, and 9. The oligos in Tables 3, 5, and ©
were designed for C16 modification and the oligos in Tables 4 and & were designed for GalNA¢
modification.

It is to be understood that, throughout the application, a duplex name without a decimal is
equivalent to a duplex name with a decimal which merely references the batch number of the

duplex. For example, AD-1560600 is equivalent to AD-1560600.1.

SIRNA Synthesis

siRNAs were synthesized and annealed using routine methods known 1u the art.
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Briefly, stRNA sequences were synthesized at 1 umol scale on a Mermade 192
synthesizer (BicAutomation} using the solid support mediated phosphoramidite chemistry. The
solid support was controlled pore glass (5300 A) loaded with custom GalNAc ligand or universal
solid support {AM biochemical). Ancillary synthesis reagents, 2'-F and 2'-0-Methy! RNA and
deoxy phosphoramidites were obtained from Thermo-Fisher (Milwaukee, W) and Hongene
{China). 2'F 2°-0-Methyl, GNA {glycol nucleic acids), 5’ phosphate and other modifications
were introduced using the corresponding phosphoramidites. Synthesis of 37 GalNAc conjugated
single strands was performed on a GalNA¢ modified CPG support. Castorn CPG universal solid
support was used for the synthesis of antisense single strands. Coupling time for all
phosphoramidites (100 mM in acetonitrile) was 5 minutes employing 5-Ethylthio-1H-tetrazole
(ETT) as activator {0.6 M in acetonitrife). Phosphorothioate linkages were generated using a 50
mM solution of 3-({Dimethylamino-methylidene} amino}-3H-1,2 4-dithiazole-3-thione (DDTT,
obtained from Chemgenes {Wilmington, MA, USA)}) in anhydrous acetonitrile/pyridine (1.1
viv}. Oxidation time was 3 minutes. All sequences were synthesized with final removal of the
DMT group ("DMT off”).

Upon completion of the solid phase synthesis, oligoribonucleotides were cleaved from
the solid support and deprotected in sealed 96 deep well plates using 200 ul. Agueous
Methylamine reagents at 60°C for 20 minutes. For sequences containing 2’ ribo residues {27-0H)
that are protected with a tert-butyl dimethy! silyl (TBDMS) group, a second step deprotection
was performed using TEA 3HF (triethylamine tribydro fluoride) reagent. To the methylamine
deprotection solution, 200 pL of dimethy! sulfoxide (DMSQO) and 300 yL TEA 3HF reagent was
added and the solution was incubated for additional 20 minutes at 60°C. At the end of cleavage
and deprotection step, the synthesis plate was allowed to come to room temperature and was
precipitated by addition of Iml of acetontile: ethanol mixture (9:1). The plates were cooled at -
80 °C for 2 hours, supernatant decanted carefully with the aid of a multi-channel pipette. The
oligonucleotide pellet was re-suspended in 20mM NaQAc¢ buffer and were desalted using 2 S mbL
HiTrap size exclusion column (GE Healthcare) on an AKTA Purifier System equipped with an
A905 autosampler and a Frac 950 fraction collector. Desalted samples were collected in 96-well
plates. Samples from each sequence were analyzed by LC-MS to confirm the identity, UV {260

nm} for quantification and a selected set of samples by IEX chromatography to determine purity.
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Annealing of single strands was performed on a Tecan liquid handling robot. Equimolar

mixture of sense and antisense single strands were combined and annealed in 96 well plates.

After combining the complementary single strands, the 96-well plate was sealed tightly and

heated in an oven at 100°C for 10 minutes and allowed to come slowly to room temperature over

a period 2-3 hours. The concentration of each duplex was normalized to 10 uM in 1X PBS and

then submitted for in vitro screening assays.

Table 3. Unmodified Sense and Antisense Strand Sequences of CA2 dsRNA Agents for
{16 Modification

SUBSTITUTE SHEET (RULE 26)

SEQ | Rangein Range in
Duplex | Sense Sequence 1)) NM 8000 | Antisense Sequence | SEQID | NM 06
Name ¥l NO: | 67.3 Sted NG §#67.3
AD- AGAUCGGUGCC | 7 32-52 UGCAGGAAUCGG | 142 30-32
1360600 | GAUUCCUGCA CACCGAUCUGG
AD- CGCGACCAUGY | 8 £9-89 UAGUGAUGGGAC | 143 57-89
1360617 | CCCAUCACUA AUGGUCGCGCU
AD- GUACGGCAAAC | 9 63-113 UGUCCGUUGUGY | 144 91-113
1560622 | ACAACGGACA UUGCCGUACCC
AD- CAAACACAACG | 10 99-119 UGCUCAGGUCCG | 145 97-119
1560628 | GACCUGAGCA UUGUGUUUGCC
AD- GGACCUGAGCA | 1T 100-129 | UUUAUGCCAGUG | 148 107-129
1560638 | CUGGCAUAAA CUCAGGUCCGU
AD- GAGCACUGGCA | 12 115-135 | UAAGUCCUUAUG | 147 113135
1560644 | UAAGGACUUA CCAGUGCUCAG
AD- GUUGACAUCGA | 13 166-186 UGUAUGAGUGUC | 148 164-186
1560655 | CACUCAUACA GAUGUCAACAG
AD- ACACUCAUACA | 4 176-196 | UAUACUUGGCUG | 149 174-196
1560665 | GCCAAGUAUA UAUGAGUGUCG
AD- UACAGCCAAGU | 15 183-203 UAAGGGUCAUAC | 150 181-203
1560672 | AUGACCCUUA UUGGCUGUAUG
AD- CAAGUAUGACC | 16 189-209 | UUCAGGGAAGGG | 151 187-209
1560678 | CUUCCCUGAA UCAUACUUGGC
AD- UGUCUGUUUCC | 17 215-235 UUUGAUCAUAGG | 152 213-235
15360684 | UAUGAUCAAA AAACAGACAGG
AD- CCUAUGAUCAA | 18 224-244 | UGGAAGUUGCUU | 153 222-244
1560693 | GCAACUUCCA GAUCAUAGGAA
AD- CAAGCAACUUC | 19 232-2582  { VAUCCUCAGGGA | 154 230-252
1360701 | CCUGAGGAUA AGUUGCUUGAU
AD- CCCUGAGGAUC | 20 242-262 JAUUGUUGAGGA | 155 244-262
1560711 | CUCAACAAUA UCCUCAGGGAA
AD- UCCUCAACAAU | 21 251-271 UAGCAUGACCAU | 156 249271
1560720 | GGUCAUGCUA UGUUGAGGAUC
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SEQ | Rangein Range in
Duplex | Sense Sequence ip NM_ 0008 | Antisense Sequence | SEQID | NM 008
Name Fwd NG: | 67.3 Sd N{B: 067.3
AD- ACAAUGGUCAU | 22 257277 UGUUGAAAGCAU | 157 255-27
1560726 | GCUUUCAACA GACCAUUGULG
AD- AUGCUUUCAAC | 23 266-286 UAAACUCCACGU | 158 264-286
1360735 | GUGGAGUUUA UGAAAGCAUGA
AD- AACGUGGAGUU | 24 274-294 UGAGUCAUCAAA | 159 272-294
1566745 | UGAUGACUCA CUCCACGUUGA
AD- UGAUGACUCUC | 25 285-305 UCUUUGUCCUGA | 160 283-305
1360752 | AGGACAAAGA GAGUCAUCAAA
AD- UCUCAGGACAA | 26 292312 | UAGCACUGCUUU | 16l 200-312
1560759 | AGCAGUGCUA GUCCUGAGAGU
AD- GACAAAGCAGU | 27 298-318 UCCCUUGAGCAC | 162 296-318
1560765 | GCUCAAGGGA UGCUUUGUCCU
AD- UGGCACUUACA | 28 330-350 | UGAAUCAAUCUG | 163 328-350
1560777 | GAUUGAUUCA UAAGUGCCALC
AD- UUACAGAUUGA | 29 336-356 UGAAACUGAAUC | 164 334-336
1360783 | UUCAGUUUCA AAUCUGUAAGU
AD- AUUCAGUUUCA | 30 346-366 UCAGUGAAAGUG | 165 344-366
1360792 | CUUUCACUGA AAACUGAAUCA
AD- UCACUUGAUGG § 51 376-390 UGAACCUUGUCC | 166 368-390
1560798 | ACAAGGUUCA AUCAAGUGAAC
AD- GAUGGACAAGG | 32 376-396 UUGCUCUGAACC | 167 374-396
15360804 | UUCAGAGCAA UUGUCCAUCAA
AD- CAAGGUUCAGA | 33 382-402 UACAGUAUGCUC | 168 380-4G2
1560810 | GCAUACUGUA UGAACCUUGUC
AD- UCAGAGCAUAC | 34 358-408 UUUAUCCACAGU | 169 386-408
1360816 | UGUGGAUAAA AUGCUCUGAAC
AD- AAGAAAUAUGE | 35 409-429 UAGUUCUGCAGC | 170 407-429
1560837 | UGCAGAACUA AUAUUUCUUUU
AD- UAUGCUGCAGA | 36 4135-435 UAAGUGAAGUUC | 171 413-435
1560845 | ACUUCACUUA UGCAGCAUAUY
AD- GCAGAACUUCA | 37 421-441 UUGAACCAAGUG | 172 419-441
1560851 | CUUGGUUCAA AAGUUCUGCAG
A CUUCACUUGGU | 38 817-837 | UUUCCAGUGAAC | 173
15360843 | UCACUGGAAA CAAGUGAAGUU
AD- UUUGGGAAAGC | 39 463-483 UVUGCUGCACAGC | 174 461483
1360862 | UGUGCAGCAA UUUCCCAAAAU
AD- GUGCAGCAACC | 40 475-495 UAGUCCAUCAGG | 175 473-495
1560874 | UGAUGGACUA UUGCUGCACAG
AD- CAACCUGAUGG | 41 481-501 | DACGGCCAGUCC | 178 479-301
1560880 | ACUGGCCGUA AUCAGGUUGCU
AD- CUGGCCGUUCU | 42 493-313 UAAAAUACCUAG | 177 491-513
15608592 | AGGUAUUUUA AACGGCCAGUC
AD- UGAAGGUUGGC | 43 515-335 | UUUUAGCGCUGC | 178 513-335
1560895 | AGCGCUAAAA CAACCUUCAAA
AD- GCAGCGCUAAA | 44 524-544 UAAGGUCCGGUU | 179 322-544
1560904 | CCGGGCCUUA UAGCGCUGCCA
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SEQ | Rangein Range in

Duplex | Sense Sequence ip NM_ 0008 | Antisense Sequence | SEQID | NM 008
Name Fwd NG: | 67.3 Sd N{B: 067.3
AD- CCGGGCCUUCA {45 535-555 UACAACUUUCUG | 189 533-555
15360915 | GAAAGUUGUA AAGGCCCGGUU
AD- CUUCAGAAAGU | 46 541-561 UACAUCAACAAC | 181 539-561
1560921 | UGUUGAUGUA UUUCUGAAGGE
AD- GUUGUUGAUGU | 47 550-370 UGAAUCCAGCAC | 182 548-370
1560930 | GCUGGAUUCA AUCAACAACUU
AD- GCUGGAUUCCA | 48 5361-581 UUUGUUUUAAUG | 183 559-581
1360941 | UUAAAACAAA GAAUCCAGCAC
AD- UCCAUUAAAAC | 49 568-588 | UUUGCCCUUUGU | 184 366-388
1560048 | AAAGGGCAAA UUUAAUGGAAU
AD- AAAACAAAGGS | 50 §74-594 | UGCACUCUUGCC | 185 §72-594
1560954 | CAAGAGUGCA CUUUGUUUUAA
AD- GGCAAGAGUGC | 31 583-603 UGUGAAGUCAGC | 186 581-603
1560963 | UGACUUCACA ACUCUUGCCCY
AD- GUGCUGACUUC | 52 390-610 | UGAAGUUAGUGA | 187 388-610
1360970 | ACUAACUUCA AGUCAGCACUC
AD- ACUUCACUAAC | 33 396-616 UAGGAUCGAAGU | 188 504-616
1360976 | UUCGAUCCUA UAGUGAAGUCA
AD- COAUCCUCGUG | 54 609-529 UGAAGGAGGUCA | 189 607-629
1560989 | GCCUCCUUCA CGAGGAUCGAA
AD- UCGUGGCCUCC | 55 615-633 UAUUCAGGAAGG | 190 6513-635
1360996 | UUCCUGAAUA AGGCCACGAGG
AD- CCUCCUUCCUG | 56 621641 UCCAAGGAUUCA | 19 619-641
1561002 | AAUCCUUGGA GGAAGGAGGCC
AD- CCUGAAUCCUY | 57 628-648 UCAGUAAUCCAA | 192 626~648
15610098 | GGAUUACUGA GGAUUCAGGAA
AD- UCCUUGGAUUA | 38 634-634 UUAGGUCCAGUA | 193 632-654
1561015 | CUGGACCUAA AUCCAAGGAUU
AD- CCUACCCAGGC | 89 630-670 | UGGUCAGUGAGC | 194 648-670
1561031 | UCACUGACCA CUGGGUAGGUC
AD- CCUCUUCUGGA | &0 676-696 UGUCACACAUUC | 165 674-686
1561037 | AUGUGUGACA CAGAAGAGGAG
AD- UGGAAUGUGUG | 61 643-703 UAAUCCAGGUCA | 196 681-703
1561043 | ACCUGGAUUA CACAUUCCAGA
AD- UGUGACCUGGA | 82 690-710 UUGAGCACAAUC | 197 6588-710
1361650 | UUGUGCUCAA CAGGUCACACA
AD- CUGGAUUGUGC | 63 696-716 UGUUCCUUGAGC | 198 694-716
1561056 | UCAAGGAACA ACAAUCCAGGU
AD- CUCAAGGAACC | o4 706-726 | VACGCUGAUGGG | 199 T04-726
1361066 | CAUCAGCGUA VUCCUUGAGCA
AD- GAACCCAUCAG | 65 712-732 | UCUGCUGACGCU | 200 716-732
1561672 | CGUCAGCAGA GAUGGGUUCCY
AD- AGAACUGAUGG | 66 719-739 | UAGUUGUCCACC | 201 717-739
1475424 | UGGACAACUA AUCAGUUCUUC
AD- CGAGCAGGUGU | 67 732-732 UGGAAUUUCAAC | 202 730-752
1561092 | UGAAAUUCCA ACCUGCUCGCY
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SEQ | Rangein Range in

Duplex | Sense Sequence ip NM_ 0008 | Antisense Sequence | SEQID | NM 008
Name Fwd NG: | 67.3 Sd N{B: 067.3
AD- GGUGUUGAAAU | 68 738-758 UGUUUACGGAAU | 203 736-758
15361100 | UCCGUAAACA UUCAACACCUG
AD- GAAAUUCCGUA | o9 744-764 UVAGUUAAGUUUA | 204 742-764
1361106 | AACUUAACUA CGGAAUUUCAA
AD- CCGUAAACUUA |70 750-770 UCAUUGAAGUUA | 205 748-T70
1561112 | ACUUCAAUGA AGUUUACGGAA
AD- GAGGGUGAACC | 71 772-792 VAGUUCUUCOGG | 206 770-792
1361116 | CGAAGAACUA UUCACCCUCCC
AD- GAACCCGAAGA |72 778-798 UACCAUCAGUUC | 207 776-798
1561122 | ACUGAUGGUA UUCGGGUUCAC
AD- AUGGUGGACAA | 73 793-813 UGGGCGCCAGUU | 208 791-813
1561130 | CUGGCGCCCA GUCCACCAUCA
AD- CCAGCUCAGCC | 74 811-831 VUUCUUCAGUGG | 209 209-831
1561146 | ACUGAAGAAA CUGAGCUGGGC
AD- CAGCCACUGAA | 75 #17-837 UUGCCUGUUCUU | 210 315-837
1361152 | GAACAGGCAA CAGUGGCUGAG
AD- CUGAAGAACAG | 76 823843 UUUGAUUUGCCY | 211 821-843
1561158 | GCAAAUCAAA GUUCUUCAGUG
AD- UCACUGGAACA | 77 828-848 UCAUAUUUGGUG | 212 826-848
1446763 | CCAAAUAUGA UUCCAGUGAAC
AD- GGCAAAUCAAA | 78 §33-833 UGAAGGAAGCUU | 213 $31-853
1361168 | GCUUCCUUCA UGAUUUGCCUG
AD- CAAAGCUUCCU |79 340-860 UCUUAUUUGAAG | 214 838-660
1561175 | UCAAAUAAGA GAAGCUUUGAU
AD- UUCCUUCAAAU | 80 346-866 UGACCAUCUUAU | 215 844-866
1561181 | AAGAUGGUCA UUGAAGGAAGC
AD- AUAAGAUGGUC | & 855-873 UAGACUAUGGGA | 216 8353-875
1561190 | CCAUAGUCLA CCAUCUUAUUU
AD- UGGUCCCAUAG | 82 361-881 | UGGAUACAGACU | 217 359-881
1561196 | UCUGUAUCCA AUGGGACCAUC
AD- AUAGUCUGUAU | &3 368-888 UVAUUAUUUGGAL | 218 866-38%
1561203 | CCAAAUAAUA ACAGACUAUGG
AD- GUAUCCAAAUA | 84 375-895 UAAGAUUCAUUA | 219 873-895
1361210 | AUGAAUCUUA UUUGGAUACAG
AD- AUAAUGAAUCU | 85 §83-903 UAACACCCGAAG | 220 881-903
1361218 | UCGGGUGUUA AUUCAUUAUUL
AD- AUCUUCGGGUG | 86 240-910 UAAAGGGAAACA | 221 88R-G10
1561225 | UUUCCCUUUA CLCGAAGAUUC
AD- GGCGUGUUUCCC | 87 §96-016 | UUUAGCUAAAGG | 222 394916
1361231 | UUUAGCUAAA GAAACACCCGA
AD- CCCUUUAGCUA | 88 904-924 VAUCUGUGCUUA | 223 902-924
1561239 | AGCACAGAUA GCUAAAGGGAA
AD- AGCUAAGCACA | 89 910-930 UAGGUAGAUCUG | 224 908-930
1561245 | GAUCUACCUA UGCUUAGCUAA
AD- CAGAUCUACCU | 90 919-939 UAAAUCACCAAG | 225 917-93%
1561254 | UGGUGAUUUA GUAGAUCUGUG
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Name Fwd NG: | 67.3 Sd N{B: 067.3
AD- ACCUUGGUGAL | 91 926-946 UAGGGUCCAAAU | 226 974-946
1561261 | UUGGACCCUA CACCAAGGUAG
AD- UUGGACCCUGG | 2 037-957 UACAAAGCAACC | 227 935-957
1361272 | UUGCUUUGLA AGGGUCCAAAU
AD- CUGGUUGCUUY | 93 944-964 UACUAGACACAA | 228 942-964
1561279 | GUGUCUAGUA AGCAACCAGGG
AD- GCUUUGUGUCU | 94 950-970 UUAGAAAACUAG | 229 948-970
1561285 | AGUUUUCUAA ACACAAAGCAA
AD- CUAGUUIUICUA | 95 959-979 UUGAAGGGUCUA | 230 957-979
1561204 | GACCCUUCAA GAAAACUAGAC
AD- UUCUAGACCCH | 96 963-085 UAAGAGAUGAAG | 231 963-985
1561300 | UCAUCUCUUA GGUCUAGAAAA
AD- ACCCUUCAUCU | 97 971-991 UUCAAGUAAGAG | 232 969-991
1561306 | CUUACUUGAA AUGAAGGGUCU
AD- AUCUCUUACUU | 98 978-998 UAAGUCUAUCAA | 233 976-998
1361313 | GAUAGACUUA GUAAGAGAUGA
AD- UACUUGAUAGA | 99 o84-1004 | UAUUAGUAAGUC | 234 982-1004
1561319 | CUUACUAAUA UAUCAAGUAAG
AD- CUUACUAAUAA | 1060 | 993-1015 | UCUUCACAUUUU | 235 993-1615
1561327 | AAUGUGAAGA AUUAGUAAGUC
AD- AAAAUGUGAAG | 101 1004~ UUGGUCUAGUCU | 236 1002~
1561336 | ACUAGACCAA 1024 UCACAUUUUAU 1024
AD- UGAAGACUAGA | 102 1010~ UGACAAUUGGUC | 237 1008
1561342 | CCAAUUGUCA 1030 UAGUCUUCACA 1639
AD- UAGACCAAUUG | 103 1017~ UCAAGCAUGACA | 238 1015
1561349 | UCAUGCUUGA 1037 AUUGGUCUAGU 1037
AD- UCAUGCUUGAC | 104 | 1028~ UAGCAGUUGUGU | 239 1026~
1561360 | ACAACUGCUA 1048 CAAGCAUGACA 1048
AD- UUGACACAACU | 103 1034- UAGCCACAGCAG | 240 1032-
1561366 | GCUGUGGCUA 1054 UVUGUGUCAAGC 1054
AD- CUGUGGCUGEU | 106 | 1046- UAAAGCACCAAC | 241 1044-
1361378 | UGGUGCUUUA 1066 CAGCCACAGCA 1066
A CUGGUUGGUGC | 107 | 1052- UAUAAACAAAGC | 242 1050~
1561384 | UUUGUUUAUA 1072 ACCAACCAGCT 1072
AD- GGUGCUUUGUU | 108 1058- UACUACCAUAAA | 243 1056-
1561390 | UAUGGUAGUA 1078 CAAAGCACCAA 1078
AD- YUGUUUAUGGU | 109 | 1064- UAAAACUACUAC | 244 1062-
1561396 | AGUAGUUUUA 1084 CAUAAACAAAG 1084
AD- UGGUAGUAGUU | 1O | 1071~ UUUACAGAAAAA | 245 1069-
1561402 | UUUCUGUAAA 1091 CUACUACCAUA 1091
AD- UAGUUUUUCUG | 1T | 1077- UUCUGUGUUACA | 246 1075-
1561408 | UAACACAGAA 1097 GAAAAACUACU 1097
AD- UUCUGUAACAC | 112 | 1083- UCUAUAUUCUGU | 247 1081~
1561414 | AGAAUAUAGA 1103 GUUACAGAAAA 1103
AD- CACAGAAUAUA | 113 1091- UUUCUUAUCCUA | 248 1089-
1561422 | GGAUAAGAAA 111 UAUUCUGUGUU ti
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Duplex | Sense Sequence ip NM_ 0008 | Antisense Sequence | SEQID | NM 008
Name Fwd NG: | 67.3 Sd N{B: 067.3
AD- AGAAUAAAGUA | 114 | 1114~ UAAGUCAAGGUA | 249 11i2-
1561433 | CCUUGACUUA 1134 CUUUAUUCUUA 1134
AD- CUUGACUUUGU | 113 1126~ UVAUGCUGUGAAC | 250 1124-
1361444 | UCACAGCAUA 1146 AAAGUCAAGGU 1146
AD- UUUGUUCACAG | 116 | 1132- UCCCUACAUGCY | 251 1130-
1561450 | CAUGUAGGGA 1152 GUGAACAAAGU 1152
AD- CACAGCAUGUA | 117 1138~ UUCAUCACCCUA | 252 1136-
15361456 | GGGUGAUGAA 1138 CAUGCUGUGAA 1158
AD- UAGGGUGAUGA | 118 1147- UUGUGAGUGCUC | 253 1145~
1561465 | GCACUCACAA 1167 AUCACCCUACA 1167
AD- GAUGAGCACUC | 119 | 1153- UAACAAUUGUGA | 254 154~
1561471 | ACAAUUGUUA 1173 GUGCUCAUCAC 1173
AD- ACUCACAAUUG | 120 | 1160- VUUUAGUCAACA | 255 1158-
1561478 | VHIGACUAAAA 1180 AUUGUGAGUGC L1180
AD- UUGACUAAAAU | 121 1171- UAAAAGCAGCAU | 256 1169-
1361489 | GCUGCUULUUA 1191 UUUAGUCAACA 1191
AD- AUGCUGCUUUU | 122 1180- UCUAUGUUUUAA | 257 1178-
1561498 | AAAACAUAGA 1200 AAGCAGCAUUY 1280
AD- CUUUUAAAACA | 123 1186- UACUUUCCUAUG | 258 1184-
1561504 | UAGGAAAGUA 1206 UUUUAAAAGCA 1206
AD- CAUAGGAAAGU | 124 1195- UAACCAUUCUAC | 259 1193~
1561513 | AGAAUGGUUA 1213 UUUCCUAUGUU 1215
AD- AGUAGAAUGGU | 125 1263~ UUUGCACUCAAC | 260 120%-
1561521 | UGAGUGCAAA 1223 CAUUCUACUUU 1223
AD- AUGGUUGAGUG | 126 | 1209- UVAUGGAUUUGCA | 261 1207-
1561327 | CAAAUCCAUA 1229 CUCAACCAUUC 1229
AD- AGUGCAAAUCC | 127 | 1216~ UUUGUGCUAUGG | 262 1214-
1561534 | AUAGCACAAA 1236 AUUUGCACUCA 1236
AD- UCCAUAGCACA | 128 1224- UAAUUUAUCUUG | 263 1222-
1561542 | AGAUAAAUUA 1244 UGCUAUGGAUU 1244
AD- CAAGAUAAAUU | 129 | 1233- UAACUAGCUCAA | 264 1231-
1561551 | GAGCUAGUUA 1233 UUUAUCUUGUG 1253
AD- GAGCUAGUUAA | 130 | 1244- UUGAUUUGCCUY | 265 1242-
1561362 | GGCAAAUCAA 1264 AACUAGCUCAA 1264
AD- UAAGGCAAAUC | 131 1252- UAUUUUACCUGA | 266 1250-
1561570 | AGGUAAAAUA 1272 UUUGCCUUAAC 1272
AD- AGGUAAAAUAG | 132 1263- UGAAUCAUGACU | 267 1261-
1561581 | UCAUGAUUCA 1283 AUUUYACCUGA 1283
AD- GUCAUGAUUCU | 133 | 1273- UACAUUACAUAG | 268 1271~
15361591 | AUGUAAUGUA 1293 AAUCAUGACUA 1293
AD- UAUGUAAUGUA | 134 | 1283- UUUUCUGGUUUA | 269 1281~
1561661 | AACCAGAAAA 1303 CAUUACAUAGA 1303
AD- UCAUGAUUUCA | 135 i313- UAUAACAUCUUG | 270 1311~
1561613 | AGAUGUUAUA 1333 AAAUCAUGAAC 1333
AD- CUUUUGAAUUA | 136 | 1411~ UVAUAUCUCUGUA | 271 1409-
1561651 | CAGAGAUAUA 1431 AUUCAAAAGUC 1431
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Duplex | Sense Sequence ip NM_ 0008 | Antisense Sequence | SEQID | NM 008
Name Fwd NG: | 67.3 Sd N{B: 067.3
AD- UUAGAGUUGUG | 137 | 1463- UACUCUGUAUCA | 272 1461~
15361678 | AUACAGAGUA 1433 CAACUCUAAUU 1483
AD- UACAGAGUAUA | 138 1475- UGAAUGGAAAUA | 273 1473-
1361686 | UUUCCAUUCA 1493 UVACUCUGUAUC 1495
AD- AUAUUUCCAUL | 139 | 1483- UUAUUGUCUGAA | 274 [481-
1561694 | CAGACAALAA 1503 UGGAAAUAUAC 1503
AD- UUCAGACAAUA | 140 1492~ UGUUAUGAUAUA | 275 14990-
1561703 | UAUCAUAACA 1512 UUGUCUGAAUG 1512
AD- UUGUGAUACAG | 141 1835~ UAAAUAUACUCY | 276 1833-
1447508 | AGUAUAUUUA 18535 GUAUCACAACY 1835

Tabie 4. Unmodified Sense and Antisense Sirand Sequences of CA2 dsRNA Agents for

GalNAc Medification

SEQ Range in Rangein
Puplex | Sense Sequence j1Y) NW_OB0 | Auvtisense Sequence | SEQID | NM_00¢
Name Pl NG: 967.3 Pt ¥ NO: 8673
AD- AGAUCGGUGCC | 27 32-52 AGCAGGAAUCGG | 412 30-52
1559459 | GAUUCCUGCY CACCGAUCUGS
AD- CGCGACCAUGYH | 278 69-89 AAGUGAUGGGAC | 413 67-89
1559476 | CCCAUCACUY AUGGUCGCGCU
AD- GUACGGCAAAC | 279 93-113 AGUCCGUUGUGU | 444 91-113
1559481 | ACAACGGACU VUGCCGUACCC
AD- CAAACACAACG | 280 99-119 AGCUCAGGUCCG | 413 97-119
1559487 | GACCUGAGCU UUGUGLUUGCC
AD- GGACCUGAGCA | 281 109-129 | AUUAUGCCAGUG | 416 107-129
1559497 | CUGGCAUAAU CUCAGGUCCGU
AD- GAGCACUGGCA | 282 115135 | AAAGUCCUUAUG | 417 113-135
1359503 | UAAGGACULU CCAGUGCUCAG
AD- GUUGACAUCGA | 283 166-186 | AGUAUGAGUGUC | 418 164186
1559514 | CACUCAUACY GAUGUCAACAG
AD- ACACUCAUACA | 284 176-196 | AAUVACUUGGCUG | 419 174-196
1559524 | GCCAAGUAUU UAUGAGUGUCG
AD- UACAGCCAAGU | 283 183-203 | AAAGGGUCAUAC | 420 181203
13593531 | AUGACCCUUU UUGGCUGUAUG
AD- CAAGUAUGACC | 286 189209 | AUCAGGGAAGGG | 421 187-209
1559537 | CUUCCCUGAU UCAUACUUGGC
AD- UGUCUGUUUCC | 287 215-235 | AUUGAUCAUAGG | 422 213-235
1559543 | UAUGAUCAAU AAACAGACAGG
AD- CCUAUGAUCAA | 288 224-244 | AGGAAGUUGCUU | 423 222-244
1550852 | GCAACUUCCU GAUCAUAGGAA
AD- CAAGCAACUUC | 289 232-252 | AAUCCUCAGGGA | 424 234252
1559560 | CCUGAGGAUU AGUUGCUUGAU
AD- CCCUGAGGAULC | 290 242-262 § AAUUGUUGAGGA | 425 240-262
15359570 | CUCAACAAUU UCCUCAGGGAA
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Duplex | Sense Sequence ip NM_800 | Astisense Sequence | SEQID | NM_(00
Name Fwd NG: 067.3 Tt ¥ NG: 067.3
AD- UCCUCAACAAL | 261 251271 § AAGCAUGACCAY | 426 249-27
1359579 | GGUCAUGCUU UGUUGAGGAUC
AD- ACAAUGGUCALU | 292 257-277 { AGUUGAAAGCAYU | 427 255-277
1359585 | GCUUUCAACU GACCAUUGUUG
AD- AUGCUUUCAAC | 293 266-286 | AAAACUCCACGU | 428 264-286
1559594 | GUGGAGUUUY UGAAAGCAUGA
AD- AACGUGGAGUU | 294 274-294 | AGAGUCAUCAAA | 429 272-294
15359602 | UGAUGACUCU CUCCACGUUGA
AD- UGAUGACUCUC | 295 285305 | ACUUUGUCCUGA | 430 283-305
1559613 | AGGACAAAGU GAGUCAUCAAA
AD- UCUCAGGACAA | 296 292-312 | AAGCACUGCUUU | 431 290-312
1559620 | AGCAGUGCUY GUCCUGAGAGU
AD- GACAAAGCAGU | 297 298-318 | ACCCUUGAGCAC | 432 296-318
1559626 | GCUCAAGGGU UGCUUUGUCCU
AD- UGGCACUUACA | 298 330-350 | AGAAUCAAUCUG | 433 328-350
1359638 | GAUUGAUUCU UAAGUGCCAUC
AD- UUACAGAUUGA | 299 336-356 | AGAAACUGAAUC | 434 334-356
1359644 | UUCAGUUUCY AAUCUGUAAGU
AD- AUUCAGUUUCA | 360 346-366 | ACAGUGAAAGUG | 435 344-366
1559654 | CUUUCACUGU AAACUGAAUCA
AD- UCACUUGAUGG | 301 370-390 1 AGAACCUUGUCC | 436 368~360
1359660 | ACAAGGUUCU AUCAAGUGAAC
AD- GAUGGACAAGG | 302 376-396 | AUGCUCUGAACC | 437 374-396
1559666 | UUCAGAGCAU UUGUCCAUCAA
AD- CAAGGUUCAGA | 303 382-402 | AACAGUAUGCUC | 438 380-402
1559672 | GCAUACUGUU UGAACCUUGUC
AD- UCAGAGCAUAC | 304 388-408 | AUUAUCCACAGU | 439 385-408
1559678 | UGUGGAUAAU AUGCUCUGAAC
AD- AAGAAAUAUGC | 303 409-429 | AAGUUCUGCAGC | 440 407-429
1559699 | UGCAGAACUL AVAUUUCUUUU
AD- UAUGCUGCAGA | 306 415-435 | AAAGUGAAGUUC | 441 413-435
1559705 | ACUUCACUUU UGCAGCAUAUU
AD- GUAGAACUUCA | 307 421441 | AUGAACCAAGUG | 442 419-441
1359711 | CUUGGUUCAU AAGUUCUGCAG
AD- CUUCACUUGGU | 308 427-447 { AUUCCAGUGAAC | 443 425-447
15359717 | UCACUGGAAU CAAGUGAAGUU
AD- UCACUGGAACA | 309 438-45% | ACAUVAUUUGGUG | 444 436-45%
1559728 | CCAAAUAUGU UUCCAGUGAAC
AD- VUUGGGAAAGC | 310 463-483  { AUGCUGCACAGC | 443 461-483
1359735 | UGUGCAGCAU UUUCCCAAAAU
AD- GUGCAGCAACC | 311 475-495 | AAGUCCAUCAGG | 446 473-455
1559747 | UGAUGGACUU UUGCUGCACAG
AD- CAACCUGAUGG | 312 481-501 | AACGGCCAGUCC | 447 479-501
1559753 | ACUGGCCGUU AUCAGGUUGCU
AD- CUGGCCGUUCY | 313 493-513 | AAAAAUACCUAG | 448 491-513
1559765 | AGGUAUUUULU AACGGCCAGUC
194

SUBSTITUTE SHEET (RULE 26)




WO 2022/251629 PCT/US2022/031337
SEQ Range in Range in
Duplex | Sense Sequence ip NM_800 | Astisense Sequence | SEQID | NM_(00
Name Fwd NG: 067.3 Tt ¥ NG: 067.3
AD- UGAAGGUUGGC | 314 315-535 1 AULUAGCGCUGE | 449 513-335
1559768 | AGCGCUAAAU CAACCUUCAAA
AD- GCAGCGCUAAA | 315 524-344 1 AAAGGCCCOGGUU | 450 322-544
1559777 | CCGGGECULY UAGCGCUGCCA
AD- CCGGGCCUUCA | 316 §35-355 1 AACAACUUUCUG | 451 533-333
1559788 | GAAAGUUGUY AAGGCCCGGUY
AD- CUUCAGAAAGU | 317 341-561 | AACAUCAACAAC | 452 5339-561
15359794 | UGUUGAUGUU UUUCUGAAGGC
AD- GUUGUUGAUGU | 318 350-570 | AGAAUCCAGCAC | 453 548-370
1559803 | GCUGGAUUCU AUCAACAACUU
AD- GCUGGAUUCCA | 318 561-581 | AUUGUUUUAAUG | 454 559-381
1559814 | UUAAAACAAU GAAUCCAGCAC
AD- UCCAUUAAAAC | 320 568-5388 | AUUGCCCUUUGY | 455 566-588
1559821 | AAAGGGCAAU UUUAAUGGAAU
AD- AAAACAAAGGS | 321 374-594 | AGCACUCUUGCC | 436 372-394
1359827 | CAAGAGUGCU CUUUGUUUUAA
AD- GGCAAGAGUGC | 322 583-603 | AGUGAAGUCAGC | 457 381-603
1559836 | UGACUUCACU ACUCUUGCCCU
AD- GUGCUGACUUC | 323 390-610 | AGAAGUUAGUGA | 458 588-610
1559843 | ACUAACULCU AGUCAGCACUC
AD- ACUUCACUAAC | 324 396-516 | AAGGAUCGAAGYU | 459 594-616
1559849 | UUCGAUCCUU UAGUGAAGUCA
AD- CGAUCCUCGUG | 325 609-629 | AGAAGGAGGCCA | 460 607-629
1559862 | GCCUCCUUCY CGAGGAUCGAA
AD- UCGUGGCCUCC | 326 615-635 | AAUUCAGGAAGE | 461 613-635
15359868 | UUCCUGAAUL AGGCCACGAGG
AD- CCUCCUUCCUG | 327 621-641 | ACCAAGGAUUCA | 462 619-641
1559874 | AAUCCUUGGU GGAAGGAGGCC
AD- CCUGAAUCCUY | 328 628-648 | ACAGUAAUCCAA | 463 626-648
1559881 | GGAUUACUGU GGAUUCAGGAA
AD- UCCUUGGAUUA | 329 634-634 | AUAGGUCCAGUA | 464 632-654
1559887 | CUGGACCUAU AUCCAAGGAUU
AD- CCUACCCAGGE | 330 650-670 | AGGUCAGUGAGC | 465 648-670
1559903 | UCACUGACCU CUGGGUAGGUC
AD- CCUCUUCUGGA | 331 676-596 | AGUCACACAUUC | 466 6574-696
1359509 | AUGUGUGACU CAGAAGAGGAG
AD- UGGAAUGUGUG | 332 583-703 | AAAUCCAGGUCA | 467 681-703
1559916 | ACCUGGAUUU CACAUUCCAGA
AD- UGUGACCUGGA | 333 690-7T10 | AUGAGCACAAUC | 468 688-710
1339923 | JUGUGCUCAU CAGGUCACACA
AD- CUGGAUUGUGC | 334 696-716 | AGUUCCUUGAGC | 469 694-716
1550629 | UCAAGGAACU ACAAUCCAGGU
AD- CUCAAGGAACC | 333 706-726 | AACGCUGAUGGE | 470 704-726
1559939 | CAUCAGCGUU UUCCUUGAGCA
AD- GAACCCAUCAG | 336 712-732 | ACUGCUGACGCU | 471 710-732
1559945 | CGUCAGCAGU GAUGGGUUCCU
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AD- CGAGCAGGUGU | 337 732752 { AGGAAUUUCAAC | 472 730-752
1559965 | UGAAAUUCCU ACCUGCUCGCU
AD- GGUGUUGAAAU | 338 738-758 | AGUUUACGGAAU | 473 736-758
1559971 | UCCGUAAACU UUCAACACCUG
AD- GAAAUUCCGUA | 339 744-764 1 AAGUUAAGUUUA | 474 742-764
1559977 | AACUUAACUU CGGAAUUUCAA
AD- COGQUAAACUUA | 340 750-770 | ACAUUGAAGUUA | 475 748-770
1559983 | ACUUCAAUGY AGUUUACGGAA
AD- GAGGGUGAACC | 341 7722792 1 AAGUUCHTUCGGG | 476 770-792
1559987 | CGAAGAACUU VUCACCCUCCC
AD- GAACCCGAAGA | 342 778-798 | AACCAUCAGUUC | 477 776-798
1559993 | ACUGAUGGUU UUCGGGUUCAC
AD- AGAACUGAUGG | 343 786-806 | AAGUUGUCCACC | 478 784-806
1560001 | UGGACAACUY AUCAGUUCUUC
AD- AUGGUGGACAA | 344 793-813 | AGGGCGCCAGUU | 479 791-813
1360008 | CUGGCGCCCU GUCCACCAUCA
AD- CCAGCUCAGCC | 345 811-831 | AUUCUUCAGUGG | 480 809-831
1360024 | ACUGAAGAAU CUGAGCUGGGE
AD- CAGUCACUGAA | 346 817-837 | AUGCCUGUUCUY | 481 815-¢37
1560030 | GAACAGGCAU CAGUGGCUGAG
AD- CUGAAGAACAG | 347 823-843 | AUUGAUUUGCCYU | 482 821-843
1360036 | GCAAAUCAAU GUUCUUCAGUG
AD- GGCAAAUCAAA | 348 833-853 | AGAAGGAAGCUU | 483 831-853
1560046 | GCUUCCUUCU UGAUUUGCCUG
AD- CAAAGCUUCCY | 349 840-860 | ACUUAUUUGAAG | 484 838-860
1560053 | UCAAAUAAGU GAAGCUUUGAU
AD- UUCCUUCAAAD | 3350 846-860 | AGACCAUCUUAU | 485 844-865
1560059 | AAGAUGGUCU VUGAAGGAAGC
AD- AUAAGAUGGUC | 351 855-875 | AAGACUAUGGGA | 486 853-875
1560068 | CCAUAGUCUU CCAUCUUAUUY
AD- UGGUCCCAUAG | 352 861-881 | AGGAUACAGACU | 487 850-881
1560074 | UCUGUAUCCU AUGGGACCAUC
AD- AUAGUCUGUAU | 353 468-888 | AAUUAUUUGGAU | 488 366-888
1560081 | CCAAAUAAUU ACAGACUAUGG
AD- GUAUCCAAAUA | 354 875-895 | AAAGAUUCAUUA | 489 873-895
1360088 | AUGAAUCULU UUUGGAUACAG
AD- AUAAUGAAUCU | 355 883-903 | AAACACCCGAAG | 490 881-403
1360096 | UCGGGUGULY AUUCAUUAUUY
AD- AUCUUCGGGUG | 356 860-910 | AAAAGGGAAACA | 491 358-910
1360103 | UUUCCCUUUU CCCGAAGAULC
AD- GGGUGUUUCCC | 357 896-916 | AUUAGCUAAAGG | 492 854416
1560109 | UHUAGCUAAU GAAACACCCGA
AD- CCCUUUAGCUA | 358 904-924 | AAUCUGUGCUUA | 493 902-924
1560117 | AGCACAGAUU GCUAAAGGGAA
AD- AGCUAAGCACA | 359 910-930 | AAGGUAGAUCUG | 494 908-93{
1560123 | GAUCUACCUU UGCUUAGCUAA
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AD- CAGAUCUACCU | 360 019-939 | AAAAUCACCAAG | 493 917-939
1560132 | UGGUGAUUUU GUAGAUCUGUG
AD- ACCUUGGUGAU | 361 926-946 | AAGGGUCCAAAU | 496 924-944
1560139 | UUGGACCCUU CACCAAGGUAG
AD- UUGGACCCUGE | 362 937-957 | AACAAAGCAACC | 497 935-957
1560150 | UUGCULUUGLU AGGGUCCAAAU
AD- CUGGUUGCUUU | 363 944-004 | AACUAGACACAA | 498 942-964
1560157 | GUGUCUAGUU AGCAACCAGGG
AD- GCUUUGUGUCU | 364 950-970 | AUAGAAAACUAG | 499 948-4970
1560163 | AGUUUUCUAU ACACAAAGCAA
AD- CUAGUUUUCUA | 365 959-979 | AUGAAGGGUCUA | 500 957-979
1560172 | GACCCUUCAU GAAAACUAGAC
AD- UUCUAGACCCU | 366 963-985 | AAAGAGAUGAAG | 501 963-985
1560178 | UCAUCUCULU GGUCUAGAAAA
AD- ACCCUUCAULCY | 367 971991 | AUCAAGUAAGAG | 502 969-991
1360184 | CUUACUUGAU AUGAAGGGUCU
AD- AUCUCUUACUU | 368 978-098 | AAAGUCUAUCAA | 503 976-998
1360191 | GAUAGACUUU GUAAGAGAUGA
AD- UACUUGAUAGA | 369 984-1004 | AAUUVAGUAAGUC | 504 982-1004
1560197 | CUUACUAAUU UAUCAAGUAAG
AD- CUUACUAAUAA | 370 995-1013 | ACUUCACAUUUU | 503 993-1018
1560205 | AAUGUGAAGU AUUAGUAAGUC
AD- AAAAUGUGAAG | 371 1604~ AUGGUCUAGUCU | 506 1002-
1560214 | ACUAGACCAU 1024 UCACAUUUUAU 1624
AD- UGAAGACUAGA | 372 1010~ AGACAAUUGGUC | 507 1008
1560220 | CCAAUUGUCU 1030 UAGUCUUCACA 1039
AD- UAGACCAAUUG | 373 1017- ACAAGUAUGACA | 508 1015-
1560227 | UCAUGCUUGU 1037 AUUGGUCUAGU 1037
AD- UCAUGCUUGAC | 374 1028- AAGCAGUUGUGU | 509 1026-
1560238 | ACAACUGCUU 1048 CAAGCAUGACA 1048
AD- UUGACACAACY | 373 1034- AAGCCACAGCAG | 510 1632-
1560244 | GCUGUGGCUY 1054 UUGUGUCAAGC 1054
A CUGUGGCUGGY | 376 1046~ AAAAGCACCAAC | 511 1044-
1360256 | UGGUGLUULU 1066 CAGCCACAGCA 1066
AD- CUGGUUGGUGC | 377 1052- AAUAAACAAAGC | 512 1650-
1360262 | UUUGUUUAUU 1672 ACCAACCAGCC 10672
AD- GGUGCUUUGUY | 378 1358~ AACUACCAUAAA | 513 1056-
1560268 | UAUGGUAGUU 1078 CAAAGUCACCAA 1078
AD- UHUGUUUAUGGU | 378 1064~ AAAAACUACUAC | 514 1062~
1560274 | AGUAGUUUUU 1084 CAUAAACAAAG 1084
AD- UGGUAGUAGUU | 380 1071~ AUUACAGAAAAA | 515 1069~
1560280 | UHUCUGUAAU 1091 CUACUACCAUA 1091
AD- UAGUUUUUCUG | 381 1077- AUCUGUGUUACA | 516 1075~
1560286 | UAACACAGAU 1097 GAAAAACUACU 1097
AD- UUCUGUAACAC | 382 1083~ ACUAUAUUCUGU | 517 1081-
1560292 | AGAAUAUAGU 1103 GUUACAGAAAA 1103
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SEQ Range in Range in
Duplex | Sense Sequence ip NM_800 | Astisense Sequence | SEQID | NM_(00
Name Fwd NG: 067.3 Tt ¥ NG: 067.3
AD- CACAGAAUAUA | 383 109§~ AUUCUUAUCCUA | 518 1089-
1560300 | GGAUAAGAAU 1111 UAUUCUGUGUU 1111
AD- AGAAUAAAGUA | 384 i1i4- AAAGUCAAGGUA | 519 11iz2-
1560311 | CCUUGACUUU 1134 CUUUAUUCUUA 1134
AD- CUUGACUUUGY | 385 1126~ AAUGCUGUGAAC | 520 f124-
1560323 | UCACAGCAUY 1146 AAAGUCAAGGU 1146
AD- VUVUGUUCACAG | 386 1132- ACCCUACAUGCU | 521 1139-
1560329 | CAUGUAGGGU 1152 GUGAACAAAGU 1152
AD- CACAGCAUGUA | 387 1138~ AUCAUCACCCUA | 522 1136~
1560335 | GGGUGAUGAL 1158 CAUGCUGUGAA 1158
AD- UAGGGUGAUGA | 388 1147- AUGUGAGUGCUC | 523 t145-
1560344 | GCACUCACAU 1167 AUCACCCUACA 1167
AD- GAUGAGCACUC | 389 1133- AAACAAUUGUGA | 524 1151
1560350 | ACAAUUGUUU 1173 GUGCUCAUCAC 1173
AD- ACUCACAAUUG | 350 {160~ AUUUAGUCAACA | 525 1158-
1360357 | UUGACUAAAU 1180 AUUGUGAGUGC 1180
AD- UUGACUAAAAU | 391 1171- AAAAAGCAGCAU | 526 1169-
1360368 | GCUGCUUUUU 1191 UUUAGUCAACA 1191
AD- AUGCUGCUUUY | 392 1180- ACUAUGUUUUAA | 527 1178-
1560377 | AAAACAUAGU 1200 AAGCAGCAUUU 1260
AD- CUUUUAAAACA | 393 1186- AACUUUCCUAUG | 528 1184-
15603383 | UAGGAAAGUU 1206 UUUUAAAAGCA 1206
AD- CAUAGGAAAGU | 394 1195~ AAACCAUUCUAC | 529 1193~
1560392 | AGAAUGGUUU §213 UUUCCUAUGUU 1215
AD- AGUAGAAUGGU | 395 1203- AUUGCACUCAAC | 530 1201
1560400 | UGAGUGCAAU 1223 CAUUCUACUUU 1223
AD- AUGGUUGAGUG | 396 1209- AAUGGAUUUGCA | 531 207-
1560406 | CAAAUCCAUU 1229 CUCAACCAUUC 1229
AD- AGUGCAAAUCC | 397 1216~ AUUGUGCUAUGG | 532 1214-
1560413 | AUAGCACAAL 1236 AUUUGCACUCA 1236
AD- UCCAUAGCACA | 398 1224- AAAUUUAUCUUG | 533 1222-
1560421 | AGAUAAAUUU 1244 UGCUAUGGAUU 1244
AD- CAAGAUAAAUU | 399 1233- AAACUAGCUCAA | 534 1231-
1560430 | GAGCUAGUUU 1253 UUUAUCUUGUG 253
AD- GAGCUAGUUAA | 400 1244- AUGAUUUGCCUU | 535 1242-
1560441 | GGCAAAUCAU 1264 AACUAGCUCAA 1264
AD- UAAGGCAAAUC {401 1252~ AAUUUVACCUGA | 536 1250-
1560449 | AGGUAAAAUD 1272 UUUGCCUUAAC 1272
AD- AGGUAAAAUAG | 402 1263~ AGAAUCAUGACU | 537 1261-
1560460 | UCAUGAUUCU 1283 AUUVTUACCUGA 1283
AD- GUCAUGAUUCU | 403 1273~ AACAUUACAUAG | 538 1271-
1560470 | AUGUAAUGUL 1293 AAUCAUGACUA 1293
AD- UAUGUAAUGUA | 404 283- AUUUCUGGUUUA | 539 1281~
1560480 | AACCAGAAAL 1303 CAUUACAUAGA 1303
AD- UCAUGAUUUCA | 405 1313~ AAUAACAUCUUG | 540 1311-
1560492 | AGAUGUUAUU 1333 AAAUCAUGAAC 1333
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SEQ Range in Range in
Duplex | Sense Sequence ip NM_800 | Astisense Sequence | SEQID | NM_(00
Name Fwd NG: 067.3 Tt ¥ NG: 067.3
AD- CUUUUGAAUUA | 406 1411- AAUAUCUCUGUA | 541 14409~
156032 CAGAGAUAUU 1431 AUUCAAAAGUC 1431
AD- UUAGAGUUGUG | 407 1463- AACUCUGUAUCA | 542 1461-
1560356 | AUACAGAGUU 1483 CAACUCUAAUU 1483
AD- UUGUGAUVACAG | 408 1469- AAAAUAUACUCYU | 543 1467-
1560562 | AGUAUAUUUY 1489 GUAUCACAACU 1489
AD- UACAGAGUAUA | 409 1475- AGAAUGGAAAUA | 544 1473-
1560368 | UUUCCAUUCU 1495 UACUCUGUAUC 1495
AD- AUAUUUCCAUU | 410 1483~ AUATIGUCUGAA | 545 1481-
1560376 | CAGACAAUAU 1503 UGGAAAUAUAC 1503
AD- UUCAGACAAUA | 411 1492~ AGUUAUGAUAUA | 546 1490~
1560385 | UAUCAUAACU 1512 UUGUCUGAAUG 1512

Table 5. Modified Sense and Antisense Strand Sequences of CA2 dsRNA Agents with Cl6

Modification
SEQ SEQ SEG

Duplex | Sense Sequence HE Auntisense Sequence | ID mRNA Target D
Name 0¥ NO: (8 ed NO: | Sequence 810 ¥ NO:
AD- asgsauc{Ghd)GRuGE | 547 | VPusGiecagGRaAfUfc | 682 | CCAGAUCGGUGC | 817
1560600 | CfC{uauuccugscsa secAfcCloaucusgsg CGAUUCCUGCC

AD- csgscga(Chd)CRallt | S48 | VPusAfsgugAfuGIGE | 683 | AGCGCGACCAUG | 818
1560617 | GtUfeccaucacsusa gacallfglitucgegscsu UCCCAUCACUG

AD- gsusacg{Ghd)CRASL | 549 | VPusGlsuccGRulifGly | 684 | GGGUACGGCAAA | 819
1560622 | AfCfacascggascsa suulfeCloguacsese CACAACGGACC

AD- csasaac{AhdyCRAL | 550 | VPusGfscucAfeGiUfc | 685 | GGCAAACACAAC | 820
1560628 | CiGfoaccugagscsa cgubifeUfommgsese GOGACCUGAGCA

AD- gsgsace{ UbdYGEaGE | 551 | VPusUfsuauGfcCiAfe | 686 | ACGGACCUGAGC | 821
1560638 | CfAfeuggcauasasa ugcUfcAfeoucesgsu ACUGGCAUAAQG

AD- geasgea{ChdyUigGE | 552 | VPusAfsagulicUtUfa | 687 | CUGAGCACUGGC | 822
1560644 | CfAfuaagpacususa ugclfaGlugcucsasg AUAAGGACUUC

AD- gsusuga{Chd)AfuCE | 553§ VPusGfsuauGhHiGIULe | 638 | CUGUUGACAUCG | 823
1560655 | GfAfcacucauascesa ucz AfuGhucaacsasg ACACUCAUACA

AD- ascsacu{Chd)AfuASL | 554 | VPusAfeuacUfuGIGTe | 689 | CGACACUCAUAC | 824
1360665 | CfAfoccaaguasusa wgnAfuGlaguzuscsg AGCCAAGUAUG

AD- usascag({ChdjCRaAf | 555 /PusAfsageGuCfAfu | 690 | CAUACAGCCAAG | 828
1560672 | GfUfaugacccususa aculfeGfcugnasusg UAUGACCCUUC

AD- caasag{ AhdyUSEAL | 556 | VPusUfscagGfgAfAfy | 691 | GCCAAGUAUGAC | 826
1560678 | CfCicuucccugsasa gealfal lfacuugsgse CCUUCCCUGAA

AD- wsgsucn{GhIURIUE | 557 | VPusUfsagalUfeAfUfRa | 692 | CCUGUCUGUUUC | 827
1560684 | CfCluangaucasasa goaAfaClagacasgsg CUAUGAUCAAG

AD- cscsuan{Ghd)ACE | 558 | VPusGfegaaGRuUfGH: | 693 | UUCCUAUGAUCA | 828
1560693 | AfAfgcaacuucscsa usgAfuClanaggsasa AGCAACUUCCC

AD- csasage{ ARdIAfCUT | 559 | VPusAfsuccUfcAfGly | 694 | AUCAAGCAACUU | 829
1560701 | UfCfcongaggeasusa gaaGfuUfgcuugsasu CCCUGAGGAUC
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SEQ SEQ SEQ

Buplex | Sense Sequence D Antisense Sequence | IB mRNA Target D
Name Fwd N 1S e Y NO: | Sequenee S t6 ¥ NQ:
AD- csescug{ Abd)GEgAL | 560 | VPusAfsuugUfaGIAL | 695 | UUCCCUGAGGAU | 830
1560711 | UfCfcucaacaasusa eeauCloUfcasgesasa CCUCAACAAUG
AD- uscscuc{ Ahd)AfcAf | 561 | VPusAfsgeaUfpAfClc | 696 | GAUCCUCAACAA | 831
1560720 | AfUfecncanpcsusa auu{sfulfgageasusc UGGUCAUGLUY
AD- ascsaan{GhdyGruCe | 562 | VPusGisuugAfaAfGte | 697 | CAACAAUGGUCA | 832
1560726 | AfUfscuuucaascsa augAfcCfanugususg UGCUUUCAACG
AD- asusgeu(Uhd)UCAST | 563 | VPusAfsaacUteCfAfe | 698 | UCAUGCUUUCAA | 833
1560735 | AfCfoupgasuususa sunGlaAfazcausgsa CGUGGAGUUUG
AD- asascgi{Ghd}GfaGr | 564 | VPusGfsaguChalfCha | 699 | UCAACGUGGAGU | 834
1560745 | UfUfugausacuscsa aacUfeCfacouusgsa VUGAUGACUCU
AD- usgsaug{ Ahd)YCHuCf | 565 | VPusClounuGuCfCla | 700 | UTTUGAUGACUCU | 833
1360752 | UfCHigoacaaasgsa sacAfeUfcaucasasa CAGGACAAAGC
AD- uscsuca{ Ghd)GaCe | 566 | VPusAfsgeaCuGfCiu | 701 | ACUCUCAGGACA | 836
1560759 | AfAfagcagugesusa wighfcClugagasgsu AAGCAGUGCUC
AD- gsascaa{ ARDYGIeAL | 567 | VPusClsccuUfgAfGle | 702 | AGGACAAAGCAG | 837
1360765 | GfUfgcucaaggsgsa aculafellfuuguesesu UGCUCAAGGGA
AD- usgsgea{ ChdyUfu AL | 568 | VPusGsaauCliAfURe | 703 | GAUGGCACUUAC | 838
1360777 | CiAfsaungauuscsa uguAfaGlugccasuse AGAUUGAUUCA
AD- ususaca{Ghd}AfUL | 569 | VPusGfsaaalfuGlAfa | 704 | ACUUACAGAUUG | 839
1560783 | GfAfuucaguuuscsa ucaAfulfupuaasgsy AUUCAGUUUCA
AD- asusuca{Ghd)URuUf | 570 | VPusClsaguGfaAfAty | 705 | UGAUUCAGUUUC | 840
1560792 | CfAfcuuucacusgsa ugaAfaClugeasuscsa ACUUUCACUGG
AD- uscsacu{Ubd)GaUr | 571 | VPusGisaacCRIUIGHR | 706 | QUUCACUUGAUG | 841
1560798 | GtGfacaagguuscsa ccalifcAfagugasase GACAAGGUUCA
AD- gsasugg{ AbdYCEaAS | 572 | VPusUfsgenChuGfAafa | 707 | UUGAUGGACAAG | 842
1560804 | GfGfuucagagecsasa ceullfaUfccancsasa GUUCAGAGCAU
AD- csasagg(Uhd)URcAL | 573 | VPusAfscagUfaUfGic | 708 | GACAAGGUUCAG | 843
1560810 | GfAfacanacugsusa uca{ifaA focuugsuse AGCAUACUGUG
AD- uscsaga(Ghd)Cfalf | 374 | VPesUfsuauCReAfCE | 709 | GUUCAGAGCAUA | 844
1560816 | AfCfuguggauasasa suallfeClucugasase CUGUGGAUAAA
AD- asasgaa{ AhdYfalf | 575 | VPusAfouuChRGiCE | 710 | AAAAGAAAUAUG | 845
1560837 | GiCfugcagaacsusa geallfallfuucuususu CUGCAGAACUY
AD- usasugc(Uhd)GIcAT | 576 | VPusAfsaguGHRaAfGH | 711 | AAUAUGCUGCAG | 846
1560845 | GfAfacuucacususa ucuGfecAfocanasusy AACUUCACUUG
AD- gscsaga{ Ahd)CRalJf | 577 | VPusUfsgaaCleAfAfe | 712 | CUGCAGAACUUC | 847
1560851 | CfAfoumgguucsasa ugaAfelfucugcsasg ACUUGGUUCAC
AD- csusuca{ ChihUmaGE | 578 | VPusUfsuccAfgURGEa | 713 | AACUUCACUUGG | %48
1560843 | GfUfucacugeasasa accAfaGhugaagsusu VUCACUGGAAC
AD- wsusugg{Ghd)AfaAL | 579 | VPusUfsgenGRcAfCE | 714 | AUUUUGGGAAAG | 849
1560862 | GFCfugugcagesasa geulifuCfocaaasasu CUGUGCAGCAA
AD- gusgea{Ghd)CRAL | 580 | VPuwsAfsgueCRUICHR | 715 | CUGUGCAGCAAC | 850
1560874 | CfCfugangeacsusa goulfoCHugcacsasy CUGAUGGACUG
AD- csasacc{Uhd)GfalUf | 581 | VPusAfecgeCReAfGiu | 716 | AGCAACCUGAUG | 851
1560880 | GfGfacuggecgsusa ceallfcAfpguugscsu GACUGGCCGUU
AD- csusgee{Ched)GRuUf | 582 | VPusAfsaaaUfalfCHu | 717 | GACUGGCCGUUC 852
1560892 | CifUfageuanuususa agaAfcGioccagsuse UAGGUAULLUU

