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OQLIGONUCLEOTIDE-BASED DELIVERY VEHICLE FOR OLIGONUCLEQTIDES
AGENTS AND METHODS OF USE THEREOF

FIELD OF THE INVENTION

The present application relates to the technical field of nucleic acids, specifically as it relates
to an oligonucieotids agent comprising a double-stranded RNA (dsRNA, duplex) and a non-
targeting acceasory oligonuctestide (AT} that ts covalently tethered to the dsRMNA and
pharraceutical use thereof

{CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims prionty to the filing date of Provisional Patent Application Serial No,
PCT/CNZOZI/TG508T filed July 07, 2021 and to the filing date of Provisional Patent
Application Serial No, PCT/CN2022/091076 filed May 06, 2022, the disclosure of which
apphication is herein incorporated by reference.

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted electronically
in computer readable format and 1s hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

Oligonuclecotides are an emerging class of therapeutics currently under active development
for the weatment of & wide varety of diseases via a myriad of mechamesos of action (MOA}
Major categories of oligonucleotide therapeutios include single-stranded antisense
ohigonucleotides {ASOs) and duplex {(double-stranded ) RNAs {daRNAs) Single-siranded
ASQOs in the form of “gapmer” can be used to suppress gene expression by degrading target
mRNA via an RMNase H mechanism. Gapmer ASOs have a central DNA region required {0
support the RMase H activity and two nbonucteotide wings to increase target binding affinity
of the AS0s. Another category of ASGs 15 sterie blockers, which are typically composed
uniformiy of ribonuclectides and bind 1o pre-mRNA 15 the nucleus to alter mRNMNA splicing
by Bocking the binding of certain splicing factors 1o the mRNA.

dsKINAs can be further classified into two categories: small interfering RNA (siRNA) and
small activating RNA {saBNA}, both of which require Argonante (AGO) proteins as their
protein pariner for function. siRNA binds to target mBNA mainly in the cytoplasm o down-
regulate gene expression post-transcriptionally via the RMNA interference (RNAI) mechanism.
saRMNA targets regulatory sequences o the nucleus such a3 gene promoters 1o upregulate gene
expression at the transcriptional level via the RMAs (RNA activation) mechamsm.

Almost all single gene diseases and most multi-gene diseases are caused by loss, instead of
gain, of a gene’s function. Loss of function could arise from epigenenc aberrations and
genetic muiations, leading to transcriptional silencing and erroneous forms of the transcribed
mBNA respectively. One of such errors is erroneous splicing of pre-mBNA due to undesired
skipping or inclusion of exons, resulting 1o untunctional protein when the mBNA i<
ransiated. In such instance, ASQOs have been used to correct the grroneous splicing events
and ultimately to Increase the gene’s protein output by stenically blocking the protein-RNA
binding interactions between splicing machinery components and the pre-mRINA. Several
such ASO drags have been approved by U8, Food and Drug Administration (FIDA),
including an exon inclusion ASG SPINRAZA® for the reatment of spinal muscular atrophy
{SMA} and 3 exon skipping ASOs for the treatment of Duchenne muscunlar dystrophy
(DD,
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However, the therapeutic potential of such ohgonucteotide modalities 15 limited by delivery
technologies that provide access 1o target tissues, organs, or cell types. Thus, there is a nead
for improved oligonuciectide-based delivery mechanisms to address these challenges.

SUMMARY

The present application provides a novel ohigonucleotide agent comprising a double-stranded
RNA (dsRNA, duplex) and a non-iargeting accessory oligonuciectide {ACO or single-
stranded oligonucieotide) that 18 covalently tethered to the dsRMA. The agent, by itself,
constitutes a systern terrned ohigonucleotide-based delivery vehucle (0D with “self-
delivering” properties. The present tnventors found, surprisingly, when 0DV is applied to
deRMA (ie., aBNA or saRNA), favorable biodistribution and activity are obiamed for local
administration to selected tissues and systemic delivery across several organs/iissues
wncluding liver, muscle, lung, kidney, bladder, brain, spinal cord, heart, eye, apleen, efe. The
agent possesses certain benefits associated with single-stranded oligonucleonde therapeutics,
for instance, unconventional nucleic acid chemistries and modification patierns conducive 1o
delivery, biodistribution, bivavailalality, stability, celiniar uptake, and other pharmacologicsl
properties without concerns of compromising duplex activity.

OV design includes an RNA duplex, such as an siRMNA or saBRNA, comprised of two
complementary or partial complementary strands with one of the strands covalently linked 1o
an ACO baving at Ieast & nuctectides with or without one or more linker moteties. The RINA
duplex targets at least one nucleic acid sequence {e.g., mRNA} and optionally is chemically
modified using oligonuclectide chemistry technologies {e.g., 2" fluore, 27-O-methyl,
phosphorothinate, mesyi phosphoramidate or boranophosphate backbone, LNA, er¢.}
conducive 1o i vive activity, stability, and satety. The ACO component s vot designed to
specitically target any complementary nucioic acid sequence in the subject to be
administrated to. The ACO component can be chemicaliv-modified on #1a backbone,
nucieoside or other positions, e.g., a phosphorothioate, mesyl pimaphmmmdaie ot
boranoph&sphats: backbone, a 2'-fluoro-2'-deoxynucleoside {2'-F}, a 2-0-methyi 2'-0-Mge), a
20 2-methoxyethyh) (2°-0-MOE), tocked nucleic acid (I.NA), bridged nucleic acid (BN ‘s;
peptldg nucleic acid (PI‘&A), 5’ -{Eyvinyiphosphonate motety, S'-methyl oviosine mmatv e,
to tmpart physiochemical properties conducive to improve the agent’s bioavaiiability and
delivery. Covalent linker moieties can be natural or unnatural nucleotides, ethivglveol,
carbohydrates, atkvl chains, or anv other hinker used to covalently connect any two
oligonuclectides positioned on the 37~ or 57« terminus of one or both of the strands within the
RMA duplex

Embodiments of the present application are based in part on the surprising discovery that an
oligonucleotide agent compnsing: {8} a double-stranded oligonucleotide comprising a sense
strand and an antisense strand, wherein the antisense strand has complementarnity to a target
aucieic acid; and (b} a non-targeting single-siranded oligonucleotide, wherein the single-
stranded oligonucieotide 18 6-22 vucleotides n leogth, wheretn the double-stranded
chigonucleotide and the single-stranded oligonucieotide are covalently linked, with or withowt
one or more hinking components, to form the oligonucteotide agent.

In certain embodiments of the present application, the double-stranded oligonucleotide s a
small tnterfering RNA (siRNAY or a small activating RNA (3aRNA).

In certain erabodiments, the single-stranded oligonucleotide comprises at least one
phosphorothioate (PR) backbone substitution. In certain embodiments, the single-stranded
oligonuclectide has at least 10%, at least 20%, at least 30%4, at Teast 40%, at least 50%, at
teast 60%: at feast 709, at 1east 80%, at least 90%. at least 95%, or 100% of the
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phosphodiesier bonds substituted with phosphorothioate (PR} bond on the backbone of the
auciectide sequence. In ceriain embodiments, the single-stranded oligonuclestide has B5-.95%
or 95-100% PS bond.

ir certain ernbodimments, the chemical modification in the double-stranded oligonucteotide or
the single-stranded oligonuclectide 1s an addition of a S'-phosephate moiety at the 37 end of
the nucleotide sequence. In certain embodiments, the cherical modification 1s an addition of
a 5"-{E}-vinviphosphonate motety. In certain embodiments, the chemical modification is an
addition of a Smethyi cyiosine moiety at the 57 end of the nucleotide sequence.

in certain embaodiments, the single-stranded oligonuclentide 1s RNA, DNA, BNA, ENA or
PNA. In certain embodiments, the single-stranded oligonuclteotide i3 3-16 nucisotides in
fength. In certain embodiments, the single-stranded oligomucieonde 1s 10-14 nuclectides in
tength.

i certain ermbodiments of the present application, the sense strand of the double-stranded
cligonucleotide in the oligonuclestide agent 1s at least 10 nucleotides in length. In certain
emsbodiments of the present application, the sense strand has a nucleotide length ranging from
10-60 nucleotides. In certain embodiments, the sense strand has a nucleotide fength ranging
from 27-41 nucleotides.

In certain erabodiments of the present application, the antisense strand has a nucleotide length
ranging from 10-60 maclectides. In certain embaodiments, the antisense sirand has a nuclestide
fength ranging from 19-25 nuclestides.

In certain embodiments, the single-siranded oligonucleotide comprises a nucleotide sequence
that is at least 90% identical to the nuclectide sequence selected from SEQ D MN{s: 1.22.

The ACO may also has a specific composttion of nuclectides. I some embodiments, the
ACG may have a certain percentage of adenines within the nudlectide sequence of the ACO.
In some embodiment, the pereent composition of adenines is from about 35% to about 65%.
In some embodiments, the percent composition of cytosines is from about 35% to about 72%
fn some embodirnents, the percent composition of guanosines 1s from about 35% to about
65%. In some embodiments, the percent composition of uract 18 from about 35% to abowt
72%. In some embodiments, the percent composition of purines is from about 04% to about
78%. In B0me erbodiments, the percent composition of pvrmudme 11 fromy abont 64% to
about 86%. In some embodiment, the specific conthination of purines and pyrinudines is
abrout 42-38% purnines and about 42-58% pyrinudines.

In some embodiments, the nucleotide sequence of the single-stranded oligonucieonde
comprises at least about 14%, at least about Z8%, at least about 42%, at least about 57%, at
feast about 71%, at least about 85%, at least about 92%, or about 70- E(}u” of the nucleotides
having 2’ Ome modification.

In some embodiments, the nucleotide sequence of the sngle-stranded ohgomucleotide is a
palindrome sequence.

In some embodiments, the single-stranded oligonucleotide compnises a chemically modified
nuclectide bf:‘}umu_ that 15 at least 3056, at least 5%, at least 90%, at least 95%, at least
97%, at least 99% homology, or 100% wdentical ¢ a nucleotide sequence selected from the
group of 3EQ D NOs: 1299-1379. In some embodunents, the single-stranded
cligonucieotide comprises a chemically modified nucizotide sequence that is having 0, }, 2 or
3 different chemical modifications than a sucleotide sequence selected from the group
consisting of SEQ D NQGs: 1299-1379
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In some embodiments, the single-stranded oligonucleotide compnises a chemically modified
nucieatide sequence that 1s at least 809, at Igast 85%, at least 00%: at least 959, at least
7%, at least 99% homology, or 100% wdentical to a nucleotide sequence selected from the
group of 3EQ D NOs: 1299-1379. In some embodunents, the single-stranded
cligonucieotide comprises a chemically modified nucizotide sequence that is having 0, }, 2 or
3 different chemical modifications than a sucleotide sequence selected from the group
consisting of SEQ D NQGs: 1299-1379

In some embodiments, the single-stranded ohigonucieotide and the double-stranded
cligonucleotide 15 conjugated without a linlang component. In some embodiments, the single-
stranded oligonuctectide and the double-stranded oligonuciectide s conjugated with one or
more linking coroponents. In some embodiments, the double-stranded oligonucieotide and the
single-stranded oligonucieotide are covalently conjugated by a inking component. In some
embodiments, the single-stranded oligonucieotide 18 conjugated to a linking component. In
some embodimends, the 37 end, the 37 end, or an internal nucleotide of the single-stranded
cligonucleotide is conjugated to a linking component. In some embodiments, the double-
stranded ohigonucieotide comprises a sense strand and an antisense sirand, and the single-
stranded ohgonucieotide 1s covalently conjugated to the sense strand, the antisense strand, or
both the sense and the antisense strands of the double-stranded oligomuclectide by a linking
component. In some embodiments, the single~stranded oligonucleotide is covalently
conjugated to the 37 end, the 57 end, both the 37 and the 57 ends, or an internal nucleotide of
the sense strand of the double-stranded oligonucieotide. In some embodiments, the single-
stranded ohigonucieotide 1s covalently conjugated to the 37 end, the 5™ end, both the 37 and the
57 ends, or an internal nucleotide of the antisense strand of the double-stranded
oligonuclectide. In some embodiments, the internal nuclectide in the sense or antisense strand
of the double-siranded oligonucleoide 13 substituted by a hnking componeut, wherein the
single-stranded oligonucleotide is covalently conjugated with the hinking component.

In some embodiments, more than one single-stranded oligonucieondes are covalently
comugated to the double-stranded oligonucieotide In some embodiments, about 2-10 single-
stranded cligonucieotides are covalently conjugated to the double-stranded cligonucieotide.

i some embodirnents, more than one double-stranded ohigonuciectides are covalently
corjugated to the single-stranded oligonucteotides. In some embodiments, about 2-10 double-
stranded ohgomucieotides are covalently conjugated to the single-stranded ohgonucleotides,

In some embodiments, the linking component conjugated with the nucleotide in the single-
stranded oligonucieotide or the double-siranded oligonucleotide, or both the single-stranded
cligonucleonide and the double-stranded oligonucleotide through phosphorothioate (PS)
bond. In some embodiments, the substituted hinking component conjugates with each or both
adjacent nucleotides on the double-stranded oligonucieotide through phosphorothicate (PS)
bond.

fn some embodirnents, the Hoking component compnises a direct bond, or an oxygen ot sulfir
atom, or g unit selected from the following group: MR, C{O), (OO, C(OINRL, 50, 802,
and SO2NH, where R1 s bydrogen, acyl, aliphatic or substituted aliphatic.

In some embodiments, the linking component 15 selected from the group consisting of
substitnted or unsubstituted abioyl, substituted or unsubsiituted alkenyl, substinsted or
unsubstituted alkvoyl, arvialkyl, avvlalkenyl, arvialkvoyl, beteroarvialkyl, heteroaryialkenyl,
heterparyiatkynyl, heterocyclylalkyl, heterccvelyialkenyl, heterocveiviathynyl, aryl,
heteroaryi, heterocyelvl, cycloalkyl cycloalkenyi, allkylarvlalivl, alkvlarylallenyd,
alkylarylathvnyl, alkenviarylalkvl, atkenylaryialkenyi alkenviarvialkynyl, alkynylarvialiovh
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alkynyvlaryialkenyl, slynviarviaikynyl, alkylhetercarylalkyl, alkylheteroaryialkenyi,
alkylbeterparylalkviyl, alkenylhetercaryiatky!l, alkenvihetercarylalkenyi,
alkenvihetercarylalkynvl, atkynyiheteroarvialkyl, aliyvayibeteroarylalienyl,
alkyoylbeteroaryvialkyovl, alkviheterocyclylaliyl, alkyiheteroeyclylalkenyl,
alkylhererocyelylaliynyl, alkenviheterooyclyiathyl, alkenvihetercevelylalkenyl,
alkenylbeterocyclyialkynyl, alkynvlheterocyelylatiovt, alkynyibeterocyclviaibenyl,
alkynviheterocyclviatkynyl, alkylarvl, atkenylarvl, alkynviaryl, alkylhetercaryl,
alkenviheteroaryl, atkyvnvihereroaryl, wherein one or more methylenes are interrupted or
termunated by O, 8, S{O), SO2, N(RYZ, {0}, deavable inlang group, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, and substinuted or unsubstituted
heterocyclic,

In some embodiments, the linking component 13 selected trom one or more of an ethylene
giveot chain, an albyl chato, an alkeny! chain, an alkynyl chain, a peptide, carbohydrates,
thiol hinkage, a phosphodiester, a phosphorothioate, a phosphoramidate, av amide, a
carbamate, a tetrazole linkage, and a benzimidazole hinkage.

In some embodiments, the linking component 13 selected from the group cousisting of

ay L1 or 818 {spacer-18 linker} {1,1-bis{4-methoxyphenyly-l-phenvi-2,5 811,14, 17
hexaoranonadecan-19-y1 (2-cvanoethyly dilsopropylphosphoramiditey,

by L4 or 6 {spacer- 6 linker} {o-{bia{4d-methoxyphenyD{phenyDimethoxy hexyl (2-

cyanoethyly dilsopropyiphosphoramidite},

L& {1, -bis{d-methoxyphenyi - 1-phenyl-2, 5 8,11, H4-pentaoxahexadecan-16-vt (2-

cyancethyl}) dusopropviphosphoramidite);

dy L9 or 89 {spacer-9 Hinker} {2-(2-(2-{bis{4-
methoxy phenyi ¥ phenvlimethoxyjethowy yethoxy jethyl {(Z-cyancethyl)
diisopropyviphosphoramidite);

gy LI0 or O3 Gpacer-U3 linken) G~{his(d-methoxypheny! {phenybimethoxy propyl (2-
cyanoethyly dusopropylphosphoranudite);

£} 112{d spacer} {({ZR,38)-2-{{bia(4-

methoxyphenviphenyUmethoxy ynethyhitetraby drofuranpar-3 -yt (2-cvanoethyly
dtisopropviphosphoramidite);

gy L13 or C12 {spacer-C12 hinkery (12-(bis{4-methoxyphenyl ¥ phenyDimethosyidodecyl (2-
cyanoethyi} diisopropyiphosphoranuditey,

by L4 Gpacer-L 14 linker) ({(r dr-4-({bis(4-
methoxyphenyi ¥ phenylimethoxy methvheyclohexylyimethyl (2-cyancethyi)
diisopropyiphosphoramidite);

i} L15 {spacer-L15 linker} {(4-(2-{bis{4-methoxyphenyl ¥ phenylmethoxyiethyliphenethyl
{Z~cyancethyl} diisopropyiphosphoramidite},

iy Li6 {spacer-L16 hinkery {2-(1-(2-{(bis{4-
methoxyphenyii phenvlimethoxy jethviioyclohexylethvl (Z-cvanoethyl)
diisopropyiphosphoramidite};
Ry Coxl ({2535 45,55k 2-{(bis{4-methoxyphenyl ¥ pheoyimethoxyimethyli-S-methoxy -4~
{peni-4-yo- 1-yioxy petrahydroturan-3-vl {Z-cyvanoethyl disopropylpbosphoramidite);

By C6x2 (28,3545 535 5« {bis{4-methoxypheny i phenvi imethoxy ynethy - 2-methoxy -4-
{peunt-d-yn-1-yloxyjetrabydroforan-3-vi (Z-evanoethyly dusopropylphosphoramidite),
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y Cox S (2-{(2-(his{d-methoxyphenyD{phenyhmethoxy yethyl {pent-4-yo- -y haminolethyl
{Z-cyanoethyl} ditsopropviphosphoramidite);, and

67 ({(OH-tluoren-%-ynoethyl (4-({(28 4R 1-2-((bis{4-
methoxyphenyi ¥ phenyDimethoxy ymethyl -4~
{{bis{diisopropviaminoiphosphanyioxy pyrrolidin-1-y-4-oxobutyicatbamate}.

In some embodiments, the oligonucleotide agent comprises a nucleotide sequence that 15 at
feast 90% 1dentical to the nucleotide sequences selected from the group consisting of

ay siSODRIMZ-ACZ2{MN22-81V3v-CulS (SEQ ID NGO 583 and an antisense strand haviog a
nucleotide sequence of SE{} I3 NOG: 57 that has partial complementarity with the sense
strand of siSODIMZ-AC2(NIZR-S1V3v-0us (SEQ 1D NG 53y

by siSODIM2-AC2NISMSIV3v-{us (SEQ I NG 60} and an antisense sirand haviog a
nucleoiide sequence of SEQ 1D MNO: 57 that has partial complementarity with the sense
strand of 1SODIM2Z-ACHNIE-S1VIv-Qus (SEQ 1D NG: 60y,

¢} StSODIMZ-AC{NIZY-STYEv-Qud (SEQ 1D NGO 62) and an antisense strand having a
nuclectide sequence of SEQ B3 NG: 57 that has partal complementarity with the sense
strand of GSODRIMZ-ACZ(NIZRSTVIV-QuS (SEQ 1D N 62), and

dy siSODIMZ-ACZMNG-S1V3v-(uS (SEQ ID MO 64) and an annsense strand having a
nucleotide sequence of SE} I3 NOG: 57 that has partial complementarity with the sense
strand of 5 SODIM2-AC2(N6-S1V3v-us (SEQ 1D NO- 64),

e} The oligonuclectide agent of any one of claims 1-27, wherein the cligonucleotide agent
comprises a nucleotide sequence that 1 at least 90% wdentical to the following nucleotide
SROUENCes!

) siHTT-ACZ-STLT{SEQ ID NG 28) and an antisense strand baving a nucleotide
sequence of SE) 1D NG 27 that has partial complementanty with the sense strand of
stHTT-ACZ-STET (SEQ D NG 28),

In some embodiments, the ohgonucleotide agent comprises a nucleotide sequence thatis at
ieast 90% identical to the muclectide sequences selected from the group of

ay  stApp-8-ACZ2(N183-S1LIV3v (8EQ ID NG 32} and an antisense strand having a
nuctectide sequence of SEQ H3 NG 31 that has partial complementarity with the sense
strand of siApp-8-AC2(N13)-S1L1V3y (SEQ 1D NO. 32);

b} siApp-8-AC2{NIERSTLIVIv (SEQ I NG: 34) and an antisense strand having a
nuclectide sequence of SEQ I NOG: 31 that has parval complementarity with the seuse
strand of siApp-8-AC2{NNI5}-S1L1V3v (SEQ ID NGO 34); and

¢y siApp-S-ACZNIZWSILIVIV (SEQ ID NG 36) and an antisense strand baving a
nucleotide sequence of SEQ H2 NG: 31 that has partial complementarity with the sense
strand of siApp-3-ACZ(NIZS1LIV3v (BEQ D NG 36},

In some embodiments, the sense or antisense strand of the double-stranded oligonucieotide
has a nucleotide sequence that is at least 90% tdentical to the nuclentide sequence selected
from the group of! R6-04{20)-STVIVCM-43 (SEQ 1D NG 66} or Re-04(20 51V I TM-4)
(SEQ ID NO: 67).

In some embodiments, the ohigonucleotide agent comprises a nucleotide sequence that is at
izast 90% identical to the nucleotide sequences selected from the group of:
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ay Ro-U4AMI-ACZOIS-RTLTVEV (SEQ 1D NO: 68) and an antisense strand haviog a
nuclectide sequence of SEQ H> NGO 67 that has pariial complementarity with the sense
strand of RO-GAMIE-ACZE183-81L 1YV 3y (REQ 1D NO- 6383,

by RO-GAMI-ACII6R-SHLIVIY (SEQ ID NO: 70) and an antisense strand having a
nucleotide sequence of SE{} I3 NOG: 67 that has partial complementarity with the sense
strand of Re-04MI-ACZI0WSTL IV {SEQ 1D NG 70),

cy RO-CAMIE-ACZISH-STLIV3 {(SEQ 13 NGO 72) and an antisense strand having a
nucleoiide sequence of SEQ 1D MO 67 that has partial complementarity with the sense
strand of RO-04MIE-ACZ{I53-8TLIV3v (SEQ 1D Ny 72y

dy Ro-04AMI-ACZOH4-R1LTVEV (SEQ 1D NO: 74) and an antisense strand haviog a
nuctectide sequence of SEQ H3 NGO 07 that has partial complementarity with the sense
strand of RO-04ME-AC2143-81LTYV 3y (REG 1D NO- 743,

¢} RO-OAMI-ACZI3W-SILIV3v (SEG ID NO: 76) and an antisense strand having a
nucleotide sequence of SE{} I3 NOG: 67 that has partial complementarity with the sense
strand of Re-04MI-AC2I3VSTLIVEY (SEQ 1D NG 76),

1 R6-0AMI-ACZIWSTLIVIY {SEQ 1D NG 78) and an antisense strand having a
nucleoiide sequence of SEQ 1D NGO 67 that has partial complementarity with the sense
strand of RO-04MIE-ACZUI23-8TLIV3v (SEQ 1D N 78y,

gy RO-U4MI-ACZ2(1 IR-RTLTVIv (SEQ ID NO: 805 and an antisense sirand haviog a
nuclectide sequence of SEQ B3 NG: 67 that has partal complementarity with the sense
strand of RO-04ME-ACZO-81LTYV 3y (REG 1D NGO 803,

fy BRO-04MI-ACZOIO-STL Y3y (SEG 1D NO: 82) and an antisense strand having a
nucleotide sequence of SE{} I3 NOG: 67 that has partial complementarity with the sense
strand of Re-04MI-AC2OI0WSTLIVEY (SEQ 1D NG 82)

1} RO-04MI-ACZORSTLIV3v (SEQ I NO:&4) and an antisense strand baving a
nucleoiide sequence of SEQ 1D MO 67 that has partial complementarity with the sense
strand of RO-04M -ACZ(9-S1LIVIv {(SEQ HY NO: 84); and

i} RO-U4AMI-AC2HERSTLIVIv (SEQ ID NG 86) and an antisense sirand baving a
nuclectide sequence of SEQ 1D NG: 67 that has partal complementarity with the sense
strand of RO-D4MI-ACZ2EE X111V 3v (BEQ ID NO: 863,

i some embodimnents, the single-stranded oligonucieotide s conjugated 1o one or more
conjugation groups. [n sowe embodinments, the double-stranded oligonucieotide 13 conjugated
i one oF more conjugation groups. fn some embodiments, the sense strand or the antisense
strand of the double-stranded oligonuclentide ts conjugated {0 one or more conjugation
groups.

i some embodiments, the conjugation groups are selected from one or more of: a lipid, a
farty actd, a fluorophore, a hgand, a saccharide, 2 peptide, and an antibody. o some
rabodirsents, the one or more corgugation groups s selected fron a cell-penetrating
peptide, polvethylens glyeol, an alkalaid, a trypramine, a benzimidazole, a quinclone, an
amino acid, a cholesterol, glucose and N-acetyigalactosamine,

in some embaodiments, each of the sense strand and the anfisense strand independently has a
nucleotide fength ranging from 15-35 nucleotides.
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In some embodiments, the sense or antisense strand of the double-stranded oligonucieotide
has a nucleotide sequence that is af least 90% tdentical to the nucleotide sequence is siApp-8-
NIV {REQG I NO: 28) or siApp-8-81V1 (SE( HX NG 27,

i some embodiments, the oligonucleotide agent comprises a small interfering RNA
{stRNA}, wherein the siRNA comprises a sense strand and an antisense strand to form a
duplex structure, wherein the antisense strand comprnises a nucleotide sequence comprising at
teast 10 contiguous nucleotides, with 0, 1, 2 or 3 mismatches, and having at least 5%
aucieotide sequence complementarity or bomology to a portion of the nucleotide sequence of
SEQ I NO: 895, wherein the oligonucieotide agent 1s capable of inhibiting expression of
superoxide dismutase 1 (SCD1 ) in a cell

In some embodiments, the sense strand of the double-stranded oligonuclectide has a
aucieciide sequence that 15 at least 90% identical to the nuclentide sequence selected from the
group consisting oft stSO-5 (SEQ Uy NG 357), iSO -8 (SEQ HY NG 358), iS50 1-10
(SEQ ID NO- 3593, siSOD1-11 (SEQ ID NO: 360), siS0D-17 (SEQ D NO: 357), siS0D-
35 (SEQ I NG 362), and siSOD-37 through siSOD1-447 (SEQ ID NOs: 363-624).

In some embodiments, the antisense strand of the double-stranded oligonucleotide has a
aucieciide sequence that is at least 90% identical to the nucleotide sequence selected from the
group consisting oft @SOD-5 (REQ ID NG 626}, aSODI-8 (REQ ID NG 627, «SCD 110
(SEQ ID NO: 628}, siSOD1-11 (SEQ ID NO: 629}, siSOD-17 (SEQ D NO: 630), siSODH-
35 (SEQ B NG 631), and siSOD-37- through 3i8OD1-447 (SEQ 1D NOs: 632-8933

In some embodiments, the sense strand of the double-stranded oligonucleotide has a
aucieciide sequence that is at least 90% identical to the nucleotide sequence selected from the
group oft @S0D1-231-E (SEQ D NG, 3Ry, siSOD1-23 17T (SEQ 1D NG, 40y, st80D1-231-
ME(SEQ D NG 42); si50D1-23 1-82 {(SEQ D NO: 44y siS0D1-388-E (SEG 1D NO: 40y,
sSODRI-3&ETT (REQ 1D NO: 48}, stSODT-38%-MT (SEG 1D NOG: 50, si5CD1-388-52
(SEQ ID NG 52): siSODIM2-L1 (SEQ ID NO: 54); and siSODIM2-81V5 (SEQ 1D NO:
56},

In some embodiments, the antisense strand of the double-stranded oligonucleotide has a
rwcleotide sequence that is at least 90% 1dentical to the nuciwtidfv sequence selected from the
group of! $iSODIZ3L-E(REQ D NG 39, siSODRL-231-TT (3EQ D NG 413, si80 1231~
M {SEQ 1D NG 43), siSOD1-231-82 {%FQ I MO 453 51‘30D1 3RR-E (\FQ NG 47,
siSODI-388TT (8EQ 1D NO: 49} stSODI388-MT (SEQ 1D NO: 513 siSOD1-388-82
(REC HX NG 33, st SODIMZ-LT (SEQ 1D NIy 47y and siSCDRIM2-81VIv-us (REQ 1
NOS5TY

In some embodiments, the sense strand of the siRNA has a nucleotide sequence that has at
ieast 85% homology to the nucleotide sequence selected trom the group consisting oft DS17-
0001 (SEGQ 1D NO: 384), DS17-0002 (SEQ ID NO: 372), DS17-0003 (SEQ ID NO: 409,
DS17-0004 (SEG 1D NG, 357), BS17-0005 (SEQ D NGO 486), DIS17-0028 (REQ I NG
S&Ry, DST7-CING (SEG [ NG: 912y, DRIT-0Z2M3 (SEG 1D NO: 914y, DS17-03N3 (SEQ 1D
NO:916), DSTT7-04N3 (SEQ D NO: 918), DE17-D5N3 (SEQ ID NG: 920) and any of SEQ
Hy NQGs: 976-1021,

In some embodiments, the antisense strand of the siRMNA has a nuclectide sequence that has
at teast 35% homology to the nucleotide sequence selected from the group consisting of
DS17-0001 (SEG 1D NO: 653y, BS17-0002 (SEQ 1D NG: 641, DS17-0003 (SEQ ID NO:
6783, DS17-0004 (SEQ 1D N 026}, DS17-0005 (SEQ 1D NG 755), DBS17-0020 (SEG H
NO- 8573, DA17-01N3 (SEQ 1D NO: 913), DR17-02N3 (SEC 1D NO. 915), BS17-03N3
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(SEQ D NG 917), DS17-04N3 (SEQ 1D NO: 919, DS17-05N3 (REQ ID NO: 921, and
SEQ D NOs: 1022-1067.

fn some embodirents, the sense strand and the avtisense strand of the siRNA have nucleotide
sequences that are independently at least 5% homologous to the rucleotide sequence pairs
selected from the following groups:

ay DS17-0001 (SEQ ID NG 384 and SEQ ID NO: 653},
by DS17-0002 (SEGQ I NG 372 avd SEQ 1D NO: 641,
¢y DS17-0003 (SEG ID NG 400 and SE( 1D NO: 678),
dy DS17-0004 (SEQ ID NG 357 and SEQ ID NO: 626),
gy D3S17-0005 (SEQ NG 480 and SEQ ID NGO 7
£} DS17-0029 (SEQ I NO: 588 and SEQ 1D NG 857),
gy DS17-0IN3 (SEQ D NG 912 and SEQ 1D NG 913),
hy DS17-C2N3 (SEQ D NO: 914 and SEQ 1D NGO 915},
1) DSE7-03N3 (SEQ D NG: 916 and SEQ ID NG 9173,
i) DST7-04N3 (SEQ HY NG 918 and SEQ ID NG 919), and
k} DS17-05N3 (8EQ D NGO 920 and SEG 1D NO: 921}

In some embodiments, the sense strand and the antisense strand of the siRNA have nucleoide
sequences that 18 independently at least 85% homologous to the nucleotide sequence pairs
selected from the following groups:

3} DS17-01M2 (SEQ ID NO: 922 and SEG 1D NO: 923),
b} DS17-02M3 (SEQ ID NO: 924 and SEQ ID NO: 925),
¢} DS17-03M3 (SEQ HD NG: 926 and SEQ 1D NG 9273,
8} DS17-04M3 (SEQ ID NO: 928 and SE( 1D NO: 929), and
e} DS17-05M3 (SEQ ID NO: 930 and SEQ ID NO- 93 1),

i some embodiments, the oligonucleotide agent comprising a siBMNA and g non-targeting
ACO, wheretn the ACCO comprises a nucleotide sequence that is at least 90%, at least 95%, or
100% identical to REQ 1D NG 954, and the oligonucieotide agent is capable of tnhibiting the
expression of superoxide dismutase 1 (SOB1vin a cell

<J1

7551,

I some embodiments, the sense strand and the antisense strand of the siRNA have nucleotide
sequences that independently share af least 85% homelogous to the nuclectide sequence pairs
selected from the following groups:

3} DS17-01M2 (SEQ ID NO: 922 and SEG 1D NO: 923),
b} DS17-02M3 (SEQ ID NO: 924 and SEQ ID NO: 925),
¢} DS17-03M3 (SEQ HD NG: 926 and SEQ 1D NG 9273,
8} DS17-04M3 (SEQ ID NO: 928 and SEG 1D NO: 929),
g} DS17-05M3 (SEQ ID NO: 930 and SEQ ID NO- 931),
£ DS17-01M3-ACT (mel4-LOV3 (SEQ 1D NO: 932 and SEQ ID NO: 9333,
g} DR17-0IM3-ACT (e 143-LOVE (SEG 1D NO. 934 and SEQ ID NO: 9353,
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hy DST7-03M3-ACT Goeldp-LOVE (SEG D NG 936 and SEQ 1D NG 937),

1) BS17-04M3-ACT (mel43-LOVI (REQG ID NG 938 and SEQ HY NG 939y,

i} DSE7-05M3-ACT (mei4)-LOV3 (SEQ 1D NGO 940 and SEQ 1D NO: 941},

By DSI7-29MZ-ACT (meld-LOV3 (SEQ 3 NG 942 and SEQ ID N 47},

fy o DST7-0IM3v-ACT (mel43-L9V3 (SEGQ 1D NO: 932 and SEQ I NG 47},

oy DBSI7-02M3v-ACT (me 1410V (REQ I NGO 934 and SEG 3 NG 943),

s} DEST7-03M3v-ACT (mel4pRLOVE (SEQ D N 936 and SEG 1D NG 9443,

o} DS17-04M3v-ACT (mel4)-LOV3 (SEQ ID NO: 938 and SEQ 1D MNG: 930),

p DBSI7-0SM3v-ACT (me 1410V (REQ I NG 940 and SEG H3 NG 951), and
g} DS17-04M3-asSOD1-1-L9V3 (8EQ 1D NO: 952 and SEQ HX NG: 935%)

In some embodiments, the oligonucleotide agent comprises a non-targeting ACO conjugated
sense strand of a3 sikNA and an antisense strand of the siRINA, wherein the non-targeting
AL conjugaied sense strand comprises a linking component covalently conjugating the
ACO and the sense strand, wherein the antisense strand comprises a nucleotide sequence that
is at least 0%, at least 95% homology, or 100% identical to SEQ D NG 57, In some
rabodirents, the noo-targeting ACO conjugated sense strand corprises a nucleotide
sequence that 1s at least 90%, at least 95%, or 100% wdentical to a nucleotide sequences
selected from the group consisting of SEQ D NGs: 1197-128% and SEQ 1D NOs: 1291-1298
I some embodiments, the hinking component s selected from the hnking component group
fisted in SE D NQOs: 1197-1288 in Table 28 and SEQ ID NOs: 1291-1298 in Table 30,

In some embodiments, the single-stranded oligonucieonde of the oligonucleotide agend
improves the stability, bioavailability, biodistribution, and/or cellular nptake of the double-
stranded cligonucieotide as compared to an oligonucleotide agent without the single-siranded
ohgonucleoide,

In some embodiments, the single-stranded oligonucteotide of the oligonucleotide agent
increases the biodistribution of double-stranded oligonucteotide within one or more target
tissues as compared o an ohigonuclectide agent without the single-stranded oligonuclectide.
In some embodiments, the one or more target tissues 13 selected from tissues of brain, spinal
cord, muscle, spleen, fung, heart, tiver, bladder, and kidney. In some embodiments, the one or
more target tissues is selected from the group consisting ofr prafrontal cortex, cerebellum,
and reat of brain, cervical, thoracie and fumbar o spinal cord; heart, forelimb, hindhimb,
nape, and ghuteus.

At teast part of the present disclosure provides a siRNA comprising an oligonucleotide
sequence having a length ranging from 16 10 35 consecutive nucleotides, wherein the
cligonucieotide sequence comprises a nuclentide sequence having at least 75%, at least 80%,
at feast 85%%, at least 90%, ai least 95% or 100% bomology or complementartty 10 an equal
fength portion of SEQ 1D NO-59, wherein the aRNA inhubits the mRNA transcript of SODJ
gene by at igast 80% as compared o the bassline of 5007 mENA level.

In certain erabodiments, the nuclectide sequence has at least 75%, at least 80%, at least 85%%,
at feast 90%, at least 95% or 100% homelogy or complementarity to an equal fength portion
of SEQ Iy NO: 61 or 63, wherein the oligonucieotide agent inhibits the mRNA transcript of
SGDT gene by at least 80% as compared 1o the baseline of SOL mBNA level

10
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Certarn erobodiroents of the present application relate to g hotspot in the 37 UTR of the SO0
gene, wherein the hotspot has a nucleic actd sequence selected from SE{} I NG: 61 (H1)
and SEQ H NG 63 (H2y

Certain embodiments of the present application relate to a siRNA target sequence in the
mBNA trapscript from the 37-UTR of the SO gene, wherein the target sequence in the
mRNA transcript has at least 75%, at least 80%, at least 85%, at least 90%, at least 93% or
100% homoelogy to a sequence selected from SEQ 1D NOs 10681113,

Certain embodiments of the present application also relate to g siRNA farget sequence in the
mBNA trapscript from the SO/ gene, wherein the farget sequence in the mRINA transcript
has at least 75%, at feast 30%, at least 85%, at least 90%, at least 95% or 100% homology to
a sequence selected from SEQ 1D NOs: 88-355.

Certain embodiments of the present application also relate to a siRNA comprising a sense
strand and an antisense strand, wherein the sense strand of the sitRNA has a nucleotide
sequence that 15 at least 859, at least ¥0%, at teast 95% or 100% homology to the nuclestide
sequence selected from the group of SEQ 1D NOs: 976-1021, wherein the stRNA inhibits the
mRNA transcript of SO£H gene by at least 80% as compared to the baseline of SGD7 mBRNA
tevel.

The present disclosure further provides a stRNA comprising a sense strand and an antisense
strand, wherein the antisense strand of the siRNA has a nuclectide sequence that 1s at least
&5%, at feast 90%, at least 95% or 100% homology to the nucleotide sequence selecied from
the group of SEQ D NOs: 1022-1067, wherein the siRMA inhibits the mRMA transcript of
SOOI gene by at teast 80% as compared to the baseline of SO mRNA level,

In some embodiments, the sense strand and the antisense strand of the siRNA have nucleotide
sequences that is independently at least 85%, at least 909, at least ©5% or 100% hamology 1o
the nucleotide sequence pairs selected from the group of s1530131-347 through «50031-694
{sense strand of SEQ 1D NOs: 976-1021, and antisense strand of SEQ D NQGs: 1022-1067,
reapectively, in Table 22}

At least part of the present disclosure also relates an antisense oligonucleotide (ASO)
comprising an oligonucleotide sequence having a length ranging from 12 to 30 consecutive
nucieotides, wherein the oligonucleotide sequence comprises a nucleotide sequence baving at
feast 75%, at least 80%, at least 85%, at least 90%, at least 95% or 100% homology or
complementarity to an equal fength portion of SE} 13 NG 39, wherein the ASO inhibits the
R MNA transcript of SO gene by at least 605 as coropared to the basehne of SO0 mRNA
fevel.

In some embodiments, the ASO has at least 75%, at least 80%, at feast 85%, at least 0%, at
teast 95%: or 100% complementarity to an equal length portion of SEQ 1D NO: 65, wherein
the ASQ inhibits the mRNA transcript of SOV gene by at least 60% as compared 1o the
baseline of 5307 mRNA fevel

Certain ermnbodiments of the present application relate to a hotspot in the 37 UTR of the SO
gene, wherein the hotspot has a nuclec acid sequence of SEQ 1D NO: 65 (H3)

Certain embodiments of the present application relate to an ASQO target sequence in the

R MNA transcript from the 37-UTR of the SO0 gene, wheren the target sequence in the
mBNA transcript has at least 75%, at least 80%, at least 5%, at feast 90%, at least 95%%, at
ieast 97%, at feast 99% or 100% homology t¢ the nucleotide sequence selected from group
conststing of SEQ ID NOGs: 1114-1154

11
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Certarn erobodiroents of the present application also relate 10 an ASO comprising a single-
stranded cligonucieontide sequence that is at izast 75%, at least 80%, at least 85%, at lgast
90%, at least 953%, at least 97%, at teast 99% bomology or 100% identical to the nucleotide
sequence selected from group counsisting of chermeally modified SEQ H3 NOs: 11585-1195
and their unmodified naked sequences SEQ 1D Nis: 1114-1154, wherein the ASQ inhibiis
the mRBRNA transcript of SO gene by at feast 60% as compared 1o the baseline of 508/
mRNA level.

Also provided here are vectors and celis comprising the oligonucleotide agents of the present
disclosure. In some embodiments, the cell 15 a mamsalian cell and is optionally & human cell.
in some embodiments, the cell is a host cell. In some embodiments, the cell is in vitro. In
some ernbodiments, the cell exists in a mammalian body.

Certain embodiments of the present application relate to a pharmaceutical composition
comprising the oligonucleotide agent comprising {a) a double-stranded oligonucisctide
comprising a sense strand and an antisense strand, wherein the antisense strand has
complementarity o a target mucleic acid; and (b} a non-targeting single-stranded
oligonucleotide, wherein the single-stranded oligonucleotide 15 6-22 nucleotides i length,
wherein the double-stranded oligonucieotide and the single-stranded oligonucleotide are
covalently linked, with or without one or more linking components, to form the
ohgonucleotide agent. The target nucleic acids can be any target rucleic acid. The target
suciete acid includes, without limitation, a SO0/ gene, a H77 gene, an App gene, a SMN2
gene, et

In certain embodiments of the present apphlication, the pharmaceutical corposition Comprises
at feast one pharmaceutically acceptable carrier selected {fromy an agueous carrier, Hiposome or
LNP, polymer, micelle, collowd, metal nanoparticle, non-metaliic nanoparticle, bioconjugates,
and polypeptide.

In certain embodunents, the pharmaceutical composition decreases or silences the
transcription of the SO0 gene or SOD protein

i certain ermbodiments, the pharmaceutical composition ingreases or activates the expression
of the HT7T, App or SMNZ gene or HT'T, App or SMINZ protein.

Also provided herein are kits comprising the oligonucleotide agents or the pharmacentical
composttions of the present disclosure.

Certain embodiments relate to kits comprising a pharmaceutical composition of the present
disclosure.

Certain erobodimnents relate to 3 method of decreasing or silencing the transeription of a
SGD] gene or protein, comprsing administering t0 a subject a pharmaceutical composition
of the present disclosure,

Certain embodiments relate 1o a method for reating or delaving the onset or progression of
Amyotrophic lateral sclerosts {ALS) in a subject, the method comprising: administering to a
subject a pharmacentical composition of the present disclosure. In certain embodiments, the
subject has sporadic ALS (8ALS). In certain embodiments, the subject has fanulial ALS
(FALSS.

Certain embodiments of the present application relate to a method for increasing or activating
expression of an #77 gene or huntington protein, comprising administering to a subject the
pharmaceutical composition.