SUBSTITUTE SHEET (RULE 26)

200




WO 2022/251629 PCT/US2022/031337

SEQ SEQ SEQ

Buplex | Sense Sequence D Antisense Sequence | IB mRNA Target D

Name Fwd N 1S e Y NO: | Sequenee S t6 ¥ NQ:

AD- usgsaag{GhdYUfuGE | 583 | VPusUfsumaGRGHCle | 718 | UUUGAAGGUUGG | 833

1560895 | GfClageecuaasasa eccAfaClouucasasa CAGCGCUAAAC

AD- gscsago( Ghd)CfuAfl | 584 | VPusAfsageCicCiGfe | 719 | UGGCAGCGCUAA | 854

1560904 | AfAfecgopccususa wnAfeClocugescsa ACCGEECCUUC

AD- csesgge(Chd)CfulUf | 385 | VPusAfscaaCfulltUte | 720 | AACCGGGCCUUC | 855

15600615 | CfAfeasaguugsusa ugaAfzGecegesusu AGAAAGUUGUY

AD- csusuca(Ghd)AfRAL | 586 | VPusAfscauChAfCH | 721 | GCCUUCAGAAAG | 856

1560921 | GfUfuguugangsusa aculJfuCfugaagsgse UUGUUGAUGUG

AD- gausugu{UThdjGalf | 587 | VPusGfsaanCfcARGR | 722 | AAGUUGUUGAUG | 857

1560030 | GfUfscugeauuscsa acallfcAfacaacsusu UGCUGGAUUCC

AD- gscsugg{ AbdUfuCE | 588 | VPusUfsuguUfuUfAL | 723 | GUGCUGGAUUCC | 838

1360941 | CfAfuuaanacasasa auggAfalifccagesase AUUAAAACAAA

AD- uscsca{ Uhd)AfaAL | 589 | VPusUfsugeCRcUfUR | 724 | AUUCCAUUAAAA | 859

1560948 | AfCfaaagoocasasa guulUfuAfaugeasasu CAAAGGGCAAG

AD- asasaac{Ahd)AfaGE | 590 | VPusGfecacUfcUfUfy | 725 | UUAAAACAAAGD | 860

15360934 | GfGfeaagagugsesa cecUfoUfomnmsasa GCAAGAGUGCU

AD- gsgscaa(GhdyAfgUf | 591 | VPusGlsugaAfeUfCEa | 726 | AGGGCAAGAGUG | 861

1560963 | GiCfugacuucascsa scaCluClaugcescsu CUGACUUCACU

AD- gsusgo{Ghd}AfeUf | 592§ VPusGfsaagUtuAfGhn | 727 | GAGUGCUGACUU | 862

1560970 | UfCfacuaacuuscsa eaalaful{ageacsuse CACUAACUUCG

AD- ascsunc{ Ahd)CfuAf | 593 | VPusAfsgeaUfcGfAfa | 728 | UGACUUCACUAA | 863

1560976 | Af{ fuuceauccsusa guuAfeUfeaacuscsa CULCGAUCCUC

AD- csgrauc{ChdyUfeGf | 594 | VPusGfsaagGRGIGRe | 729 | UUCGAUCCUCGU | 864

1560089 | UtGfaccuccuuscsa cacofaGizancgsasa GGLCUCCUUCC

AD- usesgug{Ghd)yCfcUf | 595 | VPusAfsuucAfeGfAfa | 730 | CCUCGUGGCCUC | 865

15360996 | CfCHuccugaasusa sea(ifoCfeaceasgsg CUUCCUGAAUC

AD- csesucc{UhdUECCE | 596 | VPusClscaaGfgAfUfy | 731 | GGCCUCCUUCCY | 866

1561002 | Utlifaauccuungsgsa cagGfaAfoeasoscse GAAUCCUUGGA

AD- cscsuga{ AbdYUERCE | 597 | VPusUhaguARUICE | 732 | UUCCUGAAUCCU | 867

1561009 | UfUfecaunacusgsa aagfallfucaggsasa UGGAUUACUGG

AD- uscscun{Ghd)GRaUf | 5398 | VPusUfaggUFRcCfALy | 733 | AAUCCUUGGAUU | 868

1561015 | UfAfeuggaccusasa uaalfcClaaggasusu ACUGGACCUAC

AD- csesuac{Chd)CfaGt | 599 | VPusGsgucAfgUtGEa | 734 | GACCUACCCAGG | 869

1561031 | GfCfucacugacsesa gecUfeGlonaposuse CUCACUGACCA

AD- csesucu{ Uhd)CruGE | 600 | VPusGfsucaCfaCfAfy | 735 | CUCCUCUUCUGG | 870

1561037 | GfAfaupugugascsa uccAfpAfacaposasg AAUGUGUGALC

AD- usgsgad{ Uhd)GfuGE | 601 | VPusAfsancCRGHGHR | 736 | UCUGGAAUGUGU | 871

1561043 | UtGfaccugoaususa cacAfcAfinccasgsa GACCUGGAUUG

AD- wsgsugalChd}CfuGl | 602 | VPusUfsgagChalfAfa | 737 | UGUGUGACCUGG | 872

1561050 | GfAfuugugcucsasa uccAfaGliucacascsa AUUGUGCUCAA

AD- csusgea(Uhd)UgUF | 603 | VPusGfuucChaUfGia | 738 | ACCUGGAUUGUG | 873

1561056 | GfCfucaagpaascsa gcalCfaAfuccagsgsu CUCAAGGAACC

AD- csuscaa(Ghd)GfaAf | 604 | VPusAfscocUfpAfUfp | 739 | UGCUCAAGGAAC | 874

1561066 | CfCfcancagegsusa seulfcClungagsesa CCAUCAGCGUC

AD- gaasacc{Chd)ARCE | 605 | VPusClaugeUfgAfClg | 740 | AGGAACCCAUCA | 875

1561072 | AfGfeoucageasgsa cugAfulfooumcsesn GCGUCAGCAGC
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SEQ SEQ SEQ

Buplex | Sense Sequence D Antisense Sequence | IB mRNA Target D

Name Fwd N 1S e Y NO: | Sequenee S t6 ¥ NQ:

AD- asgsaac{Uhd)GfalUf | 606 | VPusAfsgueGfuCfCea | 741 | GAAGAACUGAUG | 876

1475424 | GfGfugpacaacsusa ccalfcAfouucususe GUGGACAACUG

AD- csgsago( Ahd)GfeUf | 607 | VPusGisgaalUfeUfCfa | 742 | AGCGAGCAGGUG | 877

1361092 | GfUfugasauucscsa acaCfcUfocucgscsy UUGAAAUUCCG

AD- gsgsugu{UhdyGaAf | 608 | VPusGisuunAfcGHGta | 743 | CAGGUGUUGAAA | 878

1561100 | AfUfuccguaaascsa auuUfcAfacacosusg VUCCGUAAACU

AD- gsasaan{ Uhd)CfeGE | 609 | VPusAfsgquuAfaGIUf | 744 | UUGAAAUUCCGU | 879

1561106 | UfAfaacuuaacsusa unacGTz Afauuucsasa AAACUUAACUY

AD- csesgua{ AhdARCUS | 610 | VPusCleanuGRaAfGHR: | 745 | UUCCGUAAACUU | 880

1561112 | UfAfacuucaausgsa naaGiulUfuacegsasa AACUUCAAUGG

AD- gsasgeog{ Ubd)GRaASL | 611 | VPusAfsguuChURCEy | 746 | GGGAGGGUGAAC | 881

1361116 | CflHegaagaacsusa sealUfcAfoccucscse CCGAAGAACUG

AD- goasace(Chd)Gladf | 612 | VPusAfsceaUfeAfGfy | 747 | GUGAACCCGAAG | 882

1561122 | GfAfacugaugssusa uculfcGigguucsase AACUGAUGGUG

AD- asusgeu(GhdYGRCE | 613 | VPusGfegpeGicCiAfy | 748 | UGAUGGUGGACA | 883

1561130 | AfAfcugecgecsesa uaglfcClaccauscsa ACUGGLCGLCCA

AD- csesage{UBdYCHGE | 614 | VPusUfsucuUfcAfGEa | 749 | GCCCAGCUCAGE | 884

1561146 | CiCfacugaapasasa geclUfoAfocuoosase CACUGAAGAAC

AD- csasgec{ ARdYCIuGE | 615 | VPusUfsgecUtgUfUte | 750 | CUCAGUCACUGA | 885

1561152 | AfAfsaacaggcsasa uucAfpUfopcugsasg AGAACAGGCAA

AD- csusgaa{Ghd)AfaCf | 616 | VPusUfsugaUfuUfiGRe | 731 | CACUGAAGAACA | 886

1561158 | AflGfecaaaucasasa cugUfuCfuncagsusg GGCAAAUCAAA

AD- uscsact{GhdYGASl | 617 | VPusClauaUfuUfGly | 752 | GUUCACUGGAAC | 887

1446763 | CfAfecaaauausgsa ugubjfeClagugasase ACCAAAUAUGG

AD- gsgscaa( AhdyUSCAT | 618 | VPusUfsaagGfaAffe | 753 | CAGGCAAAUCAA | 888

1561168 | AfAfgcuuccuuscsa yunGlalfuugcesusg AGCUUCCUUCA

AD- csasaag{ChyURCE | 619 | VPusClawmalUfoUfGa | 754 | AUCAAAGCUUCC | 889

1561175 | CfUfucasauaasgsa ageAfaGicuuugsasu UUCAAAUAAGA

AD- psusccu(Uhd)CRASL | 620 | VPusGfsaccAfuCtUfu | 755 | GCUUCCUUCAAA | 890

1561181 | AfUfaacansguscsa auulUfeAfagoaasgse UAAGAUGGUCC

AD- asusaag{ Ahd)UfeGE | 621 | VPusAfsgacUfaUtGly | 756 | AAAUAAGAUGGU | 891

1561190 | UfCfecauagucsusa gacClalfcuuausase CCCAUAGUCUG

AD- usgseuc{ChdYCaUf | 622 | VPusGfsgauAfcAfGla | 757 | GAUGGUCCCAUA | 892

1561196 | AfGfucuguaucscsa cuaUfeGloaccasuse GUCUGUAUCCA

AD- asusagu{Chd)UfUf | 623 | VPusAfsuuaURURGE | 7538 | CCAUAGUCUGUA | 893

1561203 | AfUfccaaanaasusa sauaChaGiacuausgsg UCCAAAUAAUG

AD- gsusauc{Chd)A AL | 624 | VPusAfsagaUfuCfafu | 75¢ | CUGUAUCCAAAU | 8%

1561210 | UfAfanoaaucususa naultuGlranacsasg AAUGAAUCUUC

AD- asusaan{ GhdJARULT | 625 | VPusAfsacaCfeCHota | 760 | AAAUAAUGAAUC | 893

1561218 | CfUfucgogugususa agalJfuClauuaususu UUCGGGUGUUU

AD- asuscu{Chd)GieGE | 626 | VPusAfsaagUfgAfAfa | 761 | GAAUCUUCGGGU | 896

1561225 | UfGfuuucccuususa cacCfeGfaagaususe GUUUCCCUUUA

AD- gsgseug{UhdiURCE | 627 | VPusUfsuagCluAfAfa | 762 | UCGGGUGUUUCT | 897

1561231 | CflClunnagouasasa seoAfaAfeaccesgsa CUUUAGCUAAG

AD- csescu{ Und)AfeCE | 628 | VPusAfsucuGRaGICH | 763 | UUCCCUUUAGCU | 898

1561239

UfAfagcacagasusa

uagl fuAfasgegsasa

AAGCACAGAUC
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SEQ SEQ SEQ

Buplex | Sense Sequence D Antisense Sequence | IB mRNA Target D
Name Fwd N 1S e Y NO: | Sequenee S t6 ¥ NQ:
AD- asgscua{ Abd)GEcAL | 629 | VPusAfsgeuAfg AU | 764 | UUAGCUAAGCAC | 899
1561245 | CfAfeaucuaccsusa cugulfcUluagcusasa AGAUCUACCUU
AD- csasga{Chdfalf | 630 | VPusAfsaauCROICH | 765 | CACAGAUCUACC | 900
1361254 | CfUfupguganususa ageUfaGHucugsusg UUGGUGAUUUG
AD- ascseum{GhdyGfuGt | 631 | VPusAfsggeUfcCiAfa | 766 | CUACCUUGGUGA | 901
1561261 | AfUfunggaccesusa aucAfcClaaggusasg UUUGGACCCUG
AD- ususgea(Chd)CRoUf | 637 | VPusAfscaaAfyCfAfa | 767 | AUUUGGACCCUG | 902
1561272 | GfGfuugeuuugsusa ceaGfeGluccaasas GUUGCUUUGUG
AD- csusgeu{ Uhd)GEUE | 633 | VPusAfscuaGfaCfAfe | 768 | CCCUGGUUGCUU | 903
1561279 | UfUfsugucuagsusa aaaGfcAfaccagsasy UGUGUCUAGUY
AD- gsesunn{Ghd}URUf | 634 | VPusUfsagaARaARCH: | 769 | UUGCUUUGUGUC | 904
1361285 | CfUfaguuuucusasa agaCfaCfaaagcsasa UAGUUUUCUAG
AD- cousagu{UhdYURuCE | 635 | VPusUfsgaaGleGfUfc | 770 | GUCUAGUUUUCU | 905
1561294 | UfAfoacccuncsasa uagAfaAfacuagsasce AGACCCUUCAU
AD- psuseua{Ghd)AfeCf | 636 | VPusAfsagaGRalifGfa | 771 | UUUUCUAGACCC | 906
1561300 | CfUfucaucucosusa ageGhuCluagaasasa UUCAUCUCUUA
AD- ascsceu{UhdYCEUT | 637 | VPusUfscaaGRuAfAly | 772 | AGACCCUUCAUC | 907
1561306 | CiUfcunacuugsasa agallfs Afagoouscsn UCUUACUUGAU
AD- asuscuc{UbdyUtalCf | 638 | VPusAfsagaCludfUts | 773 | UCAUCUCUUACU | 908
1561313 | UfUfsavagacususa aagUfaAfoagausssa UGAUAGACUUA
AD- usascuu{Ghd)JAfuAf | 639 | VPusAfsunaGRuAfAf | 774 | COUACUUGAUAG | 909
1561319 | GfAfcunacuaasusa sucuAfulfaaguasasg ACUUACUAAUA
AD- csusuac{UbdAfRUT | 640 | VPusCsuucAfcAfUfu | 775 | GACUUACUAALA | 810
1561327 | AfAfaaugugaasgsa unalfuAfzuaagsuse AAAUGUGAAGA
AD- asasaau(ChdyUfgAL | 641 | VPusUfsgeuCRASGE | 776 | AUAAAAUGUGAA | 911
1561336 | AfGfacuagacesasa poun{fal favuuusasy GACUAGACCAA
AD- usgsaag{ Ahd)CRoAl | 642 | VPusGfsacaAfuURGEy | 777 | UGUGAAGACUAG | 912
1561342 | GfAfecasuuguscsa ucuAfeUfcuucascsa ACCAAUUGUCA
AD- usasgac{Chd}AfaUf | 643 | VPusClsaagCHUGR | 778 | ACUAGACCAAUU | 913
1561349 | UfGfucangeuusgsa caaUfuliioucuasgsu GUCAUGCUUGA
AD- uscsang{ChdyUfeGE | 644 | VPusAfsgeaGlulUtGla | 779 | UGUCAUGCUUGA | 914
1561360 | AfCfacaacugesusa gucAfaGfcangasesa CACAACUGCUG
AD- ususgac{AhdYCRAL | 645 | VPusAfsgecAfeAfGle | 780 | GCUUGACACAAC | 915
1561366 | CfUfocupupgecsusa agulUfeUfoucaasgse UGCUGUGGCUG
AD- cousgug{Ghd)CRuGE | 646 | VPusAfsaagCRCCH | 781 | UGCUGUGGCUGG | 916
15361378 | GfUfugougcuususa accAfp{fcacagscsa UUGGUGCUULG
AD- csusgew(Uhd)GIeUS | 647 | VPusAfsuaaAfAfAfa | 732 | GGCUGGUUGGUG | 917
1561384 | GfChunnouuuasusa ecalfcAfaccazscsc CUUUGUUUAUG
AD- gsgsugc{UbdUfuGE | 648 | VPusAfscuaCreAfUfa | 783 | UUGGUGCUUUGH | 818
1561390 | UfUfuangguagsusa aacAfaAfocaccsasa UUAUGGUAGUA
AD- ususguu{Uhd)AtfuGl | 649 | VPusAfsaaaCRuAtCh | 784 | CUUUGUUUAUGG | 919
1561396 | GtUfaguaguuususa accAfuAfaacaasasg UAGUAGUUUUU
AD- psgsgua(Ghd)UfaGE | 650 | VPusUfsuacAfgAfAfa | 785 | UAUGGUAGUAGU | 920
1561402 | UfUfuuucuguasasa aacUfaCfuaccasusa UUUUCUGUAAC
AD- usasguu{ UhJURCE | 651 | VPwsUfscugUfeUtUfa | 786 | AGUAGUUUUUCU | 921
1561408 | UGfuaacacagsasa cagAfaAfaacuascsy GUAACACAGAA
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SEQ SEQ SEQ

Buplex | Sense Sequence D Antisense Sequence | IB mRNA Target D
Name Fwd N 1S e Y NO: | Sequenee S t6 ¥ NQ:
AD- psuscug{ UhdJAfaCt | 652 | VPusCluauAfuUfCla | 787 | UUUUCUGUAACA | 922
1561414 | AfCiagaauauasesa cuglfuAfcagansasa CAGAAUAUAGG
AD- csascagf AhdIAfRAL | 653 | VPusUfsucuURaUfCEc | 788 | AACACAGAAUAU | 923
1561422 | UfAfepauaagasasa uauAfulfougugsusy AGGAUAAGAAA
AD- asgsaau{ AbdJAfaGE | 654 | VPusAfsaguCRaafGlg | 789 | UAAGAAUAAAGU | 924
1561433 | UfAfccuugacususa vacUfuUfauucususa ACCUUGACUUU
AD- csusuga{ ChdyURUS | 655 | VPusAfsugeUfeURGHa | 790 | ACCUUGACUUUG | 923
1561444 | GfUfucacagcasusa acaAfaGlucaagsasu UUCACAGCAUG
AD- ususugu{UhdjChalCt | 656 | VPusClacculdfcAfllfy | 791 | ACUUUGUUCACA | 926
1561450 | AtGfeauguagesesa cugUfzAfacaaasesy GCAUGUAGGGU
AD- csascag(Chd)AfuGl | 657 | VPusUfseanCraCCre | 792 | UUCACAGCAUGU | 927
1561456 | UfAfogeucangsasa uacAfuGtougugsasa AGGGUGAUGAG
AD- wsasgee{ Uhd)Gfalf | 638 | VPusUfsgugAfgUGE | 793 | UGUAGGGUGAUG | 928
1561465 | GfAfecacucacsasa cucallfcAfoocuascsa AGCACUCACAA
AD- gsasuga{ GhdYCROE | 659 | VPusAfsacaAfoUfGfu | 794 | GUGAUGAGCALCU | 929
1361471 | UfCfacaauugususa gagUfeClucancsase CACAAUUGUUG
AD- ascsucalChd)AfaUf | 660 | VPusUfseuaGfulfAfa | 795 | GCACUCACAAUU | 93¢
1561478 | URGfungacuaasasa caalfuGlugagusgsc GUUGACUAAAA
AD- psusgac{Uhd}AfaAL | 661 | VPusAfsaaaGlicAfGle | 796 | UGUUGACUAAAA | 931
1561489 | AfUfscugcuunsusa awulUtfuAfoucaascsa UGCUGCULUUUA
AD- asusgeu{Ghd)CRullf | 662 | VPusChuauGfulUfUfu | 797 | AAAUGCUGCUUU | 932
1561498 | UfUfaaaacauasgsa asaAfoClagcaususu UAAAACAVUAGG
AD- csusun{ AhdAfAE | 663 | VPusAfscuulUfeCfUfa | 798 | UGCUUUUAAAAC | 933
1561504 | CfAfuaggaaagsusa uguljfullfasaagscsa AUAGGAAAGUA
AD- csasuag{Ghd)AfaAf | 664 | VPusAfsaccAfuUfCHu | 799 | AACAUAGGAAAG | 934
1561513 | GfUfazaauggususa acuUtfuClouaugsusu UAGAAUGGUUG
AD- asgsuag{ AhDARGE | 665 | VPusUfsuge ARUICH | 800 | AAAGUAGAAUGG | 935
1561521 | GtUfugaguscasasa accAfulfcuacususu UUGAGUGCAAA
AD- asusge(Uhd)GiaGE | 666 | VPusAfeugeAfuUfUT | 801 | GAAUGGUUGAGU | 936
1561527 | UfGfcanauccasusa scaclfcAfaccansuse GCAAAUCCAUA
AD- asgsugc{AhdJARUS | 667 | VPusUfsuguGHcUFAL | 802 | UGAGUGCAAAUC | 937
1561534 | CfClavageacasasa uggallfulfocacuscsa CAUAGCACAAG
AD- usescan{ Abd)GEcAf | 668 | VPusAfsauaUfaUfClu | 803 | AAUCCAUAGCAC | 938
1561542 | CfAfagauaaaususa ueaGicUfanggasusy AAGAUAAAUUG
AD- csasagalUhd}AfadAf | 669 | VPusAfsacuAfgCfUfe | 804 | CACAAGAUAAAU | 939
1561551 | UfUfeapcuagususa aaulUfuAfcuugsusg UGAGCUAGUUA
AD- gsasgeu{ Ahd)Gfulf | 670§ VPusUfsganUfaGICE: | 805 | UUGAGCUAGUUA | 940
1561562 | AfAfopcaaaucsasa nuaAfcUfazcacsasa AGGCAAAUCAG
AD- wsasagg{ ChdJAfAT | 671 | VPusAfsunuUfaCClu | 806 | GUUAAGGCAAAL | 941
1561370 | UfCfagguanaasusa gaullfu(sfecunasase CAGGUAAAALA
AD- asgsgua(Ahd)AfaUt | 672 | VPusGfsaanCHRURGH | 807 | UCAGGUAAAAUA | 942
1561581 | AfGfucaugavuscsa cuaUfuUfuaccusasa GUCAUGAUUCU
AD- gsusca{GhdJAfoUf | 673 | VPusAfscaulifaCfAfu | 808 | UAGUCAUGAUUC | 943
1561591 | CfUfauguaangsusa agaAfuClaugacsusa UAUGUAAUGUA
AD- usasugu{ ABQARGE | 674 | VPusUfsuacUfeGIUE | 809 | UCUAUGUAAUGU | 944
1561601 | UfAfaaccagaasasa unacAfullfacavasgsa AAACCAGAAAA
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SEQ SEQ SEQ
Buplex | Sense Sequence D Antisense Sequence | IB mRNA Target D
Name Fwd N 1S e Y NO: | Sequenee S t6 ¥ NQ:
AD- usesaug{ AhdYUfoUf | 675 | VPusAfsuaalfalfCin | 810 | GUUCAUGAUUUC | 945
1561613 | CfAfagauguuasusa ugaAfaUfcaugasase AAGAUGUUAUA
AD- coustu{Ghd)AfaUF | 676 | VPusAfsuauCheCfUls | 811 | GACUUUUGAAUYU | 946
1361651 | UfAfcagagaunasusa uaalUfuClaaaagsusc ACAGAGAUAUA
AD- ususaga(Ghd)UfuGEf | 677 | VPusAfscucUtgUfAfu | 812 | AAUUAGAGUUGU | 947
1561679 | UfGfauacagagsusa cacAfaClucuaasusu GAUACAGAGUA
AD- usascag{ AhdYGRuAS | 678 | VPusGlsaauGfeAfafa | 813 | GAUACAGAGUAU | 948
1561686 | UfAfuunccauuscsa nanAfcUfcuguasuse AUUUCCAUUCA
AD- asusavn{UhdYCRAS | 679 | VPusUSaunnGRiCiUfs | 814 | GUAUAUUUCCAU | %49
1561694 | UfUfcagacaansasa aguGfoAfaauausase UCAGACAAUAU
AD- ususcag(Ahd}CfaAf | 680 | VPusGfowuaUfgAfUfa | 815 | CAUUCAGACAAU | 950
1361703 | UfAfuancanaascsa uanUfgUfcugaasusg AUAUCAUAACU
AD- ususgug(AhGYURCE | 681 | VPusAfsaanAfeAfCH: | 816 | AGUUGUGAUACA | 951
1447598 | AtGfaguanauususa cugUfalUfcacaascsy GAGUAUAUUUC
Table 6. Modified Sense and Antisense Strand Sequences of CAZ dsRNA Agents with
GalNAc Modification
SEQ SEQ SEQ
Duplex | Sense Sequence D Antisense Sequence in mRENA Target I
Name Swd NGO: [ ®ted NO: | Sequence 3" 1o ¥ NQO:
AD- asgsaucgGRaGICET | 952 | asGiscagGlaAfUfegee | 1087 | CCAGAUCGGUGC | 817
1559459 | feanuccugeul.96 AfeCloaucusgsg COCAUUCCUGCC
AD- csgscgacCRAUEGEU | 953 | asAfspugAfuGiGioaca | 1088 | AGCGCGACCAUG | 818
1559476 | feccaucacuul.96 UleGlucsegsosu UCCCAUCACUG
AD- gausacggCRATARC | 954 | asGisuccGlulifGlogun | 1089 | GGGUACGGCAAA | 819
15594381 | facaacggacul 96 UfsCleguacscse CACAACGGACC
AD- csasaacaCTaAfCEG | 955 | asGfscucAfgGifUfccgu | 1090 | GGCAAACACAAC | 820
1559487 | fuaccagagcul 96 UfoUfsauugsese GGACCUGAGCA
AD- gagsacculataGICIA | 956 | asUtsuanGicCAfguge | 1091 | ACGGACCUGAGC | 821
1559497 | feuggcauaaul96 UfcAfopucesgsu ACUGGCAUAAG
AD- gsasgeacUfgGECTA | 957 | asAfsaguCielUfUfauge | 1092 | CUGAGCACUGGC | 822
1559503 | fuaaggacuuul.96 ClalGiugcucsasg AUAAGGACUUC
AD- gsusugacARCIGE | 958 | asGfsuanGRaGiUfzucg | 1093 | CUGUUGACAUCG | 823
15359514 | Afcacucanacul b6 AfuGlucaacsasg ACACUCAUACA
AD- ascsacucAfuAfCEA | 959 | asAfsuacUfuGiGiougn | 1094 | CGACACUCAUAC | 824
1559524 | feccaaguanul 96 AfuGfaguguscsg AGCCAAGUAUG
AD- psascagcCRATGIU | 960 | asAfsageGRaCfAtuacy | 1095 | CAUACAGCCAAG | 825
15359531 | faugaccouuul96 UfeGlcuguasusg UAUGACCCUUC
AD- coasagualUfgAfCIC | 961 | asUfscagGigAfAfggeu | 1096 | GCCAAGUAUGAC | 826
1559537 | feuwncceugaul.96 Crallfacuugsgse CCUUCCCUGAA
AD- psgsucug URiURCE | 962 | asUfsugalUfcAfUfagea | 1097 | CCUGUCUGUUUC | 827
1559343 | Cfuaugancaaul.96 AfaClagacasgsg CUAUGAUCAAG
AD- csosuaug AfuCiATA | 963 | asGisgaaGiuUfGlouug | 1098 | UUCCUAUGAUCA | 828
1359552 | focascuuccul96 AfuClanagosasa AGCAACUUCCC
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SEQ SEQ SEQ

Buplex | Sense Sequence 10 Antisense Segaence D mRNA Target D

Name Fwd NO: [ Sted NO: | Sequenee S t6 ¥ NQ:

AD- csasageaAfcUTUEC | 964 | asAfsuccUfcAfGfggaa | 1099 | AUCAAGCAACUU | 829

1559360 | focugaggannl96 GiuUfecungsasa CCCUGAGGAUC

AD- csoscugaGIgATUIRC | 965 | asAfsuagUtuGfAfggan | 1100 | UUCCCUGAGGAU | 830

1559570 | foucascaauul 96 CleUfcagpgsasa CCUCAACAAUG

AD- usescucaAfcATATU | 966 | asAfsgeaUfgAfCleauwu | 1101 | GAUCCUCAACAA | 831

1559579 | fugucaugeuul96 GfulUfoagoasusc UGGUCAUGCUU

AD- ascsaaugGRICTATU | 967 | asGfuuugAfaAfGieaug | 1102 | CAACAAUGGUCA | 832

1559385 | focuuucaacul.96 AfeClanugususg UGCUUUCAACG

AD- asusgeunUfcATARC | 968 | asAfsaacUfcCfAfcgun | 1103 | UCAUGCUUUCAA | 833

1559504 | fougeaguuuul. 96 GfaAfageausgsa CGUGGAGUUUG

AD- asascgugGRaGIUfU | 969 | asGifsaguClalfCfaaac | 1104 | UCAACGUGGAGU | 834

1559602 | fugaugacuculY6 UfeClacguusgsa UUGAUGACUCU

AD- usgsaugaCRuCiURC | 970 | asCumnuGRaCiClugag | 1105 | UUUGAUGACUCU | 838

1559613 | faggacaaagul 96 AfgUfcaucasasa CAGGACAAAGC

AD- psesacagGiaCiATA | 971 | asAfsgeaCloGRCfuwme | 1106 | ACUCUCAGGACA | 836

1539620 | fagcagugcnnl 96 UfcClugagasesu AAGCAGUGCUC

AD- goascaaaGRARGRU | 972 | asClscoulUfgAfGleacy | 1107 | AGGACAAAGCAG | 837

1559626 | focucaaggpul 96 GfcUfuuguesesa UGCUCAAGGGA

AD- usgsgcacUfuATCEA | 973 | asGlsaau{faAfUfcugu | 1108 | GAUGGCACUUAC | 838

1559638 | feauupanucul96 AfaGtugecasuse AGAUUGAUUCA

AD- nsusacagAfuUfGE | 974 | asGfeasaCfuGfAfanca | 1109 | ACUUACAGAUUG | 839

1359644 | Afvucaguuucul96 AfuCluguaasgsu AUUCAGUUUCA

AD- asusucagUfUfCFA | 975 | asCfsagnGaAfAfouga | 1110 | UGAUUCAGUUUC | 840

1559654 | feuuucacugul.96 AfaCfugasuscsa ACUUUCACUGG

AD- psesacuuGfallfGfG | 976 | asGfsaacCRulfGlucca | LI | GUUCACUUGAUG | 841

1559660 | facaagouucul.96 UfcAfagugasase GACAAGGUUCA

AD- geasugeaCaAfGHG | 977 | asUbsgeuCloGiAfacou | 1112 | UUGAUGGACAAG | 842

1559666 | fuucasagcanl.96 UfgUfecancsasa GUUCAGAGCAU

AD- csasageuUfCATGEA | 978 | asAfscagUtaliiGlouce | 1113 | GACAAGGUUCAG | 843

15359672 | focavacuguul96 GiaAfccuugsuse AGCAUACUGUG

AD- uscsagagCRUTALC | 979 | asUfsuauCfcAfClagua | 1114 | GUUCAGAGCAUA | 844

1559678 | fuguggavasul96 UfgClucugasase CUGUGGAUAAA

AD- asasgaaalUfaUEGEC | 980 | asAfsgunuCfuGiCiagea | 1115 | AAAAGAAAUAUG | 845

1559699 | fugcapascuul 96 UfaUfuucuususa CUGCAGAACUY

AD- usasugcuGIeARGE | 981 | asAfsaguGRaAfGloncu | 1116 | AAUAUGCUGCAG | 846

1359705 | Afacuncactuul 96 GfcAfocanasusu AACUUCACUUG

AD- gscsagaaCfulUfCfA | 982 | asUfsgaaClcAfAfguga | 1117 | CUGCAGAACUUC | 847

1559711 | feuogeuucaul.96 Afolfucugesasg ACUUGGUUCALC

AD- csusucacURuGRGIU | 983 | asUfsoecAfgUfGhaace | HHIR | AACUUCACUUGG | 848

1539717 | fucacuggaanl.96 AfaGugaagsusu UUCACUGGAAL

AD- uscsacugGRaAfCfA | 984 | asClauaUfulfGfgugn | 1119 | GUUCACUGGAAC | 849

1559728 | fecaaavaugul.B6 UfcClagugasasc ACCAAAUAUGG

AD- psusugegARARGE | 985 | asUfsgcuGlcAfClagen | 1120 | AUUUUGGGAAAG | 830

1359735 | Clugugeageanl 96 Ufulfccagasasu CUGUGCAGCAA

AD- gausgeagCRaACIC | 986 | asAfsgucChRaUfClaggu | 1121 | CUGUGCAGCAAC | 851

1559747 | fuganggacuul.96 UfaClugcacsasg CUGAUGGACUG
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SEQ SEQ SEQ

Buplex | Sense Sequence 10 Antisense Segaence D mRNA Target D

Name Fwd NO: [ Sted NO: | Sequenee S t6 ¥ NQ:

AD- csasaccuGIalUfGIG | 987 | asAfscggCleAfGlucca | 1122 | AGCAACCUGAUG | 832

1559753 | facuggccguul96 UfcAfsguugsesu GACUGGCCGUU

AD- csusggecGTuUfCIU | 988 | asAfsaaalUfaCiChuaga | 1123 | GACUGGCCGUUC | 853

1559765 | fagguawmmuul 96 AfeGfoccagsusc UAGGUALUUUUU

AD- usgsaageURuGRGT | 989 | asUfsunaGfeGiClugee | 1124 | UUUGAAGGUUGG | 854

1559768 | Clagcgouaaaul.96 AfaCleuucasasa CAGCGCUAAAC

AD- gscsagegCTuATATA | 990 | asAfeageCRoCiGiguun | 1125 | UGGCAGCGCUAA | 853

1359777 | fecggpecunul.96 AfgCfocugescsa ACCGGGCCUUC

AD- csesgeecCRIURCIA | 991 | asAfscaaChulUfUfcnga | 1126 | AACCGGGCCUUC | 856

1559788 | foaaaguuguul 96 AfoGfoccagsusu AGAAAGUUGUU

AD- csusucagAfaAfGIU | 992 | asAfscanCaAfClaace | 1127 | GCCUUCAGAAAG | 857

1359794 | fuguugauguul b6 UtuCfugaagsgsc UUGUUGAUGUG

AD- gousuguuGRULGE | 993 | asGfsaauCfeAfGioaca | 1128 | AAGUUGUUGAUG | 858

1559803 | Utcuggauucal 96 UfcAfacaacsusu UGCUGGAUUCC

AD- gscsuggalUfeCICEA | 994 | asUfsupuUfeUfAfaugg | 1129 | GUGCUGGAUULCT | 839

1559814 | funaaaacaanl.96 AfalUfccagesase AUUAAAACAAA

AD- uscscauuARAFALC | 995 | asUfvugeCicUtUugun | 1130 | AUUCCAUUAAAA | 860

1559821 | fasapgocaanl96 UfuAfanggasasu CAAAGGGCAAG

AD- asasaacaAfaGEGEG | 996 | asGfscacUfcUfUfzece | 1131 | UUAAAACAAAGE | 861

1559827 | feaagagugcul %6 UfuUfpunusasa GCAAGAGUGCU

AD- gsgscaagAfoURGRC | 997 | asGfiugadfgUfChagea | 1132 | AGGGCAAGAGUG | 862

1359836 | fugacuucacul96 CluCfuugocscsu CUGACUUCACU

AD- gsusgoug AfcUTUT | 998 | asGfsaagUfuAfGlugas | 1133 | GAGUGCUGACUU | 863

1559843 | Clacuaacuucul.96 GfuCfagcacsusc CACUAACUUCG

AD- ascsuucaCluAfARC | 999 | asAfsggalUfcGfAfagun | 1134 | UGACUUCACUAA | 864

1559849 | funceauccuul.96 AfgUfeaaguscsa CUUCGAUCCUC

AD- csgsancc UfcGIURG | 1000 | asGisaagGlaGGlecac | 1135 | UUCGAUCCUCGU | 865

1559862 | feccuccuucul.96 Gfalifoaucgsasa GGCCUCCUUCC

AD- psesguggCiCUSCRC | 1001 | asAfouucAfgGfAafagea | 1136 | CCUCGUGGCCUC | 866

1559868 | funccugaauul96 GieCfcaceasgsg CUUCCUGAAUC

AD- csesuccu UfcCURG | 1002 | asCoscaaGigAfUfucag | 1137 | GGCCUCCUUCCY | 867

1559874 | faauccuoggul96 GlaAfogaggsese GAAUCCUUGGA

AD- csesugaaUfeCEURU | 1003 | asClsaguAfalifCieaag | 1138 | UUCCUGAAUCCU | 868

1559881 | fopauuacugul 96 GfaUfucapesasa UGGAUUACUGG

AD- uscscuugGRaURUT | 1004 | asUfsaggURcCRAfguaa | 1139 | AAUCCUUGGAUU | 869

15359887 | Afcuggaccuaul 96 UfcCfaagpasusu ACUGGACCUAC

AD- csesuaccCRGIGEC | 1005 | asGisgucAfgUtGagee | 1140 | GACCUACCCAGG | R0

1559903 | fucacusaccul.96 UfeGiouagosuse CUCACUGACCA

AD- cscsucuuCRiGRGEA | 1006 | asGlwwcaClaClAfunce | 1141 | CUCCUCUUCUGG | §71

1559909 | faugugugacul.96 AfgAfagaggsasg AAUGUGUGACC

AD- usgsgaauGRuGIUL | 1007 | asAfsancCfaGfGfucac | 1142 | UCUGGAAUGUGU | 872

1559916 | Gfaccugganuul.96 AfcAfuuccasgsa GACCUGGAUUG

AD- psgsugacCfaGEGE | 1008 | asUfsgagClaCfAfauce | 1143 | UGUGUGALCCUGG | 873

1559923 | Afuugugeucanl.96 AfeGlucacascsa AUUGUGCUCAA

AD- cousggaul fgURGE | 1009 | asGfseacCioUfGiagea | 1144 | ACCUGGAUUGUG | 874

1550628 | Chucaagsaacul 96 ChaAfuccagsgsu CUCAAGGAACC
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Buplex | Sense Sequence 10 Antisense Segaence D mRNA Target D

Name Fwd NO: [ Sted NO: | Sequenee S t6 ¥ NQ:

AD- csuscaagGRATCIC | 1010 | asAfscocUfgAfUfgoon | 1145 | UGCUCAAGGAAC | 875

1559939 | feaucagcguul9 UtcCluugagsesa CCAUCAGCGUC

AD- gsasacccAfuCTARG | 1011 | asChugeUfgAfClaeug | 1146 | AGGAACCCAUCA | 876

1559945 | fegucageagul.96 AfuGeeuucscsy GCGUCAGCAGC

AD- csgragealGigUIGIU | 1012 | asGfsgaalfuUtClaaca | 1147 | AGCGAGCAGGUG | 877

1559965 | fugaaauuccul96 CleUfocucgsesu UUGAAAUUCCG

AD- gsgsugmuGRATAL | 1013 | asGliuunAfeGiGhaus | 1148 | CAGGUGUUGAAA | 878

15359971 | Ufuccguasacul .96 UtcAfacaccsusg UUCCGUAAACU

AD- geasaau{CfcGIUSA | 1014 | asAfsgunA G fuuac | 1149 | UUGAAAUUCCGU | 879

15594977 | faacuuaacuul96 GfoAfauuucsasa AAACUUAACUU

AD- cscsguaaAfcUTURA | 1015 | asCfsaunGfaAfGluuaa | 1150 | UUCCGUAAACUU | 880

1359983 | facuucaaugul96 Gfulfuacggsasa AACUUCAAUGG

AD- goasgeguGRALCHT | 1016 | asAfsgunCRaUfCigggu | 1151 | GGGAGGGUGAAC | 881

1559987 | fegaagaacuul 96 UfcAfceceucsese CCGAAGAACUG

AD- gsasacccORAARGIA | 1017 | asAfsecallfcAfGhinicn | 1152 | GUGAACCCGAAG | 882

15359993 | facugaugguul 96 UfcGizouucsase AACUGAUGGUG

AD- asgsaacuGRAULGEG | 1018 | asAfsguuGtuCiClacca | 1153 | GAAGAACUGAUG | 883

1560001 | fugsacaacuul06 UfcAfsuucususe GUGGACAACUG

AD- asusgeugGlaCfAf | 1019 | asGfsgeeGicCiAfgung | 1154 | UGAUGGUGGACA | 884

1560008 | Afcugecgeccul 96 UfcClaccauscsa ACUGGCGLCCA

AD- cscsageuCaGRCC | 1020 | asUtsuculUfcAfGlugge | 1135 | GCCCAGCUCAGC | 883

1560024 | facugaagaaul 96 Ut Afeeuggsgsc CACUGAAGAAC

AD- csasgecalCfuGEATA | 1021 | asUfsgecUfgUtUfcune | 1156 | CUCAGCCACUGA | 886

1560030 | fuaacagecaul96 AfgUfeocugsasg AGAACAGGCAA

AD- csusgaagAfaCrARD | 1022 | asUtsugaUfuUfGfecug | 1157 | CACUGAAGAACA | 887

1360036 | focaaaucaaul .96 UtuCfuucagsusg GGCAAAUCAAA

AD- gsgscagallfcATATA | 1023 | asGlsaagGiaAfGfeusu | 1158 | CAGGCAAAUCAA | 888

1560046 | focuuccuucul.96 Gfalifuuoccsusg AGCUUCCULICA

AD- csasaagc UL CECEU | 1024 | asCluualUfulUfGhaage | 1159 | AUCAAAGCUUCC | 889

1360053 | fucaaauaagul 86 AfaGfouuugsasu UUCAAAUAAGA

AD- ususccunCRATATU | 1025 | asGlraccAfaCfUfuanu | 1160 | GCUUCCUUCAAA | 890

1560059 | faagaugoucul96 UfgAfaggaasgse UAAGAUGGUCC

AD- asusaagaUfgGIULC | 1026 | asAfsgacUtalUfGfggac | 1161 | AAAUAAGAUGGU | 3891

1560068 | frcanapucuul 96 Challfeuuaususy CCCAUAGUCUG

AD- usgsouecCRUTARG | 1027 | asGfigauAfcAfGhacua | 1162 | GAUGGUCCCAUA | 892

1560074 | fucuguauccul 96 UtaGfoaceasuse GUCUGUAUCCA

AD- asusagucUfgUfAf | 1028 | asAfsuualUfullfGiaaua | 1163 | CCAUAGUCUGUA | 893

1560081 | Ufccaaauaauul.96 Ctalzfacuausgse UCCAAAUAAUG

AD- gsusauccAfaATURA | 1029 | asAfsagalUlfuClAfunan | 1164 | CUGUAUCCAAAU | 894

1360088 | faugaaucunul.96 UtuGigauacsasy AAUGAAUCUUC

AD- asusaaugAfaUfCU | 1030 | asAfsacaCfeCfGfaaga | 1165 | AAAUAAUGAAUC | 895

1560096 | fucgepuguuul.96 UfuClaunaususu UUCGGGUGUUU

AD- asascuucGisGIULT | 1031 | asAfsaagGfgAfAfacac | 1166 | GAAUCUUCGGGU | 896

1560103 | Ghncceuuuul96 CfeGlaagaususe GUUUCCCUUUA

AD- gagsgugulUfuCICE | 1032 | asUfseapCloAfAfageg | 1167 | UCGGGUGUUUCC | 897

156010% | Chuuuagcuaanl.96 AfaAfcaccesgsa CUUUAGCUAAG
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SEQ SEQ SEQ
Buplex | Sense Sequence 10 Antisense Segaence D mRNA Target D
Name Fwd NO: [ Sted NO: | Sequenee S t6 ¥ NQ:
AD- csescunuAfgCIUTA | 1033 | asAfsucoGRuGiChiuag | 1168 | UUCCCUUUAGCU | 898
1560117 | fagcacagauul 96 CluAfaagpesasa AAGCACAGAUC
AD- asgscuaaGIcARCIA | 1034 | asAfsgguAfgAfUfcoge | 1169 | UUAGCUAAGCAC | 899
1560123 | foaucuaccuul96 GfcUfvagousasa AGAUCUACCUU
AD- csasgancUtaCACEU | 1035 | asAfsaanCfaCfCfaage | 11706 | CACAGAUCUACC | 990
1560132 | fugeugauuuul.96 UfaGfaucugsusg UUGGUGAUUUG
AD- ascscuugGRuGFAT | 1036 | asAfsgeaUfeCfafaaue | 1171 | CUACCUUGGUGA | 9901
15360139 | Ufuuggacccunl96 AfcClaagpusasg JUUGGACCCUG
AD- ususggacCR UGG | 1037 | asAfscanAfgCfAfacca | 1172 | AUUUGGACCCUG | 902
1360150 | fuugcuuuguul.96 GfoGfuccaasasy GUUGCULUGUG
AD- csusgeunGfeUTUE | 1038 | asAfscualGfaCfAfcaaa | 1173 | CCCUGGUUGCUU | 903
1360157 | Ufousucuaguul 96 {ifcAfaccagsgsg UGUGUCUAGUU
AD- gacsuuugUEgUECE | 1039 | asUfsagaAfaAfCluaga | 1174 | UUGCULUGUGUC | 904
1560163 | UtagwuuucuanlB6 CtaCfanagesasa UAGUUUUCUAG
AD- csusaguuUfaCUL | 1040 | asUfepaaGieGfUfeaag | 1175 | GUCUAGUUUUCU | 905
1360172 | Afpaccowmcaul 96 AfaAfacuagsase AGACCCUUCAU
AD- ususcuag AfcCECEU | 1041 | asAfiagaGiaUtGlaagg | 1176 | UUUUCUAGACCT | 906
1560178 | fucaucucuuul 96 Gfulfuagaasasa YUCAUCUCUUA
AD- ascscounCRalUfCHU | 1042 | asUfscaaGluAfAfgaga | 1177 | AGACCCUUCAUC | 997
1560184 | feuvacuuganl96 UfoAfageguscsy UCUUACUUGAU
AD- asuscucuUfaCeUfU | 1043 | asAfsaguCfuAfUfeaag | 1178 | UCAUCUCUUACU | 908
1360191 | feauagacwl96 UtaAfoagausgsa UGAUAGACUUA
AD- usascuugAfuAfGE | 1044 | asAfsuuaGfuAfAfaucy | 1179 | CUUACUUGAUAG | 909
1560197 | Afcuuacuasuul96 AfuCfaaguasasg ACUUACUAAUA
AD- csusuacuAfalUfAfA | 1045 | asCluucAfcAfUtuuna | 1180 | GACUUACUAAUA | 910
15360205 | faguguzaagul96 UtuAfeuaagsuse AAAUGUGAAGA
AD- asasaaug UfcATAEG | 1046 | asUfsgouCRuAfGiucuy | 1181 | AUAAAAUGUGAA | 911
1560214 | facuagaccaul. 96 CtaCanuuusasu GACUAGACCAA
AD- usgsaagaCuAfGFA | 1047 | asGfeacaAfulfGlgacy | 1182 | UGUGAAGACUAG | 912
1560220 | focaauugucul.96 AfeUfcuncasesa ACCAAUUGUCA
AD- usasgace AfaUtULG | 1048 | asClsaapCfallfGlacaa | 1183 | ACUAGACCAAUU | 913
1560227 | fucangcuugul96 UtuGfacuasgsy GUCAUGCUUGA
AD- usesaugcURnGEAERC | 1049 | asAfsgeaGtulUfGlugue | 1184 | UGUCAUGCUUGA | 914
1560238 | facaacugcuul 96 AfaCGfeaupascsa CACAACUGCUG
AD- ususgacalClaAfCiU | 1050 | asAfsgecAfcAfGleagn | 1185 | GCUUGACACAAC | 913
1560244 | focuguggcuul 96 UfzUfoucaasgse UGCUGUGGLUG
AD- csusgugesCuGRGE | 1051 | asAfsaagCfaCiCfaace | 1186 | UGCUGUGGCUGG | 916
1560256 | Uluggaocuunnl.96 AfoCfeacagscsa VUGGUGCUULG
AD- csusgaunGIgJHGE | 1052 | asAfsuaaAfcAfAfagea | 18T | GGCUGGUUGGUG | 917
1560262 | Chamguuuauul.96 CfcAfaccagsese CUUUGUUUALG
AD- gsgsugcuUfuGIUE | 1053 | asAfscuaCfecAfilfaaac | 1188 | UUGGUGCUUUGU | 918
1560268 | Utuaugguaguul.96 AfaAfocaccsasa UUAUGGUAGUA
AD- psusguauAfuGEGE | 1054 | asAfsaaaCfuAfChuace | 1189 | CUUUGUUUAUGEG | 919
1560274 | Ufaguaguuuoul96 AfuAfaacaasasg UAGUAGUUUUU
AD- usgsguagUfaGIUE | 1055 | asUfsuacAfgAfAfaaac | 1190 | UAUGGUAGUAGU | 920
1560280 | Utbuucuguaaul6 UfaCfuaccasusa UUUUCUGUAAC
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SEQ SEQ SEQ

Buplex | Sense Sequence 10 Antisense Segaence D mRNA Target D
Name Fwd NO: [ Sted NO: | Sequenee S t6 ¥ NQ:
AD- psasguunlUReCfUE | 1056 | asUfscugUfpUtUtacag | 1191 | AGUAGUULUUUCU | 921
1560286 | Gfimacacagaul96 AfaAfaacuascsu GUAACACAGAA
AD- ususcuguAfaCFATC | 1057 | asChuanAfoUfClugug | 1192 | UUUUCUGUAACA | 922
1560292 | fagaauanagul96 UtiiAfoagaasasa CAGAAUVAUAGG
AD- csascagaAfuAfUTA | 1058 | asUfsuculUfaUfCleuan | 1193 | AACACAGAAUAU | 923
1560300 | fugausagaaul 96 AfuUfcugugsusu AGGAUAAGAAA
AD- asgsaauaAfaGfUfA | 1039 | asAfvaguCfaAtGfguac | 1194 | UAAGAAUAAAGU | 924
1560311 | fecuugacunmul 96 UtuUfauucususa ACCUUGACUUU
AD- csusugactfulJfGf | 1060 | asAfsugcUfgUifaaca | 1195 | ACCUUGACUUUG | 925
1560323 | Ufucacagcauulbo AfaGfucaagsesu VUCACAGCAUG
AD- psusuguuCfaCfAL | 1061 | asClscouAfcAfUSfgeng | 1196 | ACUUUGUUCACA | 926
1560328 | Gfcauguageoul. 96 UfeAfacasasgsu GCAUGUAGGGU
AD- csascagcAfuGIURA | 1062 | asUfscauCRCfCfcuac | 1197 | UUCACAGCAUGU | 927
1560335 | fogougaugaul. 96 AfuGfougugsasa AGGGUGAUGAG
AD- psasgeguGRaUfGE | 1063 | asUfsgugAfoUiGiouca | 1198 | UGUAGGGUGAUG | 928
15360344 | Afgcacacacaul 96 UfcAfcecnascsa AGCACUCACAA
AD- goasugagCHROCIULC | 1064 | asAfsacaAfuUfGlugag | 1199 | GUGAUGAGCACU | 929
1560350 | facaauuguuul 96 UfsClucaucsase CACAAUUGUUG
AD- ascsucacARRUEUIG | 1063 | asUfsmnaGRuClAfacaa | 1200 | GCACUCACAAUU | 930
1560357 | fimeacuaaaul %6 UtuGlupagusgse GUUGACUAAAA
AD- nsusgacuAATAT | 1066 | asAfsasaGeAfGfeauu | 1201 | UGUUGACUAAAA | 93]
1360368 | Ufocugcunnud.96 UtuAfrucaascsa UGCUGCUUUUA
AD- asusgeugCRURE | 1067 | asCluanGUfUfuaaa | 1202 | AAAUGCUGCUUYU | 932
1560377 | Utaasacanagul.96 AfgClagcaususy UAAAACAUAGG
AD- csusuuuaAfaAfCiA | 1068 | asAfscunUfcCHUfaugn | 1203 | UGCUUUUAAAAC | 933
1560383 | fuageasaguul 96 UtuUfaaaagscsa AUAGGAAAGUA
AD- csasnagg ATAATGIU | 1069 | asAfsaccAfulfCluacy | 1204 | AACAUAGGAAAG | 934
1560392 | fagasugguuul96 UfuCleuangsusu UAGAAUGGUUG
AD- asgsuagaAfuGEGE | 1070 | asUfsugeAfcUfClaace | 1205 | AAAGUAGAAUGG | 933
1360400 | Ufugagcugcaanl.96 AfuUfcuacususu UUGAGUGCAAA
AD- asusgeunGaGiUE | 1071 | asAfsuggAfultUtgcac | 1206 | GAAUGGUUGAGU | 936
1560406 | Gfcasauccauul96 UfeAfaccaususe GCAAAUCCAUA
AD- asgsugcaAfalfCfC | 1072 | asUfsuguGfcUfAfugga | 1207 | UGAGUGCAAAUC | 937
1560413 | favagcacaanl96 UfuUfscacusesa CAUAGCACAAG
AD- uscscauaGIcATCEA | 1073 | asAfsanURUfChugn | 1208 | AAUCCAUAGCAC | 938
15360421 | fagauaaauuul.96 GfcUfauggasusu AAGAUAAAUUG
AD- csasaganABATURU | 1074 | asAfsacuAfgCfUfcaan | 1200 | CACAAGAUAAAL | 939
1560430 | feascuasuuul.96 UfuAfucungsusg UGAGCUAGUUA
AD- gsasgeuaGulUfAL | 1073 | asUfgaulUfuGfiClruna | 1210 | UUGAGCUAGUUA | 240
1560441 | Afegcaagucaul.96 AfeUfagcucsasa AGGCAAAUCAG
AD- usasaggcATaAfURC | 1076 | asAfsuunuUfaCfClugau | 1211 | GUUAAGGCAAAU | 941
1560449 | fageuaasanul. 96 UfuGfoecuuasase CAGGUAAAAUA
AD- asgsguaaAfalUfARG | 1077 | asGfsaauCialUfGfacua | 1212 | UCAGGUAAAAUA | 942
1560460 | fucaugauucul96 UtuUfuaccusgsa GUCAUGAUUCU
AD- gouscaugARURCE | 1078 | asAfscanUfaCfAfuaga | 1213 | UAGUCAUGAUUC | 943
1560470 | Ufauguaaugual96 AfuClaugacsusa UAUGUAAUGUA
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SEQ SEQ SEQ