12
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Certain erobodiroents of the present application relate to a method for resting or delaying the
onset of progression of Huntington's disease in a subject, the method comprising:
administering to the subject the pharmaceutical composition.

Certain embodiments of the present application relate to a method for treating or delaying the
onset of progression spinal muscolar atrophy (SMA ) in a subject, the method comprising:
adnurnistering to the subject the pharmaceutical coroposition.

Certain embodiments of the present application relate to a method for increasing or activating
expression of an App gene or amylowd precursor profein (APP), comprising administering to a
subject the pharmaceutical composiion.

Certain erobodiroents of the present application relate to a method for resting or delaying the
onset or progression of AP associated diseases including Cerebral Amviaid Angiopathy
App-related ({CAA-APP) and Alzheimer Dissase (AD) o a subject, the method comprising:
administering to the subject the pharmaceutical composition

Certain embodiments of the present application relate to 2 method for increasing or activating
expression of SMNZ gene, comprising admmnistering 1o a subject the pharmaceniical
COMpPOSIion.

Certain embodiments of the present application velate to a rwethod for treating or delaying the
oniset or progression of spinal nuscular atrophy (8MA) in 2 subject, the method comprising:
administering to a subject a pharmaceutical composiiion of the present disclosure.

In certain embodiments, the pharmaceutical composition decreases or silences the expression
of the §C37 gene or protein

In certain erabodiments, the single-stranded oligonuclestide of the oligonucieotide agent
smaproves the stability, bioavailability, iodistribution, and/or cellnlar uptake of the double-
stranded ohgonucieotide as compared o an oligomucleotide agent without the single-stranded
oligonuclectide.

i certain ermbodiments, the single-stranded oligonucleotide of the oligomucieotide agent
increases the biodistribution of double-stranded oligonuctectide within one or more farget
tissues as compared {o an oligonuctestide agent without the single-stranded oligonuclestide.

In certain embodiments, the single-stranded ohigonuclectide of the oligonucieotide agent
increases the biodistribution of double-stranded oligonuelestide within two o more target
cell types in a tissue as compared to an oligonucleotide agent without the single-stranded
cligonucleotide. In certain embodiments, the one or more target tissues is selected from the
tissues from brain, spinal cord, muscle, spleen, tung, heart, liver, bladder, and kidney. In
certain embodiments, the one or more target tssues is selected from the group of pretrontal
cortex, cerebetium, and rest of brain; cervigal, thoracic and fumbar in spinal cord, heart,
forelimb, hindlirob, nape, and gluteus,

Certain embodiments of the present application relate to a use of the oligenucleotide agent of
the present disclosure, it manufaciuring a medicament for treating or delaying the onset or
progression of Amvotrophic lateral selerosis (ALS).

Certain embodiments of the present application relate 10 a use of the pharmaceutical
compostiion of the present disclosure in manufacturing a medicament for treating or delaying
the onset or progression of Amyetrophic lateral sclerosts {ALS). In certain embodiments, the
ALS comprises sporadic ALS (8ALS) and/or farmbial ALS (FALR)

Certain embodiments of the present application relate to the oligonucleotide agent of the
present disclosure for use 1u freating or delaying the onset or progression of Amyotrophie

13
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igteral sclerosis (ALS), optionally, the ALS comprises sporadic ALS (ALS ) and/or famibial
ALS (FALS).

Certain embodiments of the present application also relate to the pharmaceutical composition
of the present disclosure for use in treating or delaying the onset or progression of
Awmyotrophic lateral sclerosis {ALR), optionally, the ALS comprises sporadic ALS (sALS})
and/or famibial ALS (FALS),

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the wovention are set forth with particulanty in the appended claims. A
better understanding of the features and advantages of the present invention will be obtained
by reference to the following detailed description that sets forth tllustrative embodiments, in
which the principles of the invention are emploved, and the accompanying drawings {also
“figure” and “FIG herein), of which:

FiG 1A-1C 15 a visual iHustration of example OBV structures. Double-stranded RMA
{dsRIWNA} duplex (5IRNA or saRNA} is inked to single-stranded acoessory cligonucleotides
{ACGs) at the 37 (FIZ 1A}, 5 -terminus (FIG. 1B} or an internal position (FIG 1C) of their
pasaenger (P} atrand. Also labeled are the guide (G) strand and linker (L.} bridging the ACO
0 each dsRNA

FIG. 2 shows the BSE mass spoctrograrss and RB-HPLC profiles of purified ODV compounds
stSODIMZ-ACZINIZ 51V 3v and siSODIMZ-ACZMNG-51V3v in comparison to siRNA
duplexes with (siSODIM2-L1) or without {stSODR-388-E) hinker. Al duplexes were
conjugated to Quasar 570 (Qul) dye at the 5 ~terminus of passenger strand. RP-HPLC
analytics via reverse phase chromatography was performed using an acetonitrile gradient at a
flow rate of 1.0 mb/min and detection wavelength set to 260 am.

FIG 3A-3B shows the i vive knockdown activity of ODV-optimized siRMNA (siHTT-ALC2-
STL 1y ou H roBRNA expression i the brain and spinal cord of C37BL/G pup rotee (PMND4)
sikNAs were injected via IV administration at the indicated doses. Saling was injected as a
negative control, stHTT-51V1 lacked DYV composition and served as comparison for
stHTT-ACI-SELT sctivity. Mice were sacrificed 3 days afier treatment. Brain (FIG3A) and
spinal cord (FIG.3B) tissue samples wers collected for analysis by RT-gPCR. Hi mRNA
fevels are mean values of two ammals/group {n=2} relative to saline ireatment afler
normalizing to Thp reference lovels.

FIG. 4 shows in vitro knockdown activity of App ;mBNA by ODV-siRMAs with ACUs at
different lengths. NS{-34 cells were treated with 1 or 10 oM of the indicated siRNAs for 24
hours, Mock ireatments were transfected in absence oligonucleotide. dsCon2 served as a non-
specific comtrol duplex. App mRMA tevels were quantified by RT-gPCR using gene specific
primer sets. Tbp was amplified as an internal reference. Shown are the mean expression
values of App mBNA relative to Mock treatment after normalizing to Thp reference levels,

FIG 3 shows ACO impact on r vive knockdown activity of ODYV-siRNAg in the UNS AH
stRINAs were admimstered via ICV injection 1uto C3TRL/G pup rmce (PND4) at 8 40 mglkg
dose. Saline was injected as a negative control. Mice were sacrificed 3 days after treatment.
Brain and spinal cord tissue samples were collected for analvsis by RT-qPCR. App mRNA
iovels are mean values of three animals/group (£=3) relative 10 saline treatment after
normalizing 0 Thyp reference levels.

14



WO 2023/280190 PCT/CN2022/104037

FIG 6A-0GB shows the upregulation of SMN2 mRNA fravscripts via ODV-optimuzed 3aRNAg
in human primary cells. An example saRMNA duplex, termed RE-04(203--51VIVICM-4}, is an
activator of human SMN2 gene expression. Neveral GV variants of RO-04(20)-S1VIvV(CM-
4y were synthesized with ACOs at lengths ranging from 8 to 18 vucleotides. Pomary human
fibroblasts derived from SMA Type-2 {GMO3E13 celis) and SMA Type-1 ({GMO967T7 cells)
patients were transfected with each ODV-saRNA variant a1 25 oM for 3 days. Mock
treatments were transfecied in absence oligonucleotide. dsCon2 served as a non-specific
control duplex. Both full length (SMNZ2FLY and A7 (SMN247) splicing variants of SMNZ
were quantified by RT-gPCR using wsoform specific primer sets. TBP was amplhified as an
internal reference. Shown are the mean expression values of SMNZEL and SMN2A47
transcripts relative 1o Mock treatmient after normalizing to TEF reference levels in GMO3&13
(FIG 6A)Y and GMOSGT7 (FIG.6B) cells.

Fiy 7A-78 shows the associated upreguiation of SMINZ protein by (GDV-3aRNA 10 human
primary cells. RO-0420)-51V Iv{CM-4} and 115 ODV-saRNA vartants were transtected at 25
nbt for 3 days into GMO3813 and GMO9677 patient-denived cells. Mock treatments were
ranstocted i absence ohigomucieotde. dsCon? served as a nou-specific control duplex,
Whole cell protein exiracts were harvested for immunoblot analysis. Total SMN protein
fevels were detected using an indiscriminate monoclonal antibody that recognized both
SMINT and SMINZ gene product. Bovnunodetection of o/B-Tubulin served 85 a protein loading
control. Scanning optical densitometry was used to quaniify protein band intensity from
example immunobliot images {not shown). Shown are relative changes in total SMN protein
ievels relative to Mock treatment after notmabizing to o/B-Tubulin band wtensity
GMO3813 (FIG. 7A) and GMOO6TT (FIG. 7B) cells.

FIG. 8 shows the upregulation of SMN2 mRMNA transcripts via ODV-5aRNAS in primary
mouse hepatocytes (PMH} carrying human SMN2 transgene. RE-04Z0-3TVIv{TM-4) and
i3 ODV-saRNA vanants were transfocted at 25 nM for 3 days 1o PMH cells derived from a
tiver harvested from the SMA-like mouse model. Mock treatments were transfected in
absence oligonucicotide. dsCon? served as a non-specific control duplex. Full length
{(SMNZ2FLy and AT (SMN2AT) sphicing vanants of the human SMMN2 transgene were
quaniified by RT-gPCR using isoform specific primer sets. Mouse Thp {(m¥5p) was amplified
as an internal reference Shown are the miean expression values of SMINIZFL and SMN2AT
transcripts relative to Mock treatment atter normalizing to m¥bp reference levels

FIG. 9 shows hagh throughput screening data comparing knockdown activity of 268 3iRMAs
o human SO mRINA. HEKZ93 A cells were transfected with each siRINA duplex at 0.1
and 10 oM for 24 bours. Mock treatments were transfected in absence cligonucleotide. 50283/
gxpression levels were quantified by RT-gPCR using gene specific mrimer sets. TBP was
amplified as an internal reference. Shown are the mean expression values of S0/ mRNA
relative to Mock treastment after normaliziog to TBF reforence lovels at both treatment
concentrations.

FIG 10 shows a general absence of oytotoxicity for the top 30 SOD s1RMAs 1 HEK293 A
cells. Dose escalating concentrations representing approximate multiples of ICsg (hailf
maxumal inhibitory concentration) values were transfected into HEK293 A cells. Mock
treatrnents were transfected 1n absence oligonucleotde. Both mBNA expression levels and
cytotoxicity were quaniified for each siRNA at every dose by RT-gPCR and Pl staining,
respectively. Plotted 15 optical density (013 of PI staining 0 comparison to SODH
knockdown relative 1o Mock treatiments.
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FIG 1 shows SGDT knockdown by 6 lead atRNA3 10 g buman neuroblastoma cell hine SH-
SYSY cells were treated with SOD1 siRNAs (e, 1800163, si8CGDB1-47, siSOD1-104,
siSODE-S, SOD1-231 and siSODT-38%) at 1 and 10 5 for 24 hours. Mock treatments
Were i ansi soted in absence oligomacieotide. dsCon? served as a von-specific control duplex.
SO07 mENA levels were quantitied by RT-qPCK using gene specific primer seis. TEP was
amsplified as an internal reference. Shown are the mean expression values of SO relative o
Maock treatment after normalizing to T8F

FIG. 12A-12B shows Sod? knockdown of 4 Jead siRWNAg targeting conserved seguence in
mouse motor nsuron-like cell fines. NSC-34 and N-2a cells were treated with SOD1I siBNAs
{i.e., s1SOD1-231, st8001-229, siSOD1-388, and siSODB1-387) at 1 and 10 oM for 24 hours.
Mack treatments were transfected in absence oligonuclectide. dsCon? served as a non-
specific control duplex. Mouse Sod/ levels were quantified by RT-gPCR using gens specific
primer sets. Mouse Thp was amphified as an internal reference. Shown are the mean
expression values of Sodi transeript relative to Mock treatment atter normalizing to m¥bp
reference levels in NSC-34 (FIG12A) and N-2a (FIG 128 ) cells.

Fiy 13A-13C shows impact of medicinal chemistry on st8CD1-231 and siSOD1-388
knockdown activity. Chemical modification patterns and duples structures used to test
gnockdown activity are depicted in FIG I3 A using siSOD- 538 as model sequence.
Muodification symbeols: Upper case in bold, 2 Ome lower case, 2°F; chevron (), PS8 T,
deoxythymidine. Human 239A and mouse NE-4C (neume;_n‘;ht:im,iv b cells were ‘a‘watmi with
chemically modified versions of s190D1-231 (Le, siSOD-Z31-E, si8OD1-23 -TT, s18001 -

231-M1, or stSOD1-231-82) and siSOD1-388 (e, siSOD1-388-E, siSODI-388.TT,
biSi_}D},~_a%R M1, or siSODT-388-52) at 1 and 10 oM for 24 hours, Mock treatments were
transfected in aboeunu, cligonucleotide. dsConZ served as a non-specific control duplex,
Hapression levels of 3031 80d ] was guantified by RT-gPCR using specigs-specific gene
primer sets. TP Thp was amphified as an ivternal reference. Shown are the mean expression
values of SO0/ Sod! transcript relative to Mock freatments after normalizing o internal
reference levels in HEK293A (FIG 13A) and NE-ZC (FIG 13B) cells.

FIG. 14 shows in vitro knockdown activity of Sod! mENA by ODV.-optimized s180D1-388-
E {siSODIMZ-AC2NIS-51V3v-(usS] N5C-34 cells were treated with 0.1 or 1 nM of the
indhicated siRMAs for 3 days. Mock treatments were transtected in absence oligonucleotide.
dsCon? served as a non-specific control duplex. Sodf mRNA levels were quantified by RT-
gPCR using gene specific primer sets. Thp was amplified as an nternal reference. Shown are
the mean expression values of Sod/ mRNA relative 1o Mock reatment after normalizing o
Thp reference levels,

FiG 15A-15C shows biodistribution and in vive knockdown activity of siSODIM2-
ACZ{NIWSTVIv-0ul via IOV injection in the organs of pup mice (PNDM4 ). QuS-labeled
ODV-iRNA (aSODIMZ-ACNIS-51V3v-QuS) was administered via ICY iigection into
{37BL/G pup mice (PND4) at a 40 mg/kg dose. Injection of a QuS-labeled siRMNA variant
saSODMZ-STVIv-(Qus, which facked any accessory oligonucleotide, served as a
comparative control. Mice were sacrificed 3 days following treatment and whole organ
fluorescence was guantitied on an IVIS Imaging System using 320 nm exciiation and 870 om
emission filters. FIG 1SA 15 an example IVES image depicting siSODIM2-AC2{NT 5)-
S1¥3v-0Qus biodistribution via (u5 signal in all major organs comparative to SO DIM2.
STV Ev-GQub following ICV injection. FIG I5E quantifies fluorescence intensity of

st SODIMZ-ACZINTS-S1V3v-Qus emitied by each organ. Sod! mRNA koockdown was
guantified in organ tissue via RT-gPCR using gene specific primer sets, THp was amplified as
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an internal reference. FIG 130 shows Sodf knockdown in each organ relative to mRNA
tevels from a non-treated animal after normalizing to 7Hp.

FEG 10A-108 shows the biodistnbution and iz vive knockdown activity of sSODIM2-
AC2NIZRS1V3v-0us via ICV injection in the organs of adult mice. (uS-labeled GV~
SRNA {(qSODITMZ-ACZ{NIZY-S81V3v-Qud) was administered via bilateral ICV wjection
inte adult CSTBL/G nuce ata 10 my/kg total dose. Ijection of a Qui-labeled tRNA varant
siSODIMR2-S1VIv-0Qu3, which lacked any accessory oligonucleotids, served asa
comparaiive control. Mice were sacrificed S days after the wjection and whole organ
flucrescence was quantified on an IVES Imaging Svstem using 520 nm excitation and 570 nm
erpission fifters. FIG 16A quantifies Qud signal intensity of stSODBIMZ-ACZNIZ N1V 3v-
QuS enutted from each major organ comparative to sSODIMI-S1VIv-QuS following ICV
injection. Sod! mRNA knockdown was quantified within tissues of the CNS and select
pertpheral tissues (Lo, muscle and kadney) via RT-qPCR using gene specific primer sets. Thp
was arnplified as an internal reference. FIG 16B shows mean knas_kdo wit levels of Sodf in
each of the indicated adult tissues relative to mRMNA levels in saline treated animals after
notmalizing to 7hp.

FiGr 17 demonstrates ACO length iapacts distribation of GDV-sIRNA knockdown activity
in UNS tissues in vivo. Sodl GDV-siRNA varants with ACOs gt lengths of either 22
sucieotides (iSO IMZ-ACZ{NZZ 51V 3v-Gud) or & nuclectides (xi%ODl\«h ACZNG)-
STV3v-0Qus) were administered to adult C57HL/6 mice via bilateral IOV injection at 2 10
myg/kg total dose. Mice were sacrificed 10 days following treatment and Sod/ mRNA
knockdown was quantified within different tissues of the NS and liver via RT-gPCR using
gene specific primer sets, Thp was amphified as an internal reference. Mean expression levels
from 2 angmals {n=1} are shown 1n gach of the indicated adult tssues relative to mRNA levels
in non-treated anumals after sormalizing to Top.

Fify 18 shows the inhibiting potency of 6 lead siRNAs on SO mRNA level in SH-8YSY
human neuroblastoma cells, SH-SY3Y celle were treated with SODT eiRNAs (ie, BS1T-
0001, DE17-0002, DS17-0003, DS17-0004, DS17-0005 and DS17-0029) at 6.1 and | nM for
24 hours. Mock treatments were fransfacted in absence of oligomucleotide. dsCon? served as
a non-specific duplex control. 5057 mRNA levels were quantified by RT-gPCR using gene
specific primer sets. P8P was amplified as an internal reference. Shown are the mean values
of 502437 mRNA relative to Mock treatment after normalizing to 758

FIG. 19 shows the inhibiting potency of 7 siRNAs on the 3007 mBNA level in HEK293 A
cells, HEK293 A cells were treated with DS17-0413 siRMA and 6 prior art siRMAs (517-
Voidd, DSP7-Yold4%c), DBNIT7-Vol3d3, and DN17-Vol53{(c) from USIOSTOI0SR2; 3817~
Al289 and DSI7-ANOZ from WO2006066203A2) a1 0.004, 0.016, 0.063, 0.250, 1 000 and
4.000 aM for 24 hours, respectively. Mock treatments were fransfected in abseme of
cligonucleotide. dsCon? served as a non-specific duplex control. Mock and dsCon?Z data are
not shown. SGBI mRMA levels were quantified by RT-gPCR using gene specific primer
sets. THF was amplified as an internal reference. Shown are the mean values of 50207 mRNA
relative to Mock treastment after normaliziog to TBF.

FIG Z0A-Z08 show the inhibiting potency of 9 siRNAs on the SO/ mRNA levels in Hela
and HEK293 A cells. HelLa and HEK293 A cells were treated with DS17-02N3 siBNA and 8
prior art sikRNAsS (D817-Yo195&060 and D3S17-Voi08 (2763 ) from US20170314028A1,
and DR17-A1T48, DIN17-Al194, DiIS17-A1290, DIS17-Al405, 13S17-A1447 and T3S 17- MOOU
from WOZ006066203A2) at 0.004. §.016. 0,063, 0.250, 1.000 and 4.000 ndM for 24 hours,
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respectively, FIG 20A shows the SO0 viRNA level 1o Helaa cells. FIG 20B shows the
SOLT mRNA level in HEK293 A cells. Maock treatments were transfected in absence of
ohigonucleotide. dsCon? served as a non-specific duplex control. Mock and dsCon2 data are
not shown, SO0 mBNA levels were quantified by RT-gPUR usng gene specific primer
seis. THP was amplified as an internal reference. Shown are the mean values of SO0/
relative to Mock treatment after normalizing to TRE.

Fi(y 21A-218 show the inhibiting potency of 5 lead sitRNAs with chemieal modification on
the SO mBNA Tevels 1n TORG and HEKZ293 A cells. T98G and HEK293 A cells were
treated with SO sikNAs (e, DST7-01M3, DS17-02M3, DBS17-03M3, DS17-04M3 and
DR17-05M33y a1 0002, 0005, G015, 0.046, 0137, 0412, 1,235, 3704, 11,111, 33,333 and
100 nM for 24 hours, respectively. FIG Z1A shows the S8 mRNA level in TO8G cells
Fi3 218 shows the SG0 1 mRNA level in HEK293A cells. Mock treatiments were transfected
i absence of oligonuclestide. dsCon2 served as a non-specific duplex control, Mock and
dsCon? data are not shown. SOO7 mRNA levels were quandified by RT-gPCR using gene
specific primer sets. 787 was amplified as an internal reference. Shown are the mean values
of SO relative to Mook treatroent after normalizing to TBP.

Fiy 22A4-228 show the inhibiting potency of 4 lead ODV-5iRNAs with chemical
moditication on the SOD7 mRMNA level in HEK293 A cells. Cells were treated with 4 SODH
ODYV-siRNAsg e, DETT-0ZM3-ACT(met4)-LOVE DSIT-03M3-ACHmel4)-LOV3 DRI~
GAMB-ACTH(meld3-LOVE and DSTT-29M2-AC Hme 14 3-L9V3 ) at ¢ 00002, 0.00009, 6.00037,
00015 00059, 0,023, 0,094, 0375, 1.5 and 6 nM for 24 hours, respectively. FIG 22A shows
the SO mBRNA level in HEKZ93A cells. FIG22B shows the caspase 3/7 activity in
HEKZ93A cells Mock treatroonts were transfected 1o absence of ohigonucleotide. deCon?2
served as a non-specific duplex control. Mook and dsCon? data are not shown. SO mRNA
ievels were quantified by RT-qPUR using gene specific primer sets. TRP was amplified as ap
internal reference. Shown are the mean values of SODT relative to Maock treatment after
normalizing to FEP. Caspase 3/7 activity was detecied using caspase 3/7 activity kit

FIG. 23A-238 show the in vive indubiting potency of QDV-siRNA leads on the SO
mRNA level via IOV injection in CNS of adult SO 1Y mice. 3 QDV-siRNA s (ie., DS17-
OIMB-ACHmeld-LOVE, DSIT-04M3-ACH e 143-L9V3 and DST7-05M3-AC e ld)-
LOV3) were administered via unilateral ICV injection into adult SOD1Y mice on postnatal
day {(PNI3} 46 at 3 0.4 mg total dose. An ODV-duplex dsConZMI-AC H{mel43-LOV3 served
as a non-specific duplex control, asBODI-1 {Tofersen) was also injected st the same dose as a
positive control. Mice were sacrificed 7 days after the treatment and SOD7 maRNA
koockdown was quantified in different tissues of the ONS via RT-qPCR using gene apecific
primer sets. FEG23A shows the SGD7 mRMA lovel in different brain ussues. FIG.238 shows
the SO mRNA level in different spinal cord tissues. Thp was amplified as an internal
reference. Mean oRMNA levels of 4 arimals (n=4) each ireatment group are shown by
indicated tissues relative to non-treated group after normalizing to Thp.

FIG 24A-24B show the latency and body weight change of aduit SODIYA mice after ICV
injection with siRNA. ODV-uiRNA (DS17-04M3-ACHmel43-LOV3 ) was administered via
unifateral ICV injection into adult SORIY mice on PN 46 at a 20 smole total dose.
FIG.24 A shows the efficacy by rotarod behavior test atter PN 08, FIG 248 shows the body
weight fluctuation after the injection at PND 406 (normalized as day 0}, Tofersen was injected
at a 20 nmole dose ag a postiive control, Artificial CSF {aCSF) was injected a3 a non-treated
negative condrol. Mearn SO0 mRNA levels of 4 animals (n=4) are shown 1n cach treatment.
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FIG 25 shows the siRMA concentration in adolt SO 75954 mouse brain after ICY injection.
An ODWV-siRMNA (DBS17-04M3-AC (me14-LOV3) was administered via untlateral IOV
injection into adult S04 mice on PNE 46 at a 0 4 myg total dose The mice were
sgerificed at 1=, 7-, 28~ and S6-days following treatment and the concentration of PS17-
04M3-ACHme14-LOV3 was quantified in different brain tissues via stem-loop RT-gPCR
using gene specific primer sets. Mean values of stRNA concentrations from 3 animals {u=3)
are shown 1n each treatient.

iy 20 shows the in vivo inhibiting potency of an ODV-a1BRNA lead on the SGBT mRNA
tevels in different CNS tissues via ICY injection in adult SO0 mice. An ODV-siRNA
{DN17-04M3-ACHme 1419V 3} was administered on PND 46 days via unilateral ICV
injection at 0.5~ 0.4-, 1- and 1.6-mg total dose. aCSF was injected as a non-treated negative
control. Mice were sacrificed at 14 days following treatment and SO mRNA knockdown
was quantified in different CNS and liver tissues via RT-gPCR using gens specific primer
sets. Thp was arophified as an wotornal reference. Mean SOO7 mRNA levels of 13 animals
{r=1~3} are shown in gach of the indicated tissues relative to mRNA levels in non-treated
group after notmalizing to Thp.

Fi(y 27 shows the in viteo inhibiting potency of ODWV-aiBNA leads on the SC037 mRNA
fovel in T98G cells. TOSG celis were treated with 5 SODL ODV-siRNAs (e, DST7-G1M3v-
ACHmel43-LOV3, DSIT-02M3v-ACHmel4)-LOV3, DSTT-03M3v-ACH{mel4)-LOV3E,
DRY7-04M3v-ACHme143-L9V3 and DNT7-05M3v-AC T me141-L9V3) at G.0003, 0.0011,
00044, 00176, 0.0703, 02813, 1 1250, 4.5 and 18 oM for 24 hours, respectively. Mock
treatments were transfecied in absence of cligonucieotide. dsCon? served as a non-specific
duplex control. Mock and dsCon2 dats are vot shown, SO07 mRNA levels were quantified
by RT-gPCR using gene spectfic primer sets. THP was amplified as an wternal reference.
Shown are the mean 50027 mRNA values relative to Mock treatment after normalizing to
THP.

iy 28 shows the in vive inhibiting potency of ODV-siRNA leads on the 50D mRNA tevel
via ICY injection in adult SOOI mice 5 ODV-siRMNA s {f.e.. DS17-01M3v-AC H{mel4)-
L9Y3, DSI7-02MB3v-ACHme 14)-LOV3 DST7-03M3v-ACH{mel4)-LoYV3, DS17-04M3v-
ACHme 439V and DST7-05M3v-AC 1{mel4)-1.9V3 ) were admimstered via unilatersl
ICY injection into adult SODIYP4 mice on PND 46 at a 0.2 mg total dose. aCSF was injected
as a non-treated negative control DS17-04M3{(5erp-ACHme143-L.9V3 was served as a non-
speciiic duplex control. Mice were sacrificed 14 days following treatment and S0D7 mRNA
Enockdown was quantified in different ONS and Hiver tissues via RT-gPCR using gene
specific prisner sets. Thp was amplified as an intersal reference. Mean SODT mRNA levels
from 24 arimals (n=2~4} are shown in each of the indicated tissues relative 1 mBNA levels
in non-treated group after normalizing o Thp.

FIG. 29A-29C show the in vive indubiting potency of different ODV-siRMA leads on the
087 mRNA fevel via IOV igjection in adult SODIS % mice. Two ODV-siRNAs (D517-
GAM3-ACTHme14-LOVE and DSTT-04M3v-ACTHme14)-LOVE) were admimstered on PND
46 via unilateral ICY injection. aCSF was injected as a non-treated negative control, FIG 29A
shows the SO mRMNA transcript level in different tissues at 3 low dose (3.2 mg} afler
treatrnent for 14 days. FIG 298 shows the SO mRNA transcript level in different tissues at
a high dose (0.4 myg} after treatment for 14 days. FIG.29C shows the §€237 mRNA transcript
fevel 1o different tissues at 2 hugh dose (0.4 mg) after treatrment Tor 56 days. Mice were
sacrificed at 14~ and 36-days following treatmoent and SO0F mRNA knockdown was

guantified 1o different NS and hiver fissues via RT-gPCR using gene specific primer seis.
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Thp was amplified a3 an internal reference. Mean ST mRMA levels from 24 antmals
{n=Z-4} are shown tnn each of the indicated tissues relative to mRINA levels in non-treated
group after normalizing to Thp.

FIG. 30A-300G show the ir vive inhibiting potency of QDV-siRMNA leads on the SOD/
mRNA transcript level via ICY injection in adult SODIY mice ODV-siRNAs (DS17-
O4M3-ACHme14)-L9VE and DSTT-04M3v-AC Hme 143-LOV3 ) were administered on PND
46 vig unifateral ICV injection at a 4t 20 nmole total dose. Tofersen was injected at samwe dose
as a posiive control. aCSF was injected as a non~treated negative control, FIG 304,
FIGA0B, FIGI0C, FEG 30D, FIG 30K, FIG 30F and FIG. 306 show the SO0 mBRMNA levels
in Brawo-frontal cortex, Brain-cerebellum, Rest of bratn, Spinal cord-cervical, Spinal cord-
thoracic, Spinal cord-lumbar and liver fissues, respectively. Mice were sacrificed at Z-and 8-
weeks following treatment and SO07 mRNA knockdown was quantified in different UNS
and Hver tissues via RT-gPCR using gene specific primer sets. Thp was amplified as an
internal reference. Mearn SO mRNA levels of 4 animals (n=4) are shown 1o each of the
indicated tissues relative to mBRMNA levels in non-treated group after normalizing to Fhp.

Fiy 31A-31C show the immunostimulatory activity of 8GR ODV-siRNA in ICK mice.
HCR mitce wers treated with DR17-04M3, ACH-LOVE and DR17-04M3-ACHme 143-L.9V3 at
10,18 nmole (low dose} and 40 71 nmole (high dose) by SC mjection, respectively.
Treatment with saline alone served as a vehicle control to establish baselineg levels. Mice
were sacrificed B hours after treatment in serum were harvesied to detect the [L~-15

(FIG 31A), IFN-y (FIG 31B) and TNF-g (FIG31C) protein levels by ELISA assay as
described in ELISA assay of Materials and Methods.

FIG 32A-320 show levels of ALT (32A), AST (32B) and CREA (320 in ICR mousse after

SC injection of DS17-04M3, ACT-LOV3 and BSI7-04M3-AL I{me 43193, The indicated

test conmpounds were administered via SC injection inte FCR nuce at 1018 mmole and 40.71

amoie, respectively. Serum levels of ALT (FIG32A), AST (FIG32B) and CREA (FIG 320
was detected by using therr specific detection kits as described in Matenials and Methods.

FIG 33A-338 show sereening data comparing knockdown activity of 46 aRNAs targeting
human SO FUTR. HEK293 A cells were transfected with each siRNA duplex at 0.1 and |
aM for 24 hours. FIG 33 A shows SOD mBNA expression levels of 46 siBNAs sorted by
focation in HEKZ93A celis, FIG 338 shows 3027 mRNA levels of 46 siRNAS sorted by
activity on 3 UTR 1 HEK 293 A celis. Mock treatments were transfected in absence of
cligonucleotide. dsCon? served as a non-specific duplex control. Mock and dsConZ data ars
not shown, SOGD7 mRMA levels were quantified by RT-oPCR using gene specific pritner
sets, TBF and HPRTT were amplified as internal reference. Shown are the mean expression
values of SO mRNA relative to Mock treatment after normalizing to TBP and HPRTI
reference levels at both treatment concentrations. The value {y-axis) shows the fold changes
in SOD7 mBMA expression levels by each of the siRMAs relative to Mock treatment after
normalized 1o THE and HPRTI siRNAs are sorted on x-axis by their location on the I'UTR
from 5S40 bp and 700 bp downstream of SO transcrption start site (TS3), Locations of the
2 siRNA hotspot regions were marked as H1I to H2 1n rectangular dotted boxes.

FIG. 34, shows the dose dependent charactenization for the candidates of SO/ in HEKZ93A
cetls. siRNAs were transfected into HEKZ93A cells in dose escalated concentrations
representing approsimaie multiptes of ICs (halt maximwal inhibuiory concentration) values.
Mack treatments were transfected in absence of sligonucleotide (not shown}. SO mRNA
expression levels were quantified by RT-qPCR using gene specific primer sets. T8 and
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HPRTI were arophified as internal reference. Shown are the mean expression values of 500/
mRNA relative to Mock treatient after normalizing to TR and HPRY reference levels at
both treatment concentrations.

FIG. 35A-358 show screening data comparing knockdown activity of ASOs targeting human
SQDIYUTR HEKZ93A cells were transfected with 16 AS0s at S oM and 50 oM, and 33
ASGs at 3,125, 12.5, 50 and 200 nM for 24 hours. FIG 35A show SO mBNA levels of 16
ASOs in HEK293 A cells. FIG 338 show SO miBNA levels of 33 ASGs in HEKZ93A
cells, Mock treatments were transfected 1 absence of oligonucleotide. dsConZ served as a
non-spectfic duplex control. Mock and dsConZ data are not shown. 0837 mRNA ievels were
quaniified by RT-gPCR using gene speaific primer seis. TRP and HFPRTT were amplified as
internal reference. Shown are the mean expression values of SGHD7 mBNA relative to Mock
treatment after normalizing to 788 and HPRT reference levels at both treatment
concentrations, The value {y-axis, log2) shows the fold changes in SOD7 mBNA expression
iovels by each of the ASOs relative to Mock treatment after normalized to THP and HPRTT
ASOs are sorted on x-axis by their location on the 3"UTR from 544 bp and 576 bp
downstrears of SO transeniption start site (TS8) Locations of the 1 ASD botspot region
was marked as H3 in rectangular dotted boxes,

FIG. 36A-36C . show the dose-dependent characterization for the candidates of 8GR ASOs
in HEKZ93 A ceils. ASOs were transfected into HEK293A cells in dose escalated
concentrations representing approximate multiptes of IC30 (half maximal inhibitory
concendration} values. Mock treatments were transtected in absence of oligonuclentide {not
shown}). FIG36A show the mRNA expression levels, FIG 368 show the apoptosts and
FIG.360C show the oytotoxicity were quantified for each ASO at every dose by RT-gPCR,
Caspase 3/7 kit (GRO92, Promega) and CCKR kit {CKG4, Dojindo, Japan) in HEK293 A cells,
respectively.

Fi(z 37A-378 show screening data for knockdown activity and cyiotoxicity of 90 ODY-
sIRMA designs by free uptake in PMH celis. The indicated ODV-31RMAs were added to
PMH cell cubture media at 0.1 pM and ¥ pM final concentration. The celis were then
incubated for 3 days, RID-12556 and RD-12559 served as duplex control and ODV control,
respectively. Mock was treated in absence of oligonucieotide and not shown, FIG 37 A shows
Sodi mRNA levels by each of the ODV-siRNAs in PMH cells. Sod! mRNA levels were
guantified by RT-qPCR using gene specific prumer sets. Thp and Hprtl were anmplified as
wnternal reference. The value (v-axis) shows the mean expression values of Sodt mRNA
relative to Mock treatment after normalizing to Thp and Hpref reference levels at both
reatment concentrations. FHI. 378 shows cytotoxicity levels of 90 OIW-siRMNAs 1 PMH
cetls by PI staining. A microplate reader system (Infintte M2000 Pro) was used to detect the
optical denstty (G} of Pl staining at 535 am excitation and 615 nm emission wavelengths.
The value {y~-axis} shows the mean values of PI staiming by cach of the OD3W-a1RMNAs at both
concentrations relative to Mook, Total 90 ODV-siRNAs are marked as (A to (L) in 12
different rectanguiar dotted boxes. The rectangular dotted boxes stand for varicus design
groups with different linkers (A), Palindrornic ACT sequence vanants (B), varying numbers
of P8 modification (C), varying numbers of 2'0me (D)), varying ACQO sizes (£), adenine-rich
sequence composition {(F), cytosine~rich sequence composition ({3}, guanine-rich sequence
composition (H), uracil-rich sequence coroposition {1}, purines-rich sequence coroposition (1},
pyrimidines-rich sequence composition {K} and balanced purines/pyrimiding composition
{1}
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FIG 38 shows the effect of vanous OBV hokers used 1o ODV-3iRMNAs, as indicated 1n group
(A} of FI{3 37, on in viftre knockdown activity in PMH cells. Group A (Linker group)
iwncluded 10 compounds (e, RD-12941, RI12942 RD3-12943) RI-12944 RD-12945 R
12047, RI3-12948, RI>-12949, RD3-12950 and RD-12951) RID-12556 and RD-12559
served as duplex control and ODVY control, respectively. FIG 3¥ shows the Sod/ mRNA
ievels in PMH cells after free uptake treatments of ODV-siBNAz at 0.1 uMand 1 phMior 3
davs. Mock was treated in gbsence of ohigonuclectide and not shown. Sed/ mRNA levels
were quantified by RT-gPCR using gene specific primer sets. THp and Hpril were amplified
as internal reference. The value (y-axis) shows the mean expression values of Sod/ wRMNA
relative to Mock treatment atter normalizing to Php and Hpref reference levels gt both
ireatment concenfrations.

Fify 39 shows the effect of different palindromic ACT sequence used in ODV-siRMNAg as
indicated in group (B} of FIG 37, on in viteo knockdown activity 1o PMEH cells. Group B
{palindromic ACT sequence group) included 15 compounds containing sequence derivatives
based on the exemplary ACO called ACT (e, RD-12952, RIB-12953, RI12954, RID-12955,
R3-12936, RD-12987 RI3-12958, RD-12959 RIx-12960, RD-12961, RID-12962, RD-12963,
RD-12964, BRD-12065 and RD-120663 RE-12556 and RID-12559 served as duplex contral
and GV control, respectively. FIG 39 shows the Sod mBNA levels in PMH cells after free
uptake treatments of ODV-3iRNAsat 071 pM and 1 uM for 3 davs Mock was treated in
absence of cligonuclentide and not shown. Sodi mRINA levels were quantified by RT-gPCR
using gene specific primer sets. Thp and Hpstd were amplified as internal reference. The
value {y-axis) shows the mean expression values of Sod7 mRNA relative to Mock treatment
after normalizing to Thp and Hpri/ reference levels at both treatment concentrations.

FG. 40 shows the effect of PS modification used in ODV-s1RNAs, as indicated n group (C)
of FE3.37, on in vitre knockdown activity i PMIH cells. Group € (P8 modification group)
included 6 compounds {Le, RE3-12967, RID-12968 RI-12969, RD-12970, RD-12971 and
R-12972) sach with the same 14-n1 ACO containing either 2, 4, 6,8, 10 or 12 P8
modifications, respectively. RID-12356 and RI-12559 served as duplex control and GDYW
control, respectively. FIG 40 shows the Sod! mBNA levels in PMH cells after free uptake
treatments of ODV-siRINAs at 0.1 uM and 1 uM for 3 days. Mock was treated in absence of
cligonucleotide and not shown. Sod/ mRNA levels were quantified by RT-PUR using gene
specific primer sets. Thp and Hpref were amplified as internal reference. The value (y-axs)
shows the mean expression values of Sod? mRMNA relative to Mock treatment after
normalizing to Thp and Hpred reference levels at both treatment concentrations.

FiG 41 shows the effect of 270w modification used in CDRV-aiRNAs, as indicated 10 group
(D of FI3.37, on in vitye knockdown activity in PMH cells. Group D (27 0me modification
group} included 7 compounds (fe., RE-12973, RD-12974 RD-12975, RD-12976, RD-
12977, RI3-12978 and RI-12979) each with the same 14-ut ACO containing either 2, 4, 6, 8,
10 or 12 substitutions of 2" MOE chenustry for 2" Ome, respectively. RE-12356 and RD-
12559 served as duplex control and QDY contred, respactively. FIG.41 shows the Sod/
MRNA fovels 1o PME cells afier free uptake treatments of ODV-siRMNAs at 01 pMand 1 uM
for 3 days. Mock was treated in absence of oligonuclestide and not shown, Sodf mBNA
fevels were quantified by RT-qPCR using gene specific primer sets. Thp and Hpred wers
amplified as juternal reforence. The value (y-axis) shows the mean expression values of Sod]
mRNA relative to Mock treatment after normalizing to Thp and Hprid reference levels at
both treatment concentrations.
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FIG 42 shows the effect of vanous ACO sive used in ODV-siRNAs, 85 indicated in group
(Ey of FIG.37, on in vitro knockdown activity in PMH cells. Group E (AT size group)
incinded B compounds (Do, RD-12980, RIX-12981, RD-12982, RI3-12943, RD3-12984, RI}-
12985, RI3-12986 and RI12987) denved by truncating the 14-nt ACO 1 RD-12559 140 13,
12, 11, 16, 9, 8.7, or 6 nuclectides in length, respectively. RED-12556 and RID-12559 served
as duplex control and ODV control, respectively. FIG 42 shows the Sod? mRNA levels in
PRH cells after free uptake treatments of ODV-siRMAs gt 0.1 pb and 1 pM for 3 days.
Mack was treated in absence of oligenucleotide and not shown, Sod! mRNA tevels were
guantified by RT-qPCR using gene specific prumer sete. Thp and Hprl were aroplified as
internal reference. The value (y-axis) shows the mean expression values of Sedf mRMNA
relative to Mock treatment atter normalizing 1o Thp and Hprrl reference levels at both
treatment concentrations.

Fi0s. 43 shows the effect of Adenine rich used tn ODV-aiRNAs, as indicated 1o group (Fy of
FEF37, onin vifro knockdown activity in PMH cells, Group F {Adenine rich group) included
5 compounds (e, RID-12088 RD-12989 RID-12990, RD-12991, and RD-12992) each with a
different 14-ut ACO sequence contatmng either S, 6, 7. 8, or 9 iotal ademve nucleotides,
respectively. RID-12556 and RD-12559 served as duplex controd and QDY control,
reapectively. FIG43 shows the Sod! mBRNMNA levels in PMH celis after free uptake treatments
of ODV-siRNAgat ¢.1 oM and 1 oM for 3 days. Mock was freated in absence of
cligonuclentide and not shown, Sod/ mRNA levels were guantified by RT-gPUR using gene
specific primer sets. Thp and Hpref were amplified as internal reference. The value {y-axis}
shows the mean expression values of Sod? mRNA relative 1o Mock treatment atter
normalizing to hp and Hpri/ reference levels at both treatment concentrations.

FIG. 44 shows the effect of Cytosine rich used in ODV-siRMNAs, as indicated i group (G of
FIG 37, on i vites knockdown activity 1o PMEH cells, Group & {(Cytosine rich group}
included 6 compounds (L, RE3-12993, RID-12904 RI3-12995, RI-12996, RI-12997, and
Ri3-12997) sach with a different 14-nt ACO sequence containing gither 5, 6,7 & 9, or 10
total cviosine nucheotides, respectively. RID-12556 and RI3-125359 served as duplex control
and QDY control, respectively. FIG 44 shows the Sod] mRNA levels in PMH cells after free
uptake treatments of ODV-siRMNAs at 0.1 pM and 1 uM for 3 days. Mock was treated in
absence of oligonucleotide and not shown, Sodf mRNA levels were quantified by RT-gPCR
using gene specific primer sets. ¥Hp and Hprtd were amplitied as internal reference. The
value {y-axis) shows the mean expression values of Sed/ mRNA relative to Mock treatment
after normalizing to Thp and Hpred reference levels gt both freatment concentrations.

FIG 45 shows the effect of Guanine rich used in ODV-siRNAs, as indicated in group (H) of
FIG 37, on in vitre knockdowr activity 1o PMH cells. Group H (Guanine rich group)
included & compounds (Le, RD-12999, RI-13000, RD-13001, RE-13002, and RD-13003)
gach with a different 14-nt ACO sequence containing etther 5,6, 7, &, ot 9 total guanine
nucigotides, respectvely. RID-12356 and RD-12559 served as duplex control and ODV
control, respectively. FIG 45 shows the Sod/ mRNA levels in PMH cells after free uptake
preatments of ODV-siRNAg at 0.1 M and 1 oM for 3 days. Mock was treated n absence of
ohigonuclectide and not shown. Sed! mRNA levels were quantified by RT-gPCR using gene
specific primer sets. Tp and Hprel were amplified as tnternal reference. The value (v-axis)
shows the mean expression values of Sod? R NA relative to Mock treatment afier
normalizing 0 Thp and Hpre! reference levels at both treatment concentrations.

FIG 46 shows the effect of Uract rich used in QDV-siRNAs, asindicated in group (B of
FE3.37, on in virre koockdown activity in PMH cells, Group {Uractl rich aroup) included 6
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compounds {(Le., REB-13004, RD-13005, RB-13006, RD-13007, RE-13048, and RDB-13009)
cach with a different 14-nt ACO sequence containing either 5, 6, 7, &, 9, or 10 total uracil
auciectides, respectively. RI-12556 and RIX-12559 served as duplex control and GV
control, tespectively. FIGA6 shows the Sod miBNA levels in PMH cells atter free uptake
treatments of ODV-siRMNAsz at 0.1 uM and 1 uM for 3 days. Mock was treated in absence of
cligonucleotide and not shown. Sod/ mRNA levels were quantified by RT-PUR using gene
specific primer sets. Thp and Hpref were amplified as internal reference. The value (y-axs)
shows the mean expression values of Sod? mRMNA relative to Mock treatment after
normalizing to Thp and Hpred reference levels at both treatment concentrations.

FiG 47 shows the effect of Punine rich used in ODV-aRNAg, as indicated in group (1) of
FIG 37, on in vitro knockdown activity in PMH cells. Group § (Punne rich group) included 2
compounds each with a different 14-nt ACO sequence containing 9 purines {(Le., RE-13010,
RI-13011, and RD-13012), 10 purines {i.e, RI3-13013, RE-13014, and RD-13013), or 11
parines (e, RD-13016 and RD-13017) comprised of different amounts of adenosine and
cuanine. RI-12556 and RD-12559 served as duplex control and ODVY control, respectively.
FIG 47 shows the Sod? mRNA levels 1o PME cells after free uptake treatmoents of ODVY-
siBNAs at 0.1 ubdM and 1 pM for 3 days. Mock was treated 10 absence of oligomucleotide and
not shown, Sodf mRNA levels were quantified by RT-qPCR using geoe specific primer sets.
Thp and Hprel were amplified as internal reference. The value (y-axis) shows the mean
expression values of Sod! mRNA relative to Mock treatment after normalizing to THp and
Hprel reference levels at both treatment concentrations.

Fi{z 48 shows the effect of Pyrimiding rich used in ODV-siBRNAs, as indicated in group (K}
of FIG37, on in viteo knockdown activity in PMEE cells, Group K (Pyruvudine rich group)
included 8 compounds each with a different 14-nt ACO sequence containing 9 pyrinidines
{i.e., RD-1301&, RD-13019, and RD-13020), 10 pyrimidines {Le., RII13021 and RB-13022),
P pyrumidines (e, RI3-13023 and RD-13024), or 12 pyrimdines (7.e., RI-13025)
comprised of different amounts of cyiosing and uractl. FH3 48 shows the Sed/ mRNA levels
in PMH cells after free uptakie treatmenis of OBV -aiRNAs at 0.1 uM and 1 M for 3 days,
Mock was treated in absence of ohigonucleotide and not shown. Sodf mRNA levels were
quantified by RT-gPCR using gene specific primer sets. THp and Hprif were amplified as
internal reference. The value (y-axis) shows the mean expression values of Sod/ mBNA
relative to Mock treatment after normalizing to Thp and Hprii reference levels at both
treatment CORCEMIations.

FiG. 49 shows the effect of Balanced purpyr used in ODV-siRNAs, as indicated in group (L)
of FI(G.37, on in vitro knockdown activity tn PME cells. Group L (Balanced puripyr group}
included 6 compounds (Le, RD-13026, RD-13027, RD-13028, RD-13029, RD-13030, and
RP-13031) sach with a different 14-nt ACO sequence containing a fixed 101 ratio of purines
to pyrunddines, respectively. FIG 49 shows the Sod7 mRNA levels 1o PMH cells after free
uptake treatments of ODV-3iRNA<at 0.1 pM and ¥ uM for 3 days. Mook was treated in
absence of cligonuclentide and not shown. Sodi mRINA levels were quantified by RT-gPCR
using gene specific primer sets. Thp and Hprr! were amphified as miernal reference The
value {y-axis) shows the mean expression values of Sod/ mRNA relative to Mock treatment
after normalizing to Thp and Hpred reference levels at both treaiment concentrations.

FIG. 50A-500 show the in vive potency of OQDV-siRNAs on knocking down Sodl mENA
fevels in tung tssue via intratracheal instilation (T admimstration wn adult C37BL/GT nice.
The indicated oligonucieotides (e, RD-12401, RD-12402, RD-12403, RD-12557 RD-
12929 and RI3-12559) were administered via 1T at 0.6 me dose in FIG. 304 The indicated
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oligonucleotides (RI-12556, RID-12929 and RD-12559) were administered via ITHat 0.1 rog
(F13 508} and 0.6 mg (FIG.50C) dose. Saline was administrated as a non-ireated negative
control. RI3-12404 was a non~-specific duplex used as negative control. Mice were sacrificed
onday 7 and day 271 post-dosing and Sod{ mRNA knockdown was guantified 1 lung tissue
via RT-gPCR using gene specific priumer sets after RNA isolation and KT reaction. 7hp was
amphﬁed as an internal reference. Mean Sod! mBNA levels in hung tissue of 2~7 animals
{(n=2--7} are shown relative to mRNA levels in non-treated group after nommalizing o ¥hp.

FIG. STA-S1B show the in vive potency of GDV-siRNA on knocking down SO0 mRNA
fevels in muscie tissue via intravencus (IV) and subcutansous (8O} injection in adult
ORI mice The indicated stRNA RIM12293 was administered via IV and ST injection
at 20 mg'kg and 50 mgtkg, respectively. Saline was tnjected as a non-treated nogative
control. Mice were sacrificed at day 14 post-dosing and SO0/ mRNA levels were quantified
i muscle and Bver tissues via RT-gPCR using gene specific primer sets afier RNA isolation
and RT reaction. Thp was armphified as an oternal reference. Mean SO0 mRNA levels
muscle tissue of 24 animals {n=2~4} are shown relative to mRNA levels in non-ireated
group after notmalizing to Thp.

Fi3 52 shows in vive potency of different ODV-siRNA leads on knocking down Sod/
RINA expression via IV injection in adult CS7BL/GT mice. The indicated ODV-siRNAs
{i.e., RD-12559 RD-12556, RED-12967, RD-13180, RI-12941, RD-12942, RI3-12952 ) RD-
i 9”’)2, RI>-12983, RD-12979 RD-130135, RI-13006 and RD-12998) were admimstered vig
IV injection at 20 mg/kg, Saline was 111_;cctz,d as @ non-treated negative control, RD-12556
served as non-ODY duplex contrel. Mice were sacrificed at day 7 following treatment and
Sodi mBNA levels were quantified 1n Qifferent types of muscle tssue (ie., Forehimb,
Hindhimb, Nape and Gluteus) via RT-qPCR using gene specific primer 35."{3 after RNA
isglation and RT reaction. THp was amplified as an intemal reference for RNA loading. Mean
Sed i mRNA levels imomuscle tissue of 3~6 anpmals (0=3~6} are shown relative to mRNA
tevels in non-treated group after normalizing to 7Hp.

FIG. S3A-53C show in vive potency of different ODV-siRMA leads on knocking down Sodf
mBNA expression via UV injection in adult C37BL/6GI nuce. The indicated sikKNAs or
ODV-siRMNAs (fe, RD-12559, RE-12556, RD-13334, RE-12967, RD-13180, RE3-12941,
RD-12942, RD-12952 RD-12982, RD-12983, RD-12979, RD-1301S5, RD-13006 and RD-
12998) were administered via unilateral ICV injection. Saline was injected as a non-ireated
negative control. RI-123536 and RD-13334 served as non-0ODV duplex control. FIGS3A
shows the Sod! mRMNA transcript level in brain-frontal cortex, rest of brain {other than frontal

cortex and cerebellum ) and brain-cerebelium tissues at 0.2 mg. FIG.53E shows the Sod!
mRNA transernpt jev el in spinal cord-cervical, spinal cord-thoracic and spinal cord-tumbar
tissues at 0.2 me. FIG 530 shows the Sed! mRNA transcript level in liver fissus at 0.2 mg.
Mice were saerificed at day 7 following treatroent and Sod! mRBRNA knockdown was
guaniitied 1n NS (i e., brain-frontal cortex, rest of brain, brain-cerehellum, spinal cord-
cervical, spinal cord-thoracic and spinal cord-lumbar) and select peripheral tissugs {i.e., liver)
vig RT-gPCR using gene specific primer sets afier RNA isolation and RT reaction. THp was
amplified as an internal reference. Mean Sod{ mRNA levels from 3--0 animals (n=3~0) are
shown 1y each of the indicated tissues relative to mRNA lgvels 1o non-treated group after
normalizing o Ty

FIG 34 A-348 show in vive potency of difforent ODV-siRNA leads on knoclking down Sod/

mRNA expression via IV injection o adult C37BL/6J mice. The indicated siRNAs or ODYV-
siRNAs {ie., RE-12559, R3-12556, RE-13334, REB3-12967, RD-13180, RE3-12941, RD-
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12942 RD-12952, RI3-129382, RD-12983, RI3-12979 RD-13013, RI3-13006 and RD-12998)}
were administered via IV injection at 20 mp/kg. Saline was injected as a non-treated negative
control. RI3-12556 and RIX-13334 served as non-OBYV duplex control. FIG 544 shows the
Sodi mBNA ranscript level in heart, Iver and spleen tssues at 20 mg/kg FIG S4B shows
the Sed! mBMNA transcript level in lung, kidney and bladder tissues at 20 mg/kg. Mice were
sacrificed on day 7 following treatment and Sod? mRNA Eonockdown was quantified in select
peripheral tissues (Le., heart, Biver, spleen, lung, kidoey and bladder) via RT-gPCR using
gene specific primer sets after RINA 1solation and RY reaction. Thp was amplified as an
wnternal reference. Mean Sodl mRBNA levels from 26 androals (n=2~0} are shown incach of
the indicated tissues relative to mRNA levels in non-treated group after normalizing to Thp.

FIG 55A-55D show dose-dependent characterization tor internal comugated QDY GODYY-
siRNA 1n PMH cells. The indicated siRMNAs or ODV-siRNAs (e, RIX1255% RIB-1255¢6
and REF13351) were transfected 1nto PMH cells using RNAIMAX 1 dose escalated
concentrations represending approximate roultiples of ICso values (FIG.55A and FIG 55B).
The indicated siRINAs (e, RI-12539 RD-13180 and RI-13351) were added into PMH cell
culture medium in dose escalated concentrations representing approvimate muliiples of ICs
values (FIG.55C and FIGS3D) RD-12556 served as non-OBRY duplex control. RD-12559
served as ODV-siRNA positive control, Mock treatments were transfected in abisence of
ohgonucleotide (not shown}, FIG SSA and FRG55C show Sod? mRMNA lovels and FIG S5B
and Fi{3 55D show cell viability quantified for each oligonuciestide at every dose by R'T-
gPCR and CTKR assay reapectively.

Fiy. 56 interprets some of the i vive data of siSOB with ACC variants in Example 28. The
rean average knockdown data (Mean %6 Reduction) in ONS tssues (braio and spinal cord,
compared o liver) are listed in the table. ODV-saS0OD 1 vaniants that had possible better and
worse retention with regards 10 local and periphery tissues knockdown activity are
exemmplified.

FIG. 57 shows the design of ACO sequence vanants derved from the exemplary ACT The
variants include 15 sequences in which the siRNA, linker (L9, 27MOE modification and PS
backbone are fixed, but ACO sequence and length are modified relative to the ACT sequence.
The palindromes, deletions, purtne/pyrimmdine swiiches which may 1mpact the delivery
efficiency are exemplified.

BETAILED DESCRIPTION

While various emnbodiments of the invention have been shown and deseribed heretn, o will be
obvious to those skilled in the art that such embodiments are provided by way of example
only.  Numerous variations, changes, and substiiutions may ocour to those skilled in the art
without departing fror the inventon. B should be understood that varions alternatives to the
embodiments of the invention described herein may be emploved.

Before the present invention described, 115 10 be understood that this invention is not bruted
to particular embaodiments described, as such may, of course, vary.  Hisalsnotobe
undersiood that the terminology used herein is for the purpose of deseribing particnlar
embodiments only, and is not intended to be limiting, since the scope of the present invention
will e limited only by the appended claims.
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Where a range of values s provided, 1 1s understood that each intervering value, to the tenth
of the unit of the lower limit unless the context clearly dictates otherwise, between the upper
and lower limits of that range 15 also specifically disclosed.  Each smaller range between any
stated value or intervening value 1o g stated ravge and any other stated or intervening value
that stated range is encompassed within the invention.  The upper and lower limits of these
smatler ranges may independently be included or excluded 1o the range, and cach range
where either, netther or hoth limits are included in the smaller ranges 1s also encompassed
within the invention, subject to any specifically excluded limit in the stated range.  Where
the stated range ncludes one or both of the lunits, ranges excluding either or both of those
included hnuts are also included in the inverntion,

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commondy nnderstood by one of ordinary skill in the ant to which this imvention
belongs,  Although any methods and materials stmilar or equivalent to those described
herein can be used 1y the prachice or testing of the present invention, the exemplary wethods
and materials are now described. Al publications mentioned herein are incorporated herein
by reference to disclose and descobe the methods and/or materials in connection with which
the publications are cited. It 13 undersiood that the present disclosure supersedes any
disclosure of an incorporated publication to the extent there is a contradiction.

It must be noted that as used herein and in the appended clatms, the singular forms "a”, "an”,
and "the" include plural referents unless the context clearly dictates otherwise.  Thus, for
example, reference to "a sample” includes a plurality of such samples and reference to "the
molecule” includes reference 1o one or more molecules and eguivalents thereot known to
those skilled in the art, and so forth.

The publications discussed berein are provided solely for thew disclosure prior to the filing
date of the present apphication.  Nothing herein is to be construed as an admission that the
present tnvention 13 not entitled to antedate such publication by virtue of prior invention.
Further, the dates of publication provided may be different from the actual publication dates
which may nesad to be independently confirmed.

BEFINITIONS

The terms “Amyotrophic lateral aclerosis” or "ALS” inchide, but are not limited to, familial
ALS (FALS), sporadic ALR (8ALS), Lou Gehrig's disease, diseases associated with mutant
genes Chromoesome 9 Open Reading Frame 72 gene (CYorf72, 40%:), superoxide dismutase |
(SO, 20%:, transactive response DNA-binding protein 43 (THP43, 4%) and fused in
sarcomaltransiocated in hiposarcoma (FUSTLS; 4%,

The term "oligonucisotide agent” or “sligonucieotide” can be used interchangeably, and
refers 1o polymers of nuclectides, and includes, but is not himited to, single-stranded or
double-stranded nucleic acid molecules of BNA, RNA, or DNA/RNMNA hybnid,
ohgonucleotrde strands contarmog regularly and srregulasly aliernating deoxyribosy! portions
and ribosyi portions, as well as moditied and naturally or unnaturally exdasting frameworks tor
such cligonuciestides. Specifically, the oligonuclectide agent for inhibiting mRNA transeript
ievel of target gene described herein s g small inhibiting vucleie acid meolecule (IRMNAY, an
antisense oligonucleotide molecule {ASO), or an oligonucleotide delivery vehicle (ODV)
conjugated siRNA molecule (SIRNA-AC(} Also specifically, the cligonucieotide agent for
activating fravseription of target gene described herein s a siuall activating nucleic aaid
molecule (saRNA), or an sligonuscieotide delivery vehicle (ODV) conjugated salkNA
molecule (3aRNA-ACO).
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As used herein, the terms “subject” and “individual” are used interchangesbly berein to mean
any Hving organisny that may be treated with agents of the present application. The term
“patient” means 3 human subject or individual, welnding disclosure infants, children and
adults.

A “therapeutically effective amount” of a composition 18 an amount sutficient to achieve a
desired therapeutie effect, and therefore does not require cure or corapleie renussion. In
embodiments of the present application, therapeutic efficacy is an improvement in any of the
disease indicators, and a therapeutically effective amount is sufficient to cause an
improvement 1n a clintcally significant condition/symptor in the treated individual. The
phirases “therapeutically effective amount” and “effective amount” are used herein o mean an
amount sufficient to reduce by at least about 15 percent, preferably by at least 5O percent,
more preterably by at least 90 percent, or to increase at least about 50 percent, at least about
100 percent, at least about 200 percent, more preferable at least about SO0 percent and most
preferably prevent, a chintcally significant deficit in the activity, function and response of the
individual being treated.

The effective amount may vary depending on such factors as the size and weight of the
subject, the tvpe of iliness, or the particular agents of the apphication. For example, the choice
of the agent of the application could affect what constitutes an “effective amount.” One of
ordinary skill 1o the ant would be able to study the factors contatned heretn and make the
deternunation regarding the effective amount of the agenis of the application without undus
experimentalion.

The regime of administration may affect what constitutes an effective amount. The agent of
the application can be administered to the subject either prior 1o or after the diseass diagnosis
or condition, Further, several divided dosages, as well a3 staggered dosages, can be
administerad daily or sequentially, or the dose can be continucusly infused, or cany be a bolus
injection. Further, the dosages of the agent(s) of the application could be proportionally
increased or decreased as ndicated by the exigencies of the therapeutic or prophvlactic
siation.

The terms “treat,” “treated,” “treating”, or “treatment” as used herein have the meanngs
commonly understood in the medical arts, and therefore do not require cure or complste
remiasion, and include any beneficial or desived chinical resulis. Non-limting examples of
such beneficial or desired clintcal results are prolonging survival as compared t0 expecied
survival without treatment, reduced symptoms inchrding ong or more of the followings:
weakness and atropby of provamal skeletal youscles, mability to sit or walk wdependently,
ditficuities in swallowing, breathing, etc.

As used herein, “preventng” or “delaying” a disease refers io whibiting the full development
of g discase.

The term “biclogical sample” refers {o any fissue, cell, Huid, or other matertal denived from
an organism {e.g., human subject). In certain embodiments, the biciogical sample 18 serum or
bleod.

As used herein, the torm "sequence identity” or "sequence homology™ means that one
oligonucleotide strand (sense or antisense} of, for example, an saBRNA or siRINA has at feast
B30% stronlanity with a region on the coding strand o template strand of the promotor, or the
sequence of a target gene,

In ewbodiments of the present application, ove target gene is SO By "target sequence” is
meant a sequence fragrment to which the sense strand or antisense oligonuclectide of the
siRMNA or saRNA is homologous or complementiary. For example, tn certain embodiments, a
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SOD iR NA is homologous o complemeniary (o a target select sequence within human
SO fransoript,

As used herein, the term "non-targeting” means that the referenced accessory ohgovucleotide
{ACO) which conjugates with the targeting oligonuclectide {e.g., RNA saRNA, and et}
does not specifically complement to the target sequence which the targeting oligonuciectide
funcoons, and/or that the referenced ohigonucieotide {i.e., ACQO) does not share the same
target sequence which the targeting oligonuciectide {e.g., siRNA, sakNA| and stc.}
spectitcally attends lo function to. The targeting oligonuciectide disclosed herein is a nucleic
acid sequence that specifically complements to the target sequence or the region thereof In
some embodimenis, the term "non<targeling ohigomicleotide” may comprise any referenced
oligonuclectide except the “targeting sequence”. In some case, the “specifically
complementary” mav mean that the cormplementarity between the targeting oligomucleotide
and the target sequence or the region thereot is at least about 95%. The non-targeting
ohgonucleonde (i.e., accessory ohgonucleotide, or “ACO” used tuterchangeably ) is not to
elicit bictogical activity via any known mechanism, nor intended o elicit activities mdicative
of ASQO (ie., "mixmer” or “gapmer”} function outo a complementary nucheic acid sequence
{i.e., uRMA}Y w0 g certain subject, an organ of the subject, a tissue of the subject, or a cell of
the subject, when the oligonuciectide 1s administered. The non-targeting oligonuciectide {i.e.,
AL s to facilitate the introduction of the targeting oligonucieotide {e.g., 5iIRNA, saBNA,
and etc.} it conjugates o a certain subject, an organ of the subject, a tissue of the subject, a
cell of the subject, or a cell nucleus of the subject, when the oligonuclectide conjugate is
administered.

As used herein, the term "gapmer” refers to a short DNA antisense oligonucleotids (ASO)
strucire with modified RNA segments on both sides of the central DNA structure. In some
embodiments, at least one of the modified RNA segments comprises one of more of modified
nucieotides selected from locked nucleic acids (LNA}Y, and 2°-OMe or 2'-F modified
nucieotides 1o werease affinty to the target, inorease nuclesse resistance, reduce
immunogenicity, and/or decrease toxicity. In some embodiments, a gapmer comprises at feast
one nucleotide moditied with a phosphorothioate (P5) group. In some embodiments, the
gamper 13 designed 1o hybridize to a target prece of RNA aund silence the gene transcapt
through the induction of RMase H cleavage. As an example, the ASO drug "Toferson™ s a
gapmer that knockdowns 3007 mRNA for treatment of ALS A possible example of a dual-
action oligonuciectide (DA} with a gapmer ASQO disclosed 1o the present application counld
be "siSOD1-Toferson”.

Ag used herein, the termn "ovoer” refers to an antisense oligonuclectide (ASO) charactenzed
as a mixture of DNA and chemically modified macleic acid analogs in structure. Optionally, a
mixmer 13 composed of fully moditied nudlectides or nucleic acid analogs. In some
embodiments, a nuxmer is designed to bind and mask complementary RNA sequence to
stertcally block proteins, factors, or other RNAs from interacting with targeted RNA. In some
embodiments, a mixmers i3 designed to alter pre-mRNA splicing by displacing the
sphiceosome. In some embodiments, a nuxmer 15 designed to bind and sequester nucroRMAs
{miNAs}) in which it 1s adopt vet another name calied an "antagomir” or an "anti-miR"

As used herein, the torms "sense strand” or "passenger strand” are inferchangeable. The sense
strand of dsRINA {2 g, stRNA, saRMNAY molecule can include, for exampls, a first nucleic
acid strand of siRNA comprising a fragment of the mRNA sequence of a target gene.

As used herein, the terms "antisense strand” or "guide strand” are interchangeabie. The
antisense strand of an dsBRNA molecule can include, for example, a second nucleic acid
strand 1n 2 duplex of salRINA or siRMA that 18 complementary to the sense strand.
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As used herein, the term "iirst oligonucleotide strand”™ can be g sense strand ot an antisense
strand. For example, the sense strand of 3 salkNA refers to an oligonucleotide strand having
homology with the coding strand of the promoter DNA sequence of the target gene of the
33RMNA. The sense strand of g stRNA refers 1o an ohigonucieotide strand having homology
with the mRNA sequence of the target gene of the siRNA. The antisense strand refers to an
oligonucleotide strand complementary with the sense strand in the dsRMNAL

As used herein, the term "second oligonucleotide sirand” can alsc be a sense strand or an
antisense strand. If the first oligonuclestide strand 1S a sense strand, the second
chigonucleotide strand 15 an antisense strand; and if the first oligonuclentide strand 15 an
antisense strand, the second oligonuclestide strand is a sense strand.

The term "promoter” as used herein refers to a nucleic acid sequence, which encodes no
proteins and plays a regulatory role for the transeription of a protein-coding or KNA-coding
aucieic acid sequence by associating with them spatially. Generally, a eukaryotic promoter
contains 100 to 5,000 hase pairs, although this fength range s not wotended to Hinit the term
of "promoter” as used herein. Despite that the promoter sequence is generally located at the &
errotnus of a protein-coding or RMA-coding sequence, i also exisis in exon and 1otron
SEQUEnCEs.

Ag used herein, the term "coding strand” refers to the DNA strand 1o the target gene that
cannot be transcribed, the nucleotide seguence of which 15 identical to the sequence of the
RINA produced by transcription (in RNA the T in DNA 1s replaced by U} The coding strand
of the double-stranded DNA sequence of the target gene promoter described in the present
disclosure refers to the promoter sequence on the same DNA strand as the DNA coding
strand of the target gene.

As used herein, the term "template strand” refers to another strand of double-stranded DINA
of a target gene that s complementiary to the coding strand and that can be transcribed as a
ternplaie into RNA that is coraplementary o the transeribed RNA base {A-U, G-y Duning
transcription, RNA polymerase binds to the template strand and moves along the 3'— &
direction of the teruplate strand, catalyzing RNA synthesis in the 5— 3" divection. The
template strand of the double-stranded DNA sequence of the target gene promoter described
in the present disclosure refers (o the promoter sequence on the same DNA strand as the
DNA template strand of the target gene.

As used herein, the term "transcription start site” or TSS refers to 2 nucleotide that marks the
inttiation of transcription on the template strand of a gene. The transcription siart site may be
present on the teraplate strand of the promoter region. A gene may have more than one
transcription start site.

As used herein, the term "overhang” refers 1o an oligonucleotide strand end (5" or 3 ) with
non-base patred nuclectide{(s) resulting from ancther strand extending beyond one of the
strands within the double stranded ohgonucleotide. Single stranded regions extending bevond
the 3 'and/or 5 ends of the duplexes are referred to as overhangs. In certain embodiments, the
everhang is from O 1o ¢ nucleotides in length. | is understood that an overhang of O
nucieotides means that there 1 no overhang.

LTINS

As used herein, the terms "gene activation”, "activating gene expression”, “gens
upregulation” and “upregulating gene expression” can be used interchangeably, and means an
increase of upregulation in fransoripiion, transiation, expression or acfivity of a certain
nucleic acid sequence as determined by measuring the transcription level, mBNA level,
protein level, evzymatic activity, roethylation state, chromatin state or configuration,
transiation level or the activity or state in a cell or biclogical system of a gene. These
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activities of states can be determined divectly or indirectly. In addition, "gene activation” or
"activating gene expression” refers 10 an increase in activity associated with a nucleic acid
sequence, regardiess the mechanism of such activation. For example, gene activation occurs
at the trauseriptional fevel to increase transeniption wto RNA and the RNA s translated into a
protein, therelby increasing the expression of the protein.

As used herein, the terms "gene stlencing”, "knockdown of gene expression”, “gene
downregulation” and “downregulating gene expression” can be used interchangeably, and
means 8 decrease or downregulation in transcription, translation, expreasion or activity of &
certain nucleic acid sequence as determined by measuring the trapscription level, mBRNA
fevel, protein level, enzymatic activity, methylation state, chromatin state or configuration,
ransiation level or the activity or state 1u a cell or biological systern of a gene. These
activities of states can be determined directly or indirectly. In addition, "gene
downregulation” or "downregulating gene expression” refers 10 a decrease in activity
associated with a nucleic acid sequence, regardiess the mecharism of such downregulation
For example, gene downregulation occurs at the transcriptional level to decrease or silence
transcription into RMNA and the RWNA 13 not translated into a protein, thereby decreasing or
stlenciog the expression of the protein

As used herein, the terms "short interfering RNAY, "siRMA”" and “silencing RNA” can be
used woterchangeably and refer to a rbonucleic acid molecule that can downregulate,
inockdown, or stlence target gene expression. It can be a double-stranded nucletc acid
molecule. It interferes with the expression of specific genes with complementary nucieotde
sequences by degrading mRNA after transcription, preventing translation. ¢iRNA binds 1o
target mBNA matnly in the cytoplasm to down-regulate gens expression post-
transcriptionaliy via the RNA interference (RNA1) mechanism. siRNAs may be designed to
target a gene’s mBNA sequence to silence its expression via the RNAI mechamsm, such as
SO for maximizing treatment outcomes, e.g., for ALS patients. siRNAs are molecules
having endogenous RNA bases or chemically modified nucleotides. The modifications do not
abolish cellular activity, but rather impart increased stability and/or increased cellular
potency. Examples of chemical modifications include phosphorothicate groups, 2'-
deoxynucleotide, 2-GCH:-containing nbormucleotides, 2'-F-ribonucleotides, 2'-methoxyethyl
siboructeotides, combinations thereof and the like. The aRNA can have varying lengths
{e.g., 10-200 bps} and structures {e.g., baurpins, single/double strands, bulges, nicks/gaps,
susmatches) and are processed in cells to provide active gene sifencing. A double-stranded
stRNA can have the same number of nucleotides on each strand (bhunt ends} or asymmetric
ends {overhangs} An overhang of 1-2 nucleotides, for example, can be present on the sense
and/or the antisense strand, as wel as present on the 5'- and/or the 3'-ends of a g@iven strand.
The length of the siRNA moleculs is typically about 10 to about 60, about 10 to about 50,
about 15 to about 3¢, about 17 1o about 29, gbout 13 1o about 28, about 19 1o about 27, about
20 to about 26, about 21 to about 25, and about 22 to about 24 base pairs, and typicaily about
15, about 16, about 17, about 1€, about 19, aboui 20, about 21, about 23, about 23, about 30,
about 40, or about 5O base pairs. lu addition, the terms "small inderfering RMA", “ailencing
RMNAT and "siRNA" also contain nucleic acids other than the nbonuclectide, including, but
not imited to, modified nuclestides or analogues.

As used herein, the torms “mnhibition of gene expression ™ or “inhibiting gene expression”
and “gene downregulation” or “down~regulating gene expression’ can be used
wnterchangeably, and mean an decrease o transcrpion, translation, expression or achivity of a
certain nucieic acid as determined by measuring the transcriptional fevel, mRNA level,
protein fevel, enzymatic activity, methylation state, chromatin state or configuration,
translation level or the activity or state in a cell or biological systemn of g gene. These
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activifies of states can be determined diracﬂy ot indirectly. In addition, “inhibition of gene
expression ©, “inhibiting gene expression”, “gene dowrn-regulation” or “down-regulating gene
expreasion” refers to a decrease in activity associated with a nucleic acid sequence, repardless
of the mechanism of such activation. For example, inhibition of gene expression occurs af the
transcriptional level to decrease tramcripti&n into RNA and the KNA is iranslated into a
protein, thereby decreasing the expreasion of the protein.

As used herein, the terms "small activating RNA", "saRNA" and "small activating
nbonucleic acid” can be used interchangeably and refer to a ibonucleic acid molecule that
can upregulate target gene expression, It can be a double-stranded nucleic acid molecule
composad of a first nucieic acid strand containing a nibonuclectids sequence with sequence
homology with the non-coding rucleic acid sequence (such as a promoter and an enhancer) of
a target gene and a second nucleic actd strand containing a nucleotide sequence
complementary with the first strand. The saBNA can also be comprised of a synthesized or
vector-expressed single-stranded RNA molecule that prone to form a batrpin stracture by two
complementary regions within the molecule, wherein the first region contains g
sibonucieotide sequence having sequence homology with the target sequence of a promcter of
a gene, and a ribonucleohide sequence contained 1 the second region is complementary with
the first region. The tength of the duplex region of the saRNA molecule is typically about 10
to about 60, about 10 1o about 50, abouwt 10 1o about 40, about 12 10 about 30, about 14 o
about 28, about 16 to about 26, about 18 1o about 24, and about 20 1o about 22 base pairs, and
typically about 10, about 13, about 15, about 17, about 18, about 19, about 20, about 21,
about 22, about 25, about 3¢, about 40, about SO, or about 60 base paira, In afiditi@m the
terras "small activating RNA“ "saRNA" and "small activating nibonucleic acid” also contain
nucieic acids other than the nbonuclectide, mncluding, but not limited 1o, modified nuclectides
or analogues.

As used hersin, the term “ASD” and “antisenss oligonuclectide” can be used interchangeably
and refer 1o single-stranded oligonucleotides which binds to complementary roRMNA to elicit
RNase H-dependent knockdown or the mBNA or alter protein binding of the mRNA via
sterte hindrance.

As used herein, the term "hotspot” of siRNAs or ASOs refers to a nucleic acid region of at
ieast 12 bp in length where functional siRINAS/ASOs are enriched, ie., at least 80%, e.g.,

about 85%, about 90%, about 95% or about 100%% of the siRN AvA‘%i s des igned to target
this region is functional and potent of inhibiting in the mRNA transcript lovel of the target
gene. A “hotspot” herein is defined by a nucleic acid region on the target sequence of the
sIRMAS/ ARG, where the 3'-ends of the functional siRNAs or ASOs are located 1o 8 non-
Himiting example, a siRNA/ASD is designed according to the following eriteria; (1) having a
(O content between 35% and 70%, (2) with lesa than S consecutive identical nucleoti des, {3}
with 3 or less dinucleotide repeats; and (4) with 3 or less tninucleotide repeats. In a non-
Hmiting exampie each of the hotspot sequences disclosed herein comprises at least 4, at least
S, or at feast 6 (5 -ends of ) functional siRNAs or ASOs.

As used herein, the term “functional stRMA” refers to a sikNA, at a 1 nM treatment
concentration free upiake by a ceil, inhibiting the mBNA transcript level of its intended target
zene by at least 80%, as compared 10 a basehine level of SOH mBMNA. The term “non-
funcrional sSiRNA” refers (0 a sitkNA, at a 1 oM treatment conceniration free uptake by a cell
not capable of whibiting the mBNA transcript level by 0%, as compared to a baseline level
of SO0F mRNA

As used herein, the term “functiongl ARD” refers 1o an ASO, at 2 200 oM treatment
concentration free uptake by a ceil, inhibiting the mRNA transcript level of ts intended target
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gene by at feast 60%, a3 compared 10 a baseline tevel of SOD7 mBRMNA. The term “non-
funcrienal sSiRNA” refers to an ASQ, at a 200 nM treatment concentration free upiake by a
cell, not capable of inhibiting the mRMNA transcript level by 60%, as compared to a baseline
fevel of SOGDT wRMNA.

Fh A4

As used herein, the term “isolated target site”, “target stie” and “isolated polynucleotide” can
be used wterchangeably, and herein means a nucleic acid target site to which a «RNA has
complementarity or hybridizes to. For exanmple, an isolated nucleic acid sequence of a target
site can include a nucleic acid sequence to which a region of sitRNAs has complementarity or
fybridize to.

As used herein, the term “complementary”™ refers to the capability of forming base pairs
between two oligonucieotide strands. The base pairs are generally formed through hydrogen
bonds between muclectides in the antiparalis! oligonuclectide strands. The bases of the
complementary oligonuciectide strands can be paired in the Watson-Crick manner {such as A
to T, Ato U, and £ to &) or in any other manner aHowing the formation of a duplex {(such as
Hoogsteen or reverse Hoogstesn base pairing}.

Complementarity includes complote complementarnity and incomplete complementarity.
“Complete complementarity” or “100% complementarity” means that each macleotide from
the first oligonucleotide strand can form a hydrogen bond with a nucleotide at a
corresponding position in the second ohgonuclectide strand in the double-stranded region of
the siRMA molecule, with no base pair being “mispaired”. “Incomplete complementarity”,
“parhial complernentarity”, or “musmatch” weans that not all the mucleotide vois of the two
strands are bound with each other by hydrogen bonds. For example, for two ohigonucleotide
strands each of 20 nucleotides in length in the double-stranded region, if only two base pairs
0 this double-stranded region cau be formed through hydrogen bonds, the oligovucleotide
strands have a complementarity of 10%. In the same example, it 18 base pairs in this double-
stranded region can be formed through bydrogen bonds, the ohigonucisotide strands have a
complementarity of 90%. Substantial complementarity refers 1o at least about 75%, about
9%, about 80%, about 85%;, about 90%, about 95% or 999 complementarity.

As used herein, "3 untransiated region” and “3' UTR” can be used interchangeably, referring
to a fragment in 37 region of a messenger RNA {mRMNA} to regulate mRINA-based processes,
such as mRNA localization, mRMNA stability, and transiation. In addition, 3° UTR may
establish 3' UTR-mediated protemn-protein interactions (FPIS), and thus can transmit genetic
information encoded in 3 LITR {o protein.

Asused herein, “ODVY” and “oligonucleotide delivery vehicle” are used interchangeably,
which refer 1o an cligonuclestide molecule comprising a duplex or double-stranded RINA
{e.g., iRMNA or salRNAY and an ACO which s covalently hnked 1o the duplex RNA via g
hnker as described in more detatl below.

As used herein, “covalent linker”, “linker” and “hoking component” are used
interchangeably, which refer to a molecule for covalently joming two molecules, e.g., a
single-stranded oligonuciectide {e.g. ACO) and a dsRNA {e.g. siRNA or saRNA}, two
deRMAs, ete. As described in more detail below, the term canwclude, ez, 2 nucleic acid
iinker, a peptide hinker, and the like and also, includes disulfide hokers.

As used herein, the terrn "synthetic” refers to the manver 1n which oligonucleotides are
synthesized, including anv means capable of synthesizing or chemically modifving RNA,
such as chemical synthesis, in vitvo transcription, vecior expression, and the like.
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As used herein, the term “"LMNA” refers 1o a locked nucleic acid in which the 2'-oxygen and 4/
-carbon atoms are joioed by anexirs bridge. As used herain, the term “BMNA” refers to g 2-0
and 4'-aminoethylene bridged nucleic acid that can contain g five-membered or six-
membersd bridged structure with an N-O linkage. As used herein, the term “PNA” refersto a
nucierc acid rmmic with a pseudopeptide backbone composed of N-{Z-aminoethyl) glycine
units with the nucleobases attached to the glycine nitrogen via carbonyl methyvlene linkers.

As used herern, the upper cased "SODT” or “SODT gene” refers to a geve

As used herein, the term S04 mRNA” refers {0 a message RNA {(mRMNA) generated from
the expression of Q07 gene, or the transcription of SO gene.

As used herein, the terms “SOD protein” refers to a profein generated from the expression of
SO gene, or transiation of the SODT uRMNA.

LUinless otherwise defined, all the technelogical and scientific terms used therein have the
same meanings as those generally understood by those of ordinary skill in the art covering the
present application.

Overview

Aspects of the present application include an oligonuclectide agent comprising
oligonuclectide-based delivery vehicle {ODV) to provide improvements in efficient targeting
one or more genes assoctated with a disease or condition, and improvements in the delivery,
chemisiry, modistribution, bioavailability, and other pharmacological properties without
compromnsing oligonucleotide activity,

The present application is based on investigations related to compositions and methods that, a
targeting oligonuciectide (siRNA, saRNA, efc.}), in combination with an AT, can
activate/upregulate a gene expression and increase the arnount of expression of full-length
gene or protetn, or knockout/silence a gene expression and decrease the amount of expression
of full-length gene or protein, i order to 1mprove therapeutic effects for gevetic conditions,
The term “cligonuclenude-delivery vehicle (ODVY refers to a structure by comjugating an
“accessory ohigonucleotide {ACOY 1o a chemical eutity or moiety, e.g., a duplex
oligonuclectide, 1o facilitate the introduction of the molecule wto or uptake by a cell, a tissue,
or an organ of an individual.

The present inventors found that the ODY did not oterfere with siRNA knockdown aciivity
{Example 3) and saRNA-induced gene activation (Example 53 The present inventors also
found that the length, nucleotide compositions, modifications {e.g., 2-Ome}, hiuking
components, palindromes of the sequence, numbers of phosphorothioate {(PX) backbone
substitution of the ACO had effects on dsRNA activity i vive. When administered in either
brain or spinal cord tissue as compared to a dsRMNA without an ODY, ODV-dsRINA shows an
saproved in vive activity in the UNS via local injection.

Additional aspects of the present application include methods of treating Amyotrophic lateral
sclerosis {ALS) by admimstering an effective amount of an oligonuelestide agent comprising
a SOD -targeting siRNA . The siRNA ohibiis the expression of SGD7 gene through the
RINA siiencing mechanism. The present inventors have developed SCB siRNAs with
potent inhibitory effect, for use tn the treatment of ALS.

Amvotrophic lateral sclerosis {ALSY, also referred 0 as Lou Gehrig's disease, is an aduit-
onset, lethal, paralytic disorder cansed by the degeneration of motor neurons. ALS is
characterized by progressive, adolt-onset degeporation of crarual, brammsters and spinal motor
neurons, leading to death by respiratory fatlure within 335 vears of diagnosis. ALS presents
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as a famihial or g sporadic form, depending on whether ot not there 18 2 family history of the
disease, with sporadic ALS (sALS) accounts for 90% of the ALS patients. The most commaon
mutant genes account for ~75% of ALR o the United States: Chromosome 9 Open Reading
Frame 72 gene (COorf72; 40%:), superoxide dismutase 1 (5G], 20%), transactive rosponse
DIMA-binding protein 43 (TOP43, 4% and fused 0 sarcoma/transiocated in liposarcoma
(FUSHLS, 4% Mutations in the U972 and SO genes also account for ~5-8% and ~2—
3% of apparently sALS, respectively. To date, most of the studies of gene sifencing have
been undertaken in the context of the SOD gene models; the bigh copy number SO0 754
transgenic mouse model s still a cornersions of ALS research,

Up to now, ondy two disease-modifying agents, Rilurole and Edaravone, are approved by
U.S. Food and Drug Admimistration {FDA) for ALS treatment. Riluzole inhibits glutamate
release from presynaptic terminals and blocks the post-synaptic N-methyl-D-aspartate
{(MNMDA G receptors, which have been shown 1o increase survival by three o st months on
average. Edaravone is a free radical scavenger that lowers the neuronal damage, eliminating
the lipid peroxide hydroxyl radicals and transfers the electrons to edaravone {the radical} fo
ameliorate the oxidative damage. The two drugs only modestly improve survival and disease
progression and can't cure the ALS. To date, there is currently no effective therapy available
for ALS and new therapies are needed 1o treat thes disease.

Among the known genes underfining ALS, 5087 gene still remains a major cause of TALS
and has been considered 1o be an froportant ALS drog target. The human 5057 gene s

,,

incated on chromosome 21g22. 11 and located trom base pair 33,031,935 to base pair
33,041,241 with a genomic size of 9307 bp. SO gene codes for the monomeric SOD]
protein {153 amino scids, melecular weight 10 kDa), and also encodes for the detoxifying
copper/zine binding SODY enzyme, which has been found to be localized mainly tn the
cytosol, as well as in the nucleus, peroxisomes, and mitochondria (Tafuri ef al. 20135} The
first description of the ALS disease dates back to at least 1824 by Charles Bell, however,
SO as the first risk gene of ALS was discovered in 1993 When the first SO/ ransgenic

oy

mouse model (SO %) was established in 1994, indicating that the research on ALS
entered a new era. All these lines of evidence indicate that $O£3 mutants cause disease most
probably via a gain-of-function, and reducing its fevels may be beneficial. The excessive
oxidation of wild-type SO induces toxic conformational changes 504037 silencing
signiticantly attenuated astrocvie-raediated toxicity towards motor neurons. Therefore,
siiencing SO expression is an important sirategy for the freatment of ALS.

Cligonucieotide Agents

Aspects of the present application include an oligonucteotide agent that inchedes a single-
stranded oligoructeotide (e.g., ACO) having at least & nucleotides in length and a targeting
double-strand oligonucieotide that are covalently linked, wherein the single-stranded
ohigonucleotide 15 a non-targeting oligonucieotide.