Buplex | Sense Sequence 10 Antisense Segaence D mRNA Target D
Name Fwd NO: [ Sted NO: | Sequenee S t6 ¥ NQ:
AD- psasuguaAfuGIUE | 1079 | asUfsuncUfpGfUfmac | 1214 | UCUAUGUAAUGU | 944
1560480 | Afaaccagaaaunl96 AfuUfacauasgsa AAACCAGAAAA
AD- uscsaugaUfuUfCEA | 1080 | asAfswaaCtalUfClunga | 1215 | GUUCAUGAUUUC | 945
1560492 | fagauguuaunl96 Afalfcaugasase AAGAUGUUAUA
AD- csusuuugAfaUfUf | 1081 | asAfsuanCtuCfUfguaa | 1216 | GACUUUUGAAUU | 946
1560528 | Afcagagauauul96 UfuCtaanagsusc ACAGAGAUAUA
AD- ususagagURGIUE | 1082 | asAfscucUfgUfAfucac | 1217 | AAUUAGAGUUGU | 947
1360356 | Gfavacagaguul.96 AfaCfucuaasusu GAUACAGAGUA
AD- ususgugalUfaCrAf | 1083 | asAfsaanAfuAfCfucug | 1218 | AGUUGUGAUACA | 948
1560362 | Gfaguanauyuul 96 UfaUfcacaascsu GAGUAUAUUUC
AD- usascagaGIuAfURA | 1084 | asGlsamuGigAfAfavan | 1219 | GAUACAGAGUAL | 949
1560568 | funnccauucul 96 AfcUfcuguasuse AUUUCCAUUCA
AD- asusapuuCReAfUU | 1085 | asUfsauuGRaCiUfgaan | 1220 | GUAUAUUUCCAU | 950
1560576 | fcagacaauaul.96 GieAfaavausase UCAGACAAUAU
AD- psuscagaCRATUIA | 1086 | asGfomalUfgAfUfanan | 1221 | CAUUCAGACAAU | 951
1360585 | fuaucauaacul 96 UfgUfcugaasusg AUAUCAUAACU

Table 7. Unmodified Sense and Antisense Strand Sequences of CA2 dsRNA Agents

SEQ Range in SEQ | Rangein
Duplex Sense Sequence iD NM_000 | Antisense Sequence | ID NM_000
Name e d NO: 967.3 Fwd NO: | 8673
AD- UGUUUCCUAUGA UUUGCUTGAUCA
1784188 1 | UCAAGCAAA 1222 219-239 | UAGGAAACAGA 1533 | 217-239
AD- UGACUUCACUAA UGAUCGAAGUUA
17841891 | CUUCGAUCA 1223 594-614 | GUGAAGUCAGC 1534 | 592-614
AD- CAAAGCUUCCUU UCUUAUUUGAAG
1784190.1 | CAAAUAAGA 1224 840-860 | GAAGCUUUGAU {1535 | 838-860
AD- UCAAAGCUUCCU UUUATUTGAAGG
17841911 | UCAAAUAAA 1225 §39-859 | AAGCUUUGAUU {1536 | 837-859
AD- GUCUGUAUCCAA UUUCAUUAUUUG
17841921 | AUAAUGAAA 1226 871891 | GAUACAGACUA 1537 | 869-861
AD- GUCUGUAUCCAA UUUCAUTAUUUG
1784193.1 | AUAAUGAAA 1226 371-891 | GAUACAGACUA 1538 | 869-891
AD- AULCCGUAAACU UUGAAGTUAAGU
17841941 | UAACUUCAA 1227 747767 | UUACGGAAULU 1539 | 745-767
AD- UCCUAUGAUCAA UGAAGUTGCUUG
17841951 | GCAACUUCA 1228 223-243 | AUCAUAGGAAA 1 1540 | 221-243
AD- GUUUCCUAUGAU UGUUGCTUGAUC
1784196.1 | CAAGCAACA 1229 220-240 | AUAGGAAACAG | 1541 | 218-240
AD- AUGCUGCUUUUA 1180~ UCUATGTUUUAA 1178-
17841971 | AAACAUAGA 1230 1200 AAGCAGCAUUU 1342 | 1200
AD- CAUUCAGACAAU 1490~ UUAUGATAUAUU 1488-
1784198.1 1 AUAUCAUAA 1231 1510 GUCUGAAUGGA 11543 | 1510
AD- GACUUCACUAAC UGGAUCGAAGUY
1784199.1 | UUCGAUCCA 1232 595-615 | AGUGAAGUCAG 1344 | 593-613
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SEQ Range in SE( | Rangein

Duplex Sense Sequence HE NM 000 | Antisense Sequence | ID NM_980

Name Sted NEw: 867.3 5063 NG | 0673

AD- CCAUUCAGACAA 1489~ UAUGAUAUAUUG 1487-

1784200.1 | UAUAUCAUA 1233 1509 UCUGAAUGGAA | 1545 | 1509

AD- UCUGUAUCCAAA UAUUCATUAUUU

17842011 | UAAUGAAUA 1234 872-892 | GGAUACAGACU 1346 | 870-892

AD- AAUCAAAGCUUC UAUUTGAAGGAA

17842021 | CUUCAAAUA 1233 §37-857 | GCUUUGAUULUG {1547 | 835-857

AD- AUUCAGACAAUA {491~ UUUATGAUAUAU 1489-

17842031 1 UAUCAUAAA 1236 1511 UGUCUGAAUGG | 1548 1 1511

AD- CCGUAAACUUAA UCAUUGAAGUUA

1784204 1 | CUUCAAUGA 1237 750-770 1 AGUUUACGGAA 1549 | 748-770

AD- CCGUAAACUUAA UCAUTGAAGUUA

1784205.1 | CUUCAAUGA 1237 750-770 1 AGUUUACGGAA 1350 | 748-770

AD- WUGCUGACUUCA UGAAGUTAGUGA

1784206.1 | CUAACUUCA 1238 390-610 | AGUCAGCACUC 1551 | 588-610

AD- AAGCUUCCUUCA UAUCUUAUUUGA

17842071 | AAUAAGAUA 1239 842-862 | AGGAAGCUULG {1552 | 840-862

AD- AAGCUUCCUUCA UAUCTUAUUUGA

17842081 | AAUAAGAUA 1239 342-862 | AGGAAGCUUUG 1553 | 844-862

AD- AAAUUCCGUAAA UAAGUUAAGUUU

17842091 | CUUAACUUA 1240 745-765 | ACGGAAUUUCA | 1554 | 743-765

AD- CUGUCUGUUUCC UUGATCAUAGGA

17842101 | UAUGAUCAA 1241 214-234 | AACAGACAGGG 11855 | 212-234

AD- GUAUCCAAAUAA UAAGAUUCAUUA

17842111 UGAAUCUUA 1242 §75-895 | UUUGGAUACAG | 1586 | 473-895

AD- GUAUCCAAAUAA UAAGAUTCAUUA

17842121 | UGAAUCUUA 1242 875-895 | UUUGGAUACAG | 1357 | 873-895

AD- CUGACUUCACUA UAUCGAAGUUAG

17842131 | ACUUCGAUA 1243 393-613 | UGAAGUCAGCA | 1558 | 591-613

AD- GCUUCCUUCAAA UCCAUCUUAUUU

1784214.1 | UAAGAUGGA 1244 844-864 | GAAGGAAGCUL {1359 | 842-864

AD- GCUUCCUUCAAA UCCATCTUAUUU

1784215.1 | UAAGAUGGA 1244 344-864 | GAAGGAAGCUU {1560 | 842-864

AD- AAAUCAAAGCUU UUUUGAAGGAAG

17842161 | CCUUCAAAA 1243 836-836 | CUUUGAUUUGC 1361 | 834-856

AD- AGCUUCCUUCAA UCAUCUUAUUUG

1784217.1 | AUAAGAUGA 1246 343-863 | AAGGAAGCUUU | 1562 | 841-863

AD- UGCUGCUUUUAA {181- UCCUAUGUUUUA 1179-

1784218 1 1 AACAUAGGA 1247 1201 AAAGCAGCAUU 1563 | 1201

AD- AGGCAAAUCAAA UAAGGAAGCUUU

17842191 1 GCUUCCUUA 1248 832-852 | GAUUUGCCUGU | 1364 | 830-852

AD- AGGCAAAUCAAA UAAGGAAGCUUY

1784220.1 1 GCUUCCUUA 1248 §32-8527 | GAUUUGCCUGY 1564 | 830-852

AD- GGUAAAUCAAAG UGAAGGAAGCUY

17842211 | CUUCCUUCA 1249 833-853 1 UCAUUUGCCUG 1565 | 831-853

AD- AAAGCUUCCUUC UUCUUAUUUGAA

17842221 | AAATJAAGAA 1250 541-861 | GGAAGCUUUGA | 1566 | 839-861
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SEQ Range in SE( | Rangein
Duplex Sense Sequence HE NM 000 | Antisense Sequence | ID NM_980
Name Sted NEw: 867.3 5063 NG | 0673
AD- AAAGCUUCCUUC UUCUTATUUGAA
17842231 | AAAUAAGAA 1250 841-861 | GGAAGCUUUGA | 1367 | 839-86]1
AD- UAAAAUGCUGCU 1176~ UGUUUUAAAAGC 1174~
1784224.1 | UUUAAAACA 1251 1196 AGCAULUUAGU 11568 11196
AD- AAGAAUAAAGUA 1113- UAGUCAAGGUAC 111E-
1784225 1 | CCUUGACUA 1252 1133 UUUAUUCUUAU 1369 1 1133
AD- AGAAUAAAGUAC {114~ UAAGUCAAGGUA 1i2-
17842261 1 CUUGACUUA 1253 1134 CUUUAUUCUUA 1570 | 1134
AD- AGAAUAAAGUAC 1114~ UAAGTCAAGGUA 1112~
1784227 1 1 CUUGACUUA 1253 1134 CUUUAUUCUUA 1570 1 1134
AD- GUCUGUUUCCUA UCUUGATCAUAG
1784228.1 | UGAUCAAGA 1254 | 216-236 | GAAACAGACAG 1372 | 214-236
AD- UCCGUAAACUUA UAUUGAAGUUAA
1784229.1 | ACUUCAAUA 1255 749-769 | GUUUACGGAAU {1573 | 747-769
AD- CCUCUUCUGGAA UGUCACACAUUC
17842301 | UGUGUGACA 1256 676-696 | CAGAAGAGGAG | 15374 | 674-695
AD- UAUCCAAAUAAU UGAAGATUCAUU
1784231.1 | GAAUCUUCA 1257 376-896 | AUUUGCAUACA 1575 | 874-8%
AD- UCUGUUUCCUAU UGCUTGAUCAUA
17842321 | GAUCAAGCA 1258 217-237 | GGAAACAGACA {1576 | 215-237
AD- GUUGACAUCGAC UGUATGAGUGUC
1784233.1 | ACUCAUACA 1259 166-186 | GAUGUCAACAG | 1577 | 164-186
AD- AAGUACCUUGAC {120~ UUGAACAAAGUC 1118~
1784234.1 1 UUUGUUCAA 1260 1140 AAGGUACUUUA 11578 | 1140
AD- AAGUACCUUGAC 1120~ UUGAACAAAGUC 1118~
17842351 | UUUGUUCAA 1260 1140 AAGGUACUUUA 1578 | 1140
AD- CAGAUCUACCUU UAAATCACCAAG
17842361 | GGUGAUUUA 1261 919-039 | GUAGAUCUGUG | 1579 | 917-939
AD- CUGGAUUGUGCY UGUUCCTUGAGC
1784237.1 | CAAGGAACA 1262 696-716 | ACAAUCCAGGU 1580 | 694-716
AD- UGCUUUUAAAALC 1184~ UUUUCCTAUGUU 1182-
17842381 | AUAGGAAAA 1263 1204 UUAAAAGCAGC 1581 | 1204
AD- UGCUGACUUCAL UCGAAGUUAGUG
17842391 | UAACUUCGA 1264 591-611 | AAGUCAGCACU 1582 | 589-611
AD- UGCUGACUUCAC UCGAAGTUAGUG
17842401 | UAACUUCGA 1264 391-611 1§ AAGUCAGCACY 1383 | 589-611
AD- GAAAUUCCGUAA UAGUUAAGUUUA
1784241 1 ¢ ACUUAACUA 1263 744-764 | CGGAAUUUCAA {1584 1 742-764
AD- SAAAUUCCGUAA UAGUTAAGUUUA
17842421 1 ACUUAACUA 1263 744-764 | CGGAAUUUCAA 1385 | 742-To4
AD- UAAGGCAAAUCA 1252~ UAUUUUACCUGA 1250~
1784243 1 | GGUAAMAUA 1266 272 UUUGCCUUAAC 1586 | 1272
AD- UAAGGCAAAUCA 1252- UAUUTUACCUGA 1250~
1784244.1 | GGUAAAAUA 1266 1272 UUUGCCUUAAC 1587 | 1272
AD- GUUCUAGGUAUU UUUCAAAAAAAL
1784245 1 1 UUUUUGAAA 1267 1 499-519 | ACCUAGAACGG 1588 | 497-519
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SEQ Range in SE( | Rangein
Duplex Sense Sequence HE NM 000 | Antisense Sequence | ID NM_980
Name Sted NEw: 867.3 5063 NG | 0673
AD- AAGAUAAAUUGA 1234~ UYUAACUAGCUCA 1232~
1784246.1 | GCUAGUUAA 1268 1254 AUUUAUCUUGU 11589 | 1254
AD- VUAGCUAAGCAC UGUAGATCUGUG
17842471 | AGAUCUACA 1269 G08-028 | CUUAGCUAAAG | 159G | 906-928
AD- CUUCACUAACUU UGAGGATCGAAG
1784248 1 | CGAUCCUCA 1270 597617 | UUAGUGAAGUC | 1591 | 595-617
AD- AAUUCCGUAAAC UGAAGUTAAGUU
17842491 | UUAACUUCA 1271 746-766 | UACGGAAUUUC 1592 | 744-766
AD- CUGCUUUUAAAA 1183~ UUUCCUAUGUUU 1181~
17842501 | CAUAGGAAA 1272 1203 UAAAAGCAGCA 15603 | 1203
AD- CUGUUGACAUCG UAUGAGTGUCGA
17842511 | ACACUCAUA 1273 {04-184 | UGUCAACAGGG 1594 | 162-184
AD- UUCACUAACUUC UCGAGGAUCGAA
1784252.1 | GAUCCUCGA 1274 398-618 | GUUAGUGAAGU | 1395 | 596-618
AD- GCUAAGCACAGA UAAGGUAGAUCU
17842531 | UCUACCUUA 1275 911-931 | GUGCUUAGCUA 1596 | 909-931
AD- UAAAGUACCULG P18~ UAACAAAGUCAA 1116~
17842541 | ACUUUGUUA 1276 1138 GGUACUUUAUY 1597 1 1138
AD- AAAAUGCUGCUY 1177- UUGUTUTAAAAG 1173-
17842551 | DUAAAACAA 1277 1197 CAGCAUUUUAG | 15398 | 1197
AD- GCUGCUUUUAAA 1182~ UUCCUAUGUUUY 1180-
1784256.1 | ACAUAGGAA 1278 1202 AAAAGCAGCAU 1599 11202
AD- GCUGCUUUUAAA {182~ UUCCTATGUUUU 1180-
17842571 | ACAUAGGAA 1278 1202 AAAAGCAGCAY 1600 | 1202
AD- UCAUGAUUCUAU 1274~ UUACAUUACAUA 1272~
17842581 | GUAAUGUAA 127 1294 GAAUCAUGACU | 1601 | 1294
AD- UCAUGAUUCUAU 1274- UUACAUTACAUA 1272-
17842591 | GUAAUGUAA 1279 1294 GAAUCAUGACH 11602 | 1294
AD- AGUGCUGACUUC UAAGUUAGUGAA
1784260.1 | ACUAACUUA 1280 589-609 | GUCAGCACUCH 1603 | 587-609
AD- CUAAGCACAGAU UCAAGGTAGAUC
1784261.1 | CUACCUUGA 1281 912-832 1 UGUGCUUAGCU | 1604 | 919-932
AD- CACUAACUUCGA UCACGAGGAUCG
17842621 | UCCUCGUGA 1282 600-620 | AAGUUAGUGAA | 1605 | 598-620
AD- CUGAAGAACAGG UUUGAUTUGCCU
17842631 | CAAAUCAAA 1283 823-843 | GUUCUUCAGUG | 1606 | 821-843
AD- AAAGUACCUUGA {119~ UGAACAAAGUCA 1117-
1784264 1 | CUUUGHUCA 1284 1139 AGGUACUUUAU 1607 1 1139
AD- ;CUUUGUUUAUG 1061~ UACUACTACCAU 1059
1784265.1 1 GUAGUAGUA 1285 1081 AAACAAAGCAC 1608 | 1081
AD- CAUGAUUCUAUG 1275~ UUUACATUACAU 1273~
17842661 | UAAUGUAAA 1285 1293 AGAAUCAUGAC 1609 | 1295
AD- CGUUCUAGGUAU UUCAAAAAAAUA
1784267.1 | UUUUUUGAA 1287 | 498-518 | CCUAGAACGGC 1610 | 496-318
AD- UUCUAGGUAUUU UCUUCAAAAAAA
17842681 | UUUUGAAGA 1288 500-520 | UACCUAGAACG 1611 | 498-520
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SEQ Range in SE( | Rangein

Duplex Sense Sequence HE NM 000 | Antisense Sequence | ID NM_980

Name Sted NEw: 867.3 5063 NG | 0673

AD- UCCUUCCUGAAU UAUCCAAGGAUU

17842691 | CCUUGGAUA 1289 623-643 | CAGGAAGGAGG | 1612 | 621-643

AD- UCCUUCCUGAAU UAUCCAAGGAUY

17842701 | CCUUGGAUA 1289 623-643 | CAGGAAGGAGG | 1612 | 621-643

AD- GACUAAAAUGCU 1173- UUUAAAAGCAGC 1171

17842711 | GCUUUUAAA 1290 1193 AUUUUAGUCAA 11613 | 1193

AD- GACUAAAAUGCU 1173~ UUUAAAAGCAGC 171-

17842721 1 GCUUUUAAA 1290 1193 AUUUUAGUCAA 1613 | 1193

AD- AACAGGCAAAUC UGAAGCTUUGAU

17842731 | AAAGCUUCA 1291 §29-849 | YUGCCUGUUCU 1614 | 827-849

AD- CCUUCCUGAAUC UAAUCCAAGGAU

1784274.1 | CUUGGAUUA 1292 624-644 | UCAGGAAGGAG 1615 | 622-644

AD- UGAUGACUCUCA UCUUTGTCCUGA

1784275.1 | GGACAAAGA 1293 285-305 | GAGUCAUCAAA | 1616 | 283-305

AD- UGGAGUUUGAUG UCUGAGAGUCAU

17842761 | ACUCUCAGA 1294 1278298 | CAAACUCCACG 1617 | 276-298

AD- AUCCAAAUAAUG UCGAAGAUUCAY

17842771 § AAUCUUCGA 1295 877-887 | UAUUUGGAUAC 1618 | 875-897

AD- AUCCAAAUAAUG UCGAAGAUUCAU

1784278 1 ¢ AAUCUUCGA 1293 877-897 | UAUUUGGAUAC | 1618 | 475-897

AD- UUGACUUUGUUC 127~ UCAUGCTGUGAA 1125-

1784279.1 | ACAGCAUGA 1296 1147 CAAAGUCAAGG | 1619 | 1147

AD- AGAUCUACCUUG UCAAAUCACCAA

1784280.1 | GUGAUUUGA 1297 920-940 | GGUAGAUCUGU 1620 | 918-940

AD- AUGGUAGUAGUY {070~ UUACAGAAAAAC 1068~

17842811 1 UUUCUGUAA 1298 1090 UACUACCAUAA {621 | 1090

AD- AUGGUAGUAGUU 1070~ UUACAGAAAAAL 1068-

17842821 1 DUUCUGUAA 1293 1090 UACUACCAUAA 1621 | 1090

AD- CCUUGACUUUGU 1125~ UUGCTGTGAACA 1123-

1784283.1 | UCACAGCAA 1299 1145 AAGUCAAGGUA {1622 | 114S

AD- CCUGGAUUGUGC UUUCCUTGAGCA

1784284.1 | UCAAGGAAA 1300 695-715 | CAAUCCAGGUC 1623 | 693-715

A GAGCUAGUUAAG 1244~ UUGATUTGCCUY 1242~

17842851 | GCAAAUCAA 1301 1264 AACUAGCUCAA 1624 | 1264

AD- ACUGAAGAACAG UUGATUTGCCUG

17842861 | GCAAAUCAA 1302 822-842 | UUCUUCAGUGG {1625 | 820-842

AD- UGAAGAACAGGC UUUUGATUUGCC

1784287 1 1 AAAUCAAAA 1303 824-844 | UGUUCUUCAGY 1626 | 822-844

AD- CUCCUCUUCUGG UCACACAUUCCA

1784288.1 1 AAUGUGUGA 1304 674-694 1 GAAGAGGAGGG | 1627 | 672-694

AD- CUCCUCUUCUGE UCACACAUUCCA

1784289 1 | AAUGUGUGA 1304 674-694 | GAAGAGGAGGG {1627 | 672-694

AD- GCUUUCAACGUG | 1305 UUCAAACUCCALC

1784290.1 | GAGUUUGAA 268-288 | GUUGAAAGCAU | 1628 | 266-288

AD- UGCUUUCAACGU UCAAACUCCACG

1784291 1 | GGAGUUUGA 1306 267-287 | UUGAAAGCAUG | 1620 | 265-287

215

SUBSTITUTE SHEET (RULE 26)




WO 2022/251629 PCT/US2022/031337
SEQ Range in SE( | Rangein
Duplex Sense Sequence HE NM 000 | Antisense Sequence | ID NM_980
Name Sted NEw: 867.3 5063 NG | 0673
AD- UGCUUUCAACGU UCAAACTCCACG
17842921 | GGAGUUUGA 1306 | 267-287 | UUGAAAGCAUG {1630 | 265-287
AD- CAGGUAAAAUAG 1262~ UAAUCATGACUA 1260-
1784293.1 | UCAUGAUUA 1307 1282 UUUUACCUGAU 1631 | 1282
AD- CUGUAUCCAAAU UGAUTCAUUAUU
1784294 1 | AAUGAAUCA 1308 §73-893 | UGGAUACAGAC 1632 | 871-893
AD- AAGGCAAAUCAG 1233~ UUAUTUTACCUG 125%-
17842951 | GUAAAAUAA 1309 1273 AUUUGCCUUAA 1633 | 1273
AD- CCUCCUUCCUGA UCCAAGGAUUCA
17842961 | AUCCUUGGA 1310 621-641 | GGAAGGAGGCC 1634 | 619-641
AD- UUCCUUCAAATA UGACCATCUUAU
1784297.1 | AGAUGGUCA 1311 846-860 | UUGAAGGAAGC | 1635 | 844-866
AD- UUGAAAUUCCGU UUUAAGTUUACG
1784298.1 | AAACUUAAA 1312 742-762 | GAAUUUCAACA | 1636 | 740-T62
AD- ACACUCAUACAG UAUACUTGGCUG
1784299 1 | CCAAGUAUA 1313 176-196 | UAUGAGUGUCG | 1637 | 174-195
AD- GCACAGAUCUAC UUCACCAAGGUA
1784360.1 | CUUGGUGAA 1314 516-036 | GAUCUGUGCUU 1638 | 914-936
AD- CUDUCAACGUGG UAUCAAACUCCA
17843011 | AGUUUGAUA 1313 269-289 | CGUUGAAAGCA {1639 | 267-289
AD- UAGCUAAGCACA UGGUAGAUCUGU
1784302.1 | GAUCUACCA 1316 909-029 | GCUUAGCUAAA 11640 | 907-929
AD- UUGUGAUACAGA {469~ UAAAUAUACUCU 1467-
17843031 | GUAUAUUUA 1317 1489 GUAUCACAACU 1641 | 1489
AD- ACUCAUACAGCC UUCAUACUUGGC
17843041 | AAGUAUGAA 1318 178-198 | UGUAUGAGUGU | 1642 | 176-198
AD- AGUUAAGGCAAA 1249 UUUACCTGAUUU 1247-
17843051 | UCAGGUAAA 1319 1269 GCCUUAACUAG 1643 | 1269
AD- GUUGUGAUACAG 1468- UAAUAUACUCUG 1466-
1784306.1 | AGUAUAUUA 1320 1488 VAUCACAACUC 1644 | 1488
AD- GUUGUGAUACAG 1468~ UAAUVAUACUCUG 1466-
1784307.1 | AGUAUAUUA 1320 1488 UAUCACAACUC 1644 | 1488
AD- UGACAUCGACAC UCUGUAUGAGUG
1784308.1 | UCAUACAGA 1321 168-188 | UCGAUGUCAAC 1645 | 166-18%
AD- AGAUAAAUUGAG 1233~ UUUAACTAGCUC 1233-
1784309.1 | CUAGUUAAA 1322 1253 AAUUUAUCUUG 1646 | 1233
AD- VAGGUAUUUUUY UAACCUUCAAAA
17843101 | UGAAGGUUA 1323 503-523 1 AMAUACCUAGA | 1647 | 301-523
AD- VAGGUAUUUUUY UAACCUTCAAAA
17843111 1 UGAAGGUUA 1324 503-523 | AAAUACCUAGA 1648 | 501-523
AD- UGGUGCUUUGUU 1057~ UCUACCAUAAAC 1055~
1784312.1 | UAUGGUAGA 1323 1077 AAAGCACCAAC 1649 | 1677
AD- UGUGAUACAGAG 1470- UGAAAUAUACUC 1468-
1784313.1 | UAUAUUUCA 1326 1490 UGUAUCACAAC 1650 | 1490
AD- UCUUCUGGAAUG UAGGTCACACAU
17843141 | UGUGACCUA 1327 678-698 | UCCAGAAGAGG | 1651 | 676-698
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SEQ Range in SE( | Rangein
Duplex Sense Sequence HE NM 000 | Antisense Sequence | ID NM_980
Name Sted NEw: 867.3 5063 NG | 0673
AD- CUGGCCGUUCUA UAAAAUACCUAG
17843151 | GGUAUUUUA 1328 493-513 | AACGGCCAGUC 1652 | 491-513
AD- AUCAGGUAAAAU 1260~ UUCATGACUAUU 1258-
1784316.1 | AGUCAUGAA 1329 1280 UUACCUGAUUU 1653 | 1280
AD- VUCCAUUAAAAC UUGCCCTUUGUU
17843171 | AAAGGGUAA 1330 567-587 | UUAAUGGAAUC | 1654 | 565-587
AD- CAAGAGUGCUGA UUAGTGAAGUCA
17843181 | CUUCACUAA 1331 585-6058 | GCACUCUUGCC 1633 | 383-505
AD- UUUCAACGUGGA UCAUCAAACUCC
17843191 | GUUUGAUGA 1332 270-290 | ACGUUGAAAGC 1636 | 268-290
AD- UUGGUGCUUUGU 1056~ UUACCAUAAACA 1054~
1784320.1 | UUAUGGUAA 1333 1076 AAGCACCAACC 1657 | 1076
AD- UUGGUGCUUUGU 1056~ UUACCATAAACA 1054-
17843211 | UUAUGGUAA 1333 1076 AAGCACCAACC 1658 | 1076
AD- CACUCAUACAGC UCAUACUUGGCU
17843221 | CAAGUAUGA 1334 177-197 | GUAUGAGUGUC | 1639 | 175-197
AD- AUAAAGUACCUU i7- UACAAAGUCAAG 1115-
1784323.1 | GACUUUGUA 13358 1137 GUACUUUAUUC 1660 | 1137
AD- AUGACUUUUGAA 1407- UCUCTGTAAUULC 1405-
17843241 | DUACAGAGA 1336 1427 AAAAGUCAULUA | 1661 | 1427
AD- GUCAUGAUUCUA 1273~ UACAUUACAUAG 127%-
17843251 | UGUAAUGUA 1337 1293 AAUCAUGACUA [ 1662 | 1293
AD- GACCUGGAUUGU UCCUTGAGCACA
1784326.1 | GCUCAAGGA 1338 693-713 1 AUCCAGGUCAC 1663 | 601-713
AD- GACAUCGACACU UGCUGUAUGAGU
17843271 | CAUACAGCA 1339 169-189 | GUCGAUGUCAA f664 | 167-189
AD- GAAGAACAGGCA UCUUTGAUUUGC
17843281 | AAUCAAAQGA 1340 525-845 | CUGUUCUUCAG 1665 | 823-845
AD- CGUAAACUUAAC UCCAUUGAAGUU
1784329.1 | UUCAAUGGA 1341 751778 | AAGUUUACGGA 749-771
AD- AGGUAAAAUAGU 1263~ UGAATCAUGACU 1261~
1784330.1 | CAUGAUUCA 1342 1283 AUUUUACCUGA | 1666 | 1283
AD- GUACCUUGACUU 1122~ UUGUGAACAAAG 1120~
17843311 | UGUUCACAA 1343 1142 UCAAGGUACUY 1667 | 1142
AD- CCGUUCUAGGUA UCAAAAAAAUAC
1784332.1 | UUUUUUUGA 1344 | 497-317 | CUAGAACGGCC 1668 | 493-317
AD- VUUAUGGUAGUA 1067- UAGAAAAACUAC 1065~
1784333 1 ¢ GUUUUUCUA 1345 1087 UACCAUAAACA 1669 | 1087
AD- CGUGGAGUUUGA UGAGAGTCAUCA
1784334.1 1 UGACUCUCA 1346 | 276-296 | AACUCCACGUY 1670 | 274-296
AD- VUCAACGUGGAG UUCATCAAACUC
1784335 1 | UUUGAUGAA 1347 271-291 | CACGUUGAAAG | 1671 | 269-29]
AD- GAGUUGUGAUAL 1466- UUAUACTCUGUA 1464-
1784336.1 | AGAGUAUAA 1348 1486 UCACAACUCUA 1672 | 1486
AD- UACCUUGACUUU 1123- UCUGUGAACAAA 1121-
17843371 | GUUCACAGA 1349 1143 GUCAAGGUACH {1673 | 1143
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Duplex Sense Sequence HE NM 000 | Antisense Sequence | ID NM_980
Name Sted NEw: 867.3 5063 NG | 0673
AD- UACCUUGACUUU 1123~ UCUGTGAACAAA VAR
1784338.1 | GUUCACAGA 1349 1143 GUCAAGGUACU 1674 | 1143
AD- UVAGAGUUGUGAU 1464~ UUACTCTGUAUC 1462-
1784339.1 | ACAGAGUAA 1350 1484 ACAACUCUAAU 1675 | 1484
AD- UGAGUGCAAAUC 1214~ UGUGCUAUGGAY 1212~
17843401 | CAUAGCACA 1351 1234 UUGCACUCAAC 1676 | 1234
AD- CAAAUCAGGUAA 1257- UUGACUAUUUUA 1255-
17843411 | AAUAGUCAA 1352 1277 CCUGAUUUGCC 1677 | 1277
AD- AAGCACAGAUCU UACCAAGGUAGA
17843421 1 ACCUUGGUA 1353 914-934 | UCUGUGCUUAG 1678 | 912-934
AD- ACUUUGUUCACA 1130~ UCUACAUGCUGU 1128-
1784343.1 | GCAUGUAGA 1354 1150 GAACAAAGUCA 1679 | 1150
AD- UGGCCGUUCUAG UAAAAAUACCUA
1784344.1 | GUAUUUUUA 1355 494-514 | GAACGGCCAGY 1680 | 492-514
AD- GCCAAGUAUGAC UAGGGAAGGGUC
17843451 | CCUUCCCUA 1356 187-207 | AUACUUGGCUG 1681 | 185-207
AD- UAUGGUAGUAGYU 1069~ UACAGAAAAACY 1667-
1784346.1 | UUUUCUGUA 1357 189 ACUACCAUAAA 1682 | 1089
AD- AAUUGAGCUAGU 1240~ UYUGCCTUAACU 1238-
17843471 | UAAGGCAAA 1354 1260 AGCUCAAUUUA | 1683 | 1260
AD- ACUAAAAUGCUG 1174~ UUUUAAAAGCAG 1172-
17843481 | CUUULUAAAA 1359 1194 CAUUUUAGUCA 11684 | 1194
AD- ACUUCACUUGGU UUCCAGTGAACC
17843491 | UCACUGGAA 1360 | 426-446 | AAGUGAAGUUC | 1683 | 424-446
AD- UCUAGGUAUUUU UCCUUCAAAAAA
17843501 | UUUGAAGGA 136} 501-521 1 AUACCUAGAAC 1686 | 499-321
AD- AGCACAGAUCUA UCACCAAGGUAG
17843511 | CCUUGGUG/ 1362 915035 1 AUCUGUGCULA | 1687 | 913-935
AD- GCCGUUCUAGGU UAAAAAAAUACC
1784352.1 | AUUUUUUUA 1363 496-516 | UAGAACGGCCA 1688 | 494-516
AD- CUAAAAUGCUGC 1175- UUUUUAAAAGCA 1173-
1784353.1 | UUUUAAAAA 1364 1193 GCAUUUUAGUC 1689 11193
A GAACAGGCAAAU UAAGCUTUGAUU
17843541 | CAAAGCUUA 1363 828-848 | UGCCUGUUCUU 1690 | 826-84%
AD- UGCUUUGUUUAU 1060~ UCUACUACCAUA 1058-
17843551 | GGUAGUAGA 1366 1080 AACAAAGCACC 1691 | 1080
AD- AAUUAGAGUUGU {461~ UUCUGUAUCACA 1459-
1784356 1 | GAUACAGAA 1367 1481 ACUCUAAUUAL 1692 | 1481
AD- CUGGUUGGUGCY 1032~ UAUAAACAAAGC 1050~
1784357.1 1 UUGUUUAUA 1368 1072 ACCAACCAGCC 1693 | 1072
AD- UCCUUCAAAUAA UGGACCAUCUUA
1784338 1 | GAUGGUCCA 1369 §47-867 | UUUGAAGGAAG | 1694 | 845-867
AD- GCCUCCUUCCUG UCAAGGAUUCAG
1784359.1 | AAUCCUUGA 1370 620-640 | GAAGGAGGCCA 1695 | 618-640
AD- GAUUCUAUGUAA 1278- UGGUTUACAUUA 276-
1784360.1 | UGUAAACCA 1371 1298 CAUAGAAUCAU | 1696 | 1298
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Duplex Sense Sequence HE NM 000 | Antisense Sequence | ID NM_980
Name Sted NEw: 867.3 5063 NG | 0673
AD- UGGUUGGUGCUU 1033~ UCAUAAACAAAG 1051~
1784361.1 | UGUUUAUGA 1372 1073 CACCAACCAGC 1697 11073
AD- CUCAUACAGCCA UGUCAUACUUGG
17843621 | AGUAUGACA 1373 179-199 | CUGUAUGAGUG 1 1698 | 177-199
AD- CUCAUACAGCCA UGUCAUACUUGG
1784363.1 | AGUAUGACA 1373 179-199 | CUGUAUGAGUG 11698 | 177-199
AD- AUCGACACUCAU UUUGGCTGUAUG
17843641 | ACAGCCAAA 1374 172-192 | AGUGUCGAUGU 1 1699 | 170-192
AD- GCACUGGCAUAA UGGAAGTCCUUA
1784365 1 | GGACUUCCA 1373 117-137 1 UGCCAGUGCUC 1700 | 115-137
AD- AACGUGGAGUUU UGAGTCAUCAAA
1784366.1 | GAUGACUCA 1376 | 274-294 | CUCCACGUUGA 1701 | 272-294
AD- GCAAAUCAGGUA 1256~ UGACUAUUUUAC 1254-
1784367.1 | AAAUAGUCA 1377 1276 CUGAUUUGCCU 1702 11276
AD- GCAAAUCAGGUA 1256~ UGACTATUUUAC 1254-
17843681 | AAAUAGUCA 1377 1276 CUGAUUUGCCU 1703 | 1276
AD- CUUCAGAAAGUU UACAUCAACAAC
1784369.1 | GUUGAUGUA 1378 541-561 | UUUCUGAAGQC 1704 | 539-561
AD- CUUCAGAAAGUU UACATCAACAAC
17843701 | GUUGAUGUA 1378 541561 | UUUCUGAAGGC 1705 | 339-561
AD- AAAUCAGGUAAA 1258~ UAUGACTAUUUY 1256-
17843711 | AUAGUCAUA 1379 1278 ACCUGAUUUGC 1706 | 1278
AD- AGGCAAAUCAGG 1254~ UCUAUUUUACCYU 1252~
17843721 | UAAAAUAGA 1380 1274 GAUUUGCCUUA 11707 | 1274
AD- GGGCAAGAGUGC UUGAAGTCAGCA
17843731 1 UGACUUCAA 1381 582-602 | CUCUUGCCCUU {708 | 580-602
AD- GGCCGUUCUAGG UAAAAAAUACCY
17843751 1 DAUUUUUUA 1382 495-515 | AGAACGGCCAG 1709 | 493-515
AD- CGGGCCUUCAGA UAACAACUUUCU
1784377.1 | AAGUUGUUA 1383 536-556 | GAAGGCCCGGU 1710 | 534-356
AD- GGCAAAUCAGGU 1285- UACUAUUUUALC 1253-
1784378.1 | AAAAUAGUA 1384 1273 UGAUUUGCCUY 1 1711 11275
AD- GAGGAUCCUCAA UGACCAUUGUUG
17843791 | CAAUGGUCA 1383 246-266 | AGGAUCCUCAG 1712 | 244-266
AD- GAGGAUCCUCAA UGACCATUGUUG
1784380.1 | CAAUGGUCA 1385 246-266 1§ AGGAUCCUCAG 1713 | 244-266
AD- VUCACUUGGUUC UGUUCCAGUGAA
1784381 1 | ACUGGAACA 1386 | 428-448 | CCAAGUGAAGY 1714 | 426-448
AD- AGAACUGAUGGU UAGUTGTCCACC
1784382.1 | GGACAACUA 1387 786-806 1 AUCAGUUCUUC 1715 | 784-806
AD- AAUAAAGUACCU {116~ UCAAAGUCAAGG 1114~
17843831 | UGACUUUGA 1338 1136 UACUUUAUUCU 1716 | 1136
AD- AAUAAAGUACCU iie- UCAAAGTCAAGG 1114-
1784384.1 | UGACUUUGA 1388 1136 UACUUUAUUCU 1717 | 1136
AD- CUUUGUUCACAG 1131- UCCUACAUGCUG 1129-
17843851 | CAUGUAGGA 1389 1151 UGAACAAAGUC 1718 | 151
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Duplex Sense Sequence HE NM 000 | Antisense Sequence | ID NM_980
Name Sted NEw: 867.3 5063 NG | 0673
AD- CUUUGUUCACAG 1131- UCCUACAUGCUG 1129-
1784386.1 | CAUGUAGGA 1389 1151 UGAACAAAGUC 1718 | 1151
AD- AAUAAGAAUAAA i1io- UCAAGGTACUUU 1108-
17843871 | GUACCUUGA 1390 1130 AUUCUUAUUUC 1719 | 1130
AD- AGUAGUUUUUCU 1075- UUGUGUTACAGA 1073~
17843881 | GUAACACAA 1391 1095 AAAACUACUAC 1720 | 1095
AD- CCAAGUAUGACC UCAGGGAAGGGU
17843891 ¢ CUUCCCUGA 1392 188-208 | CAUACUUGGCY 1721 | 186-208
AD- UUGAGUGCAAAU 1213~ UUGCTATGGAUU 1211
17843001 | CCAUAGCAA 1393 1233 UGCACUCAACC 1722 11233
AD- GGCCUUCAGAAA UUCAACAACUUU
17843911 | GUUGUUGAA 1394 538-358 | CUGAAGGCCCG 1723 | 536-558
AD- AGGAUCCUCAAC UUGACCAUUGUY
1784392 1 | AAUGGUCAA 1395 247-267 | GAGGAUCCUCA 1724 | 245267
AD- AUUAGAGUUGUG 1462~ UCUCTGTAUCAL 1460-
17843931 | AUACAGAGA 1396 1482 AACUCUAAUUA 1725 | 1482
AD- CAACGUGGAGUU UAGUCATCAAAL
1784364.1 | UGAUGACUA 1397 273-293 | UCCACGUUGAA 1726 | 271-293
AD- GACUUUUGAAUU 1409- UAUCTCTGUAAU 1447-
17843951 | ACAGAGAUA 1398 1429 UCAAAAGUCAU 1727 | 1429
AD- UGAGGAUCCUCA UACCAUUGUUGA
17843961 | ACAAUGGUA 1399 | 245-265 | GGAUCCUCAGG 1728 | 243-265
AD- GAGUUUGAUGAC UUCCTGAGAGUC
1784397.1 | UCUCAGGAA 1400 280-300 | AUCAAACUCCA 1720 1 278-300
AD- UUUUAAAACAUA 1187~ UUACTUTCCUAU 1185~
17843981 | GGAAAGUAA 1401 1207 GUUUUAAAAGC 11730 | 1207
AD- UUAUGGUAGUAG 1068~ UCAGAAAAACUA 1066-
1784399 1 | DUUUUCUGA 1402 1088 CUACCAUAAAC 1731 1 1088
AD- AACUUCACUUGG UCCAGUGAACCA
1784400.1 | UUCACUGGA 1403 425-445 | AGUGAAGULICY 11732 | 423-445
AD- AAAUUGAGCUAG 1239- UUGCCUTAACUA 1237-
1784401.1 | UUAAGGCAA 1404 1259 GCUCAAUUUAU 11733 | 1259
A DUUGUUUAUGGY 163~ UAAACUACUACC 1061~
1784402.1 | AGUAGUUUA 1403 1083 AUAAACAAAGC 1734 | 1083
AD- UUUGUUUAUGGY 1063~ UAAACUACUACC 1061~
1784403.1 | AGUAGUUUA 1405 1083 AUAAACAAAGC 1734 | 1083
AD- AAGGGCAAGAGU UAAGTCAGCACU
1784404 1 | GCUGACUUA 1406 580-600 | CUUGCCCULUG 1735 | 378-600
AD- CAGUUUGAUGA UCCUGAGAGUCA
17844051 | CUCUCAGGA 1407 1279-299 1 UCAAACUCCAC 1736 | 277-299
AD- GGGCCUUCAGAA UCAACAACUULUC
1784406.1 1 AGUUGUUGA 1408 §37-357 | UGAAGGCCCGG 1737 | 5335-357
AD- GCAAGAGUGCUG UAGUGAAGUCAG
1784407.1 | ACUUCACUA 1409 584-604 | CACUCUUGCCC 1738 | 582-604
AD- AGCCACUGAAGA UUUGCCTGUUCY
1784408.1 | ACAGGCAAA 1410 518-838 | UCAGUGGCUGA | 1739 | 816-838
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Name Sted NEw: 867.3 5063 NG | 0673
AD- AUUCCAUUAAAA UGCCCUUUGUUU
1784409.1 | CAAAGGGCA 1411 366-586 | UAAUGGAAUCC 1740 | 564-386
AD- AUUCCAUUAAAA UGCCCUTUGUUY
1784410.1 | CAAAGGGCA 1411 366-386 | UAAUGGAAUCC 1741 | 564-386
AD- GUAGUUUUUCUG 1076~ UCUGTGTUACAG 1074~
17844111 | UAACACAGA 1412 1096 AAAAACUACUA 11742 | 1096
AD- GGUAUUUUUUUG UCCAACCUUCAA
1784412.1 1+ AAGGUUGGA 1413 505-525 | AAAAAUACCUA 1743 | 303-325
AD- UCCAAAUAAUGA UCCGAAGAUUCA
17844131 | AUCUUCGGA 1414 §78-898 | UUAUUUGGAUA 1744 | 876-89%
AD- AAACAUAGGAAA 1192- UCAUTCTACUUU H90-
1784414.1 | GUAGAAUGA 1413 1212 CCUAUGUUUUA 1745 1 1212
AD- AUGACUCUCAGG UUGCTUTGUCCU
1784415.1 | ACAAAGCAA 1416 287-307 | GAGAGUCAUCA {1746 | 285-307
AD- AGCUAGUUAAGG 1245~ UCUGAUUUGCCU 1243-
17844161 | CAAAUCAGA 1417 1263 UAACUAGCUCA 1747 | 1268
AD- CCUGAGGAUCCU UCAUTGTUGAGG
1784417.1 | CAACAAUGA 1418 243-263 | AUCCUCAGGGA 1748 | 241-263
AD- GGUUGGUGCUUU 1054- UCCAUAAACAAA 10652~
17844181 | GUUUAUGGA 1419 1074 GCACCAACCAG 1749 11074
AD- AGGUAUUUUUWY UCAACCUUCAAA
1784419.1 | GAAGGUUGA 1420 504-524 | AAAAUACCUAG 1 1750 | 502-524
AD- UGAAUCUUCGGG UGGGAAACACCC
1784420.1 | UGUUUCCCA 1421 587-907 | GAAGAUUCAUU 1751 | 885-907
AD- UGAAUCUUCGGG UGGGAAACACCC
17844211 1 UGUUUCCCA 1421 887-907 | GAAGAUUCAUU {1751 | 885-007
AD- UAGUAGUUUUUC 1074- UGUGUUACAGAA 1072-
17844221 | UGUAACACA 1422 1094 AAACUACUACC 1752 1 1094
AD- VAGUAGUUUUUC 1074~ UGUGTUACAGAA 1072-
1784423.1 | UGUAACACA 1422 1094 AAACUACUACC 1753 | 1094
AD- GUUUGAUGACUC UUGUCCTGAGAG
1784424.1 | UCAGGACAA 1423 282-302 | UCAUCAAACUC 1754 | 280-302
AD- AAUGAAUCUUCG UGAAACACCCGA
17844251 | GGUGUUUCA 1424 885905 | AGAUUCAUUAU 1753 | 883-903
AD- CAAAUAAUGAAU UACCCGAAGAUY
1784426.1 | CUUCGGGUA 1425 880-000 | CAUUAUUUGGA | 1756 | 878-900
AD- UUUGUUCACAGC 1132- UCCCUACAUGCU 1130-
1784427 1 ¢+ AUGUAGGGA 1426 1152 GUGAACAAAGU 1757 | 1152
AD- AUUGUGCUCAAG UAUGGGTUCCUU
17844281 1 GAACCCAUA 1427 T00-720 1 GAGLCACAAUCC 1738 | 698-720
AD- GUUGGUGCUUUG 1055~ UACCAUAAACAA 1053~
1784428 1 | UUUAUGGUA 1428 1073 AGCACCAACCA 1739 1 1075
AD- GAAUCUUCGGGU UAGGGAAACACC
1784430.1 | GUUUCCCUA 1429 888-908 | CGAAGAUUCAU | 1760 | 886-908
AD- GGUAGUAGUUUU 1072- UGUUACAGAAAA 1070~
17844311 | UCUGUAACA 1430 1092 ACUACUACCAU 1761 | 1092
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Duplex Sense Sequence HE NM 000 | Antisense Sequence | ID NM_980
Name Sted NEw: 867.3 5063 NG | 0673
AD- AGAACAGGCAAA UAGCUUUGAUUY
1784432.1 | UCAAAGCUA 1431 827-847 | GCCUGUUCUUC 1762 | 825-847
AD- AGAACAGGUAAA UAGCTUTGAUUU
17844331 | UCAAAGCUA 1431 827-847 | GCCUGUUCUULC 1763 | 825-847
AD- AAAAUAGUCAUG 1267- UCAUAGAAUCAU 1265~
17844341 | AUUCUAUGA 1432 1287 GACUAUUUUALC 1764 | 1287
AD- ACUGGCCGUUCU UAAAUACCUAGA
17844351 1+ AGGUAUUUA 1433 492-512 | ACGGCCAGUCC 1765 | 490-312
AD- CCCUGAGGAUCC UAUUGUTGAGGA
17844361 | UCAACAAUA 1434 242-262 | UCCUCAGGGAA 1766 | 240-262
AD- GCUGGUUGGUGE 1051~ UUAAACAAAGCA 1049-
1784437.1 | UUUGUUUAA 1433 1071 CCAACCAGCCA 1767 | 1071
AD- CAGAAAGUUGUU UAGCACAUCAAC
1784438.1 | GAUGUGCUA 1436 344-564 | AACUUUCUGAA 1 1768 | 542-564
AD- ACUAACUUCGAU UCCACGAGGAUC
17844391 | CCUCGUGGA 1437 601-621 | GAAGUUAGUGA | 1769 | 599-621
AD- CCUUCAGAAAGU UCAUCAACAACYU
1784440.1 | UGUUGAUGA 1438 540-560 1 UUCUGAAQGCC 1770 | 538-560
AD- UGAGCACUGGCA UAGUCCTUAUGC
17844411 | UAAGGACUA 1439 114-134 | CAGUGCUCAGG 1771 1 112-134
AD- CUAGUUAAGGCA 1247~ UACCTGAUUUGC 1245-
17844421 | AAUCAGGUA 1440 1267 CUUAACUAGCU 1772 | 1267
AD- CUGAGGAUCCUC UCCAUUGUUGAG
17844431 | AACAAUGGA 1441 244-264 1 GAUCCUCAGGG 1773 | 242-264
AD- GUUUAUGGUAGY 1066~ UGAAAAACUACU 1064~
1784444.1 1 AGUUUUUCA 1442 1086 ACCAUAAACAA {774 | 1086
AD- UGUGACCUGGAU UUGAGCACAAUC
1784445 1 | UGUGCUCAA 1443 690-710 | CAGGUCACACA 1775 | 688-710
AD- ACAUCGACACUC UGGCTGTAUGAG
1784446.1 | AUACAGCCA 1444 170-190 1 UGUCGAUGUCA 1776 | 168-190
AD- GAUUGUGCUCAA UUGGGUTCCUUG
1784447.1 | GGAACCCAA 1445 699-719 | AGCACAAUCCA 1777 | 697-719
AD- UCAUACAGCCAA UGGUCATACUUG
1784448.1 | GUAUGACCA 1446 180-200 | GCUGUAUGAGU 1778 | 178-200
AD- UAAAAUAGUCAU 1266~ UAUAGAAUCAUG 1264-
1784449.1 | GAUUCUAUA 1447 1286 ACUAULUUACC 1779 | 1286
AD- UAAAAUAGUCAU 1266~ UAUAGAAUCAUG 1264~
1784450 1 | GAUUCUAUA 1447 1286 ACUAUUUUACC 1779 11286
AD- SUGCUCAAGGAA UCUGAUGGGUUC
1784451.1 | CCCAUCAGA 1448 703-723 1 CUUGAGCACAA 1780 | 701-723
AD- CGAAGAACUGAU UUGUCCACCAUC
1784452 1 | GGUGGACAA 1449 783-803 | AGUUCUUCGGG | 1781 | 781-803
AD- AAUAAAAUGUGA 0ot~ UUCUAGTCUUCA
1784453.1 | AGACUAGAA 1450 1021 CAUUUUAUUAG 1782 1 999-1021
AD- GGCUGGUUGGUG 1050~ UAAACAAAGCAC 1648-
17844541 | CUUUGUUUA 1451 1070 CAACCAGCCAC 1783 1 1070
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Duplex Sense Sequence HE NM 000 | Antisense Sequence | ID NM_980
Name Sted NEw: 867.3 5063 NG | 0673
AD- UUGUUCACAGCA 1133~ UACCCUACAUGC 1131-
17844551 | UGUAGGGUA 1452 1153 UGUGAACAAAG {1784 | 1153
AD- UVUCAAAUAAGAU UAUGGGACCAUC
17844561 | GGUCCCAUA 1453 850-870 | UUAUUUGAAGG {1785 | 848-¢70
AD- UUUAAAACAUAG 1188- UCUACUUUCCUA 1186~
17844571 | GAAAGUAGA 1454 1208 UGUUUUAAAAG 11786 | 1208
AD- UUGUUUAUGGUA 1064~ UAAAACUACUAC 1062-
17844581 1 GUAGUUUUA 1453 1084 CAUAAACAAAG 1787 | 1084
AD- UUGUUUAUGGUA 1064~ UAAAACTACUAC 1662~
1784459 1 | GUAGUUUUA 1453 1084 CAUAAACAAAG 1788 | 1084
AD- GCUAGUUAAGGC 1246~ UCCUGAUUUGCC 1244-
1784460.1 | AAAUCAGGA 1456 1266 UUAACUAGCUC 1789 | 1266
AD- GUAAAAUAGUCA 1265~ UUAGAAUCAUGA 263-
1784461.1 | UGAUUCUAA 1487 1283 CUAUUUUACCU 1790 1 1285
AD- GUAAAAUAGUCA 1265~ UUAGAATCAUGA 1263-
17844621 | UGAUUCUAA 1457 1285 CUAUUUUACCU 1791 | 1288
AD- GACUGGCCGUUC UAAUACCUAGAA
1784463.1 | UAGGUAUUA 1458 491-511 | COGCCAGUCCA 1792 | 489-511
AD- UCAGCCACUGAA UGCCTGTUCUUC
1784464 1 | GAACAGGCA 1439 816-836 1 AGUGGCUGAG( 1793 | 814836
AD- UGGAAUGUGUGA UAAUCCAGGUCA
17844651 | CCUGGAUUA 1460 683-703 | CACAUUCCAGA 1794 | 681-703
AD- UCACAGCAUGUA {137- UCAUCACCCUAC 1135-
1784466.1 | GGGUGAUGA 1461 1157 AUGCUGUGAAC 1705 | 1157
AD- UACAGCCAAGUA UAAGGGTCAUAC
17844671 | UGACCCUUA 1462 {83-203 | UUGGCUGUAUG | 1796 | 181-203
AD- CUGAGCACUGGC UGUCCUUAUGCC
1784468.1 | AUAAGGACA 1463 113-133 1 AGUGCUCAGGU 11797 | 111-133
AD- CUGAGCACUGGC UGUCCUTAUGCC
1784469.1 | AUAAGGACA 1463 113-133 | AGUGCUCAGGU | 1798 | 111-133
AD- GCUCAAGGAACC UCGCTGAUGGGU
1784470.1 | CAUCAGCGA 1464 705-725 | UCCUUGAGCAC 1799 | 703-725
AD- VUCUGGAAUGUG UCCAGGTCACAL
17844711 | UGACCUGGA 1465 630-700 | AUUCCAGAAGA 1800 | 678-700
AD- UAAAUUGAGCUA 1238- UGCCUUAACUAG 1236-
17844721 | GUUAAGGCA 1466 1258 CUCAAUUUAUC i801 | 1258
AD- VAUUUUUUUGAA UUGCCAACCUUC
1784473 1 1 GGUUGGLAA 1467 507-527 1 AAAAAAAUACC 1802 | 505-527
AD- UAAUUAGAGUUG 1460~ UCUGUAUCACAA 1458
17844741 | UGAUACAGA 1468 1480 CUCUAALUAUA i803 | 1480
AD- UAAUUAGAGUUG 1460~ UCUGTATCACAA 1458-
1784475 1 | UGAUACAGA 1468 1480 CUCUAAUUAUA | 1804 | 1480
AD- UGACUCUCAGGA UCUGCUUUGUCT
1784476.1 | CAAAGCAGA 1469 | 288-308 | UGAGAGUCAUC 1803 | 286-308
AD- UGACUCUCAGGA UCUGCUTUGUCC
17844771 | CAAAGCAGA 1469 288-308 | UGAGAGUCALUC 1806 | 286-308
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SEQ Range in SE( | Rangein