Aspects of the present application include an oligomiclectide agent that includes a single-
stranded ohigonucieotide {e.g., AT} having at least 6 nucleotides 1o length and a targeting
double-strand ohigonucieotide that are covalently hinked, wherein at least one phosphodiester
bond between two adjacent mucieotides in the single-stranded oligonuclectide sequence is
substituted by a phosphorothioate (PS), mesyl phosphoranudate or borasophosphate bond.
Aspects of the present application include an oligomuclectide agent that includes a single-
stranded ohgornucleotide having at least & vucleotides 1o length and a targeting double-strand
oligonuclectide that are covalently hinked, wherein the single stranded-cligonuclentide
comprises 2 palindronie sequence,
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Aspects of the present apphcation include an oligonucleotide agent that includes a single-
stranded cligonucieotide having at least & nuclestides in length and a targeting doubis-strand
ohigonucleotide that are covalently hinked, wherein at least about 14%, at least about 28%, at
feast about 4256, at least about 57%, at least about 719, at feast about 859, at feast about
92%, or about 100% of the nuclectides of the single-stranded oligonucleotide have a3 27-{ime

modification.

Aspects of the present application nclude an oligonucleotide agent that tncludes a single-
stranded oligonucleotide having at least 6 nucleotides in length and a targeting double-strand
oligonuclectide that are covalently linked, wherein the single-stranded oligonucleotids
comprises no roore than 72% or no maore than 64% of cytosines.

Aspecis of the present application include an oligonucleotide agent that includes a single-
stranded oligonucleotide having 6-22 nucleotides in length and a targeting double-strand
ciigonucleotide that are covalently linked, wherein the single-stranded ohigonucleotide 1s
capable of facilitating delivery of the double-stranded oligonucicotide in the central nervous
systern {CNSY

In some embodiments, the oligonuclestide agent comprises a double-siranded
ohigonucleotide, wherein the double-stranded oligonuclectide comprises a sense strand and an
antisense strand, wherein the antisense strand has complementarity 1o a target nucleic acid;
and a non-targeting single-stranded oligonmuciectide, wherein the single-stranded
oligonuclectide 18 6-22 nucleatides in length. The double stranded oligonuciectide and the
single-stranded cligonucieotide are covalently linked, with or without one or more linking
components, 1o form the cligonucleotide agent

in some embaodiments, the sense strand of the double stranded targeting oligonucieotide is
covalently linked 10 a non-targeting single-siranded oligonucleotids (NTO} In some
embodiments, the antisense strand of the double stranded targeting oligonuclectide is
covalently linked 1o the non-targeting single-stranded oligonuclectide. In certain
embodiments, the NTO does not have complementaniy 1o the target nucleic acid of the
double stranded oligonwcieotide. In cortatn embodiments, the NTO does not have
complementarity (0 the target gene or target mRNA transcript of the double stranded
oligonuclectide. In certaim embodiments, the NTO does not have complementarity to a
nucleic acid of a subject possessing the target nucleic acid. In some embodiments, the target
aucieic acid is a mammalian nucleic acid, e.g., from human.

In some embodiments, the ohigonucleotide agent has a compound formula of

iy

{Formuia [ or

0 .
{Formula Ib), wherein.

(3 15 a doubis -stranded oligonuclectide comprising a sense strand and an antisense strand,
wherein the antisense strand has complementarity 1o a target nucleic acid {e.g., mammalian
target nucleie acid), Oy 15 2 non-targeting single-stranded oligonucieotde 1o somwe
embodiments, the single-stranded cligonuclentide is at least & nucleotides in length. Lisa
Hisker for covalently Hnking the double stranded oligonuciectide and the single-stranded
cligonucleotde.

In some embodiments, the oligomucleotide agent has a compound formula of)
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Cx Oy L Qy—Cy

Cz {Formula 1), wherein

{3 1s a doubls siranded oligonuclectide comprising a sense strand and an antisense strand,
whergin the antisense strand has complemenianity 1o a target nucleic acid; O i3 a non-
targeting single-stranded oligonucleotide. In some embodiments, the single-stranded
oligonucleotide is 6-22 nuclectides in length; L is a linker for covalently linking the double
stranded oligonucieotide and the single-stranded oligonucieotide; and optonal components
x, Cy, and Cz, wherein Cx, Cy, and Cz are independently absence, or conjugation groups
selected from one or more of a lipid, a fatty acid, a Buorophore, a ligand, a sacchands, a
pepiide, an antibody and anv other comrpondy used conjugation groups. o some
embodiments, the compound of Formmila H comprises 1 conjugation group. In same
embodiments, the compound of Formula I comprises 2 conjugation groups. In some
embodiments, the compound of Formula I comprises 3 conjugation groups.

In some embodiments, the double-stranded oligonucieotide 18 a siRNA . In some
embodiments, the double-stranded oligonucicotide 1s g saRNA.

In some embodiments, the 57 end, the 37 end, or an internal nucleotide of the single-stranded
ohigonucleotide is conjugated to a linking component. In some ernbodimnents, the internal
sucieotide in the sense of antisense strand of the doublie-stranded oligonuciestide 18
substituted by a linking component, wherein the single-siranded oligonucleotide is covalently
conjugated with the hokiog component. In some embodiments, the single-stranded
oligonucleotide is covalently conjugated to the sense strand, the antisense strand, or both the
sense and antisense sirands of the second oligonucieotide by a linking component.

i some embodiments, the single-stranded cligonuclientide is covalently conjugated to the 3
end, or the 37 end, or both the 37 and 57 ends, or an internal nucieotide of the sense sirand of
the double-stranded ohigonuclectide, as depicted 1in Figure 1A, 1B or 1C. In some
embodiments, the single-stranded cligonucieotide 15 covalently conjugated to the 37 end, or
the 5™ end, or both the 37 and 57 ends, or an idernal nuclectide of the antisense sirand of the
double-stranded oligonucleotide.

In some embodiments, the double stranded targeting oligonucleotides and the single-stranded
ohigonuclectide that are covalently linked have a total nucieotide length ranging from 10
nucieatides to 500 nuclestides {e.g., 10 nucleotides to 100 nuclectides, 50 nuclectides to 106
nucteotides, 30 nucleotides 1o 200 nucleotides, 20 nuclectides to 100 nucleotides, 20
nucteotides to 200 nuclectides, 20 nucleondes to 300 nucleotides, 30 nuclectides 1o 300
nuclentides, 20 mucleotides to 80 nuclectides, 100 nucleotides to 300 nuclectides, 300
nucleotides (o 5300 nucleotides).

Accessory oligonucieotides {AC{Y)

Although some prior research proved that siBRNAs capable of infubiting SOD7 moRNA and
decreasing SO protein expression can be used to treat SO protein-related diseases, e.g.,
for amyotrophic lateral sclerosis (ALK} patients, the inventors found there are two unsolved
issues’ 1) alack of potency of SOD1 siRNA molecules and 23 a lack of efficient delivery
method o deliver the siRMNA molecule to cells of a target organ or tissue.

Surprisingly, the current invention found, when the dsBRNA agent, e.g. an siRNA, 8
conjugated to a non-targeting single-stranded accessory oligonucleotide (ACQO) as disclosed,
biogvailability, blodistribution, and/or cellular upiake and & vive potency of the dsRNA was
signiticantly iroproved as compared 1o an ohigonuclectide agent without the ACQO. Especially
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in some i vive examples 1o the present apphication, the ACO of the oligonucleoiide agend
increased the biodistribution of dsRNA within one, or two, of more target 1ssues as
compared 1o an oligonucleotide agent without the ACO

“Drelivering into a ceil” when referring to g targeting double-strand oligonucleotide, e.g., a
double~stranded RNA agent (dsBNAS such as a sBNA, a saBNA, or the like, means efficient
uptake or asbsorption by the cell, as s undersiood by those skilled 1o the art. Absorption or
uptake of an dsRNA can occur through unaided diffusive or active cellular processes, or by
auxiliary agenis or devices. The meaning of this term 15 not limited 1o cells 1 vitre, an
dsRINA can also be “indroduced into a cell)” wherein the cell 15 part of g living organism. In
such an tnstance, introduction into the cell will inclnde the delivery to the organisny. For
exarople, for in vive delivery, dsRMA can be injected nto a tissue siie or adroistered
systernically. fr vitro wntroduction into & cell mcludes methods known in the art such as
slectroporation, free uptake, and lpofection Further approaches are described herein below
which ts not known in the art

The ACO of the oligenucleotide agent s @ single-stranded oligonucientide that ts iny favor of
the oligonucleotide ageot by its delhivery properties. Therefore, the ACO does not target a
aucleic acid in a subject which the dsRINA 18 targeting, or a “natural” nucleic acid from the
subject, such as a target nucieic acid of the dsBNA. In some embodiments, the ACO does not
target a nucleic acid in a subject which the dsRMNA e targeting. In some embodiments, the
ACG does not have complementarnity with a nucleic actd which the dsRNA is targsting. In
some embodiments, the ACO does not have complementarity with 8 gene sequence o its
MRNA trapsenpt which the dsBNA 18 targeting,

In some embodiments, the length of the ACO comprises a nucleotide length ranging from 6
to 22 nucleotides, such as 6 nucleotides or more, 7 nucleotides or more, 8 nucleotides or
more, @ nuclectides or more, 10 nucleotides or more, 11 nuciectides or more, 12 nucleotides
or more, 13 nuclectides or more, 14 nucleotides or more, 15 nucleptides or more, 16
nuclectides or more, 17 nucleotides or more, 18 nucleotides or more, 19 nucleotides or more,
20 nucleotides or more, 21 nucleotides or more, 22 nucleotides or more. In some
embodiments, the length of the ACO 1 6 1o 18 contiguous oligonucleotides. In some
embodiments, the length of the ACO 18 10-14 nucieotides in fength.

Iy some embodiments, the length of the ACO can modulate the activity and/or bodistribution
of the oligonuclectide agent within the target tissue or cell of mterest. For example, the
present inventors found that shorter ACOs demonstrated activity of the oligonucleotide agent
throughout the central nervous system, whule longer ACOs demonstrated activity of the
chigonucleotide agent only 1o particular regions of the brain, such as the cerehellum. In some
emsbodiments, activity of the oligonuclestide agent throughout the entire central nervous
systern 15 desired. In some embodiments, activity of the oligonucieotide ageot 1o particular
regions of the braip is desired.

The ACO way comprise a sequence that 1s modified 1 order to further increase the capacity
of the cligonucleotide asgent to deliver a second oligonuclentide. In some embodiments, the
sequence of the AU comprises one or more of a chemically moditied nucleotide, or at least
one phosphodiester bond between two adiacent nucleotides 1o the oligonucleotide sequence is
substituted by a phosphorothicate or boranophosphate bond. The chemical modifications of
the ACO includes, without Hmtiation, modification of the 27-0H of the ribose i the
rwcleotide, the modification or the absence of 2 base 1n the nuclectide, the locking or
bridging of a nucleic acid, a nuclectide being a peptide nuclieic acid, a nucleotide being a
deoxyribonucleotide (IDNA}, a nucleotide haviug a S'-phosophate meotety, 2 mucieotide baving
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a ¥ -(Hpvinyiphosphonate romety, a nucleotide having a S-methy! eviosine moety, etc.
Chenical modifications that may be found in ACOs are also further described below.

The ACO way comuprise at least one phosphodiester bond substituted with phosphorothioate
{P%) bond on the backbone of the nucleotide sequence In some embodiments, the ACO
comprises multiple PS backbone modifications, e.g., at least 2 PS, at feast 3 PS, at feast 4 PS,
atfeast 3 PS, at least 6 PS, or greater than & PS backbone modifications. In some
embodiments, the ACO comprises at least 109, at least 20%, at least 30%, at least 40%, at
feast S0%, at feast 6096, at least 70%, ai least BO%, at least 90%, at least 95%, or 1008
phosphaodiester bond substituted with phosphorothicate (P5) bond on the backbone of the
nucientide sequence. As a non-limiting example, a 14 nt ACO mayv comprise 1,2, 3,4, 5,6,
7.8,9, 10, 11, 12, or 13 PS backbone modifications. In some embodiments, the ACO having
N nuclectides in length comprises N-1 PS medifications.

The ACO may also has a specific composition of nucleotides. In some enmbodiments, the
ACO may have g certain percentage of adenines within the sucleotde sequence of the ACO.
The AC{O may have any percent composition of adenines. Percent compositions of adenines
that find use 1n the present disclosure wclude without hmiation, 30-35%, 35-40%, 4(-45%,
45-50%, 50-55%, 55-60%, 00-65%, 65-70%, greater than 70%, ete. In a preferred
embodiment, the percent composition of adenines s from about 35% to about 65%.

In some embodiments, the ACO may have a certain percentage of cytosines within the
nucieotide sequence of the ACO. The ACD may have any percent composition of oytosines,
Percent compositions of oytosines that find use in the present disclosure include without
limitation, 30-35%. 35-40%, 40-45%, 45-50%, 50-55%, §5-60%, 60-65%, 63-70%, 70-75%,
75-80%, greater than B0%, etc. In a preferred embodiment, the percent composition of
cytosines 1s from about 353% 1o about 72%.

In some embodiments, the ACO may have a certain percentage of guancsines within the
nucleotide sequence of the ACG The ACD may have any percent composition of
guanosines, Percent compositions of guanosines that find use in the present disclosure
include without limitation, 30-35%, 35-40%, 40-45%, 45-50%, 5(-35%, 55-60%, 60-65%,
65-T0%, greater than 70%, ete. Inn a preferred embodiment, the percent composition of
guanosings is from about 35%% to about 65%.

In some embodiments, the AT may have s certain percentage of uracil within the nuclectide
sequence of the ACQO. The ACO may have any percent composition of uracil, Percent
compositions of uraci that find use 1y the present disclosure inchude without limitation, 30-
35%, 35-40%, 40-45%, 45-50%, 50-55%, 55-60%, 60-65%, 65-70%, T0-75%%, T5-80%,
greater than 809, etc. In a preferred embodiment, the percent composition of uract! is from
about 35% to about 72%.

In some embodiments, the ACO may have a certain percentage of purines within the
rucieotide sequence of the ACO. The ACO ray have any percent compositon of punines.
Percent compositions of purines that ind use 1n the present disclosure include without
Himitation, 35-40%, 40-45%, 45.50%, 50.55% 55-60%, 60-0655%%, 65-708%, 70-75%, 75-80%,
greater than 80%, et o a preferred ernbodiment, the percent composition of purines 15 from
abiout 65% to about 72%.

I some embodiments, the ACO may have a certain percentage of pyrimidines within the
nucieotide sequence of the ACG. The ACO may have any percent composition of
pyrimidines, Percent compositions of pyrimidines that find use in the present disclosure
include without limitation, 33-40%, 40-453%, 45-53(%, 50-33%, 55-60%, 60-05%, 65-70%,
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70-T5%, 75-86%, greater than 80%, ete. Ina prc{’eﬁ'ed embodiment, the percent composition
of pyrimidines is from about 42% 1o about 38%

In some embodiments, the ACO may have a spcc.iﬁc combination of purines and pyrimdines.
The specific combination of purines and pyrimidines mayv be any combinanon desired.
Specific combinations of purines and p\,/rmndmes that find use in the present disclosure
include without Bmitation, about 30% purines about 70% pyrimidioes, about 40% punines
abiout 00% pyrimidines, about 50% purines about 50% pyrimidines, about 605 purines about
40%; pyrimidines, about 70% purines about 30% pvrimidine% eic In a preferred embodimem,
the specific combination of purines and pyrimidines is about 42% purines and about 58%
pyrimidines.

In some embodiments, the nucleotide sequence of the single-stranded oligonuclectide
comprises at teast 40%, at least 30%, at least 60%, or at least 70% of the nucleondes have 2'-
{re moditication. In some embodiuments, 70-100% of the nucleotide in AL have 2-Ome
modification.

In some embodiments, the nucleotide sequence of the single-stranded ohgomucleotide is a
patindrome sequence. The term “palindromic sequence” used herein means a mucleio acid
sequence i a double-stranded DNA or RNA molecale whereby reading i a certain divection
{e.g., 310 3" on one sirand 19 wdentical to the sequence 1 the same direction (e g, 5 10 3" on
the complementary strand. In some embodiments, the single-stranded oligonuctectide with a
palindromic sequence enhances activity the double-siranded oligonucieotide or delivery of
the oligorucieotide agent. In some embodiments, palindrome ACQOs enhanced the protein
binding capacity and knockdown activity of ODV-siBNAs on Sodi mRNA. In some
emsbodiments, the single-stranded oligonucleotide with palindrome sequence is selected from
the group of SEQ D NOs: 1300-1314,

Therefore, aspects of the present application further relate 1o an oligonucleotide agent capable
of inhibiting the expression of superoxide dismutase 1 {80D1) comprising a small ingertering
RINA (siRNA}, and an ACOH

In some embodiments, the oligonucleotide agent s.ompnamg one or more conjugated ACOs
to enhance the bicdistribution of the sligonucleotide agent in particubar tissues of the
ohigonucleotide agent, and increase permeability of the cligonucieotide agent and passage
through rmeembranes, such as the blood brain barrier.

In some embodiments, the AT is an sligonucieotide comprising a 5" end and a 37 end.

In some embodiments, the dsRNA and the ACG are covalently Hinked, with or without ong or
more Hoking components, to form the oligonucleotide agent.

in another aspect of the present application, an oligonuclentide agent comprising a sikRNA
and a non-targeting ACQO i3 provided. The ACO comprises a aingle-stranded oligonucieotide
sequence comprisin,q a nucleotide sequence that 18 at least 60% homology (e.z.. at least 65%,
at feast 70%, at least 75%, at least 80%, at least 85%:, at least 90%, at ieast 05% at least 97%,
at feast 99% homology or 100 % identical} to the nudwiide sequience selected from SEQ ID
NOs ©53-954 In some embodiments, wherein the ACO comprises g nucleotide sequence
that is at izast 90% identical to the nucleotide sequence selected from SEQ 1D NGs: 953-954,

In some embodiments, the oligonucleotide agent comprises a single-stranded ohigonuciectide
(ALY tethered to a dsRNA. In some embodiments, the dsRNA is a natural nucleic acid. In
some embodiments, the natural nucleic acid 18 a target nucleic acid. In certatn embodiments,
the natural nucleio acid is an intracellular nucleic acid.
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In some embodiments, the ACO is a non-targeting oligovucleotide (NTO). In some
embodiments, the ACO 15 a synthetic non-targsting oligonuclectide. In some embodiments,
the ACO 8 3 random non-targeting oligonucleotide. In some embodiments, the ACO
comprises RNA, DNA, BNA, LNA PNA, or combinations thereof

In some embodiments, the AT interacts with one or more of. protetns in the plasma
mernbrane, plasroa proteins, pepiides, higands, bpds, fatty acids, saccharnides, proteoglyean
and zwitterionic phosphocholines. Such tnteraction of the ACQO provides for increased
biodistribution and envichment of the targeting double stranded oligonuclectide of the
cligonucleotide agent for local delivery to various target issues and cells of 1oterest
Additionally, such interaction reduces or eliminates cvictoxicity of the oligonuciestide agent,
confirming strong “on-target” activity without overt effects oo cell viabibity,

In certain embodiments, the protein interacting with ACO is selected from one or more of’
serum albumin, Igly, Apolipoprotein A-L Apolipoprotein A-IL Complement factor C3,
Transferrin, a-1 Antitrypsin, Haptoglobin, Hemopexin, Fibrinogen, o-2-Macroglobulin,
Prealbumin/TTR, Antithrombin {1, e~ -Antichvmotrypsin, B-2-Glyeoprotein, Ceruloplasmin,
u-1 Acid glveoprotein, Complement component Clg, Complement factor T4, Histidine-rich
ziveoprotein, Plasnunogen, Fibronectin, ApoeB 100, Factor H, Apolipoprotein B, and Factor

““

(3“'

i vet other embodiments, the protein interacting with ACQO 1s selected from one or more of;
ARGPR, EGFR, LIBLR, M6PR, TLR, Stabilin, SRE, Nucleohin, APZMI, EEAL, Rabs(,
Rah7a, STXS, P11S, COPIL M6PR, GOC2, ANXAZ, TCPE, ALIX, TSG101, VPS28, GLP-1.
and HSP-90,

fu certain embodiments, the interaction of the ACQG is through divect binding or moediated by
one o more conjugated ligands which is covalently hinked to the ACO or the double stranded
cligonucleotide, or both. In some embodiments, the one or more conjugated ligands comprise
a lipid, a fatty acid, a fuorophore, a sacchande, a peptide, an antibody and any other
commonly used conjugation ligands,

i certain ermbodiments, the conjugating higands s selected from one or mwore of g cell-
penetrating peptide, polyethylene glycol, an alkalond, a tryptamine, a benzimudazole, a
guinclone, an amino acid, a cholesterol, glucose and N-acetyvigalactosamine. In ceriain
erbodiments, the one or more corjugation hgands is a faty acid.

In some embodiments, the oligonuclestide agent comprising the one or more conjugation
figands enhances the biodistribution of the oligonuclectide agent in particular tissues, reduce
or eliminate cvtotoxicity of the oligonuciectide agent, and increase permeabiiity of the
oligonucleotide agent and passage through membranes, such as the blood braiu barrier.

In some embodiments, the ACO comprises a single-stranded oligonuclectide sequence
comprising a nucleotide %qu&nae that ts at least 60% {e.g., al least 65%, at least 7%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 97%. at least 99% or
1609 identical to the nuclentide sequence Saiected from SEQ H3 NOs: 1.22

In some embodiments, the oligonucieotide agent comprises an ACO. in certain embodiments,
the ACQO comprises & nuciectide sequence that ts at least 60% (e.g., at least 65%, at least
T0%, at least 73%, at least 80%, at least 85%, at least 90%, at iaast as ¥, &t least 97%, at least
998 or 100%) identical to g nucletide seguence selected from the group of AC2H{INZ2)Y (SEG
1 NO: 1), AC2(NZOY (SEQ ID NO: 2), AC2INIS) (SEQ D NG: 31 ACZ(NIS) (SEQ ID
NO- 43, ACZNTS) (SEQ ID NO. §), AC2N4)(3EQ ID NO- 63, ACZ(N12) (SEQ 1D NO»
7Y ACI(NI2) {(SEG ID NO: 7). AC2(N10} (SEQ ID NO: 8), AC2NS) (SEQ 1D NO: 93,
ACZINGY (REG I NG 10, AC2RYSEG I NG 11, AC2O08 (SEQ D NG 12),
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C“(]é) (SEG I NO: 13), AC2(15) (SE 1D NO» 14), AC2(14) {SEQ 1D NG 15),
13} (SEQ ID NO: 16), ACZ(12) (SEQ 1D NO 17y, M"Z( ) (SEQ 1D NO: 18},
‘m; (SEG ID NO: 193, ACZ(0) (SEQ D NO: 203, ACZ(8) (SEQ ID NO: 21) and
A{iz(e; (SEQ ID NO: 22)

/

Iy certain embodunents, the ACO comprises a chemically modified mideoti de sequence that
is at least 80%% {e.g., at least 5%, at least 90%%, at least 95%, at least 97%, at teast 99% or
10G%) identical 1 a nuclectide sequence &eiected from the group of Shf,} T MO 1299
1379 In certain embodiments, the AC{ has a chemically modified nucleotide sequence
selected from the group of SEG 1D NOs: 1299-1379. In certain embodiments, the ACO has a
chemically modified nucleotide sequence and a linker selected from the group of SEQ 1D
NGs 1299-1379 In certain embodiments, the ACO has a cherncally modified nucleotide
sequence that 1s with &, 1, 2 or 3 chemical modification differences to a nucleciide sequence
selected from the group of SEQ B3 NOs: 1209-1379,

i some embodirnents, the ohigonucleotide agent of the present application comprises more
than one ACQO, for example, 2,3, 4, 5, 6,7, 9, 10 ACOs, covalently Hinked to a dsRNA, with
or without one or roore linkers 1o between the ACOs and dsRNA . The amount of ACO, upon
need, can vary from 2 10 10, or 2 to 100, or 2 10 1,000, or 2 to 10,000, linked to dsRMA via a
ansftivatent linker, for example, a polymeric linker, i branch or hiner form. In some
embodiments, muliiple ACOs are covalently linked 10 2 or more dsBNAs, for exarople, 2, 3,
4,5,6,7, 9,10 or more dsRNAg, including saRNAs and/or siRNAs, in one agent,

In some embodiments, the ohigonucleotde agent of the present application corprises one
ACO and multipie dsBRNAs, for example, 2,3, 4, 5,6, 7, 9, 10 dsRNAs, linked with or
without one or more hokers to between the ACO and dsBRNAs. The amount of daRNA,
wncinding saRNAs and/or siRMNASs, upon need, can vary fromw 2 40 10, or 210 100, or 2 10
1,000, or 2 15 10,000, linked to ACO via a multivalent linker, for example, a polvmeric
Hoker, in branch or liner form.

Targeting Oligonuclestide

fn some embodirnents, the targeting ehigonucleotide comprises a double stranded
ciigonucleotide. In some embodiments, the double-stranded oligonucieotide 15 g double-
stranded RNA (dsRNA) The dsBRNA may be any $G3RNA deemed useful, dsRNAs that find
use in the present disclosure include, without limitation, siIRNA, saRNA, eig,

In some embodiments, the double-stranded ohigonucteotide comprises a sense strand and an
antisense strand, the antisense strand having complementarity 1o a target nucleic acid. In
some embodiments, the antisense strand having complementanity to a farget nucleic acid s
focated tn a prowotor sequence. In some embodiments, the antisense strand having
complementarity 1o a target nucleic acid 15 located in a coding or terplate sequence of a
gene. in some embodiments, one of the sense or antisense strands has complementaniy to a
target vucleic acid which 18 2 gene transoript, e.g., 8 MRNA or a pre-mRNA

in some embaodiments, the dsRNA comprises a sense strand that is at least 17 contiguous
nucleotides. In some embodiments, the dsRNA comprises a sense strand that 1s at least 18
contiguous nuclectides, In some embodiments, the dsRNA comprises g sense strand that 15 at
most 60 contignous nucleotides.

In some embodiments, the sense strand has a length ranging from about 10 nucleotides or
more, about 15 nucleotides or more, about 20 nuclecotides or more, about 25 nucleotides or
more, about 30 nucleotides or more, about 35 nucleotides or more, about 40 nucleotides or
more, about 45 nucleotides or more, about 30 nucleotides or more, about 35 nuclegiides or
more, of about 60 nucleotides or more. In some embodimenis, the sense sirand 1s 10-100
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nucieottdes in length (e.g., 10-20 nucleotides, 10-50 nucleotides, 10-90 nucleotides, 20-93
nuciectides, 30-70 nucleotides, 40-80 nuclentides, 50-100 nuclectides, 14-40 nucleotides, 10~
30 nucleotides). In some embodiments, the sense strand 1s 10-60 pucleotides in fength (2.5,
10-20 nuclectides, 10-50 nucleotides, 10-40 nucleotides, 10-30 nucleotides) In some
embodiments, the sense strand has a nucleotide length ranging from 27-41 nuclectides.

In some embodiments, the antisense strand has a length ranging from about 10 nuclectides or
more, about 13 nucleatides or more, about 20 nuciectides or maore, about 25 nucleciides or
more, about 30 nuclectides or more, about 35 nuciectides or more, about 40 nucieciides or
more, about 45 nucleotides or more, about 50 nucleotides or more, about 55 nucleotides or
more, of about 60 nucleotides or more. In some embodiments, the antisense strand 1s 15-100
nucieottdes in length (e.g., 10-20 nucleotides, 10-50 nucleotides, 10-90 nucleotides, 20-93
nuclectides, 30-70 nucleotides, 40-80 nucleonides, 50-100 nucleotides, 10-40 nucleotides, 10-
30 nucleotides). In some embodiments, the antisense sirand 1s 19-30 nucleotides 1o length. In
some embodunents, the antisense sirand 18 18-26 nucleotides in leogth.

The double-stranded oligonuclentide may comprise 3 sequence that is modified in arder o
further increase the stability and/or the ability of the double-stranded oligonucleotide to
modulate gene expression. In some embodiments, the sequence of the double-stranded
ohigonucleotide comprises one or more of a chemically modified nuclectide, or at least one
phosphodiester bond between two adjacent nuclootides 1o the oligonucieonde sequence is
substituted by a phosphorothioate or boranophosphate bond. The chemical modifications of
the double-stranded oligonuclestide ncludes, without mittation, modification of the 27-(H
of the ribose in the nucleotide, the odification or the absence of a base in the nucleotide, the
ocking or bridging of a nucleic acid, a nucleotide being 2 peptide nucleic acid, a nuclectide
betng a decxyribonuciectide (3NA), a nucleotids having a S-phosophate moiety, a
nucieotide having a 5" -(Eyvinylphosphonate moiety, & nucleotide having a S'-methyl
cytosine moiety, etc. Chemical modifications that may be found i double-stranded
oligonucleotides are also further deseribed below,

Rhort interfering RNA GIRNA}

Embodiments of the present application are based 1 part on the surprising discovery that an
cligonucleotide agent {(for example, siRNA, also referred to as "SO0/ gene siRNAY, S0
SBNAT, or "siSODRT” heretn} is capable of inhibiting or downregulating the expression of a
SGDT gene ina cell The decrease in functional SO gene transeript following
adnvinistration with an cligonucieotide agent of the present application can achieve a
sigrificant decrease or downregulation in the levels of SO mRBNA and 50D1 protein ina
cell or @ mammal

In particnlar, the inventors discovered that the functional oligonucieotide agents capable of
inhibiting expression of superoxide dismutase 1 {SOD1) comprising g siRNA, wherein the
sIRNA comprises a sense sirand and an antisense strand forming a double strand, wherein the
antisense strand comprises a nuclectide seguence comprising at least 10 contignous
nucieotides, with ©) 1, 2 or 3 mismatches, having at feast 5% nucleotide sequence
complementarity or homology o a portion of the nuclectide sequence of SO mRNA.

As a beneficial consequence, a target sequence {e.g., an isolated nucieic acid seguence
comprising the target sequence), upon interacting with the siRNA, can inhibit/downregnlate
the SO mBNA wranscript by at least 10% as compared 1o a baseline level of SO07 mRNA
Based at least in part on these discoveries, the present application features sikNA,
compositions, and pharmaceutical compositions for inhibiting/downregulating the S0/
mRNA transenipt by at least 109 as compared to baseline levels of SOBJ mRMA. In some
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rabodiments, the sStRNA indubits or downregulates the 50807 mRMNA rwore than 10%. For
instance, the siRMNA inhibits or downregulates SO0/ mRBINA by at least about 15%, at feast
atrout 20%, af feast about 2596, at ieast about 30%, at ieast about 359, at least about 409, at
teast about 4596, at least about 50%, at feast about 35%, at least about 60%, at feast about
65%, at ieast about 70%, at least about 75%, at least about B0%, at least about 859, at least
about 90%s, at least about 5%, at least about 100%, or greater than 100% as compared to
baseline l¢ ,w_lb of SCGHT mRMNA.

Also provided herein are methods for preventing or treating a disease or condition induced by
aver-expression of SODT protein, a SGHT gene mutation, and/or high or abnormal S04
ievel in an individual comprising administering to the individual any of the siRNA,
compositions, and/or pharmaceutical compositions descnbed hereio,

Embodiments of the present application are also based in part on the discovery that the SOD/
wmRMNA inhibitory oligonucieotide agents comprises a siRMNA baving a sense strand that is at
feast 5%, at least 90%, or at feast 95% homalogy to the nuclectide sequence selected from
the group of DS17-000 (SEQ 1D NO: 384), DS17-0002 (SEQ ID ND: 3723, DS17-0003
(SEQ ID NG 409), DS17-0004 (SEQ 1D NO: 357), DS17-0005 (SEQ I NO: 486), DR17-
Q029 (SEQ 1D NO: 5388), DSIT-0IN3 (SEQ ID NG: 9123, DS1T-0ZN3 (SEQ ID NO: 2143,
DST7-03N3 (SEQ ID NG 2163, DST7-04N3 (REQ 1D NGO 918}, and DS17-05N3 (8EQ 1D
N 9203

In some other embodiments, the SOD mRNA whibitory oligonucleotide agents e;mnpriqaq a
stRINA having an antisense strand that is at least 8356, at least 90%, or at least 95% homology
0 the nucleotide sequence selected trom the group of DS17-0001 (SEQ ID NO- 633), DS17-
D002 (KEQ H NGO 641), DR17-0003 (SEG 1D NO: 6783, DET7-0004 (SEQ 3 NO: 6263,
DS17-0003 (SEC 1D NQ: 755), BS17-0029 (SEC I NO: 857), DSI7-01N3 (SEG 1D NO:
3133, DS17-02N3 (SEG ID NO: 9153, DSIT-03N3 (SEQ D NG 017, DS17-04N3 (SEQ D
NGO 919}, and DS17-05N3 (SEQ D N 9213,

In some embodiments, the SO mENA inhibitory oligonuclectide agent comprises a
siRNA, wherein the sense strand and the antisense strand of the siRNA have nuclegtide
sequences that 18 independently at least 85%, at feast 90%. or at least 95% homology to the
sucientide sequence pairs selected from the g oup of DE17-0001 (SEQ 1D NO: 384 and SEQ
Hr WG 653), DRT7-0002 (SEG ID NO: 372 and SEO D NG 6411,DS1T7-0003 (SEQ 1D N{x
409 and SEQ ID NGO 6783, D8 17-0004 {SEQ 1D NG 357 and SEQ 1D NO: 626), D517
0003 (SEQ 1D NG 486 and SEQ HD NGO 7553, DS17-0029 (SEQ H> NGO 588 and SEQ D
NG RSTY,  DSIT-0ING (SEGID NG 912 and SEQ ID NG 913y, DSIT-0IN3I (SEQ D
NGO 914 and *%EQ H} MG 915y, DSIT-03MN3 (SEQ D NG 916 and SEQ ID NO:

9173 N1 7-04N3 (SEQ D NG 918 and SEQ 1D NG 919), and DRIT-05N3 (SEQ 1D NG
924 and SEQ 1D NO- 921

A siRNA targeting 3"UTR of the S92/ geve to inhibit SO87 mRNA transcript level in a cell
1 also provided by the present disclosure. The siRNA coroprises an oligonucleotide sequence
having a length ranging from 16 to 35 consecutive nuclectides, wherein the continuous

olig ;:ﬂnucit:uude sequence comprises a nucleotide sequence having at feast 75%, at least 80%,
at least 83%, at feast 90%, at least 95% or 100% homology or complementanty 1o an equal
tength portion of SEQ 1D NU.}‘), wherein the siRNA tnhtbits the mRNA transcript of §85/
gene by at feast B0% as compared o the baseline of Y037 mRNA fevel.

Surprisingly, the inventors discovered that the functional siRNAs capable of inhibiting the
SO mRNA manscript fevel were not randomly distributed on the 57337 gene or

particularly 37-UTR of the S04 gene but were clustered in certain specific hotspot regions.
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Ondy soroe regions on the 37-UTR of SO gene are in favor of the stRNA3S™ function of
mhzbmng, for exaniple, the 1;:0&01*;5 549 to 562 (H1; SEG 1D NO:61H ane:i 568 to 580 {H2Z;
NEQ ID NO:63) of 5407 gene. Likewise, merely one region on the 37-UTR of 3733/ gene
are o favor of the ARGs” function of inlebiting, that 13, the regions 352 o 566 (H3; SEQ 1D
NG:65). The regions disclosed herein so called “hotspots”,

The wmventors also discovered that optimal target sequences/sense sirand of an siRNA within
the SO zene or particularly 37-UTR of the 804837 gene include sequences having: {1y a GO
content between 35% and 65%; (2} leas than 3 consecutive identical nucleotides; (3) 3 or less
dinucleotide repeats; and {4) 3 or less tnnucleotide repeats. As a beneticial consequence, a
target sequence {e.g., an isciated nucleic acid sequence comprising the target sequencel, upon
interacting with the aRNA, can indubit the SODT wmRMNA transcript tevel by at feast 8056 as
compared 1o a baseline level of SOL] mRNA Based at least in part on these discoveries 5, the
present disclosure features siRMA, compositions, and pharmaceutical compositions for
inhibiing the SO mBNA transceript level by at least 80% as compared to baseline fevels of
SO mBENA . Also provided herein are methods for preventing or treating a disease or
condition induced by elevated iovel of SO protein tn a cell in an individual comprising
admuristering any of the siRMA, compositions, and/or pharmaceutical compositions
described herein.

Therefore, the present apphication discloses a hotspot of 3iRMA 0 the 37-UTR of the SO0
gene, wherein the oligonuciectide agent disclosed in the present application having at least
T5%, at least 30%, at least 85%, at least 90%, at teast 85% or 100% howmology or
complementarity to an equal length portion of the hotspot, wherein the oligonucieotide agent
inhibits the mRBINA transcript of SO gene by at least 80% as compared to the baseline of
SO mBNA level

The present application further discloses an isolated target site of stRNA in the 37-UTR of the

SO gene, wherein the 1aolated target site has a nucleic acid sequence having at feast 75%,

at least 80%, at least 85%, at least ©0%, at least 95% or 100% homology to a sequence
selected fmm SEO D MNOs: 1068-1113.

In some embodiments, the sense strand of the siRNA has a nucleotide sequence that 15 at least
75%, at izast 30%, at least B39, at least 90%, atf feast 95%;, at least 97%, at least 9% or
M{f/a identical to the nuclectide sequencs »eieued from SEQ I3 MNs 976-1021 In some
embodiments, the antisense strand of the sSiRNA has a nucleotide sequence that s at least

T5%s, at least 80%, at isast 85%, at least 0%, at least 95%, at least ©7%, at least 99% or
100% identical to the nudenudc sequence wciu\ ted from ‘%T{“b 10 NQGs; 1022-1067 In certain
embodiments, the select target region of the SO/ gene comprises a nucleotide sequence that
is at least 75%, at least BO%, at least &5%, at igast 90%, at least 95%, at least 97%, at least
99% or 100% jdentical 1o the nucteotide sequence selecied from group of! SEQ D NOs:
1068-1113.

fn some embodiments, the SODT mRMA inhibitory oligonucleotide agent comprises a
siRMA wherein the siRNA comprises a sense strand and an antisense strand having
nucleotide sequences that is mdependenth at feast 859, at least 90%, or at least 95%
homology to the nucleotide sequence pars selected from the group oft DS17-01M3 (SEQ ID
Ny O2Zand SEG HD NG 923), BS1T7-02M3 (SEQ 1D NO: 924and SEQ D NG 925), DR17-
O3M3 (SEG 1D NG, 926 and SEQ 1D NO: 9273, DET7-040M3 (SEQ 13 NGO 928 and SEQ 1D
NGO 929, and DS17-05M3 {(SEQ 1D NO: 930 and SEQ 1D NO: 931,

Iy addition, the 3siRNAs provided 1o Tables 3 and 22 dentity a site in a SODV wranscript that
i3 susceptible to RISC-mediated cleavage. As such, the present mvention further features
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stRINAs that target within one of such sequences. As used herein, a siIRNA 15 sa1d 10 target
within a particular site of an RNA transcript if the siRINA promotes cleavage of the transcript
anywhere within that particular site. Such a siRNA will geserally include at least 15
contiguous nucleotides from ove of the sequences provided 1 Tables 3 or 22 coupled to
additional nuclectide sequences taken from the region contiguous to the selected sequence in
8 53] gene.

The siRNAs of the oligonuclentide agent described herein include an RNA strand (the
antisense strand) having a region which is 60 muclectides or tess in length, fe., 15-40
rwoleotides in length, generally 19-25 nucleotides in length, which region 15 substantially
complementary to at least part of a mBINA transcript of a 8087 gene. The use of these
stRINAs enables the targeted degradation of mRNAs of genes that are srophicated in
pathologies associated with SOOT expression in mammals. Exceptionally low dosages of
KO siRNAs in particular can specifically and efficiently mediate RMAJ, resulting in
sigraficant inhbition of expression of a SO07 gene Using cell-based assavs, the present
inventors have demonstrated that siRNAs targeting SOD7 can specifically and efficiently
mediate RNAL resulting in significant inhibition of expreasion of a S3G437 gene. Thus,
methods and oligonucieotde agents including these siRNAg are usetul for treating
pathological processes that can be mediated by down regulating SOD/ | such as in the
treatment of a disorder that causes elevated SO/ levels, e g, amyotrophic ateral selerosis
{ALS) The following detailed descripuion discloses how 1o make and use cligoructeotide
agents containing sikNAs o inhibit the expression of a SO/ gene, as well as
oligonucleotide agents and methods for treating diseases and disorders caused by the
gxpression of this gene.

In some embodiments, the continuons oligonuciectide sequence of the siRNA has five or
fess, e, 5,4, 3, 2, 1, or O nucleonde differences or mismatches relative to the equal length
portion of SO0 mRINAL In some embodiments, the continunus oligonucleciide sequense of
the sense strand of siIRNA has three orless, fe., 3, 2, 1, or & nucleotide &ifferences or
nusmaiches relative to the equal fength portion of SOLH mBNA. In some embodiments, the
continuous oligonucieotide sequence of the antisense sirand of siRNA has three or less, Le.,
3,2, 1, or O nucleotide differences or mismatches relative to the equal length portion of SODY
mBNA.

In some embodiments, the SO0 mRNA disclosed herein does not contain a nucleotide
mutation. In some embodiments, the SO mRNA disclosed herein contains at least one
nucieciide muiation. In some embodiments, the SODJ mRBNA disclosed herein coniains at
feast one nucleotide routation on the targetiog site of the siRMNAL In some embodiments, the
SO0 mENA disclosed herein containg at least one nucleotide mutation upper stream and/or
downstrean the fargeting stie of the iBRNA.

in some embodiments, the differences or mismatches locate in the middle or 3" terminus of
the oligonucteotide sequence of the siRNA. Methods and principles of siRNA molecule
design are well known to those skilled 1o the art aud are descnibed 1u detal 1o, for example,
Place et. al., Molecular Therapv-Nucleic Acids {2012} 1, e13; and Li et.al ) PNAS, 2006, vol,
103, no. 46, 1733717342, which are heretn incorporated by reference in their entiveties.

In one aspect, an RINA interference agent includes a single-stranded RN A that interacts with
a target RNA seguence 1o direct the cleavage of the target RNA. Without wishing to be
bound by theory, fong double-stranded RNA introduced it plants and invertebrate cells 1s
broken down into sikNA by a Type [ endonuclease known as Dicer (Sharp et al |, Genes
Diev. 2001, 154853 Dicer, a nbonuclease-TH-like enzyme, processes the deRMA into 19-23
base pair short interfering RNAs with charactenistic two base 37 overhangs {(Bernstein, et al,
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(2001 Nature 409:363). The siRNAs are then wcorporated 1nto an RNA-nduced silencing
complex (RISC} where one or more helicases unwind the siRNA duplex f:nabiing the
complementary antisense strand to guide target recognition (Nyvkanen, et al. , {2001 Celi
FO7:309) Upon binding to the appropriate target mBRMNA, one or more wdmma.} gases within
the RISC cleaves the target to induce silencing (Elbashir, et al, {2001) Genes Dev. 15188}
Thus, in one aspect the invention relates to a single-siranded RMA that promotes the
formation of a RISC complex to effect silencing of the target gene.

In some embodiments, the siRNA disclosed herein comprises a sense strand and an antisense
strand. The sense strand and the antisense strand comprise complementary regions capable of
forming a double-stranded nucleic acid stracture that inhibits the SO/ transcription in a cell
vig the RMNA1 mechanisty. The RMNAI mechansi {also known as RNA interference) used
herein refers to 2 mechanism that a double-strand nucleic acid structure 18 capable of
downregulating farget genes in a sequence-specific manner at the transcriptional fevel. The
sense strand and the antisense sirand of the siRMNA can exist exther on two different vucleic
acid strands or on one nucleic acid strand (e, ., 8 contiguous nucieic acid sequence} When
the sense strand and the antisense strand are located on two differsut strands, at least one
strand of the siRNA has a 3" overhang of $ 1o 6 nucleotides in length, such that the overhangs
of &, 1,2, 3, 4, 5 or & nuciectides in length, and in some £ases, both strands have a 3
overhang of 2 or 3 nucleotides in leogth

The nuclectide of the overhang i3, in some cases thyming deoxyribonucteotide {(dT}, orin
some cases, natural overhangs which are nucleotides selected from or complementary to the
corresponding position on the DNA target. When the sense strand and the antisense strand are
tocated on one nucleic acid strand, 1n some cases, the siRMA is a bairpin single-stranded
aucieic acid molecule, where the complementary regions of the sense strand and the antisense
strand torm a double-stranded nucleic acid structure with each other. In the siRNA disclosed
herein, in some embodinents, the sense strand has a length ranging from 10 10 60
nucieotides. For e\;ample in some embodunents, the sense strand and the antisense strand,
independently comprises a length of 16, 17, 18, 1%, 20, 21, 22, 23, 24, 25, 26,27, 28, 29, 3¢,
3% 32, 33, 34 or 35 nucleotides. In some c—:-mb(‘»dimen‘a‘ue the antisense tmnd ba.s a fength
ranging from 10 to 60 nucleotides. For example, in some embodiments, the sense strand and
the antisense strand, independently comprises a length of 16, 17, 18, 19, 20, 21, 22, 23, 24
25,26, 27,28, 29, 30,31, 32, 33, 34 or 35 nuciectides.

2

In some embodiments, one strand of the siRMA has at least 75% {e. 2., at least about 79%,
about 8%, about 5%, abowut 90%, about 93% or about 99%) sequence homology or
wmplum%n‘temty to 2 nuclentide sequence fragment of g 5007 gene transenpt. Speaifically,
the sense strand of the siRMNA disclosad herein has at least 75% {e.g., at least about 79%,
about 0%, about B5%, about 90%, about 95% or about 99%) sequence homology o a
nucleciide sequence ﬁ’agmem of g SO gone transcript, and the antisense strand of the
stRINA disclosed herein has at least 75% {e.g., at Izast about 79%, about 0%, about 5%,
about 90%, about 95% or about 9956} sequence homology to a nucleotids sequence fragment
of a2 SO gene transoript.

{

In some embodiments, the sense strand of the siRMNA disclosed herein has at least 753% {e.g.,
at least about 79%, about 80%, about 85%, about 90%, about 93% or about 99%) oe‘}uenu,
homology to a nuclectide sequence selectad from group of SEQ [ NOs: 9761021 In some
embodiments, the antisense strand of the siRNA disclosed berein has at least 78% {e.g., at
icast about 79%%, about 80%, about 85%, about 0%, about 95%: or about 99% ) sequence
homology to a anclectide sequence selected from the group of SEQ 1 Nbs: 1022-1067.
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In certain embodiments, one sirand of the siRMNA can have five or less, fe., 5. 4,3, 2, 1 or &
nuciectide differences or mismatches relative to a nucleotide sequence of any portion of SE(
H3 MNEY 59 Specifically, the sense strand of the siRMNA disclosed herein can have three or
fess, e, 3, 2, 1, or O nucleotide differences relative 1o the nucleotide seguence selected from
the group of SEQ 1D N{ks: 976-1021, and the antisense strand of the sikRNA disclosed herein
can have thres or less, Le., 3, 2, 1, or 0 nucleotide differences relative 1o the nucleciide
sequence selected trom the group of SEG D NOs: 1022-1067. In some embodiments, the
differences or mismaiches iocate in the middie or 37 terminus of the sense or antisense strand
of the siRMA.

in some embaodiments, the antisense strand disclosed hersin is capable of interacting with a
target nucleic acid sequence of a mRMNA of a SO0 gene 1n a sequence specific manner,
meaning that the antisense strand s capable of undergoing hybndization to a target nucleic
acid through bydrogen bonding. In some embodiments, an antisense strand has a nucleotide
sequence that, when written in the 5 to 3 divection, coroprises the reverse complement of the
target portion of a target nucleic acid to which it is targeted. Inn certain such embodiments, an
antisense atrand has a nuclectide sequence that, when writien tn the 5 10 3' direction,
comprises the reverse corploment of the target portion in & fragment of a SO0 gene
HansCrip.

Antisense oligonucieotide (A50)

The present disclosure also provides antisense oligonucisotides (ASQOs} capable of inhibnt
SGDT mRMA level ina cell. The ASOs modulates s RNAL- SO07 mBNA - 30D protein
pathway by a RMase H-dependent mechanism of action and thus can be used 1o treat SGDH
protein~-related disease, 2.g., for amyotrophic lateral aclerosia {ALS) patienis.

Disclosed 1n the present apphication is an oligonucieotide agent comprising an antisense
cligonuclectide (ASO), which comprises an oligonucieotide sequence having a length
ranging from 12 0 30 cousecutive nucleotides, wherein the continuous oligonucleotide
sequence comprises a nucleotide sequence having at least 75%, at least 80%, at least 5%, at
feast 90%, at least 93% or 100% homology or complementarity 1o an squal fength portion of
SEQ D NG5S, wherein the ASQO inhibits the mBNA transcript of SOD{ gene by at least
6% as compared to the baseline of 037 mRNA level. In some embodiments, the ASO
inhibits the mBNA transcript of S8/ gene by greater 00% as compared to the baseline of
SO mBMNA level. Forinstance, the ASO inhubits the mRNA transeript of SO0 gene by at
ieast about 653%, at least about 70%, at feast about 75%, at least about 0%, at least about
B5%, at Teast about 90%%, at least about 95%%, at least about 100%, or greater than 100% as
compared to the baseline of SGDT mBNA level.

Further discloses in the present application 1s that the ASOs in the 37-UTR of the SODT gene
capable of wnhibiting the 5OL mBNA transeript level were not randonly distributed on the
SG geve or particularly 37-UTR of the SOBT gene but were clustered in certain apecific
hotspot regions. Ouly some regions on the 37-UTR of SOD? gene are in favor of the ASOs
function of whibiting, for exarmple, the region SEQ I NO:65 (H3) of SO/ gene. In some
embodiments, the AN disclosed herein has at least 75%6, ai leasi 0%, at least £39%%, at least
90%, at least 95% or 100% complementarity to an equal length portion of the hotspot SEQ
HY NOL6S (H3) In some embodimentis, the ASQ inhibiis the mRNA transcript of SODY gens
by at least 60% as compared to the baseline of SO mRNA level In some embodiments, the
ASO comprising a single-stranded oligonucleotide sequence that 1s at least 75%., at least

&0%%, at least 85%, at least 90%, at least 93%, at feast 97%, at least 99% or 100% identical to
the nucleotide sequence selected from chemically modified SEQ 1D NG« 1155-1195. In
some embodiments, the ASO comprising a single-stranded oligonucieotide sequence that is at
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feast 7556, at teast 30%, at least 853%, at least 90%, at least 95%, at least 97%, at least 99%6 or
100% identical o the nuclectide sequence selected from the unmodified naked sequences of
SEGID NQs: 1155-1195,

In some embodiments, the ASO 15 a single-stranded ohigonucieotide comprising & 57 end and
a3 end

In some embodiments, the length of the antisense oligonucleotide comprises a nucleotide
tength ranging from 12 to 30 nucleotides, such as 13 nucleotides or more, 14 nuclectides or
more, 15 nucleotides or more, 16 nuclectides or more, 17 nucleotides or more, 18 nucleotides
ar more, 19 nucleotides or more, 20 nucleotides or more, 21 nucleciides or more, 22
nucieotides of more, 23 nuclectides or more, 24 nucleotides or more, 25 nuclectides or more.
In some embodiments, the length of the ASO 15 15 10 25 contiguous oligonucieotides.

In some embodiments, the AS0 comprises a nucleotide sequence selected from the
nucieotide sequence group of SEQ 1D NOs: T155-119S,

Chemical modifications

Al nucteotides of the oligonucleotides described herein may be natural, Le., non-chenucally
modified, nucleotides or at least one nuclectide may be a chemically modified nucleotide,
Mon-lnting examples of the chemical modificanon include ove or more of a combination of
the foliowing: a} modification of a phosphodiester bond of nucleotides in the oligonucleotide
sequence; by modification of 2-0OH of the ribose in the nucleotide, ¢} modification of 2 base
in the nucleotide; 4) at least one nucleotide in the oligonucleotide sequence being a locked
nucieic acid, and e) at least one nucleotide in the nligonucleotide sequence baing a
deoxyribonuclectide (DNAY.

in some embodiments, the nucleotides or cligonucieotides of the present application is
chemically modified to enhance stability or other beneficial characteristics. The nucleic acids
featured in the present application may be synthesized and/or modified by conventional
methods, such as those described in “Current protocols in nucleic acid chemistry,” Beaucage,
SoLoetal (Edes ), John Wiley & Sons, Toc, Mew York, NY., USA, which i3 hereby
incorporated herein by reference. Modifications include, for example, {2} end modifications,
e.g., 5 end modifications {phosphorylation, conjugation, inverted linkages, etc.3 37 end
modifications {conjugation, DNA nucleotides, inverted linkages, etc.), (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 nucleotides), or conjugated bases,
{c} sugar modifications {e.g., at the 27 position or 47 posiion) ot replacement of the sugar, as
well as {d} backbone modifications, including modification or replacement of the
phosphodiester linkages. Specific examples of siRNA molecules that can be used o this
present application mclude but are not hmtted to RMNAs containing modified backbones or no
natural internucieoside Hinkages. In some embodiments, RNAs having modified backbones
inciude, among others, those that do not have a phosphorus atom in the backbone. In some
embodiments, modified RNAs that do not have a phosphorus atom in their internucieoside
backbone can also be oligonucizosides. In some embaodiments, the modified sligonusleotids
will have a phosphorus atom 1o it intermucieoside backbone,

>

Chenical modifications of nuciectides or oligonuclecotides in the present disclosure are well
known o those skilled 0 the art, and modifications of the phosphodiester bond refer 1o
mnodifications of oxygen in the phosphodiester bond, including phosphorothioate
modifications and boronated phosphate modifications. The modifications disclosed herein
stabilize an oligonuclectide structure, maintaining high specificity and high affinity for base
patring. The modifications disclosed herein also stabilize an ACQO structure and maintain is
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dehivering accessory properties including bicavaiiabibity, biodistnbution, and/or celiular
uptake of the oligonuclectide agent in varicus tissues prefrontal cortex, cerebeliuny, spinal
cord {e.g., cervical, thoracic, lumber), nuacle, Hiver, and kadoey.

In some embodiments, the chemical modification is to substitute the phosphodiester bond
with phosphorothioate (PS8} bond on the backbone of the nuclectide sequence of the
ohigonucleotide agent disclosed berein. In some embodiments, the oligonucleotide agent
disclosed herein comprises at least one P8 backbone meodification. In some embodiments, the
ALY comprises at least ooe PS backbouns modification. In some embodiments, the
ciigonucleotide agent comprises at least 2 PS, at least 3 PS, atleast 4 PS, atleast S PR, a4t
feast 6 P8, or greater than 6 PS backbone modifications. In some embodiments, about 90% 1o
about 95% of the phosphodiester backbone bond of ACO are substituted with
phosphorothinate (5} bond. In some embodiments, the oligonuclectide agent comprises at
feast one PN backbone modification on 5 end, 37 end or infernal siie of the sense strand of
the dsBNA. In some embodiments, the oligonucleotide agent comprises at least one P3
backbone modification on 37 end, 37 end or internal site of the antisense strand of the dsRMNA.
In some embodiments, the oligomicleotide agent comprises at least one PS backbone
modification on 3 end, 37 end or internal site of the stngle strand of the ACO.

In some embodiments, the nuclestides or ohigonuciectides of the present application includes
at teast one chemically modified nucleotide which 1s modified at 2-OH i pentose of a
sucieotide, i.e., the introduction of certain substituents at the hvdroxyl position of the ribose,
such as 2-fuore modification, 2-oxymethyl modifieation, 2-oxyethyiidens methoxy
modification, 2,4 -dintffrophenol modification, locked nucleic aad (IMNA), 2'-amino
modification or 2'-deoxy modification, 2.g., a 2'-deoxy-2 -flucro modified nucleotide, 3 27-
deoxy-modified nucleotide.

in some embodiments, the nucleotides or oligonucieotides of the present application includss
at feast one chemically modified nuclectide which s modified at the base of the nuclectide,
e.g.. & “bromouract modification, 5 -odouracil modification, N-methyluract modification,
or 2.0-diaminopurine modification.

In some embodiments, the chemical modification of the nucleotides or oligonucleotides in the
present application is an addition of a (E}-vinviphosphonate moiety at the 57 end of the sense
or anfisenae sequence. fn some embodiments, the chemical moditfication of the at least one
chemically modified nucleotide 13 an addition of a 5'-methyl cviosine moiety at the 57 end of
the sense or aniisense sequence.

In some embodiments, the nuclectides or oligonucleotides in the present application are
modified at the base of the nuclentide, e.g., 5 “bromouracid modification, 5 -iodouracil
modification, Nemethyiluracl roodification, or 2,6-diamunopurine modification. In some
embodiments, at least one oligonucleotide 1n the cligonucleotide agent includes at least one
modified nuclectide, e.g., a 2'-C-methyl modified nucleotide, a nuclestide comprising a §'-
phosphorothicate group, a termunal nucleotide inked to g cholestervl devivative or
dodecancic acid bisdecylamide group, a 2'-deoxy-2'-fluore modified nucleotide, a 2'-deoxy-
modified nucleotide, 3 tocked nuciectide, an abasic nuclectide, a 2-amino-modified
nucleotide, a 2-alkyl-moditied nucleotide, s morpboline nucleotide, a phosphoramidate, and
a non-natural base comprising nuclectide. In some embodiments, the first and second
dsRINAs include “endo-light” modification with 2'-G~methy! modified nucleotides and
nucieotides comprising a S -phosphorothioate group.

Muoditied oligonuciectide backbones include, for example, phosphorothioates, chiral
phosphorothinates, phosphorodithicates, phosphotriesters, aminocalkyviphosphotriesters,
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methyl and other allyt phosphonates welnding 3 -alkyiene phosphonates and charal
phosphonates, phosphinates, phosphoramidates including 37 -amino phosphoramidate and
aminoalkylphosphoramidates, thionophosphoramidates, thicuoalkylphosphonates,
thionoalkyiphosphotriesters, and boranophosphates baving normal 37-37 Huokages, 2757
finked analogs of these, and those} having inveried polarity wherein the adjacent pairs of
nucleoside units are linked 372587 {0 57-37 o 27-5" 10 37-27. Various salts, mixed salts and free
acid forms are alse included.

MNon-limiting examples of preparation of the phosphorus-containing linkages include, but are
not Hinited to, 1.8, Pat. Nos 2,687 808 4,469 863: 4476301 5.023.243: 5,177,195

5 189,807, 5,064,423 5276019, 5,278,302 5286717, $.321,131; 5,300 676, 5,405,939,
3.453.496: 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; 6.028.18%: 6,124.445; 6.160,109; 6.169.170:
6,172,209, 6,239,265 6,277.603: 6,326,199 6,346 614, 6,444,423 6,531,590: 6,534 639,
6,608,035, 6,683,167 6,858,715 6,867,294 6,578,805, 7.015,315: 7.041.816: 7,273,933,
7,321,029 and U5, Pat. RE39464, which are herein specifically each incorporated by
reference in their entireties.

In some embodiments, the nucleotdes or oligonuclectides comprise one or more of RNA,
DNA, BNA, LNA or peptide nucleic acid {(PMNA)

The RMA of a siRMNA or saRINA can also be moditied to include one or more tocked nucleic
acida {ENAY A locked nuclete acid 1s a nucleotide having a moditied ribose moietly in which
the ribose morety comprises an exira bridge connecting the 27 and 47 carbons. This structure
effectively “locks” the ribose 1o the 37 -endo structural conformation. The addition of locked
aucieic acida to SiRINAg has been shown to increase siRNA stability i serum, and 1o reduce
off-target effects (Hlmen, J. et al., (2005 Nucleie Acids Research 33¢11439-447: Mook, O R.
et al, (2007} Mol Cans Ther {3 4:833.843; Grunweller, A et al | (2003} Nucleic Acids
Research 31123 318€5-3193) Representative LS. patents that teach the preparation of locked
nucleic acid nucieotides include, but are not mited to, the following: U5, Pat. Nos

6,268 490; 6,670,461; 6,794, 400 £ 998 484 7 053 207, 7,084,125 and 7,390 845, each of
which is heretn incorporated by reference in s entirety.

i other RNA mimetics suitabie or contemplated for use in sikNAs, both the sugar and the
internucteoside linkage, f.e., the backbone, of the nucleotide units are replaced with novel
groups. The base units are maintained for hybridization with an appropriate nucleic acid
target compound. One such oligomeric compound, an RNA mimstic that has been shown o
have excellent hybridization properuies, 13 referred {0 as a peptide vucleic acid (PNAY In
PNA compounds, the sugar backbone of an BNA 1s replaced with an amide containing
backbone, in particular an aminoethylglyeine backbone. The naclechases are retained and are
bound directly or wdirectly to azs mitrogen atoms of the amide portion of the backbone.
Representative L1 8. patents that teach the preparation of PINA compounds include, but are not
funited 1o, U8, Pat. Nos. 5,339,082, 5,714,331; and 5,719,262, each of which is herein
incorporated by reference. Further teaching of PNA compounds can be found, for example, in
Nielsen et al | Science, 1991, 254, 1497.1500.

In some embodiments, at least about 50%4, at least about 60%, at teast about 709, at least
about 0%, at least about 90%, or least about ©5%, or about 100% nuciectides of the single-
stranded cligonucieotide are chemically modified nucleotides.

in some embaodiments, the sense strand and the antisense strand of the sligonucieotide agent
independently comprise at {east about 109, at teast about 20%, at least about 30%, at feast
about 40%, at least about 50°%, at least about 60%, at least about 70%, at least about 80%4, at
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feast gbout 90%, af least about 95%, or about 100% nucleotides which are chemyi GHHV
E > &
modified nuciectides.

These modifications yway increase the bicavailability of the oligonuclectides, orease affinity
for the target sequence, and enhance resistance to nuclease hydrolysis in a cell,

In addition, to facilitaie eniry of the ohigonucleotides nfo a cell, Hpophilic groups such as
cholesterod may be introduced gt the ends of the sense or antisense strands of the
ohigonucleotides on the basis of the above modifications 1o facilitate action through a cell
membrane composed of Hpid bilayers and gene promoter regions within the nuclear
membrane and nucieus.

In some embodiments, the oligonucleotides of the present appheation which, upon contact
with a cell, are effective in deactivating or downregulating the expression of one or more
genes in the cell, preferably by at least 1096 {e.g., at least 15%, at least 2096, at least 25%, at
feast 30%, at least 35%, at least 409, at least 45%, at teast 50%, at least $5%, at least 60%, at

> 2 i E , E
feast 63%, at feast 70%, at least 75%6, at least 80%, af least 85%, at least 90%%, or at least
953953

In some embodiments, the oligonuclestides of the present application which, upon contact
with a cell, are effective in activating or upregulating the expression of one or more genes in
the cell, preferably by at least 10% {e.g., at least 20%, at least 30%, at least 40%, at least
5%, at least 60%, at least 70%%, at least 80%, at least 90%, at least 10096, at least 15096, at
feast 20096, at least 300%, at least 300%, at least B00%, at least 100094, at least 200090, or &t
feast S000%;3.

One aspect of the application provides a cell comprising an oligonuclestide agent of the
present apphication or a nucleic acid encoding the oligonucieotide agent of the present
application. In one embodiment, the cell is a mammalian cell, preferably a human cell. Such
cells may be ex vive, such as cell hines or cell lines, and the ke, or may be present in
mamimalian bodies, such as humans, including infants, children or adults.

I some embodiments, the at least one chemical modified ohigonucieotide is the non-targeting
single-stranded oligonuclectide. In some embodiments, the at feast one chemical modified
cligonuclentide is the targeting double stranded oligonuclectide. In certain embodiments, the
at least one chemical modified oligonucieotide ts the non-targeting single-stranded
ohigonuclectide and the targeting double stranded oligonuclectide.

Covalent Linkage

Aspects of the present application include an oligomuclectide agent comprising a double-
stranded targeting oligovucleatide and a non-targeting single~stranded ohigonucleotide, e g,
an ACG, that are covalently linked

I some embodiments, a double-stranded targeting ohigonuclieotide and a non-targeting
single-stranded oligonuclestide are covalently linked by a linking component.

In some embodiments, the double-stranded oligonucieotide and the non-targeting single-
stranded oligoructeotide are linked with a covalent linker. In some embodiments, the linker ig
a disulfide linker. Various combinations of strands can be linked, e.g., the first and second
dsRINA sense strands are covalently hoked or, e.g., the first and second dsRNA antisense
strands are covalently linked

In some embodiments, the sense strand of the double stranded targeting oligonucleoide 13
covalently linked to the single-stranded oligonuclectide. In some embodiments, the antisense
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strand of the dooble stravded targeting oligonucteotide 1s covalently linked to the single~
stranded cligonucientide.

fn some embodiments, any of the oligonucieotides in the oligonuclectide agent of the present
application includes a linking component.

Linkers typically comprise a divect bond or an atorn such a3 oxygen or sulfur, a unmit such as
NRE (03, SO0, CIOWNRY, SO, SO;, SO;NH or a chain of atoms, such as substituted or
unsubsstituied allyvi, substituted or unsubstituied alkenyl, subatituted or unsubstituted alkynyl,
aryialkyl, arvialkenyl, arviabloynyl, heteroarvialkyl, beteroarvlatbenyl, heteroarvialkyoyl,
heterocyelvialkyl, heterocyclvialkenyl, heterceyelvialibvayl, arvl, heteroaryl, heterccyelyl,
cycloalkyl, cycloalkenyl, alkylaryiatkyl, alkyiarylatkenyl, alivlarvialtbynyi, alkenviarylalbyvl,
alkenviarylalkenyl, atkenylarviatkynyi, alkynylarylalkyl, alkynyiarvlalkenyl
alkynviarviaikynyl, athyvthetercarylallyl, alkylhetercarviatkenyl, alkviheterparvialkynyl
alkenvihetercarylalkyl, atkenyibeteroaryialkenyl, alkenyibeteroarylabivayi,
alkyovlhetercarylalkyl, alkvnylhetercarylalkenyl, atkynyibeteroarvlalioynyi
alkylheterocyclyialkyl, alkyiheterocyclviatkenyl, alkyviherercevelylalkvoyl,
alkenyibeterooyclyvlatkyl, alkeonvibeieroovelylalkenyl, alkenviheterooyciviatiovnyl,
alkynviheterocyclvlalkyl, alkvnyiheterocyclyiatkenyl, alkynylheterocyelyiatioynyl, alkylaryi
alkenviaryl, allvaylaryl, atkyvihetercaryl, alkenylhetercaryl, alkynylhereroaryl, where cue or
more methyvlenes can be wterrapted or terminated by O, S, 8O3, 8Oy, N(Ry, £(0),
cleavable linking group, substituted or unsubstituied aryl, substinuted or unsubstituied
heteroaryl, substituted or unsubstituted heterocyclic: where R is hvdrogen, acyl, aliphatic or
subsiituted aliphatic

>

Without Himitations, vartous types of hinker functionality can be included in the subject
conpugates, nchuding but not luted to cleavable linkers, and nov-cleavable hnkerg, as well
as reversible linkers and irreversible linkers.

In some embodiments, the linker s a clegvable hinker. Cleavable linkers are those that rely on
processes inside a target oell o liberate the two parts the linker is holding together, e.g., the
AL and the dsRNA, as reduction in the cvioplasm, exposure {o acidic conditions in a
tysosome or endosome, or cleavage by specific enzyimes (e g., proteases) within the cell As
such, cleavable linkers allow the dsRNA {o be released in ifs criginal form after the conjugate
has been internalized and processed inside a targst cell. Cleavable linkers include, bt are not
Hmited to, those whose bonds can be cleaved by enzymes {e.g., peptide linkers); reducing
conditions {e.g., disuifide linkers}; or acidic conditions {e.g., hydrazones and catbonates).

In some embodiments, the inking component is selected from one or more of ethylene glyeol
chain, an alkyl chain, a peptide, nucleic acid, carhohydrates, thint linkage, a phosphodiester, a
phosphorothioate, a phosphoramidate, an amide, and a carbamate. In some erbodiments, the
Hinking component tncludes, but i3 not limited to:

~
I
i

ay L1 or $18 {spacer-18 hinkery { L1 -bis{d-methoxyphenyip-T-phenyl-2 5,8, 11, 14,1
hexaoxanonadecan-19-yi {(Z-oyancethyl) disopropylphosphoramidite);

b} L4 or CO (spacer-Co Hnker} (0~{(bis{d-methoxyphenyl phenylmethoxy thexyl (2-
cyancethyl} ditsopropylphosphoramidite);

oy L6 (1, 1-bis{d-methoxyphenyl-T-phenvl-2,5,8.11, 14-pentaoxahexadecan-16-yi (2~
cyanoethvly ditsopropviphosphoramidite);

d} LS or 89 {spacer-9 linker) (2-(2-(2-(bis{4-

methowyphenyl ¥ phenvmethoxy yethoxy yethoxy jethyl (2-cvanoethyl)
ditsopropyliphosphoramidite};
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ey 10 or €3 (spacer-C3 hinker) (3-(his{d-methoxyphenyiphenyDoethoxy ipropyl (2-
cyancethyl} ditsopropyviphosphoramidite);

£y L12{d spacer} ({ZR, 35)-2-{{bis(4-
methoxyphenyl ¥ phenyDmethoxy methyl etrahydroturan-3-vl (2-cyanoethyi)
ditsopropyiphosphoramidite);

g3 113 or C12 {spacer-C12 linker) (1 2-{bis(4-
methogyphenyl ¥ phenyhDmethoxydodecyl (2-cvanoethyl)

diisopropyiphosphorarodite);

hy L34 ¢apacer-1.14 hokery (v 4ry-4-{(bis{4-
mmethoxyphenylphenvipnethoxy puethyloyclohexylmethyl (2-cyanoethyh
ditsopropylphosphoramidiie};

1 LS tapacer-L.1 5 Hokery (4-(2-(bis{4-
methoxyphenyl ¥ phenyDmethoxylethvliphenethyt (2Z-cyanocthvl}
ditsopropyiphosphoramidite);

13 L16 {spacer-L 16 linker) (2-(1-(2-{bis{4-
methoxy phenyl Y phenyDmethoxyiethyleyelobexybhethyl (2-cvanoethyl)

diisopropyiphosphorarodite);

k) Cox1 ((25,35,45,535)-2-({bis(4~methoxypheny i phenyimethoxy pnethyik-5-
muethoxny-4-{peni-4-yi- 1-yioxy fetrahydroturan-3-vi {Z-cyvanoethyl)
diisopropylphosphoramidite);

1y CoxZ ({28,35,45, 55 -5-{{bisld-methoxyphenyl {phenyDimethoxy imethyi)-2-
methoxy-4-{pent-4 -yi-1-yioxyitetrabydrofuran-3-vi {2-cvanoethyl)
ditsopropyiphosphoramidite);

ey CoxS (2-{{Z-{bis{4-raethoxypheny{phenvlimethoxy jethyDi(pent-4-yn-1-
vhaminoyethyl {2-cyvanoethyly dilsopropylphosphoranidite), and

1) Cox7 (("H-fluoren-S-yDmethy] (4-{{25 4R}-2-({bis{4-
methoxypheny] ¥phenylmethoxy ymethyl}-4-
{{bistdusopropviaminoiphosphanyDony ipvrrolidin- Tyl -4-oxobutybcarbamate )

ir certain ernbodiments, the linking component comprises 2 compound structure shown in
Table 1. In certain embodiments, the linking component conjugates 10 a nuclestide in the
stngle-stranded ohgonucleotide or the double-stranded ohigonuciectide. In certsin
embodiments, the hinking component conjugates at a nucleoside position selected from 57-
phosphate, 37, base and 27-H/OH of a nuclectide 1y the single~stranded oligonucleotide or the
double-siranded ohigonucleotide In certain embodiments, the linking coroponent 13 Spacer
phosphoramidite 18 (Phosphoramidous acid, N N-bis{ I-methvlethyi-, 19, 19-bis{4-
methoxyphenyl}-19-phenyi-3,6,9, 12,15 1 8-hexaoranonadec-1-yl 2-cyanoethyl ester}.
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In some embodiments, the double-stranded targetiog oligonucleotide and the single-stranded
oligomicleotide are covalently linked by a phosphodiester bond.  In some embodiments, the
doubie-siranded targeting oligonuclestide and the single-stranded oligonucleotide are
covalently linked by a phosphorothucate bond.

In some embodiments, the double-stranded targeting oligonuclestide comprises a sense
strand that 15 covalently Hinked o the single-stranded ohigonucleotide. In some embodiments,
the double-siranded targeting oligonuclieotide comprises an anfisense strand that is covalently
tirked to the single-stranded oligonucleotide.

in some embodiments, the double-stranded targeting oligonuclestide and the single-stranded
oligonucleotide are covalently linked by one or more nuclectides.

MNon-limiting examples of covalent linkers can be found in 118, Patent Application
Publication Mo 20200332292, which is hereby tncorporated by reference in its entirety. The
covalent inker can join the double~-stranded targeting oligonucleotide and the singie—sir'amied
cligonucleotide. In some embaodiments, the covalent linker can join two sense sirands, two
antisense strands, oue sense and one antisense strand, two sense strands and one antisense
strand, two antisense strands and one sense strand, two sense and two antisense strands, an
antisense strand and single-stranded oligonuciectide, a sense strand and inactivated
ohigonucleotide, and the ke

i certain embodiments, the covalent linker includes a nucleic acid {e.g., RNA and/or DNA}
and/or a peptide. The linker can be single-stranded, double-sir an(ied paf‘iialiy single-strands,
or partially double-stranded. Inn some embodiments the linker includes @ disultide bond The
tinker can be cleavable or non-cleavabis.

i certain ernbodiments, the covalent linker includes, ep., dTsdTun={5"-2 deoxythynudyl-3'-
thiophosphate-5'-2'deoxythymidyl-3'-phosphate-5’ “Hﬂd‘yl “phosphate-&"uridyl-3'-
phosphate), rUsrU (g thiophosphate hoker. S-undyli-3'-thiophosphate-5'-uridyl-3'-
phosphate), an rUrU linker; dTsdTaa (aadTsdT, 5'-2'decxythymudyl-3 -thiophosphate-5'-
7”deoxﬁiwmidyi 3'phosphate-5'-adenyi-3'-phosphate-5'-adenyi-3 -phosphate), dTsdT (8-

2deoxrythyrodyl-3 -thiophosphate-5-2" deoxythymidyl-3-phosphate); or
dTsdTun=uudTsdT=5"-2'decxvthvnidyl-3'-thiophosphate-3'-2'decxythymoidyl-3-phosphate-
5turidyl-3 -phosphate-5 -unidyl-3-phosphate.

When the covalent linker 13 2 RNA, the RNA linker may be composed of any combination of
aucieotides. The combination of nuclectides may be adenine, uraci, guanosine, cytosine, of
any combination thereot. The RNA hnker may be any length. In some embodumnents, the
RINA linker is 2-50 nuctectides in fength. When the | {7\? A dinker is 2-50 nucleotides in length,
the RNA Hoker may be any intervening length such as 5-10, 10-15, or 15.20 nuclectides in
tength. In some embodiments, the covalent linker mdudes a polyRMNA, such as poly(&'-
adenyl-3'-phosphate-—AAAAAAAA} or poly(5'-cytidyl-3 -phosphate-5 -undyl-3"-
phosphate—-CUCUCUCLY), e.g., X single- stranded poly RMNA linker wherein n is an
integer from 2~-50 inclusive, preferable 4-15 inclusive, most preferably 7-8 inclusive.
Modified nucleondes or a mixture of nucleotides can also be present in said polyRNA linker.
When the covalent linker 15 a DNA, the DNA linker may be composed of any combination of
nucieotides. The combination of vucleotides may be adenine, thyroine, guavosine, oytosine,
or arry combination thereof. The DNA Iinker may be any length. In some embodiments, the
DNA Hinker i3 1-50 nucleotides i length. When ihe'"ﬁNA finker is 1-530 nucleotides in length,
the DINA hoker may be any ntervering length such ag 5-10, EO 13, or 15-20 vucleotides
fength.  The covalent linker can be 3 polyDNA, such as pui 52 deoryihymidyl-3'-

phosphate—TTTTTTTT) »

;) ’q >

whersin nis an integer from 2-30 inchusive, preferable 4-15
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inclusive, mwost preferably 7-8 inclusive. Modified nucleotides or a nuxture of nucleotides can
also be present in said polyDNA linker. a single- stranded polyDNA linker whersin nis an
integer from 2~-50 inclusive, preferable 4-15 inclusive, most preferably 7-8 inclusive.
Modified nucleotides or a mixiure of nucleofides can also be present in sard polyDdNA linker,

In some embodiments, the covalent linker includes a disulfide bond, optionally a bis-hexyl-
disutfide linker In one embodiment, the disulfide linker s

. N o1t
., “,//' \‘\,\W’/ L \\\\’/_,- ,( LR

~.,

CHa 60, P3,
Eract Mass: 329 1010

Mol Wi 329 43672

I some embodiments, the covalent linker includes a peptide bond, e g, include amino acids.
In one embodiment, the covalent hinker is g 1-10 anuno acid long hnker, preferably
comprising 4-5 amino acids, optionally X-Gly-Phe-Gly-Y wherein X and Y represent any
amino acid.

In some embodiments, the covalent linker includes HEG, a hexaethylenghyeol linker,
Orientation and position of covalent linkage

Aspects of the present application include covalently hinking the double-stranded targeting
oligonuclectide and the non-targeung single-stranded oligonuclectide, e.g., an ACO, 1o form
an oligonuclectide agent. In some embodiments, the orientation of the linkage and
positioring of the double-stranded targeting ohgoructeotide and the single-stranded
cligonucleotide may enhance stability, oligonucleotide activity, or other heneficial
characteristics, such as maximized target gene oulput, increased or decreased activity or
expression {e.g., mRBRNA expression, profein expression, efc ) of oue or roore target genes.

In some embodiments, the single-stranded oligonucieotide is covalently linked to 8 3" end of
the sense or antisense strand of the double-stranded target oligonucleotide; b} the single-
stranded oligonuclectide 1s covalently linked 10 2 57 end of the sense or antisense strand of
the double-stranded targeting oligonucteotide, or ¢} the single-stranded oligonuclectide is
covalently Hinked to an wternal nucleotide between the 37 end and the 37 end of the sense or
antisense strand of the double-siranded targeting cligonucieotide. In some embodiments, the
wnternal nucleotide of the sense or antisense strand of the double-stranded targeting
ciigonucleotide 15 located at nucleotide position 2, 3,4, 53,6, 7, 8,9 10, 11, 12, or 13 from §°
end of the sense or aniisenss sirand; or located at nucleotide position 2, 3,4, 5, 6, 7.8, 9, 10,
11, 12, or 13 from 37 end of the sense or antisense sirand.
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In some embodiments, an internal nucleotide of the sense or antisense strand of the double-
stranded {argeting oligonuclestide is substitited by one or more linking component or spacer
which is covalently linked to the single-stranded oligonucleotide ontis 5" end or 37 end (fe.,
wnternal conjugated 0DV In some emboduments, the iernal conjugated GV has enhanced
potency as compared to the 37 or 5 end coniugated OV (le., ACO conjugated on 37 or &7
end of the sense or anfisenss sirand of the double stranded oligonuciectide}.

In certain embodiments, the 5" end of the single-stranded oligonuclectide is conjugated to a
Hisking component. In some embodiments, the 37 end of the single-stranded oligonucleotide
15 conjugated 1o a linking component.

Iy certain embodunents, the linking component or spacer comprises a compound shown in
Table 1.

Agents that decrease the expression of the 330 gene or protein

i some embodimnents, the oligonucleotide agent decreases the expression of a SOLH gene or
protein. Administration of the oligonucleotide agent to 3 patient treats or delavs the onset of
ALS, such as faroibial or sporadic ALS or Leu Lou Gebnig's disease. In certain embodiments,
the described oligonuclentide agent decreases the amount of a full-length SOD1 protein by,
for example, deactivating/downregulating SO transeription to decrease the amount of full-
iength SO mBNA In cortain ernbodimnents, full-length SOD protein 1s decreased i an
amount sufficient to reduce the symptoms asscciated with an ALS. In certain embodimem%,
full-length SO protein ts decreased by at least 10% {e.g., at least 15%, at least 205, at
feast 25%, at least 30%. at least 35%, at least 40%:, at icas‘f 45%, at least 50%, at least 55%
teast 60%, af feast 5%, at least 70%, at least 75%, at least 80%, at least 85%, at least 909
at fenst 95% o)

/Gdt
o, O

The administration may be performed in any rowte of administration deemead useful. In some
embodiments, the admimstration route 15 locally at the site of a central nervous system
focation. In some embodiments, the admimstration route 18 syStenic,

In certain embodiments, a double-stranded targeting oligonuclentide of the oligonucleotide
agent that decreases the expression of the SOD gene or protein 15 an sStRNA. The 8CDH
siRNA deactivates or downregulates the expression of an SO/ gene, its mENA transeript or
SOD protein wn a cell 1o which the 5057 gene, 118 mBNA travseript or SOD protein is
normally or over-expressed.

I typical embodiments, a first sirand of the SO0 siRMNA comprises a segment that has at
feast 75% sequence identity or sequence complementarity 1o a 6-60 nucleonde fragments of a
select target region of the SO mRNA transcript thereby effecting deactivation or
downregulation of expression of the SODT protein.

In the present application, the SO siRNA comprises a sense nucleic acid fragment and an
antisense nucleic acid fragroent. The sense nucleic acid fragment and the antisense vucleic
acid fragrent comprise complementary regions capable of fornung a double-stranded nucleio
actd structure that koocks down expression of the 303/ gene in a4 cell by the RNA
interference mechanism. Sense nuclerc acid fragroeots and antisense nucieic acid fragroents
of sikRMNAs may be present on two different nucleic acid strands or may be present on the
same nucleie acid strand. When the sense and antisense nucleic acid fragments are present on
two strands, at least one strand of the siRMA has a 3’ overhang of 0-06 nucleotides in length,
preferably both sirands have a 3' overhang of 2 or 3 nucleotides in length, and preferably the
nucieotides of the overhang are deoxyihymune (dT). When a sense nucleic acid fragment and
an antisense nucleic acid fragment of an siIRNA are present on the sarne nucleic acid strand,
preferably the siRNA 15 a single-stranded hatrpin-structured nucleic acid moleculs, wherein

60



WO 2023/280190 PCT/CN2022/104037

the complerentary regions of the sense rucleic acid Fagment and the antisense vucleic acid
fragment form a double-siranded nucleic acid structure. In such an stRMNA,| the sense nucleic
acid fragment and antizense nucleic acid fragment are 16-00 nucleotides 1o length,
respectively and may be 16, 17, 18, 19, 20, 71, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33
34,3536, 37,38, 30, 40, 41, 42, 43, 44, 45, 46, 47, 48_ 40, 50,51, 52, 53, 54. 95, 56, 57, 58,
39, or 60 nuclectides,

In certain embodiments of the present application, the SODT siRINA comprises a sense
nucieic acid strand and an antisense nucleic actd strand, the sense nucieic acid strand
comprising at least one region that 18 complementary to at least one region on the antisense
sucleic acid strand to form a double-stranded nucleic acid structure capable of deactivating
expression of the SO protein 1o a cell

In certain embodiments of the present application, the sense nucleic acid strand and the
antisense nucletc acid strand are located on two different nucleie acid strands. o certain
embodiments of the present application, the sense nucleic acid fragment and the antisense
sucleic acid fragment are located on the same nucleic acid strand, forming a hairpin single-
stranded nucleic acid molecule, wherein the complementary regions of the sense nucleic aaid
fragment and the antisense nucleic acid fragment form a double-stranded mucleic acid
stracture,

in certain ernbodiments of the present application, at feast one of the nucleic acid strands has
a Foverhang of (1o & nucleotides in length. o certain embodiments of the present
apphication, both of the vucleic acd strands have 3overhangs of 2-3 nucleotides i length. In
certain embodiments of the present application, the sense and antisense nucloie acid strands
are 16 to 35 nuclectides in length, respectively.