Duplex Sense Sequence HE NM 000 | Antisense Sequence | ID NM_980

Name Sted NEw: 867.3 5063 NG | 0673

AD- CAUACAGCCAAG UGGGTCAUACUU

1784478.1 | UAUGACCCA 1470 i81-201 | GGCUGUAUGAG | 1807 | 179-201

AD- GUAUUUUUUUGA UGCCAACCUUCA

17844791 | AGGUUGGCA 1471 506-326 | AAAAAAUACCU 1808 | 504-326

AD- CACAGCAUGUAG 1138- UUCATCACCCUA 1136~

1784480.1 | GGUGAUGAA 1472 1158 CAUGCUGUGAA | 1809 | 1158

AD- UVAUAAUUAGAGYU 1458- UGUATCACAACU 1456-

17844811 | UGUGAUACA 1473 1478 CUAAUUAUAAC i810 | 1478

AD- GAUUUUGGGAAA UUGCACAGCUUU

1784482 1 | GCUGUGCAA 1474 460-480 | CCCAAAAUCCC 1811 | 458-480

AD- UAAAACAAAGGG UCACTCTUGCCC

1784483.1 | CAAGAGUGA 1473 573-393 | UNUGUUUUAAU | 1812 | 571.593

AD- UCAAGGAACCCA UGACGCUGAUGG

1784484.1 | UCAGCGUCA 1476 707-72 GUUCCUUGAGC 1813 | 705-727

AD- UCAAGGAACCCA UGACGCTGAUGG

1784485 1 | UCAGCGUCA 1476 707-727 1 GUUCCUUGAGC 1814 | 708-727

AD- UCAGAAAGUUGU UGCACAUCAACA

1784486.1 | UGAUGUGCA 1477 543-563 1 ACUUUCUGAAQG 1815 | 541-363

AD- UCAGAAAGUUGU UGCACATCAACA

17844871 | UGAUGUGCA 1477 543-563 | ACUUUCUGAAG | 1816 | 341-563

AD- CCAAAUAAUGAA UCCCGAAGAUUC

1784488 1 | UCUUCGGGA 1478 879-899 | AUUAUUUGGAL {1817 | 877-899

AD- AGCAUGUAGGGU 1141~ UUGCTCAUCACC 1139-

17844891 | GAUGAGCAA 1479 1161 CUACAUGCUGU 1818 | 1161

AD- GAUAAAUUGAGC 1236~ UCUUAACUAGCU 1234~

17844901 | UAGUUAAGA 1480 1256 CAAUUUAUCUU | 1819 | 1256

AD- CUCAGCCACUGA UCCUGUUCUUCA

17844911 | AGAACAGQGA 1481 515-835 | GUGGCUGAGCY | 1820 | 813-835

AD- CUCAGCCACUGA UCCUGUTCUUCA

1784492.1 | AGAACAGGA 1481 815-835 | GUGGCUGAGCY | 1821 | 813-835

AD- CAGCAUGUAGGG 1140~ UGCUCATCACCC 1138-

1784493.1 | UGAUGAGCA 1482 1160 UACAUGCUGUG | 1822 | 1160

AD- AUAAUGAAUCUU UAACACCCGAAG

17844941 | CGGGUGUUA 1483 883903 | AUUCAUUAUUU 1823 | 881-903

AD- GGAACCCAUCAG UUGCTGACGCUG

17844951 | CGUCAGCAA 1484 711-731 | AUGGGUUCCUU {1824 | 709-731

AD- UGUUCACAGCAU 1134~ UCACCCUACAUG 1132~

1784496 1 | GUAGGGUGA 1445 1154 CUGUGAACAAA | 1425 11154

AD- AAACAAAGGGCA UAGCACTCUUGC

1784497.1 | AGAGUGCUA 1486 575-5935 1 CCUUUGUUUUA 1826 | 573-363

AD- UGUGUGACCUGG UAGCACAAUCCA

1784498 1 1 AUUGUGCUA 1487 688-708 1 GGUCACACAUU 1827 | 686-708

AD- UGUGUGACCUGG UAGCACAAUCCA

1784499.1 | AUUGUGCUA 1487 688-708 | GGUCACACAUU 1827 | 686-708

AD- AAUAAUGAAUCU UACACCCGAAGA

1784500.1 | UCGGGUGUA 1488 8§2-002 | UUCAUUAUUUG | 1828 | 880-902
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Name Sted NEw: 867.3 5063 NG | 0673
AD- AUUUUUUUGAAG UCUGCCAACCUU
1784501.1 | GUUGGCAGA 1489 508-528 | CAAAAAAAUAC 1829 | 306-528
AD- AUUUUUUUGAAG UCUGCCAACCUU
1784502.1 | GUUGGCAGA 1489 508-528 | CAAAAAAAUAC 1829 | 506-328
AD- UGCUCAAGGAAC UGCUGATGGGUU
17843031 | CCAUCAGCA 1490 104-724 | CCUUGAGCACA 1830 | 702-724
AD- UAAUGAAUCUUC UAAACACCCGAA
1784304.1 1 GGGUGUUUA 1491 884-904 | GAUUCAUUAUU | 1831 | 882-904
AD- GUGGCUGGUUGG 1048~ UACAAAGCACCA 1046~
17843051 | UGCUUUGUA 1492 1068 ACCAGCCACAG 1832 | 1068
AD- AAGGAACCCAUC UCUGACGCUGAU
1784500.1 | AGCGUCAGA 1493 709-729 1 GGGUUCCUUGA 1833 | 707-729
AD- UUAAAACAAAGG VACUCUTGCCCU
1784507.1 | GCAAGAGUA 1494 §72-592 1 UUGUUUUAAUG | 1834 | 570-592
AD- CUGUGGLUGGUU 1046~ UAAAGCACCAAC 1044~
1784508.1 | GGUGCUUUA 1493 1066 CAGCCACAGCA 1835 | 1066
AD- CAGCUCAGCCAC UGUUCUTCAGUG
1784509.1 | UGAAGAACA 1496 312-832 | GCUGAGCUGGE 1836 | 810832
AD- AAAUAAUGAAUC UCACCCGAAGAU
17845101 | BDUCGGGUGA 1497 881-901 | UCAUUAUUUGG | 1837 | 879901
AD- GAAUGUGUGACC UACAAUCCAGGU
17845111 | UGGAUUGUA 1498 685-705 | CACACAUUCCA 1838 | 683-705
AD- CAUGUAGGGUGA 1143~ UAGUGCTCAUCA 1141~
1784512.1 | UGAGCACUA 1499 1163 CCCUACAUGCU 1830 1 1163
AD- GGACUGGCCGUU UAUACCTAGAAC
17845131 | CUAGGUAUA 1300 |1 490-310 | GGCCAGUCCAY {840 | 488-310
AD- AUAAAUUGAGCU 1237- UCCUUAACUAGC 235~
1784514.1 | AGUUAAGGA 1501 1257 UCAAUUUAUCH 11841 | 1257
AD- GAAAGUUGUUGA UCCAGCACAUCA
1784515.1 | UGUGCUGGA 1502 546-566 | ACAACUUUCUG 1842 | 544-366
AD- GAAAGUUGUUGA UCCAGCACAUCA
1784516.1 | UGUGCUGGA 1502 546-566 | ACAACUUUCUG 1842 | 544-366
AD- AACAAAGGGCAA UCAGCACUCUUG
17845171 | GAGUGCUGA 1503 576-5%6 | CCCUUUGUUUU 1843 | 574-396
AD- CCUGAGCACUGG UUCCTUAUGCCA
17845181 | CAUAAGGAA 1504 112-132 | GUGCUCAGGUC i844 | 110-132
AD- UGAUGGUGGACA UGCGCCAGUUGU
1784519 1 1 ACUGGCGCA 1503 791-811 | CCACCAUCAGU 1445 1 789-811
AD- ACAAAGGGCAAG UUCAGCACUCUU
17843201 1 AGUGCUGAA 1506 377-597 1 GCCCUUUGUUY i846 | 575-397
AD- ACGGACCUGAGC UAUGCCAGUGCU
17845211 1 ACUGGCAUA 1507 107-127 | CAGGUCCGUUG 1847 | 105-127
AD- UGGGAAAGCUGU UGUUGCTGCACA
1784522.1 | GCAGCAACA 1508 465-485 | GCUUUCCCAAA 1848 | 463-485
AD- AACCCAUCAGCG UGCUGCTGALCGC
17845231 | UCAGCAGCA 1509 713-733 1 UGAUGGGUUCC 1849 | 711-733
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Name Sted NEw: 867.3 5063 NG | 0673
AD- AGUUCAGCCACU UUGUTCTUCAGU
17845241 | GAAGAACAA 1510 813-833 | GGCUGAGCUGG 1850 | 811-833
AD- VUUUGAAGGUUG UAGCGCTGCCAA
17845251 | GCAGCGCUA 1511 512-332 | CCUUCAAAAAA 1851 | 510-332
AD- GUAUGACCCUUC UGCUTCAGGGAA
1784526.1 | CCUGAAGCA 1512 192-212 | GGGUCAUACUY 1852 | 190-212
AD- CUACCCAGGCUC UUGGTCAGUGAG
178453271 1 ACUGACCAA 15813 651-671 1 CCUGGGUAGGU | 1833 | 649-671
AD- ACCCAGGCUCAC UGGUGGTCAGUG
1784528 1 1 UGACCACCA 1514 633-673 | AGCCUGGGUAG 1834 | 651-673
AD- AUGGACUGGCCG UACCUAGAACGG
1784529.1 |+ UUCUAGGUA 1513 488-508 | CCAGUCCAUCA IR55 | 486-30%
AD- ACCUGAGCACUG UCCUUAUGCCAG
1784530.1 | GCAUAAGGA 1516 =131 1 UGCUCAGGUCC 1856 | 109-131
AD- CCAUCAGCGUCA UCUCGCUGCUGA
17845311 | GCAGCGAGA 1517 716-736 | CGCUGAUGGGU 1857 | 714-736
AD- UGGACUGGLUCGU UUACCUAGAACG
1784532.1 | UCUAGGUAA 1518 489-509 | GCCAGUCCAUC 1858 | 487-509
AD- UUUUGGGAAAGC UGCUGCACAGCU
17843331 | UGUGCAGCA 1519 | 462-487 | UUCCCAAAALC 1450 | 460-482
AD- CUGAUGGACUGG UUAGAACGGCCA
1784534.1 | CCGUUCUAA 1520 | 485-505 | GUCCAUCAGGU 1860 | 483-305
AD- ACCUACCCAGGC UGUCAGTGAGCC
178435351 | UCACUGACA 1521 649-669 | UGGGUAGGUCC 1861 | 647-669
AD- GGACCUACCCAG UCAGTGAGCCUG
1784536.1 | GCUCACUGA 1522 647-067 | GGUAGQUCCAG i862 | 645-667
AD- GAUGGACUGGCC UCCUAGAACGGC
17845371 | GUUCUAGQGA 1523 487-507 | CAGUCCAUCAG 1863 | 4835-507
AD- AAGGUUGGCAGC UGGUTUAGCGCU
1784538.1 | GCUUAAACCA 1524 517-537 1 GCCAACCUUCA 1864 | 515-837
AD- UGAUGGACUGGC UCUAGAACGGECC
1784539.1 | CGUUCUAGA 1525 486-506 | AGUCCAUCAGG 1863 | 484-306
AD- AACUGAUGGUGE UCCAGUUGUCCA
1784540.1 | ACAACUGGA 1526 788-808 | CCAUCAGUUCU 1866 | 786-80%
AD- AACUGAUGGUGG UCCAGUTGUCCA
17845411 | ACAACUGGA 1526 T88-808 | CCAUCAGUUCY iR67 | 786-808
AD- ACAACUGCUGUG 1039- UCAACCAGCCAC 1037-
1784542 1 ¢ GCUGGUUGA 1527 1059 AGCAGUUGUGU 1468 | 1059
AD- ACAACUGCUGHG 1039~ UCAACCAGCCAC 1037-
17843431 1 GCUGGUUGA 1327 1059 AGCAGUUGUGU | 1868 | 1059
AD- CAACGGACCUGA UGCCAGTGCUCA
1784544 1 | GCACUGGCA 1528 105125 | GGUCCGUUGUG | 1869 | 103-125
AD- CAACUGCUGUGG 1040- UCCAACCAGCCA 1038-
1784545.1 | CUGGUUGGA 1529 1060 CAGCAGUUGUG 1870 | 1060
AD- ACUGAUGGUGGA UGCCAGTUGUCC
1784546.1 | CAACUGGCA 1530 789-809 | ACCAUCAGUUC 1871 | 787-809
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Duplex Sense Sequence HE NM 000 | Antisense Sequence | ID NM_980
Name Sted NEw: 867.3 5063 NG | 0673
AD- CUGCUGUGGCUG 1043~ UGCACCAACCAG 1041~
1784547.1 | GUUGGUGCA 1531 1063 CCACAGCAGUY 1872 11063

Table 8. Modified Sense and Antisense Strand Sequences of CA2 dsRNA Agents

SEQ SEQ SEG
Duplex Sense Sequence | 1D Antisense Sequence D mRNA Target D
Name Sw¥ NGO, (S0 MO | Sequence 5 10 ¥ NO:
AD- usgsuuneCRuAfUf VPusUfsugdCu(Teniga UCUGUUUCCUAU
17841881 | Gfaucaagcasasa 1873 | ucauAfeGfazacasgsa 2183 1 GAUCAAGCAAC 2541
AD- usgsacunCfaCiUut VPusGlsancGfaaguuag GCUGACUUCACU
1784189 1 | Afacuucgauscsa 1874 | UfeAfagucasgsc 2184 | AACUUCGAUCC 2542
AD- csasaagcURCRCE VPusCansalUfuogaagy AUCAAAGCUUCC
1784190.1 | Ufucasanaasgsa 1875 | AfaGfeauugsasu 2185 1 UUCAAAUAAGA | 2543
AD- ascsaaag{ faUfCE YPusUfsuadTud Tenjga AAUCAAAGCUUC
1784191.1 | Cfuucasanasasa 1876 | aggaAfeCluuugasusy 2186 | CUUCAAAUAAG 2544
AD- gsuscoguAfuCRCT ViusUfsucalfuauuugg UAGUCUGUAUCC
1784192 1 | Afsavaangasasa 1877 | AfuAfcagacsusa 2187 | AAAUAAUGAAU {2545
AD- gsuscugnAfuCECE VPusUfsucdAun{Tgnlau UAGUCUGUAUCC
1784193.1 | Afsauaaugasasa 1877 | vuggAfuAfcagacsusa 2188 | AAAUAAUGAAU {2545
AD- asusuccg UfaAfAf VPusUfsgadAg(Tonjua AAAUUCCGUAAA
1784194 1 | Cfunaacoucsasa 1878 | agyulUfaCloganususu 2189 | CUUAACUUCAA 2546
AD- usescuanGalfCe V PusGisaadGuiTgnlze UUUCCUAUGAUC
17841951 | Afagcaacuuscsa 1879 | wugallfcAfuagpasasa 2190 | AAGCAACUUCC 2547
AD- gsusunceUtalURGEH VPusGfauudGe{Tenjug CUGUUUCCUAUG
1784196 1 | Afucaagraascsa 1880 | aucaUfaGioaaacsasg 2191 | AUCAAGCAACU 2548
AD- asusgeugCruUtUr VPusCfauad Te(Tenjun AAAUGCUGCUUU
1784197.1 | Ufaanacauasgsa 1881 | uasaAfgCiagcaususu 2192 1 UAAAACAUAGG | 2549
AD- csasuucalGfaClAS VPusUfsaudGa(Tgniae UCCAUUCAGACA
1784198.1 | Afuauaucausasa 1882 | auugUfcUfgaaugsgsa 2193 | AUVAUAUCAUAA | 2530
AD- gsascuucAfcUFAS VPusGisgauCloaagaua CUGACUUCACUA
17841991 | Afcuucgancscsa 1883 | GfuGfaagucsasg 2194 | ACUUCGAUCCU 25851
AD- cscsauucAfg ARCT VPusAfsugalifauauugu UUCCAUUCAGAC
17842001 | Afanauaucasusa 1884 | CtulGfaaugpsasa 2195 | AAUAUAUCAUA 12552
AD- uscsuguaUfeCEAT ViusAfseodCalTgnjua AGUCUGUAUCCA
17842011 | Afauaaugaasusa 1885 | vungGhalfacagasesu 2196 | AAUAAUGAAUC | 2553
AD- asasucaaAfoCIUf VPusAfsuud Tl Agnjag CAAAUCAAAGCU
1784202.1 | Ufecuucagasusa 1886 | paagClulfugavususe 2197 | UCCUUCAAAUA 2354
AD- asusucag AfcAfAL ViusUfsuadTg(Agnjua CCAUUCAGACAA
17842031 | Ufanaucavasasa 1887 | vawuGiuClugaausgss 2198 | UAUAUCAUAAC 2335
AD- csesguaaAfcUUf VPusCeauutaaguuaa UUCCGUAAACUU
1784204.1 | Afacuucaausgsa 1838 | GfuUfnacggsasa 2199 | AACUUCAAUGG | 2556
AD- cacsguaaAfeUTUT VPusClsaud Tg{Agnlag UUCCGUAAACUU
1784205 1 | Afacuncaansgsa 1888 | wuaaGfullfuaceesasa 2200 | AACUUCAAUGG 2556
AD- gsusgeug AfcUTUE VPusGisaadGuTgnjag GAGUGCUGACUU
1784206.1 | Cfacuaacuuscsa 1890 | ugaaGhuClagcacsuse 2201 | CACUAACUUCG 25587
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SEQ SEQ SEQ
Duplex Sense Sequence | 1D Antisense Segaence D mRNA Target D
Name 163 NO: [ Sted NO: | Sequenee S t6 ¥ NQ:
AD- asasgeunCicUfUE VPusAfsuculifasuugaa CAAAGCUUCCUU
1784207.1 | Cfaaauaagasusa 1891 | GfeAfagcuususg 2202 | CAAAUAAGAUG | 2538
AD- asasgounCieUUf YV PusAfsucdTu{ Agnjua CAAAGCUUCCUU
1784208.1 | Cfaaauaagasusa 1891 | ueaaGfoAfagcunsuse | 2203 | CAAAUAAGAUG | 2558
AD- asasauucCigUTAL Y PusAfsagulUfaaguuua UGAAAUUCCGUA
1784209 1 | Afacusaacususa 1892 | CteGlaauuuscsa 2204 | AACUUAACUUC 2559
AD- csusgneuCGRoUfUf VPusUfsgadTe(Agniua CCCUGUCUGUUU
1784210.1 | Cfenaugaucsasa 1893 | coaaAfcAfpacagsgesy 2205 | CCUAUGAUCAA 2560
AD- gsusauccAfaAfUf VPusAfsagalUfucaunan CUGUAUCCAAAU
1784211 1 | Afaucaaucususa 1894 | UfuGfeavacsasg 2206 | AAUGAAUCUUC 2561
AD- gsusauccAfaAfUS VPusAfsagdAu(Tenjca CUGUAUCCAAAU
1784212.1 | Afangaaucususa 1894 | uuaulltuGloavacsasg 2207 1 AAUGAAUCUUC | 2561
AD- causgaculUfcAFCE VPusAfsucgAfagouagy UGCUGACUUCAC
1784213.1 | Ufaacuucgasusa 1895 | GfaAfoucagscsa 2208 | UAACUUCGAUC 2562
AD- gsesuaccUfuCIAS VPusCacanChuanmg AAGCUUCCUUCA
17842141 | Afausagangsesa 1896 | AfaGfpanpesusy 2209 | AAUAAGAUGGU {2563
AD- gsesuuccURCEAT YV PusCfscad Te(Tgnjua AAGCUUCCUUCA
17842151 | Afauaagaugsesa 1896 | vuogAfaGfoaagesusy | 2210 | AAUAAGAUGGU | 2363
AD- asasaucaAfaGiCE VPusUfsuudGa(Agnjg GUAAAUCAAAGC
1784216.1 | Ufuccuucaasasa 1897 | paspcUtfullfeammsgse | 2211 | UUCCUUCAAAU 2564
AD- asgscuucCRURCT VPusCfsaucUfuannuga AAAGCUUCCUUC
17842171 | Afaaunagausgsa 1898 | AfgGlaageususu 2212 | AAAUAAGAUGG | 2565
AD- usgscuge Ut UfUT VY PusClscuallfgmuuuan AAUGCUGCUUUU
1784218.1 | Afasacauagsgsa 1899 | AfaGfcageasusu 2213 | AAAACAUAGGA 2566
AD- asgsgeaaAfuCrAf VPusAfsaggAfagcuuug ACAGGCAAAUCA
17842191 | Afageuuccususa 1900 | AfuUfugccusgsy 2214 1 AAGCUUCCUUC 2567
AD- asgsgeaaAfuCAL VPusAfsagdGa(Agnige ACAGGCAAAUCA
17842201 | Afagcuuccususa 1900 | vuugAfullfugecusgsn | 2215 | AAGCUUCCUUC 2567
AD- gsgscaaalJfcATAT VPusGlsaadGg{Agnlag CAGGCAAAUCAA
17842211 | Afocuuccuuscsa 1901 | comuGtalfuugecsusg | 2216 | AGCUUCCUUCA 2568
AD- asasageulUfcCIUf VPusUfscuuAfoungaag UCAAAGCUUCCU
1784222.1 | Ufcaaauaagsasa 1902 | GfaAfgouuusgsa 2217 | UCAAAUAAGAU 2569
AD- asasageolUfcCRUE YPusUfscud Ta{Tgnuu UCAAAGCUUCCU
17842231 | Ufcasauaagsasa 1902 | sasoGlaAfoommsgsa | 2218 | UCAAAUAAGAU | 2569
AD- usasaaauGEcUIGE VPusGsunuUfanaagea ACUAAAAUGCUG
17842241 | Cfuuuuaaaascsa 1903 | GfcAfeouuasgsy 2219 | CUUUUAAAACA 12570
AD- asasgaauA ARG VPusAfegudCalAgnig AUAAGAAUAAAG
1784225 1 | Ufacouugacsusa 1904 | suacaUfuAfwcousasuy | 2220 | VACCUUGACUU 2871
AD- asgsaanaAfaGfUf VPusAfsaguClaagouac UAAGAAUAAAGU
1784226.1 | Afccungacususa 1905 | UtuUfauucususa 22210V ACCUUGACUUU 2572
AD- asgsaauaAfaGIUuf VPusAfsagdTe{Agniag UAAGAAUAAAGU
1784227 1 | Afccuugacususa 1905 | guacUfuUfauucususa 2222 | ACCUUGACUUU 2572
AD- gsuscugulfuCHCE VPusChuudGa{Tanjca CUGUCUGUUUCC
1784228 1 | Ufaugaucaasgsa 1906 | uaggAfaAfcagacsasg 2223 | UAUGAUCAAGC | 2573
AD- ascscguaAfaCiUf VPusAfsuudGa(Agn)g AUUCCGUAAACU
1784229 1 | Ufaacuucaasusa 1907 | vuaacUtuUfacegasasu | 2224 | UAACUUCAAUG 2574
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SEQ SEQ SEQ
Duplex Sense Sequence | 1D Antisense Segaence D mRNA Target D
Name 163 NO: [ Sted NO: | Sequenee S t6 ¥ NQ:
AD- csesucunlfaGHGE YVPusGisucdAc{Agnica CUCCUCUUCUGEG
1784230.1 | Afaugugugascsa 1908 | uuccAfsAfagagosasp 2225 1 AAUGUGUGACC 2873
AD- usasuccaAfallfAf Y PusGisaadGa( Tenjuc UGUAUCCAAAUA
17842311 | Afugaaucuuscsa 1909 | avwaUfuUfegauascsa 2226 | AUGAAUCUUCG | 2376
AD- usesuguu UfeCfUT Y PusGacud Teg(Agnjuc UGUCUGUUUCCY
17842321 | Afugaucaagscsa 1910 | auagGiaAfacagascsa 2227 1 AUGAUCAAGCA | 2577
AD- geusugacAfuCIGE VPusGlsuad Te(Agnigu CUGUUGACAUCG
1784233.1 | Afcacucauascsa 1911 | eucpAfuGlucaacsasg 2228 | ACACUCAUACA 2578
AD- asasguacCRuURGE VPusUfsgaaClaaaguca UAAAGUACCUUG
1784234 1 | Afcuyunguucsasa | 1912 | AfoGfuacuususa 2228 1 ACUUUGUUCAL 2579
AD- asasguacCRlUfGf VPusUfsgadAc{Agnjaa UAAAGUACCUUG
1784235.1 | Afcuuuguucsasa 1912 | gucaAfoGluacuususa 2236 | ACUUUGUUCAC 2579
AD- caasgancURaCiCP VPusAfsaad Te(Agnjec CACAGAUCUACC
1784236 1 | Ulugsugavususa 1913 | aggelfaGlaucugsusg 2231 | UUGGUGAUUUG | 2580
AD- csusgeanlUfgURGT VPusGiseadCo(Tenjug ACCUGGAUUGUG
1784237 1 | Cfucaageaascsa 1914 | ageaClaAfuccagsesy 2232 | CUCAAGGAACC 2581
AD- usgseuuUfRATAS VPusUfsundCe{ Tonjan GCUGCUUUUAAA
17842381 | Afoanaggaasasa 1915 | sunalUfaAfaagrasgse 2233 | ACAUAGGAAAG | 2582
AD- usgscugaClulUfCf VPusClsgaaGhunaguga AGUGCUGACUULC
1784239 1 | Afcuaacoucsgsa 1916 | Afolifcagcascsu 2234 | ACUAACULCGA 2533
AD- usgscugaChUtCs VPusCfsgadAg(Tana AGUGCUGACUUC
1784240.1 | Afcuaacuucsgsa 1916 | gugaAfsUfcagcascsu 2235 | ACUAACUUCGA 2583
AD- gsasaanuCioGIUT YPusAfsguuAfaguuuac UUGAAAUUCCGU
17842411 | Afascuuaacsusa 1917 | GfgAfauuucsasa 2236 | AAACUUAACUU 2584
AD- gsasaauuCRcGIUT VPusAfsgudTa{Agnigu UUGAAAUUCCGU
17842421 | Afaacuuaacsusa 1917 | yuacGfeAfaunucsasa 2237 | AAACUUAACUL | 2584
AD- asasaggcAfATUT VPusAfsuumUfaccugan GUUAAGGCAAAU
17842431 | Claggnaaaasusa 1918 | UfuGfecuvasase 2238 | CAGGUAAAAUA | 2585
AD- usasaggcAfaAfUf VPusAfsuadTudAgnice GUUAAGGCAAAU
17842441 | Cfagouaaaasusa 1918 | ueaullfulfccuuasase 2239 1 CAGGUAAAAUA {2585
AD- gsusucuaGlgUfAL VPusUfsucaAfaaaaaua CCGUUCUAGGUA
1784245.1 | Uwmyuougasasa 1919 | Cfelfagaacsgsg 2246 | UUUUUUUGAAG | 2386
AD- asasgauaAfalfUf YPusUfsaadCu{ Agnjge ACAAGAUAAAUU
1784246 1 | Gfapcuaguusasa 1920 | ucaaUfuUfancuusgsy 2241 | GAGCUAGUUAA | 2587
AD- ususagcuAfaGiCe VPusGsuadGalTenjcu CUUUAGCUAAGC
17842471 | Afcagaucuascsa 1921 | pugcUfuAfpcuaasasg 2242 | ACAGAUCUACC 2588
AD- csusucactJfaAfCT VPusGieagdGalTgnicg GACUUCACUAAC
1784248 1 | Ufuceanccuscsa 1922 | aagublfaGlugaagsuse 2243 UUCGAUCCUCG 2589
AD- asasuuccGRuAfAS VPusGisaadGu(Tgojaa GAAAUUCCGUAA
17842491 | Afcuvaacuuscsa 1923 | gunuAfeGlgaaumususe 2244 | ACUUAACUUCA 25490
AD- csusgeunUfuAFAL VPusUfsucdCu(Agniu UGCUGCUUUTAA
1784250.1 | Afacauaggasasa 1924 | gunmuAfaAfageagscsa | 2245 | AACAUAGGAAA 2591
AD- csusguug AfcATUE VPusAfsugdAe(Tenlg CCCUGUUGACAU
1784251.1 | Cfoacacucasusa 1925 | ucganGfuClaacagsgsg | 2246 | CGACACUCAUA 2592
AD- asascacuAfaCIUT VPusClsgadGg{Agniuc ACUUCACUAACU
1784252 1 | Ufcgauccucsgsa 1926 | gaagllfuA fongaasssy 2247 L UCGAUCCUCGU 2593
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SEQ SEQ SEQ
Duplex Sense Sequence | 1D Antisense Segaence D mRNA Target D
Name 163 NO: [ Sted NO: | Sequenee S t6 ¥ NQ:
AD- gsesuaagCfaCiAf VPusAfsagdGu{Agn)g UAGCUAAGCACA
17842531 | Glaucoaccususa 1927 | aucugUfeClunageosusa | 2248 | GAUCUACCUUG 2594
AD- usasaaguAfcCIUS VPusAfsacaAfagucaag AAUAAAGUACCU
1784254.1 | Ufzacuuugususa 1928 | GfuAfcouuasusy 2249 { UGACUUUGUUL 2395
AD- asasaangCGHCT YPusUfsgudTu(Tgnlaa CUAAAAUGCUGC
1784255 1 | Ufouuaaaacsasa 1929 | aagcAfgClammusasg 2250 1 UUUUAAAACAU | 2596
AD- geesugeuUfuUFAS VPusUfsceuAfuguuuua AUGCUGCUUUUA
1784256.1 | Afaacauaggsasa 1930 | AfaAfocagesasu 2251 | AAACAUAGGAA | 2897
AD- gscsugcuUuUFAT VPusUfsced Ta{Tgnjgu AUGCUGCUUUUA
17842571 | Afaacauaggsasa 1930 | vunaAfaAfscascsasy 2237 | AAACAUAGGAA 2597
AD- uscsaugal fuCIUS VPusUfsacallfuacauag AGUCAUGAUUCU
1784258.1 | Afuguaaugusasa 1931 | AfaUfcaugascsu 2253 1 AUGUAAUGUAA | 2598
AD- uscsaugalUfuCIUR VPusUfsacdAw(Tgnlac AGUCAUGAUUCU
1784259.1 | Afuguaaugusasa 1931 | avagAfaUfcaugascsu 2254 | AUGUAAUGUAA | 2598
AD- asgsugcuGRaCfUf VPusAfsagulifagngaag AGAGUGCUGACU
1784260.1 | Ufcacuaacususa 1932 | UfcAfscacusesu 2255 FUCACUAACUUC 2599
AD- csusaagcAFfcATGE Y Pus(fsaadGe(Tanjag AGCUAAGCACAG
1784261.1 | Afucuaccuusgsa 1933 | avcuGfuGfonuagsesy | 2236 | AUCUACCUUGG | 2600
AD- csascuaaC Ui ViusClracgAfpgancga UUCACUAACULC
1784262 1 | Glauccucgusgsa 1934 | Afolifuagugsasa 2257 | GAUCCUCGUGH 2601
AD- csusgaagATaCrAf VPusUtsugdAn{Tenju CACUGAAGAACA
1784263.1 | Glocasaucasasa 1935 | gecugUfuChuucagsusg | 2258 | GGCAAAUCAAA 2602
AD- asasaguaCfeUfUf VPusGfsaacAfaagucaa AUAAAGUACCUU
17842641 | Glacuunuguuscsa 1936 | GfgUfacuuusasu 2259 | GACUUUGUUCA 2603
AD- gsesunugUfuUFAS VPusAfscudAc(Tgn)ac GUGCUUUGUUUA
17842651 | Ufeguasuagsusa 1937 | cauaAfaCfasagesase 2260 | UGGUAGUAGUU 1 2604
AD- csasuganUfcUFAT VPusUfsuadCa{ Tegnjua GUCAUGAUUCUA
1784266.1 | Ufsuaauguasasa 1938 | cauvaGiaAfucaugsase 2261 | UGUAAUGUAAA | 2605
AD- csgsuncuAfgGIUL VPusUfscaaAfanannac GCCGUUCUAGGU
17842671 | Afouansungsasa | 1939 | CluAfgaacesase 2262 | AUUUUUUUGAA | 2606
AD- ususcuagGIoAfUT VPus{fsuucAfaaaraan CGUUCUAGGUAU
1784268.1 | Uhuuuogassgsa | 1940 | AfeCfuagaasesg 2263 | UUUUUUGAAGG | 2607
AD- uscscuucCERaGEAT Y PusAfsuccAfagganuc CCUCCUUCCUGA
17842691 | Afaccuuggasusa 1941 | AfeGiaaggasesg 2264 | AUCCUUGGAUU | 2608
AD- uscscuucCuGRAS VPusAfsucdCa{Agnlep CCUCCUUCCUGA
17842701 | Afuccuuggasusa 1941 | auucAfeGfaageasgsg 2265 | AUCCUUGGAUU | 2608
AD- gsascuaah faURGE YV PusUfsuaaAfageagea UUGACUAAAAUG
17842711 | Clugcunuuasasa 1942 | UfuUfuacucsasa 2266 | CUGCUUULAAA 2609
AD- gsascuaaAfalfGf VPusUfsuadAafAgn)oc UUGACUAAAAUG
1784272.1 | Cfugcuuuuasasa 1942 | agcallfulifuagucsasa 2267 | CUGCUUUUAAA 2609
AD- asascaggCTaAfAS VPusGfsaadGe( Tenjun AGAACAGGCAAA
1784273 1 | Ufcaaagcuuscsa 1943 | gawuUfeCfouguusesy 2268 | UCAAAGCUUCC 2610
AD- csesuuccUfgALAT VPusAfsaucUfaaggans CUCCUUCCUGAA
1784274.1 | Ufccuuggaususa 1944 | Cfalfunasgsasg 2269 | UCCUUGGATITA 2611
AD- asgsaugaCluCiUf VPusCsuudTg{Tenjec UUUGAUGACUCU
1784275 1 | Chaggacaaasgsa 1945 | ueagAfelfcaucasasa 2270 | CAGGACAAAGC 2612
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Duplex Sense Sequence | 1D Antisense Segaence D mRNA Target D
Name 163 NO: [ Sted NO: | Sequenee S t6 ¥ NQ:
AD- usgsgagub fuGIAT YViPusChugdAg(Agnie CGUGGAGUUUGA
1784276.1 | Ufeacacucasgsa 1946 | ucaucAfaAfcuccasesg | 2271 | UGACUCUCAGG 2613
AD- asusccaaAfuAfAf Y Pus{fsgaaGiauucam GUAUCCAAAUAA
17842771 | Ufzaaucuucsgsa 1947 | AfuUfueoausasc 2272 F UGAAUCUUCGG | 26014
AD- asusccarAfuAfAf YV PusCtsgadAg{Agniu GUAUCCAAAUAA
1784278 1 | Ufeaaucuucsgsa 1947 | pcanuAfulUfugeausasc | 2273 | UGAAUCUUCGG | 2614
AD- ususgacy UfuGRUS VPusCfsaudGe(Tanjgu CCUUGACUUUGU
17842791 | Ufcacagcausgsa 1948 | caacAfaAfoucaasgsg 2274 { UCACAGCAUGU 2615
AD- asgsaucuAfcCIUT VPus(fsaaalUfcaccaag ACAGAUCUACCU
17842801 | Ufopugauyusgsa | 1949 | GiuAfoaucusgsy 2275 1 UGGUGAUUUGG | 2616
AD- asusgguaGRuATGE VPusUfsacaGlasaaaca UUAUGGUAGUAG
17842811 | Utuuuucugusasa 1950 | AfcUfaccausasa 2276 | UUUUUCUGUAA 2617
AD- asusgguaGIu ARG VPusUfsacdAg{Agn)aa UUAUGGUAGUAG
1784282 1 | Ufuuuucugusasa 1950 | aacuAfcUfaccausasa 2277 | ULJUUCUGUAA | 2617
AD- csesangalCfaUfUS VPusUfsgedTe(Tenjga UACCUUGACUUU
1784283 1 | Gioucacagesasa 1951 | acaaAfoUfcaagpsusa 2278 | GUUCACAGCAU 2613
AD- cacsugealfuGUf Y PusUbsuedCu(Taniga GACCUGGAUUGU
17842841 | Gfcacaagpasasa 1952 | gcacAfalUfccaggsuse 2279 | GCUCAAGGAAC 2619
AD- gsasgouaGfulfASf ViusUfsgadTu(Tenjge UUGAGCUAGUUA
1784285 1 | Afopcaaancsasa 1953 | cuuaAfcUfascucsasa 2280 | AGGCAAAUCAG | 2610
AD- ascsugaaGiaAfCe VPusUbsgad Tu(Tan)ec CCACUGAAGAAC
1784286.1 | Afogcaaaucsasa 1954 | cuguUfcUfucagusgse 2281 | AGGCAAAUCAA 2621
AD- usgsaazaAfcAGE VPusUfsuudGa(Tgnim ACUGAAGAACAG
1784287.1 | Gfcaaaucaasasa 1955 | secuGfulUfouucasgsy 2282 | GCAAAUCAAAG 2622
AD- csusceucUfuCUf VPusCfsacaClanuccag CCCUCCuUCUUCU
1784288, 1 | Gizaaugugusgsa 1956 | AfaGfagragsesg 2283 | GGAAUGUGUGA | 2623
AD- csusceucUfuCHUT VPusClsacdAc{Agahu CCCUCCuUCUuUCy
1784289 1 | Giaaugugusgsa | 1956 | ccagAfaGlaggapsose 2284 | GGAAUGUGUGA | 2623
AD- gsesunuc AfaCHGE VPusUfscanAfcuccacy AUGCUUUCAACG
17842901 | Ufegaguougsasa | 1957 | UtuGfaaagesasu 2285 | UGGAGUUUGAU 12624
AD- usgscmpuCTaAfCe VPusfsaaaCtuccacgu CAUGCUUUCAAC
17842011 | Gluggaguuusgsa 1958 | UfgAfaageasusg 2286 | GUGGAGUUUGA | 2625
AD- usgscunuCRATCE Y PusClraadAc{Tgnjec CAUGCUUUCAAC
1784292 1 | Gioggaguuusgsa 1958 | acgulUfsAfaagcasusg 2287 | GUGGAGUUUGA | 2625
AD- csasgguaAfaAfuf VPusAfsaudCa(Tan)ga AUCAGGUAAAAU
17842931 | Afpucaugaususa 1959 | coaulUfulfaccugsasu 2288 | AGUCAUGAULUC 172626
AD- csusguanCfcATAT YV PusGfsand Te(Agnjuu GUCUGUAUCCAA
1784294 1 | Afuaaugaauscsa 1960 | aunnisfoAfuacagsase 2289 1 AUAAUGAAUCU 2627
AD- asasggcaAfalfiCy VPusUfsaudTu(Tanjac UUAAGGCAAAUC
1784295.1 | Afeguagaausasa 1961 | cugaUfuUfeccuusasa 2290 | AGGUAAAAUAG | 2628
AD- cacsuccul HeCIUf VPusCiscaalifganncag GGCCUCCUUCCY
17842961 | Gfaauccuugsgsa 1962 | GfaAfugagascse 2291 | GAAUCCUUGGA 2629
AD- ususcounCRaAfAS VPusGisacdCa(Tenjeu GCUUCCUUCAAA
1784297.1 | Ufaagaugguscsa 1963 | vanullfzAfaggaasgse 2292 1 UAAGAUGGUCC | 2630
AD- asusgaaal I CICT VPusUfsuadAg(Tenjuu UGUUGAAAUUCC
1784298 1 | Ghuaaacuuasasa 1964 | acggAfallfuucaascsa 2293 | GUAAACUUAAC 2631
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AD- ascsacucARIARCT VPusAfsuadCu(Tan)og CGACACUCAUAC
17842991 | Afoccaaguasusa 1965 | cuguAfuGlapucusese | 2294 | AGCCAAGUAUG | 2632
AD- gscsacag AfulCIUf VPusUfscacCfaagguag AAGCACAGAUCU
1784300.1 | Afccuugougsasa 1966 | AfuCfugugesusy 2295 | ACCULGGUGAU 2633
AD- csusuncaAfeGHUf YPusAfsucaAfacuccac UGCUUUCAACGU
17843011 | Gleaguougasusa | 1967 | GfuUfgaaagscsa 2296 | GGAGUUUGAUG | 2634
AD- usasgeuaAfpCrAf VPusGlsgudAg{Agniu UUUAGCUAAGCA
1784302.1 | Cfagaucuacscsa 1968 | cugugCfuUfagcuasasa | 2297 | CAGAUCUACCU 2635
AD- ususgugal falCfAf VPusAfsaauAfiacucug AGUUGUGAUACA
17843031 | Gfagunavauususa 1969 | Ufalifcacaascsu 2298 | GAGUAUAUUUC 2636
AD- ascsucanAfcAfGE VPusUfscanAfcuuggeu ACACUCAUACAG
1784304.1 | Cfaaguaugsasa 1970 | GluAfugagusgsy 2299 1 CCAAGUAUGAC 2637
AD- asgsunaaGlgCEAT VPusUfniadCo(Tan)ga CUAGUUAAGGCA
1784305.1 | Afancagguasasa 1971 | uuogCfclfuaacusasg 2300 | AAUCAGGUAAA | 2638
AD- gsusugug Afu AFCE VPusAfsaualfacucugy GAGUUGUGAUAC
1784306.1 | Afcaguaaususa 1972 | AfuCfacaacsuse 2301 | AGAGUAUAUUL | 2639
AD- gsusugug ATARCE VPusAfsaudAn{Agnic GAGUUGUGAUAC
17843071 | Afoasuanaususa 1972 | ucuguAfuClacaacsuse | 2302 | AGAGUAUAUUU | 2639
AD- usgsacaul fg AfCE VPusClsuguAfugagugu GUUGACAUCGAC
1784308.1 | Afcucauacasgsa 1973 | CfsAfugucasasc 2303 | ACUCAUACAGC 2640
AD- asgsauaaAfulUfGH VPusUfsuadAc(Tanlag CAAGAUAAAUUG
1784309.1 | Afgcuaguvasasa 1974 | cucaAfulUfuaucususg 2304 | AGCUAGUUAAG | 2641
AD- usasgeuaUfuUfUT YPusAfsaccUfucaaaaa UCUAGGUAUUUU
1784310.1 | Ufuugaaggususa 1975 | Afallfaccuasgsa 2305 | UUUGAAGGUUG 12642
AD- usasggualfulUfUf VPusAfsacdCu(Tgn)ca UCUAGGUAUUUY
17843111 | Ufiugaaggususa 1975 | aasaAfaUfaccuasgsa 2306 | UUUGAAGGUUG | 2642
AD- asgsgugcUTuURGE VPusCisuacCfauaaaca GUUGGUGCUUUG
1784312 1 | Ulwangguasgsa | 1976 | AfaGfeaccasasc 2307 | UHUAUGGUAGU | 2643
AD- usgsuganAfCAfGE VPus(fsaaalfavacucu GUUGUGAUACAG
17843131 | Afcuavauuuscsa | 1977 | GiuAfucacasase 2308 | AGUAUAUUUCC | 2644
AD- uscsuucn(GfgAfAT VPusAfsgedTe{Agnica CCUCUUCUGGAA
1784314.1 | Ufgugugaccsusa 1978 | camuCicAfgaagasese 2308 | UGUGUGALCCUG 2645
AD- csusgeccGuUfCE Y PusAfsanalUfaccuaga GACUGGCCGUUC
1784315 1 | Ufageuammususa 1979 | AfeGfsccagsuse 2310 | UAGGUAUUUUD | 2646
AD- asuscaggUaAfASf VPusUfscad Te{Agnicu AAAUCAGGUAAA
1784316.1 | Afuagucaugsasa 1980 | ansuUfaCcugaususu 2311 | AUAGUCAUGAU 172647
AD- ususceauUfaAfAf YPusUfsgedCof{Tenjun GAUUCCAUUAAA
1784317.1 | Afcaanggncsasa 1981 | sunulfaAfussaasusc 2312 1 ACAAAGGGCAA 2648
AD- csasagagUfsCIUT VPusUfsagdTe(Agnlag GGCAAGAGUGCU
1784318.1 | Glacuucacusasa 1982 | ucagCfaCiucuugscse 2313 | GACUUCACUAA 2649
AD- ususucaaCrgUfGf VPusClsaucAfaacucca GCUUUCAACGUG
17843191 | Gfaguuugausgsa 1983 | CfzUfugaaasgse 2314 | GAGUUUGAUGA | 2650
AD- ususggugCRulUfUS VPusUfsaccAfuanacaa GGUUGGUGCUUU
17843201 | Gluuuanggusasa 1984 | Atu{faccaascse 2315 | GUUUAUGGUAG | 2651
AD- asasggugCRuUIUT VPusUfsacdCa{Tgn}aa GGUUGGUGCUUY
17843211 | Ghuwuauggusasa 1984 | acanAfeClaccaascse 2316 | GUUUAUGGUAG | 265]
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AD- csascucalUfaCfAf VPusClauaChuugocug GACACUCAUACA
17843221 | Giccaaguausgsa 1985 | UfaUfsagugsuse 2317 | GCCAAGUAUGA 2652
AD- asusaaagUfaCICE Y PusAfscaaAfoncaagg GAAUAAAGUACC
1784323.1 | Utugacuuugsusa 1986 | UfaCfuuuaususe 2318 | UUGACUUUGUU 26353
AD- asusgacuUfuUSGE YPusChsucd T Ten)aa UAAUGACUUUUG
1784324 1 | Afauuacagasgsa 1987 | wucaAfaAfeucaususa 2319 | AAUUACAGAGA | 2654
AD- geuscaugAfuUFCE VPusAfscanUfacauags UVAGUCAUGAUUC
17843251 | Ufaugnaaugsusa 1938 | AfuCfangacsusa 2320 | UAUGUAAUGUA | 7635
AD- gsasccugGRalAUF VPusClscudTe{ Agnjge GUGACCUGGAUU
1784326.1 | Gfugeucaagsosa 1989 | acaaUfcClagsucsase 2321 | GUGCUCAAGGA 2636
AD- gsascaucGfaCrAf VPusGiscudGu{Agniu UUGACAUCGACA
17843271 | Cfucauacagscsa 1990 | gagucUfcGlavgucsasa | 2322 | CUCAUACAGCC 2657
AD- gsasagaa{ faGIGE VPusClauudTg{Agnjuu CUGAAGAACAGG
1784328.1 | Claaaucaaasgsa 1991 | ugeclfoUfucuucsasg 2323 | CAAAUCAAAGC 2638
AD- csgsuaaaCRilUfAf VPusCfscanlUfgangnin UCCGUAAACUUA
17843291 | Afcuucaaugsesa 1992 | AfeUfuuacgsgsa 2324 | ACUUCAAUGGG | 2659
AD- asgsguaaAfalUfAf VPusGisaad Te{Agnjug UCAGGUAAAAUA
17843301 | Gfucaugauuscsa 1993 | acuaUfuUfuaccusgsa 2325 | GUCAUGAUUCU 12660
AD- gsusaccu Ufg AfCE VPusUfsgudGa(Agnjea AAGUACCUUGAL
1784331 1 | Ufvuginicacsasa 1994 | asguCaAfosuacsuse 2326 | UUUGUUCACAG | 2661
AD- csesguuc UtaGRGS VPusCfsanal fasanace GGCCGUUCUAGG
17843321 | Utaunwniusgsa 1995 | UtalGfaacpgscse 2327 | UAUUUUUUUGA | 2662
AD- ususuaugGHuAfGH VPusAfsgaaAfaacuacu UGUUUAUGGUAG
1784333 1 | Ufaguuuuucsusa 1996 | AfcClanaaascsa 2328 | UAGUUUUUCUG 2663
AD- esgsuggaGRulUfuf VPus(GfsagdAg(Tgnjca AACGUGGAGUUY
1784334, 1 | Gfaugacucuscsa 1997 | ucaaAfcUfccacgsusu 2329 | GAUGACUCUCA 2664
AD- asuscaacGRuGHRGE VPusUfscad Te{Agnjaa CUUUCAACGUGG
1784335 1 | Afpuungaugsasa 1998 | cuccAfeGRuugaasasg 2330 | AGUUUGAUGAC | 2665
AD- gsasguag Ufg AU VPusUfsaudAc{Tan)cu UAGAGUUGUGAU
1784336.1 | Afcagaguausasa 1999 | suanCiaClaacucsusa 2331 | ACAGAGUAUAU 2666
AD- usascouuGaCiUf VPusClsugulGiaacaaag AGUACCUUGACU
1784337.1 | Ufuguucacasgsa 2000 | UfcAfagpuascsu 2332 | UUGUUCACAGC 2667
AD- usasceun{sfaCiut Y PusClugd Te{Agnjac AGUACCUUGACU
1784338.1 | Ufoguucacaspsa | 2000 | asasUfcAfagouascsu 2333 | UUGUUCACAGC 2667
AD- usasgagulUfgURGT VPusUtsacdTe(Tgojgu AUUAGAGUUGUG
17843391 | Afuacagagusasa | 2001 | awcalfaAfcucuasasu 2334 | AUACAGAGUAU | 2668
AD- usgsagug ClaAfAS YV PusGirugdCu{Agmu GUUGAGUGCAAA
1784340 1 | Ufccauagcasesa 2002 | spawnbifoClacucasase | 2335 | UCCAUAGCACA 2669
AD- csasaaucAfpGIUT VPusUfsgadCufAgniu GGCAAAUCAGGU
1784341.1 | Afzaauagucsasa 2003 | yuvacCtuGlasuugsese | 2336 | AAAAUAGUCAU 1 2676
AD- asasgeacAfg AU VPusAfsccaAfsguagan CUAAGCACAGAU
1784342 1 | Cfuaccuuggsusa 2004 | CfuGlugouusasg 2337 | CUACCUUGGUG 2671
AD- asesuuug URUCIAT VPusChsuacAfugougug UGACUUUGUUCA
1784343.1 | Cfagcauguasgsa 2005 | AtaCfaaaguscsa 2338 | CAGCAUGUAGG 2672
AD- asgsgecg UfeCIUS VPusAfsaaaAfuaccuag ACUGGCCGUUCU
1784344 1 | Afosuanuuususa | 2006 | AfaCfooccasssu 233% | AGGUAUUULIUU | 2673
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AD- gsescaagUfaUfGE VPusAfsepdGa(Agn)e CAGCCAAGUAUG
17843451 | Afccouuccosusa 2007 | goucalfaClouggesuse | 2340 | ACCCUUCCCUG 2674
AD- usasugguAfeUFAS Y PusAfscag Afaaaacua VUUAUGGUAGUA
1784346.1 | Giuuuocugsusa | 2008 | CfuAfecanasasa 2341 | GUUUUUCUGUA {2675
AD- asasuugaGicUTAf YPusUfsugdCe(Tgrjua UAAAUUGAGCUA
1784347 1 | Gluuaaggeasasa 2009 | acuaGfelUfcaauususa 2347 | GUUAAGGCAAA | 2676
AD- ascsuaaaAfuGFCE VPusUfsuuaAfaageage UGACUAAAAUGC
17843481 | Ufpcunumaasasa | 2010 | AfuUfuuaguscsa 2343 | UGCUUUUAAAA | 2877
AD- ascsuucalfuUTGE VPusUfscedAg(Tanjga GAACUUCACUUG
1784349 1 | Gfuucacugesasa | 2011 | accaAfoUfoaasususe 2344 | GUUCACUGGAA 2678
AD- uscsuagg UfaUfUY VPusCfscunCfaaaaaaa GUUCUAGGUALY
1784350.1 | Utuuuugaagsgsa | 2012 | UfaCfouagasase 2345 F UUUUUGAAGGU | 2679
AD- asgacacaGialUfCE VPusClsaccAfagguaga UAAGCACAGAUC
17843511 | Ufaccuuggusgsa | 2013 | UfcUfougcususa 2346 | UACCUUGGUGA 2680
AD- gsesegumiCiuATGE VPusAfsaaaAfaanaccy UGGCCOGUUCUAG
1784352 1 | Givauusouususa | 2014 | AfeAfacegcsesa 2347 F GUAUUUUUUUG | 2681
AD- csusaaaalfCIUf Y PusUfsunuAfaaagcag GACUAAAAUGCU
17843531 | Gfeoumasasasa | 2015 | ChalUfuuuagsuse 2348 | GCUUUUAAAAL | 2682
AD- gaasacagGEicAfASL VPusAfsagdCu(Tanjug AAGAACAGGCAA
1784354 1 | Afucaaagcususa 2016 | auunGicCluguucsusy 2349 | AUCAAAGCUULC 2683
AD- usgseuuuGHRulUfUf VPusCfsuacUfaccauaa GGUGCUUUGUUY
17843551 | Afugovaguasgsa | 2017 | AfcAfaagcascse 2350 | AUGGUAGUAGU | 2684
AD- asasuvag AfeUTUf VPusUfecudGu{Agnu AUAATUTAGAGUU
1784356.1 | Gfuganacagsasa 2018 | cacaaCfuCfuasunsasy | 2351 | GUGAUACAGAG {2685
AD- csusgguuGieURGE VPusAfsuaaAfcaaagea GCCUGGUUGGUG
1784357 1 | Cfuuuguuuasusa | 2019 | CfeAfaccagsese 2382 1 CUUUGUUUAUG | 7686
AD- ascscuucAfaATUT VPusGisgadCo{Agn)uc CUUCCUUCAAAU
17843581 | Afagangeucscsa | 2020 | vuauUfiGlaaggasasg 2353 1 AAGAUGGUCCC 2687
AD- gseseuccUFCICE VPusCfaadGe{Agnjuu UGGCCUCCUUCC
17843591 | Ufcaancouusgsa | 2021 | caggAfaGisagocsesa 2354 | UGAAUCCUUGG | 26388
AD- gsasuucu AfuGIUS VPusGlsgud Tu{Agnjea AUGAUUCUAUGU
17843611 | Afapguaaacscsa 2022 | uuacAfuAfgaancsasu 2335 | AAUGUAAACCA 2689
AD- usgsguugTeGICE Vius{lsauaAfacanage GCUGGUUGGUGC
17843611 | Ufouguuuausgsa | 2023 | AfeClaaccasgse 2356 | UUUGUUUAUGG . | 2690
AD- csuscaualfaGiCH VPusGlsucalfacuugge CACUCAUACAGC
1784362.1 | Claaguaugascsa 2024 | UfgUfaugagsusg 2357 | CAAGUAUGACC | 2691
AD- csuscauaCaGiCE Y PusGsucdAu{Agnjec CACUCAUACAGC
17843631 | Claasuansascsa 2024 | guggelfoUfaucapsuse | 2358 | CAAGUAUGACC 2691
AD- asuscgacAfCURCE VPusUfsugdGe(Tenigu ACAUCGACACUC
1784364.1 | Afuacagecasasa 2025 | augaGhuGlucgausgsu 2359 | AUACAGCCAAG 2692
AD- gscsacugGIc AL VPusGlsgadAg{Ten)ee GAGCACUGGCAU
1784363 1 | Afaggacuucscsa 2026 | vuauGfeChaguscsuse 2360 | AAGGACUUCCC 2693
AD- asascgugGRaGiUf VPusGisagdTe(Agnjue UCAACGUGGAGU
1784366.1 | Ufugangacusesa | 2027 | aaacUtcClacguusgsa 2361 | UUGAUGACUCU | 26%4
AD- gscsaaau{ faGIGE VPusGlsacuAfinmmace AGGCAAAUCAGG
1784367 1 | Ufasaauaguscsa 2028 | UfsAfuuugesesy 2362 | UAAAAUAGUCA 2695
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AD- gscsaaanCaGRGE YVPusGisacd Ta{ Tenjun AGGCAAAUCAGG
1784368.1 | Ufaanauaguscsa 2028 | uaccUfoAfunngescsy 2363 | UAAAAUAGUCA | 2695
AD- csusucag ATaARGE Y PusAfscauClaacaacu GCCUUCAGAAAG
1784369.1 | Utuguugaugsusa | 2029 | UtuClugaagsgse 2364 { UUGUUGAUGUG | 2696
AD- csusucag AfaAfGE YPusAfscad Te{Agnlas GCCUUCAGAAAG
1784370.1 | Uloguugaugsusa | 2029 | aaculUfu(Clugaagsgse 2365 | UUGUUGAUGUG | 2696
AD- asasaucaGfgUfAf VPusAfsugdAc(Tenlan GCAAAUCAGQUA
1784371.1 | Afaauagucasusa 2030 | wuwaCicUfoauuusgse 2366 | AAAUAGUCAUG | 2697
AD- asgsgeaaAfuCTAf VPusClsuanUfimaccag UAAGGCAAAUCA
1784372 1 1 Gfouaaaavasgsa | 2031 | Afullfugccususa 2367 | GOGUAAAAUAGU | 2698
AD- gsgsgeaastaGIUS VPusUfsgadAg{Tenca AAGGGCAAGAGY
17843731 | Gfcugacuucsasa 2032 | geacUfcUtugeccsusu 2368 | GCUGACUUCAC 2699
AD- gsgsceguUfcUTAS VPusAfsaaaAfanaccua CUGGCCGUUCUA
1784375.1 | Gfovauuvuususa | 2033 | GfaAfegpecsasg 2368 | GGUAUUUUUUL | 2700
AD- csgspoccUfuCfAS VPusAfsacaAfounncug ACCGOOCCUUCA
17843771 | Glasaguugususa | 2034 | AfaGfscccesgsu 2370 1 GAAAGUUGUUG | 2701
AD- gsgscaaalfc ATGE VPusAfscualUfimuaccn AAGGUAAAUCAG
17843781 | Gfuaasauagsasa | 2035 | GfalUfuugccsuse 2371 | GUAAAAUAGUC 12702
AD- gsasgeanfcUCE VPusGisaccAfiguuga CUGAGGAUCCUC
1784379 1 | Afacaaugguscsa 2036 | GoAfuccucsase 2372 | AACAAUGGUCA 2703
AD- geasgganCroUFCT VPusGisacdCal{Tenjug CUGAGGAUCCUC
1784380.1 | Afacaauggusesa 2036 | uugaGfgAfuccucsasg 2373 | AACAAUGGUCA 2703
AD- ususcacu UfeGFUS VPusGfouudCe(Aguig ACUUCACUUGGU
17843811 | Ufcacuggaascsa 2037 | vgaacClaAfgugaasgsu | 2374 | UCACUGGAACA 2704
AD- asgsaacuGfalUfGf VPusAfsgudTg(Tanjee GAAGAACUGAUG
1784382, 1 | Glugeacaacsusa | 2038 | accallfeAfouucususc 2375 | GUGGACAACUG | 2705
AD- asasuaaaGloAfCE VPusClsaaaGlucaaggn AGAAUAAAGUAC
17843831 | Clungacuuusgsa | 2039 | AfeUfuuavuscsu 2376 | CUUGACUUUGU | 2706
AD- asasuaaaGRARCE VPusCfsaadAg{Tenica AGAAUAAAGUAC
1784384.1 | Claugacuuusgsa | 2038 | agpuAfcUfumannscsu | 2377 | CUUGACUUUGU | 2706
AD- csusauguUfCACE VPusClscualfaugongu GACUUUGUUCAC
1784385.1 | Afgcauguagsgsa | 2040 | GfaAfcaaagsuse 2378 | AGCAUGUAGGG | 2707
AD- csusuyuguUTcARCE Y PusClscudAc{Agniug GACUUUGUUCAC
1784386.1 | Afocaunguagsesa | 2040 | cupu(GfaAfcaaagsuse 2376 | AGCAUGUAGGG | 2707
AD- asasuaagAfalJfAf VPusClaaadGe(Tanjac GAAAUAAGAAUA
17843871 | Afaguaccuusgsa | 2041 | vuwaUfuCluvauususe | 2380 | AAGUACCUUGA | 2708
AD- asgsuagnUfUUE VPusUfsgudGu(Teniac GUAGUAGUUULY
17843881 | Clupuaacacsasa 2042 | agaaAfaAfcuacusasc 2381 | CUGUAACACAG 2709
AD- cscsaaguAfuGFAS VPusCfsagelifaageguc AGCCAAGUAUGA
1784389.1 | Cfecuucecusgsa 2043 | AfuAfcuuggscsu 2382 | CCCUUCCCUGA 2710
AD- ususgaguGicATAT VPusUfsgedTa{Tenjgg GGUUGAGUGCAA
17843901 | Afuccauagesasa 2044 | amuuGfeAfcucaascse 2383 | AUCCAUAGCAC 2711
AD- gsgscounClaGIAL Y PusUlscaaClaacuauc CGGGCCUUCAGA
17843911 | Afagunguugsasa | 2045 | UtzAfaggecsesg 2384 | AAGUUGUUGAU | 2712
AD- asgsgaucCRuCIAT VPusUfsgadCo{Agnjuu UGAGGAUCCUCA
1784392 1 | Afcaauggucsasa 2046 | suugAfeGfauccuscsa 2385 | ACAAUGGUCAU 2713
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AD- asusuagaGfuUfGE YVPusChucd Tg{Tanlau UAAUUAGAGUUG
17843931 | Uleanacagasgsa 2047 | cacaAfcUfcuaaususa 2386 | UGAUACAGAGU 2714
AD- csasacguGfg ARG VPusAfsgudCa(Teunjca UUCAACGUGGAG
17843941 | Utsugaugacsusa 2048 | aacuCfcAfcgungsasa 2387 | UUUGAUGACUC 2715
AD- gsascuun UTgATAL YPusAfwucd Te(Tenjgu AUGACUUUUGAA
1784395 1 | Uluacagagasusa 2049 | aawaCfaAfaagucsasy 2388 | UUACAGAGAUA | 2716
AD- usgsaggalfcCEUf VPusAfsccaUfuguugag CCUGAGGAUCCU
1784396.1 | Cfaacaauggsusa 2050 | GfaUfccucasgsg 2389 | CAACAAUGGUC 2717
AD- gsasguuuGRaUGE VPusUfscedTe{Agniga UGGAGUUUGAUG
1784397 1 | Afcucucaggsasa 2051 | sucalJfcAfaacucscss 2390 | ACUCUCAGGAC 2718
AD- ususuuaaAfaCfAf VPusUfsacd Tu{Tenjec GCUUUUAAAACA
1784398.1 | Ufageaaagusasa 2052 | vangUtuUfuaaaasgse 2391 | UAGGAAAGUAG | 2719
AD- ususaugg URaGIUT VPusCfsagaAfaaacuac GUUUAUGGUAGU
1784398 1 | Afsunsuucusgsa | 2053 | UfaCfcanaasase 2392 |V AGUUUUUCUGU {2720
AD- asascuucAfcUTUE VPusCfscagUfgaaccaa AGAACUUCACUU
1784400.1 | Giooucacngsesa 2054 | GfuGiaagouscsu 2393 | GGUUCACUGGA 2721
AD- asasapugAfgCRUT Y PusUfsgedCul{Tenlaa AUAAAUUGAGCU
17844611 | Afouusaggesasa | 2055 | ceagClaClaamusasy 2394 | AGUUAAGGCAA 12722
AD- ususuguuUfal HGE VPusAfsaacUfacuacca GCUUUGUUUAUG
1784402 1 | Gluaguaguususa | 2056 | UfaAfacaaasgsc 2395 | GUAGUAGUUUL 12723
AD- ususuguuUtalUfGH VPusAfsaadCu{Agnlcu GCUUUGUUUAUG
1784403.1 | Ghuaguagoususa | 2056 | accalfaAfacaaasgse 2396 | GUAGUAGUUUU | 2723
AD- asasgggcAfaGiaf VPusAfeagd Te{Agnge CAAAGGGCAAGA
17844041 | Gfugcugacususa | 2057 | acucUfuGleccuususg 2397 | GUGCUGACUUC 2724
AD- gsgsaguulUfg ATUS VPusClscugAfzagucan GUGGAGUUUGAU
1784405,1 | Gfacucucagsgsa | 2058 | ChaAfacucesase 2368 | GACUCUCAGGA 2725
AD- esgsgecuUicATGE VPusCisaacAfacuuuce CCGGGCCUUCAG
1784406.1 | Afaaguucuusgsa | 2059 | GfaAfsgcecsgsg 2399 | AAAGUUGUUGA | 2726
AD- gsesaagaGRaGECT VPusAfsgadGa(Agn)g GGGCAAGAGUGC
17844071 | Ufzacuucacsusa 2068 | ucagcAfcUfcungescse | 2400 | UGACUUCACUA 2727
AD- asgsccacUfgATAS VPusUfsugdCef{Tenigu UCAGCCACUGAA
1784408.1 | Gfaacaggeasasa 2061 | wennCfaGfoggeusgsa | 2401 | GAACAGGCAAA 12728
AD- asusuccal FuAfAT Y PusGisceeUfuuguuun GGAUUCCAUUAA
17844091 | Afacanaggpscsa 2062 | AfaUfsgaauscse 2402 | AACAAAGGGCA 2735
AD- asusuccaUfuAfAf VPusGlscedCul{Tanjug GGAUUCCAUUAA
1784410.1 | Afacanagggscsa 2062 | wunsAfalUfppaauscse 2403 | AACAAAGGGCA 12720
AD- gsusaguu LR UECE YVPusClsugdTe{Tenjua UAGUAGUUUUUC
17844111 | Ufouaacacasesa 2063 | cagaAfaAfacnacsusa 2404 | UGUAACACAGA 2730
AD- gepsuanuUfuUfUS VPusCfacaaCfouneaan UAGGUAUUUUUU
1784412.1 | Utzaagguugsgsa | 2064 | AfaAfauaccsuss 2405 | UGAAGGUUGGC | 2731
AD- uscscaaalUfaAfUf VPusCscgaAfoauucau UAUCCAAAUAAU
1784413 1 | Gfasucuucgsgsa 2065 | Ufalfuuggasusa 2406 | GAAUCUUCGGG 2732
AD- asasacanAfpGIAL VPusChaud Te{Tgnjac UAAAACAUAGGA
1784414.1 | Afaguagasusgsa | 2066 | vuucCluAfuguuususa | 2407 | AAGUAGAAUGG | 2733
AD- asusgacuCHuCIAf VPusUfsgedTu{Tenjgn UGAUGACUCUCA
1784415 1 | Gfpacaaagesasa 2067 | ccugAfeAfoucanscsa 2408 | GGACAAAGCAG 2734
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AD- asgscuag U ATAT VPusChsugalfungeous UGAGCUAGUUAA
1784416.1 | Glocaaaucasgsa 2068 | AfaCluagcuscsa 2409 | GGCAAAUCAGG 12735
AD- csesugagGRaURCT Y PusCfsaudTe(Tenjug UCCCUGAGGAUC
1784417.1 | Cfucaacaausgsa 2069 | aggalfcClucaggsgsa 2410 | CUCAACAAUGG 2736
AD- gsgsuuggUteCHUf Y PusClscauAfaacaaag CUGGUUGGUGCU
1784418 1 | Uloguuuaugsgsa | 2070 | CtaCfcaaccsasg 2411 1 UUGUUUAUGGU | 2737
AD- asgsgnauUfoUfUf VPusCfeaacClinicasas CUAGGUAUUUUY
17844191 | Ufngaacouusgsa | 2071 | AfaAfuaccusasg 2412 1 UUGAAGGUUGG | 2738
AD- usgsaaucURiCRGT VPusGfsggaAfacacceg AAUGAAUCUUCG
17844201 | Gfouguuucescsa | 2072 | AfaGfauucasusy 2413 1 GGUGUUUCCCU 2739
AD- usgsaauc e CEGE VPusGiisggdAa(Agnjca AAUGAAUCUUCG
17844211 | Glouguuuecsesa | 2072 | cecgAfaGiauucasusu 2414 | GGUGUUUCCCU 2739
AD- usasguagUfoUfUf VPusGlsugulfacagaaa GGUAGUAGUULU
1784422 1 | Ufcoguaacascsa 2073 | AfaCfuacuascse 2415 1 UCUGUAACACA 2740
AD- usasgoag URIURUT VPusGisugdTu(Agnica GGUAGUAGUUUU
1784423 1 | Ufcuguaacascsa 2073 | sasaAfaCfuacuascse 2416 | UCUGUAACACA 2740
AD- gsuseugallfe ARCE Y PusUfsgudCe(Taniga GAGUUUGAUGAC
17844241 | Ufcacaggacsasa 2074 | eagnCallfcanacsuse 2417 | UCUCAQGACAA 12741
AD- asasugaal JEcUTUT VPusGisaadAc{Agnjoe AUAAUGAAUCUU
1784425 1 | (fogpuguuuscsa | 2075 | cgaaGfalfucanusasy 2418 | CGGGUGUUUCL 27472
AD- csasaanaAfuGfAT VPusAfsceeGlaagauue UCCAAAUAAUGA
17844726.1 | Atucuuceggsusa | 2076 | AfuUfanuugsgsa 2419 | AUCUUCGGGUG | 2743
AD- ususuguuCfaCfAf VPusClscouAfeangoug ACUUUGUUCACA
17844271 | Gfcauguagesgsa | 2077 | UfoAfacagasgsu 2426 | GCAUGUAGGGY 2744
AD- asusugugCRuCIAT VPusAfsugdGe{Tgnjuc GGAUUGUGCUCA
1784428, 1 | Afzgaacccasusa 2078 | cungAfsCfacasuscse 2421 | AGGAACCCAUC 2745
AD- gsasugguGicUUF VPusAfsccallfaaacasa UGGUUGGUGCUY
1784429 1 | Ufguuuauggsusa | 2079 | GicAfecaacscsa 2422 F UGUUUAUGGUA | 2746
AD- gsasaucu UfcGIGE VPusAfsggoAfaacacce AUGAAUCUUCGE
1784430.1 | Glaguuuccesusa | 2080 | GiaAfgauucsasu 2423 | GUGUUUCCCUY 12747
AD- gsgsuaguAfeUTUT VPusGfsmdAc{Agn)g AUGGUAGUAGUU
17844311 | Ulscuguaascsa 2081 | assaalfulAfeuacesasy | 2424 | UUUCUGUAACA 2748
AD- asgsaacaGtgCIAL Y PusAfsgeulifugang GAAGAACAGGCA
1784432 1 | Afaucasagosusa 2082 | Cfelfenacususc 2425 | AAUCAAAGCUU 1 2745
AD- asgsaacalGfoCrATL VPusAfsgedTu(Teniga GAAGAACAGGCA
1784433.1 | Afaucaaagcsusa 2087 | vuugCfcUfouncususe | 2426 | AAUCAAAGCUU 172749
AD- asasaauaGTuCTAS ¥ PusClsauaGlaancang GUAAAAUAGUCA
1784434 1 | Ufoauucuausesa 2083 | AfcUfauvuuusasc 2427 + UGAUUCUAUGY 2750
AD- ascsuggeCfgUfUS VPusAfsaauAfccuagan GGACUGGCCGUU
1784435.1 | Chuagguavususa | 2084 | Cfofocagusese 2428 | CUAGGUAUUUU 2751
AD- cacscugaligAfUT VPusAfsundGu(Ten)ga UUCCCUGAGGAU
1784436.1 | Cfcucaacaasusa 2085 | goauCfeUfcagogsasa 2429 | CCUCAACAAUG 2732
AD- gsesuggullfpGIUS VPusUfsaaaClaaagcac UGGCUGGUUGGU
1784437 1 | Gfouvugumusasa | 2086 | CfaAfecagesesa 2436 | GCUUUGUUUAU | 2753
AD- ceasgaaaGloUfGE VPusAfsgedAc{Agniuc UUCAGAAAGUUG
1784438 1 | Ufugaugugesusa | 2087 | aacaAfctfuncugsasa 2431 | UUGAUGUGCUG 2754
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AD- ascsuaacURCRGE VPusClscacGiaggaucg UCACUAACUUCG
17844391 | Afuccucgugsesa 2088 | AfaGhuagusgsa 2432 | AUCCUCGUGGT 2753
AD- cscsuucaGfaAfAf Y Pus{fsaucAfacaacun GGCCUUCAGAAA
17844401 | Gfiuguugausgsa | 2089 | UfcUfoaagpscse 2433 { GUUGUUGAUGU | 2756
AD- usgsagealruGHGe YPusAfsgudCel{Teniua CCUGAGCACUGG
1784441 1 | Cfavaaggacsusa 2090 | ugecAfgUfacucasgsg 2434 | CAUAAGGACUU | 2757
AD- csusaguuAfRGIGH VPusAfscedTe(Agniuy AGCUAGUUAAGG
1784442.1 | Cfaaaucaggsusa 2091 | weecUfuAfacuagsesu 2435 | CAAAUCAGGUA | 27358
AD- csusgags AT CICH VPusClscaullfguugagg CCCUGAGGAUCC
1784443.1 | Ufcaacaaugsesa 2092 | AfuCfeucagsese 2436 | UCAACAAUGGU 2759
AD- gsusuuauGigUFAS VPus(ifsaaaAfacuacua UUGUUUAUGGUA
17844441 | Gfoaguuuuuscsa | 2093 | CfcAfuaaacsasa 2437  GUAGUUUUUCU | 2760
AD- usgsugacCRuGIGE VPusUfsgadGe(Agn)ca UGUGUGACCUGG
1784445 1 | Afuugugcucsasa 2094 | anccAfeCGlucacascsa 2438 | AUUGUGCUCAA 2761
AD- ascsaucg AfCATCE VPusGisgedTe(Tanjau UGACAUCGACAC
1784446.1 | Ufcavacagesesa 2095 | saguGiuCfoanguscsa 2439 | UCAUACAGUCA 2762
AD- gsasuuguGIcUTCE Y PusUfsgedGu(Tgnjec UGGAUUGUGCUC
1784447 1 | Afagsaacccsasa 2096 | vugaGfeAfeaaucscsa 2440 | AAGGAACCCAU | 2763
AD- uscsanacAfgCrCE VPusGisgudCal{Tenjac ACUCAUACAGCL
1784448 1 | Afapuausacscsa 2097 | vugeCluGloaucasgsy | 2441 | AAGUAUGACCC 2764
AD- usasaaauAfgURCT VPusAfsuagAfaucauga GGUAAAAUAGUC
1784449 1 | Atugawucoasusa 2098 | CluAfuouuasese 2442 | AUGAUUCUAUG | 2765
AD- usasaaauAfgURCE YPusAfwadGalAgnjuc GGUAAAAUAGUC
1784450.1 | Afugauucuasusa | 2098 | augaCfuAfuuuuascse 2443 | AUGAUUCUAUG 2765
AD- gsusgeucAfaGlr VPusCfsugallfggouuce UUGUGCUCAAGG
17844511 | Afacccaucasgsa 2009 1 UfuGfageacsasa 2444 | AACCCAUCAGC 2766
AD- cagsaagaAfc UG VPusUfsgudCe{Agniec CCCGAAGAACUG
1784452 1 | Afugguggacsasa | 2100 | aucalGtuUfcuucgsgsg 2445 | AUGGUGGACAA | 2767
AD- asasuaaaAfGIUS VPusUfscudAg(Tenjon CUAAUAAAAUGU
17844531 | Giaagacuagsasa 2101 | ucacAfullfunauusasg 2446 | GAAGACUAGAC 2768
AD- gsgscuge URuGIRGE VPusAfsaacAfaageace GUGGLUGGUUGG
17844541 | Ufpcunuguususa | 2102 | AfaCfeagceesase 2447 | UGCUUUGUUUA 12749
AD- ususguucAfCARGE Y PusAfsceeUfacaugen CUUUGUUCACAG
1784455 1 | Cfavguageosusa | 2103 | GfaGiaacaasasg 2448 | CAUGUAGGGUG | 2770
AD- ususcaaalUfaAfGE VPusAfsugdGe{Agnic CCUUCAAAUAAG
1784456.1 | Afuggucccasusa | 2104 | caucuUfalUfuugaasgse | 2449 | AUGGUCCCAUA 2771
AD- ususuaaaAfc AU Y PusChuacUfunccuau CUUUUAAAACAU
1784457 1 | Afogaaaguasesa 2105 | GfuUfuuaaasase 2450 1 AGGAAAGUAGA {2772
AD- vsusguunAfeGHGE VPusAfsaaaCluacuace CUUUGUUUAUGG
17844581 | Ufaguaguuususa 2106 | AfuAfaacaasasg 2431 | UAGUAGUUUUU 2773
AD- ususguun AfuGRGE VPusAfsaadAc{Tenlac CUUUGUUUAUGG
1784459 1 | Ufaguaguuususa | 2106 | vaccAfuAfaacaasasg 2452 | UAGUAGUUUUU 2773
AD- gsesuaguUTRAFGE VPusClscugAfuaugecu GAGCUAGUUAAG
1784460.1 | Gfcasaucagsgsa 2107 | UfaAfcuagesuse 2453 | GCAAAUCAGGU 12774
AD- gsusaaaal faGIUf VPusUfsagaAfucaugac AGGUAAAAUAGU
1784461 1 | Chaugauucusasa 2108 | Ufallfsuuacscsu 2454 | CAUGAUUCUAU 2775
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AD- gsusaaaallfaGIUT YViusUfsapdAa(Tenjca AGGUAAAAUAGU
17844621 | Clavgauucusasa 2108 | ugacUfaUfuunacsesu 2455 | CAUGAUUCUAU 2775
AD- gsascuge{ fcGIUTF Y PusAfsavaClcuagaac UGGACUGGCCGU
1784463.1 | Ufcuagguaususa | 2109 | GfpCicagucscsa 2456 | UCUAGGUAUUU | 2776
AD- usesagecAfcUTGE Y PusGfsced Ta(Tonlue GCUCAGCCACUG
1784464 1 | Afagaacaggscsa 2110 | wucaGfuGlacugasgse 2457 | AAGAACAGGCA [ 2777
AD- usgsgasuGfoGIUf VPusAfsaudCo{Agnigg UCUGGAAUGUGU
1784465.1 | Gfaccuggansusa | 2111 | ucacAfcAfimiccasgsa 2458 | GACCUGGAUUG | 2778
AD- uscsacagCialUfiGe VPusClsaucAfcccuaca GUUCACAGCAUG
17844661 | Ufaggougausgsa | 2112 | UfaClugugasasc 2439 1 UAGGGUGAUGA 127719
AD- usascageCRaA Gy VPusAfsagdGg(Tenjca CAUACAGCCAAG
17844671 | Uaugacecususa 2113 | vaculUfeGfouguasusg 246G | UAUGACCCUUC 2730
AD- causgagcAfURGT VPusGisuccUfuangcea ACCUGAGCACUG
17844681 | Gfcavaaggascsa 2114 | Gfulfoucagsgsu 2461 | GCAUAAGGACU 2781
AD- csusgagc AfeURGE VPusGisuedCu(Tanjau ACCUGAGCACUG
1784469 1 | Gfcanaaggascsa 2114 | sceaGhuGfoucagsgse 2467 | GCAUAAGGACU 2781
AD- gscsucaaGigAFAT Y PusCfsged Te{Agnug GUGCUCAAGGAA
1784470.1 | Clecaucagesesa 2115 | eouuCiclfugasesase 2463 | CCCAUCAGCGU 2782
AD- ususcugg AfaURGE VPusClscadGg(Tanjca UCUUCUGGAAUG
1784471 1 | Ufougaccugsesa | 2116 | cacaUfuCfcapaasgsa 2464 | UGUGACCUGGA 2733
AD- usasaauuGaGRCT VPusGiscenUfaacuage GAUAAAUUGAGC
17844721 | Ufaguuaaggscsa 2117 | UfcAfaumuasuse 2465 | UAGUUAAGGCA | 2784
AD- usasuuuub UG VPusUfsgedCa{Agnjce GGUAUUUUUUUG
1784473 1 | Afagguuggesasa | 2118 | vucaAfaAfaazuascse 2466 | AAGGUUGGCAG 2785
AD- usasanuafaGiUS VPusCfauguAfucacaac UAUAAUUAGAGU
17844741 | Ufgugauacasgsa | 2119 | UfcUfaauuasusa 2467 | UGUGAUACAGA | 2786
AD- asasaunaGlaGUr VPusClsugdTa{Ten)ca UAUAAUUAGAGU
17844751 | Ufpuganacasgsa | 2119 | caacUfcUfaavnasusa 2468 | UGUGAUACAGA |1 2786
AD- usgsacucUfCATGE VPusCfugeUfuaguccu GAUGACUCUCAG
1784476.1 | Giacaaagcasgsa 2128 | Gfalfagucasuse 2469 | GACAAAGCAGU 2787
AD- usgsacucUfc ARGT VPusClsugd Cu(Tgniug GAUGACUCUCAG
1784477.1 | Glacasagcasgsa 2120 | veeuGfaliagucasuse 2470 | GACAAAGCAGU 2787
AD- csaspacaGteCIAS VPusGisgedTe{Agnhua CUCAUACAGCCA
1784478 1 | Afouaugaccscsa 2121 | cungGfcUfouangsasg 2471 | AGUAUGACCCY 2788
AD- gsusammmUfuUfUF VPusGisccaAfecuucaa AGGUAUUUUUUY
17844791 | Gfaagguuggscsa | 2122 | AfaAfaavacscsu 2472 | GAAGGUUGGCA | 2789
AD- csascagcAfuGIUT YVPusUfscad Te{Agnice UUCACAGCAUGU
1784480 1 | Afopoupaugsasa | 2123 | cuacAfuGfoupugsasa 2473 1 AGGGUGAUGAG | 2790
AD- usasuaautaGIAS VPusGisuadTe{Agnjca GUUAUAAUUAGA
17844811 | Gluuguganascsa | 2124 | acucUfaAfuanasase 2474 | GUUGUGAUACA | 2791
AD- gsasuuuuGgGHAT VPusUfsgedAc{Agnige GGGAUUUUGGGA
1784482 1 | Afagcugugesasa 2125 | vuneCfeAfaaancsesc 2475 | AAGCUGUGCAG 2792
AD- usasaaacAfaARGE VPusClaaedTo{Tanjug AUUAAAACAAAG
1784483 1 | Glucaagagusgsa 2126 | ceeulfuGfunuuasasy 2476 | GGCAAGAGUGC 2793
AD- uscsaagg AfaCiCE VPusGfsacgClugangogp GCUCAAGGAACC
1784484 1 | Chaucageguscsa 2127 | UfuClouugasgse 2477 | CAUCAGCGUCA 2794
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AD- uscsaage AfaCiC VPusGilsacdGe(Taniga GUUCAAGGAALC
1784485.1 | Clancageguscsa 2127 | ugeeURuClouugasgse 2478 | CAUCAGCGUCA 2794
AD- uscsagaaAfpUfUT Y PusGiscacAfucaacaa CUUCAGAAAGUU
1784486.1 | Ghungaupugscsa | 2128 | Cfulfucugasasg 2479 | GUUGAUGUGCU 2795
AD- uscsagaaAfglifUf Y PusGfscadCal(Tenjca CUUCAGAAAGUU
1784487 1 | Gluugavgugscsa | 2128 | acaaCfuUfucugasasg 2480 | GUUGAUGUGCU 12795
AD- csesaaauAfalfGE VPusClscegAfagauuca AUCCAAAUAAUG
1784488 1 | Afaucmucggsesa | 2129 | UfnAfuuuggsasy 2481 | AAUCUUCGGGY | 2796
AD- asgscaugUfaGHRGE VPusUfsgedTe{Agnjuc ACAGCAUGUAGG
1784489 1 | Gfugaugascsasa | 2130 | acccUfaClaugcusgsu 2482 | GUGAUGAGCAC 2797
AD- gsasuaaalUfuGFAS VPusCfauuaA fouagoue AAGAUAAAUUGA
17844901 | Gicuaguuaasgsa 2131 | AfaUfuwaucsusu 2483 | GCUAGUUAAGG 2798
AD- causcageC faCruf VPusClscugUfucuucag AGCUCAGCCACU | 2799
17844911 | Gfangaacagsgsa 2132 | UfeGfeugagsesu 2484 | GAAGAACAGGL
AD- csuscageCal{Uf VPusCfscudGu(Ten)eu AGCUCAGCCACU
1784492 1 | Glaagaacagsgsa 2132 | ucagUfeGfcugagsesu 2485 | GAAGAACAGGC | 2799
AD- csasgeauGRuARGE Y PusGlscudCa(Tanjea CACAGCAUGUAG
17844931 | Gfougausagsesa | 2133 | cccnAfcAfugougsusg 2486 | GOUGAUGAGCA 12800
AD- asusaaug AfaUfCE VPusAfsacaClocgaaga AAAUAAUGAAUC
1784494 1 | Ufucggoupususa | 2134 | UfoCHauaususu 2487 FUUCGGGUGUUY | 2801
AD- gsgsaaccCalUfCf VPusUfsgedTe(Agnleg AAGGAACCCAUC
1784495 1 | Afscgucagcsasa 2135 | cugalfe(Glovucesusy 2488 | AGCGUCAGCAG 2802
AD- usgsuucaCfaGCE VY PusClsaccCfuacauge UUUGUUCACAGC
17844961 | Afuguagggusgsa | 2136 | UfeUfoaacasasa 2489 | AUGUAGGGUGA 2803
AD- asasacaaA fgGHGE VPusAfsgedAc(Tgnjeu UAAAACAAAGOG
1784497 1 | Cfaagagugesusa | 2137 | ugecCulUfuguuususa | 2490 | CAAQAGUGCUG 1 2804
AD- usgsugug AfcCIUf VPusAfsgeallaauccag AAUGUGUGACCU
1784498 1 | Gfanngugesusa | 2138 | GfuClacacasusu 2491 | GGAUUGUGCUC | 2805
AD- usgsugug AfeCIUE VPusAfsgedAc{Agnjau AAUGUGUGACCY
17844991 | Gizavugugesusa | 2138 | coagGfuClacacasusu 2492 1 GGAUUGUGCUC | 2805
AD- asasuaauGRaA fUf VPusAfscacClegaagan CAAAUAAUGAAU
1784500.1 | Cluncggeugsusa | 2139 | UfcAfuoauususg 2493 | CUUCGGGUGUU | 2806
AD- asusuvouUTuGEAf Y PusClsugeClaaccuuc GUAUUUUUUUGA
17845011 | Afpguugecasgsa | 2140 | AfaAfaanausase 2494 | AGGUUGGCAGC 2807
AD- asusumunUTuGFAS VPusCsugdCo{Agnlac GUAUUUUUUUGA
1784502.1 | Afgguuggcasgsa | 2140 | cuncAfaAfaaaausasc 2495 | AGGUUGGCAGC | 2807
AD- usgscucaAfoGFAS YV PusGlacudGa(Tgnigg UGUGCUCAAGGA
1784503.1 | Afcccancagsesa 2141 | suneCfalUfoagcascsa 2496 1 ACCCAUCAGCG 2808
AD- usasaugaAfuCfUS VPusAfsaacAfcccgaag AAUAAUGAAUCY
1784504.1 | Utcgoguguususa | 2142 | AfuUfcauuasusu 2497 1 UCGGGUGUUUC 2809
AD- gsusggeuGrg U VPusAfscaaAfgcaccaa CUGUGGCUGGUU
1784505 1 | Gfougcuuugsusa | 2143 | CfeAfoccacsasg 2498 | GGUGCUUUGUY 1 2810
AD- asasggaaCR AL VPusChsugalfocugaug UCAAGGAACCCA
1784506.1 | Ufcagegucasgsa 2144 | GgUfuccuusgsa 2499 | UCAGCGUCAGC 2811
AD- usasaanalCfaAfAf VPusAfscudCu(Tenige CAUUAAAACAAA
1784507 1 | Gfppcaasagsusa 2145 | connUfeUfunuaasusg 2500 | GGGCAAGAGUG 2812
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AD- csusguge CRuGIGE YVPusAfsaadGe(Agnjce UGCUGUGGCUGE
17843081 | Ufuggugcuususa | 2146 | aaccAfeClcacagsesa 2501 | UUGGUGCUUUG | 2813
AD- csasgoucAfgCHCE YV PusGisundCo(Ten)ca CCCAGCUCAGLC
1784509.1 | Afcugaagaascsa 2147 | pugeChulGlagongsgsy | 2502 | ACUGAAGAALA | 2814
AD- asasauaallfgAfAL Y PusCtsaccClgaagany CCAAAUAAUGAA
1784510.1 | Ufcuuepggusgsa | 2148 | Clalfuauuusgsg 2503 | UCUUCGGGUGU | 2815
AD- gsasauguGfuGLAL VPusAfscaaUfccaggue UGGAAUGUGUGA
17845111 | Cfongganugsusa | 2149 | AfcAfcauucscsa 2504 | CCUGGAUUGUG | 2816
AD- caasuguaGfoGIUS VPusAfsgudGe(Tgnjca AGCAUGUAGGGU
1784512 1 | Gfaugagcacsusa 2150 | yeacCfcUfacaugscsu 2505 | GAUGAGCACUC 2817
AD- gsgsacugGeCGE VPusAfsuadCe{Tan)ag AUGGACUGGCCG
17845131 | Utucvagguasusa | 2151 | aaceGfcClaguccsasu 2506 | UUCUAGGUAUU | 2818
AD- asusaaanlUfgAfGT VPusClscuuAfacuagen AGAUAAAUUGAG
1784514.1 | Cluaguuaagsgsa 2152 | CtaAfiuauscsu 2507 | CUAGUUAAGGC 2819
AD- gsasaagulfeUUE VPusCfacagClacancaa CAGAAAGUUGUU
17845151 | Giaugugeugsgsa | 2153 | CaAfoauicsusg 2508 | GAUGUGCUGGA | 2820
AD- gsasaagulUfg UtUf Y PusCfscadGe{Agnica CAGAAAGUUGUU
1784516.1 | Ghangugeugsgsa | 2153 | weaaClaAfoumcsusg 2509 | GAUQUGCUGGA 12820
AD- asascaaalGfg GICT VPusClsageAfcucuuge AAAACAAAGGGC
1784517 1 | Afagagupgcusgsa | 2154 | CfeUfunguususy 2510 | AAGAGUGCUGA | 2821
AD- cscaugagCHCUr VPusUfscedTu{Agnug GACCUGAGCACU
1784518 1 | Glocauaagesasa 2155 | ecagUfoChicaggsusc 25311 | GGCAUAAGGAC 2822
AD- usgsauggt e GEaf VPusGfacgdCo(Agnign ACUGAUGGUGGA
17845191 | Claacuggcgscsa 2156 | vaneCfaCoaucasgsu 2512 | CAACUGGLGCC 2823
AD- ascsaaagGigCIAL VPusUfscadGe{Agnicn AAACAAAGGGCA
178453201 | Afeagugcugsasa | 2157 | cunpCfcCluuugususy | 2513 | AGAGUGCUGAC 12824
AD- ascsggacCloGIAL VPusAfsugdCe{Agn)g CAACGGALCUGA
1784521 1 | Gfcacuggcasusa 2158 | uscucAfeGluccgususg | 2514 | GCACUGGCAUA 2825
AD- usgsggaaAfgCIUf VPusGiseadGe(Ten)ge UUUGGGAAAGCU
17845221 | Glugcageaascsa 2159 | acagClulfucccasasa 25158 | GUGCAGCAACC 2826
AD- asascccalUfc ARG VPusGlscudGe(Teniga GGAACCCAUCAG
1784523.1 | Cieucageagsesa 2160 | cgeuGfalUfegsuusese 2516 | CGUCAGCAGCE 2827
AD- asgseucaGicCIAL Y PusUfsgud Te(Tenjuc CCAGUUCAGCCA
1784524 1 | Cfugaagaacsasa 2161 | asueGcUfgaocusgag 2517 | CUGAAGAACAG | 2828
AD- ususuugaAfeGIUT VPusAfsgedGe{Tenise UUUUUUGAAGGU
17845251 | Ufpgcagepesusa | 2162 | caacClulfcasaasasa 2518 | UGGCAGCGCUA 2829
AD- gsusaugalCleCIUT YPusGscud Te(Agnigg AAGUAUGACCCU
1784526.1 | Ufccougaagscsa 2163 | saas(GisUfcanacsusu 2519 | UCCCUGAAGCC 2830
AD- csusacecAfgGRCY VPusUfsggdTe{Agnigu ACCUACCCAGGE
1784527.1 | Ufcacugaccsasa 2164 | gagcCluGfoguagsesu 2526 | UCACUGACCAC 2831
AD- ascsecagGicURCE VPusGlsgudGo(Ten)ea CUACCCAGGCUC
1784528 1 | Afcugaccacscsa 2165 | guzaGfeChugoousass 2521 | ACUGACCACCC 2837
AD- asusgacUfeGICE VPusAfscenAfoaacgge UGAUGGALCUGGC
1784528.1 | Cfouncuaggsasa | 2166 | CfaGfuccauscsa 2522 + CGUUCUAGGUA 2833
AD- ascscugaGfe ATCE VPusClseuuAfigecagy GGACCUGAGCAC
17845301 | Ufppcauaagsgsa 2167 | GfcUfcagouscse 2523 L UGGCAUAAGGA | 2834
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AD- csesaucaGleGIUf YVPusChucg{fugougac ACCCAUCAGCGU
17845311 | Cfagcagegasesa 2168 | GicUfsaugososu 2524 | CAGCAGCGAGC 2835
AD- usgsgacuGfeCCE Y PusUfsacdCu{ Agn)ga GAUGGACUGGCC
1784532.1 | Ghuucuaggusasa | 2169 | acgeUfcAfpuccasuse 2525 | GUUCUAGGUAU | 2836
AD- ususiuggGraAfAf YV PusGacudGe{Agnjca GAUUUUGGGAAA
1784533.1 | Gicugugeagscsa 2170 | scuuUfcCleasaasuse 2526 | GCUGUGCAGCA 2837
AD- csusgaugGRCIUE VPusUfsagaAfeggocag ACCUGAUGGACU
1784334.1 | Gfgecguucusasa | 2171 | UfeCfancagsesu 2527 1 GGCCGUUCUAG 2838
AD- ascscuacCRARGE VPusGfsuedAg(Ten)ga GGACCUACCCAG
1784335 1 | Gfcucacusascsa 2172 1 sccuCiaGluaggusese 2528 1 GCUCACUGACC 2839
AD- gsgsaccuAtcCICE VPusCfsagdTe(Agn)ge CUGGACCUACCC
1784536.1 | Afegcucacusgsa | 2173 | cugeGtoAfooucesasg | 2529 | AGGCUCACUGA 2840
AD- gsasuggaCluGEGE VPusClscualfaacggec CUGAUGGACUGG
1784537.1 | Cleguucuagsgsa 2174 | AfgUfccaucsasg 2536 | CCGUUCUAGGU 2841
AD- asasgounCigCIAT VPusGisgudTu(Agnige UGAAGGUUGGCA
17845381 | Gicgeuaaacsesa 2175 | scugCfcAfaccnuscsa 25331 | GCGCUAAALCG 2842
AD- usgsangg AfcURGE Y Pus(fsuagAfacggoca CCUGAUGGACUG
17845381 | Gfecguucuasgsa 2176 | GfuClcaucasasg 2532 | GCCGUUCUAGG | 2843
AD- asascugallfaGEUf VPusChscagUfuguccac AGAACUGAUGGU
1784340 1 | Gfoacaacugsgsa | 2177 | Ctalfcaguuscsu 2533 | GGACAACUGGC 2844
AD- asascugalfeGFUf VPusCfacadGu(Tan)gu AGAACUGAUGGYU
17845411 | Gloacaacugsgsa 2177 | ecacClalfcaguuscsu 2334 | GGACAACUGGC 2844
AD- ascsaacuGioURGH VPusClsaacCfagecaca ACACAACUGCUG
17845421 | Ufggeugguusgsa | 2178 | GfcAfzuugusgsy 2535 1 UGGCUGGUUGG | 2845
AD- ascsaacuGfelUfGE VPusCfsaadCeo{ Agn)ge ACACAACUGCUG
17845431 | Ufegengguusgsa | 2178 1 cacaGfcAfouugusasy 2536 | UGGCUGGUUGG | 2845
AD- csasacggAfcCIUf VPusGiscedAg(Tanlge CACAACGGACCU
17845441 | Ghageacuggscsa 2179 | veagGfuClcguugsusg 2537 | GAGCACUGGCA 2846
AD- csasacugCRIGTUT VPusCfscaaCicagecac CACAACUGCUGU
17845451 | Glocugguugsgsa | 2180 | Afe{lfaguugsusg 2538 | GGCUGGUUGGU 2847
AD- asceuganGlg UG VPusGlscedAg(Tong GAACUGAUGGUG
1784546.1 | Gfacaacuggscsa 2181 | vecaCfcAfucagususe 2538 | GACAACUGGCG 2848
AD- csusgeug Ufg GICE Y PusGiscacClaaccage AACUGCUGUGGC
1784547 1 | Ufoguugeuesesa | 2182 | Calfapcapsusu 25840 | UGGUUGGUGCU | 2849