In some embodiments, the ohigonucleotide agent has a nucleotide seguence that s at least
6% {e.g., at least 65%, at least 70%, at least 75%, at least 80%, at least 85%4, at least 90%, at
ieast 9%/0 at least 97%, at least 99% or 100% identical to the nuclectide sequences of DRT7
OIM3-ALCT (melt4)-LOV3 whose antisense strand has a nuciectide sequence of SE(} 1D NO.
933 that bas complementanity with a fragment the of the 3DV structured sense strand of KEQ
1 NG 928,

In some embodiments, the oligonucleotids agent has a nucleotide sequence that is at least
60% {e.g., at least 65%, at least 70%, at least 75%, at least 80%, at least 85%%, at least 90%, at
teast 95%;, at feast 97%, at least 99% or 100%:) iejenticai 0 the nuclecotide sequences of B817-
()Z’;MB—,’-&{_,} {mel4})-L V3 whose antisense strand has 2 nucleotide sequence of SEC} H3 NO:
935 that has complernentanty with a fragment of the ODYV structured sense strand of SEQ 1D
NGO 928,

In some embodiments, the oiigonucieoﬁde agent has a nuclectide sequence that 1s at least
60% {e.g., at least 65%, at least 70%;, at least 75%, at least 80%, at least 85%%, at least 90%,
feast 95%, at least 97%, at Jeast 99% or 100%)} identical to the nuclentide sequences of DSI%
03M3-ACTH (mel4-L9V3 whose antisense strand has & nucleotide sequence of SEG 1D NO:
937 that has complementarity with a fragment of the OV structured sense strand of SEQ 1D
NG 936,

In some embodiments, the cligonuciestide a@ent has a nuclectide sequence that 15 at least
60% (e, at least 65%, at teast 70%, at least 73%, at least BO%%, at least 85%, at least 90%%, at
icast D5%, at least 97%, at least 99% or 100%%) 1dcnt1f. al to the nudwudc sequences of DS17-
GAMB-ACT {mel41-L9V3 whose antisense strand has a nuclectide sequence of 3EQ 1D NG
939 that has complementanty with a fragroeot the of the ODV structured sense strand of SE{
HD NEY 938,
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In some embodiments, the oligonucleotide agent has & nucleotide sequence that 15 at least
60% {e.g., at least 65%, at least T0%, at least 75%, at least 8C%, at least 85%, at least 50%, at
feast 95?’/: at least 97%, at lgast 99 ?/n or 100%) identical to the nucleotide sequences of DS17-
04MIv-AC {(met4)-L9V3 whose antisense strand has a nucleotide sequence of SEQ 1D NGO
950 that has complementarnty with a fragment the of the ODV structured sense strand of SEQ
H2 NG 938,

In some embodiments, the oligonuclectide agent has 3 nuclectide sequence that is at least
60% {e.g., at least 65%, at least 70%, at least 753%, at feast 30%, at least 85%, at least 90%,
icast #5%, at least 97%, at least 99% or 100%) identical to the nucleotide sequences of DSl‘?n
OSM3-ACT {mel41-L9V3 whose antisense strand has a nuclectide sequence of SEG ID NO:
941 that has mmpibmentmiy with 2 fragmeot the of the OBV structured sense strand of SEQ
NG 940

In some embodiments, the oligonnclectide agent bas 3 nuclectide sequence that 1s at least
60% {e.g., at least 65%, at least T0%, at least 73%, at least 80%, at Imbt §5%, at least 90%, at
feast 95%, at least 97%, at least ‘7‘7,9 or 10056} 1denma1 to the nucleotide sequences of D817~
2OM2-ACT {mel4)-L9V3 whose antisense strand has a nucleotide sequence of SEQ ID NG
47 that has complementarity with a fragmoent the of the ODVY structured sense strand of SE(
H3 N3 942

In some embodiments, the ohigonuclectide agent has a nucleotide seqguence that s at least
6% {e.g., at least 65%, atleast 70%, at Eeaﬁt 75%, at least 8%, at least 83%%, at feast 90%,
ieast 959, at least 97%, at least 99% or 100% ) wenuical to the nucleotide sequences of D\} 7
OIM3v-ACT {moel4-L9V3 whose antisense strand has a nucleotide sequence of SEQ ID NG
47 that bas complementarity with a fragment the of the 0DV structured sense strand of SEQ
) MGy 932

In some embodiments, the oligonucleotids agent has a nucleotide sequence that is at least
60% {e.g., at least 65%, at least 70%, at teast 75%, at least 80%, at least 8554, at least 90%, at
least 95%.-, at least 97%, at lgast 99% or 100%) 1demicai to the nucleotide sequences of B817-
O2M3v-ALT (meilé—}d_.@\’.? whose antisense strand has a nucleotide sequence of SE 1D NG:
943 that has complerentarnty with & fragment the of the DV structured sense strand of SEQ
H3 NG: 934,

In some embodiments, the ohigonucleotide sgent has a nucleotide sequence that is at Jeast
60% {e.g., at least 65%, at least 70%, at least 75%, at izast 80%, at least 85%, at least 50%, at
feast 95‘?/:,., at feast 97%, at least 8% ?/n or 100%:) identical to the nucleotide sequences of D817~
O3M3v-ACT (meid4-L9V3 whose antisense strand has a nucleotide seguence of SEG 1D NO:
344 that has complementarnty with a fragment the of the ODV structured sense strand of SEQ
HY NG 936,

In some embodiments, the oligonuclectide a@ent has a nuciectide sequence that is at least
60% {e. 2., at least 05%, at least 70%, st least 73%, at least BG%4, at least 85%, at least 90%%, at
feast ‘JS‘?/ . at least 97%, at least 9996 or 100%6}) 1dcnt1f. al to the nudwudc sequences of DS17-
OSM3v-ACT (meid-L9V3 whose antisense strand has a nucigotide sequence of SEG 1D NO:
931 that has complementanty with a fragroeot the of the ODV structured sense strand of SE{
NG 940

In some embodiments, the oligonucleotide agent bas a rucleotide sequence that s at least
60% {e.g., at least 65%, at least T0%, at least 73%, at least 80%, at least 85%, at least 90%, at

ieast 9556, at least 7%, at least W% or 100963 identical to the nuclectide sequences of 1817~
04M3-a58OD 1-1-1.9V3 whose antisense strand has a sucleotide sequence of SEQ 1D NGO
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939 that has complementanty with a fragroeot the of the ODV structured sense strand of SE{
D Ny, 9352

i some aspects, the present application provides an 1solated SODT gene siRNA targeting site
having any contiguous 16-35 nuciectide sequence on a select target region of the SO gene
{full fength ST/ sequence of SEQ I NG: 895} In certain embodiments, the select target
region of the SO0 gene comprises a nucleotide sequence that 13 at least 60‘ s {e.g., at least
65%, at least 70%, at igast 75%, at least 80%:, at least 5%, at least 90%, at least 959 ‘o, at least
7%, at least 95 % or 100%; identical to ‘a‘banudwiide sequence selected from. at least a

mycleotide sequence of SEQ 2 MOs: 88-356

In some embodiments, an siIRNA cludes a mucleotide sequence of 3 sense strand that is at
ieast 60% {e.g., at least 65%, at least 70%, at ieast ’7‘?‘3"9 at least 80%, at least 85%, at least
90%, at least 9\"/ at lgast ©7%, at least 99% or 1 194} 1dentical to the nuclentide sequence
selected frony: :tsLQ I NQGs: 357-624. In some esmbodunemc,, an siRNA includes a nucleotide
sequence of an antisense strand that is at least 60% (e g, at least 65%, at feast 70%, at least
75%, at izast 30%, at least 859, at least 90%, atf feast 9%’/-3 at least 97%%, at lgast 9% or

100% ) identical to the nucleotide sequence selected from the group of) SEQ 1D NOs: 626-
893,

fn some embodiroents, an siBRNA mmchudes a nucleotide sequence of a sense strand that 13 at
feast 60% {e.2., at least 5%, at least T0%, at least 753%, at least B0%, at least 85%, at least
(%0, at least 95%, at least 97%, at least 99% or 100%) identical 1o the nucleotide sequence
selected frome SEQ 1D NOs: 38, 40, 42, 44, 40, 50, 52, 54, 536, S8, 60, 62, and 64. In some
embodiments, an siBRNA mcludes a nucleotide sequence of an antisense strand that is at least
60% {e.g., at least 65%, at least T0%, at least 73%, at least 30%, at least 85%, at least 90%, at
feast 95%, at least 97%, at least 99% or 100%) 1dentical 1o the nucleotide sequence selected
from the group of) SEGQ 1D NQGs: 39, 41, 43 45, 47 49 51, 533 and 57

In certain embodiments, the oligonucleotide agent has a nucleotide sequence that 15 at feast
60% {e.g., at least 65%, at least 70%, at least 75%, at izast 80%, at least 85%, at least 50%, at
feast 95?’/: at feast 97%, at least 8% ’/n or 100%:) identical to the pucleotide sequences of
SHTT-ACZ-SILI {SEG 1D NO: 28) and an antisense strand having a nucleotide sequence of
SEQ 1D NG 27 that has partial complementarnity with the sense strand of SEQ ID NO: 28

In certain en'ihodin'wms, the oligonucleotide agent has a nuclectide sequence that 15 at Eeast
60% {e.g., at least 65%, at least T0%, at least 75%, at least 8C%, at least 85%, at least 50%,
feast 95?’/: at least 97%%, at lgast 99% of 100%:) identical to the nucleotide sequences of
siAppwgnSi‘% 1 {SEQ ID NO: 30) and an antisense strand having a nucleotide sequence of
SEQ 1D MO 31 that has partial complementarnity with the sense strand of SEQ ID NO: 30

In certain embodiments, the oligonucleotide agent that 1s at least 60% {e.g., at least 5%, at
teast 70%, at feast 75%, at least 8%, at least 85%, at least 90%, at least 95%, at least 97%, at
fcast 0’3% or 1%} identical to the nudleotide 3RUONCes ofISOD1-231-ESC (SEHQ D NO:
38} and an antisense siRNA strand having a nucleotide sequence of SEQ I MNG: 39 that has
partial complementanty with the sense strand of SEQ I NG 38,

In certain embodiments, the oligonuciectide agent has a nuclectide sequence that is at teast
60% {e.g., at least 65%, at least 70%, at least 75%, at izast 80%, at least 85%, at least 90%, at
feast 0*% at least 97%, at least 99° % or 100% )1dmmdl 1o the nucleotide sequences
ofsiSODR-231-TT{SEQ 1D NO: 403 and an antisense siRNA strand having 2 nucleotide
sequence of SEQ H3 NG 41 that has partial complementarity with the sense strand of SEQ
HY NG 40,
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In certain embodiments, the oligonucieotide agent has a nuclectide sequence that 13 at least
60% {e.g., at least 65%, at least T0%, at least 75%, at least 8C%, at least 85%, at least 50%, at
feast 95‘?/: at least 97%, at igast 9 ’/n or 100%:) identical to the nucleotide sequences of (SE
3 MNO: 44} and an antisense sIRMNA strand having a nucleotide sequence of SEQ D NG 43
that has partial complementarity with the sense strand of SEQ 1D NG 42

In certain embodiments, the oligonucleotide agent has a nucleotide sequence that 15 at least
60% {e.g., at least 65%, at least 70%, at least 75%, at izast 80%, at least 85%, at least 50%, at
feast 95‘?/: at least 97%, at least 99 Yy o 100%:) igentical 1o the nucleotide sequences of (8 .,{}
1D NG 44) and an antisense siRMNA strand having a nuclectide sequence of SEQ 1D NOG: 45
that has partial complementarity with the sense strand of SEQ 1D NG 44

In certain embodiments, the oligonuclectide agent has a nuclectide sequence that 15 at feast
60% {e.g., at least 65%, at least 70%, at least 75%, at izast 80%, at least 85%, at least 50%, at
feast 9“"/: at feast 97%, at least 8% ’/n or 100%:) identical to the pucleotide sequences of (SEQ
1 NG: 16‘; and an antisense siRNA strand having a nucleotide sequence of SEQ 1D NG 47
that has partial complementarity with the sense strand of SEQ 1D NG 46

In certain embodiments, the oligonucieotide has a nucleotide sequence that 15 at teast 60%
{e.g., at least 65%, at least 70%:, at least 75%, at izast 80%, at least B5%, at least 90%, at least
’35‘ , at feast 97%, at least 99*3 or 100%) identical {o the nucleotide sequences of 8EQ 1D
MO @-6 and an antisense siRNA strand having a nuclectide sequence of SEQ ID NGO 49 that
has partial complementarity with the sense strand of SEQ H3 NG 46,

In certain embodiments, the oligonuciectide agent has a nuclectide sequence that is at teast
60% {e.g., at least 65%, at least T0%, at least 75%, at least 8C%, at least 85%, at least 50%, at
feast 0*% at least 97%, at least 99% or 100%%) identical to the nuclentide sequences of (\F{“b
1 NG 50) and an antisense strand having a nucleotide sequence of SEQ 1 NO: 51 that has
partial complementarity with the sense strand of SE{} H3 NG!S0

In certain embodiments, the oligonucieotide agent has a nuclectide sequence that 15 at least
60% {e.g., at least 65%, at least T0%, at least 73%, at least 30%, at least 85%, at least 90%, at
feast 95%, at least 97%, at least 99% or 100%) identical 1o the nucleotide sequences of (REQ
1D NG 52) and an antisense siRNA strand having a nucleotide sequence of SEQ ID NO: 53
that has partial complementarity with the sense strand of SEQ D NG 52,

In certain embodiments, the oligonuclectide agent has a nuclectide sequence that 1s at feast
60% {e.g., at least 65%, at least T0%, at least 73%, at least 30%, at least 85%, at least 90%, at
feast 95%, at least 97%, at least 99% or 100%) identical to the nucleotide sequences of REQ
13 NG 54 and an antisense siRINA strand having a nuclectide sequence of SEQ 1D NG 47
that has partial complementarity with the sense strand of SEQ D NG 54,

In certain embodiments, the oligonuciectide agent has a nuclectide sequence that is at feast
60% {e.g., at least 65%, at teast 70%, at least 753%, at least B0%, at least 85%., at least 90%, at
foast B5%, at least 97%, at least 99% or 100%) identical o the nucleotide sequences of SEQ
{1 NG: 56 and an antisense siRNA strand having a nuclectide sequence of SEQ 1D NO» 57
that has partial complementarity with the sense strand of SE{Q D NG 56,

In certain embodiments, the oligonuciectide agent has a nuclectide sequence that is at feast
60% {e.g., at least 65%, at least T0%, at least 73%, at least 30%, at least 85%, at least 90%, at
feast 95%, at least 97%, at least 99% or 100%) identical to the nucleotide sequences of
stSOLMZ-ACZ{NIZ RS IV3v-Cus(SEQ 1D NO: 58} and an antisense siRINA strand having a
nucieotide sequence of SEQ I NO: 57 that bas partial complementanity with the sense strand
of SEQ I NG 58,
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In certain embodiments, the oligonucleotide agent has a nucleotide sequence that 1s at least
60% {e.g., at least 65%, at least 70%, at least 75%, at izast 80%, at least 85%, at least 50%, at
feast 95‘?/: at feast 97%, at least 8% ?/n or 100%:) identical to the nucleotide sequences of
SSODIM2-A OIS SIV3v-0uS(SEQ 1D NG 60 and an antiseose stRNA strand having a
nucientide sequence of SE() H3 NG: 57 that has partial complementarity with the sense strand
of SEC HING: 00

In certain embodiments, the oligonuciectide agent has 3 nuclectide sequence that 18 at least
60% {e.g., at least 65%, at least T0%, at least 73%, at least 30%, at least 85%, at least 90%, at
fcast B5%, at least 97%, at least 99% or 100%) identical to the nucleotide sequences of
stSODIMZ-ACZNIZ RS TY3v-CuS(REQ 1D NGO 62) and an antisense siRNA sirand having a
nucieotide sequence of SEQ I NO: 57 that bas partial complementanity with the sense strand
of SEQ I NG 62,

In certain embodiments, the ohigonucleotide agen‘t has a nucleotide sequence that is at least
60% {e.g., at least 65%, at least T0%, at least 73%, at least 80%, at least 85%, at least 90%, at
ieast 95%, at least 97%, at least 99% or 1009} identical to the nucleotide sequences of
SO IMZ-ACZ{NG-STVIV-Cua(3EQ ID NGO -64) and an antisense slBNA strand hd"ma 2
nucleotide sequence of SEQ 1D NG: 57 that has partial coraplementarity with the sense strand
of SEQ D NG 64

In certain erabodiments, the oligonucieotide agent has a nucleotide sequence that is at least
6% {e.g., at least 65%, at least 70%, at feast 75%, at least 80%, at least 85%, at teast 90%, at
feast 95596, at teast 97%, at least 99% or 100° ondenum o ‘%T{“b 1D NOg 1 196- 1298, and an
antisense siRMA strand having a nuclectide sequence of SEQ I NGO 57 that has partial
complementarity with the sense strand of SEC} 1B NG 1196-1298.

.-..\

In addition, to tacilitate entry of the siRNA into a celi, chemical conjugation groups other
than the AT disclosure herein may be introduced al the ends of the sense or antisense
strands of the stRNA on the basis of the above wodifications to facilitate action through a cell
membrane composed of Hipid bilayers and mRNA regions within the nuciear membrane and
aucieus.

In some embodiments, siRNAs disclosed in the present application are covalently attached to
one or mors conjugate groups. In some embodiments, conjugate groups modify one or more
properties of the attached oligonucleotide, including but not himited to pharmacodynamics,
pharmacokinetics, stability, binding, absorption, tissue distribution, celiular distribution,
cethilar uptake, charge and clearance. In some embodiments, conjugate groups impart a new
property on the attached oligonucleonde, e.g., fluorophores or reporter groups that enable
detection of the sligonucleotide. Certain bcmjugate groups and conjugate moieties have been
described previcusly, for example: cholesterol moiety (Letsinger ¢f ¢l Proc. Natl, Acad. Sci
USA, 1989 86, 6553-6550), cholic acid (Manoharan et al | Bivore. Med. Chem. Letr, 1994,
4, 1053-1060), a thioether, e.g., hexyl-S-trityithiol (Manoharan er af., f-i;fm N.Y. Acad. Sei,
Y992, 660, 300-309; Mancharan et ol Bivorg, Med. Chem. Leit., E‘)‘)a 3, 2765-2770% a
thiocholesterol (Oberhauser er af | Nucl Acids Res., 199220, 533 638;, an aliphatic chain,
e.g., do-decan~dio} or undecyl residues (Saison-Behmoaras et al, EMBO 1, 1991, 10, 1111-
1118, Kabanov et g, FEBS Lew., 1990, 239, 327-330; Svinarchuk et gl | Biochimie, 1993,
75, 49543 a pimsphoiipid e.g., di-hexadecyl-rac- O'Evcemi or triethyl-ammonium 1,2-di-0-
hexadecyl-rac-glveere-3-H-phosphonate (Manoharan ef gl |, Tetrahedron Lett, 1995, 36,
3651-3654; Shea er ol Nucl Acids Res., 1990 18 3777- 3’78 Y, a polvamine or a
peiyethylene glyeol chain (Manoharan et al., Nucleosides &Nucleoiides, 1995, 14, 9659733,
oF adarrmm'aﬁe acetic acid a palmityl motety (Mashra e af | Biochim, Biophys. Acia, 1995,
12064, 229-237), an octadecylamine or hexviamino-carhonyi-oxycholesterol motety (Crooke
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et gl J. Pharmacol. Exp. Ther, 1996, 277, 923-937), a incrm}mr'oﬁ group {Mishina et al.,

Molecular Therapy Nucleic Acids, 2015, 4, 220; and Nishina o7 @l Molecular Therapy,
2008, 16, 734-7403, or a GalNAC cluster ¢ {e.g., W{R2014/179620),

In some embodiments, the siRNA of the present application relates to the sense sirand or the
antisense strand of the stRNA that is conju;:ated 10 one oF more conjugation groups aelected
from: wtercalators, reporter moolecules, polyamunes, polyanudes, peptides, carbohydrates,
vitamin maoieties, polysthiviene glveols, thicethers, polyethers, cholesterels, thiocholesterots,
cholic acid moleties, folate, lipids, phospholipids, biotin, phenazine, phenanthridine,
anthraguinone, adamantane, acridine, fluoresceins, rhodanunes, coumarins, Huorophores, and
dyes.

In some embodiments, a conjugate group comprises an active drug substance, for example,
aspirin, warfarin, phenvibutazone, ibuprofen, suproten, fen-bufen, ketoprofen, (8)-(+)-
pranoprofen, carprofen, danaylsarcosine, 2,3, 5-riiodobenzoic actd, fingolimod, flufenamic
acid, folinic gaid, a benzothiadiazide, chlorothiaride, g diazepine, indo-methicin, a
barbiturate, a cephalosporin, a sulfa drug, an antidiabetic, an antibacterial or an antibigtic.

In some embodiments, the siRMNA of the present application 1s conjugated o one or more
conjugation groups selected from: a lipid, a faity acid, a fluorophore, a ligand, a saccharide, a
peptide, and an antibody.

in some embodiments, the siRNA of the present application relates to the sense strand or the
antisense strand of the siRMA that s conjugated 10 one or more conjugation groups selected
from a ceil-penetrating peptide, polvethylene glveol, an alkaloid, a tryptamine, a
benzimidazole, a quinoions, an aming acid, a cholestersl, ghucose and N-
acetylgalactosamine

in some embodiments, the siRNA conjugated {0 one or more comugation groups disclosed in
the embodiments s directly contacted, transferred, dehivered or administrated to a cell ora
subject.

Oligopucieotide agents that increase the expression of the SMNVZ gene or SHMND prodein

in some embodiments, the ohigonucleotide agent inchuding the double-stranded targeting
cligonucleotide and the non-targeting single-stranded oligonuclestide, e.g., an AT,
increases the expression of an SMN2 gene or protein. Admimstration of oligonucieotide agent
0 a patient freats or delays the onset of an SMMN-deficiency-related condition, such as spinal
muscular atrophy (SMA)Y. In certain embodiments, the desonbed oligonucleotide agent
increases the amount of a full-length SMN protein by, for example, af:tivati11fff’u11—reﬂuiatinv

SMN2 transcripiion in conjunction with modulating splicing for exon 7 inclusion to increase
Lhe amount of full-length SMN2 mBNA . In centain ernbodiments, full-length SMN protein 13
increased in an amount sufficient to reduce the symptoms associated with an SMMN-
deficiency-refated condition. In certain embodiments, fuii—}en;;th SWMN protein is increased by
at least 109 {e.z., at least 159, at least 20%, at least 25%, at least 30%, at least 35%, at least
4%, at feast 45%;, at least 30%6, at least 55%, at least 60%;, at least 6394, at least .:'()%, at least
75%, at least 80%, at least 85%, at least 90%, or ai least 95%).

The administration may be performed in any route of administration deemed useful. In some
embodiments, the administration route 19 focally at the site of a central nervous aystem
iocation. In some embodiments, the administration route 18 systemic,

In certain embodiments, double-stranded targeting oligonuciectide of the oligonucleotide
agent that increases the expression of the SMAZ gene or protein is an saRMA. The SMNZ
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saRNA sctivates or upregulates the expression of an SMN2 gene tn a cell in which the SMNZ
zene is normally, insufficiently, or incorrectly expressed.

In typical embodiments, a first sirand of the SMINZ 3aRMA comprises a segment that has at
icast 75% sequence identity or sequence commplementarity o a 16-35 rwcleotide fragment of
the promoter region of the ¥MN2 gene thereby effecting activation or upregnlation of
expresaion of the gene.

In certain embodiments of the present application, the SMNZ saRNA comprises a sense
nucieic acid strand and an antisense sucleic aord strand, the sense nucleie acid strand
comprising at least one region that is complementary o at least one region on the antisense
nuciete acid sirand to form a double~stranded nmucieic acid structure capable of activating
expression of the SMNZ gene o a cell.

In certain embodiments, the oligonuclectide aﬂ'en‘t has a nucleotide sequence that is af least
60% {e. 2., at feast 05%, at least 70%, st least 73%, at least BG%4, at least 85%, at least 90%%, at
least 95% . at feast 97%, at least 9996 or 100%%} 1denma1 to any ong of the saRNA sense
strand sequences SE{ H3 NOa: 66, 68, 70, 72, 74, 76, 78, B0, 82, 84, and &6, and an antisense
salNA strand having a nucieotide sequence selected from SEG 1D NO: 67, that has partial
complementarity with the sense strand  SEQ HD NGs: 06, 68, 70, 72, 74, 76, 78, 80, &2, 84,
and 86, reapectively

in certain embadiments, the oligonuclentide agent has a nucleotide sequence that is at fea
6% {e. 6, at least 65%, at least 70%, af feast 75%, at least (%, at least 85%%, ai least 9
feast 95%, at least 97%, at least 99% or 100%) wdentical to any one of the saRNA sense

strand sequence of ::«E:Q 113 NO: 66, and an antisense saRNA strand having a nucleotide
sequence selected from SEQ ID MNG: 67, that bas partial coroplementanty with the sense
strand selected from SEQ H> N} 66.9

aast
e, at

In certain embodiments, the oligonuciectide agent has a nuclectide sequence that is at Eeast
60% {e.g., at least 65%, at least 70%, at least 753%, at feast 30%, at least 85%, at least 90%,
icast 95%, at least 9, Va, at least 99%% or 100%) identical 1o the nucleotide sequences of Rh—
O4MI-AC2(10)-STLTV3v (8EQ 13 NO: 70) and an antisense siRNA strand having a
muzieo‘mde sequence of SEQ HY NG 67 that bas partial complementarity with the sense strand
of SEQ I NO: 70.9

in certain embaodiments, the oligonucteotide agent has a nucleotide sequence that is at igast
6% {e.g., at least 65%, at least 70%, at feast 75%;, at least 80%, at least 85%, at least 90%, at
feast 95%, at least 97%, at least 99% or 100%) wdentical to the nucleotide sequences of R6-
O4MI-ACZ{153-SIL IV v (SEQ D NG: 723 and an antisense siRINA sirand having a
rucieotide sequence of SEQ 1D MNO: 67 that has partial complerentanity with the sense strand
of SEC HX NG 72

In certain embodiments, the oligonuciectide agent has a nuclectide sequence that is af least
60% {e.g., at least 65%, at least T0%, at least 73%, at least 30%, at least 85%, at least 90%, at
feast 95%, at least 9 Yo, at least 99% or 100%) identical 1o the nucleotide sequences of Ro-
O4M1-AC2(143-5TLIV3v (SEQ 1D NO: 74 ) and an antisense stBRNA strand having a
nuclieotide sequence of SEC) I NG: 67 that has partial complementarity with the sense strand
of SEQ I NO: 749

In certain erabodiments, the oligonucieotide agent has a nucleotide sequence that is at least

6% {e.g., at least 65%, at least 70%, at feast 75%;, at least 80%, at least 85%, at teast 90%, at
at least 99% or 100%) identical to the nucleotide %equemm of Ro-

ieast 9556, at least 97%,
04M1-ALZ {(133-S1E3V3v (8EQ 1D NG 76} and an antisense siRINA sirand having a
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nucieotide sequence of SEQ I NG 67 that bas partial complementanity with the sense strand
of SEQ ID NO: 76 9

in certain embaodiments, the oligonucteotide agent has a nuclentide sequence that is at feast
6% {e. 6, at least 65%, at least 70%, af feast 75%, at least 8%, at least 85%, ai least 90%, at
feast 95%, at least 97%, at least 99% or 100%) wdentical to the nucleotide sequences of R6-
O4MI1-ACZ{(123-SIL1V3v (SEQ D NG: 78} and an antisense siRINA sirand having a
rucieotide sequence of SEQ 1D MNO: 67 that has partial complerentarity with the sense strand
of SEC HP NG 789

In certain embodiments, the oligonuclectide aoent has a nucleotide sequence that is at least
60% (e, at least 65%, at teast 70%, at least 73%, at least BO%%, at least 85%, at least 90%%, at
feast 95%, at least 97%, at Teast 99% or 100%) 1dcnt1f. al to the nudwudc sequences of Ré-
GAMIT-AC2(1T3-STLIVIv (SEQ 1D NIy 803 and an antisense siRMA strand having a
nucieotide sequence of SEQ I NO: 67 that bas partial coroplementarity with the sense strand
of SEQ I NO: 809

in certain embaodiments, the oligonucteotide agent has a nuclentide sequence that is at feast
6% {e.g., at least 65%, at least 70%, at feast 75%;, at least 80%, at least 85%, at least 90%, at
feast 95%, at least 97%, at least 99% or 100%) denncal to the nuclectide sequences of R6-
O4MI-ACZ(103-SILIV3v (SEQ D NG: 823 and an antisense siRINA sirand having a
rucieotide sequence of SEQ 1D MO: 67 that has partial complerentanity with the sense strand
of SEC HX NG 32

In certain embodiments, the oligonuciectide agent has a nucleotide sequence that 1s at Eeas:t
60% {e. ., at least 659, at teast T0%, at least 753%, at least B0%, at least 85%, at leagt 90%,
feast B5%, at least 9",'% at least 99% or 100%) identical o the nucleonde sequences of Rh—
04 1T-AC2(93-81L1V3v (SEQ 1D N{» 84) and an antisense siRMNA strand having a
IH!L.i’.Oﬁdb sequUence oi SEC Y NO: 67 that bas partial complementanioy with the sense strand
of SEQ D NG 84,

In certain embodiments, the ohgomucieotide agent bas a nucleotide sequence that s at least
60% {e.g., at least 65%, at least T0%, at least 73%, at least 80%, at least 85%, at least 90%, at
feast 95%, at least 97%, at least ‘7‘7,9 or 10056} identical to the nucleotide sequences of Ro-
040 AC“(R) STLIV3v (SEQ 1 NGO 86)Y and an antisense siRNA strand having a
nuclectide sequence of SEQ ID NGO 67 that has partial complementanty with tlh, sense strand
of SEQ D NG &6,

Methods of modulating gene expression

In some aspects, eligonucieotide agents of the present application can be useful for
therapeutic approaches to tregting discases such as spinal muscular atrophy (SMAY or ALS.

By non-limiting embodiments, the present apphication provides a method of decreasing or
stiencing the levels of mBNA transcript of a SOLH gene or S0D protein ina cell or
individual, comprising administering to a subject a pharmaceutical compaosttion disclosed
herein.

In some embodiments, the present application relates to a methoed for treating or delaying the
onset or progression of Amyoirophbic lateral sclerosis (ALS) in a subject, the method
comprising: adminmstering to the subject a pharmaceutical LOIﬁ})Oolthﬁ disciosed herein. In
some embodiments, the subject has sporadic ALS (SALS). In some embodiments, the subject
has farilial ALS (FALS)Y In some embodiments, the pharmaceutical composition decreases
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or silences the levels of mRNA transeript of a SGD7 gene ot SO proteinin g cell or
individual.

I some embodiments, the ACO of the ohgonucleotide agent improves the stability,
bicavailability, biodistribution, and/or celluiar uptake of the siRMA as compared to an
oligonucleotide agent without the AT In some embodiments, the ACGO of the
oligonucleotide agent wcresses the biodistribution of lBRNA within one ot more target Hssues
as compared to an sligonucleotids agent without the ACQO. In some embodiments, the ACO
of the oligonucleotide agent increases the biodistnbution of siRNA within two of more target
tissues as compared o an oligonucleoude agent without the ACO.

In some embodiments, the one of more target tiasues is selected from tissues of brain, spinal
cord, muscle, spleen, hung, heart, liver, bladder, and kidnev. In some embodiments, the one or
more targst tissues is selected from the group of prefrontal cortex, cerebellum, and rest of
brain; cervical, thoracic and humbar in apinal cord; beart, forelimb, hindlimb, nape, and
clutens.

In some embodiments, the oligonucleotide agent of the present application achieves a
decrease in full-length SOD protein that 1s tess than the amount achieved by admimstration
of the same amount of double stranded oligonuclestide such as 3 sikNA substance without an
ODV siructure used individually, with higher potency, reduced toxicity, or unwanied side
ettects. In some embodiments, the ohigomucleotide agent of the present application achieves g
decrease in full-length SO protein that 15 less than the additive effect of treatment with the
same amouunt of the double-stranded targeting oligonucleotide used wdividually.

Specifically, the oligonucleotide agent of the present application inhibits/down-regulates the
SO mBRINA trauscript by at least 10% (e.g., at least 20%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, ai least 80%, af least 90%, at least 95%, at least ©6%, at least
7%, at least 98%, at least 99%, or about 1009 as compared to baseline SO mBNA
pranseripty. In some embodunents, upon admunistenog the oligonucleotide agent disclosed o
the envbodiments, e.g., to a cell or a subject, the SO mENA transcript is
wnhibited/downregulated by at least 50%, 60%, 70%, 77%, 79%, 81%, 84%, 85%, and &8% at
10 oM treatinent compared to baseline SO0/ mRNA transeript in control group) in an in
vitre celi line. In some embodiments, an cligomucleontide agent inhibits or downreguiates the
SO mRNA tanscript by about 90%.

In some embodiments, the expression of O3/ gene is inhibited/downregulated by
administering the oligonucleotide agent disclosed in the embodiments toacell at a
concentration of at least 0.01 nM, e.g., 0.02 nM, 0.05 nM, 008 ob, 0.1 nd, G2 nM, 0.3 nM,
0.4 nM, 05 oM, 5.0 a0, 08 aM, T ab, 5 nM, 10 aM, 25 ndM, 30 nM, 75 oM, 106 oM, or 150
. In some embodiments, the 5007 gene coded protein (SODT protein) 1s
inhibited/downregulated by administering the oligonucleotide agent disclosed 1 the
embodiments, e.g., to a cell or a sulject. The knockdown of the XOD1 prolein by at least at
feast 10% (e.g., at least 209, at least 30%, at least 40%, at least 50%, at least 60%, at least
T, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%. at least 98%, at least
99%, or about 100%, as compared to baseline expression of the SODH protein). Iy some
embodiments, an oligonucieotide agent inhibits or downregulates the expression of the SODH
proteiry by about 90%. In some embodiments, the SOD protein 1s inhibited/down-regulated
by adminisiering the ohigonucieotids agent disclosed in the embodimentsto a cell at a
concentration of at least 0.01 nM, e.g., 0.02 nM, 0.05 nM, 008 ob, 0.1 nd, G2 nM, 0.3 nM,
G4 nM, 0.5 aM, 5.0 oM, 08 nd, | ab, 2 oM, 3 oM, 4nbkd, 5 oM, 10 b, 25 oM, 50 oM, 75
nivl, 100 nM, or 150 oML
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In some embodiments, the ohigonucleotide sgents disclosed in the erobodiments have a dose-
dependent knockdown activity in cells. In some embodiments, the oligonuclentide agenis
knockdown the 52337 mRBNA transcript in cells with a 1050 of less than 10 nbd, 5 nM, 4 ol
3ob 2 nM, T ab, 08 ob, 0.6 b 05 nM 04 nM, 03 nM, 02 oM. 01 oM, 008 nd, 0.06
v .04 oM, 0.02 oM, 8.01 nM, 0.008 oM, or 6.005 sM.

Another aspect of the present apphication relates to a method for preventing of treating a
disorder or condition induced by over-expression of SO protein, 2 5007 gene mutation,
and/or high SO mBNA levels in an individual comprising: administering an effective
amount of the siRNA | the oligonucleotide agent, or the composition comprising the
cligonuclentide agent disclosed herein to the individual. In some emboediments, the effective
amount of the stRNA disclosed herein can be a concentration ranging from 007 oM to 50
aM, 2., 001 oL 0.02 nM, 0.05 nM, 0.08 M, 0.1 oM, 0.2 iM, 0.3 1M, 0.4 nM, 0.5 M, 0.6
nh, G.& nM, 1 ob, 5 nM, 10 ab, 25 nM, SO abM, 75 oM, 100 nM, or 150 oM. In some
embodiments, the disorder or condition s ALS. In some embodiments, the individual s a
mammal. In some embodiments, the individual 15 a human,

In any of the embodiments provided herein, such cells may be ex vivo, such as cell hines, and
the like, or may be present in mammalian bodies, such as hurnans. In some embodiments, the
human is a subject or individual suffening fron a SO protein related condition or ALK

Anocther aspect of the application relates to the use of an cligonuclestide agent of the present
application, a nucleic acid encoding two or more cligonucleotides of the oligonudlectide
agent of the present application or a composition comprising the oligonucieotde agent of the
present application or a nucleic acid encoding two or more oligonuclectides of the
ohigonucleotide agent of the present for the preparation of a2 medicament for the treatment or
delaying the onset of an SMM-deficiency-related condition or ALS. The subject mav be a
mammal, such as a human. The subject mav be an infant, a chitd or an adult.

In certain embodiuments, the oligonucieotide ageot of the present application achieves a
decrease in full-length SOD1 protein that 15 less than the amount achieved by administration
of the same amount of double stranded oligonuclestide substance used individually, with
reduced toxicity or unwanted side effects. In certain embodiments, the oligonucleotide agent
of the present application achieves a decrease in fulldength SODI protein that is less than the
additive effect of treatment with the same amount of the double stranded targeting
ohigonucleotide used individually.

In certain embodiments, the effect of the oligonucleotids agent of the present application
achieves a greater chinical improvement compared to the effect of the same amount of etther
substance used individually. fn certain embaodiments, the effect of the cligonuclentide agent
achieves a greater than additive chivucal improvement compared o the effect of the same
amount of double-stranded ohigonucieotide used individualiy,

I any of the embodiments provided herein, such ohigonucleotide sgent, vucleic acids
encoding the oligonuclectide agent of the present application, or composilions COMpPrising
such cligonuclentide agent or nucleic acids encoding oligonucieciide agent of the present
apphication may be introdoced divectly into a cell, or may be produced mtracetiularty upon
introduction of a nuclectide seguence encoding the ohigonucleotide agent into a cell,
preferably a mammalian cell, more preferably a human cell. Such cells may be ex vive, such
as celf Hines, and the like, or may be present in moammalian bodies, such as humans. o some
embodiments, the human is a patient or individual suffering from a SMN-deficiency-related
condition or ALS. In certain embodiments, a nucleic acid encoding an ohigonucleotide agent
or @ composition comprising the aforementioned oligonuclectide agent or 2 nucieio acd
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encoding an oligonuciectide agent of the application, in respective amounts sufficient o
effect treatment of ALS.

fn certain embodiments, the baseline reasurement 1s obtained from a biclogicsl sample, a3
defined herein, obtained from an individual prior to admimstering the therapy described
herein. In certain emsbodiments, the biological sample 15 peripheral blood mononuclear cells,
blood plasma, serum, slao tissue, cerebrosproal thnd (CSFY

Methods of treating ALS

Aspects of the present methods include methods of treating ALS in & subject comprising
administering to the subject a pharmaceutical composition comprising an oligonucieotide
agent of the present application and a pharmacentically acceptable carrier,

Among the known genes underlining ALS, SO gene still remains a major cause of fALS
and has been considered 1o be an unportant ALS drug target. The homan SOV gene 13
iocated on chromosome 2142211 and located from base pair 33,031,935 o base pair
33,041,241 with a genomic size of 8307 bp. 07 gene codes for the monomeric SO
protein {153 anuno acids, molecular weight 16 kda), avd also encodes for the detoxifying
copper/zine Mnding SOD1 enryme, which has been found 0 be focalized mainly in the
cvtosol, as well as in the nucleus, peroxisomes, and mitochondria. The first description of the
ALS disease dates hack to at feast 1824 by Charles Bell, however, SO as the first risk gene
of ALS was discovered in 1993 When the first S0/ transgenic mouse model (SO0 Y94
was established tn 1994, indicating that the research on ALS entered a new era. All these
hines of evidence mdicate that S0P mutants cause disease most probably via g gain-of-
function, and reducing tis levels may be beneficial. The excessive oxtdation of wild-type
SOD1T induces toxic conformational changes SO silencing significantly attenuated
astrocyte-mediated toxicity towards motor neurons. Therefore, stiencing SO expression i3
an important strategy for the treatment of ALS,

2

The present application provides an oligonucieotide agent with an efficient and effective
ohigonucleotide delivery vehicle The agent comprising a double-stranded siRNA {argeting
ohigonucleotide is observed o treat ALS by inlubiting the expression of SGDT gene through
the RMAT silencing mecharism. The present application provides SOD siRNAs with potent
inhibitory effect, when covalently Hnked with an QDY (AT, which was found by the
inventors to be beneficial for use 1o the treatment of ALS.

In some embodiments, the subject bas sporadic ALS (sALS) In some embodiments, the
subject has famibial ALS (FALS) In some embodimenis, the subject with ALS has wocreased
or abnormal SOD1 full length protein expression. In some embodiments, the double-stranded
oligonuclectide of the oligonucieotide agent decreases or stlences the expression of the SOBY
zene or SOD1 protein.

[

In certain embodiments, the ACO of the ohigonucleotide agent improves the stability,
bicavailability, biodistribution, and/or cellular uptake of the double-stranded oligonucleonde
as compared to an oligonuciectide agent without the ACG. In some embodiments, the ACO
of the oligonuclectide agent increases the biodistribution of double siranded oligonucleotide
the within one or more target tssues as compared to an oligonucleotide agent without the
AL In some embodiments, the ACO of the oligonuciestide agent increases the
biodistribution of double stranded oligonucieotide the withio two or roore target fissues as
compared to an oligonuclentide agent without the ACQG

In some embodiments, the one or more farget Bissues is selected from: prefrovtal cortex,
cerebellum, muscle, liver, and kidney.
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Cells comprising siBRA

After contacting a cell, the oligonucleotide agent disclosed herein can effectively inhibit or
downregulate the expression of SO/ gene o g cell, for example downregulate the
expression by at feast 10%% {e.g., as compared to baseling SOD7 transcription}.

In some embodiments, the present application relates to a cell comprising the oligonucieonde
agent disclosed herein. In some embodiments, the cell s 2 mammalian cell. In some
embodiments, the cell i3 a human cell, such a5 a human cell in various tissues o organs
wncinding brato, spinal cord, muscle, spleen, lung, heart, Bver, bladder, and kidneyv. o some
embodiments, the cell in target tissues i3 selected from the group of prefrontal cortex,
cerebellum, and rest of brain, cervical, thoracie and lumbar in spinal cord; beart, forelimb,
hindlirab, nape, and gluteus muscles,

The cell disclosed herein may be in vitro, or ex vive, such as a cell Hine or a cell strain, or
roay exist in a maromaliao body, such as a human body. The human body disclosed herein s
a subject suffering from a disease or symptom caused by a SO/ gens mutation, abnormal
SO mRNA level, and/or overexpression of SCD1T protein in NS,

In some embodiments, the celi is from a CMNS tissue of a subject suftering frony ALS In some
embodiments, the cell is from a subject sutfering from ALS.

Compositions of an oligsnucleotide agent

Another aspect of the present apphication provides a pharmaceutical composition comprising
the double stranded targeting oligonucleotide and the non-targeting single-stranded
ohigonucleotide as described in the present application.

The present application provides & composition or pharmaceutical composition capable of
downregulated the level of 50207 mBNA transcript by the mechanism of action (MoAj of
RNA juterference, comprising the oligonucleotide agent disclosed heren, to freat or prevent
onset of 3 SCD related dissase {particularty ALS).

fn some embodirents, the present application relates to a composition or pharmaceutical
composition comprising the siRNA of the present application. In some embodiments, the
present application relates 10 3 composition of pharmacentical composition comprising the
stRINA and the ACO as descrbed heren. In soroe erobodiroents, the present application
relates to a composition or pharmaceutical compostiion comprising the siRNA and the ACO
covalently linked by a linking component a3 described berein.

in some embodiments, the pharmacentical composition further comprises at least one
pharmaceutically acceptable carrier. In one embodiment, the pharmaceuntically acceptable
carrier includes one or more of an agueous carrier, liposome or LINE, polvmer, micelic,
cotiold, metal nanoparticle, non-metallic nanoparticle, bitoconjugates {e.g., GalNAc), and
polypeptide. In one embodiment, the agueous carrier may be, for exarople, RNase-free water,
or RNase-free butfer. The composinon may contain 1-150 nM, for example 1-100 oM, for
exampig 1-30 nM, for example 1-20 oM, for example 10-100 nM, 10-50 aM, 20-50 oM, 20-
OO nM, for example 530 nM of the aforementioned oligonucleotides or rucleic acid encoding
the oligonucieotides according to the present application.

fn some embodirnents, the composition comprises 1-150 uM of the oligonucleotide agent of
the present application

Another aspect of the present apphication relates to the use of the oligonucleotide agent as
described herein, a nucleie acid encoding the oligoructeotides agent as deseribed herein, or a
composition comprising such oligonuclteotide agent or 2 nuclere acid encoding the
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oligonuclectide agent as described heretn, where the double-siranded targeting
oligomiclectide and the single-stranded oligonucieotide are covalently linked, for the
preparation of cue of more compositions for modulate the expression of one or more genes of
proteins expressed by a cell

Another embodiment provides pharmaceutical compositions or medicaments comprising the
agents of the present apphication and a therapeutically inert carner, diluent ot
pharmaceutically accepiable excipient, as well as methods of using the agents of the present
application to prepare such compositions and medicaments,

For the ohigomucleotide agent composttions of the present application, the delivery can be
optionally through parenteral infusions including intrathecal, intramuscular, intravenous,
intraartenial, intrapernitoneal, intravesical, intracerebroventrnicular, intravitreal or subcutaneous
adnvinistration; or through oral administration, intranasal administration, inhaled
adorinistration, vaginal adoinistration, or recial administration

A typical formulation is prepared by mixing an agent of the present application and a carrier
or excipient. Suttable carriers and excipients are well known to those skilled in the art and are
described in detail in, ez, Ansel H C et al| Ansel's Pharmaceutical Dosage Forms and Drug
Deltvery Systems {2004} Lippincott, Williams & Witkins, Philadelphia; Gennarc AL R et al
Remington: The Science and Practice of Pharmacy {2000) Lippineott, Williams & Wilkins,
Philadelphig; and Rowe R C, Handbook of Pharmaceutical Excipients {2005} Pharmaceutical
Press, Chicago The formulations may alse include one or more butters, stabilizing agents,
surfactants, wetting agents, lubricating agents, emulsifiers, suspending agents, preservatives,
antioxidants, opaquing agents, ghdants, processing aids, colorants, sweeteners, perfuming
agents, Havoring agents, diluents and other known additives fo provide an elegant
presentation of the drug (Ve an agent of the present apphication or pharmaceutical
composition thereof) or aid in the manufacturing of the pharmaceutical product (i.e.,
medicament}.

3

Compositions of the present application are formulated, dosed, and administered inv a2 fashion
consistent with good medical practice. Factors for consideration in this context include the
particular disorder baing treated, the particular mammal being treated, the chinical condition
of the individual patient, the cause of the disorder, the site of delivery of the agent, the
method of administration, the scheduling of administration, and other factors known to
medical practitioners.