Table 9. Unmodified Sense and Antisense Sirand Sequences of CA2 dsRNA Agents for Cl6

Modification
Range in Range in
Buplex Sense Sequence SEQID | NM 000 | Antisense Sequence SEGID | NM 630
Name Ftod NG 8673 Yl NO: 0967.3
AD- ACCUGAGCACUG ACCUUAUGCCAGU
1962343 GCAUAAGGY 2850 H1-131 | GCUCAGGUCC 3210 109-131
AD- CUGAGCACUGGC AGUCCUUAUGCCA
1962345 AUAAGGACU 2851 113-133 1+ GUGCUCAGGU 321 11i-133
AD- UGACAUCGACAC ACUGUAUGAGUGU
1962360 UCAUACAGU 2852 i68-188 | COAUGUCAAC 3242 166-18%
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Duplex Sense Sequence SEQID | NM 000 | Antisense Sequence SEQID | NM_ooo
Name Sted NEw: 867.3 w03 {05 867.3
AD- CACUCAUACAGC ACAUACUUGGCUG

1962369 CAAGUAUGU 2833 177-197 1 VAUGAGUGUC 3213 175-197
AD- ACUCAUACAGCC AUCAUACUUGGCU

1962370 AAGUAUGAU 2854 i78-198 | GUAUGAGUGU 3214 176-168
AD- CUCAUACAGCCA AGUCAUACUUGGC

1962371 AGUAUGACU 2855 179-199 | UGUAUGAGUG 3215 177-199
AD- CCAAGUAUGACC ACAGGGAAGGGUC

1962380 CUUCCCUGU 2856 188-208 | AUACUUGGCU 3216 186-208
AD- CUGAGGAUCCUC ACCAUUGUUGAGG

1962416 AACAAUGGU 2887 244-264 | AUCCUCAGGG 3217 242-264
AD- UGAGGAUCCUCA AACCAUUGUUGAG

1962417 ACAAUGGUU 2838 245-265 | GAUCCUCAGG 3218 243-2635
AD- GAGGAUCCUCAA AGACCAUUGUUGA

1962418 CAAUGGUCY 2859 246-266 | GGAUCCUCAG 3219 244-266
AD- UGCUUUCAACGU ACAAACUCCACGU

1962439 GGAGUUUGU 2860 267-287 | UGAAAGCAUG 3220 265-287
1962448 GAGUUUGAU 2861 268-288 | UUGAAAGCAU 3221 266-288
AD- CUUUCAACGUGG AAUCAAACUCCAC

1962441 AGUUUGAUU 2862 269-289 | GUUGAAAGCA 3222 267-289
AD- UUUCAACGUGGA ACAUCAAACUCCA

1962442 GUUUGAUGY 2863 270-290 1 CGUUGAAAGC 3223 268-290
AD- GGAGUUUGAUGA ACCUGAGAGUCAU

1962451 CUCUCAGGU 2864 279-299 | CAAACUCCAC 3224 277-299
AD- UGACUCUCAGGA ACUGCUUUGUCCU

1962460 CAAAGCAGU 2863 288-308 | GAGAGUCAUC 3225 286-308
AD- AACUUCACUUGG ACCAGUGAACCAA

19672557 UUCACUGOU 2866 425-445 | GUGAAGUUCY 3226 423-445
AD- CUGAUGGACUGG AUAGAACGGCCAG

1962597 CCGUUCUAU 2867 485-505 | UCCAUCAGGU 3227 483-505
AD- UGAUGGACUGGC ACUAGAACGGCCA

1962598 CGUUCUAGU 2868 486-306 | GUCCAUCAGG 3228 484-306
A GAUGGACUGGCC ACCUAGAACGGCC

1962599 GUUCUAGGU 2869 487-507 | AGUCCAUCAG 3229 485-307
AD- AUGGACUGGCCG AACCUAGAACGGC

19626060 UUCUAGGUU 2870 488-508 | CAGUCCALCA 3230 486-508
AD- GACUGGCCGUUC AAAUACCUAGAALC

1962603 UAGGUAUUU 2871 491-311 | GGCCAGUCCA 3231 489-511
AD- ACUGGCCGUUCU AAAAUACCUAGAA

1962604 AGGUAUUUU 2872 492-512 1 COGGLCAGUCT 3237 490-5312
AD- CUGGCCGUUCUA AAAAAUACCUAGA

1962603 GGUAUUUUU 2873 493-513 | ACGGCCAGUC 3233 491-513
AD- UGGCCGUUCUAG AAAAAAUACCUAG

1962606 GUAUUUUUU 2874 494-514 | AACGGCCAGU 3234 492-514
AD- GGCCGUUCUAGG AAAAAAAUACCUA

1962607 UALTTUUUUY 2875 495-515 | GAACGGCCAQG 3235 493-515
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Duplex Sense Sequence SEQID | NM 000 | Antisense Sequence SEQID | NM_ooo
Name Sted NEw: 867.3 w03 {05 867.3
AD- GCCGUUCUAGGU AAAAAAAAUACCU

1962608 AUUUUUUUU 2876 496-516 | AGAACGGCCA 3236 464-516
AD- CCGUUCUAGGUA ACAAAAAAAUACC

1962609 UUUUUUUGU 2877 497-517 | UAGAACGGCC 3237 485-517
AD- CGUUCUAGGUAU AUCABAAAAAUAC

1962610 UUUUUUGAU 2878 498-518 | CUAGAACGGL 3238 496-51%
AD- GUUCUAGGUAUU AUUCAAAAAAAUA

1962611 UUUUUGAAU 2879 499-519 | CCUAGAACGG 3239 497-519
AD- UUCUAGGUAUUU ACUUCAAAAAAATU

1962612 UUUUGAAGU 2830 500-320 | ACCUAGAACG 3240 498-520
AD- UCUAGGUAUUUU ACCUUCAAAAAAA

1962613 UUUGAAGGU 2881 501-521 1 UACCUAGAAC 3241 499.521
AD- VAGGUAUUUUUU AAACCUUCAAAAA

1962615 UGAAGGUUU 2882 503-523 1 AAUACCUAGA 3242 S6i-523
AD- AGGUAUTUUUUUU ACAACCUUCAAAA

1962616 GAAGGUUGU 2883 304-524 | AAAUACCUAG 3243 502-524
AD- GGUAULUULUUG ACCAACCUUCAAA

1962617 AAGGUUGGU 2834 505-325 | AAAAUACCUA 3244 503-325
AD- GUAUUUUUUUGA AGCCAACCUUCAA

1962618 AGGUUGGCU 2883 506-526  § AAAAAUACCU 3245 304-526
AD- AUUUUUUUGAAG ACUGCCAACCUUC

1962620 GUUGGCAGU 2886 508-528 | AAAAAAAUAL 3246 506-328
AD- CGGGCCUUCAGA AAACAACUUUCUG

1962648 AAGUUGUUU 2887 536-5356 | AAGGLCCCOGGY 3247 334-556
AD- GGGCCUUCAGAA ACAACAACUUUCU

1962649 AGUUGUUGY 2888 337-557 1 GAAGGCCCGG 3248 535-557
AD- GGCCUUCAGAAA AUCAACAACUUUC

1962630 GUUGUUGAU 2889 538-338 | DGAAGGCCCG 3249 536-558
AD- CCUUCAGAAAGU ACAUCAACAACUU

1962652 UGUUGAUGU 2890 540-560 | UCUGAAGGCC 3250 538-560
AD- CUUCAGAAAGUU AACAUCAACAACU

1962653 GUUGAUGUU 2891 541-361 | UUCUGAAGGC 3251 539-561
A UCAGAAAGUUGU AGCACAUCAACAA

1562655 UGAUGUGCU 2892 543-563 | CUUUCUGAAG 3252 541-563
AD- GAAAGUUGUUGA ACCAGCACAUCAA

1962658 UGUGCUGGU 2893 546-566 | CAACULUCUG 3253 544-366
AD- AUUCCAUUAAAA AGCCCUTUGUULY

1962678 CAAAGGGCU 2894 566-586¢ 1 AAUGGAAUCC 3234 364-586
AD- AACAAAGGGCAA ACAGCACUCUUGC

1962688 GAGUGCUGU 2893 376-596 1 CCUUUGUUUU 3235 574-396
AD- AGUGCUGACUUC AAAGUUAGUGAAG

1962701 ACUAACUUY 2896 589-609 | UCAGCACUCU 3256 387-609
AD- UGCUGACUUCAC ACGAAGUUAGUGA

1962703 UAACUUCGU 2897 391611 | AGUCAGCACU 3257 589-611
AD- CUGACUUCACUA AAUCGAAGUUAGU

1862705 ACUUCGAUL 2898 503-613 | GAAGUCAGCA 3258 59i-613
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Duplex Sense Sequence SEQID | NM 000 | Antisense Sequence SEQID | NM_ooo
Name Sted NEw: 867.3 w03 {05 867.3
AD- UGACUUCACUAA AGAUCGAAGUUAG

1962706 CUUCGAUCU 2899 594-614 | UGAAGUCAGC 3239 362614
AD- GACUUCACUAAC AGGAUCGAAGUUA

1962707 UUCGAUCCY 2900 595-615 | GUGAAGUCAG 3260 593-615
AD- CACUAACUUCGA ACACGAGGAUCGA

1962712 UCCUCGUGU 2901 600-620 | AGUUAGUGAA 3261 598-620
AD- ACUAACUUCGAU ACCACGAGGAUCG

1962713 CCUCGUGGU 2902 601-621 | AAGUUAGUGA 3262 599-621
AD- CCUCCUUCCUGA ACCAAGGAUUCAG

1962733 AUCCUUGGY 2903 621-641 | GAAGGAGGCC 37263 6519-641
AD- UCCUUCCUGAAU AAUCCAAGGAUUC

1962735 CCUUGGAUY 2904 623-643 | AGGAAGGAGG 3264 621-643
AD- CCUUCCUGAAUC AAAUCCAAGGAUU

1962736 CUUGGAUUU 2805 624-644 | CAGGAAGGAG 3265 622-644
AD- “UCCUCUUCUGE ACACACAUUCCAG

1962766 AAUGUGUGU 2906 674-694 | AAGAGGAGGG 3266 672-604
AD- GAAUGUGUGACC AACAAUCCAGGUC

1962777 UGGAUUGUU 2907 685-705 | ACACAUUCCA 3267 683-7035
AD- UGUGUGACCUGG AAGCACAAUCCAG

1962780 AUUGUGCUY 2904 688-708 | GUCACACAUU 3268 H86-708
AD- GUGCUCAAGGAA ACUGAUGGGUUCC

1962795 CCCAUCAGU 2909 703-723 | UUGAGCACAA 3269 701-723
AD- UCAAGGAACCCA AGACGCUGAUGGG

1962794 UCAGCGUCU 2910 707-727 1 UUCCUUGAGC 3270 T03-727
AD- AAGGAACCCAUC ACUGACGCUGAUG

1962801 AGCGUCAGU 2911 709-729 1 GGUUCCUUGA 3271 707-729
AD- CCAUCAGCGUCA ACUCGCUGCUGAC

1962308 GCAGCGAGH 2612 716-736 | GCUGAUGGGU 3272 714-736
AD- GAAAUUCCGUAA AAGUUAAGUUUAC

1962836 ACHUAACUY 2813 744-764 | GGAAUUUCAA 3273 742-764
AD- AAAUUCCGUAAA AAAGUUAAGUUUA

1962837 CUUAACUUU 2914 745-765 | CGGAAUUUCA 3274 743-763
A CCGUAAACUUAA ACAUUGAAGUUAA

1662842 CUUCAAUGY 2815 750-77¢ | GUUUACGGAA 3275 748-770
AD- CGUAAACUUAAC ACCAUUGAAGUUA

1962843 UUCAAUGGU 2016 751-771 § AGUUUACGGA 3276 749-771
AD- AACUGAUGGUGG ACCAGUUGUCCAC

1962860 ACAACUGGY 2917 788-808 | CAUCAGUUCY 3277 786-308
AD- CUCAGCCACUGA ACCUGUUCUUCAG

1962885 AGAACAGGU 2818 §15-835 1 UGGCUGAGCU 3278 813-835
AD- AGAACAGGCAAA AAGCUUUGAUUUG

1962897 UCAAAGCUYU 2819 R17-847 | CCUGUUCUUC 3279 825-847
AD- AGGUCAAAUCAAA AAAGGAAGCUUUG

1962502 GCUUCCUUU 2920 §32-852 | AUUUGCCUGU 3280 830-852
AD- CAAAGCUUCCUU ACUUAUUUGAAGG

1962610 CAAAUAAGU 2821 840-860 | AAGCUUUGAU 3281 $38-860
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Duplex Sense Sequence SEQID | NM 000 | Antisense Sequence SEQID | NM_ooo
Name Sted NEw: 867.3 w03 {05 867.3
AD- AAAGCUUCCUUC AUCUUAUUUGAAG

1962911 AAAUAAGAU 2922 841-861 | GAAGCUUUGA 3282 838-861
AD- AAGCUUCCUUCA AAUCUUAUUUGAA

1962912 AAUAAGAUYU 2923 842-862 | GGAAGCUUUG 3283 S40-862
AD- AGCUUCCUUCAA ACAUCUUAUUUGA

1962613 AUAAGAUGU 2924 843-863 | AGGAAGCUUU 3284 841-863
AD- GCUUCCUUCAAA ACCAUCUVAUUUG

1962614 UAAGAUGGU 2925 844-864 | AAGGAAGCUU 3285 842-864
AD- GUCUGUAUCCAA AUUCAUUAUUUGG

1962941 AUAAUGAAU 2926 871-891 | AUACAGACUA 3286 869-891
AD- GUAUCCAAAUAA AAAGAUUCAUUAY

1962945 UGAAUCUUU 2927 §75-805 | UUGGAUACAG 3287 873-393
AD- AUCCAAAUAAUG ACGAAGAUUCAUU

1962647 AAUCUUCGY 2978 877-897 | AUUUGGAUAC 3288 875-897
AD- UCCAAAUAAUGA ACCGAAGAUUCAU

1962948 AUCUUCGGY 2929 §78-898 | UAUUUGGAUA 3289 876-808
AD- CCAAAUAAUGAA ACCUGAAGAUUCA

1962549 UCUUCGHGU 2930 879-89% | UUAUUUGGAU 3290 377-899
AD- CAAAUAAUGAAU AACCCGAAGAUUC

19629350 CUUCGGGUY 2931 880-900 | AUUALUUUGGA 3261 878-900
AD- AAAUAAUGAAUC ACACCCGAAGAUU

1962651 UUCGGGUGU 2932 881-901 | CAUUAUUUGG 3297 379-601
AD- AAUAAUGAAUCU AACACCCGAAGAU

1962952 UCGGGUGUU 2933 882-902 | UCAUUAUUUG 3293 880-902
AD- AUAAUGAAUCUU AAACACCCGAAGA

1962953 CGGGUGUUY 2934 §83-903 | UUCAUUAUUU 3294 8R1-903
AD- UAAUGAAUCUUC AAAACACCCGAAG

1962634 GGGUGUUUU 2933 884-904 | AUUCAUUAUU 3293 852-904
AD- UGAAUCUUCGGG AGGGAAACACCCG

1962957 UGUUUCCCY 2936 §87-907 | AAGAUUCAUU 3296 885-907
AD- GAAUCUUCGGGU AAGGGAAACALCC

1962958 GUUUCCCUY 2937 888-908 | GAAGAUUCAU 3297 336-908
A AAGCACAGAUCU AACCAAGGUAGAU

1962984 ACCUUGGUU 2938 914-934 | CUGUGCUUAG 3298 912-634
AD- AGCACAGAUCUA ACACCAAGGUAGA

1962985 CCUUGGLGU 2939 015-935 | UCUGUGCUUA 3299 913-935
AD- GCACAGAUCUAC AUCACCAAGGUAG

1962986 CUUGGUGAU 2946 916-936 | AUCUGUGCUY 3300 914-936
AD- AGAUCUACCUUG ACAAAUCACCAAG

1962960 GUGAUUUGY 28941 920-94¢ 1 GUAGAUCUGU 3301 918-944
AD- ACAACUGCUGUG 1039- ACAACCAGCCACA 1037-
1963114 GCUGGUUGU 2942 1039 GCAGUUGUGU 3302 1059
AD- CAACUGCUGUGG 1040- ACCAACCAGCCAC 1038-
1963115 CUGGUUGGY 25943 1060 AGCAGUUGUG 3303 1060
AD- CUGCUGUGGCUG 1043- AGCACCAACCAGC 1041-
1963118 GUUGGUGCY 2944 1063 CACAGCAGUY 3304 1063
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Duplex Sense Sequence SEQID | NM 000 | Antisense Sequence SEQID | NM_ooo
Name Sted NEw: 867.3 w03 {05 867.3
AD- GUGGCUGGUUGE 1048~ AACAAAGCACCAA 1046~
1963123 UGCUUUGUU 2945 1068 CCAGCCACAQ 3305 1068
AD- GGCUGGUUGGUG 1030- AAAACAAAGCACC 1048-
1963125 CUULUGUULY 2946 1070 AACCAGCCAC 3306 1070
AD- GCUGGUUGGUGC 1051- AUAAACAAAGCAC 1049-
1963126 UUUGUUUAU 2947 1071 CAACCAGCCA 3307 1071
AD- CUGGUUGGUGCU 1052- AAUAAACAAAGCA 1G56-
1963127 UUGUUUAUY 2948 1072 CCAACCAGCC 3308 1072
AD- UGGUUGGUGCUU 1053- ACAUAAACAAAGC 1051-
1963128 UGUUUAUGU 2849 1073 ACCAACCAGC 3309 1073
AD- GGUUGGUGCUUU 1054~ ACCAUAAACAAAG 1032-
1963129 GUUUAUGGU 2950 1074 CACCAACCAG 3310 1074
AD- UUGGUGCUUUG 1033- AACCAUAAACAAA 1053+
1963130 UUUAUGGUU 2851 1075 GCACCAACCA 3311 1073
AD- UUGGUGCUUUGU 1036- AUACCAUAAACAA 1034~
1963131 UUAUGGUAU 2952 076 AGCACCAACC 3312 1076
AD- UGGUGCULUGUY 1057- ACUACCAUAAACA 1055~
1963132 UVAUGGUAGU 29353 1077 AAGCACCAAL 3313 1677
AD- UGCUUUGUUUAU 1060- ACUACUACCAUAA 1058-
1963133 GGUAGUAGU 2934 1080 ACAAAGCACC 3314 1080
AD- UVUUGUUUAUGGY 1063~ AAAACUACUACCA 1061-
1963138 AGUAGUUUY 2935 1083 UAAACAAAGC 3315 1083
AD- UUGUUUAUGGUA 1064~ AAAAACUACUACC 1062-
1963139 GUAGUUUUU 2956 1084 AUAAACAAAG 3316 1084
AD- GUUUAUGGUAGU 1066~ AGAAAAACUACUA 1064-
1963140 AGUUUUUCU 2957 1086 CCAUAAACAA 3317 1086
AD- UUUAUGGUAGUA 1067- AAGAAAAACUACU 1065~
1963141 GUUUUUCUU 2958 1087 ACCAUAAACA 33138 1087
AD- UUAUGGUAGUAG 1068- ACAGAAAAACUAC 1066-
1963142 UUUUUCUGY 2459 1088 UACCAUAAAC 3319 1088
AD- UAUGGUAGUAGYU 1069- AACAGAAAAACUA 1067-
1963143 ULUUCUGUY 2960 1089 CUACCAUAAA 3320 1089
A AUGGUAGUAGUU 1970- AUACAGAAAAACU 1068~
1963144 UUUCUGUAU 2961 1090 ACUACCAUAA 3321 1090
AD- UVAGUAGUUUUUC 1074- AGUGUUACAGAAA 1672-
1963148 UGUAACACU 2962 1094 AACUACUACC 33272 1094
AD- AGAAUAAAGUAC iH14- AAAGUCAAGGUAC 1112-
1963202 CUUGACUUY 2963 1134 UVUUAUUCUUA 3323 1134
AD- AAUAAAGUACCU 1116~ ACAAAGUCAAGGU 11i4-
1963204 UGACUUUGU 2964 ii36 ACUUUAUUCU 3374 1136
AD- AUAAAGUACCUY 7 AACAAAGUCAAGG Pis-
1963205 GACUUUGUU 2963 1137 UACUUUAUUC 3325 1137
AD- UAAAGUACCUUG 1118- AAACAAAGUCAAG 1116~
1963206 ACUUUGUUY 25966 1138 GUACUUUAUU 3326 1138
AD- AAAGUACCUUGA it1e- AGAACAAAGUCAA 1117-
1963207 CUUUGUUCU 2867 it39 GOGUACUUUAU 3327 1139
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Duplex Sense Sequence SEQID | NM 000 | Antisense Sequence SEQID | NM_ooo
Name Sted NEw: 867.3 w03 {05 867.3
AD- AAGUACCUUGAC 1120~ AUGAACAAAGUCA 1118
1963208 UUUGUUCAU 2968 1140 AGGUACUUUA 3328 1140
AD- UACCUUGACUUU 1123~ ACUGUGAACAAAG H28-
1963211 GUUCACAGU 2969 1143 UCAAGGUACU 3329 1143
AD- ACUUUGUUCACA 1130~ ACUACAUGCUGUG 1128-
1963218 GCAUGUAGU 2970 il130 AACAAAGUCA 3330 1150
AD- CUUUGUUCACAG 1131- ACCUACAUGCUGY 1129-
1963219 CAUGUAGGU 2071 1151 GAACAAAGUC 3331 H15%
AD- UUUGUUCACAGC 1132- ACCCUACAUGCUG 1130-
1963220 AUGUAGGGU 2972 11352 UGAACAAAGU 3332 1152
AD- UUGUUCACAGCA 1133~ AACCCUACAUGCU 134~
1963221 UGUAGGGUU 2973 1153 GUGAACAAAG 3333 1153
AD- UGUUCACAGCAU 1134- ACACCCUACAUGC 1132-
1963222 GUAGGGUGU 2974 1154 UGUGAACAAA 3334 1154
AD- UCACAGCAUGUA i137- ACAUCACCCUACA 1135~
1963223 GGGUGAUGU 2973 1137 UGCUGUGAAC 3335 1157
AD- CAACGGACCUGA AGCCAGTGCUCAG