In anocther aspect, the application provides use of the oligonucleotide agent, according 1o any
one of the embodiments described herein, or a composition according to any one of the
embodiments described heretn, iy the manufacture of a medicament for the treatment of gene
or proieto-related condition 1y an individual. The use according to certain erobodiroents, the
condition can include a SMMN-deficiency-related condition that comprises ALS. The use
according to certain embodiments, the condition can inchude a SMN-deficiency-related
condition that compnises a hereditary neuromuscular disease, preferably spinal muscular
atrophy. In other emnbodiments, the condition can include an immune-related condition, such
as cancer. Also provided is the use according to certain embodiments wherein the individual
is & maromal, preferably a human,

Dose regiments and vouie of administration

Aspects of the present application relate to a pharmacentical composiiion comprising the
oligonucleotide agent of the present application. In some embodunents, the pharmaceutical
composition comprising the oligonucieonide ageot of the present application and a
pharmaceutically acceptable carrier, a therapeutically inert carrier, difuent or
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pharmaceutically acceptable excipient. The pharmaceuiical compuosition disclosed herein 1z to
be developed into a medicament preventing or treating the SOD1 protein related condition or
ALS,

Aspects of the present application also relate to methods of using the oligonuclectide agenis
of the present application to prepare such composifions,

Another aspect of the present application relates to use of the ohigonucleotide agent of the
present application in manutacturing the pharmaceutical composition disclosed herein.

Ancther aspect of the present application relates to use of the cligonuclentide agent,
according to any one of the embodiments described berein, or a composition according 10 any
ong of the embodiments described herein, in the manufaciure of a medicament for the
prevention or treatment of gene or protein-related symiptom induced by the over-expression
of 80 protein, a SOT gene mutation, and/or high SCDBT protemn levels in an jndividual,
For the use according o ceriain erobodiments, the condition can include a SODT protein-
mutation-related disorder or condition that comprises ALS. For the use according to certain
emsbodiments, the symwptom indaced by over-expression of abnormal SCD T protein is ALS.
Also related 15 the use according 1o certain ermbodiments wherein the individual 15 a mammal,
for example a haman.

The dosage at which the ohigonucieotide agents or compositions of the present application
can be administered can vary within wide limits and will be fitted to the individual
requirements in each case. In some embodiments, a first dose of a pharmaceutical
composition according to the present application 1s administered when the subject is less than
one week old, less than one month old, less than 3 months old, less than 6 months old, less
than one-vear-old, less than 2 vears old, less than 13 years old, or older than 15 years old.

The single dose of the oligonuciectide agent can be a single dose ranging from 0.01 mg/kg to
FO00 mo'kg for example, about 001, 002,005, 0.1, 62,05, 1,2, 25,5, 75 10,125, 15,
17.5, 20, 15, 30, 40, 50, 75, 100, 120, 150, 200, 250, 360, 400, 500, 750, or 1000 my/kg. The
doses described berein may contatn two or more of any of the oligonucleotide agent
sequences descnibed herein.

in some embaodiments, the proposed dose frequency 18 approximate. For example, in some
embodiments if the proposed dose frequency 18 a dose at day 1 and a second dose gt day 29,
an ALS patient may receive a second dose 25, 26, 27, 28, 29, 30, 31, 32, 33, or 34 days atter
receipt of the first dose. o some embodiments, if the proposed dose frequency is a dose at
day 1 and a second dose at day 15, an ALS patient may recerve a second dose 10, 11 12, 13,
14, 15 16, 17, 18, 19, or 20 days after receipt of the first dose. In some embodiments, if the
proposed dose frequency is a dose at day | and 3 second dose at day 85, an ALS patient may
recetve a second dose 80, 81, 82, 83, 84, 85, 86, 87, B8, 89, or 90 davs after receipt of the first
dose.

In some embodiments, the dose and/or the volume of the injecnion will be adjusted based on
the subject's age, the subject's body weight, and/or other factors that may regquire adjustment
of the parameters of the injection.

In some embodiments, pharmaceutical compositions comprise a co-solvent system. Certain of
such co-solvent systems comprise, for example, benzyt alcohol, 3 nonpolar surfactant, a
water-miscible organic polviner, and an agueous phase. In some embodiments, such co-
sobvent systems are used for hydrophobic compounds. A non-limiting example of such a co-
sobvent system 18 the VP co-solvent system, which 1s a solution of absolute ethanol
comprising 3% w/v benzyl aleohol, 8% w/v of the nonpolar surtactant Polysorbate 807 and
65% wiv poivethylene glyeol 300, The proportions of such co-solvent svatems may be varied
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considerably without sigmBicantly sltering their solubility and toxicity characieristics.
Furthermore, the identity of co-solvent components may be varted: for example, other
surfactants may be used instead of Polysorbate 80T, the fraction size of polyethyiene glycol
ray be varied; other biccompatible polyimers yoay replace polvethylene glyeol, e.g.,
polyvinyl pyrrofidone; and other sugars or polysaccharides may substitute for dextrose.

Exaroples of other compositions or componenis associated with the ohigorucieotide agent,
compositions, pharmaceutical compositions, and methods described heretn inchude, but are
not Hited to) diluents, salis, butfers, chelating agents, preservatives, drving agents,
antinucrobials, needies, syringes, packaging materials, tubes, bottles, flasks, beakers, and the
iike, for example, for using, modifving, assembling, storing, packaging, preparing, mixing,
diluting, and/or preserving the components for a particular use. In embodiments where hiquad
forms of any of the components are used, the hiquid form may be concentrated or ready to
use.

i some embodirnents, lipid moietios used o nucleic acid therapies can be applied in the
present application for delivery of the oligonuciectide agent molecules disclosed herein. In
such methods, the vucleic acid {e.g., cue or wore oligonuclectide agenis described bereind s
intraduced into preformed Hposomes or lipoplexes made of mixtures of cationic lipids and
aeutral lipids. In certain methods, oligonuclestide agent complexes with mono- or poly-
cattonde hipds are formed without the presence of a neutral lipid. In some embodunents, a
fipid motety is selected to increass distribution of 2 pharmaceutical agent to a particular cell
or tissue. fn some embodinenis, a hpid moeiety 13 sefected (o increase distribnstion of &
pharmaceutical agent to far tissue. In some embodiments, 8 ipid moiety 18 selected to
increase distribution of a pharmaceutical agent 1o muscle tissue.

In somne embodiments, phammacentical compositions comprise a delivery sysiern. Examples
of delivery systems inciude, but are not Emited 1o, liposones and emulsions. Certain delivery
systens are wseful for preparing certain pharmaceutical compositions including those
comprising hvdrophobic compounds. In some embodiments, certain orgaric solvents such as
dimethylsulfoxide are used.

i sorne embodirnents, pharmaceutical compositions comprise ong or more tissug-specific
delivery molecules designed 1o deliver the one or more pharmaceutical agents of the present
application to specific tissues or cell types. For example, in some embodiments,
pharmaceutical compositions include liposomes coated with & tissue-specitic antihody.

In some embodiments, the oligonucleotide agent can be delivered or administered via a
vector. Any vectors that may be used for gene delivery may be used. In some embodiments, a
viral vector may be used. MNon-limiting examples of viral veciors that may be used in the
present application include, but are not houted to, human immunodeficiency virus, HSY,
herpes simplex virns; MMSY, Moloney murine sarcoma virgs; MSCVY, murioe stem cell
vinus, SFY, Semlila Forest virgs, SIN, Sindbis virus, VEE, Yenezuelan equine encephalitis
virus, VSV, vesicular stomatitis virgs, VYV, vaccinia virus, AAY, adenc-associgted virus,
adenovirus, lentivirus:, and retrovirus.

In some embodiments, the vector s a recombinant AAY vector, AAY vectors are DNA
viruses of relatively small size that can integrate, 1o a stable and site-specific manner, into the
genonme of the cells that they infect. They are able to infect a wide spectrum of cells without
inducing anv effects on cetlular growth, morphology or differentiation, and they do not
appear o be inveived in human pathologies. The AAY genome has been cloned, sequenced
and characterized. It encompasses approximately 4700 bases and contains an woverted
termainal repeat (ITR) region of approvimately 145 bases at each end, which serves as an
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origin of replication for the virus. The remainder of the genome 1s divided 1oto two essential
regions that carry the encapsulation functions: the left-hand part of the genome, that contains
the rep gene tnvolved in viral replication and expression of the viral genes; and the right-hand
part of the genome, which contains the cap gene encoding the capsid proteros of the virus,

AAY vectors may be prepared usiog standard methods 1o the art. Adenc-associated viruses of
any serotype are suitable (see, e.g., Blacklow, pp 165-174 of "Parvoviruses and Human
Disease" }. K. Pattison, ed. {1988}, Rose, Comprehensive Virelogy 3:1, 1974, P. Tattersall
“The Evolution of Parvovirus Taxonomy" In Parvoviruses (J R Kerr, S F Cotmore M E
Bloom, R M Linden, € R Parrish, Eds. ) p 5-14, Hudder Arnold, London, UK {2006, and DE
Bowles, | E Rabunowitz, R} Samulski "The Genus Dependovirus” {J R Kerr, § F Cotmore,
M E Bloow, R M Linden, C R Parrish, Eds. ) p 15-23, Hudder Aroold, London, UK {2006},
the disclosures of which are hereby incorporated by reference herein in their entireties).
Methods for purifying Tor vectors may be found in, for example, 118, Pat. Mos. 6,566,118,
6,989,264, and 6,993,000 and WO/1999/011764 ttled "Methods for Geverating High Tier
Helper-free Preparation of Recombinant AAY Vectors”, the disclosures of which are herein
incorporated by reference in their entivety. Preparation of hybrid vectors 15 described in, for
example, PCT Application No, PCT/USZG0S/027091, the disclosure of which is herein
incorporated by reference in its entivety. The use of vectors derived from the AAVs for
transferring genes in vitro and fr vivo has been deseribed (See e g, International Patent
Application Publication Nos: 91718088 and WO 93/09239; U 8 Pat Nos. 4,797 368,
£,590,535, and 5,139,941, and European Patent No: 0488528, all of which are hersin
incorporated by reference in their entirety) These publications describe various AAV-derived
constructs in which the rep and/or cap genes are deleted and replaced by a gene of interest,
and the use of these construacts for transferring the gene of interest i vitro (into cultured
cellsy or in vive (divectly 1oto an orgamsm ). The repheation defective recombinant AAVS
according o the application can he prepared by co-transfecting a plasnud containing the
nucleic acid sequence of interest flanked by two AAV inverted terminal repeat (ITR} regions,
and a plasimid carrving the AAY encapsulation genes (rep and cap genes), wio a cell line that
i5 infected with a human helper virus (for example an adenovims). The AAY recombinanis
that are produced are then purified by standard technigues.

In some embodiments, the vector{s} for use in the methods of the application are
encapsulated into a virus particle (.4, AAY virus particle including, but not linuited to,
AAVE AAVZ AAVE, AAVA AAVS, AAVS, AAVT, AAVE AAVY AAVID, AAVIL
AANVIZ, AAVIZ, AAVI4 AAYVES, and AAVIE)Y Accordingly, the application may include
a recombinant virus particle {recombinant because it containg a recombinant polynuclestide}
comprising any of the vectors described herein. Methods of producing such particles are
known in the art and are described in U5, Pat. Nao. 6,566,535,

In & particular embodiment, the cligonuclectide agent shows a greater than addinve effect or
synergy in the treatment, prevention, delaving progression and/or amelioration of diseases
caused by the SO gene, and additionally for the protection of cells implicated in the
pathophysiology of the disease, particularly for the treatment, prevention, delayving
progression and/or amelioration ALK,

In some embodiments, the delivery of the pharmaceutical composition comprising the
oligonuclectide agent can be through parenteral infusions including intrathecal,
wntramuscular, infravenous, ntraarterial, intraperitoneal, indravesical, intracerebroventricular,
intravitreal or subcutaneous adminstration, or through oral administration, intranasal
administration, inhaled administration, vaginal adminisiration, or rectal administration.
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In certain embodiments, where a dose of the cligonucleotide agent 1s adminisiered as an
intrathecal injection by humvbar puncture, the use of a smaller gauge needie may reduce or
ameliorate one or more symptoms associated with a lumbar puncture procedure. o certain
embodiments, symptoros associated with a lumbar punciure wchude, but are not himiied to,
post-lumbar puncture syndrame, headache, back pain, pyrexia, constipation, nausea,
vomiting, and puncture site pain. In ceriain embodiments, use of a 24~ or 25-gange needle fur
the lumbar puncture reduces or ameliorates one or more post lumbar puncture symptoms. In
certain embodiments, use of a 21~ 22+ 23+, 24~ or 25-gauge neadle for the lumbar puncture
reduces or ameliorates posi-lumbar punciure syndrome, headache, back pain, pyresia,
constipation, nausea, vomiting and/or puncture site pain.

In certain embodiments, the dose and/or the volume of the injection will be adiusted based on
the patient's age, the patient's C8SF volume, or the patient's age and/or estimated CSF volume.
{For example, see Matsuzawa §, Mataui M, Komshi T, Nogachi X, Gur R C, Bilker W,
Mivawaki T Age-related volumetric changes of brain gray and whute matter in healthy
infants and children. Cereb Cortex 2001 Apnil; 11{43335-342, which 15 hereby incorporated
by reference tn it entirety ).

Kiis

fn another aspect, any of the corpositions described herein can be provided 1o one or more
its, optionally including instructions for use of the compositions. That s, the kit can include
a deacription of use of an oligonuclectide agent or composition in any method described
herein. A "kat” as used berein, typically defines a package, assembly, or container (such as an
insulated container) including one or more of the components or embodimends of the
application, and/or other components associated with the application, for example, a3
previously described. Any of the antes or components of the kit may be provided in lquid
form {e.g., in solutiony, or in solid form {e.g., a dried powder, frozen, eto ).

In some cases, the kit includes one o more components, which may be within the same ot in
two of mode receptacies, and/or in any combination thereof. The receptacie is able to contain
a hegpad, and non-limiting examples inchude bottles, vials, jars, tubes, flasks, beakers, or the
itke. In some cases, the receptacle 15 spill-proof (when closed, liquid cannot exit the
receptacie, regardless of orientation of the receptacle).

Exaroples of other compositions ot components associated with the agents, compounds and
methods described herein inchude, but are not limited to: diluents, salts, buffers, chelating
agents, preservatives, drying agents, antimicrobials, needles, syringes, packaging matenals,
tubes, hottles, flasks, beakers, and the hike, for example, for using, moditying, assembling,
storing, packaging, prepanng, mixing, diluting, and/or preserving the components for a
particular use. In embodiments where hqud forms of any of the components are used, the
higuid form may be concentrated or ready to use.

In additional emnbodiments, a kit can tnclude instructions or instructions 1o a website or other
souree in any forra that are provided for using the kit in connection with the components
and/or methods described herein. For instance, the instructions may include instractions for
the use, wodification, moang, diluiing, preserving, assembly, storage, packaging, and/or
preparation of the components and/or other components assoctated with the lat In some
cases, the instructions may also tnclude wnatructions for the delivery of the components, for
example, for shipping or storage at room temperature, sub-roro temperatures, Cryogenic
temperatures, eic. The instructions may be provided in any form that is useful to the user of
the kat, such as written or oral {e.g., telephonic), digiial, optical, visual {e. g, videotape, DVD,
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ete ) and/or electronic comumunications (ncluding luternet or web-based communications),
provided iy any manner.

Materials and methods

eneral methods

Ntarting materials, reagents and solvenis for organic synthesis were purchased from
commaercial sources and used as received unless stated otherwise. Purification of reacticns
praducts was performed by column chromatography using silica gel (200-300 mesh) and
eluting with hexansg/ethyi acetate, BUM/MeQGH. Thin layer chromatography (TLC) was
carried out using precoated silica Gel GF plates and visualized using KMnO4 stains, 1H-
NMK spectra were recorded at 400 or 500 MHz (Varian) using CBCLS with TMS. Mass
spectra (M3} were recorded on LE/MS (Agilent Techuologies 1260 Infinuy IF6120
Quadropole) and a time-of-flight mass spectrometer by EST or matrix assisted laser
desorption/ionization (MALDI}.

Olisonucleotide Svnthesis

The oligonucleotides used were synthesized ona K&A DNA synthesizer (K& A Laborgeraete
GbR, Schaatheim, Germany ) by using solid phase technigue. Briefly, during solid phase
synthesis, phosphoramidite monomers inchuding various Haokers and conjugations (0. 1M in
acetonitrile or dichloromethane), were added sequentially onto a solid support o generate the
desired full-length oligonuclectides. Each cycle of base addition consisted of four chemical
reactions inchiding detritviation, coupling, oxidation/thiolation and capping.

G

Detrityiations were performed using 3% dichioreacetic aoid (TCA) in DOM for 45 seconds
and capping was done with a 16% Ne-methylmidazole tn THF {CAP A} and THEF acetic
avhydride 2, 6-lutidioe, (30:10:10, v/ (CAP B for 20 seconds . Sulfunizations were
carried out with 0.1 M sclution of xanthane hydride in pyridine/ACN (8850, v/v) for 3
minutes. (hadation was performed using (.02 M iodine in THF pyridine water (70:20:14,
vivivy for 60 seconds. Phosphoramidite coupling times were 360 s for all amidites.

Deprotection [ {Nuacleohase Deprotection) After completion of aynthesis, the sohd support
was then transterred 10 a sorew-cap microcentrifuge tube. For a | b synthesis scale, a
mixture of 33% methylamine in ethanol and | ol of ammonium hydroxide was added. The
tube containing the solid support was then heated in an oven at 60°C to 65°C for 15 min and
then allowed to cool to room temperature. The cleavage solution was coliected and
evaporaied to dryness in a spesdvac.

Deprotection [ {Removal of 27-TBDMS Group): The crude RNA oligosucleotide, still
carrying the 2°-TBDMS groups, was disscived in 0.1 ml of BMSO. After adding | mi of
Triethyvlamine 3HF, the tube was capped, and the mixture was shaken vigorously 1o ensure
complete disselution. The bottle was heated in an oven at $0°C 10 65°C for 3 10 3.5 hours.
The tube was removed from the oven and cooled to room temperature. The sclution
containing the completely desilylated oligonucleotide was cooled on dry ice. 2 mis of ice-
cold n-butanol (-20°C) were carefully added in 0.5 mi portions to precipitate the
cligonucleotide. The precipitate was filtered, washed with 1 ml ice-cold n-tatandl, and
subseguently dissolved 1 2M TEAA (friethyvlammonium acetate). The orude oligovucleotides
were then purified by exchange (JEX) HPLC using a source 150 column. Purity ot the
fractions were analyzed by 1on exchange (IEX) HPLC using Column BNA Pac™ PAT0O
Following the generation of desalted punified single-strand solutions, a duplex was made by
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annealing two coroplimentary single~-stranded oligonucieotides, which were subsequently
tvophilized fo powdsr.

BP-HPLC and ESI-MS

Oligonucieotides were analyzed via reverse phase chromatography (fe., RE-HPLC) (Waters
¥Bridge oligonucleotide BEH C18 130A) using an acetontribe grant and detection
wavelength of 260 nm to quahify oligonuclectide purtty. Electrospray 10rzation mass
spectrometry (EX-MS) was performed on deaalted oligonucleotides remuspended in
water/acetomiriie (50:50) containing 1% (vol/vol) triethyvlarioe 1o negative 1on mode,

Cell culture and treatment

SMA patent-derived fibroblasts including GMO3R13 (SMA type I with 3 copies of SMN2
gene) and GMOSOTT (SMA type Twith 3 copies of SMMNZ gene} cells were obtained from
Corell Institute (Camden, NI, USA) Both cultures were maintained at 37°C with 5% COs in
moditied MEM medium (Gibeo, Thermo Fisher Scientific, Carlsbad, CA) supplemented with
15% bovine calf serum {Sgma-Aldrich), 1% MNEAA (Gibeo), and 1% penicillin/streptomycin
{{nbco). Mouse neural stem cell line NSC-34 (BNCC341122, Beiping, China), HEKZ93 4
{Cobloer/CBPGO436, Nanjing, China)}, and N8C-34 (BNC{341122, Beiting, China) cells
were cultured at 37°C with 5% CO» in DMEM ({3iboo) medium supplemented with 10%
bovine calt serum {Sigma-Aldrich) and 1% penicitlin/streptomycin {Gibeo). Primary mouse
hepatocytes {(PMH) were isclated from the liver of Type [ SMA {Smnl”", SMNZ™) mice.
PMH celfs were cultured at 37°C with 3% CO2 in modified DMEM medium (Gibeo, Thermo
Fisher Scienufic, Carlsbad, CA) supplemented with 10% bovine calf serum {Sigma-Aldrich)
and 1% penictilin/streptomyein {(Gibeo). SH-8Y5Y cells (SCSP-5014, Chinese Academy of
Sciences, Shanghai, China) were cultured at 3% COy and 37°C 1w MEM medinm {(Gibeo,
Thermo Fisher Scientitic, Carlsbad, CA) supplemented with 10% bovine calf serum (Sigma-
Aldrich) and 19 penicillin/streptomycin (Gibeo) Neuro-2a {N-2a, BNC{U338529, Beijing,
China) were cultured at 3% C0O: and 37°C 1w EMEM medium {(Gibeo, Thermo Fisher
Neientific, Carlsbad, CA} supplemented with 10% bovine calf serum (Sigma-Aldrich} and 1%
pesicilin/streptomycin {ibeo). Human ghoma cell line TORG {ATCC) cells were cultured a1
37°C with 5% €02 1 modified MEM medium {Gibeo, Thermo Fisher Scientific, Carlshad,

C A} supplemented with 10% bovine calf serum (Sigma-Aldrich) and 1%
penictlin/streptomycin (Gibeo), Humwan cervical carcinoma cell Hela (ATCC) cells wers
cultured at 37°C with 3% CO2 in modified RPMI 1640 medium {Gibeo, Thermo Fisher
Neientific, Carlsbad, CA} supplemented with 10% bovine calf serum (Sigma-Aldrich} and 1%
pemcillin/streptomyern {(Gibeo), The T93G, Hela and HEK293 A cells were seeded into 24-
well plates at 101074 cellsfwell. s5iRNAs (note: the oligonucieotide agents in the present
invention are simplified as “siRNA” in the description of materials, methods and examples
hereatter} were individually transtected nio the cells 1o each well at indicated concentration,
or any other concentrations with 0.3 pb of RNAIMAX (Invitrogen, Carlsbad, CA) by
following the reverse fransfection protocol respectively, and the trapsfection duration was 24
hours. Other cells were seeded into 6- and 96-well plates at a final density of 1~2 x 107 and
6000 cells/well, respectively. Mock (blank control} was transfected in the absence of an
oligonucleotide. dsCon2 duplex was transtfected as a non-specific duplex control. All
oligonuclectide sequences including RNA duplexes and ODV constructs used for cell
treatments are listed in Table 2, Table 3 and Table 8. ACO sequence are listed i Table 7.

79



PCT/CN2022/104037

WO 2023/280190

61 Vs OV EVIVIDI VIOV VIV, DUL D 9% 1G0s VNS H-88L-TUOSE
0T {5 T80 O 10 1 DU (1 DWW O W T VWD YUY L0, T T 124 ‘ ) e
- -~ - 1Q0S YN S-167- 108
¢t V3 DU DINUNIDW IV OO IV VD] vy
0¢ (1 VO D (Y 0R T 3 (1 DWW W VDI VY IOWL ] (10 € ) R ) s
- — pp— pp— —— ——— - 1dOS VN PA-TET-1A0SES
%1 VDWW DINW DMV VDIV VL VDU 4
| ¥4 AEREL AU HSLUSUS U FUS IS US LS HI RS LU AUL-A D LEG 1 FS S L) ¥ ) ) .
_— - — — — 1G0s VNS LI-TeC-idoss
6l T D DI PO HOW VUGN VUG VDIV LOW. (1) oF
¥4 [GICKISI VUGS LUSHS DS O LIS IS S LU T-AUS LA G BIFI Y ESS Lt 6t i
- - - - - 1Aos VNS HIET-TQOSs
61 VDU DIW DU VIO VDI VDIV DL 1] 8¢
ic (Y8 DU J W (T JOW DIV 3 (1 (THEJA 33 ‘ VNS ‘
S Ve deleVaDs Ve dade Ve e Vel o¢ ddby ;>QO ACATHSHTINITD Y -g-ddys
o -8 S-VIVWEDIDW DIV T ] 3T VIV W YR, W, T3 ‘
ic {18 3 DUOIDU W P UG IOW LY JOW T 30L, (. (JUdA 153 NS
pe [ TR TLVS g T 5 TRVN g W, PN | po | W -ACO AMEATTIS-(SINZOV-g-ddyis
~Z1S-VIVIBDIDWLI VU UOIVIDI UVIVUDIYWIT, W 3]
|34 {10 2 DU [ 30 [ (YA JOU P RIDI G PO A, [ A 2 VNS ‘
LE D VaDa (e Va e Ve Da 1 VaDa Ve e De VaDa Vi D 75 ddy -\WQO AEATHS-BINITOV-g-dd s
-8 IS~ VIVIBHIDW I O G I IRy W 3, 3 3
WN {18 3 QWD P PP FOW [ OO IORITRE 30, (He [PUdA Mm. ddy VINHIS ALATS-g-ddyrs
ot VIR RIS WO I (I IY GEOF YR (WE, 3] 0t
07 U (UL U Uy WG RO PG RO R YA U i, (1. (YA A Ll
7T, 1P YR B N ; .
B . L — Ww..wﬂm*d\‘%ﬂy\. Qmﬂwapwﬂmﬁwﬁmﬂ LIH M\Zm F1IS-70v-LLHS
9¢ L JOUL, UL, Y OUE, [T 90, 7 OUE, D) OWE,, W OUE, [ 10, JOTE,, Y OUL, DYSUL, W OUL, [ oW 87 AdO
~QT G- UL, VUL, (YU PV IO YW VIV IV U D B0 (U, UL, (T
07 gl Ml ifslitavainigtitfglitigiavitiighigliifglisiglisfaliiigiigleiavstisatis IS WG (1 B Lz i .
“ U (UL W Uy WO RO PG WO R (YA (U Y, (1 (YA A g VTS FATS-LIHS
81 UE, VU, (YR RO DU BRIV IV IV OO YO R, Y, ()R 9
X4 LLODVADVINSVYONDNAIVYADN 5C VNS 1070 “FoN THO0Sp
X4 LLYOVIDVOVOOADYOAOVADY ve
“Mwm {,£~.¢) souanbag QMMWJ Mwwwuw Lx0823873 JTRY PRSP RVOTRO

suonsoduros xopdnp pue saouenbes puRIs IPNOSPTUCTH( 7 IEL

80



PCT/CN2022/104037

WO 2023/280190

0T D3 (T 3 (T D DUE (1] ROV I U ORI N (W DT [T A L9
Y UL, DO, T DU, ] ©s ) .
A _ S o DOt YOULDOUL 1AW, Yo s | TN ASATTIS-RDTOV-TNFO-9Y
9¢ s DT W QUL T DU TT U ¥ OULE g Y DU, Y UL [T OV U O DHOUL, 30, TTOW {9 AQO
~81 8- ViU VIVUDIOUWVIVIIDIDIDWH VI DULL v .00
0T 9 Sl Mg Mgt MNe ) g it i) Mg tiigTigTiiigtavatiip igtitighpTrifa gl ttINe Y Mg L9 . o B L )
D3 (T 3 (T D DUE (1] ROV I U ORI N (W DT [T A ININS NES (-IN)AT ATS-(070-09
31 Ve S VIV MDY IV I FDUE VI UL V. W 99
X4 (30 [ U VU IO R VOO TR W I NBII WL ¥ WdA Ls VNS . )
e 05 VaDa Vil +9 TGOS J,w QQ SRO-ACATS-{ONDITDV-TNTQOSES
) -815- Vi LD VUV VIO VIOV IO VWV Y UMW, O0, D-010) B
X4 (U [ JW OV DIDW Y VWO U W Y R0 Vs TWdA Ls NS
i, Vo du LV 4D Vi DD VoD Va1 oo | 108 AAD SUO-ACATS-(TINITOV-TNEQOS!S
B8V DI VIV IV VWY I (VR VIVIEDIOW D080
X4 (Y0 [ S VU YU U O W0 Ve QWA LS VRIS o
. (Va1 Vale e VaDa Ve D5 VaDe Ve[l 09 1dos -\/QO SEO-ALA TS (SINTDV-TINTAOS TS
-81S- VW D VIO ¥IVED VYOI VW YIVOOIDU N DWDJ- O
X4 (Y8 (1 QWO IV YRR VI (R WY (TR (WL Vs TUEEA Ls VNS
b VD Vo (heDae Ve Da e Ve 1aVaDe (1 VaDa ValleDe Ve Da Vel g 1408 Jwﬁ@ SRO-AEATS- (RENVTOV-TNTGOSTS
=818V e (WD VRN YUEDF YW ¥ IO) (1Y WY IR IO (DWW 0 -5 00 i
17 LELMa) Mg itigiavatiigVigifgiiglitfaiaviitigigtiifghigTUTa i igliifpl gLt Mgl ity LS i ) e e
¢ g .ww.«u DIV T WO W A WM Vi (] nm.w L 108 NS SOOFAT AT S-TINTCIOSHS
61 SO Y 1 [THUD YUYV YU YIDIN VU VIUDI UL OW, D) 9¢
17 Bial g iiginvaitighigliifgliglitiginratiigiiglufakigiufalifaliifgligliiMavasalis iy i . )
(30 [ W IR A (O (Y WO (TR W OB VL [ i 1G0S NS TN GOSES
6l ISV NELJVHVIVBIVEGINI VI YN ALDW ] v
414 (U 30 O VR O DT (e (T (VI RN WO A IO, Ve [JW 1Y ) . . -
e — TAOS YINYE CS-88E-TJORIS
St V3 NULDIVUVIVUDIVWRYIDW YUV VLD <5
07 T W O V0 e e Ve (13 (YR I VR IO O O TR (R0 Y g [0 39 ) - .
- - - - LdoS VNI TIN-8RE-TQOSH
81 Vi LD VUYIVROIVIVIDI VIR vWIDuL, ], Ol 0¢
¥4 RERENLUS I LAUISHO DU I LU AU HGLUIER I U IS ILIRR IO LU FAA FIS Y oF B .
-~ 1Aos VNS LL-83¢-TJOSH
6l Ve (FED I VIV VWOV FDINT VIV VU DIOW (1 F D, 0 sy
I (30 (1 DUV W Y U YU T W N PO OWe VL 1 LY

81



PCT/CN2022/104037

WO 2023/280190

0C O T g 3 e (U 3 0 (1 DU UG U PO T (Y0 D L [P A L9 T~

7 T — oy | ONAS O AEATTISHBITOV- IO~
~B 1S~V UL VIVITIDWYIVIIDI DWW A L, L, D

0T O T O TP 0 [N DWIDWOIVRI G I R0, UA L9 ‘ VNS S ‘

/7 AW DYOU ¥ OUL, [1W  JOUE, YOUL DYNE YO, 30U b3 INONS AOC ACATTISE)EDV-TINPO-9Y
“RES- Vi JW VIVWDRIUY VI DIDWO IV, Vi Hul

0C O [T 3 (T8 D 38 (1 DWIOIORIDI YU IO IO Y 0Dy (A L9 ‘ NS ) ) o

9z T O, UL, DYOUL, Y SUEE, [T OUL, T JOUE, W OUL DYOUL, VOUL, Tt 78 TNINS “ALD ACAT T S-0DTOV- TINFO-9Y
~S 18-V UL VIVEDIDWY VIO IOWO U L, VL, D

0z O (0 YU DM (1 DUDFDUOIY WO U O N QMDT NWdA Lo s -

67 U, TIOW , WO D} OUL, UL, [ 1OUE, UL, youl , DO, v ouL, T 08 ININS “ACO ACATTES- (L DTOV- TP O-9d
"B SV E W VIV IVINT I DU YRR VL OW

0C O T g 3 e (U 3 0 (1 DU UG U PO T (Y0 D L [P A L9 VNS ,

0 O, JOUE, TTOUL, U DO, Y S, TTO0E, JOUE,, S, DY DL, YO, [T o0 g/ TNINS -AQO AEATTISHTDTOV-TIAFO-94
“RES Vi W VIVUDIDOVIVIIE 3 DIDWOIVE NI, VDU

0c e (T8 3 (YU D 3 (1] QW UL T UIDIOUE NI T D T, (TR A Lo ) VNS

- TO 4 V OUE TN o, TYOU 4  OUE  DYSUL, Y O 4 [TOUE 75T, Y ONME o DY OUE .y DUL, T of ININS -AGO AEATTIS-EDTV-TINFO-9Y
~I S~V W VIVIEIO WY IV I DUV R, ¥ 000

0C D (T 3 (PO 05 W (] DRSO WO W P O AT 00, U A LY

~ S e you NINS i ACATTES-(DZOV-TINEO-9d

3 o TTOM0 1Y O T, TTOU W O LY OUL, DU o TTOUL, TJOUE YO, DYIUL , i DUE, TING vl NN -AGO
~B 1S~V UL VIVITIDWYIVIIDI DWW A L, L, D

07 D T 3 (P 05 W (] YRS FO WO PR DWW T 00, UEJA L9

_ — - _ lpuiyow ININS VNYE ACATTES-(EDZDV-TINFO-9Y

¢ o TTOM0 1Y O T, TTOU W O LY OUL, DU o TTOUL, TJOUE YO, DYIUL , i DUE, TING L AGO
~B 1S~V UL VIVITIDWYIVIIDI DWW A L, L, D

07 D (T 3 (PO 05 W (] DRSO WO W P O AT 00, U A L9

e ey, T, o o | s «mﬁmm ACATTIS-HODTOV-TNP0-94

el 1O & OUE, TJOUE, TS0, Y DU DO, W OUL, [0 . JOUL, WU, DYWL, O, [T o0
“RES- VI DM VIV ROV IVITH O DIOWDI IO, ¥ DU

82



PCT/CN2022/104037

WO 2023/280190

LIAVYYOOONIO0NN0DI00N0D | 679 LIOVVYDDYYOYIOVOONNIY | 08¢ Jevedderduosesome | 111 6S-100Ss
IIOAVYYODADISADN0IDI000 | 879 LIVVVODOVVOVIOVDDANNVY | 64 eeesderdeosedomern | pIl %6105
LIDANVYVYYDIADDAD0AD200 | LE9 LIVVDOVYOVIOVOINNAVYD | 8.8 endgeedeodudonmees | 501 LS TQORS
LLVOONVYYOINDO0200300 | 9v9 LLVOOYVOVIOVOINNNVYIN | LLE vdgeedesdedonieet | g0y 9¢-1AOSIS
LLYSNVONAVYVOINIDNINN | $F9 LLYVOVIOVDINNNVYINVYIN | 9L veSeoFedomeenient | Lo1 £¢-1QOSTS
LLOVONVONNVYVOINIDNDN | 149 LLVOVIOVODNNNVYIIVYINY | €L eFROZRTOMLRIEIE | 9y 76-1008s
LIDOVOAVOANVYVOINIDND | £79 LIDVIDVOINNOVYINVINYD | +L€ SeoFedomeeseoies | $01 [$-1Q0SIS
LIDDAVOOVOAOYVYDDAION | 79 LLVODVOONNNVYINVINVID | €L€ BOFEIINELIILANLIT | pOT 08-1QOSTS
LLODODONYOAVONAVYVOON | 119 LLYOJANNVYINYINVIDDOVY | TLE vaoieEmenengsse | ¢oy LY 1AOSES
LIDOJODOOVONYONAYYYDD | 0F9 LIODNNAVYINVINVIOODOYD | 1L€ Fomeesieoesdider | 7ol S+ 1QOSTS
LIDOADIONVONYOANVYVD | 6£9 LLDNAOVYIAVINYIDDOVIOD | 008 sieenened8ssess | g1 SY-1Q0Ss
LLYIDAIDDIONVOAVONNAVYY | 8£9 LLOOOVVYINVINVIODODOYIODN | 69¢ meeseaesdsiesd) | pol PP 1OSTS
LIDVIDNIDIDNVYOAVOANYY | L£9 LINOAYVYAVIOYIDOOVIOND | 89¢ peesjenesdssesds | g6 P 1QOSIS
LLODVIDNIDIONVONVIINY | 9£9 LLNVVYOONVINVIOODOVIONDY | L9¢ 1eeoio1ea3idussise | g6 T IAOSS
LISNDVIDNIIIONVONVON | ¢£9 LIVY2OVIAYIOD0OVIONOYD | 99¢ veojeolesdsdesdises | L6 T+ 1QOSs
LIODOODVIONNIDINAYINYDNL | $£9 LIVIOVINVIODOOVYIONNVID | ¢9¢ BINRIFIZROTITN0D | 96 0P 1OSs
L1JODD3VIDNDIIDNVDNY | ££9 LIOVIOVIDOSVIONDVIDOD | ¥9¢ 1e01e0838re515e0008 | g6 SE-TOSHS
LID3DODMDVIONDIDOAVON | 769 LLYDNOVIODOVIONODVIINODD | €9¢ enp2gageodiduo00ds | vo LETQOSTS
LLOADIDODOONIVIONIDINNY | 169 LLOVIDOOVIONDYIIDNNIY | 79¢ ea885esiidensodoe | ¢h SE-1QOSS
LIVIVIOIVIOVINNII30D0 | 0£9 LLYDOD9OVYDAI0ND300D0 | 19€ ©F0553erdns1808181 | 76 LT-TQOSTS
LLINJDODOVIVINIVIDVIN | 679 LLYVONIONDIDADNDIID0V | 09€ ved1051308151800382 | 16 11-1Q0Ss
LLOND3ODIVIVIDOVIOVIN | 8T LLVOODO00030NDADII00VY | 655 eS1oddofEidonddee | g OI-1QOSIs
LIDONADOSO0VIVIOIVIOVY | LT LLNDONSIDNOODID00VVOD | 8¢ 1HT>T51F0285e8dd | 68 8- 1{IOSTS
LISDNSDNND00IVIVIOOY | 979 LLADIONDNDIDODVYOIVOD | L6€ 190818190083eeS0eds | 4y C-IUOSS
() sy ﬁﬁzmm (1€78) 08 mmw&mm uuﬁmmm wm&ﬁ mmwwmm Mt

2 HASAROISH- 7 0 oW ) TANIRTIG- 7 T S0I08-, 7 T 0 uEMIpo w ouogydEq {4 asronpcaogdsoyd Ty iy oseo aaddn g

suonsodurod xodnp pue serusnbss porIs IPNOFRTUOTHG ¢ JEL

83



LEDOVVANNIDADVINDVI

LLVVDIDVOIDVIDVYVIHIVD

pedinedioeddeeened

vl

COL-1AOSs

LI3DOVYANa32DvYInovIaa

LLVOODVDOOVOLVVVOVID

v810u3nedseeenend

OFt

FOT-TGOSS

LEOOIDOVVANNOOODVIDY

LLODVOIDVODVYVIIOVIDVY

wedioei3eeenendee

391

Z01-1408s

LE3DAOIDAVYALRNIOADVYIN

LLVOODVODVYYYANVIDVYDD

eAeddeveneoduedd

gl

001-1GOSE

LLISA03DAVVINI30V]

LIDOOVODYYYAIVODVYYDDD

FioedFeveneodeniis

Let

66- 1005

LEJD3D002D0VVAAII2NDY

LINOVEDVYYVANVIDLVYDHDD

eddeeenradees3E8

9¢l

86-1OS

PCT/CN2022/104037

ARISLAVE NS 0180 3ISLATIII NS¢

LEVOODVYVVARVIDVYDDDOAD

©83eeenEoSPE83E515

gel

96-T{ORIS

LLVIVIO3OAN0BOVYRANoo

LIDDVYVANVIDVYVODDDANG

F3veenvodue3883181

Vel

Co-T{JORIS

LLIVIVIO3oANIOAVYANND

LIDVYVANVIDVYDODOADNTD

Feeeneodeedgdnidd

et

Po-1AOSE

LLIBVOVISODGO30OVY AL

LLVVYVANVIDYVODODDANADD

veenes3eedigs15188

el

£6-1Q0SH

LLOODVIVIOOOONOBOVYAL

LLVVNVODVYDODDADNDDY

geneodeei3Es18183e

{el

¢6-1A0ss

LLOIDVIVIDDDA00avvVa

LEVANVIOVYVODODADADIVY

eneodees3sdisisden

Ot

[6-1JOSEs

LEOANT2VIVIIODO00OVY

LLNOVOOVYDODODADNDDYVYD

neogee3335151880e8

Y4

06-T0RIS

LEVOONDIVIVIOIINIDNAV

LLOAVIDVVDDDDADADDHVYDI

1en8eed8d818153ves:

81

6% 10N

LLSVINO33VIVII3aa1000

LLVDOVVDOLONDADDYYDND

=Y

203338 15138veh3

LTh

8- 1UOS™E

LEDDNDVINIIVIVIIIIAN

LLVVEDOHOALADLYYDADYID

ve339818188ve818e00

9CH

£8-1d0Oss

LLIOVISNDOOOYVIA3OVIVD

LIDODASDYYVDADVIOVIDY

318183eu818vooudfiv

X4

08-T0S1s

LLNOVIOADDOOVINN3OvIV

LLODODSVVDADYIIVDDAYY

13133ee313u00u83 e

4!

L1A06E

LIDVANVIDNODAIVIANIOV

LLNDOVVYDADYIIYODAYYND

183vedi8eooeddweid

el

LL-TAOSE

LLAOOVANVIINDO3VIAD

LIDVYDOLVIOVROOVVYADVY

Feesi19e056831wses

[44!

CL-1GOSE

LLONODVANYIINDDAIVIAN

LIVVDDVIOVODAVYADYYY

gedideosuidiveiSeee

{Ti

YL-1AOSS

LLDAONDYANVISADDA0YI

LLVOODYIOVODOVYIIDVYYD

v318voorddienidoved

0z

€L-1081S

LEIONOMDVARVIDNDLAOVD

LLBDVIOVERAVYRDYYVYDD

Z13vnse88eniseends

o1t

CL 0GR

LIDANDONOOADVALVIONDHA

LLVIOOVODAVYADVYVYDDVYVYD

poseddwyiSeengFeed

g1t

69-1dO51s

LL3DO2000DANN0VANYION

LLVDDOVYVADVYVODYVIVID

©351ei8ren3seedend

LTE

99-1dOS™

LL3NODN0ANI3N 000V

LLDAVVADVYVODVYVYOVIDVD

Frmi8ereigendenied

ot

Po-1QOST

LLOOOOOA0I30NADYANY

LLIOVVDVYYDDVYYOVODVID

<+
)

(s}

1eriferedieedendudd

Sii

€O-11081S

LIVODN0DNA0NAN03AAN0VAN

LLVVDYYVYDDYVYOYIDVYDaQH

o™
el
o

epriseengsredeodedn;

Vit

C9-10OR

WO 2023/280190

LLVVOOODNDSAN0DVA

LLVORVYVRDYVRVIRVDOAN

lo
o

el

19-1dOSE

LLVYVDON0D000023N00V

LLIODYVYVDRYVOVIOVOIANnn

—
0
g en

13eee8iendurdedom

[4%!