1963237 GCACUGGTY 2976 105-125 | GUCCGUUGUG 3336 103-125
AD- ACGGACCUGAGC AAUGCCAGUGCUC

1963239 ACUGGCAUY 2977 107-127 { AGGUCCGUUG 3337 105-127
AD- CCUGAGCACUGG AUCCTUAUGCCAG

1963244 CAUAAGGAU 2978 112-132 1 UGCUCAGGUC 3338 110-132
AD- CUGAGCACUGGC AGUCCUTAUGCCA

1963245 AUAAGGACU 2979 113-133 | GUGCUCAGGU 3339 11i-133
AD- UGAGCACUGGCA AAGUCCTUAUGCC

1963246 UAAGGACUU 2980 i14-134 1+ AGUGCUCAGG 3340 112-134
AD- GCACUGGCAUAA AGGAAGTCCUUAU

1963249 GGACUUCCY 2981 117-137 | GCCAGUGCUC 3341 115-137
AD- GACUAAAAUGCU 1173- AUUAAAAGCAGCA 171
1963287 GCUUUUAAU 2982 1193 UUUUAGUCAA 3342 1193
AD- ACUAAAAUGCUG 1174~ AUUUAAAAGCAGC 1172-
1963288 CUUUUAAAU 2983 i1vd AUUUUAGUCA 3343 1194
AD- CUAAAAUGCUGC i175- AUUUUAAAAGCAG 1173~
1963289 UUUUAAAAU 2984 1195 CAUUUUAGUC 3344 1198
AD- UAAAAUGCUGCU 1176- AGUUUUAAAAGCA 1174-
1963260 UUUAAAACU 2085 1196 GCAUUUUAGU 3345 1196
AD- UGCUGCUUUUAA i181- ACCUAUGUUUUAA £179-
1963293 AACAUAGGU 2946 201 AAGCAGCAUU 3346 1201
AD- FCUGCUUTUAAA 1182+ AUCCUAUGUUUUA 1150~
1963266 ACAUAGGAU 2987 1202 AAAGCAGCAU 3347 1202
AD- UUUAAAACAUAG 1188- ACUACUUUCCUAU 1186-
1963302 GAAAGUAGU 2988 1208 GUUUUAAAAG 3348 1208
AD- CUGUUGACAUCG AAUGAGTGUCGAU

19633066 ACACUCAUU 2989 i64-184 | GUCAACAGGH 3349 162-184
AD- GUUGACAULGAC AGUATGAGUGUCG

1863308 ACUCAUACU 2890 i66-186 | AUGUCAACAG 3350 164-186
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AD- GACAUCGACACU AGCUGUAUGAGUG

1963311 CAUACAGCU 2991 169-18¢ | UCGAUGUCAA 3351 167-189

AD- ACAUCGACACUC AGGCTGTAUGAGU

19633172 AUACAGCCU 2997 170-190 | GUCGAUGUCA 3352 {68-190

AD- AUCGACACUCAU AUUGGCTGUAUGA

1963314 ACAGCCAAU 2993 172-192 | GUGUCGAUGU 3333 170-192

AD- ACACUCAUACAQG AAUACUTGGCUGU

1963318 CCAAGUAUU 2994 176-196 | AUGAGUGUCG 3354 174-196

AD- CUCAUACAGCCA AGUCAUACUUGGC

1963321 AGUAUGACU 2993 179-199 1 UGUAUGAGUG 3355 177-199

AD- UCAUACAGCCAA AGGUCATACUUGG

1963322 GUAUGACCU 2996 i80-200 | CUGUAUGAGU 3336 178-200

AD- CAUACAGCCAAG AGGGTCAUACUUG

1963323 UAUGACCCU 2997 181201 | GCUGUAUGAG 3357 179-201

AD- UACAGCCAAGUA AAAGGGTCAUACU

1963325 UGACCCUUU 2998 183-203 | UGGCUGUAUG 3358 181-203

AD- GCCAAGUAUGAC AAGGGAAGGGUCA

1963329 CCUUCCCUL 2999 187-207 | UACUUGGCUG 3356 183-207

AD- GAUAAAUUGAGC 1236~ ACUUAACUAGCUC 1234~

1963373 UAGUUAAGU 3000 1256 AAUUUAUCUU 3360 12356

AD- AUAAAUUGAGCU 1237- ACCUUAACUAGCYU 1235-

1963376 AGUUAAGGU 3001 1257 CAAUUUAUCU 3361 1257

AD- UAAAUUGAGCUA 1238~ AGCCUUAACUAGC 1236-

1963377 GUUAAGGCU 3002 1238 UCAAUUUAUC 3362 1258

AD- GUAUGACCCUUC AGCUTCAGGGAAG

1963384 CCUGAAGCU 3003 192-212 1 GGUCAUACUU 3363 190-212

AD- CUGUCUGUUUCC AUGATCAUAGGAA

1963386 UAUGAUCAU 3004 214-234 | ACAGACAGGG 3364 212-234

AD- GUCUGUUUCCUA ACUUGATCAUAGG

1963388 UGAUCAAGU 3003 216-236 | AAACAGACAG 3365 214-236

AD- UCUGUUUCCUAY AGCUTGAUCAUAG

1963389 GAUCAAGCU 3006 217-237 | GAAACAGACA 3366 215-237

A UGUUUCCUAUGA AUUGCUTGAUCAU

1663391 UCAAGCAAU 3007 219-235 | AGGAAACAGA 3367 217-23%

AD- GUUUCCUAUGAU AGUUGCTUGAUCA

1963367 CAAGCAACU 3008 220-240 | UAGGAAACAG 3368 218-240

AD- UCCUAUGAUCAA AGAAGUTGCUUGA

1963393 GCAACUUCU 3009 223-243 |1 UCAUAGGAAA 3369 221-243

AD- AGCUAGUUAAGG 1245. ACUGAUUUGCCUU 1243-

1963410 CAAAUCAGU 3010 1265 AACUAGCUCA 3370 1265

AD- GCUAGUUAAGGC 1246~ ACCUGAUUUGCCU 1244-

1963411 AAAUCAGGU 301t 1266 UAACUAGCUC 3371 1266

AD- UAAGGCAAAUCA 1252- AAUUUUACCUGAU 1250-

1963417 GOGUAAAAUU 3012 1272 UUGCCUUAAC 3372 1272

AD- AGGCAAAUCAGG i234- ACUAUUUUACCUG 1252-

1963419 UAAAAUAGU 3013 i274 AUUUGCCUUA 3373 1274
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AD- GGCAAAUCAGGU 1255~ AACUAUUUUACCU 1253~
1963420 AAAAUAGUU 3014 1275 GAUUUGCCUU 3374 1275
AD- GCAAAUCAGGUA 1236~ AGACUAUUUUACC 1254~
19634721 AAAUAGUCU 3015 1276 UGAUUUGCCU 3375 1276
AD- GUAAAAUAGUCA 1263~ AUAGAAUCAUGAC 263~
1963430 UGAUUCUAU 3016 1285 UAUUUUACCY 3376 1285
AD- UAAAAUAGUCAU 1266- AAUAGAAUCAUGA 1264-
1963431 GAUUCUAUU 3017 1286 CUAUUUUACC 3377 1286
AD- AAAAUAGUCAUG 1267- ACAUAGAAUCAUG 1265~
1963432 AUUCUAUGU 3014 1287 ACUAUUUUAC 3378 1287
AD- AGUCAUGAUUCU 1272~ ACAUUACAUAGAA 1270-
1963437 AUGUAAUGU 3019 1292 UCAUGACUAU 3379 1262
AD- GUCAUGAUUCUA 1273- AACAUUACAUAGA 271~
1963438 UGUAAUGUYU 3020 1293 AUCAUGACUA 3380 1293
AD- UCAUGAUUCUAU 1274- AUACAUUACAUAG 1272~
1963439 GUAAUGUAU 3021 1294 AAUCAUGACU 3381 1294
AD- CCCUGAGGAUCC AAUUGUTGAGGAU
1963464 UCAACAAUU 3022 242-262 | CCUCAGGGAA 3382 244-262
AD- CCUGAGGAUCCU ACAUTGTUGAGGA
1963463 CAACAAUGU 3023 243-263 | UCCUCAGGGA 3383 241-263
AD- GAGGAUCCUCAA AGACCATUGUUGA
1963468 CAAUGGUCU 3024 246-266 | GGAUCCUCAG 3334 244-266
AD- AGGAUCCUCAAC AUGACCAUUGTUG
1963464 AAUGGUCAU 3023 247-267 | AGGAUCCUCA 3385 243-267
AD- UGCUUUCAACGU ACAAACTCCACGU
1963539 GOGAGUUUGU 3026 267-287 | UGAAAGCAUG 3386 265-187
AD- UVUCAACGUGGAG AUCATCAAACUCC
1963543 UUUGAUGAU 3027 271291 | ACGUUGAAAG 3387 269-291
AD- CAACGUGGAGUU AAGUCATCAAACY
1963545 UGAUGACUU 3028 273203 | CCACGUUGAA 3388 271-293
AD- AACGUGGAGUUU AGAGTCAUCAAAC
1963546 GAUGACUCU 3029 274-294 | UCCACGUUGA 3389 272-294
A CGUGGAGUUUGA AGAGAGTCAUCAA
1663548 UGACUCUCU 3030 276-296 1 ACUCCACGUU 3390 274-196
AD- UGGAGUUUGAUG ACUGAGAGUCAUC
1963550 ACUCUCAGU 3031 278-29% | AAMACUCCACG 3391 276-298
AD- GAGUUUGAUGAC AUCCTGAGAGUCA
1963552 UCUCAGGAY 3032 280-306 | UCAAACUCCA 3392 278-300
AD- FUUUGAUGACUC AUGUCCTGAGAGY
1963354 UCAGGACAU 3033 282-302 1 CAUCAAACUC 3393 280-302
AD- UGAUGACUCUCA ACUUTGTCCUGAG
1963557 GOGACAAAGU 3034 285-305 | AGUCAUCAAA 3394 283-305
AD- UAAUUAGAGUUG 1460- ACUGUAUCACAAC 1458-
1963582 UGAUACAGU 3033 1480 UCUAAUUAUA 3395 1480
AD- GUUGUGAUACAG 1468- AAAUAUACUCUGU 1466-
1963560 AGUAUAUUU 3036 1488 AUCACAACUC 3396 1488
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AD- UUGUGAUACAGA 1469- AAAAUAUACUCUG 1467~
1963581 GUAUAUUUU 3037 1489 UAUCACAACU 3397 1489
AD- UGUGAUACAGAG 1470- AGAAAUAUACUCU 1468-
1963562 UAUAUUUCU 3038 1490 GUAUCACAAC 3398 1490
AD- AUGACUCUCAGG AUGCTUTGUCCUG

1963669 ACAAAGCAYU 3039 287-307 | AGAGUCAUCA 33569 283-307
AD- UGACUCUCAGGA ACUGCUTUGUCCU

1963610 CAAAGCAGU 3040 288-308 | GAGAGUCAUC 3400 286-308
AD- CCAUUCAGACAA 1489~ AAUGAUAUAUUGY 1487-
1963618 UAUAUCAUU 3041 1509 CUGAAUGGAA 3401 1509
AD- ACUUCACUUGGU AUCCAGTGAACCA

1963719 UCACUGGAU 3042 426-446 | AGUGAAGUUC 3402 424-446
AD- UUCACUUGGUUC AGUUCCAGUGAAC

1963721 ACUGGAACU 3043 428-448 | CAAGUGAAGU 3403 426-448
AD- GAUUUUGGGAAA AUGCACAGCUUUC

1963733 GCUGUGCAU 3044 460-480 | CCAAAAUCCC 3404 458-480
AD- UUUUGGGAAAGC AGCUGCACAGCUU

1963735 UGUGCAGCU 3045 462-482 | UCCCAAAAULC 3405 46(-482
AD- UGGGAAAGCUGU AGUUGCTGUACAG

1963738 GCAGCAACU 3046 465-485 | CUUUCCCAAA 3406 463-485
AD- UGGACUGGCCGY AUACCUAGAACGG

1963762 UCUAGGUAU 3047 489-509 1 CCAGUCCAUC 3407 487-309
AD- GGACUGGCCGUU AAUACCTAGAACG

1963763 CUAGGUAUU 3048 490-510 | GCCAGUCCAU 3408 488-510
AD- UAGGUAUUUUUY AAACCUTCAAAAA

1963776 UGAAGGUUU 3049 503-523 1 AAUACCUAGA 3409 301-823
AD- UVAUUUUUUUGAA AUGCCAACCUUCA

1963780 GGUUGGCAU 3050 507-527 | AAAAAAUACC 3410 S05-527
AD- AUUUUUUUGAAG ACUGCCAACCUUC

1963781 GUUGGCAGY 3051 508-528 | AAAAAAAUAC 3411 506-528
AD- UVUUUGAAGGUUG AAGCGCTGCCAALC

1963785 GCAGCGCUY 3052 512-5332 | CUUCAAAAAA 3412 510-532
A AAGGUUGGCAGC AGGUTUAGCGCUG

1963790 GCUAAACCU 3033 517-537 | CCAACCUUCA 3413 515-837
AD- CUUCAGAAAGUU AACATCAACAACU

1963814 GUUGAUGUY 3054 541-561 | DUCUGAAGGC 3414 539-561
AD- UCAGAAAGUUGU AGCACATCAACAA

1963816 UGAUGLUGCU 3053 543-563 | CUUUCUGAAG 3415 341563
AD- CAGAAAGUUGUU AAGCACAUCAACA

1963817 GAUGUGCUU 3056 344-564 1 ACUUUCUGAA 3416 342-364
AD- GAAAGUUGUUGA ACCAGCACAUCAA

1963819 UGUGCUGGU 3057 546-366 | CAACUUUCUG 3417 344-5366
AD- AUUCCAUUAAAA AGCCCUTUGUUUU

1963839 CAAAGGGCY 3058 566-586 | AAUGGAAUCC 3418 564-586
AD- UVUCCAUUAAAAC AUGCCCTUUGUUU

1963840 AAAGGGCAU 30859 567-387 | UAAUGGAAUC 3419 565-587
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AD- UUAAAACAAAGG AACUCUTGCCCUU

1963843 GCAAGAGUU 3060 372-592 1 UGUUUUAAUG 3420 570-562
AD- UAAAACAAAGGG ACACTCTUGCCCUY

1963846 CAAGAGUGU 3061 573-593  { UGUUUUAAU 3421 571-893
AD- AAACAAAGGGCA AAGCACTCUUGCC

1963848 AGAGUGLUU 3062 575-595 | CUUUGUUUUA 3422 573-595
AD- ACAAAGGGCAAG AUCAGCACUCUUG

1963850 AGUGCUGAU 3063 577-597 1 CCCULUGUUU 3423 575-867
AD- AAGGGCAAGAGU AAAGTCAGCACUC

1963853 GCUGACUUY 3064 580-600 | VUGCCCUUUG 3424 378-600
AD- GGGCAAGAGUGC AUGAAGTCAGCAC

1963855 UGACUUCAU 3063 382-602 | UCUUGCCCUU 3425 580-602
AD- GCAAGAGUGCUG AAGUGAAGUCAGC

1963857 ACUUCACUU 3066 584-604 | ACUCUUGCCC 3426 582604
AD- CAAGAGUGCUGA AUAGTGAAGUCAG

1963858 CUUCACUAU 3067 383-605 | CACUCUUGCC 3427 583-603
AD- AGAGUGCUGACU AGUUAGTGAAGUC

1963860 UCACUAACY 3068 587-607 | AGCACUCUUG 34238 585-607
AD- GUGUUGACUUCA AGAAGUTAGUGAA

1963863 CUAACUUCU 3069 590-610 | GUCAGCACUC 3429 388-610
AD- UGCUGACUUCAC ACGAAGTUAGUGA

1963864 UAACUUCGU 3070 591-611 | AGUCAGCACU 3430 589-611
AD- CUUCACUAACUU AGAGGATCGAAGU

1963870 CGAUCCUCY 3071 507-617 | UAGUGAAGUC 3431 395-617
AD- UUCACUAACUUC ACGAGGAUCGAAG

1963871 GAUCCUCGU 3072 598-618 | UUAGUGAAGU 3432 596-518
AD- GCCUCCUUCCUG ACAAGGAUUCAGG

1963893 AAUCCUUGH 3073 620-640 | AAGGAGGCCA 3433 6518-640
AD- UCCUUCCUGAAU AAUCCAAGGAUUC

1963896 CCUUGGAUU 3074 623-643 | AGGAAGGAGG 3434 621-643
AD- GGACCUACCCAG ACAGTGAGCCUGG

1863920 GCUCACUGU 3075 647-667 | GUAGGUCCAG 3433 645-667
A ACCUACCCAGGC AGUCAGTGAGCCU

1663922 UCACUGACU 3076 649-66% | GGGUAGGUCC 3436 647-669
AD- CUACCCAGGCUC AUGGTCAGUGAGC

19636724 ACUGACCAU 3077 651671 | CUGGGUAGGU 3437 649-671
AD- ACCCAGGCUCAC AGGUGGTCAGUGA

1963926 UGACCACCU 3078 653-673 | GCCUGGGUAG 3438 651673
AD- CUCCUCUUCUGG ACACACAUUCCAG

1963927 AAUGUGUGU 3079 674-694 | AAGAGGAGGG 3439 672-6594
AD- CCUCUUCUGGAA AGUCACACAUUCC

1963629 UGUGUGACU 3080 676-696 | AGAAGAGGAG 3440 6574-696
AD- UCUUCUGGAAUG AAGGTCACACAUY

1963931 UGUGACCUU 3081 678-098 | CCAGAAGAGH 3441 676-698
AD- VUCUGGAAUGUG ACCAGGTCACACA

1863933 UGACCUGGH 3082 680-700 | UUCCAGAAGA 3442 6578-700
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AD- UGGAAUGUGUGA AAAUCCAGGUCAC

1963936 CCUGGAUUY 3083 683-703 | ACAUUCCAGA 3443 681-703
AD- UGUGUGACCUGG AAGCACAAUCCAG

1963641 AUUGUGCUU 3084 688-70¢ | GUCACACAUU 3444 686-708
AD- UGUGACCUGGAU AUGAGCACAAUCC

1963943 UGUGCUCAY 3083 690-710 | AGGUCACACA 3445 688-710
AD- GACCUGGAUUGU ACCUTGAGCACAA

1963546 GCUCAAGGU 3086 693-713 | UCCAGGUCAC 3446 691-713
AD- CCUGGAUUGUGC AUUCCUTGAGCAC

1963948 UCAAGGAAU 3087 693-715 | AAUCCAGGUC 3447 693-715
AD- CUGGAUUGUGCU AGUUCCTUGAGCA

1963949 CAAGGAACY 3088 696-716 | CAAUCCAGGU 3448 694-716
AD- GAUUGUGCUCAA AUGGGUTCCUUGA

1963452 GOAACCCAU 3089 699-718 | GCACAAUCCA 3449 697-719
AD- AUUGUGCUCAAG AAUGGGTUCCUUG

1963953 GAACCCAUU 3090 700-720 | AGCACAAUCC 34350 698-72()
AD- IGCUCAAGGAAC AGCUGATGGGUUC

1963657 CCAUCAGCU 3091 704-724 | CUUGAGCACA 3451 702-724
AD- GCUCAAGGAACC ACGCTGAUGGGUU

19639358 CAUCAGCGU 3092 705-725 | CCUUGAGCAC 3452 703725
AD- UCAAGGAACCCA AGACGCTGAUGGG

1963960 UCAGCGUCY 3093 707-727 | UUCCUUGAGC 3453 705-727
AD- GGAACCCAUCAG AUGCTGACGCUGA

1963964 CGUCAGCAU 3094 7H-731 L UGGGUUCCUU 3434 T09-731
AD- AACCCAUCAGLG AGCUGCTGACGCY

1963866 UCAGCAGCU 3093 713-733 | GAUGGGUUCC 3455 711-733
AD- UVUGAAAUUCCGU AUUAAGTUUACGG

1663595 AAACUUAAU 3096 742762 | AAUUUCAACA 3456 740-762
AD- GAAAUUCCGUAA AAGUTAAGUUUAC

1963997 ACHUAACUY 3097 744-764 | GGAAUUUCAA 3457 742-764
AD- AAUUCCGUAAAC AGAAGUTAAGUUU

1963959 UUAACUUCY 3098 746-766 | ACGGAAUUUC 3458 744-766
A AUUCCGUAAACU AUGAAGTUAAGUU

1964000 UAACUUCAU 3099 747-767 | UACGGAAUUU 3459 745767
AD- UCCGUAAACUUA AAUUGAAGUUAAG

1964007 ACUUCAAUU 3100 749-769 | UUUACGGAAU 3460 747-769
AD- CCGUAAACUUAA ACAUTGAAGUUAA

1964003 CUUCAAUGU 3101 730-770 | GUUUACGGAA 3461 748-770
AD- CGAAGAACUGAU AUGUCCACCAUCA

1964016 GGUGGACAU 3102 783-803 1 GUUCUUCGGG 3467 781-803
AD- AGAACUGAUGGU AAGUTGTCCACCA

1964019 GOACAACUYU 3103 786-806 | UCAGUUCUUC 3463 T84-806
AD- AACUGAUGGUGG ACCAGUTGUCCAC

1964021 ACAACUGGU 3104 788-808 | CAUCAGUUCU 3464 786-808
AD- ACUGAUGGUGGA AGCCAGTUGUCCA

1964022 CAACUGGCU 3108 789-809 | CCAUCAGUUC 3465 787-809
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AD- UGAUGGUGGACA AGCGLCAGUUGUC

1964024 ACUGGCGCU 3106 791-811 | CACCAUCAGU 3466 789-811
AD- CAGCUCAGCCAC AGUUCUTCAGUGG

1964043 UGAAGAACU 3107 812-832 | CUGAGCUGGE 3467 810-832
AD- AGCUCAGCCACY AUGUTCTUCAGUG

1964044 GAAGAACAU 3108 413-833 | GCUGAGLCUGH 3468 811-833
AD- CUCAGCCACUGA ACCUGUTCUUCAG

1964046 AGAACAGGU 3109 §15-838 1 UGGCUGAGCU 3469 813-835
AD- UCAGCCACUGAA AGCCTGTUCUUCA

1964047 GAACAGGCYU 3110 816-836 | GUGGCUGAGC 3470 814-836
AD- AGCCACUGAAGA AUUGCCTGUUCUU

1964049 ACAGGCAAU 31 §18-838 | CAGUGGCUGA 3471 816-838
AD- ACUGAAGAACAG AUGATUTGCCUGU

19640353 GCAAAUCAU 3112 822-842 1 UCUUCAGUGG 3472 820-842
AD- CUGAAGAACAGG AUUGAUTUGCCUG

1964054 CAAAUCAAY 3113 §23-843 | UUCUUCAGUG 3473 821-843
AD- UGAAGAACAGGC AUUUGATUUGLCU

1964055 AAAUCAAAU 3114 824-844 | GUUCUUCAGU 3474 322-844
AD- GAAGAACAGGCA ACUUTGAUUUGCC

1964056 AAUCAAAGU 3113 425-845 | UGUUCUUCAG 3473 §23-845
AD- AGAACAGGCAAA AAGCTUTGAUUUG

1964058 UCAAAGCUU 316 827-847 + CCUGUUCUUL 3476 825-847
AD- GAACAGGCAAAU AAAGCUTUGAUUU

1964059 CAAAGCUUY 3117 828-848 | GCCUGUUCUY 3477 826-848
AD- AACAGGCAAAUC AGAAGCTUUGAUU

1964060 AAAGCUUCU 3118 829-849 1 UGCCUGUUCU 3478 827-849
AD- AGGCAAAUCAAA AAAGGAAGCUUUG

1964063 GCUUCCUUY 3119 832-852 | AUUUGCCUGU 3479 830-852
AD- GGUAAAUCAAAG AGAAGGAAGCUUU

1964064 CUUCCUUCY 3120 833-853 | GAUUUGCCUG 3480 831-853
AD- AAAUCAAAGCUU AUUUGAAGGAAGC

1964067 CCUUCAAAU 3121 836-856 | UUUGAUUUGT 3481 334-856
A AAUCAAAGCUUC AAUUTGAAGGAAG

1664068 CUUCAAAUY 3122 §37-857 | CUUUGAUUUG 3482 835-857
AD- UCAAAGCUUCCU AUUATUTGAAGGA

1964070 UCAAAUAAU 3123 836859 | AGCUUUGAUYU 3483 837-859
AD- AAAGCUUCCUUC AUCUTATUUGAAG

1964072 AAAUAAGAU 3124 841-861 | GAAGCUUUGA 3484 839-861
AD- AAGCUUCCUUCA AAUCTUAUUUGAA

1964073 AAUAAGAUU 3123 §42-862 | GGAAGCUUUG 3485 840-462
AD- GCUUCCUUCAAA ACCATCTUAUUUG

1964075 UAAGAUGGU 3126 R44-864 | AAGGAAGCUU 3486 842-864
AD- UUCCUUCAAAUA AGACCATCUUAUY

1964077 AGAUGGUCY 3127 §46-866 | UGAAGGAAGC 3487 844-866
AD- UCCUUCAAAUAA AGGACCAUCUUAU

1864078 GAUGGUCCH 3128 847-867 | UUGAAGGAAG 3488 845-867
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AD- UUCAAAUAAGAU AAUGGGACCAUCU

1964081 GGUCCCAUU 3129 §50-87¢ | VAUUUGAAGG 3489 848-870
AD- GUCUGUAUCCAA AUUCAUTAUUUGG

1964102 AUAAUGAAU 3130 871-891 | AUACAGACUA 3490 869-891
AD- UCUGUAUCCAAA AAUUCATUAUUUG

1964103 UAAUGAAUU 3131 872-892 | GAUACAGACY 3491 870-392
AD- CUGUAUCCAAAL AGAUTCAUUAUUU

1964104 AAUGAAUCU 3132 §73-893 | GGAUACAGAC 3492 871-893
AD- GUAUCCAAAUAA AAAGAUTCAUUAU

1964106 UGAAUCUUU 3133 875-893 | UUGGAUACAG 3493 873-895
AD- VAUCCAAAUAAU AGAAGATUCAUUA

1964107 GAAUCUUCY 3134 §76-896 | UUUGGAUACA 3494 874-396
AD- AUCCAAAUAAUG ACGAAGAUUCAUU

1964108 AAUCUUCGY 3138 877-897 | AUUUGGAUAC 3495 875-897
AD- AAUGAAUCUUCG AGAAACACCCGAA

1964116 GGUGUUUCU 3136 885-905 | GAUUCAUUAU 3496 883-903
AD- UGAAUCUUCGGE AGGGAAACACLCG

1964118 UGUUUCCCY 3137 887-907 | AAGAUUCAUU 3497 385-907
AD- UUAGCUAAGCAC AGUAGATCUGUGC

1964139 AGAUCUACU 31384 908-928 | LZUAGCUAAAG 3498 506-928
AD- UAGCUAAGCACA AGGUAGAUCUGUG

1964140 GAUCUACCY 3139 909-02¢ |1 CUUAGCUAAA 3499 907-929
AD- GCUAAGCACAGA AAAGGUAGAUCUG

1964142 UCUACCUUU 3146 911-931 | UGCUUAGCUA 3500 9(9-931
AD- CUAAGCACAGAU ACAAGGTAGAUCYU

1964143 CUACCUUGU 3141 912-932 | GUGCUUAGCU 3501 910-932
AD- CAGAUCUACCUU AAAATCACCAAGG

1964150 GGUGAUUUU 3142 919-93¢ | DAGAUCUGUG 3502 §17-939
AD- AAUAAAAUGUGA 1001- AUCUAGTCUUCAC

1964229 AGACUAGAU 3143 1021 AUUUUAUUAG 3503 999-102}
AD- ACAACUGCUGUG 1039- ACAACCAGCCACA 1037-
1964267 GCUGGUUGU 3144 1039 GCAGUUGUGU 3504 1039
A CUGUGGCUGGUY 1046- AAAAGCACCAACC 1044~
1664274 GGUGCUUUU 3143 1066 AGCCACAGCA 3303 1066
AD- VUGGUGCUUUGU 10356~ AUACCATAAACAA 1654-
1964284 UUAUGGUAY 3146 1076 AGCACCAACC 3506 10376
AD- GCUUUGUUUALG 1061- AACUACTACCAUA 1059-
1964289 GUAGUAGUU 3147 1081 AACAAAGCALC 3507 1081
AD- JUUGUUUAUGGY 1063~ AAAACUACUACCA 1061~
19647291 AGUAGUUUU 3148 1083 UAAACAAAGC 3508 1083
AD- UUGUUUAUGGUA 1064~ AAAAACTACUACC 1062-
19647292 GUAGUUUUU 3149 1084 AUAAACAAAG 3509 1084
AD- AUGGUAGUAGUU 1070~ AUACAGAAAAACY 1068-
1964297 UUUCUGUAU 3150 1090 ACUACCAUAA 3510 1090
AD- GGUAGUAGUUUU 1072- AGUUACAGAAAAA 1670-
1964209 UCUGUAACH 31581 1092 CUACUACCAU 354 1692
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AD- UAGUAGUUULUC 1074~ AGUGTUACAGAAA 10672-
1964301 UGUAACACU 3132 1094 AACUACUACC 3312 1094
AD- AGUAGUUUUUCU 1075- AUGUGUTACAGAA 1673-
1964302 GUAACACAU 3153 1095 AAACUACUAC 3513 1093
AD- GUAGUUUUUCUG i076- ACUGTGTUACAGA 1074-
1964303 UAACACAGY 3154 109 AAAACUACUA 3514 1096
AD- AAUAAGAAUAAA 11H10- ACAAGGTACUUUA HL08-
19643725 GUACCUUGU 31535 1130 UUCUUAUUUC 3515 1139
AD- AAGAAUAAAGUA 1113- AAGUCAAGGUACU f1it-
1964328 CCUUGACUU 3156 1133 UUAUUCUUAU 3516 1133
AD- AGAAUAAAGUAC 1ii4- AAAGTCAAGGUAC Hi2-
1964329 CUUGACUUY 3137 1134 UUUAUUCULUA 3517 1134
AD- AAUAAAGUACCU 1116- ACAAAGTCAAGGU 1114~
1964331 UGACUUUGU 3158 1136 ACUUUAUUCU 3518 1136
AD- AAGUACCUUGAC 1120~ AUGAACAAAGUCA f11g-
1964335 UUUGUUCAU 3139 1140 AGGUACUUUA 3319 1140
AD- GUACCUUGACUY 1122- AUGUGAACAAAGU 1120-
1964337 UGUUCACAU 3160 1142 CAAGGUACUU 3520 1142
AD- UACCUUGACUUU 1123- ACUGTGAACAAAG H2E-
1964338 GUUCACAGU 3161 1143 UCAAGGUACU 3521 1143
AD- CCUUGACUUUGY 1125- AUGCTGTGAACAA 1123~
1964340 UCACAGCAU 3162 i145 AGUCAAGGUA 3522 1145
AD- DUGACUUUGUUC £127- ACAUGCTGUGAAC 1125-
1964342 ACAGCAUGYU 3163 1147 AAAGUCAAGG 3523 1147
AD- CUUUGUUCACAG 131~ ACCUACAUGCUGY 1129-
1964346 CAUGUAGGU 3164 i15] GAACAAAGUC 3524 1151
AD- CACAGCAUGUAG 1138- AUCATCACCCUAC 1136~
1964333 GGUGAUGAU 3163 1158 AUGCUGUGAA 3523 1158
AD- CAGCAUGUAGGG 1140- AGCUCATCACCCU 1138-
1964355 UGAUGAGCU 3166 1166 ACAUGCUGUG 3526 1160
AD- AGCAUGUAGGGU 1141- AUGCTCAUCACCC 1139-
1964356 GAUGAGCAU 3167 il6l UACAUGCUGU 3527 1161
A CAUGUAGGGUGA 1143- AAGUGCTCAUCAC H4l-
1664358 UGAGCACUU 3168 it63 CCUACAUGCU 3528 1163
AD- GACUAAAAUGCU P173- AUUAAAAGCAGCA H7i-
1964388 GCUUUUAAU 3169 1193 UUUUAGUCAA 3529 1193
AD- AAAAUGCUGCUU i177- AUGUTUTAAAAGC £175-
1964392 UUAAAACAU 3170 1197 AGCAUUUUAG 3530 1197
AD- AUGCUGCUUUUA 1180- ACUATGTUUUAAA 1178-
1964395 AAACAUAGU 3171 1200 AGCAGCAUUU 3531 1200
AD- GCUGCUUUUAAA 1182- AUCCTATGUUUUA 1180~
1964397 ACAUAGGAU 3172 1202 AAAGCAGCAU 3532 1202
AD- CUGCUUUUAAAA 1183- AUUCCUAUGUUUU 1181~
1964398 CAUAGGAAU 3173 1203 AAAAGCAGCA 3333 1203
AD- UGCUUUUAAAAC 1184- AUUUCCTAUGUUU 1182-
1964399 AUAGGAAAU 3174 1204 UAAAAGCAGC 3534 1204
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Duplex Sense Sequence SEQID | NM 000 | Antisense Sequence SEQID | NM_ooo
Name Sted NEw: 867.3 w03 {05 867.3
AD- UUUUAAAACAUA 1187~ AUACTUTCCUAUG {185~
1964402 GGAAAGUAU 3173 1207 UUUUAAAAGC 3335 1207
AD- AAACAUAGGAAA 1192- ACAUTCTACULUC 1190-
1964407 GUAGAAUGY 3176 i212 CUAUGUUUUA 3536 1212
AD- UUGAGUGCAAAU i213- AUGCTATGGAUUU [21E-
1964428 CCAUAGCAU 3177 i233 GCACUCAACC 3537 1233
AD- UGAGUGCAAAUC 1214- AGUGCUAUGGAUY 12§2-
1964429 CAUAGCACU 3178 1234 UGCACUCAAC 3538 1234
AD- AAGAUAAAUUGA i234- AUAACUAGCUCAA 1232-
1964449 GCUAGUUAU 3179 1234 UUUAUCUUGU 3539 1254
AD- AGAUAAAUUGAG 1235- AUUAACTAGCUCA 1233-
1964450 CUAGUUAAU 3180 1255 AUUUAUCUUG 3340 1255
AD- AAAUUGAGCUAG 1239- AUGCCUTAACUAG 237-
1964454 UUAAGGCAU 3181 1259 CUCAAUUUAU 3541 1239
AD- AAUUGAGCUAGU 1240~ AUUGCCTUAACUA 1238-
1964455 UAAGGCAAU 3182 1260 GCUCAAUUUA 3342 1260
AD- GAGCUAGUUAAG i244- AUGATUTGCCULA 1242-
1964459 GCAAAUCAU 3183 1264 ACUAGCUCAA 3543 1264
AD- CUAGUUAAGGCA 1247- AACCTGAUUUGLC 1245-
1964462 AAUCAGGUU 3184 1267 UUAACUAGCU 3544 1267
AD- AGUUAAGGCAAA 1249- AUUACCTGAUUUG 1247-
1964464 UCAGGUAAU 3185 1269 CCUUAACUAG 3545 1269
AD- UAAGGCAAAUCA 1252~ AAUUTUACCUGAU 1250-
1964467 GGUAAAAUU 3186 1272 UUGCCUUAAC 3546 1272
AD- AAGGCAAAUCAG 1253~ AUAUTUTACCUGA 125%-
1964468 GUAAAAUAY 3187 1273 UUUGCCUUAA 3547 1273
AD- GCAAAUCAGGUA 1256~ AGACTATUUUACC 1254~
1964471 AAAUAGUCU 3183 i27% UGAUUUGCCU 3548 1276
AD- CAAAUCAGGUAA 1257- AUGACUAUUUUAC 1253-
1964472 AAUAGUCAU 3189 277 CUGAUUUGCC 3549 1277
AD- AAAUCAGGUAAA 1258- AAUGACTAUUUUA 1256-
1964473 AUAGUCAUU 3190 i278 CCUGALUUGC 3550 1278
AD- AUCAGGUAAAAU 1260- AUCATGACUAUUU 1258-
1664475 AGUCAUGAU 3191 i280 UACCUGAUUU 3351 280
AD- CAGGUAAAAUAG 1262- AAAUCATGACUAY 1269-
1964477 UCAUGAULU 3192 1282 UUUACCUGAU 35852 1282
AD- AGGUAAAAVAGU 1263- AGAATCAUGACUA 1261-
1964478 CAUGAUUCU 3193 1283 UUUUACCUGA 3553 1283
AD- FUAAAAUAGUCA 1265. AUAGAATCAUGAC 1263-
1964480 UGAUUCUAU 3194 1285 VAUUUUACCYU 3554 1285
AD- UAAAAUAGUCAU 1266- AAUAGAAUCAUGA 1264~
1964481 GAUUCUAUU 3193 1286 CUAUUUUACC 3535 1286
AD- UCAUGAUUCUAU i274- AUACAUTACAUAG 1272-
1964489 GUAAUGUAU 3196 1294 AAUCAUGACY 3556 1294
AD- CAUGAUUCUAUG i275- AUUACATUACAUA 273-
1964490 UAAUGUAAU 3197 1205 GAAUCAUGAC 3557 1293
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Duplex Sense Sequence SEQID | NM 000 | Antisense Sequence SEQID | NM_ooo
Name Sted NEw: 867.3 w03 {05 867.3
AD- GAUUCUAUGUAA i278- AGGUTUACAUUAC 1276~
1964493 UGUAAACCU 3198 1298 AUAGAAUCAU 3338 1288
AD- AUGACUUUUGAA 1407- ACUCTGTAAUUCA 1405-
1964551 UUACAGAGU 3199 1427 AAAGUCAUUA 3559 1427
AD- GACUUUUGAALU 1409- AAUCTCTGUAAUU 1407-
1964333 ACAGAGAUU 3200 1429 CAAAAGUCAU 3560 1429
AD- UVAUAAUUAGAGU 14358- AGUATCACAACUC 1456-
1964578 UGUGAUACU 3201 1478 UAAUUAUAAC 3561 1478
AD- UAAUUAGAGUUG 1460- ACUGTATCACAACL 1458-
1964380 UGAUACAGU 3202 1480 UCUAAUUAUA 3562 1480
AD- AAUUAGAGUUGH 1461~ AUCUGUAUCACAA 1459.
1964581 GAUACAGAU 3203 1481 CUCUAAUUAU 3563 1481
AD- AUUAGAGUUGUG 1462- ACUCTGTAUCACA 1460-
1964582 AUACAGAGU 3204 1482 ACUCUAAUUA 3564 1482
AD- UAGAGUUGUGAU i464- AUACTCTGUAUCA 1462-
1964584 ACAGAGUAU 3203 1484 CAACUCUAAU 3365 1484
AD- GAGUUGUGAUAC 1466~ AUAUACTCUGUAY 1464-
1964586 AGAGUAUAU 3206 1486 CACAACUCUA 3566 1486
AD- GUUGUGAUACAG 1468- AAAUVAUACUCUGU 1466~
1964588 AGUAUAUUU 3207 1488 AUCACAACUC 3567 1488
AD- CAUUCAGACAAU 1490- AUAUGATAUAUUG 1488-
1964610 AUAUCAUAU 3208 1510 UCUGAAUGGA 3568 15190
AD- AUUCAGACAAUA 1491- AUUATGAUAUAUY 1489-
1964611 UAUCAUAAU 3209 1511 GUCUGAAUGG 3569 1514

Table 10, Modified Sense and Antisense Strand Sequences of CA2 dsRNA Agents with Cl6

Modification

SEQ SEQ SEQ
Duplex | Sense Sequence HE Antisense Sequence | D mBNA Target 1))
Name wd NG (84 ¥ NO: | Sequence 16 ¥ NQ:
AD- ascscug{ Abd)GleAS asCiscunAfugecagu GGACCUGAGCAC
1662343 | CfUfeocauaagsesu 3570 | Gfelfcagguscse 3930 | UGGCAUAAGGA {2834
AD- csusgag( Chd)Afclf asOfsuccUfuangecaG ACCUGAGCACUG
1962345 | GfGfeauaaggascsu 3571 1 fuGfoucagsgsn 3931 | GCAUAAGGACU | 2781
AD- usgsaca{ Uhd)CfeAf asCfsuguAfugagugu GUUGACAUCGAC
1962360 | CfAfcucavacasgsu 3572 1 CfoAfupucasasc 3032 | ACUCAUACAGC 2640
AD- csascuc{ AhdyUtaCf asCreapaClunggcug GACACUCAUACA
1962369 | AfGfecaacuansgsu 3573 | UtaUfeagugsuse 3933 | GCCAAGUAUGA 12652
AD- ascsuca{ Uhd)AfcAS asUfscauAfouugpcn ACACUCAUACAG
1962370 | GHCfcaaguangsasu 3574 | GfuAfugagusesu 3934 | CCAAGUAUGAC 2637
AD- csuscan{ AhdyClaGf asGisucallfacungge CACUCAUACAGC
1962371 | CfClaaguaugascsu 3575 | UfsUfaugagsusg 3938 | CAAGUAUGACC 2691
AD- csosaag{Ubd}AfaGE as{CfsaggGlaaggeuc AGCCAAGUAUGA
1962380 | AfCfccaucccusgsu 3376 i Afulfcuuggscsa 3636 | CCCUUCCCUGA 2716
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SEQ SEQ SEQ
Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- csusgag{Ghd}AfuCt asCscaulUtpuugage CCCUGAGGAUCC
1962416 | CfUfoaacaaugsgsu 3577 | AfuClcucagsesg 3937 | UCAACAAUGGU 2759
AD- usgsage{ AhdyUfeCf asAfsccalifuguugag CCUGAGGAUCCU
1962417 | UfCHacaauggsusu 3578 i GfaUfecucasgsg 3938 | CAACAAUGGUC 2717
AD- gsasgea(Uhd)CreUf asGfsaccAfunguuga CUGAGGAUCCUC
1962418 | CfAfacaaugguscsu 3579 | GfeAfuccucsasg 3939 | AACAAUGGUCA 12703
AD- usgscuu{ Ubd)CiaAf asCfrasaCluccacgull CAUGCUUUCAAC
1962439 | CfGfugpaguuusgsy | 3580 | faAfaagcasusg 3940 | GUGGAGUUUGA | 2625
AD- gacsuuu{Chd)AfalCf asUfscaaAfeuccacgU AUGCUUUCAACG
1962440 | GfUfopaguunesasy | 3381 | fulsfasagesasu 3041 | UGGAGUUUGAU 12624
AD- csusuuc{Ahd}AfeGf asAfsucaAfacaccac( UGCUUUCAACGU
1962441 | UfGfeaguuugasusy | 3582 | fullfoaaagscsa 3942 | GGAGUUUGAUG | 2634
AD- ususuca{Ahd)CieUf asClsaucA faacuccal GCUUUCAACGUG
1962442 | GiGfaguuugausgsy | 3383 | fellfugaaasgse 3943 | GAGUUUGAUGA | 2650
AD- gsgsagu{UhdyUfeAf asCscagAfgagucan( GUGGAGUUUGAU
1962451 | UfGfacucucagsgsy 3584 | faAfacuccsase 3944 | GACUCUCAGGA 2725
AD- usgsaco{ChdyUfcAf asCfsugcUfuugucen GAUGACUCUCAG
1962460 | GifGfacaaagcasgsy 3585 | GfaGfagucasuse 3645 | GACAAAGCAGU 12787
AD- asascun{ Chi)AfeUf asCfscagUtpaaccaaG AGAACUUCACUU
1962357 | UtGlomucacugsgsu | 3586 | fulGfaaguuscsu 3946 | GGUUCACUGGA | 2721
AD- csusgau(Ghd)GiaCr asUfsagaAfcggecagU ACCUGAUGGACU
1962597 | URGfeccouucusasu 3587 | feClaucagsgsu 3947 | GGCCGUUCUAG 2838
AD- usgsang{ Ghd)AfcUf asCfsuagAfacggecaG CCUGAUGGACUG
1962598 | GtGlecguucuasgsu 3588 | fulCfeaucasgse 3948 | GCCGUUCUAGEH 2843
AD- gsasugg{ Ahd)CfuGf asCscuaGfaacggecA CUGAUGGACUGG
1962399 | GfCfeguucuagsesu | 35389 | falifecaucsasy 3940 | CCGUUCUAGGU 12841
AD- asusgea{ Chd Y ke GF asAfsccudfogaacgpcC UGAUGGACUGGC
1962660 | CfCfouucuaggsasu | 3590 | faGfuccauscsa 3950 | COUUCUAGGUA | 2833
AD- gsascug{GhdCeGf asAfsavaClooagaacG UGGACUGGCCGU
1962603 | UfUfcuagguaususu | 3591 | fuCfoasucsesa 3951 | UCUAGGUAUUU 12776
AD- ascsuge{Chd)yCfgUf asAfsaauAfocuagaalC GGACUGGCCGUU
1962604 | UfCHuagguauususy | 3592 | feGfecagnsese 3652 | CUAGGUAUULU 2751
AD- csusggc{ChdyGRalf asAfsaaalifaccuagad GACUGGCCGUUC
1962605 | CfUfagouapoususe | 3593 | feGlsccagsuse 3953 | UAGGUAUUUUL | 2646
AD- usgsgec{ Ghd ) UfuCf asAfsaaaAfuaccuagh ACUGGCCGUUCU
1962606 | UfAfeguauunususe | 3594 | faCfopccasgsu 3954 | AGGUAUUUUUU | 2673
AD- gsgsecg{ UhdyUfcUT asAfsasaAtavaccuals CUGGCCGUUCUA
1962607 | AtfGfouavmnmsusy | 3395 | faAfceoccsase 3055 | GGUAULUUUUU 2700
AD- gscsegui Uhd}CfuAf asAfsaaaAfamiacenA UGGCCGUUCUAG
1962608 | GfGfuauuuuuususu | 3596 | faAfacgucsesa 3956 | GUAUUULUUUUG | 2681
AD- csesguu{Chd)UtaGf asCfsaaaAfaaavacclU GGCCGUUCUAGG
1962609 | GtUfauuuuuuusgsy | 3397 | faGfaacggscse 3937 | UAUUUUUUUGA | 2662
AD- cagsuuc{Uhd}AfeGf asUfscaaAfaaaanacC GCCGUUCUAGGU
1962610 | UfAfuuuuusuugsasu | 3598 | fuAfoaacgsgsc 3958 | AUUUUUUUGAA | 2606
AD- gausucu{ AhdyGfeUf asUfsucaAfaaasanaC CCGUUCUAGGUA
1962611 | AfUfumuonmugasasu | 3599 | follfagaacsgse 3959 | UDHUUUUUGAAG | 2586
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SEQ SEQ SEQ
Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- ususcua{ Ghd)GfoAf asClaimucAfaaaaaanA CGUUCUAGGUAL
1962612 | UfUfmnnwgaasesy | 3600 | foCluagaascsg 3960 | UUUUUUGAAGG | 2607
AD- uscsuag{GhdjUtalf asCfsamfaaazaaall GUUCUAGGUAUY
1962613 | UfUfuoougaagsgsn | 3601 | falfouagasase 3961 | UUUUUGAAGGU | 2679
AD- usasgegu( Ahd)UfuUf asAfsaccUfucasazaA UCUAGGUAUUUU
1962615 | UfUfuugoeagoususy | 3602 | faUfaccuasgsa 3962 | UUUGAAGGUUG | 2642
AD- asgsgua(Uhd)UfuUf asCfraacChuucaaaah CUAGGUAUUUUY
1962616 | UfUfugasgauusgsu | 3603 | faAfuaccusasy 3963 | UUGAAGGUUGG | 2738
AD- gsgsuan{ UhdyUfulf asCfscaaCfouucaaaA UAGGUAUUUUUY
1962617 | UftMfeaaseuucsesy | 3604 | faAfanaccsusa 3064 | UGAAGGUUGGC | 2731
AD- gsusauu{ Uhd}Ufullf asGfsccaAfocuncaad AGGUAUUUIUUU
1962618 | UfGfaagouugoscsu | 3605 | faAfaauacscsu 3965 | GAAGGUUGGCA | 2789
AD- asusyunt UhdUfuGE asCfsageCiaaccuucA GUAUUUUUUUGA
1962620 | AfAfgouugoeasgsu | 3606 | faAfaaaausase 3966 | AGGUUGGCAGE 2807
AD- cagsgec{ ChdyUtulCr asAfsacaAfoanucug ACCGOOCCUUCA
1962648 | AfGfaaaguogusase | 3607 | AfaGlocecpsgsu 3967 | GAAAGUUGUUG | 2701
AD- gsgsgecl UhdjUfcAS asCfsaacAfacimmcu(G CCGGGCCUUCAG
1962649 | GfAfaaguuguusgsu | 3608 | faAfasccesesg 3968 | AMAGUUGUUGA | 2726
AD- gsgsecu{ Uhd)CfaGf asUfscaaClaacuuucU CGGGUCUUCAGA
1962650 | AfAfacuuguugsasy | 3609 | feAfaggocscsy 3969 | AAGUUGUUGAU {2712
AD- cscsuuc{ Ahd)GRaAf asCtrauc Afacaacunl GGCCUUCAGAAA
1962652 | AfGfunguugansgse | 3610 | follfeangescse 3970 | GUUGUUGAUGU 1 2756
AD- csusuca{ Ghd)A AL asAfscanCfzacaacull GCCUUCAGAAAG
19626353 | GtUtuguugangsusu | 3611 | fuCfugaagsgse 3971 1 UUGUUGAUGUG | 2696
AD- uscsaga{ AhdjAfgUf asGfscacAfucaacaal CUUCAGAAAGUU
1962655 | UfGfuugaugugsesu | 3612 | fullfucugasase 3972 | GUUGAUGUGCU | 2795
AD- gaasaag{ UhdyUlg Ut asCfscagClacaucaaC CAGAAAGUUGUU
1962658 | UtGlaugugeugsgsu | 3613 | faAfcuuucsusg 3973 | GAUGUGCUGGA | 2820
AD- asusace{ AhdyURuAS asGlscocUfuuguouu GGAUUCCAUUAA
1962678 | AfAfacaaagssscsu 3614 | AfaUfegaauscse 3974 | AACAAAGGGCA 2729
AD- asascaa{ Ahd)GipGE asCfsageAfoucuugeC AAAACAAAGGGC
1962688 | CfAfagagugensgsy | 3615 | fellfuuguususy 3975 | AAGAGUGCUGA | 2821
AD- asgsuge{Uhd)Gfalt asAfsaguUfagugaag AGAGUGCUGACU
1962701 | UfUfcacuaacususy 3616 | UfcAfscacusesy 3976 | UCACUAACUUC 2589
AD- usgscug{ AbdYChuUf asCfsgaaGluvaguga AGUGCUGACUUC
1962703 | CfAfcuaacuucsgsu 3617 | AfgUfcagcascsu 3977 | ACUAACUUCGA | 2583
AD- csusgac{ UbdyUfcAT asAfsucgAfaguuagu UGCUGACUUCAC
1962705 | CfUfaacuuceasusu 3618 | GfaAfoucazscsa 3978 | UAACUUCGAUC 25862
AD- asgsacu{Uhd)CfaCf asGfsaucGaaguuag GCUGACUUCACU
1962706 | UfAfacuucgauscsu 3619 | UfoAfagucasgse 3979 1 AACUUCGAUCC 2542
AD- gsascuu{Chd)AfcUr asGfsgauCloaasuna CUGACUUCACUA
1962707 | AfAfcuucgaucscsn 3620 1 GfuGfaagucsasg 3980 | ACUUCGAUCCU 2551
AD- csascua{ AhdyChaUf asClsacgAfpgancgaA UUCACUAACUUC
1962712 | CfGfanccucgusgsy 3621 | falfuagugsasa 3981 | GAUCCUCGUGH 2601
AD- asesuaa{ Chd)UuCr asClscacGlaggaucgA UCACUAACUUCG
1962713 | GfAfuccucgugsesu | 3622 | falGfunagusgsa 3982 | AUICCUCGUGGC 2755
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Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- csesucc{UhdyUfeCf asCfscaaGfeamcagG GGCCUCCULUCCY
1962733 | UfGfaauccuugsosu 3623 | faAfogagoscse 3983 | GAAUCCUUGGA 2629
AD- uscscoa{ Chd Y faGf asAfsuccAfagganuc CCUCCUUCCUGA
1962735 | AfAfuccuuggasusu | 3624 | AfoGlaagpasesg 3984 | AUCCUUGGAUU 2608
AD- csesung{ Chd)UfeAf asAfsancClaaggamC CUCCUUCCUGAA
1962736 | AfUfccouggansuse | 3625 | faGfpaaggsasg 3985 | UCCUUGGAUUA 1 2611
AD- csusceu{ ChdyUtuCf asCfeacaCfauuccagA CCCuCCuUCUuUCy
1962766 | UfGfeaaugugusgsu | 3626 | faGfapgpagsgse 3986 | GGAAUGUGUGA | 2623
AD- gsasang{ Uhd)Gfulsf asAfscaalfccaggucA UGGAAUGUGUGA
1962777 | AfCfougganugsusu | 3627 | foAfcauucsesa 3987 | CCUGGAUUGUG 2816
AD- usgsugu{Ghd)AfeCf asAfsgealCaanccag( AAUGUGUGACCU
1962780 | UfGfeanugugesusu | 3628 | fuCfacacasusu 3988 | GGAUUGUGCUC 2805
AD- gausgew{ Chd)AfaGl asCfsogallfgganuce UUGUGCUCAAGG
1962795 | GtAfacccaucasgsu 3629 | UfuGfageacsasa 3989 | AACCCAUCAGC 2766
AD- psesaag{GhdjAfalf asOfsacgClugangge GCUCAAGGAACC
1962799 | CfCiaucageguscsu 3630 | UtuClouugasgse 3990 | CAUCAGCGUCA 2794
AD- asasgga{ AhdyCfeCf as{Cfsugalfogcugang UCAAGGAACCCA
1962801 | AfUfcagegucasgse | 3631 | GfsUfuccuusgsa 3691 | UCAGCGUCAGC 2811
AD- cscsauc{ Ahd)GleGE asClsucgClugeougacG ACCCAUCAGCGY
1962808 | UfClagcapceasgsu 3632 ¢ feUfzauggsesu 3092 | CAGCAGCGAGE 2835
AD- gsasaan{ Uhd)CreGE asAfsguuAfaguuuac UUGAAAUUCCGU
1962836 | UfAfaacuuaacsusu 3633 | GfoAfauuucsasa 3993 | AAACUUAACUU 2384
AD- asasaun{ ChdyCfoUf asAfsaguUfaaguuna UGAAAUUCCGUA
1962837 | AfAfacuugacususy 3634 1 CfaGlaguuuscsa 3994 | AACUUAACUUC 2559
AD- cscsgual AhdyAfcUF asClranuGfaaguuaaG UUCCGUAAACUU
1962842 | UfAfacuucaausgsu 3635 | fullfuacggsasa 3995 | AACUUCAAUGG | 25356
AD- csgsuaa( AhdyChalUf asClscanUfgasguuaA UCCGUAAACUUA
1962843 | AfAfouucaaugsgsu 3636 | follfuuacgsgsa 3996 | ACUUCAAUGGG 2659
AD- asascug{ AhdyUfeGf asClscagUtuguccacC AGAACUGAUGGU
1962860 | UfGfoacaacugsgsy 3637 | fallfcaguuscsu 3997 | GGACAACUGGC 12844
AD- csuscag{ChdyCilf asCfscugUfucuucag AGCUCAGCCACU
1962885 | UfGfaagaacagsgsu 3638 | UfeGfeugagsesu 3998 | GAAGAACAGGL 2799
AD- asgsaac{AhdyGfeCf asAfsgeuUfugauuug GAAGAACAGGCA
1962897 | AfAfaucaaagcsusu 3639 1 CleUfguucususe 3999 | AAUCAAAQCUU | 2749
AD- asgsgea{ Ahd)AfuCf asAfsagp Afagoinug ACAGGCAAAUCA
1962602 | AfAfagcouccususe | 3640 | Afulfugccusgsu 4000 | AAGCUUCCUUC 2567
AD- csasaag(ChdyUtuCt asChsuual/fuugaagg AUCAAAGCUUCC
1962910 | CfUfucaaavaasgsu 3641 | AfaGioumumesasu 4001 | UUCAAAUAAGA 2543
AD- asasage{UhdyUfeCf asUfscuuAtuuugaag UCAAAGCUUCCU
1962911 | UfUfcaaauaagsasu 3642 | GfaAfecuuusgsa 4002 | UCAAAUAAGAU 2569
AD- asasgeu{ UhdyCfcUf asAfsucuUfauuugaa CAAAGCUUCCUU
1962612 | UtCfaaauaagasusu 3643 | GfeAfascuususg 4003 | CAAAUAAGAUG 2558
AD- asgscu{ ChdyCrullf asClsascUtuaouuga AAAGCUUCCUUC
1962913 | CfAfaauaagausgsu 3644 | AfeGfaagcususu 4004 | AAAUAAGAUGG | 2565
AD- gacsuue{ChdyUtuCf asClscanCfuvasuug AAGCUUCCUUCA
1962914 | AfAfauaagauosgsu 3645 | AfalGfoaagcsusu 4005 | AAUAAGAUGGU | 2563
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SEQ SEQ SEQ
Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- gsuseug{Uhd}AfCE asUfsucallfuauuugg UAGUCUGUAULC
1962941 | CfAfaauaaugasasu 3646 | AfuAfcagacsusa 4006 | AAAUAAUGAAL | 2545
AD- gausauc{Chd)AfaAf asAfsagatlfucauuau CUGUAUCCAAAU
1962945 | UfAfaugaaucosuse | 3647 | UfuGlpavacsasg 4007 { AAUGAAUCUULC 2361
AD- asusccal Ahd)AfuAf asCfsgaaGiauucaun A GUAUCCAAAUAA
1962947 | AfUfpaancuncsgsu | 3648 | fulfugeausasc 4008 | UGAAUCUUCGG | 2614
AD- uscscaa{ AhdyUfadf asCfecgaAfpauucanl VAUCCAAAUAAU
1962948 | UfGfaaucuncgsgsu | 3649 | faUfuuggasusa 4009 | GAAUCUUCGGG | 2732
AD- cscsaaa{ Uhd)AfalUf asCfsceg Afaganucall AUCCAAAUAAUG
1962949 | GfAfaucuucegsgsu 3650 | fulfuuuggsasu 4010 | AAUCUUCGOGU 12796
AD- csasaau{ Ahd)AfulGf asAfscecGiaaganucA UCCAAAUAAUGA
1962050 | AfAfucoucgeosusn | 3651 | fullfaugsgsa 4011 1 AUCUUCGGGUG | 2743
AD- asasauaf AhdyUfgAf asCfsaceCigaaganuC CCAAAUAAUGAA
1962651 | AfUUfcuucgegusgsu | 3652 | fallfuauunsgsg 4612 | UCTRICGGGUGU 2815
AD- asasvaa(Uhd)Glaaf asAfscacClegaaganlU CAAAUAAUGAAU
1962952 | UfCtuucgggugsusy | 3633 | foAfuuanususg 4013 | CUUCGGGUGUU 2806
AD- asusaau{ Ghd)Afallf asAfsacalfeegaagall AAAUAAUGAAUC
1962653 | CiUfucoegugususu | 3654 | fuClanuansusy 4014 | UUCGGOUGUUU 12801
AD- psasaug{ Ahd)AfuCf asAfsaacAfcccgangA AAUVAAUGAAUCU
1662954 | UfUfceooupuususu | 3655 | fullfcauvasusu 4015 | UCGGGUGUUUC 2809
AD- usgsaau{Chd)UruCf asGfsggaAfacaccogA AAUGAAUCUUCG
1962957 | GiGleugmmecscsu 3656 | falsfanucasusu 4016 | GGUGUUUCCCU 2739
AD- gsasauc{Ubd)UfeGf asAfsgogAfaacacceG AUGAAUCUUCGG
1962058 | GtGfuguuucecsusu | 3657 | faAfoauucsasu 4017 | GUGUUUCCCUU 2747
AD- asasgea(Chd)AfgAf asAfsccaAfgguagan(C CUAAGCACAGAU
1962984 | UfCfuaccuugosusu | 3638 | fuGfugouusasg 4018 | CUACCUUGGUG 2671
AD- asgscac{ Ahd)GfaUf asClsaccAfagguagal) UAAGUCACAGAUC
1962985 | CfUfaccuuggusesu 3659 | fellfongensusa 4019 | UACCUUGGUGA 2680
AD- gsesaca(Ghd)AfuCf asUfscacClaagguagA AAGCACAGAUCU
1962986 | UfAfccuugguesasu | 3660 | fuCfuguscsusu 4020 | ACCUUGGUGAL | 2633
AD- asgsanc{ Uhd)AfeCf asCfsaaalUfcaccaagG ACAGAUCUACCU
1962990 | UfUfegugauuusgse | 3661 | fuAfgancusgsu 4021 | UGGUGAUUUGG | 2616
AD- ascsaac{ Uhd)GicUt asCfsaacCfagccacalsf ACACAACUGCUG
1963114 | GfUfspcugpuusgsy | 3662 | cAfouuguspsu 4022 | UGGCUGGUUGG | 2845
AD- csasacu{Ghd)yCaGE asCfscaaCfeagocacAf CACAACUGCUGU
1963115 | UfGlecugpungsgse | 3663 | gClaguugsusg 4023 | GGCUGGUUGGU | 2847
AD- csusgou(GhdyUfeGf asGlscacClaaccageCf AACUGCUGUGGT
1963118 | CfUfeonuspuescsy | 3664 | aClagcagsusu 4024 | UGGUUGGUGCY 2849
AD- gsusgec{ UbdYofgUY asAfscaaAfgcaccaal CUGUGGCUGGUU
1963123 | UfGfeugcuuugsusu | 3663 | fcAfeccacsasg 4025 | GGUGCUUUGUU 2810
AD- gsgseug(Ghd)UfuGf asAfsaacAfaagcaccA GUGGCUGCUUGE
1963125 | GtUfocuvuguususu | 3666 | faCfeageesasce 4026 | UGCUUUGUUUA 2769
AD- gscsugg(UhdyUfeGE asUfsaaaClaaagcacCt UGGCUGGUUGGU
1963126 | UfGfeunuguuusasu | 3667 | aAfccagesesa 4027 | GCUUUGUUUAU {2753
AD- csusgew{ UhdyGlgUf asAfsuaaAfeaaageaC GGCUGGUUGGUG
1963127 | GfCfuuuguuoasusu | 3668 | foAfaccagsese 4028 | CUUUGUUUAUG | 2686
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Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- usgsguu{GhdyGRuGt asCfsanaAfacaaagcA GCUGGUUGGUGC
1963128 | CfUfuueouuausgsy | 3669 | feClaaccaspse 4029 | UUUGUUUAUGG | 2690
AD- gpsung{Ghd)UfeCf as{Cfscau faacaaag( CUGGUUGGUGCU
1963129 | UfUfugounangsgsy | 3670 § falfcaaccsasg 4030 { UUGUUUAUGGU | 2737
AD- gsusugg{Uhd)GicUf asAfsccalUfaaacaaaG UGGUUGGUGCUU
1963130 | UfUfgmuauggsusu | 3671 | feAfcoaacscsa 4631 | UGUUUAUGGUA 12746
AD- ususga Ghd)yCralf asUifsaccAfuzaacasA GGUUGGUGCULY
1963131 | UfiGfuunaugeusasy | 3672 | faCfaccaascse 4032 { GUUUAUGGUAG | 2651
AD- usgsgug{ Chd)UfuUf asCfsuacClanaaacaA GUUGCUGCUUUG
1963132 | GfUfunaugpuasgsy | 3673 | faGfcaccasase 4033 | UUUAUGGUAGU | 2643
AD- psgscun{ Uhd)yGullt asCfsuacUfaccauanA GGUGCUUUGUL
1963135 | UfAfugonaguasgsu | 3674 | feAfaagcasese 4034 | AUGGUAGUAGU | 2684
AD- wsusugw{ UhdyUtalUf asAfsaacUfacoaccall GCUUUGUUUAUG
1963138 | GiGfuaguaguususy | 3675 | faAfacaaasgse 4035 | GUAGUAGUUUU {2723
AD- psusguu{ UhdiAfGE asAfsaaaCluacuaccA CUUUGUUUAUGG
1963139 | GfUfaguaguuususy | 3676 | fuAfaacaasasg 4036 | UAGUAGUUUUY | 2773
AD- gsusua{ UhdYGig U as(GfsaaaAfacvacualC VUGUUUAUGGUA
1963140 | AfGiuaguuuouscsu | 3677 | foAfuasacsasa 4037 | GUAGUUUUUCU 12760
AD- ususuau{Ghd }GRuAf asAfsgaahfaacuacud UGUUUAUGGUAG
1963141 | GfUfacuouuncsusy | 3678 | feClavasascsa 4038 | UAGUUUUUCUG | 2663
AD- ususaug{Ghd}UtaGf asCfsagaAfasacuacU GUUUAUGGUAGU
1963142 | UfAfenouuucusgse | 3679 | falfcavaasasc 4039 | AGUUUUUCUGU 2720
AD- usasugg{UhdjAfeUf asAfscagAfaaaacuaC UUUVAUGGUAGUA
1963143 | AtGfunuuucugsusu | 3680 | fuAfecauasasa 4040 | GUUUUUCUGUA 2675
AD- asusggu{ AhdYGTuAT asUfsacaifaaanacul UUAUGGUAGUAG
1963144 | GfUfuuuuscugusasy | 3681 | felUfaccausasa 4041 | UUUUUCUGUAA 12617
AD- usasgua{Ghd U U asGisugaUfacagaaaA GGUAGUAGUUUU
1963148 | UtlUfcuguaacascsu 3682 | faCfuacuascse 4042 | UCUGUAACACA 12740
AD- asgsaan{ AbdJA LG asAfsapu{faagguacl UAAGAAUAAAGU
1963202 | UfAfecuugacususu_ | 3683 | fulfauucususa 4043 | ACCUUGACUULU 12872
AD- asasuaa{ AhdYGfuAf asCfsaaaGfucangouA AGAAUAAAGUAC
1963204 | CfCRuugacunasgsy 3684 | fclfunanusesy 4044 | CUUGACUUUGU 2706
AD- asusasa(GhdyUfalCt asAfscaaAfgucaaggl GAAUAAAGUACC
1963205 | CfUfugacunugsuse | 3685 | faChumaususe 4048 | UUGACUUUGUU | 2653
AD- usasaag{ Uhd)AfeCE asAfsacaAfagucaagG AAUAAAGUACCU
1963206 | UfUfcacouupususa | 3686 | fuAfcuuuasusu 4046 | UGACUUUGUULC 2595
AD- asasagu{ AbdyCicUf asGisaacAfaagucaaG AUAAAGUACCUU
1963207 | UtGlacumugnusesy 3687 | fellfacunusasu 4047 | GACUULUGUUCA 2603
AD- asasgua{ Chd)CuUf asUfsgaalCfasagucaA UAAAGUACCUUG
1963208 | GfAfcunuguucsasu 3688 | faGluacuususa 4048 | ACUUUGUUCAC 2579
AD- usasccu{ Uhd)Galf asCfsuguGfaacaaagl) AGUACCUUGACU
1963211 | UtUfugnucacasgsu 3689 | feAfagguascsu 4049 | UUGUUCACAGC 2667
AD- ascauu{ Ghd}UfaCf asClsuacAfugcugug UGACUUUGUUCA
1963218 | AfCfagcauguasgsu 3690 | Afalfanaguscsa 4050 | CAGCAUGUAGG | 2672
AD- csusuug{ UhdyUfCAF asClscuaClaugougn GACUUUGUUCAC
1963218 | CfAfocaugnagsgsy 3691 | faAfcasagsuse 4051 | AGCAUGUAGGE 2707
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SEQ SEQ SEQ
Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- ususugu{UbhdyCalt asCscouAfcaugougl ACUUUGUUCACA
1963220 | AfGfcauguagesssu 3692 | feAfacaansesy 4052 | GCAUGUAGGGU 2744
AD- ususg{Chd}AfcAf asAfscecUfacaugonG CUUUGUUCACAG
1963221 | GfCHuguaggesusu | 3693 | fuGlaacaasasg 4053 | CAUGUAGGGUG | 2770
AD- usgsunc{ Ahd)CfaGt asCfsaccCfuacaugel/ UUUGUUCACAGC
1963222 | CfAfucuaggousgsuy | 3694 | felfoaacasasa 4054 | AUGUAGGGUGA | 2803
AD- nscsaca{GhdYCfaUf asCfsancAfcecuacall GUUCACAGCAUG
1963225 | GfUfagpgucausgsu | 3695 | faCfugugasasc 4055 | UAGGGUGAUGA | 2779
AD- csasacg{GhdjAfeCE asGisecdAg{Ten)geu CACAACGGACCU
1963237 | UtGfageacuzgscsu | 3696 | caeGRuCleguugsusg 4036 | GAGCACUGGCA 2846
AD- ascagga( Chd)CuGE asAfsugdCe{Agnigu CAACGGACCUGA
1963239 | AfGfeacusgcasusy 3697 | scucAteGluccgususg | 4057 | GCACUGGCAUA 2825
AD- csesuga{ GhdyCfaCt asUfsecd Tu{ Agnjuge GACCUGAGCACU
1963244 | UtGfgcauaagesasu 3698 | cagUfeClucaggsuse 4058 | GGCAUAAGGAC 2822
AD- causgag(Chd)AfcUF asGfsucdCo(Tonlaug ACCUGAGCACUG
1963245 | GfGfcauaaggascse 3699 | ccalGfuGlcucagspsu 4059 | GCAUAAGGACU 2781
AD- usgsagc{AhdjClaGE asAfsgudCo{Tonjuan CCUGAGCACUGE
1963246 | GfCiauaapgacsusy 3700 | gecAfgUfocucasgse 4060 | CAUAAGGACUY | 2757
AD- gscsacu{ GhdyGcAf asGlsgadAg{Tanjecu GAGCACUGGCAU
1663249 | UfAfageacuucscsy 3701 | wauGeCagupcsusc 4061 | AAGGACUUCCC 2693
AD- gsascua{ Ahd)Afallf asUfsuaaAfagcageal) UUGACUAAAAUG
1963287 | G fugcuuuuasasu 3702 | fulltuagucsasa 4062 | CUGCUUUUAAA 2609
AD- ascsuaa{ AhdyAfuGH asUfsunaAfaageagcA UGACUAAAAUGC
1963288 | CfUfecuuuuaasasy 3703 | fulfuvaguscsa 4063 | UGCUUUUAAAA 2677
AD- csusaaa( AhdyUfgCf asUfsunnAfaaageagC GACUAAAAUGCU
1963289 | UfiGfoumuaaasasu 3704 | faUfuuuagsusc 4064 | GCUUUUAAAAC | 2682
AD- usasaaa{ Uhd)GlcUf asGisunaUfaaaagea( ACUAAAAUGCUG
1963290 | GICHnnwaaaascsu 3705 | feAfununasgsu 4065 | CUTTUAAAACA 2570
AD- usgseug{ ChdyUfalf asClscuaUfpuunean AAUGCUGCUUUU
1963295 | UfAfasacavagsgsu 3706 | AfaGfcagcasusu 4066 | AAAACAUAGGA 12566
AD- gacsugc{Uhdj Ut asUfsccuAfugoouua AUGCUGCUUUUA
1963296 | AfAfaacauaggsasu 3707 | AfaAfgcagesasu 4067 | AAMACAUAGGAA | 2597
AD- ususuaa{ Ahd}AfCAL asClsuacUtuuccuauG CUUUUAAAACAU
1963302 | UfAfspasagoasgsu | 3708 | fullfuvaaasasg 4068 | AGGAAAGUAGA {12772
AD- csusguu{GhdjAfcAf asAfsugdAg{Temguc CCCUGUUGACAU
1963306 | UfCipacacucasusu 3709 | gaulGfuCfaacagsgsp 4069 | CGACACUCAUA 2592
AD- gsusuga{ Chd)AfuCt asGlsuadTe(Agnigug CUGUUGACAUCG
1963308 | GfAfcacucanascsu 3710 | uesAtuGhicaacsasg 4070 | ACACUCAUACA 2878
AD- gsascan{ ChdYofalf asGfscudGu(Agniug UUGACAUCGACA
1963311 | AfCfucavacagscsu 3711 | agugUfeGlaugucsasa | 4071 | CUCAUACAGCC 2657
AD- ascsauc({Ghd)AfcAf asGfsgedTe(Tgnjaug UGACAUCGACAC
1963312 | CfUfcanacagesesu 3712 1 aguGfuCfoauguscsa 4072 | UCAUACAGCCA 2762
AD- asuscga{ Chd)AfcUf asUfsugdGe(Ten)gua ACAUCGACACUC
1963314 | CfAfuacagccasasu 3713 | ugaGfuGfuceavsgsu 4073 | AUACAGCCAAG 2692
AD- ascsacu{ Chd)AfuAS asAfsuadCu{Ten)gec CGACACUCAUAC
1963318 | CfAfoccaagnasusu 3714 | ueuAfulGfacucuscsg 4074 | AGCCAAGUAUG 2632
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SEQ SEQ SEQ
Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- csuscan{ AhdyCraGt asGsucdAu{Agnicn CACUCAUACAGC
1963321 | CfCiaaguaugascsu 3715 | ugecUfsUfangacsuse | 4075 | CAAGUAUGACC 2691
AD- uscsana{ Chd)AfpCf asGfsgudCa{Tgnjacu ACUCAUACAGCC
1963322 | CfAfaguaugacsesu 3716 | uggCluGluaugasgsu 4076 | AAGUAUGACCC 2764
AD- csasuac{ AhdyGfeCf asGtsgad Te{Agnjuac CUCAUACAGCCA
1963323 | AfAfpuaugacescsu 3717 | ueeGfcUfsuaugsasy 4077 | AGUAUGACCCY 2788
AD- usascag{Chd)CaAf asAfsagdGa(Tonjcan CAUACAGCCAAG
1963325 | GfUfaugacccususy 3718 1 aculUfaGlouguasusy 4078 | UAUGACCCUUC 2780
AD- gscscaal Ghd)Ufalf asAfsgodGa(Agnleg CAGCCAAGUAUG
1963328 | GfAfecouuccesusy 3719 | oucalUfaCluuggesusg | 4079 | ACCCUUCCCUG 2674
AD- gsasuaa{ AhdURuGF asClsuuaAfeuageucA AAGAUAAAUUGA
1963375 | AfGfeuaguuaasgsu 3720 1 faUfuuaucsusu 4080 | GCUAGUUAAGG | 2798
AD- asusaaaf UhdYUfgAf asCscunAfacuagenC AGAUAAAUUGAG
1963376 | GiCfuaguuaagsgsu 3721 | faAfunuanscsy 4081 | CUAGUUAAGGC 2819
AD- psasaan{ UhdyGall asGfsccalUfaacuagcl GAUAAAUUGAGC
1963377 | CfUfaguuaaggscsy 3722 | feAfauunasuse 4082 | UAGUUAAGGCA | 2784
AD- gusaug{ Abd}CieCf asGfseudTe{Agnjgee AAGUAUGACCCU
1963384 | UfUfccougaagsosu 3723 | aagGlgUfcauacsusu 4083 | UCCCUGAAGCC 2830
AD- csusguc{Uhd)GfaUf asUfsgadTe{Agnluag {CCUGUCUGUUU
1963386 | UfCfeuaugaucsase 3724 | caaAfcAfpacagsgsg 4084 | CCUAUGAUCAA 2560
AD- gsuscug{UbdyUtuCf asCfsuudGa(Tan)cau CUGUCUGUUDCC
1963388 | CfUfaugaucaasgsu 3725 | aggAfaAfcagacsasg 4085 | UAUGAUCAAGC 2573
AD- uscsugw( UhdyUfeCE asGfscudTg(Agnjuca UGUCUGUUUCCU
1963389 | UtAfugaucaagscsu 3726 1 uagGfaAfacagascsa 4086 | AUGAUCAAGCA 2577
AD- usgsuun{Chd)CtuAf asUfsugdCu(Tgn)gau UCUGUUUCCUAU
1963391 | UfGfaucaagcasasu 3727 | canAfaGlaaacasssa 4087 | GAUCAAGCAAC | 2841
AD- gausuwuc{ Chd ) URalUf asGlsundGe(Tgnhiga CUGUUUCCUAUG
1963392 | GfAfucaageaascsu 3728 | ucalfaGizaaacsasy 4088 | AUCAAGCAACU 2548
AD- usescua{ UhdyGialf asGfsaadGu{Ten)gcn UUUCCUAUGAUC
1963395 | CfAfagcaacuuscsu 3725 | ugalfcAfuaggasasa 4089 | AAGCAACUUCC 2547
AD- asgscua{GhdyUfuAf asCfsugallfuugecun UGAGCUAGUUAA
1963410 | AfiGfecanaucasgsu 3730 | AfaCluagcuscesa 4090 | GGCAAAUCAGG {2735
AD- gscsuag{Uhd}UfaAt asCscug Afuungecy GAGCUAGUUAAG
1963411 | GfGfeaaaucagsesa 3731 | UfaAfcuapcsuse 4091 | GCAAAUCAGGU 2774
AD- usasagg{Chd)AfaAf asAfsunnlUfaccugay GUUAAGGCAAAY
1963417 | UfCfagouaaaasusu 3732 | UtuGfccuuasase 4092 | CAGGUAAAAUA | 2585
AD- asgsgea{ AbdA R asCfsuaulfunaccug UAAGGCAAAUCA
1963419 | AtGfouazaauasgsu 3733 | Afulfugccususa 4093 | GGUAAAAUAGU 2698
AD- gsgscaa{ AhdYUcAT asAfscualfuuvacen AAGGCAAAUCAG
1963420 | GRGfuasaauagsusu 3734 | GfaUfuugeesusu 4094 | GUAAAAUAGUC | 2702
AD- gscsaaal Uhd)Chalf asGfsacuAfaunuace AGGCAAAUCAGG
1963421 | GtUfaaaauaguscsu 3735 1 UfeAfuuugescsu 4095 | UAAAAUAGUCA 2695
AD- gsusaaa{ AbdyUfaGE asUfsagaAfucangacl AGGUAAAAUAGU
1963430 | UfCfaugauuncusasy 3736 | falfuuuacscsu 4096 | CAUGAUUCUAL 1 2775
AD- usasaaa{ Uhd)AfsUf asAfsuag Afaucaugal GGUAAAAUAGUC
1963431 | CfAfugavucuasusu 3737 | fulAfuuuuascse 4097 | AUGAUUCUAUG 2765
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Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- asasaau{ AhdyGrulf asCsanaGlaaucangA GUAAAAUAGUCA
1963432 | AfUfgauocuausgse | 3738 | felUfwouusase 4098 | UGAUUCUAUGU {2750
AD- asgsuca{ UhdyGRalf as{CfsannAfcanagaall AUAGUCAUGAUY
1963437 | UfCfuauguaausgsy | 3739 | fcAfugacusasu 4099 | CUAUGUAAUGU | 4290
AD- gsuscau{Ghd)Afulf asAfscaullfacauagaA UAGUCAUGAUUC
1963438 | CtfUfaugusaugsusy | 3740 | fuCCfaugacsusa 4100 | UAUGUAAUGUA {2655
AD- uscsaug{ Ahd)UfuCf asUfsacallfuacauagA AGUCAUGAUUCU
1963439 | UfAfuguaangusasa | 3741 | faUfcaugascsu 4101 | AUGUAAUGUAA | 2598
AD- csescug{ Ahd)GigAf asAfsuudGuo{Tgnjgag UUCCCUGAGGAU
1963464 | UfCloucaacaasusu 3742 | cauCfcUfcagaosasa 4102 | CCUCAACAAUG 2732
AD- cscsuga{ Ghd)GRalf asCrsaudTe(Tenluga UCCCUGAGGAUC
1963465 | CfClucaacaausgsy 3743 | geallfcClucagosgsa 4103 | CUCAACAAUGG 2736
AD- geasgga(Uhd)CroUf asGisacdCa(Teniugy CUGAGGAUCCUC
1963468 | CfAfacaangguscsu 3744 | ugalifcAfuccucsasg 4104 | AACAAUGGUCA 2703
AD- asgsgaw( ChdyCRuCf asUfsgadCc{Agnjung UGAGGAUCCUCA
1963468 | AfAfcasuosncsasy 3745 | vugAfeGlanccusesa 4105 | ACAAUGGUCAU 2713
AD- usgscun{ Uhd}CfaAf asCfsaadAc{Tenicca CAUGCUUUCAAC
1963538 | CiGluggagmusgsuy | 3746 | coulfoAfaagcasusg 4106 | GUGCAGUUUGA | 2625
AD- ususcaal Chd)GhuGH asUfscad Te{ Agnjaac CUUUCAACGUGG
1963343 | GfAfmmugaugsasn | 3747 | uccAfcGluugaasasg 4107 | AGUUUGAUGAL | 2665
AD- csasacg{(Uhd)GigAf asAfsgudCa(Tan)caa UUCAACGUGGAG
1963545 | GfUfungaugacsusu | 3748 | acuCfcAfcguugsasa 4108 | UUUGAUGACUC 2715
AD- asascgu({Ghd)GfaGf asGisagdTe{Agnluca UCAACGUGGAGU
1963546 | UtUfugaugacuscesu | 3749 | aacUfcClacguusgsa 4109 | UUGAUGACUCU 2694
AD- csgsugg{ AhdyGfaUf asGfsagdAg(Tenjcau AACGUGGAGUUY
1963348 | UfGfaunzacucuscsy 3750 | caaAdfcUfccacgsusu 4110 | GAUGACUCUCA 2664
AD- usgsgag{ UhdyUfuGf asClsugdAg(Agnign CGUGGAGUUUGA
1963550 | AfUfpacucucasgsu 3751 | cancAfaAfcuccascsg 4111 | UGACUCUCAGG 2613
AD- gsasgu{ Uhd)Gfalf asUfscod Tg{Agn)gag UGGAGUUUGAUG
1963552 | GfAfcucucaggsasy 3752 1 ucallfcAfaacucscsa 4112 | ACUCUCAGGAC 2718
AD- geusig{Ahd)UfgAf asUfspudCe(Ton)gag GAGUUUGAUGAC
1963554 | CfUfcucaggacsasu 3753 | aguCfalUfoanacsuse 4113 | UCUCAGGACAA 2741
AD- usgsang{ Ahd)CfaCt asClanud Tg(Tgujoon UUUGAUGACULCU
1963337 | UfCfaggacanasgsu 3754 | easAfolUfcaucasasa 4114 | CAGGACAAAGC 2612
AD- usasauu{ Ahd)GfaGl asCfsuguAfucacaact) UAUAAUUAGAGU
1963582 | UfUfeugauacasgse | 37535 | felUfaauuasusa 4115 | UGUGAUACAGA 12786
AD- gsusugu{GhdjAfuAf asAfsaual/facucugu GAGUUGUGAUAC
19633590 | CfAfgacuanaususy 3756 | AfuCfacaacsusc 4116 | AGAGUAUAUUU 2639
AD- nsusgag{ AhdjUfaCf asAfsaauAfuacucag AGUUGUGAUACA
1963591 | AfGfaguguauususu 3757 | UfaUfcacaascsu 4117 | GAGUAUAUUUC 12636
AD- usgsuga{ Uhd)AfcAf asGfsaaaUftavacucuG GUUGUGAUACAG
1963592 | GfAfouauauuuscsu 3758 1 fulfucacasase 4118 | AGUAUAUUUCC 2644
AD- asusgac{ UhdyCrulf asUfsged Tw(Tgnjgue UGAUGACUCUCA
1963609 | AfGfeacasagesasu 37559 | cugAfoAfoucauscsa 41198 | GGACAAAGCAG 12734
AD- usgsacu{ChdyUfcAf asClsugdCu{Tenugn GAUGACUCUCAG
1963610 | GiGfacaaagcasgsy 3760 | ceulifaGiagucasuse 4120 | GACAAAGCAGU 2787
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AD- cscsaun{ ChdjAfe AL asAfsugaUfanavugu UUCCAUUCAGAC
1963618 | CfAfauauaucasusa 3761 | CluGlaauggsasa 4121 | AAUAUAUCAUA | 2582
AD- ascsuuc{ Ahd)Cfallf asUfscedAg{Tan)gaa GAACUUCACUUG
1963719 | GiGfuncacuggsasuy | 3762 | ceaAfgUtsaagususe 4122 { GUUCACUGGAA | 2678
AD- ususcac{ Uhd)yUtaGt asGfsuudCe{Agnigu ACUUCACUUGGU
1963721 | UfUfcacuggaascsu 3763 | gaacClaAfougaasgsy | 4123 | UCACUGGAACA 2704
AD- gsasuuu{ Ubd)Ga Gl asUfsgedAc{Agmgen GGGAUUUUGGGA
1963733 | AfAfagcugugcsasy | 3764 | uucCfcAfaaaucscse 4124 | AAGCUGUGCAG | 2792
AD- ususung{GhdyGfaAf asGiseudGe(Agnicag GAUUUUGGGAAA
1963735 | AfGfeugugeassesu | 3765 | euulUfeCleaaaasuse 4125 | GCUGUGCAGCA 2837
AD- usgsgoal Ahd)AfeCf asGfsundGe(Ten)gca UUUGGGAAAGCU
1963738 | UfGfugcapcaascsu 3766 | cagCfullfucceasasa 4126 | GUGCAGCAACC 2826
AD- usgsgac{Uhd)GigCl asUfsacdCu{Agnigaa GAUGGACUGGCC
1963762 | CHGfuucuaggusasu 3767 § cgelCfcAfguccasuse 4127 | GUUCUAGGUAU | 2836
AD- gsgsacu{Ghd)GicCt asAfsuadUc{Tgnjaga AUGGACUGGCCG
1963763 | GfUfucuagguasuse 3768 | aceGicClagacosasu 4128 | UUCUAGGUAUU | 2818
AD- usasggu{ AhdyUfuUf asAfsacdCu{Tenjcaa UCUAGGUAUUUY
1963776 | UfUfuugaaggususu | 3769 | aaaAfalfaccuasgsa 4129 | UUUGAAGGUUG | 2642
AD- usasouu{ Uhd }UfuUT asUfsgedCa{Agnjecu GGUAUUUUULLG
1663780 | GfAfagouugpesase 3770 | ucaAfaAfaaauascse 4130 | AAGGUUGGCAG | 27385
AD- asusuuu{ Uhd)UfuGE asCfsugdCe{Agniace GUAUUUUUUUGA
1963781 | AfAfeouuggeasgsu | 3771 | uucAfaAfaaaausasc 4131 | AGGUUGGCAGC 2807
AD- ususung{AhdALGE asAfsgedGe(Tanlgee UUUUUUGAAGGU
1963785 | UtUfgecagogcsusu 3772 | aacCfuUfcasaasasa 4132 | UGGCAGCGCUA 2829
AD- asasggu{Uhd)GfgCf asGfsgudTu{Agnigeg UGAAGGUUGGCA
1963790 | AfGfeocuaaacscsu 3773 | cugCleAfaccuuscsa 4133 | GCGCUAAACCG 2842
AD- csusuca(Ghd)AfaAL asAfscadTe{ Agnjaca GCCUUCAGAAAG
1963814 | GtUtugougavgsusu | 3774 | acuUfuClugaagsesc 4134 | UUGUUGAUGUG | 2696
AD- psesaga{ AhdjAfgUf asGfscadCa(Tgn)eas CUUCAGAAAGUU
1963816 | UfGhHuugaugugsesu | 3775 | caaCfulfucugasasg 4135 | GUUGAUGUGCU | 2795
AD- csasgaas{ AhdYGfalUf asAfsgedAc{Agnjuca UUCAGAAAGUUG
1963817 | GfUfugaugugesusu | 3776 | acaAfcUfoucugsasa 4136 | UUGAUGUGLUG | 2754
AD- gsasaag{ UhdjUtgUt asCtscadGe({Agnican CAGAAAGUUGUU
1963819 | UfGfaugugcugsgsy | 3777 | caaCfaAfoumuucsusg 4137 | GAUGUGCUGGA | 2820
AD- asusucc{ AhdYUfuAS asGfscedCu{Tenugu GGAUUCCAUUAA
1963839 | AfAfacasagggscsu 3778 | wuuAfaUfgpasuscse 4138 | AACAAAGGGCA 12729
AD- ususcea{ Ubd)UAST asUtsgedCo{Tgnjuug GAUUCCAUUAAA
1963840 | AfAfcaaagzecsasuy 3779 | unublfaAfugeansusc 4139 | ACAAAGGGCAA 2648
AD- ususaaa{ AhdYCHRAL asAfscudCu{Ten)gee CATTTAAAACAAA
1963845 | AfGfeecaazagsusu 3780 | cuulUfelUfuuuaasusg 4140 | GGGCAAGAGUG | 2812
AD- usasaaa{ Chd)AfaAf asCfsacdTe(Tgnjuge AUUAAAACAAAG
1963846 | GfGfacaagagusasu 3781 | ceulUfuGfuuuuasasu 4141 | GGCAAGAGUGC 2793
AD- asasaca{ Ahd)AfeGE asAfsgedAc{Tenicun UAAAACAAAGGD
1963848 | GfCfaagagugesusu 3782 | seeCluUfuguuususa 4142 | CAAGAGUCCUG | 2804
AD- ascsaas(Ghd)GipCl asUfseadGe{Agnjcue AAACAAAGGGCA
1963850 | AfAfsagugcugsasy | 3783 | wugCeClunugususn 4143 | AGAGUGCUGAC 2824
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SEQ SEQ SEQ
Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- asasgge(Chd)AfaGl asAfsagdTe{Agnlgea CAAAGGGCAAGA
1963853 | AfGfugcugacususu 3784 | cucUiuGlocouususg 4144 | GUGCUGACUUC 2724
AD- gsgsgeal Ahd)GlaGf asUfsgadAg(Ten)cag AAGGGUAAGAGU
1963855 | UfGfeugacuucsasu 3785 i cacUfcUfugcocsusu 4145 | GCUGACUUCALC 26499
AD- gscsaag{ AbdyGhuGE asAtsgudGal(Agnigu GGGCAAGAGUGC
1963857 | CfUfsacuucacsusu 3786 | cagcAfcUfcuugescse | 4146 | UGACUUCACUA 2727
AD- csasaga(GhdyUCf asUfsagdTe{Agnjagu GGCAAGAGUGCU
1963858 | UfGfacuucacusasu 3787 1 capCfaCfucuugscese 41147 | GACUUCACUAA 2649
AD- asgsagu{Ghd)CtaGt asGisuudAg{Tonjgaa CAAGAGUGCUGA
1963860 | AfCfuucacusascsu 3788 | oucAfClacucususg 4148 | CUUCACUAACU 4291
AD- gsusgow{ Ghd)AfeUf asGisaadGu{Tonjagu GAGUGCUGACUU
1963863 | UfCHicuaacuuscsu 3789 | eaalbfuCiagcacsuse 4149 | CACUAACUUCG 25587
AD- usgscug{ AhdYCHRUT asCfsgadAg(Tenjuag AGUGCUGACUUC
1963864 | CfAfcuaacuucsgsu 3790 | ugaAfeUfcagcasesu 4150 | ACUAACUUCGA 2583
AD- csusaca{ChdyUfaAf asGfsagdGa(Tanicga GACUUCACUAAC
1963870 | CfUfucsaucenscse 3791 | agulifaGiugaagsuse 4151 | UUCGAUCCUCG 2585
AD- ususcac{ Uhd)AfaCf as{CfsgadGel{Agniucg ACUUCACUAACU
1963871 | UfUfcgauccucsgse | 3792 | aagUfuAfpupaasgsu 4152 | UCGAUCCUCGU 2393
AD- gscscus{ Chi}Utulf asCfsaadGa{Agnuuc UGGCCULCLCUUCC
1963893 | CfUfeaauccuusgsu 3793 | agpAfaGfoagpescsa 4153 | UGAAUCCLUGG | 2688
AD- uscscuu{ Chd)CrGr asAfsucdCa{Agniaga CCUCCUUCCUGA
1963896 | AfAfuccuuggasusu | 3794 | wucAfeGlaagpasgss 4154 | AUCCUUGGAUU 2608
AD- gsgsacc{Ubd)AfCf asCfsapdTe(Agn)gce CUGGACCUACCC
1963920 | CfAfegcucacusgsu 3795 1 ugeGluAfasuccsasg 4155 | AGGCUCACUGA 2840
AD- ascscua(Chd)CfcAf asGfsucdAg(Ten)gag GGACCUACCCAG
1963922 | GfGfeucacugascsu 3796 | couGlaGliuagousese 4156 | GCUCACUGACC 2836
AD- csusacc{ Chd)AfpGf asUfspedTo{Agnigug ACCUACCCAGGC
1963924 | CfUfcacugacesasu 3797 | agcClulfoguagsgsu 4157 | UCACUGACCAC 2831
AD- ascscea(Ghd)GicUS asGisgudGe(Tonjcag CUACCCAGGCUC
1963926 | CfAfougaccacsesy 3798 | ugaGlcCluggpusasy 4158 | ACUGACCACCC 2832
AD- csuscon{ ChdyUfuCf asCfsacdAc{Agniuuc CCCUCCUCUUCY
1963927 | UfGfeaangugusgsn | 3799 | cagAfaGlaggagsgse 4159 | GGAAUGUGUGA {2623
AD- csesucu{ UhdyCruGH asGlsucdAc{Agnjeau CUCCUCUUCUGEG
1963929 | GfAfaugugusasess | 3800 | uccAfeAfagagosase 4160 | AAUGUGUGACC {2875
AD- uscsuuc{ Uhd )Gl Af asAfsgedTo{Agujcac CCUCUUCUGGAA
1963931 | AfUfeugugaccsusu | 3801 | auu{fcAfoaagasgse 4161 { UGUGUGACCUG | 2645
AD- ususcug{ GhdjAfalf asCfscadGe{ Tenjcac UCUUCUGGAAUG
1963933 | GfUfpugaccugsesy 3802 | acalfuCtcapaasgsa 4162 | UGUGACCUGGA 2783
AD- usgsgaal Uhd)GlaGE asAfsandCo{Apnigeu UCUGGAAUGUGH
1963936 | UfGfaccuggaususu 3803 | cacAfcAfuuccasgsa 4163 | GACCUGGAUUG 1 2778
AD- usgsugu{GhdjAfeCf asAfsgedAc{Agniauc AAUGUGUGACCU
19636941 | UtGfoavugngesusu | 3804 | caeGfuCfacacasusy 4164 | GGAUUGUGCUC 2805
AD- psgsuga{Chd)CHuGE asUfsgadGe(Agnicaa UGUGUGALCCUGE
1963943 | GfAfuugugeucsasu | 3805 | uccAfpGiucacascsa 4165 | AUUGUGCUCAA | 2761
AD- gaaseow{ GhdYGfallf asClscudTg{Agn)gca GUGACCUGGAUU
1963946 | UGfugeucaagsgsu 3806 | caallfcClaggucsase 4166 | GUGCUCAAGGA 2656
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SEQ SEQ SEQ
Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- csesugg{AhdYUfuG asUfsucdCuo(Ten)gag GACCUGGAUUGU
1963948 | UfGfcucaaggasasu 3807 | cacAfaUfccaggsuse 4167 | GCUCAAGGAAC 2619
AD- csusgea(UhdjUfg Ut asGfsuudCe(Tonjuga ACCUGGAUUGUG
1963949 | GfCfucaaggaasesu 3808 i gcaClaAfuccagsgsu 4168 | CUCAAGGAACC 2581
AD- gsasuug{ Uhd)GieUt asUtsgadGu{Tgn)jccu UGGAUUGUGCUC
196369352 | CfAfaggaacccsasy 3809 | ugaGfcAfcaaucscsa 4169 | AAGGAACCCAY 2763
AD- asusugu{GhdyCurf asAfsugdGe(Tgmuce GGAUUQUGCUCA
1963953 | AfAfegaacccasusu 3810 | nugAfeClacaauscse 4179 | AGGAACCCAUC 2745
AD- usgscuc{Ahd)Afg(Gf asGiseudGa(Ten)geg UGUGCUCAAGGA
1963937 | AfAfcccaucagsesy 3811 1 wucChulfoagcascss 4171 | ACCCAUCAGCG 2808
AD- gscsuca{ AhdYGfgAf asCrsged Te{Agnluge GUGCUCAAGGAA
1963958 | AfCfecaucagesgsu 3812 | sunlfcUtugapesase 4172 | CCCAUCAGCGU 2732
AD- uscsaag{ Ghd)AfaCt asGlsacdGe{Tan)gan GCUCAAGGAALCC
1963960 | CiCfancagogusesu 3813 | geelUuClenngasgse 4173 | CAUCAGCGUCA 2794
AD- gsgsaac{ ChayCialf asUfsgedTg{Agnege AAGGAACCCAUC
1963964 | CfAfscoucagosase 3814 | nealfeGlouuccsusu 4174 | AGCGUCAGCAG 2802
AD- asascco{AhdyURCAT asGfseudGe(Tanjgac GGAACCCAUCAG
1963666 | OfCioucageagscsu 3815 | geulfaUfppouusese 4175 | CQUCAGCAGCG 2827
AD- psusgaa{ AhdYUfuCf asUftsuadAg{Tenjuua UGUUGAAAUUCC
1963995 | CfGfuaaacunasasu 3816 | cgpAtaUfuucaascsa 4176 | GUAAACUUAAC 2631
AD- gsasaan{ Uhd)CreGE asAfsgudTa{Agniguu UUGAAAUUCCGU
1963697 | UfAfaacuuaacsusu 3817 | nacGisAfauuucsasa 4177 | AAACUUAACUU 2384
AD- asasuuc{Chd)GluAf asGisaadGu(Tgn)aag GAAAUUCCGUAA
1963999 | AfAfcuuaacuuscsy 3818 | uuuAfeGlzsauususe 4178 | ACUUAACUUCA 2590
AD- asusucc{GhdyUfaAf asUfsgadAg(Tenjuaa AAAUUCCGUAAA
1964000 | AfCfuuaacuucsasu 3219 ¢ muulUfaClagaaususy 4179 | CUUAACUUCAA 2548
AD- uscsegu{AhdjAfaCl asAfsundGa(Agn)gn AUUCCGUAAACU
1964002 | UtUfaacuucaasusu 3820 | uaagUfulUfacggasasa | 4180 | UAACUUCAAUG 2574
AD- cscsgual AbdJA LU asClsand Te{Agnjagu UUCCGUAAACUU
1964003 | UfAfacuucaausgsy 3821 | waaGfullfuacogsasa 4181 | AACUUCAAUGG 12586
AD- csgsaag{ Ahd)AfcUf asUifspudCe({Agnicea CCCGAAGAACUG
1964016 | GfAfuggugpacsasy | 3822 | ucaGfulfcuucgsgsg 4182 | AUGGUGGACAA | 2767
AD- asgsaac(UhdyGfalUf asAfsgudTe(Tanlcca GAAGAACUGAUG
1964019 | GfGfuggacaacsusy 3823 | ccalifcAfouucususe 4183 | GUGGACAACUG | 2705
AD- asascug{Ahd)UfeGf asClscadGu{Tenjgue AGAACUGAUGGY
1964021 | UfiGfeacaacugspsu 3824 | cacCalfcaguuscsu 4184 | GGACAACUGGL 2844
AD- ascsuga{ Ubd)yGigUt asGiscedAg{Tenjugu GAACUGAUGGUG
1964022 | GiGlacaacuggscsu 3825 | ecalCfcAfucagususe 4185 | GACAACUGGLG 2848
AD- usgsaug{Ghd UGy asGfscgdCo(Agniguu ACUGAUGGUGGA
1964024 | AfCfaacuggcascsu 3826 | aucCfalCfcaucasgsu 4186 | CAACUGGCGCC 2823
AD- csasgen{ChdjAfeCf asGlsundCu{Tgnjcag CCCAGCUCAGCC
1964043 | CfAfougaagaasesu 3827 1 ugeCuGflagcugsesg 4187 | ACUGAAGAACA 2814
AD- asgscuc{ AhdyGleCf asUfsgudTe(Tgnheca CCAGCUCAGCCA
1964044 | AfCfugaagaacsasu 3828 | puglGicUfpaccusesg 4188 | CUGAAGAACAG 12828
AD- csuscag(Chd)Chalf asClscudGu{Ten)cun AGCUCAGCCACU
1964046 | URGfaagaacagsgsu 3829 | cagUfeGfougagsesuy 4189 | GAAGAACAGGC 2799
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SEQ SEQ SEQ
Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- usesage{ChdyAfeUf asGiscod Te{ Tgnjucn GUUCAGCCACUG
1964047 | GfAfaeaacagescsa 3830 | ucalGfulfocupasese 4190 | AAGAACAGGCA 2777
AD- asgsccal Chd)Ufg AT asUfsugdCe(Tan)guu UCAGCCACUGAA
1964049 | AflGfaacaggcasasu 3831 | cunlfaGlugacusgsa 4191 | GAACAGGCAAA | 2728
AD- ascsuga( AbdyGfaAf asUtsgad T Tgnjgec CCACUGAAGAAC
1964053 | CfAfpocanaucsasu 3832 | ngublfcUtucagusgsg 4192 { AGGCAAAUCAA {2621
AD- csusgaa(Ghd)AfaCE asUfsugdAu(Tgmuge CACUGAAGAACA
1964054 | AfGfecaaaucasasu 3833 1 cugUfuCfuncagsusy 4193 | GGCAAAUCAAA | 72602
AD- usgsaag{ Ahd)AfcAf asUtsuudGa(Tenjuug ACUGAAGAACAG
1664035 | GfGfcaaaucaasasy 3834 1 ceuGfulfeuucasgsy 4194 | GCAAAUCAAAG 2622
AD- gsasaga{ Ahd)CfaGE asCrasuudTe(Agnjuuu CUGAAGAACAGG
1964056 | GfCHaaucaaasgsy 3835 | seelUfeUfucuucsasg 4195 | CAAAUCAAAGC 2658
AD- asgsaac{ Ahd¥GfgCf asAfsgedTu{Tgn)gau GAAGAACAGGCA
1964058 | AfAfaucasagesusu 3836 1 uugCfcUfeuncususe 4196 | AAUCAAAGCUL | 2749
AD- gsasaca{GhdyGfeAf asAfsagdCo{Tenuga AAGAACAGGCAA
1964039 | AfAfucasagceususy 3837 | nualicCluguucsusy 4197 | AUCAAAGCUUC 2683
AD- asascag{GhdYCAS as(GfsaadGe{Tenjuug AGAACAGGCAAA
1964060 | AfUfcaaaponuscsy 3838 | auulfeClouguuscsu 4198 | UCAAAGCUUCC 2616
AD- asgsgea{ AhdjA Gl asAfsagdGalAgnigon ACAGGCAAAUCA
1964063 | AfAfagcuuccususu 3839 | uugAfaUfugccuspsu 4199 | AAGCUUCCULC 2567
AD- gsgscaal AhdYUFRCAT asGfsaadGgl{Agn)age CAGGCAAAUCAA
1964064 | AfAfecuuccuuscsu 3840 | wuuGlalifuugcesusg 4200 | AGCUUCCUUCA 2368
AD- asasauc{ Ahd}AfaGf asUtsundGa{Agn)as GCAAAUCAAAGC
1964067 | CfUfuccuucaasasu 3841 | aagcUfullfzauuusgse | 4201 | UUCCUUCAAAU 2564
AD- asasuca( Ahd)AfgCf asAfsundTg{Agnjagg CAAAUCAAAGCU
1964068 | UfUfccuucaaasusu 3342 | aagCiuUfuganususg 4202 | UCCUUCAAAUA 2534
AD- uscsaaa{ Ghd)CRUf asUfsuadTu{Tenjgaa AAUCAAAGCUUC
1964070 | CRCfuvcasauasasu 3843 | soaAteCfunugasusu 4203 | CUUCAAAUAAG | 2544
AD- asasage(UhdyUteCf asUfscudTa(Tenjung UCAAAGCUUCCU
1964072 | UfUfcasauaagsasu 3844 | aasGRaAfocuunsgsa 4204 | UCAAAUAAGAU 12569
AD- asasgeu{ UhdyCfcUf asAfsucdTu{Agnhmu CAAAGCUUCCUU
1964073 | UfCfasauaagasusy 3845 | gaaGlgAfagouususg 4205 | CAAAUAAGAUG | 2558
AD- gscsunc{ ChdUfCE asCscad Te(Tgnjuan AAGCUUCCUUCA
1964075 | AfAfavasgaugsesu | 3846 | uugAfaGloaapesusy 4206 | AAUAAGAUGGY {2563
AD- ususcou{Uhd)ChAf asGisacdCa{Ten)cun GCUUCCUUCAAA
1964077 | AfUfaagaugguscsu | 3847 | auulfoAfagoaasgse 4207 | UAAGAUGGUCC 12630
AD- uscscuu{Chd)ARAT asGisgadColAgniucu CUUCCUUCAAAU
1964078 | UfAfacauggucscsu 384% | wanlUtuGlaagpasass 4208 | AAGAUGGUCCC 2687
AD- nsuscaa{ AhdYUfAT asAfsugdGglAgnjeca CCUUCAAAUAAG
1964081 | GfAfugeucccasusu 3849 | uculfalfimgaasgsg 4200 | AUGGUCCCAUA 2771
AD- gsuscug{Uhd)AfuCf asUfsuedAu(Tgnjanu UAGUCUGUAUCC
1964162 | CfAfaauaaugasasu 3850 | uggAfuAfcagacsusa 4210 | AAAUAAUGAAU | 2545
AD- psesugu{ AhdyUReCE asAfsaudCa{Tenjuan AGUCUGUAUCCA
1964103 | AfAfauaangaasusy 3851 | uuglGaUfacagascsu 4211 | AAUAAUGAAUC | 2533
AD- csusgua{ UhdCfcAf asGisandTe(Agniuna GUCUGUAUCCAA
1964104 | AfAfuaaugaauscsu 3852 | wunGfoAfuacagsase 4212 | AUAAUGAAUICU 2627
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SEQ SEQ SEQ
Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- gsusanc{Chd}A AL asAfsagdAu{Tenjcau CUGUAUCCAAAU
1964106 | UfAfaueaancususu 3853 | wauUtuGloavacsass 4213 | AAUGAAUCUUC 2561
AD- usasucc{ Ahd)Afallf as(GfsaadGa{Tgnjuca UGUAUCCAAAUA
1964107 | AfAfugasucuuscse | 3854 | nualfulifopavascsa 4214 | AUGAAUCUULCG | 2576
AD- asusceal AhdjAfuAf asChsgadAg{Agnjuue GUAUCCAAAUAA
1964108 | AfUfsaaucuucsgsu 3855 | anuAfulUfugoausase 4215 | UGAAUCUUCGG (2614
AD- asasuga{ AhdyUfcUf asGfeaadAc{Agniece AUAAUGAAUCUY
1964116 | UfCfoppuguuusesu | 3856 | paaGfaUfucanusasu 4216 | CGGGUGUUUCC 2742
AD- usgsaan{ Chd YUt Cf asGfsgedAa({Agnicac AAUGAAUCUUCG
1964118 | GfGiruguuuccsosu 3837 | cegAfaGfauucasusy 4217 |+ GGUGUUUCCCU 2739
AD- ususage{ Uhd}AfaGl asGfsuadGa(Ton)eug CUUUAGCUAAGC
1964139 | CfAfeagaucuascsu 3858 | ngcUfuAfocuaasasg 4218 | ACAGAUCUACC 2588
AD- usasgou{ Ahd)AfgCr asGlsgudAg{Agniuc UUUAGCUAAGCA
1964140 | AtfCfagaucuacsesu 3859 | ugugClulfagcuasasa | 4219 | CAGAUCUACCU 2635
AD- gscsuaa{ GhdyCfalf asAfsagdGu({Agniga UAGCUAAGCACA
1964142 | AfGfaucuaccususy 3860 | neugUfsClonagesusa | 4220 | GAUCUACCUUG 2594
AD- csusaag{Chd}AfcAf asCfsaadGe(Tanjaga AGCUAAGCACAG
1964143 | GfAfucuaccunsese | 3861 | ucolGfuGiouuagsesu 4221 | AUCUACCUUGG | 2600
AD- csasgan{ ChdjUfaCft asAfsaad Te{Agujeca CACAGAUCUACC
1964150 | CfUtueougavususy | 3862 | aggUfaGfaucugsusg 4222 1 UUGGUGAUUUG | 2580
AD- asasuaa{ Ahd)AfuGl asUfscudAg(Tenlcuu CUAAUAAAAUGY
1964229 | UfGfaagacuagsasu 3863 | cacAtuUtuuauusasg 4223 | GAAGACUAGAC 2768
AD- ascsaac{ UhdYGfeUt asCfsaadCe{Agnigec ACACAACUGCUG
1964267 | GtUfzgcuggousgsuy | 3864 | acaGfcAtzuugusgsu 4224 1 UGGCUGGUUGG | 2845
AD- csusgug{Ghd)CfuGt asAfsaadGe{Agnjeca UGCUGUGGCUGE
1964274 | GfUfugougcuususu | 3865 | accAfoCfeacagscsa 4225 | UUGGUGCUUUG 12813
AD- ususgeu(GhdyChullf asUfsacdCa(Ten)aaa GGUUGGUGCUUY
1964284 | UtGtuunaugeusasy | 3866 | caaAfoClaccaascse 4226 | GUUUAUGGUAG | 2651
AD- gsespun{GhdyUful)f asAfscudAc{Tanjace GUGCUUUGUUUA
1964288 | AfUfeouaguagsusy | 3867 | auaAfalfanagesase 4227 | UGGUAGUAGUU 1 2604
AD- ususugu{ UhdyUfalf asAfsaadCu{Agnjcua GCUUUGUUUAUG
1964291 | GiGfuaguagumususy | 3868 | cealfaAfacaaasgse 4228 | GUAGUAGUUUU {2723
AD- ususguu{UbdjAfuGE asAfsaad Ac{Tgnjacu CUUUGUUUAUGG
1964292 | GfUfagouasuuususy | 3869 | accAfuAfaacaasasg 4229 | UAGUAGUUUUY {2773
AD- asusgeu( AhdYGRuAT asUfsacdAg{Agniaaa UUAUGGUAGUAG
1964297 | GfUfuuoucugusasy | 3870 | acuAfcUfaccausasa 4230 1 UUUUUCUGUAA | 2617
AD- gsgsuag(Uhd)AfeUSf asGfsundAc(Agnlgaa AUGGUAGUAGUU
1964299 | UtUfmicueuaascsi 3871 | asaCfuAfcuaccsasu 4231 | UUUCUGUAACA 2748
AD- usasgua{ Ghd}UfuUf asGfsugdTu{Agnjcag GGUAGUAGUUUU
1964301 | UfUfcuguaacascsu 3872 | asaAfaCfuacuascse 4232 | UCUGUAACACA 2740
AD- asgsuag{Uhd)UfuUf asUfsgudGu{Tgn)aca GUAGUAGUUUUU
1964302 | UtCfuguaacacsasu 3873 | gaaAfaAfcuacusase 4233 | CUGUAACACAG 2709
AD- gsusagu{ UhdyUtulf asCleugdTa{Tgnhac UAGUAGUUUUUC
1964303 | CfUfgusacacasgsu 3874 | agaAfaAfacuacsusa 4234 | UGUAACACAGA | 2730
AD- asasuaa{Ghd)Afalf asCfsaadGe{Tenjacu GAAAUAAGAAUA
1964325 | AfAfaouaccuusgsu 3875 | wualfuCfuvanususe 4235 | AAGUACCUUGA 2708
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SEQ SEQ SEQ
Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- asasgaa{ Uhd)AfaAf asAfsgudCa{Agnige AUAAGAAUAAAG
1964328 | GfUfaccuugacsusy 3876 | yacuUfuAfuucuusasu | 4236 | UACCUUGACUU 2571
AD- asgsaa{ Ahd)AfaGf asAfsagdTc(Agnlagg UAAGAAUAAAGU
1964329 | UfAfecungacususe | 3877 | nacUfuUfauucususa 4237 { ACCUUGACULU 2572
AD- asasua{ Ahd)GfuAf asChsaadAg{Tgnjcaa AGAAUAAAGUAC
1964331 | CiCfuugacwuusgsu 3878 | gouAfcUfmamiscsu 4238 | CUUGACUUUGU 2706
AD- asasgua(ChdyCfuUf asUfsgadAc{Agn)aag UAAAGUACCUUG
1964335 | GfAfeunugnucsasu 3879 | ucaAfoGluacuususa 4239 | ACUUUGUUCAC 2579
AD- gsusace{ Uhd)UtsAf asUfsgudGa({Agnicaa AAGUACCUUGAC
1964337 | CfUfuuguucacsasu 3880 | aguCfaAfopuacsusy 4240 | UUUGUUCACAG 2661
AD- usascen{ Uhd)yGfaCf asCraugdTe{Agnjaca AGUACCUUGACU
1964338 | UfUfuguucacasgsu 3881 | aagUfcAfagouascsy 4241 | UUGUUCACAGC 2667
AD- csesuag{ Ahd)Chalif asUfsgedTe{Tan)gaa UACCUUGACUUY
1964340 | UtGfuncacagesasu 3882 | caaAfgUfcaaggsusa 4242 | GUUCACAGCAU 2618
AD- psusgac{ Uhd)UfoGf asCleandGe(Tgnigug CCUUGACUUUGU
1964342 | UfUfcacagcausesu 3883 | aacAfaAfpucassgse 4243 | UCACAGCAUGU 2615
AD- csusuug{ Uhd}UfcAf asClscud Ac{Agujuge GACUUUGUUCAC
1964346 | CiAfocauguagsesu | 3884 | upuliaAfcaaagsuse 4244 | AGCAUQUAGGG 12707
AD- csascag(Chd)AfaGl asUfscad Te{Agajece UUCACAGCAUGU
1964353 | UfAfspougangsasy | 3885 | wacAfu(Gfougugsasa 4245 | AGGGUGAUGAG | 2790
AD- csasgea{Uhd)GuAf asGfscudCal{ Tgnjeac CACAGCAUGUAG
1964355 | GiGlougaugagsesu | 3886 | couAfcAfugcugsusg 4246 | GGUGAUGAGCA | 2800
AD- asgscan{ GhdyUtaGf asUtsgedTe{Agnluca ACAGCAUGUAGG
1964356 | GtGfugaugagesasu 3887 1 ecelfaClangousgsy 4247 | GUGAUGAGCAC 2797
AD- csasugu{ Ahd)GfgGf asAfsgudGe(Tgnjcau AGCAUGUAGGGU
1964358 | UfGfauzagcacsusy 3888 | cacCfclfacaugscsu 4248 | GAUGAGCACUC | 2817
AD- gascaa{ Ahd)Afallf asUfsuadAa(Agnigea UUGACUAAAAUG
1964388 | GiClugcunuuasasu | 3889 | ocalUfulUfuagucsasa 4249 | CUGCUUUUAAA | 2609
AD- asasaau(Ghd)ChaGf asUfsgudTu{Tan)asa CUAAAAUGCUGC
1964392 | CfUfunuaaaacsasu 3890 | agcAfoClavuuusasg 4250 | UUUUAAAACAU 12596
AD- asusgen{Ghd)Cfulf asCfsouad Te{Ton AAAUGCUGCUUU
1964395 | UfUfaasacauasgsy 3891 | aaaAfpClagcaususy 4251 | UAAAACAUAGG | 2549
AD- gscsugc{ Uhd}UfalUf asUfscod Ta Ten)gun AUGCUGCUUUUA
1964397 | AfAfascauagesasy 3892 | uuaAfaAfocagesasy 4252 | AAACAUAGGAA | 2897
AD- csusgen{Uhd)UfuAS asUfsucdCu{Agniug UGCUGCUUUUAA
1964368 | AfAfacauaggasasu 3893 | uuuuAfaAfageagscsa | 4253 | AACAUAGGAAA | 2591
AD- usgscu{ UhdjUfaAf asUtsundCe(Ton)aug GCUGCUUUUAAA
1964399 | AfAfcauageaasasuy 3894 | uynubliaAfaagcasssc 4254 | ACAUAGGAAAG | 2582
AD- wsusuna{ Abd}AfaCf asUfsacd Tu(Tgn)jecn GCUUUUAAAACA
1964402 | AfUfagzaasgusasy 3895 | augUfulfuaaaasgsc 4255 | UAGGAAAGUAG {2719
AD- asasaca{ Uhd)AfgGf asCfsand Te{ Tgnacu UAAAACAUAGGA
1964407 | AfAfaguagaausgsu 3896 | uucCfuAfuguuususa 4256 | AAGUAGAAUGG 2733
AD- psusgag{ Uhd)yGfcAF asUfsgedTa(Ten)gea GGUUGAGUGCAA
1964428 | AfAfuccanagesasu 3897 | wuulicAfcucaascse 4257 | AUCCAUAGCAC 2711
AD- usgsagu{ GhdyCraAf asGisugdCu(Agniug GUUGAGUGCAAA
1964429 | AfUUfccauagcasesu 3898 | gaunlfeCfacucasase 4258 | UCCAUAGCACA 2669
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SEQ SEQ SEQ
Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- asasgan{ Abd}AfaUS asUfsaadCi{Agrgen ACAAGAUAAAUU
1964449 | UfGlagouaguusasu 3899 | caalfolUfaucuusgsy 4259 | GAGCUAGUUAA | 2587
AD- asgsana{ Ahd)AfulUf asUfsuadAc{Tanjage CAAGAUAAAUUG
1964450 | GfAfecuaguuasase | 3900 | ucaAfulUfuaucususg 4260 { AGCUAGUUAAG | 2641
AD- asasana{ GhdjAfeCf asUtsgedCu{Tenlaac AUAAAUUGAGCU
1964454 | UfAfpuuaaggcsasu 3901 | vagChu(faguuusasy 4261 | AGUUAAGGCAA 12722
AD- asasuug{ Ahd)GicUf asUfsugdCe(Tanjuaa UAAAUUGAGCUA
1964455 | AfGfuuaaggcasasu 3902 1§ cuaGfeUfcaauususa 4262 | GUUAAGGCAAA 2676
AD- gsasgeu{ Ahd)Gfullf asUfsgadTu(Tgn)gce UUGAGCUAGUUA
1964432 | AfAfeccasaucsasu 3903 | uwuaAfcUfascucsass 4263 | AGGCAAAUCAG 2620
AD- csusagu{Uhd}AfaGf asAfsced Te{ Agnuun AGCUAGUUAAGG
1964462 | GfCRasaucaggsusu 3904 | scellfuAfacuagscsy 4264 | CAAAUCAGGHA 2758
AD- asgsuna{ Ahd)GEgCr asUfsuadCe{Tgn)gan CUAGUUAAGGCA
1964464 | AfAfaucagguasasu 3905 | uwugCicUfuaacusasg 4265 | AAUCAGGUAAA | 2638
AD- usasage({ChdAfaASL asAfsaudTo{Agnjoon GUUAAGGCAAAY
1964467 | UfCfagouaaaasuse 3906 | ganUfuGlocuuasase 4206 | CAGGUAAAAUA | 2583
AD- asasgoc{ AhdyAfalUf asUfsaudTu{Tgnjacc VUAAGGCAAAUC
1964468 | CiAfoguanaausasu 3907 | ugalifulfoceuusasa 4267 | AGGUAAAAUAG | 2628
AD- gscsaaal Uhd JCfaGt asGlsacd Ta{ Tenjuum AGGCAAAUCAGG
1964471 | GfUfaaaauaguscse 3908 | acclUfoAfuuugescsu 4268 | UAAAAUAGUCA {2695
AD- csasaau{Chd)AfeGH asUfsgadCu{Agniun GGCAAAUCAGGU
1964472 | UfAfaaauagucsasu 3909 | wuacChuGfawmgscse | 4269 | AAAAUAGUCAU 2670
AD- asasauc{ Ahd)GieUf asAfsugdAc{Tegn)anu GCAAAUCAGGUA
1964473 | AfAfasuagucasusu 3910 1 uuaCfeUfgauuusgse 4270 | AAAUAGUCAUG 2697
AD- asuscag{GhdyUfaAf asUfscad Tg{Agnjcua AAAUCAGGUAAA
1964475 | AfAfuacucangsasu | 3911 | vunUfaCfcugaususy 4271 | AUAGUCAUGAU | 2647
AD- csasggu{ Ahd)AfaAl asAfsaudCa{Ten)gac AUCAGGUAAAAY
1964477 | UfAtoucangansusu | 3912 | nauUfulifaccugsasy 4272 1 AGUCAUGAUUC | 2626
AD- asgsgua{ AhdJA faUf asGfsaad Te{Agniuga UCAGGUAAAAUA
1964478 | AfGfucangaumuscsu | 3913 | cuallfullfuaccusgsa 4273 | GUCAUGAUUCU 1 2660
AD- geusaaa{ AhdyUfaGf asUifsagdAa(Tgn)cau AGGUAAAAUAGU
1964480 | UfCfaugamcusasa 3914 | gacUfaUfuuuacsese 4274 | CAUGAUUCUAU 2775
AD- usasaaa{ Uhd)AfgUf asAfsuadGa(Agnjuca GGUAAAAUAGUC
1964481 | CfAfugmumcoasusy 3915 | weaCluAfuanuasese 4275 | AUGAUUCUAUG | 2765
AD- uscsaug{ Ahd)UtuCl asUfsacdAu{Tznjaca AGUCAUGAUUCU
1964489 | UfAfuguaangusasu | 3916 | uagAfaUfcaugascse 4276 | AUGUAAUGUAA 12598
AD- csasuga{ UbdyUtcUr asUtsuadCa{Tgnjuac GUCAUGAUUCUA
1964490 | AfUfsuaaugnasasu 3917 | avaGfaAfucaugsasc 4277 | UGUAAUGUAAA 1 2605
AD- gsasuuc{ UhdAfuGE asGfsgudTu{Agnjcan AUGAUUCUAUGY
1964493 | UfAfauguasacscsu 3918 | nacAfuAfzaaucsasy 4278 | AAUGUAAACCA 2689
AD- asusgac{UhdyUtuUf asClsucdTg{Tgnjaau UAAUGACUUUUG
1964551 | GfAfauuacagasgsu 3919 | ucaAfaAfoucaususa 4279 | AAUUACAGAGA 2634
AD- gsascuu{Uhd}UfgAf asAfsucdTe(Ten)gua AUGACUUUUGAA
1964553 | AfUfuacagagasusu 3920 | anmuCfaAfaagucsasy 4280 | UUACAGAGAUA 12716
AD- usasuaa( Uhd)UfaGl asGisuadTe(Agn)caa GUUAUAAUUAGA
1964578 | AfGfuuguganascsu | 3921 | cucUfaAfuuauasasce 4281 | GUUGUGAUACA 2791
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SEQ SEQ SEQ
Buplex | Sense Sequence D Auntisense Sequence | ID mRNA Target D
Name Fwd N 1S e Y N | Sequenee S to ¥ NQ:
AD- psasan{ Ahd)GEaGt asClsugdTal{Tgnjeac UAUAAUUAGAGU
1964380 | UfUfsugauacasgsu 3922 | aacUfcUfanuuasusa 4282 | UGUGAUACAGA 2786
AD- asasuua{ Ghd)AfoUf asUfscudGu{Agnjuca AUAAUUAGAGUU
1964581 | UfGfugauacagsasa 3923 | caaCfuCfuzauusasy 4283 | GUGAUACAGAG | 2685
AD- asusuag{ Ahd)Gfulf asCsucd Te(Tgnjauc UAAUUAGAGUUG
1964382 | GfUfpavacagasgsu 3924 | acaAfcUfcuasususa 4284 | UGAUACAGAGU | 2714
AD- usasgag{Uhd)UfgUf asUfsacd Te(Tan)gua AUUAGAGUUGUG
1964384 | GfAfuacagagusasy 3925 | ucaCfaAfcucuasasu 4285 1 AUACAGAGUAU | 7668
AD- gsasguu{Ghd)UfgAf asUfsaudAc(Tenjoug UAGAGUUGUGAU
1964586 | UfAfcagaguausasy | 3926 | vauCfaClaacucsusa 4286 | ACAGAGUAUAU | 2666
AD- gsusugu{Ghd)AfuAf asAfsaudAu{Agnicuc GAGUUGUGAUAC
1964588 | CfAfeacuanaususu 3927 | nguAfuCfacaacsuse 4287 | AGAGUAUAUUL | 2639
AD- csasuac{ Ahd)GraCt asUfsaudGa(Tgn)aua UCCAUUCAGACA
1964610 | AfAfuauaucausasu 3928 | ungUfeUlzaaugsgsa 4288 | AUAUAUCAUAA | 2550
AD- asusuca{ GhdjAfcAf asUfsuad Tg{Agnjuau CCAUUCAGACAA
1964611 | AfUfanaucavasasu 3929 | auuGhuClugaansgsg 4289 | UAUAUCAUAAC 2555

Example 2. fn vitro screening of CAZ2 siRNA

Lxperimental Methods

Cell enlture and transfections:

Hep3b or RPE-J cells (ATCC, Manassas, VA} are grown to near confluence at 37°C in an

atmosphere of 5% COz in Eagle’s Minimum Essential Mediurn {Gibeo) supplemented with 10%

FBS (ATCC) before being released from the plate by trypsinization. Transfection is carried out

by adding 14 .8 pL of Opti-MEM plus 6.2 uL of Lipofectarsine RNAiMax per well (Invitrogen,

Carisbad CA. cat # 13778-150) to 5 uL of each siRNA duplex to an individual well in a 96-well

plate. The muxture is then incubated at room temperature for 15 minutes. Eighty pb of complete

growth media without antibiotic containing ~2 x10* Hep3B cells is then added to the SiRNA

mixture. Cells are incubated for 24 hours prior to RNA purification. Single dose experiments are

performed at 10 nM, 1 nM and 0.1 aM final duplex concentration.

Total RNA isolation using DYNABEADS mRNA Isolation Kit:

Cells are lysed in 75 pl. of Lysts/Binding Buffer containing 3 pb of beads per well and

are mixed for 10 minutes on an electrostatic shaker. The washing steps are automated on a

Biotek HLA06, using a magnetic plate support. Beads are washed {(in 90 uL) once in Butter A
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once in Buffer B, and twice in Buffer E, with aspiration steps in between. Following a final

aspiration, complete 10pL RT mixture is added to each well, as described below.

c¢DNA synthesis using ABI High capacity ¢DNA reverse transcription kit {(Applied
Biosystems, Foster City, CA, Cat #4368813):

A master mix of 1pl 10X Buffer, 0.4ul 25X dNTPs, 1 ub. Random primers, 0.5 pl.
Reverse Transcriptase, 0.5 ul RNase inhibitor and 6.6 ub. of Hz(} per reaction is added per well,
Plates are sealed, are agitated for 10 minutes on an electrostatic shaker, and then are incubated at

37 degrees C for 2 hours. Following this, the plates are agitated at 80 degrees C for 8 minutes.

Real time PCR;

Two microliter (pL) of ¢cDNA 15 added to a master mix containing 0.5 uL of human
GAPDH TagMan Probe, 0.5 ul. human CA2 probe, 2 pl. nuclease-free water and 5 ul
Lighteycler 480 probe master mix (Roche Cat # 0488730100 1) per well in a 384 well plate
{Roche cat # 04887301001}, Real time PCR is done in a LightCyclerd80 Real Time PCR system
{Roche). Each duplex i tested at least two times and data are normalized to cells transfected
with a non~targeting control siRNA. To calculate relative fold change, real time data are
analyzed using the AACt method and are normalized to assays performed with cells transfected

with a nov-targeting control siRNA.

Example 3. Single dose in vifro screening of CA siRNAg

Cell culture and transfections:

A253 cells or Hela cells were grown to near contluence at 37°C in an atmosphere of 5%
COzin Eagle’s Minimum Essential Mediom (Gibeo) supplemented with 10% FBS (ATCC)
before being released from the plate by trypsinization. Transfection was carried out by adding
14.8 pl of Opti-MEM plus 0.2 ull of Lipofectamine RNAMax per well (nvitrogen, Carisbad
CA. cat# 13778-150) to 5 ul. of each siRNA duplex to an individual well in a 96-well plate. The
mixture was then incubated at room temperature for 15 minutes. Eighty ul of complete growth
media without antibiotic containing ~1.5 x10% A253 cells was then added to the siRNA mixture.

Cells were incubated for 24 hours prior to RNA purification. A single dose experiment was
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performed at 10 nM final duplex concentration in A253 cells. For Hela cells, a multi-dose

experiment was performed at 0.1 oM, 1 nM, and 10 oM final duplex concentration.

Total ENA isolation using DYNABEADS mRNA Isolation Kit:

Cells were tysed in 75 ul. of Lysis/Binding Buffer containing 3 ul. of beads per well and
were mixed for 10 minutes on an electrostatic shaker. The washing steps were autorated on a
Biotek EL406, using a magnetic plate support. Beads were washed (in 90 uL) once in Buffer A,
once in Buffer B, and twice in Buffer E, with aspiration steps in between. Following a final

aspiration, complete 10ul RT mixture was added to each well, as described below.

¢DNA synthesis using ABI High capacity ¢DNA reverse transcription if (Applied
Biosystems, Foster City, CA, Cat #4368813 %
A master mix of 1yl 16X Buffer, 0.4ul 25X dNTPs, 1 L Random primers, 0.5 pL

Reverse Transcriptase, 0.5 ul. RNase inhibitor and 6.6 b of H2O per reaction was added per
well. Plates were sealed, were agitated for 10 minutes on an electrostatic shaker, and then were
incubated at 37 degrees C for 2 hours. Following this, the plates were agitated at 80 degrees C

for § minutes.

Real time PLCR:

Two microliter {(ul) of cDNA was added to a master mix containing 0.5 uL of human
GAPDH TagMan Probe, 0.5 ul. human CAZ2 probe, 2 gL nuclease-free water and S ull
Lighteycler 480 probe master mix (Roche Cat # 04887301001) per well in a 384 well plate
{Roche cat # 04887301001). Real time PCR 1s dove in a LightCycler480 Real Time PCR system
{(Roche). Each duplex was tested at least two times and data were normalized to cells transfected
with a non-targeting control siRNA. To calculate relative fold change, real tirne data were
analyzed using the AACt method and were normalized to assays performed with cells transfected
with a non-targeting control siRNA. The results for A233 cells are shown in Table 11 and the
results for Hela cells are shown in Table 12 The results are presented as the pecent message
remaining,

Table 11, CA2 Single Dose Screen in A253 Cells
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% CA Message % CA Message
Duplex Name Remaining Duples Name Remaining
Mean =D Mean NI)

AD-1447598 172 0.47 AD-1561130 | 7078 12.81
AD-1361703 1 6.89 0.25 AD-1561122 1 7.10 1.78
AD-1561694 | 947 .96 AD-1561116 | 7.00 1.56
AD-1561686 | 1190 .80 AD-1361112 | 815 3,14
AD-1561679 | 9.05 (.73 AD-1561106 12609 6.97
AD-1561651 | .50 0.24 AD-15361100 }3.10 (.99
AD-1561613 | 992 0.47 AD-1561092 1300 0.86
AD-1361601 | 1070 t 1 AD-1473424 11812 4.10
AD-1561591 | 882 0.63 AD-1561072 | 2820 222
AD-1561581 | 817 0.73 AD-1361066 | 6.47 172
AD-1561570 | 946 .69 AD-1361036 | 6.94 151
AD-1561562 1992 1.09 AD-1561050 | 554 117
AD-156155F 1 650 145 AD-1361043 | 2107 1.67
AD-1561542 1 9% 0.97 AD-1861037 1953 1.21
AD-1361534 | 9.59 .36 AD-1561031 | 3342 25
AD-1361527 1925 i34 AD-1561015 1738 0.60
AD-1561521 1837 0.27 AD-1361009 | 1537 1.80
AD-1561513 1 1307 .38 AD-1361002 | 5031 237
AD-1561504 1 970 .78 AD-1360996 | 7.63 .53
AD-1561498 13893 1.80 AD-1360980 17431 4.13
AD-1561489 1 1024 119 AD-1560976 1517 0.44
AD-1361478 | 10.18 11 AD-1560970 1859 3.64
AD-1561471 1 1122 P21 AD-1360963 | 6.77 346
AD-1561465 11501 .09 AD-1360054 | 2723 341
AD-1561456 | 4043 3.66 AD-1560948 12642 .76
AD-1561450 12474 142 AD-1560941 1644 138
AD-1561444 1 1751 2.01 AD-1860930 12716 6.71
AD-1561433 | 1161 0.78 AD-1560921 | 544 137
AD-1561422 1820 0.63 AD-1560915 1544 1.54
AD-1561414 | 1020 .58 AD-1560004 | 8940 10.68
AD-1561408 | 688 0.89 AD-1560895 13715 2.86
AD-1561402 | 858 121 AD-1560892 | 5.67 1,90
AD-1561396 | 2033 6.80 AD-1560880 | 4860 7.79
AD-1361390 | 795 175 AD-1560874 11082 127
AD-1561384 11534 397 AD-1560862 | 1492 169
AD-156137% 1 1676 422 AD-1560843 | 3398 379
AD-1561366 | 2014 516 AD-1360851 1479 .38
AD-1561360 | 1128 1.92 AD-1360845 | 20726 2.36
AD-1561349 | 1047 367 AD-1560837 | 9.38 .89
AD-1361342 |1 1622 275 AD-1860816 11119 .83
AD-156133 6.48 235 AD-1560810 1 1058 127
AD-156132 7.80 0.93 AD-1560804 993 1.78
AD-1561319 | 393 .03 AD-1560798 | 1116 131
AD-1561313 1639 0.67 AD-1360792 | 5.26 {1.83
AD-1561306 | 6.03 (.49 AD-1360783 1291 0.76
AD-1561300 | 5.62 .50 AD-1360777 1 6.73 1.62
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AD-1561294 | 377 .38 AD-1560765 | 31.74 345

AD-1361285 1679 0.61 AD-1360759 1 785 277

AD-1561279 | 580 0.61 AD-1560752 | 2353 6.36

AD-1561272 | 368 .49 AD-1360745 | 1334 2.85

AD-1561261 1674 1.09 AD-1560735 | 5363 10.67

AD-1561254 | 5.60 1.23 AD-1560726 | 6.10 (.45

AD-1561245 1 701 1.68 AD-1560720 | 4372 14.97

AD-1561239 | 6.15 i od AD-1560711 | 6.65 (.92

AD-1561231 | 636 173 AD-1560701 | 29.8] 3.54

AD-1561225 | 826 182 AD-1560693 | 541 {1.94

AD-1561218 | 4.8% 1.54 AD-1360684 | 4.00 (.86

AD-1561210 | 3.65 .76 AD-1560678 | 2006 5.49

AD-1561203 | 431 0.92 AD-1560672 | 11.26 3.35

AD-1561196 | 763 i 46 AD-1560665 | 1182 2.15

AD-1561190 | 1083 i .83 AD-1560635 | 2140 319

AD-1361181 | 736 P12 AD-1560644 | 1835 1.71

AD-1561175 1223 (.49 AD-1560638 | 2736 762

AD-1561168 | 644 1.74 AD-1360628 2260 5.00

AD-1446763 1473 143 AD-1560622 14019 10.35

AD-1561158 431 .24 AD-1360617 | 2141 573

AD-1561152 1 1133 357 AD-1560600 | 1985 2.56

Aln1361146 1971 238

Table 12. CA2 Muiti-Dose Screen in Hela Celis
Duplex Name __ % CA Message Remaining .

o 16 nM Mean | 10nMSD | I nM Mean | 1 M SD | 0.1 nM Mean | 0.1 aMSD

AD-1784188.1 7.4 36 0.7 1.5 123 25

AD-1784196.1 13.2 2.7 15.8 6.3 322 94

AD-1784204 1 151 48 21 48 374 7.7

AD-17847211 1 10.4 32 10.1 3.7 16.5 35

AD-1784218.1 6.4 1.6 13.3 32 214 29

AD-1784226.1 23.8 2 219 43 46 93

Af-1784233.1 157 32 191 39 346 &

AD-1784241 1 30.1 57 30 6.6 480 16.3

AD-1784240 1 12.6 3.1 139 4 282 &1

AD-1784256 1 156 33 19.4 4.4 238 19

AD-1784263 1 228 54 23 6.3 312 i1

AD-1784271 1 147 44 10.8 1.3 15.6 23

AD-1784189 1 17.4 43 122 38 259 1

AD-1784197 1 24.4 47 20 6.7 33 55

AD-1784205.1 i8 2.7 222 9.6 40.1 3

AD-1784212 1 238 38 139 2 30.6 68

AD-17842159 1 13,1 5.4 12.4 2.4 269 4.1

AD-1784227 1 233 44 15.1 2.5 289 9.1

AD-1784234 1 22.1 39 24.6 10.6 353 12

AD-1784242 1 38 31 417 8.6 30.6 77

AD-1784250.1 18.2 35 2.4 8.5 317 2.6

AD-17842571 15 43 14.4 59 24.5 99
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AD-1784264.1 23.5 6.6 22.8 9 30.6 6.1
AD-1784272 1 153 5.1 13.8 71 0.8 b
AD-1784190.1 3.8 3.4 10.5 1.3 18.2 43
AD-1784198 .1 24.4 41 254 5.1 234 8.2
AD-1855 79.5 6.4
AD-1784220 1 253 73 253 6.2 48 .8 105
AD-1784228 1 202 4.6 16.5 34 318 6.7
AD-1784235 1 23.4 5.9 23.6 3.8 243 2.5
AD-1784243.1 23 6.9 264 1.6 246 39
AD-1784265.1 285 94 241 2.9 317 24
AD-1784273 1 16.4 5.2 144 i1 316 6.1
AD-1784191 1 9.1 4.9 8.7 2.2 20.2 1.2
AD-1784169 1 26.6 8.7 18 2.3 44 8 42
AD-1784206.1 253 6.8 30.1 0.6 74.8 173
AD-1784213.1 259 9.1 127 15 333 58
AD-1784221 1 298 ) 34.4 7.6 0.4 143
AD-1784220 1 398 55 3698 8.1 56.2 36
AD-1784736 1 26.9 10 24.6 O 398 10.6
AD-1784244 1 224 4.9 2.7 10.2 30 5.1
AD-1784251 1 728 i3.6 775 12.6 95.7 34
AD-1784258 1 21.6 76 20.8 1.3 24 6.7
AD-1784266.1 16.1 3. 256 21 194 75
AD-1784274 1 33.4 3 514 14.9 518 i1.2
AD-1784192 1 153 6 127 29 i8.1 4.6
AD-1784700 1 251 4.2 22 36 26.4 7.7
AD-1784207 1 608 8.8 481 33 98.4 8.9
AD-1784214.1 42.6 9.9 50.2 174 120.6 402
AD-1784222 1 52.6 0.7 56.4 4.1 851 175
AD-1784230.1 69.9 59 63.4 123 1239 382
AD-1784237 1 20.8 2.3 267 15.9 503 3.8
AD-1784245 1 23 3.9 258 8.6 70.6 199
AD-1784252 1 46.8 83 60.2 i6.7 101.9 24.6
AD-1784258 1 254 4.6 19.1 35 23.1 3
AD-1784267.1 32.3 34 26.1 4.5 343 iz5
AD-1784275 1 249 6.8 35.6 9.8 34.9 10.6
AD-1784193 1 193 52 19 4.1 236 9
AD-1784201 1 323 i2 228 3.4 344 3
AD-1784208 1 66.4 7.8 63.2 205 90.2 719
AD-1784215 1 52.8 0.5 56.7 12.6 72.6 7.7
AD-1784223 1 773 256 69.2 17.5 37 298
AD-1784231.1 29.8 6.5 279 4.4 321 133
AD3-1784238.1 13.4 i3 259 8.8 379 7.4
AD-1784246.1 353 8.8 418 15.7 383 i0.6
AD-1784253 1 23.8 5.2 213 26 347 9.7
AD-1784760 1 331 9.8 188 6.1 234 6.8
AD-1784268 1 251 3 18.6 7.5 29.7 i32
AD-1784276.1 29.1 i2.1 247 7.8 50 104
AD-1784194 1 i8.7 6.1 161 38 291 93
AD-1784202 1 63 435 335 5.7 36.6 5.7
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AD-1784209.1 19.2 54 16.2 2 257 3
AD-1784216.1 23.4 4.3 19.9 3.1 33.1 8.1
AD-1784224 1 499 3 33 6 387 i1
AD-1784232.1 34.9 i9 60.7 i2.4 54.5 12.2
AD-1784730 1 159 5.3 i79 72 219 7.2
AD-1784247 1 158 2. 17 4.2 281 3.6
AD-1784254 1 42.5 i0.2 398 143 46.6 i35
AD-1784261 1 389 6.3 315 11.6 358 9.1
AD-1784269.1 36.1 .3 29.6 10.6 40.4 7.7
AD-1784277 1 155 44 15.8 8.5 20 8.6
AD-1784195 1 13.1 5.3 i3 5.1 i9.6 2.
AD-1784203 1 435 5.4 24.6 2.5 435 i34
AD-1784210 1 18.7 23 174 6.4 36.2 8.5
AD-1784217 1 44 7.8 334 10.7 61.5 97
AD-1784225 1 499 93 33.3 171 397 189
AD-1784240.1 25 75 214 1.6 46.1 g9
AD-1784248 1 36.8 1.1 204 4.3 768 12
AD-1784755 1 60.4 14.7 347 211 653 16.7
AD-1784262 1 134 3 279 8 40 i2
AD-1784270 1 395 i16 417 12.8 28.2 4.8
AD-1784458 1 26.6 i 22.6 7 22.6 7
AD-1784466.1 26 3.1 i8 4.6 241 6
AD-1784474 1 12.3 3 18.1 5.2 16.5 4
AD-1784481 1 13.8 39 17.3 3 252 6
AD-1784488 1 10.2 4.6 14.4 5.8 214 4.2
AD-1784496 1 247 58 30.6 4 69.1 4.9
AD-1784503 1 314 4.6 64.7 18.4 67 .8 103
AD-17845111 17.8 0.7 235 4.8 54 38
AD-1784519.1 387 9.7 522 123 56.2 i0.2
AD-1784526.1 37 6.1 48.6 12.4 512 24
AD-1784533 1 12 3.5 164 6 382 10
AD-1784541 1 393 i3.2 348 3.3 424 10.2
AD-1784455 1 42.7 3.2 38.4 34 51 7.4
AD-1784467.1 169 43 278 4.5 46.5 i3
AD-1784475 1 16.9 1.8 14.4 4.8 212 38
AD-1784482.1 24.8 46 258 6.6 39.6 152
AD-1784489 1 257 5.4 20.6 5 385 6.4
AD-1784497 1 66.4 184 67.3 76 74 153
AD-1784504 1 {3.5 4.3 251 9.6 243 34
AD-1784512 1 377 0.7 41.8 10.5 46.7 159
AD-1784520.1 i1 3.9 225 4.7 28.1 1.2
AD-1784527 .1 30.6 5.3 36.9 9.6 454 22
AD-1784534.1 13.9 5.7 204 1.7 325 8.9
AD-1784542 1 22.2 41 338 5.1 283 119
AD-1784460 1 {3.5 i3 21.2 2.6 243 5.6
AD-1784468 1 364 8.3 4.7 85 336 137
AD-1784450.1 29.2 9.6 244 6.3 389 535
AD-1784498 1 51.8 4.2 714 3.6 96.9 35
AD-1784505.1 31 9.6 0.8 39 46.1 35
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AD-1784513.1 574 i4.8 315 9.8 63 4.3
AD-1784535 1 42.3 8.8 306.3 3.2 339 21
AD-1784543 1 i4 (.5 288 4.1 46.4 4.1
AD-1784461 1 1% 5.7 i7.5 54 23 6.2
AD-1784469 1 2.1 i3.2 6353 1 449 8.2
AD-1784476 1 299 55 367 4.3 34.1 72
AD-1784483 1 344 34 52.9 129 714 i03
AD-1784491 1 30.9 8.7 44.5 113 8.2 16.1
AD-1784496.1 1322 307 91.9 285 114.8 20.2
AD-1784506.1 51 16.8 78.8 2 103.9 263
AD-1784514 1 26.4 %4 338 4.9 36.9 38
AD-1784521 1 58.5 6 71.2 126 9%8.8 8
AD-1784528 1 47.6 6.6 36.7 i3 69.4 9
AD-1784536 1 74.9 113 4372 94 107.7 318
AD-1784544 1 39 1 6.3 74.5 35 531 216
AD-1784462 1 19.1 i2 221 0.5 254 23
AD-1784470 1 351 10 454 117 64.1 111
AD-1784477 1 331 7.8 453 7.3 60.3 6.7
AD-1784484 1 243 2. 28.7 34 399 1.8
AD-1784492 1 48.1 i3.1 36.6 12 824 104
AD-17845060 1 403 6.9 334 16.8 38.6 i
AD-1784507 1 47.2 135 62.6 205 719 131
AD-1784515 1 281 i9 39.6 19.7 36.9 251
AD-1784522 1 29.6 49 384 0.8 61.1 20.6
AD-17843529 1 08.4 22.8 8R.5 20.4 64.6 i5.5
AD-1784537 1 208 8.2 182 6.6 357 5.6
AD-1784545 1 38 i0.1 26 2.8 58.3 104
AD-1784463.1 50 153 58 160.4 524 6.5
AD-1784471.1 304 2.1 478 10.7 303 7.
AD-1784478.1 53.8 8.6 64.9 83 68.1 136
AD-1784485 1 23.8 7.1 28.5 85 329 49
AD-1784493 1 34.5 10 335 i1.7 48.4 4.7
AD-1784501 1 78.8 283 70.4 28.6 88.6 231
AD-1784508.1 214 58 46 9.5 42.5 195
AD-1784516.1 314 57 56.3 17.3 75 24.5
AD-1784523 1 40.9 I3 60.2 123 701 214
AD-1784530 1 61.2 183 62.2 10.8 63.8 g3
AD-1784538 1 79.1 269 73.2 13.2 738 383
AD-1784546 1 219 71 i7.3 7.3 40 3.6
AD-1784464 1 443 8.1 30.6 33 714 114
AD-1784472 1 263 3.8 w7 8.7 8.5 6.3
AD-1784479 1 26.6 3.9 389 5.4 389 169
AD-1784486.1 26.2 8.9 0.3 10.7 47.6 il.2
AD-1784454 1 252 6.6 34.1 16.8 40.7 0.5
AD-1784502 1 93.8 153 74.6 204 92.5 5.3
AD-1784509 1 45 6.2 41.3 115 60.7 is7
AD-1784517.1 29 76 30.4 6.9 48.9 13
AD-1784524 1 77 231 75 23.6 73.9 268
AD-1784531 1 43.8 7.1 38 128 928 22.1
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AD-1784530.1 30.5 4 2779 22 50 169
AD-1784547 1 233 1.2 228 6.8 46.3 1838
AD-1784465.1 30.6 7.3 45.5 119 46.5 132
AD-1784473 1 274 54 263 73 449 6.6
AD-1784480 1 47.5 9.9 679 13.8 60.1 13.6
AD-1784487 1 34 i2.8 373 7.1 455 i3
AD-1784405 1 37 6.7 792 222 74.7 6
AD-17845101 26.5 6.6 23 4.8 36.1 113
AD-1784518.1 48.2 138 822 12 827 235
AD-1784525 1 78.7 256 103 342 38.9 219
AD-1784532 1 2835 472 324 87 53.5 z4.5
AD-1784540.1 106.9 215 86.8 21 94.4 318
AD-1784278.1 is 33 i3 g5 233 7.1
AD-1784286 1 12.7 4.1 16.3 5.2 247 27
AD-1784264 1 317 2.9 414 5.6 36.7 6.6
AD-1784301 1 60.4 9.6 732 118 714 13
AD-1784308.1 il 3.4 i8 32 388 10
AD-1784316 1 154 42 20.5 33 403 2.7
AD-1784323 1 212 75 36.4 73 339 6.6
AD-1784331 1 17.2 74 317 g2 3 4.3
AD-1784330 1 17.6 53 19.4 2.8 3.4 32
AD-1784346.1 13.1 3.3 136 3 234 6.1
AD-1784353 1 12.1 8.1 16.2 3.6 3.3 32
AD-1784361 1 4.9 58 12.1 235 24.5 7.5
AD-1784279 1 12.3 3.6 20.4 6.3 314 7
AD-1784287 1 47.8 i0.5 457 i1 454 73
AD-1784295 1 13.3 4 145 6.5 1335 49
AD-1784302.1 19.3 2.7 205 34 227 6.8
AD-1784309.1 26.9 43 6.6 4.2 397 8.7
AD-1784317.1 14.4 7.6 20 3 64.2 i6.2
AD-1784324 1 304 7.3 532 114 248 6.9
AD-1784332 1 9.6 4.1 23 9.3 377 g
AD-1784348 1 2938 104 38.4 14 43.4 28.7
AD-1784347.1 144 4 17.4 3 379 3
AD-1784354 1 28.4 1.4 295 74 319 55
AD-1784362.1 2.1 8.6 224 10.6 2583 i2d
AD-1784280 1 196 6.7 224 3. 339 il5
AD-1784788 1 264 6.3 444 8.1 60.3 12.2
AD-1784310 1 {9.6 5.7 512 i2.8 60.7 14.6
AD-1784318 1 53 87 1148 439 g4.4 10.1
AD-1784325.1 26.7 5.8 36.3 i 383 12.7
AD-1784333.1 18.6 59 357 4.7 381 7.4
AD-1784355.1 23.2 6.1 8.6 6.8 30.3 3
AD-1784363 1 11.2 5.6 19.2 7.6 285 4.7
AD-1784781 1 {5.1 5.9 16.4 4.3 234 31
AD-1784280 1 53.4 10.1 43.7 7.6 60.6 i2.1
AD-1784266.1 601.6 i0.8 36.5 94 45.8 22
AD-1784303 1 323 6.8 38.6 ] 386 4.1
AD-1784311.1 40.2 4 43.2 3.1 31.6 8.3
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AD-1784310.1 28.7 24 26.5 0.3 50 176
AD-1784326.1 358 8.3 41.8 3.9 65 1 16.4
AD-1784334 1 35 9 55.2 12.1 46.5 109
AD-1784341 1 38.6 8.3 46.7 34 40.2 &3
AD-1784348 1 2 97 282 3 445 7.6
AD-1784356 1 18.1 8.1 23 74 397 6.8
AD-1784364 1 142 6.5 183 10.7 36.7 217
AD-1784282 1 20.5 37 47 2 25 4.1
AD-1784290.1 329 6.2 34 79 36.1 5
AD-1784297 1 56.2 6.6 523 3.1 50.5 136
AD-1784304 .1 98.2 93 1018 9.5 103.8 137
AD-1784312.1 42 8 2.3 43.7 97 728 i5
AD-1784320 1 4i8 43 393 7.5 833 82
AD-1784327 1 263 2.8 329 6.2 30.8 49
AD-1784335 1 21.6 2 48.9 9.4 464 119
AD-1784342 1 249 94 363 5.1 344 84
AD-1784340 1 197 75 225 35 358 71
AD-1784357 1 17 4.8 31 8.8 517 4.1
AD-1784365 1 312 i9 394 3.9 38.6 55
AD-1784283 1 257 4.6 274 10.2 221 6.4
AD-1784261 1 24.8 51 19.6 74 3435 10.2
AD-1784298.1 23.1 6.2 296 117 272 4.1
AD-1784305 1 28.8 73 23.2 2.8 2738 7
AD-1784313 1 34.9 7.8 319 74 431 6.1
AD-1784321 1 LT 9.4 392 2.5 554 2.6
AD-1784328 1 40.5 4.9 30.2 83 60.2 i1l
AD-1784336.1 20 3.8 36 33 33.7 93
AD-1784343.1 20.7 1.8 30.4 a1 651.8 74
AD-1784350.1 174 9.9 344 7.8 248 9.2
AD-1784358.1 20.2 i1 162 1.7 428 R
AD-1784366.1 20.4 0.9 19.2 4.6 38 133
AD-1784284 1 332 9.7 32 11 335 0.6
AD-1784252 1 237 6.8 317 6.1 383 126
AD-17842099.1 30.4 6.8 349 104 369 {9
AD-1784306.1 34.2 8.5 453 8.1 529 6.8
AD-1784314.1 46.2 i15 87.7 1.7 54.5 3.2
AD-1784322 1 43 9.2 334 10 949 204
AD-1784329 1 15,8 6.4 30.4 10.4 398 118
AD-1784337 1 253 7.8 42.1 10.5 46.3 159
AD-1784344 1 454 152 333 1.3 30.7 225
AD-1784351 1 20.3 3.4 8.2 &4 47.8 12.7
AD-1784350 1 14.2 3 42.2 12.6 33 4.8
AD-1784367.1 16.3 7.9 25.2 9 274 3.7
AD-1784285 1 24 3.7 19.1 1.5 215 3
AD-1784703 1 26.2 54 213 3 {3 3.7
AD-1784300 1 243 6.9 38.7 6 36.8 7.1
AD-1784307.1 32.9 82 525 &.6 443 i0.1
AD-1784315 1 23 2.1 54.4 16.2 6972 8.3
AD-1784330.1 2738 8.9 35.1 i 457 1.2
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AD-1784338.1 24.4 i3.8 36 72 485 38
AD-1784345 1 23.7 9.6 453 16.6 54.7 19
AD-1784352.1 16.3 7.1 265 7.6 46.6 124
AD-1784360.1 23.4 i2 66.1 (4.9 66.1 21
AD-1784368 1 8.6 2.2 i2.6 36 215 2.2
AD-1784384 1 145 54 373 9.3 34 i
AD-1784301 1 16.2 i8 24.6 3.6 22.9 4.1
AD-1784398 1 18.9 4.3 18.8 23 8.4 2.1
AD-1784406.1 36.1 9.8 45 18.6 38.2 7.6
AD-1784413 1 23 33 i6 3 364 79
AD-1784421 1 228 3 i6.1 3. 25 1.9
AD-1784429 1 16.9 34 8.1 5 34 6.9
AD-1784436 1 3.5 6.2 35.1 3.6 323 94
AD-1784443 1 22 9 28.9 6.6 303 ii3
AD-1784451 1 16.9 72 193 3.7 214 472
AD-1784369.1 i3 N 12.4 1.8 226 28
AD-1784377 1 325 2.8 334 8 33. 94
AD-1784385 1 25.6 3.2 65.1 20.8 41.3 i1.3
AD-1784392 1 202 4.1 392 115! 433 i88
AD-1784368 1 30.8 8.1 312 3.3 19.9 49
AD-1784407 1 35.6 9.6 35.1 2.8 313 456
AD-1784414.1 355 7.8 307 33 34 3
AD-1784422. 10.8 i4 17.8 3.2 218 &1
AD-1784430.1 133 3.5 212 75 212 49
AD-1784437 1 23.3 8.1 378 5.8 35.1 2.3
AD-1784444 1 112 5.6 183 3 154 35
AD-1784452.1 10,7 49 12.4 6.2 225 92
AD-1784370.1 24.4 6.4 243 3.1 347 il
AD-1784378 1 142 57 419 13.1 327 7.7
AD-1784400.1 557 i23 874 16.3 66.6 14
AD-1784408 1 81.7 218 88 182 46.2 1.5
AD-1784415 1 74.8 153 749 184 39 12.7
AD-1784423 1 30.1 5 30.7 47 43.6 6.3
AD-1784445.1 23.3 2.7 395 Il 393 10.9
AD-1784453 1 31.2 6.5 6.4 116 176 7
AD-1784371 1 24.2 i9 25.7 7. 364 §
AD-1784379 1 32.9 3 60 3. 39.7 iz.1
AD-1784386 1 32.7 2. 34.2 157 487 1.5
AD-1784393 1 338 3.6 46.8 i5.6 348 7.6
AD-1784401 1 313 152 63.4 282 458 7
AD-1784409 1 72.2 8.5 9.6 20.1 34.6 12.3
AD-1784416.1 42.4 i2.3 3598 16.2 48.9 2.7
AD-1784424 1 22, 7.1 45.6 213 04 i04
AD-1784431 1 20.1 3.5 363 6.3 52.1 10.2
AD-1784438 1 34.1 9.1 36.6 93 397 2.4
AD-1784446 1 43. 8.7 63.9 10.2 38 242
AD-1784454 1 33.2 92 22.5 3 33.8 16
AD-1784372 1 22.8 3.7 294 6.7 242 32
AD-1784380.1 53.5 i84 80.5 938 70.8 138
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AD-1784387 1 28.5 534 33.4 274 51 1.8
AD-1784394 1 34 59 928 245 70.6 8.4
AD-1784402.1 43.7 3 65.4 16.2 42.8 147
AD-1784410.1 778 i2.3 i06.6 16.1 32.8 73
AD-1784417 1 252 6.8 454 79 533 2.4
AD-1784425 1 30.4 9 40.5 12 393 8.8
AD-1784432 1 63 i74 64 193 70.6 32
AD-1784430 1 37.6 9.1 46.9 15.2 447 12.9
AD-1784447.1 2.4 §.1 305 19.1 44.2 2.2
AD-1784455 1 427 116 60.9 3. 759 i2.2
AD-1784373 1 157 59 37.1 13.7 408 47
AD-1784381 1 47 1 124 {069 96 714 972
AD-1784388 1 32.2 5.6 384 8.6 27.9 8.8
AD-1784305 1 31 8.3 68.7 g8 327 935
AD-1784403 1 212 0.8 &R 135 40.6 6.6
AD-1784411.1 278 32 473 3.6 48.6 7.

AD-1784418.1 22.6 (.5 62.9 3.9 68.7 231
AD-1784426 1 26.2 8 373 9.8 337 9.7
AD-1784433 1 70.9 22 76.7 288 55 134
AD-1784440 1 285 83 36.7 117 437 129
AD-1784448 1 7.4 15 432 16.8 62.6 217
AD-1784456.1 i3 0.3 358 6.5 2 7
AD-1784382 1 26 7.1 576 7 451 i1 4
AD-1784389 1 29.6 3 64.5 i1 559 2.4
AD-1784396 1 336 3 73.3 i3.1 46.8 7.8
AD-1784404 1 283 5.6 457 10.2 38.1 10.2
AD-1784412.1 46.9 6.2 97.1 12.2 79.9 16.7
AD-1784419.1 20.5 54 58 5.9 36.9 75
AD-1784427 1 557 3.1 36.5 5.6 67.5 if8
AD-1784434 1 37.8 0 41 13.1 451 8.4
AD-1784441 1 64.6 22 1063 185 79.5 237
AD-1784449 1 {8.9 34 35.5 54 35.6 4
AD-1784457 1 243 8.7 395 16.5 34.1 i08
AD-1784375.1 23.4 i35 32 1.7 45 % 11.2
AD-1784383 1 233 57 427 18.5 54 29
AD-1784350.1 30.9 8.4 72.2 226 50 6.2
AD-1784397 1 254 472 33.6 9.5 30.1 6.1
AD-1784405 1 63.2 19 143.6 509 1105 384
AD-1784420 1 224 3.6 29.8 6.2 522 1.2
AD-1784428 1 22.1 22 359 15.1 343 23
AD-1784435.1 264 i1 31.9 16.3 43.4 0.3
AD3-1784442 1 239 7.1 46.6 13.4 40.5 i35
AD-1784450.1 20 0.3 46.5 2 473 146

CAZ Sequences
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>NM _0000€7.3 Homo sapiens carbo
mbkNA

nscript variant 1,

ACACAGTGCAGGCGCCCAAGCCGCCGCCGCCAGAT CGETGCCGATTCCTGCCCTGCCCCGACCGCCAGLGCGACCAT
GTCCCATCACTGGEEETACGGCAAACACAACGGACCTGAGCACT GGCATAAGGACTTCCCCATTGCCALAGGGAGAGT
GCCAGTCCCCTGTTGACATCGACACTCATACAGCCAAGTATGACCCTTCCCTGAAGCCCCTGTOTGTTTCCTATGAT
CARGCAACTTCCCTGAGGATCCTCAACAATGETCATGCTTTCARCCTGGAGTTTGATGACTCTCAGGACAAAGCAGT
GCTCAAGCGAGGACCCCT GGATGECACT TACAGAT” CAGTTTCACTTTCACTGGGGTTCACTTGATGGACAAG
GTTCAGAGCATACTGTGGATAAAAAGARATATGCTGCAGAACTTCALTT CACTGGAACACCAAATATGGGE!
TTTGGGARAGCTGTGCAGCAACCT GATGGACT GLECCGTTCTAGGTATTTTTTTGAAGETTGGCAGCGCTARACCGEE
CCTTCAGAAAGTTGTTGATGTGCTGGATTCCATTAAAACAAAGGGCAAGAGTGCTGACTTCACTAACTTCGATCCT
GTGGCCTCCTTCCTGAATCCTTGGATTACTGGACCTACCCAGGUTCACTGACCACCCCTCCTCTTCTGGAATGTE
ACCTGGATTGTGCTCAAGGAACCCATCAGCLTCAGCAGCGAGCAGGTGTTGAAATTCCETAAACTTAACTTCAATGE
GGAGGGTGAACCCGAAGAACTGATGGT GGACAALTGGCGCCCAGCTCAGCCACTGAAGAACAGGCAAAT CARAGCT
CCTTCARATAAGATGGTCCCATAGTCTGTATCCAAATARTGAATCT TCGCCTMT”"C‘C’CTTT?\GCTAA SCACAGATC

TACCTTGGTGATTTGGACCCTGETTGCTTTETGT CTAGTTTTCTAGACCCTTCATCTCTTACTTGATAGACTTACTA
ATARAATGTGARGACTAGACCAATTGT CATGCTTGAL ACAAC"-"-T”‘”Tu ‘G”’“"""C" 'GCTGCTTTGTTTATGGTAGTA
GTT TGTAACACAGAATATAGGATAACGAAATAAGAATAAAGCTACCTTCACTTTGTTCACAGCAT CTAGGETGAT
GAGCACTCACAATTGTTGACTAAAATGCTGCTTTTAAAACATAGCGAAAGTAGAATGETTGACT GCAAATCCATAGCR
CAAGATAAATTGAGCTAGTTAAGGCAAAT CAGGTAAAATAGTCATGATTCTATGCTAATGTAAACCAGAAAAAATAAA
TGETTCATGATTTCAAGATGET /thAP A ’\1\.\,TTTAF‘£ .TT?\['“TF-\ ATATTTATAGCAAAGTTATCT ulz’-\f
ATGAATTCTGCTTGTAAT CAGAGATATAAATGAAGTATTATCTGTARARATTGTTATAS
TAGAGTTGTG STATTTTAGATATATY
TCTAATAAAATTCAGAATTCTA
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ACAC Ao_nTl&“"""\,"" TTCAGACAATATATCATAS ’“'[”ln_nl“%AAI‘ﬁ

ement of 5
ATTAGAGAI

ADNBATACAATATTTATTAAGTTATGATATATTGTCTGCAATGGAAR
TATACTCTGTATCACAACTCTAATTY ATTTTTACAGATAATACTTCATTTATATCTCTGTAATTCAAAAGTC
ATTAAATTACAACAGAATTCATATTTAAGATAACTTTGCTATAAATATATAATAATTTTTAAAGTTTTTCTTTAATA
TCATGARCATTTATTTTTTCTGGTTTACAT TACATAGAATCATGACTATTTTACCTGAT

TGCTGCTATGGATTTGCACTCAACCATTCTACTTTCCTATETTT
CATCACCCTACATGCTGTGAACARAGTCAAGGTACTTTATT

ATATTCTGTGTTACAGAARAAACTACTACCATARACAAAGCACCAACCAGCCACAGCAGTTGTG

TGGTCTAGTCE

AAGCATGACAAT
ATTAGTAAGTCTATCAAGTAAGAGAT GRAGGGETCTAGAAAACTAGACACAAAGCAAC
CAGGGTCCAA] ATCTGTGCTTAGCTAAAGGGRAACACCCGAAGATTCATTATTTGGATACAGACT
ATGGGACCATCTTA AAGCTTTGATTTGCCTGTTCTTCAGTGGUTGAGCTGE CAGTTGTCCACCAT
CAGTTCTTCGGGTTCACCCTCCCCATTGAAGTTARGTTTACGGAATTTCAACACCTGCTCGCTGCTGACGCTGATGE
GITCCTTGAGCACAATCCAGGTCACACATTCCAGAAGAGGAGGEGTGET CAGTGAGCCT GGCETAGGTCCAGTAATCO
AAGCATTCAGGAAGEAGGCCACGAGCAT CGAACTTAGT CAAGT CAGTACTCTTGCCCTTTCTT T TAATGGAAT CCAL
CACATCARCAACTTTCTGAAGGCCCGETTTAGCGCTGCCAACCTTCARAARAATACCTAGAACGGCCAGTCCATCAG
GITGCTGCACAGCTTTCCCAAAATCCCCATATTTGETGTTCCAGTCGAACCARGTGAAGTTCTGCAGCATATTTCTTT
TTATCCACAGCTATGCTCTCAACCTTCTCCAT CAAGTGAACCCCAGT GAAAGTGAAACTCAAT CAAT CTGTAAGTGCC
CCAGGEGETCCTCCCTTGAGCACTGCTTTGTCCTGAGAGTCATCAAALCTCCACGTTGARAGCATGACCATTGTTGA
GGATCCTCAGGGAAGTTGCTTGATCATAGGAAACAGACAGGGGCTTCAGGGRAAGGET CATACTTGGCT GTATGAGT
TCGATGETCAACAGGESACTEGCELTCTCCCTTGECAAT GEGCAAGT CCTTATGCCAGTECTCAGGTCCETTETETTT
CCCCAGTEATGLOACATGETCOCECTGLCGETCEEHGCAGEGLAGCAATCGS GATCTGOCEECEET
GCGCCTGCACT
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WE CLAIM:

1. A double stranded ribonucleic acid (dsRNAJ agent for inhibiting expression of Carbonic
anhydrase 2 {(CAZ), 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, from one of the
antisense sequences listed 1o any one of Tables 3-10, and wherein the sense strand comprises a
nucleotide sequence comprising at least 15 contiguous nuclectides, with 0, 1, 2, or 3 mismatches,
from a sense sequence listed in any one of Tables 3-10 that corresponds to the antisense
sequence and wherein the dsRINA agent comprises at least one modified nuclectide.

2. The dsRNA agent of claim 1, wherein at least one of the sense strand and the antisense

strand is conjugated to one or more lipophilic moieties.

3 The dsRNA agent of claim 2, wherein the lipophilic moiety is conjugated via a linker or
carrier,
4. The dsRNA agent of claim 2 or 3, wherein one or more lipophilic moieties are conjugated

to one or more internal positions on at least one strand.

~

5. The dsRNA agent of claim 4, wherein the one or more lipophilic moieties are conjugated

to one or more internal positions on at least one strand via a linker or carrier.

6. The dsRNA agent of any one of claims 2-5, wherein the lipophilic moiety is an aliphatic,

alicyelic, or polyalicyclic compound.

~

7. The dsRNA agent of claim 6, wherein the lipophilic moiety contains a saturated or

unsaturated C16 hydrocarbon chain,
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g The dsRNA agent of any one of claims 2.7, 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.

9. The dsRNA agent of any one of claims 2-7, wherein the lipophilic moiety i3 conjugated
to the double-stranded iIRNA agent via a linker containing an ether, thiocether, urea, carbonate,
amine, amide, maleimide-thioether, disulfide, phosphodiester, sulfonamide linkage, a product of

a click reaction, or carhamate.

10, The double-stranded iIRNA agent of any one of claims 2-8, wherein the lipophilic moiety

is conjugated to a nuclecbase, sugar moiety, or internucleosidic linkage.

11, The dsRNA agent of any of the preceding claims, wherein no more than five of the sense
strand nuclectides and not more than five of the nucleotides of the antisense strand are

unmodified nucleotides.

12, The dsRNA agent of any of the preceding claims, wherein all of the nucleotides of the

sense strand and all of the nucleotides of the antisense strand comprise a modification.

13, The dsRNA agent of any of the preceding clairas, wherein at least one of the modified
nucleotides is selected from the group consisting of a deoxy-nucleotide, a 37 -terminal
deoxythimidine {(dT} nucleotide, a 2'-C-methyl modified nuclectide, 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°-0-allyl-modified nucleotide, 27-C-alkyl-modified nucleotide, a
2 -methoxyethyl modified nucleotide, a 2°-C-alkyl-modified nucleotide, a morpholino
nucleotide, a phosphoramidate, a non-natural base comprising nucleotide, a tetrahydropyran
modified nucleotide, a 1,5-anhydrohexitol modified nucleotide, a cyclobexenyl modified
nucleotide, a nuclectide comprising a phosphorothicate group, a nucleotide comprising a

methyiphosphonate group, a nucleotide corprising a S™~phosphate, a nucleotide comprising a 5'-
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phosphate mimic, a glycol modified nuclectide, and a 2-O-(N-methylacetamide) modified

nucleotide; and combinations thereof,

14, The dsRNA agent of any of the preceding claims, wherein at least one strand comprises a

3 overhang of at least 2 nucleotides.

1S, The dsRNA agent of any of the preceding claims, wherein the double stranded region 13

15-30 nuclectide pairs in length.

16, The dsRNA agent of claim 15, wherein the double stranded region is 17-23 nuclectide

pairs in length.
17, The dsRNA agent of any of the preceding claims, wherein each strand has 19-30
nucleotides.

18, The dsRNA agent of any of the preceding claims, wherein the agent comprises at least

one phosphorothicate or methylphosphonate internucleotide linkage.

19, The dsRNA agent of any one of claims 2-18, further comprising a targeting ligand, e.g.,

a ligand that targets an ocular tissue.
20. The dsRINA agent of claim 19, wherein the ocular tissue is ciliary epithelium, an optic
nerve, a trabecular meshwork, a juxtacanalicular tissue, a ganghon (e.g., including a retinal

ganglion), episcleral veins or a Schlemm’s canal {e.g., including an endothelial cell).

2%, The dsRNA agent of any one of the preceding claims, further comprising a phosphate or

phosphate mimic at the 5™-end of the antisense strand.

The dsRNA agent of claim 21, wherein the phosphate mimic is a & -vinyl phosphonate

B2

o~
<
o
N
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23, The dsRNA of any one of claims 1-22 wherein the dsRNA agent targets a hoispot region

of an mRNA encoding CAZ.

24. A dsRINA agent that targets a hotspot region of a Carbonic anhydrase 2 {CA2) mRNA.

25. A cell containing the dsRNA agent of any one of claims 1-24.

26, A pharmaceutical composition for inhibiting expression of a CAZ, comprising the dsRNA

agent of any one of claims 1-24 and a pharmaceutically acceptable buffer,

27. A method of inhibiting expression of CAZ2 in a cell, the method comprising:

a. contacting the cell with the dsRNA ageut of any one of claims 1-24, or a
pharmaceutical composition of claim 26; and

b. maintaining the cell produced v step (a) for a time sufficient to reduce levels of
CA2 mRNA, CAZ protein, or both of CA2 mRNA and protein, thereby inhibiting expression of
CAZ2 in the cell.

28, The method of claim 27, wherein the cell is within a subject.

29, The method of claim 28, wherein the subject is 2 human.

30.  The method of claim 29, wherein the subject has been diagnosed with a CAZ-associated

disorder.

B

31, A method of treating a subject diagnosed with a CA2-associated disorder comprising
administering to the subject a therapeutically effective amount of the dsRNA agent of any one of

claims 1-24 or a pharmaceutical composition of claim 26, thereby treating the disorder.

32, The method of claim 31, wherein the CAZ-associated disorder is glaucoma.
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33, The method of claim 31 or 32, wherein treating comprises amelioration of at least one

sign or symptom of the disorder.

34, The method of any one of claims 31-33, wherein the treating comprises one or more of
{a) tuhibiting or reducing wntraocular pressure; (b) inhibiting or reducing the expression or
activity of CA2; (c) decreasing the amount of aqueous humor; {d} inhibiting or reducing optic
nerve damage; (e} inhibiting or reducing retinal ganglion cell death; (f) medication to reduce

intraccular pressure; (g} laser treatment; (h} surgery; (1} or trabeculectomy.

35, The method of any one of claims 24-34, wherein the dsRNA agent is administered to the

subject intraocularly, intravenously, or topically.

36.  The method of claim 35, wherein the intraccular administration comprises intravitreal
administration (e.g, intravitreal injection}, transscleral administration (e.g, transscleral
injection), subconjunctival administration {e.g., subconjunctival injection), reircbulbar
administration {e.g., retrobulbar injection), intracameral administration (e.g., intracareral

injection}, or subretinal administration (e.g., subretinal injection}.

37, The method of any one of claims 24-36, further comprising administering to the subject
an additional agent or therapy comprising one or more of a prostaglandin analog, a beta blocker,
an alpha-adrenergic agonist, a carbonic anhydrase inhibitor, or an anti-CAZ2 agent suitable for

treatment or prevention of a CAZ-assoctated disorder.
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