09-1dOS™

84




PCT/CN2022/104037

WO 2023/280190

LENVANYASIDOAIDDVIVAD | 60L LLIDVADADDOVIDVIVAVYY | 0ty oejgioddeoieonienie | 1.1 8ST-1CIOSTS
LIDOVANVADADDADDOVIVA | 804 LIVODAI0OVIOVIVAYVYAYD | 68 wHisTeoduonees | oL1 LST-TCOSTS
LLODNVANVYASNDIONIDOVIV | LOL LLNDNDDOVIOVIVAVYIVDY | 8¢ 151083ea8eseieeiede | 601 96108
L130030VANVADAIDAII0V | 90L LLOJOOVIDVIVAVYAVDVOD | LEF 1088esdeoveIeduss | g9y PST-1QOSE
LIDVYYIDNDNVOANYADNDODN | S0L LIVIOVIVAVYAYDVOONAND | 9¢t wofeoeierieSedsms | Lof 0ST-1QOS®s
LIDNDVYYVYIINDNVANVIOND | vOL LIDVOVAVYNVOYODNNNOVD | S¢b SeoeeeededsimSes | oo gr1I-100Ss
LIDVVOOVIDVYVIINONVYA | £0L LIVAVOVODOANNDVONVYINND | veb epededdindedeonsd | ¢of TP TAOSTS
LIVIVYDAVIODVYYIDNINY | T0L LLNVOYDONDVOAVINNDQ | €6F w3edgmIeswonst | vo1 THI-1TOSS
LIOVOYVOOVIADYYYIDNDN | 10L LLYOVOOONNOVONYINNONY | 2t e3edmSesieonse | oy OVE-1QOS!S
LIDDOVIVYDNYINIVYYIDN | 60L LLVODONNDVYONVINADNVYID | 1t edEmSedieondwss | 7ot geI-14OS®s
LLVODAVIVYONVIIDVYYID | 669 LIOOANNOVOAVINNDAVIDN | 0¢ S3mBesieonsieasy | 191 LET-1AOSHs
LIDOVYOOOVIVYONVYIAIVY | 869 LLOOVOOVIANDAVIONAYD | 678 nedwmsieoones | gof FCE-TAOSTS
LLIDOVVYODAVIVYDAVIDV | L69 LLOADVONYINADNYIDNNNYDD | 8TF 1Seseonseooneds | 661 CET-1AOSS
LLVIDOVVOOOVIVYOOAYIND | 969 LIDVOOVINNSNYIDNNVODN | LT Seareondesoneds) | goy 7E1-1UOSs
LLOVIONVVYOONYIVYDNVIN | 69 LLVOOYDNODAVIIANVYIDNY | 9T eFRNSILONILESE | /ST 1€1-100SEs
LLIDNVIDNVYODNVIVYDNY | ¥69 LLOVIANOAVISNNVYOONYID | sty eonSiesopeddiess | oc 67E-10OSs
LLVIDAVIZNYYOOOVIVYD | £69 LLVONNSOVIDNNYODIYIO | v eonSieaonesgend) | scl 8LE-1LOSTS
LIDVIDNVIDNVYDDAVIVYD | 169 LIDNNDAVIDNNVYODONAVIDND | €TF ouSieoonedSieady | pet LTI TAOSS
LISOVIDAVIDNYVODAVIVY | 169 LLOODNVIINNVOONYIDNDD | i nSeonesseodan | col 97 1-1GOSTS
LIDDOVIDNVIDOVYDDAYOVY | (69 LIODAVIDNOVODOVIDAIDD | 1Tr 131R001Ra8 8081008 | 761 ST 1(QOSTE
LLOJDODYIDAVIDNYYOODNY | 689 LLOVIINNVOSNVIONIDDOY | 0T 1©oo1es31e0810083e | (o} CTI-1AOSHS
LLONDIDOVIDAVIDAYYDOL | 889 LLVID2NNVODNYIONIDDOVY | 611 BOORESALOFI008TRE | 061 T 1OSTS
LIVINNODDOVIDNVYIDNAVYD | L8 LIDONVOONVYIDNINODODVYDN | 81T snesdieafinodsenst | epl 0TI TAOSS
LIOVDINNDIDOVIDNYIINIVY | 989 LLNOVODNVIODNDINOVYOND | LI Be8gieoFoodderd | gy 61 1-1QOSS
LLOSVINNDIDOVIDNVIINY | ¢89 LLOVODOOVIDNIDIOOVVOADY | oIt 1238F081008FeEAE | L] SII-1GOSs
LLINOVINADIDOVIODAVYION | +89 LLYDONVIDADINOVYONIVD | CIt edFe0810088eedions | opy LIT-1QOSs
LLODYINOVINADIOOVIONY | £89 LLAVIDNIDDVYDAIVONIY | viv 180330038ee31ded108 | ¥ FIE-TOSTS
LIVOANIDNDVYIADVINNIDD | 189 LLIJDOVYDNIVONIVODOVYY | €IF s33eeSioudioedeeey | py1 ROI-TAOSES
LLYVANNIDADVINOVINNID | 189 LIDOVVYODVONIVODYYYALL | Tt S3eedioedoesdeneyn | cpy LOE1AOSS
LLOVYANNDDADVINADVINND | 089 LIOVYDNOVONDVODVYVANY | 11t Feedesioeddesne | 7v1 90T-1QOSS

85



PCT/CN2022/104037

WO 2023/280190

LIDANNMORODDIIVIOIOONNN | 66L LIVYYIOODONDOIVIVYYYD | 0Ly eeeoodfiidioeseenes | (07 60T-1{OSTS
LIOSNNGNSNADDDVIOIDOAN | 86L LILVYIDDO0ND0IVIVYVYIVY | 697 vED05IFFER0RERESY | HOT R0T-T{OSIS
LLYOVOVOSADNNNNDOIDV | LEL LLODOOVIVYYVOVIDNVIDN | 89F 133oeoweRRdeciEidt | 661 107-1UOSS
LIVOOVOVAVOONDNANNonNo | 95 LLIDVDVVYVOVDONVADNIDN | Lo SeovEREdeaoIRIdL | 861 861-1QOSIS
LINVOOVOVAVOOADNNNDN | $6L LLVOVYYYDVIDNYNDND0NY | 99 eoERRETEONRIONN0® | 161 L6T-1AOSS
LINOVDOVOYAVODADNNNND | el LIDVVYYVOVIDAVADNIDAVY | €9% orERRIRIEIINRE | 96 961-10OSB
LIDVVYONVOOVOVAVODADN | £6L LLYOVIOOVADODONVYVYANAD | 9% 23RO | 61 6T~ TOSTS
LIDNDYVVAAVODYOVAVOON | T6L LIVIDOVNDADINYYANNDVD | €9 ROSFIDIIOIREINORS | $61 061~ 1AOSS
LLYDNOYYVANYDOVOVAYOD | 1¢L LLDOAVADNIINYYANAIYIN | 1ot OMBIIOIEINOLd) | €61 681-1QOS1S
LIDVONDVYYANVODYDVAYD | 0¢L LIDOVIDODOAVY IOV | 19 SRENINBRINGEIR | 761 g81-1QOSH
LIDOVONDVYVINVOOVOVIY | 670 LLAVADNDONYVANADIYINID | 09 1EI010018RIORII00 | 6] LRT-1OSH
LLVOOVONOVVYVANVOOVOVQ | 8L LIVODNADOOVVAMNDVINIDN | 65 2IDIOOIRRIORAO | 061 98- TIOSTS
LIDVOOVONDVYVANVOOVOY | LTL LLODNODAYVYANDIVINIIND | 8¢t PID01RERIOR0100S | 681 CHI-1AOSS
LLJOVOOVONDVYVYANYOOYD | $TL LIDODDOVYANAIYIADINDS | L6t 510018ENMOE010018T | 8] P8I-1QOS1S
LLADDVODVONDVVYINVODY | $T0 LLNODAVYNNDYIAIINDOVY | 95t ooERoRInaTe | L8] €81-1(OSTS
LIDASDVOOVONDYYYANVID | vTL LLDOAVYANNIVIADINDDYD | ¢St 20jEEIOE0}0018TeD | 98] I8T-1OSB
LLDONIDVODVONDVYYANYD | £7L LIDAVYANODVIAIDINADOVIO | #$t oeRIoRNoNIEsesd | ¢ 1 1RI-10OSIS
LLVODNODVDOVDADVYYYNINY | T7L LLAVYOANDVIADINODDVION | €58 1RENIORONIRERS] | $]1 081~ 108
LIDVIDNIDVOOVOIOVYYAN | 17 LIVYARODVINIDINSOVIOND | (st peIorsln35esdd | £gy 6L 11O
LINJVIDNIDVOOVODVYYN | 6T LIVOAANDVIADOINOOVIOAOVY | 16t sornomIsecdife | 7g1 8L1-1QOSS
LIDODVIONIDVOOVIOVYY | 61L LLOANDVINIDNDOYIONDVYD | 0st moespaEsesiies | (g1 LLY-1AOSH
LISONDVIONIIVODVONADVYY | SIL LINODVINDONDDVIDANYID | ovb 1oRaI00IE8Ra818eD | (8l 9LY-1O0OEs
LLAOOMDVIDNIDVOOVOIOY | LIL LINDVINDONDOVIONOVIOY | 8t 10R010015585518e008 | 61 CLI-TAOSS
LLDVNDONDVIDADOVOOVON | 91L LLYDNODNDDOVIDNDVIIVAD | Lt ea1o01F8esSiSesond | gLy CLISLUOSES
LIDVOVNDDNIVIDAIJVODY | S1L LLOO3NDOVIDNDVISVIDAD | ot 150135e01Teoaeidie | LL1 1LI-10OSTES
LLADDADOOVIVADDNOVIODN | v1L LIVOONDVIDVODNIDDOVIOY | St uodiSesonygdseste | 9L1 $OT-1(OSS
LIODNIDAIDOVIVADONIVD | £1L LIDODYIOVADNDDOVIOVIY | v 3e20vi81058008e0E | §L| £91-1{IOSTS
LLYMDNDDNDDDVYIVADDADY | TIL LLAOVIDVADODDOVIOVIVA | ¢hb 1FeooeiSiosBundese; | $41 79I~ 1AOSS
LLOANVADAIDAID0VIVADON | 11L LIVIOVADNDDOVIOVIVAYY | T vodeidodFesdeseee | ¢/1 0O~ 1AOSS
LIVONvVADDDAId0vVIvVADD | 01L LI2DVADAODOVIOVIVAYVYD | It souidiogseadeonien | 7L1 6SE-TOSTS

86



PCT/CN2022/104037

WO 2023/280190

LIOVYIDI0ONNVIVINDY IOV | 69L LLODDADVONONVYIDOONND | 008 1810e3131eed5810 | 1£7 ST 1OSTS
LINONOVVYISIDANRVYIVINDY | 89L LIODVOODAVYIODONNIVIY | 66V Pedidwecdsdnonse | 06y 6¥T-TOSIs
LIDDODASVYIDIDNANVIVIN | L9L LLVONDAVYIDOONIDVOVOS | 86t v31d1ee0didnoededs | 677 LYT1AOSs
LiVO30200VYIIDIONAYIVD | 99L LIOADAVYIDODNNIVOVODN | L6V HFwecd8Enoededsy | g7z OFZ-1OSIS
LLVYDONONOVYIODDNNAVIV | $9L LINDAVYIDODANDVOVDONN | 96t 1S1ew03ganondedsy | 12z SHT-1aOSs
LLOVYIDADNOVYIOIDANYD | v9L LIOOVYISOONNDIVOVODNID | ot SeeadFBuoededing | oy FHT-1QOss
LIVIVVIDNINOVYIDIDNNY | £9L LIAVVIOOOONIVOVODNND | ¥6¥ WRoFSAN0LIRIING | £7T CYT-T{I0STS
LLAVIVVIDODNDYYINIONNN | 794 LLYVI9OONNDVOVODANDNY | €6+ weo§ggnoesedindw | pze YT TAOSS
LIDAVIvVYIIOADNOVYYISIDN | 19L LIVIDOONNDYVOVODANDNAYD | U6t eoEdFRoeIedsnNdes | ¢rg V- 1A0sts
LIDODIDAVIVYIOADNDVYYD | 094 LIDOMDVOVODANDNVIDONVD | 16t Sovdesansesdses | 7oz LET-TAOSS
LLODNIDDAVIVYIDNINDVYY | 684 LINMDVOVOONNDAVIOOVDY | 06t noededsndesssede | 177 9eT-10OSs
LIDNDADIDOAVIVYIDNINOY | 86L LLODYVOVODNNSOVIDDVOVYD | 68F ededdnsesdsedes | g7z CLT-{IOSTS
LLODODAIDDAVIVYIDNIND | L5 LIDVOVOONNDNYIDDVOVDY | 88% ovFeddnGieodsedede | 417 FET-TAOSS
LLAODADADISNVIVYIDNIN | 95L LLYOVOONNONYIDOVOYOVY | L8F v3rdindeoifeledee | giy CET-1UOSS
LIVINODNZNDODAVIVYISN | $5L LLYVOONADNVIOOVIVOVYDD | 98% vagnSeodsusesves) | L17 1£7-140S™S
LIDOVINNSNDNIIONYIVYD | ¥SL LISANONVIDOVOVIVYDNVD | $8b Syseoddedeseedies | o1z 671008
LIDOAVINNDNIA3DIDNVIVY | £6L LENNDOVIODVOVOVYONVYDD | ¥Ry n31eod8ededeesivds | ¢1¢ 8LT-1LIOSTS
LLODOOVINAINDIAIINAVIV | 764 LLNOAVIDDVOVDVYDAVOOY | ¢8F 181e053e3edeesiesde | 17 LTTTQORES
LLONODDAVIANIADNDIINNY | 15 LLOYIODVOVOVYDAVOOYYY | I8F ea83ededeedieddene | ¢ §T-1UOSS
LISANNDIAVINADADA3D3D0 | 054 LIVIDOVOVOVYDNVDOVYYD | 18 eodFegeseesddeses | 717 PITIAOSS
LIDOONNDINYINNDNINDD | 684 LIDDVOVOYYONVOOVYYIID | 08Y F3ededeedesdeseoss | 117 TLC-1AOSs
LL3DDOONGNADDMYINNDND0 | $TL LLYDVOVYONYDOVYVYIDOOND | 6L v3eieededdeeecndis | g1y OCT-1OSTS
LIVDIDODONNODIAVINNIND | L LIOVOVYDNVOOVYYIIOOO | 8L FederdiLdBene0das) | 607 617-1TOSIS
LLDVIDODONNMNIDNVINADN | oYL LLVOVYYONVYDODVYYIDDOOND | LLY vSueSiedfeeessi8id | gog SIT-1QOS8S
LIDODVIIDOONNNIIAVIAN | ShL LLIVVOOVOOVYVIDDDONoDD | 9Lt eeFudgevnodsdane | Lo7 91 T- TGOS
LINDODVIIDDONNNDONVYIN | thi LLVONYOOVYVYIDONOODNOOIY | ¢Lb ede88eees08i8i8aoe | 9oz S1T-100SSs
LENSNDIDVIDOODNNNIDNY | £FL LINVODVYYIODOOOADOIVIY | vit 1©33eeesa3381880eoe | 507 CIT-[{IOSTS
LLONDADIDVINOHONNNINN | THL LIVOOVVYYIDDODNDDIVIVY | £LF e35eee0ndisisioeses | $or LT 1AOSS
LLONASAOIDVIONOODANNID | Pl LIODVYYIDDDONODIVIVYY | LY SgereoodEFigEonoeee | (07 11-1dOsss
LLANNGDNDIIVIIIODODANND | 0¥l LIDVVVYIIDODONDDIVIVYVY | 1LF Feer0odsi3Tovsenee | 707 OIT-1AOSS

87



LLODAVVDVIVIOVDVOADVD

LL3DVINDOVODADNNVLY

s1esoredidionede

197

£0E-100518

LLOAO3AVYDVIVIOVOVDIDY

LLODVIDOVDADADAavOvY

10v0EME318108Ee:

Z0e- 13081

LLAMROVYDVIVIAVOVDID

LIDVIONDOVDIADASANVOVYYD

seooedidioneseed

10£-1Q0O8E

LLVIIN3OVVDVIVIAVOVDN

LEVOIOVDDASNNVOVYD

poFiF1onedees:

00¢-1GOSE

LLEVYIONNVVOVOVIAVDYD

LEIODNVONADO0NOVDYVYDAD

aio1egi1sionedeesn

66 1GOSE

LIDOOVOVOVOVAVVYIOIDY

LINVEYYDANVASADALAVED

8¢ 1a0Ns

PCT/CN2022/104037

LLODOOVIVIVOVAYYIAana

LLVOVVLOANVADSIDRADAVIID

v3resnEInIsisedon

LT TGOS

LISDDOOVIVIVDVYOAYVYILD

LIDYVOOOVASNDNDAVEODD

Feednemnisiesosg

98- T(JOR

LL3DODIOVIVOVOVAVYOQN

LEVVDIANVSODADAVIIONNGD

veFneimsidiedongd

£8C-1A0sE

LLVISDOONVIVOVIRVOYVYOL

LEVOOOVIONDOAoAvHo3oLH

RENEIIB1I81E0085)

PRC-1GOSE

LEJVIODDONVIVIVOVIVYL

LEDONVADOLADAVOIIDDAD

By 131808518

£8T-1JOss

LLVOVISODOOOVIVIOVIVAVY

LLOAOVIINOOADAVRIDDDANN

neIngideso08318;

[ 1L ORI

LIDVIVOIDDIOOVIVIVOVIY

LIOVIDADADBAVEOSHLADA0

1018181800888

180-1008E

LIJDVIVISODINVIVIVDVA

LIVASODADAVOI3DOADN35

v101318188503818108

087-1GOSE

LLYDOVIVIOODD0VIVIVOY

LLODASADBAVDISDOADA3D0

1MA1Fe8r183181051

6LT-TAOSE

LINOOVOOVIVIIDDONVIVE

LEDODOVOIIDDOADNDDOVIY

1338508818158 18w

9L 140N

LEADSAVIDVIVIIDOINVIY

LLODOAVIIODOOLAILAVOVY

1318800831818 dee

CLTTAONS

LIDOANOAVIDVYIVIODOOAY

LIOVOI0DDADAODAVIVYYVYD

1838208815103 188D

ELTTAORE

LLASANADVIDVIVIIDOIN

LLVOO3ODADNADDAVEVYYIY

2d0088151031e8esese

CLT-IAODSES

LIVOODONG30VIOVIVIIDD

LL32ODO0000vOhvVYVIvVDQa

~

203818103 1v8renes)

DL TGOS

LIOVIOVIADNANOAVIDVIY

LLODASDAVOVYVYOVYDAIDAD

15138 w3eeeed s

99¢-14048

LISASVIOVIOADANN3AV IOV

LLOADDSAVOVYVIVDAIDAIVD

108 1e8reesediofined

FOC- 1081

LLYIGDVIDVIADAN0OYIn

LIDDAVOVYVYVYOVDASHAOVLQ

28w 3eeeoudingines;

£9T-1J0R

LIDVRNEVOLVIADANGOAVD

LEDOVOVYVIVLAIDAIVOOD

C9-1008s

LLVOVIODVIOVINDANNoay

LEOVDVVVIVDODODVLDA

wdeeesediodinedisy

19¢-1GO8E

LLOVOVODVIDVINLONNoG

LEVOVYVIVDIODROVOODAY

u3eeeoelingoedisie

09¢-1GOSE

LEDONVIVIDVIDVIDNA0]

LLVVVIVDAIDAOVDADAVYD

peroedindioedidwed

8- 10N

LL3DAOVIVINLVYIDYIAnNn

LIVYOVOODODODVEDAYYID

rEsRS10Z10eRi8esd

LET-TORE

WO 2023/280190

LIDDDOOVIVILELVIDVIRN

LLVIOVONIDAOYDADAvYIDD

poediodioedi8ieendsd

95 -1008Es

LLY3OD0MAYOVINOYIOVYON

LEVOODD00VRIDAVYIDODI

B310810831818u08351

Pe-1AOSs

88




LLVIOVIOYOOOVONNNnonodD

LLIDVYVVVLIIVISIDDNDDLI

s3ereerdeomisig8s

£CE-T0ONIs

LLOVIOVIOVLODAVIANOANNAD

LLDVVVVVDIOVIRDOOAD0I0

=,
=
W

Fereprdeomn8i3co

[425 L ORI

LLOADVIOOVIOVODAVOINNIN

LLVVVVYVDOVIDONDDADON0V

o]
u
gl

preeediesni83i8sine

1€E-1Q08E

LEDADVIOVIOVODAVIANNn

LIVVVVODAVISIDDADOAOVD

P~
)

W

prepdps018d1dsioes

0ce-1GORE

LLODODVOIVIOVDDAVILNn

LLVVVOOVISNDDENNADVIY

e
RAl
W

weess0i3518510u0e

6¥E-1GOSE

LIDADADVIOVIOVIDOAVIIN

LLVVODVOOODDODLIVIVI

s
W)

gy 1a0ss

PCT/CN2022/104037

LIDDONODYVIDVIOVODAVIQ

LEVOOVIONDODADSA2VIVID

=t

W

B31e0mM831381080u08

LY TGOS

LISOOOLANOGDVINVIOYERA

LIVODGEDODLAOVIVINIID

o

)

2o01831881080808038

PPe-1GORS

LLVOOVVISDDODODNADVIOV

LLODDAIVIVIDIDDODANVI

~
W

18810n0e080033180

8¢¢-1GORE

LISDOVOAVVYIODLOLOA0NDV

LLODVIVODIID0NANVIIVID

10eoendonddeoes

SEC-1GOSE

LLVVIDOVONVYIODOODN0D0

LLVIOVODOODODANVIOVIDAN

poesfoasi8ursiesin

cee-1goss

LLADOADODOVYIDAVOIVY DD

LEJDONNVOOVIDOANvVIOVDY

28 3NEMEISNEI0udE

LTE TGOS

RRISH NS JHLAN I SILA S

LIDDAAVOAVODANvIOVOvYD

Faneoeodneooesed

9TE-TJORE

LEIDOONDOOVYIDAVRAVYD

LIDAOVIAVIDANVIOVDYDD

F1eoresfiesordedd

71008

LLODBE3OADDOVYINAVOOVY

LLOAVIAVIDAOVIOVOVODY

weoeasnrIondeise

YTe-1AOSss

LEDODS0DO0DOVYIDNAVOIY

LLOVIOVIDANVIOIVOVOOVD

esessnessededses

cE-1goss

LEVONIDE30D0OVYIDLAVOIL

LEVOOVIDNNVIOVOVDROVIL

eojeadneorseded8eny

TCE- 10N

LEVOVOODDIOND0OVYIDIY

LEAVIDANVIOVOVODVIADQ

e381e083e3ge0int

OCE-TJORE

LEDVDVOEIDNDADO0VVIDN

LLVIDANVIOVOVODVINOND

voSeooudeddesios

61¢-1GORE

LLOADVOVOADDNINDLOVYID

LLI0ANVIIVOVOOVIIDAdY

sgnesoududsennoe

ST¢-1AOSHs

LEDODVOVOIIDNDDO0VYD

LIDAOVIOVOVIODVIIIIOVD

SnreoordedIesiooen

LEE-1A0Ns

LLVOODVOVOAIDA31DDAVY

LLOAAVIDVOVDOVIA3AIVI

neosegeidenoen

SLE- 108

LIDVEADVDVDASOO2ADDAY

LINVIOVRVDDVYODOIVII0

o)
W

©ooede33uniniouso

SIe-1dORIs

LLVOVODNDVOVOOIIA2500

LLVOOVOVODOVIEODVII]

o
gt

~

gooededdenioioendt

PIe-1QO0sEs

LLVORVEVONLVORVRAO3000

LLVOVODVII20VIRD0VDI

el

B3EIFE0I01080101851

[1¢-1GOSES

LIVOVIAVOVDADVDVYDEION

LEVODVIODOIVOROAvOann

CAREL )

u3geoinioenresis

60E- TGOS

LLVOVIOVIAVOVDOADVDVDAD

LIDVIODA3VIAINVDADAIN

(3B EstR Bt
el

deormoeomesiding

LOE- 10N

LLIVYDVOVIOOVOVOOOVOVOQ

LIVIN3NOVOOAdNvEAHLa0a0a

o)
W

voiooeosegion

20¢-TJORE

WO 2023/280190

LLAVVOVOVINYVOVDADVDVD

LISV IA3OVOADN300Y

o

W

J1010RDI0IRSISIONE

S0e-1Q0SEs

LLDAVYOVIVIAVOVONIVOV

LLODAOVEINVDADIA0VD

il B EEE B Bial

U}

Moeonedisioned

POC-1AOSEs

89




PCT/CN2022/104037

WO 2023/280190

LIDANDANADVADANNINDNAD | 668 LIOVIVOVYYIVADVYYOVYD | 065 FeovgeveorideeEdees | [7¢ LO6E-TLOSTS
LIDVIDNAOVIOADONNDVAD | 868 LIDVADVYYOVVONVYYDOND | 685 seideeedeetheeedsis | gz¢ 68E-TCOSTS
LIDOVIONNAVIANINNNIVA | L58 LLVADVYVYDVYYDAYYVYOONDS | 88¢ edeeeSeeieeesdidd | gi¢ $8¢-TAOSS
LLOSOVIDOANMYIANDGNADY | 958 LINOVYVOVVONVYYDONODY | L8 15eerdeedieeeddidde | gic L8E-1AOSIS
LLOMDDVIDANAYINNINANND | 658 LIOVVVYDVVOAVYYDONDOVY | 986 SeenSuedievedfiddee | L1¢ 98E-1OSH
LISNNODIVISANNVIAADNTL | +68 LLVVDYYDIVYVYOONDDVYYD | €85 vedeedwerddisdeeed | 91¢ FRE-1UOS
LIDOANNDDVISANNYINADN | £68 LIVOVYDNVYVOONDOVYVID | +85 v3pedieresiiasesess | gi¢ €8¢ 1IOSIS
LIJDDNNOIDVIINAONYINND | 768 LIOVVDAVYYOONDDVYYIODD | €8¢ FeedieeudEIssevecds | yic 78 TAOSIS
LID30ONNO3IVIDNNAVINAN | 158 LILVVDAVYVOONDOVYVIOOD | 78¢ veFpReREs sene0lsd | ¢1¢ 18¢-1(HOSIS
LIVIDOODNGDOVIDANNVYIN | 058 LLVONVYVOONDOVYYIODON | 186 eSeweshdsenssdss | 7i¢ 08E-1QOSH
LIVVIODOONNIDVIDNANYD | 648 LIDAVYYODNDDVYVYIDDINAN | 088 SeendiiiSeeenddsy | (1¢ LE-1Q0S
LIDVVIIDONNNIDVIDANNY | 878 LLAVVVDONOOVYVIOODNND | 645 1eeedf18erendssno | o1¢ 8LE-TCIOSTS
LLNOVYIOIDANNIDVYIONNN | L+8 LLYYVOONOOYYVIOOONNDY | 8L verdRiadueedagnoe | 600 LLE-TAOSS
LIDODVYIIISONNDIIVIINN | ov8 LIVVODNDOVVYYIOOONNIVD | LLS ve38135veraddinoed | gog OLE-TUOSIS
LIVONOVYIIIONNAIIVION | €18 LIVODNOOVVVIOOOANIVYON | 9.6 #3FFSreendISNoes] | Log §LE-TAOSTE
LLODNVINDVYYIDIDNNNDIV | ¥ LINDSVYYIOOONNIVONYDY | 6L 138epesdssnoeiede | gp¢ TLE-1AOSH
LIDADNVINSVYIDIDNNNADD | €48 LIODVVYIOODNNIVONYDVD | vis S8reed8Esnoudedes | $o¢ TLE- 108
LIDDODOVINDVYIDIONND | TH8 LIDVVYVIDOONNDVONYDVID | €L€ Feweodagnoudesesd | poc OLE-TAOSRTS
LINDOADOVINOVYIDIDODNNN | 148 LLVVY2OOONNIVONYOVIOVY | 7LS ereodsanovsiedesie | ¢og 69¢-1AOSIS
LIANDODNSAVINDVYIIIDAN | 08 LLVVIOOOONIVONVOVIDVY | 146 veddgnoesiedesder | 7o¢ 89¢-1QOSS
LLANADDADNYINOVYIIDNN | 668 LLVISOONMDVDVOVIOVYY | 048 voFganovsiedesseee | 10¢ L9E-1OSB
LIAONNIDAINVINDVYYIDID | 868 LIDDOOANIVONVOVIDVYVY | 695 23d8noesedesdusee | po¢ 99E-1{IOSTS
LINONNAIDNINYINOVYIOD | L8 LIOOONDVONVOYIOVYYYY | 89¢ 333poeseSecfeeere | 667 SO~ TAOSTS
LLVDNANNNDDAINVIADVYYD | 9¢8 LISNADVONVOVIOVYVYYYDN | L9 Snovdegesdeseredt | g7 COE-1UOSIS
LISOv2Oannmondaviany | 668 LLADVYOAVOVIDVYVYVOAYD | 99¢ pedrieodeseendies | 167 19¢-1QOSS
LIODAVINNNOODDADAVIAD | #£8 LIDVOOVOVIOVYYYVDIVID | §9¢ Jug1eERITRERRRTIN0D | 967 09£-1Q0SS
LLVOOOVINNNNAMIOA30VI0N | €68 LIVONVOVIDVVYYYONVYION | ¥95 vdjedesdeeweesienn | ¢ 6SE-1{IOSTS
LLIOVODNYDANANNAIDAINY | 768 LINVOVIDVYYYVOOVIONDD | €9¢ 1eSesfeeneeSionds | pag LSS TAOSRTS
LLYDOVODOVINANNADIONDN | 168 LLVOVDIDVYYYYONYIINONN | 19¢ veodueeredieondst | ¢ar 96~ 108
LLIDOVIDVOOAVINAAANIDN | 6£8 LLVIDVVVYVYVONVIOINOO00D | 19¢ eo3eeeedieosidsisd | 767 PeE-1QOSS

90



PCT/CN2022/104037

WO 2023/280190

LIDVIVANVYID3NVYOID000 | 688 LLVDD0DIOVOSDANYYNODND | 079 BI00FIEESANRISIS | 16¢ CHy-[{IOSIS
LIOVYIVIOVIVIIVYIDINY | 88% LLOVODDNAVYROADOODNaD | 619 1EEINERFIBREN | peg LEPFTOOSTS
LLDOVYIVIOVIVANYVYIODN | LS8 LLYOOOANYYIONDONDANDD | 819 edganem3IBRigmeg | gve 9CH-1AOSS
LLJOOVYIVIOVIVOAAYVYIID | 988 LISOONNVYAONDONDNNIDS | LIS 333nemid1i8i1gnasd | gpe §EP-1UOSS
LIVIDODVYIVIOVIVINYYID | 688 LLOONNVYIONDONDANDD0N | 919 33neBISHIN08) | L4¢ PE-1QOSs
LEVYDOOVYIVIDVIVAIYYD | 188 LISANVYADNDOAONNDDONN | $19 SneeS1S81810asn | ove CEP-1AOSS
LIVYVIODVYIVIDVIVANVYY | £8% LINOAVYNONDONDANDDONNN | Vi9 ner13IsRBNssm | e TErTAOSTS
LLDVYVIDOVYIVIOVIVNANY | 188 LLAVYODNDDOAMDDONNND | €19 11518 H8088ms | pic 14 1TOSS
LIODVYVIDDVYIVIOVIVAN | 188 LIVYOADADONSNNIO0NNN0D | 119 eri318818no8mEs | cpe DEP-1AOSTS
LLVOOVVYYIDOVVIVIOVIVL | 088 LIVADSOODADANDODONNDDIN | 119 eSS hEn0TEman) | 7he 67 1QOSH
LLOMDVODVYYIDOVYIVIIV | 648 LLODDNOANDODODNANNDINDVY | 019 BaEeIsmsngee | 1p¢ GZP-1AOSs
LIDNODVODVYVYIOOVYIVID | 8L8 LLOOSNDANDDONNADIADYYD | 609 351811958 m308ees | oy ST 1{IOSTS
LIDOONDVODVYYIDDVYYIVD | LLE LISNOANDODOANNDINDVYDD | 809 S1ino8snIsndends | goc T 1AOSS
LLYIDNANDYODIVVYIODVYIY | 948 LIADANDODDANNDINDVYODN | L0Y 1@nod8n8mIeeds) | gog ST 1AOSS
LIDOVIDNNDVDIVYVIOOVY | 618 LLNAZOOOONOINOVYOONID | 909 Pofgmemdendsind | Loc 12t 1Q0Ss
LIDDOVISNIVOIVYVIDOY | L8 LLODOSOANNDDINDYYOOAD0D | €09 PITMImTeediingd | g 0T 14OSs
LENNDDOYIDNNIVOIVYYID | €48 LIODANNDINDVVODNAIDIVY | 09 g8mdoyBeessiodoee | gc¢ I~ 1{IOSTS
LINONOIOVIDNNDVIIVYVD | 7.8 LIDANNDINDYVOHDAIDIVYY | €09 FmSorFeesswdoere | pog LT TAOSS
LLIDAONDDOVISANIVOIVYY | 148 LENNNDINOVYODNI0IVYVYD | 109 msmderdiodoeeed | ¢og 9L+~ 1dOSIS
LIDDONANDIOVIOANDVOIVY | L8 LLNAS2AOVVODDOIVYYDD | 109 n3oBenddiofoenedd | 7og ST 1QOSS
LLODSNNNDIOVIINNIVOIY | 698 LLOADSOVYODAINIVYYODY | 009 1BaSeeigodoeeeise | (¢ FI-1QOSs
LIADAZDANNOIOVISNIIVY | 898 LIDNDVYODNIDIVYVOOVIY | 665 mdeedfiddovesdseoe | peg I 1UOSTs
LIDOHNIDNNNDIDVIDNADY | L98 LINDVYDDNDOIVYVIDVIVD | 865 1SeeSdiofoenesseses | g7c 1T 1TOSS
LLODASNIDNNNODTIOVIDNND | 998 LIDVYODAIDOYYYOOVIVOY | L6 SeesdFoveesdesese | gz¢ 0L+~ 1COSS
LIANSOONII0NNSIOVIIAN | 698 LLVVODNDDIVYVOOVIVOVY | 966 vegdpdoeerddeoesee | L7¢ 60t~ 1QOSS
LLANAINOODDANNDDOVION | 198 LLVODODODOVYVDOVIVOVVYY | 666 e3Fodovendseovduee | 97¢ g0t-1QOSs
LLIVADONNDNDADINNNII0Y | £98 LLNODIYYVODVIVOVYYIV | 765 1w8oeee8deseSeeeae) | ¢7¢ SOV [{IOSTS
LEANDVADONNDADAIDNNND | 798 LIDVYVDOVIVOVYVIVIOVY | €65 sewgdgeovdeeeseidee | pze 0¥ 1Q0OSIs
LIDNNMDVADNNGDNDADDNN | 198 LLVYODVIVOVYVYOVADVYVYD | 76 veIguopiveroeideeesd | ¢7¢ 00t 1UOSIS
LLO2ANNDVADANOINROAIDN | 698 LIVODVIVOVYVYIVADVYYOV | 16 egdeoeseeroeidueede | 7¢ 665~ TGOS

91



PCT/CN2022/104037

&1 i T3ou, [ 200, ¢ O DO 7 DU, [0, IO, ¥ M DOU 5 O, [ 1§ DTV
LT 71 UL, T YOUL, [TOUE,, W QU D) OU 7 QUL []OUI, YO, ¥ OUL, DYOW, oML [YOU- 1] (TDTOV
o1 ‘ol TOUE O, YO [ ORE 5 W SUL, DyOUL, O, [ O, JOUL, Y Ok YOUL, Y OUL J@MM (€17
¢ 2l YOy [ 15T, O, JOUL, [T, W O DO, W ST, [ S, T OUL, W ST, DY UL, W OUL, (1o UE- T FDIovY
71 <t TIOUE, 70U 4 TYOULy OV, TYOU 4 TYOUL, W DU DYOR 4 OV 5 [ 005 IO W OUE, 00 Ly [FOUE- [} (3974024
1 91 DYOUL, (UL, VAU, [JOUL, WO, JOUL, (YO, W OUL, TyOUT, WV OUE, [ OU T JOUL, WO, ) OUL, UL, OW-17 (01974817
Al 81 THOUE,, Y QUL LYOUL T OUE, ST, T UL, WO, O [0 O DYOULy 7 OUT 5 [ O, I OULy, W OUE O, UL, [JOW- 1] (8UTOV
YU, [HOUL, Y Oul
H (49 a0 [ 1P ULy DU 1 i UL Y OUN , [OUE 5 W QWL [ O, Y/ UL YUy [FOUL, 7 U5 DY OUE i UL (O, [FOULy i OUL, Dy DU, Y OUL [YOU (TDTOV
-1
o1 9 M0V V-1 9N
G t DV 102 Ve Va1 11 N
8 01 AV Va5 Ve D Va1 11 OIN
L 71 Vb e Ve Ve (e Ds Vel Va 117 ZIN
9 ¥l Valla Ve [1a VD Valde 2 VaDa Ve 17171 PIN
¢ ¢ Va3 VaOe Qs Ve Dae Va Qe D6 VaeDa Ve 7T SIN
14 91 D1 Ve Do Ve Je Qe Va D Ve 1D Ve D Va1 17 GIN
£ 81 DaVaDaQa Ve Ve e VaDa Ve e s Va D Va - 171 81N
4 114 VoDV oD e Ve e Va Do e Ve D Ve (16 D5 VD Ve 1177 0N
i [44 Ve Ve BaeDa Vel e Va Qe VD (e Ve Va e 35 VaDa Vi 17171 TN
Qm@%ﬂ@ (31} 321§ {,£-,5) erumbag OOV SUEN (33Y

saouenbes (37YY L CIGEL
WL BepHosong

Z wwmﬁwﬁ@\wm 243 M.WQMWSMQM@ PUE 1 01 DBLIGAUOD 5T, 1, 3PG[N &g} 10hg oousnhIE 36138 P2URBUSDI 941 O] [BEONUGDE 531 a0UD nbes wwm.w,ﬂmrﬁ gu

SR

WO 2023/280190

LENAVYID3NYOIDDONNVAND | 68 LIVYOVVIIDOINVOOONNYY | $29 eeiera00dneidanes | ¢ LYY TOSTS
LLVANYVYIODNVOIDODNNVA | 168 LLVOVYIODDDNYDDDANYY | €79 ereeoo0fmesssnee) | poc OPH-1AOSS
LLDVANVYIDINVOIOOOANY | 168 LLOVYDIDOONVOOONNYYAD | 729 1EE00sFmEEsNEnE | co¢ SH-1UOSS
LLVOVAONYVYIDIOAVOIOOOAN | 068 LLYVIDOO30VOOOANVYADN | 179 BE200301FSINERIS) | 76¢ PrE-1GOSS

92




PCT/CN2022/104037

WO 2023/280190

SONSDOVVANNODaDYONDbYoa | Lis

: e il 1aos | VN ENED-LIST
0T VODVONIVODVYVINVIDY | 916
[44 YIDOOI2DOVOOVONOVYVYDOa | ¢i6
sauiEsSLCALEEACSA L S R ENTO-LIST
114 VOONNNVVIAVONVIDDDVYD | vl6
49 YYDOESDASISONAN0VANY | €
n vyy ‘ L wu = uw = 2 ; % 16 1aos YHNYUE ENLO-L150
0% AYVYODVYYDDYVDVYIDVDDN L 716
¥4 LIDOVIOOINVOADANAIV | LCE
ubwbu wb > g b% - — A0S VNS 6THO-LTSU
17 LIVADYYYOYYDAVYYDDADD | 88¢
14 LIVONONDODNI3IDOVIVYIDN | §6L
[dOs VIS S000-L18C
iT LLVODMNDAVIDODYOYOVYDL | 98y
i< LEDDODONNDDDDOVIVIDIV | 979
1aos YN FPOOG-L1SQ
17 LLOSDDADADDIIDOVYDOVOD | LS€
¥4 LISDOVVYITHIDONDYOODVYI | 8L9
oS TN c000-L150
1z LLVODVOOVDIVYVANLVID | 60F ﬂ
ic LEADDODOAVDAVDANVYYISN | 199
- — py ‘ 3OS VY Co00-L180
[4 LEVDDONOYVYOAVINVYIDDDVY | TLC ¢
[4 LIDONODONNIDANNDVANAY | €59 .
- D LIELNNIVIIY L 22 jaos | s 1000-£1S
¥4 LLOVVOADYYYDOYVYOYDIOVDD | ¥8¢
74 LWL OWNOUL, YOWIOULE 415Dy hadudy By Dyl yly VOMDRULOAWYIUL AW | ¢/6 | [0S 08sv (vssmgo )1 QOSSe
| ON
(1w} o Juad .
oS {,£-.5) ouanbog v mm, . BAE JwRy IPpRospInuEedng
038
suopisoduios xoudnp pow ssouonbos puras opyoonuoSHO % 21081
IIYUI g 1-1eowds 17 fpoRm
PAgsn- < 7Y oumoids jAmenr < Ty HA0mW, 7 [AN0AYOEINW-O-7 PR TBOURINPOW SUoqSEG {§d) amoupoaogdsoyd ', Tyigy oses soddn L qra
54 9 1101, O 4 O, LU, 30 4 1O [ ] 9OV
ic 8 YU, 7 DU, T YO, JOUL, W OUE DYOUL, oI, 19~ [ ] (R)70v
07 6 VY OUEL DOUL, DU 4 T1O1, 00, V2L DO, YU, 1AW 17 (6)TOV
61 61 (19t VO O Y S, (O, JOUL, ST, D OW, WO, [J9UI- ] {ODIOV

93



PCT/CN2022/104037

WO 2023/280190

TP, oW, DOTI, UL, WOl [Jo01, Yo uL, (a1, (1010, YOuL, [13UL, Dow, [jo01, oW

P i 65V T (D)o JY S Y MO Y B ] VIV TV EO I W Ir6 | TGOS | VNAB-AQQ | AT (RO DV-TNGT-LISA
(44 DU PO WY WYI U POWY IDUOIYUNEDI W, (0% 16
~ TTOUE, TTOL, DOUL, [TO U, O, TJOUL, T JOUL, [To U, YOI, & QUL [OUL, DO, TJO UL, 10w | A0S | VNAS-AQO | AT (PTOW I DV-SNE0-L18T
re =68V VU VI WYIDOYSUNINIIVIDINMDINWYIVa O], D ov6
[44 V0 DMy W DRI VUIVRIHE QL VR | 686
) TIOUL, [TOUL, DO, [1OUL,, WOUL, [JOUL, YO UL, [ 10U, (10T, VO UL, [19TL, DO, [JO UL, [1oW | 1A0S | YNEISAGO | SAST-(P IS OV-CINP0-L 180
re =65~ DWL OO R SR P OWIOIDIVIVEDIDWYID WO D W §¢6
[44 i U THO WD RO R A QU RN MOV aLDL NS | 266
L DU, [1PUL, DO, [JOUl, YR, (oW, Yo, [1OUL, [P UL, YOl [ |SUL NS, [ oUW, [ 191 A0S D YNSISSAQO | AT TS DY-SINEO-LT180
e -GS~ VL (OWYIDW D WYIOIDIVIVIY S BRI, g var | 50
44 Y L DI WG Uy UMD U NRWI YWIDENL W L 686
pe | (1OWLIPULOPMLIOW, FOUL TOWL GO, (O, a0 YO [JoW, O3W, oW, Jout | ) 1005 | VNISAGO EAGTHISW DV-EINTO-LISA
“65" VD W T OYIVE Y VI W VEDIDWL IO UL V], W o
[ Vs VUL VIDWNWDWUA YR IW AWML, (P VH | £26
b ﬂuﬁ*ﬂuﬁv_ﬁ@@&*ﬂuaﬁqﬁE*ﬂoﬁ%ﬁoﬁ%ﬂo&*ﬂg Uk, Y OTEL, [JOUE, LYOUL, TYOTH,, [Your <6 TAOS | VNMB-AQO | CAGT- (198D DV-EWTO-L1SA
“65 [ VW VIS VUV VIVIO] VB DWY DU 3] (10 .
[ D DWL IDWNWVID WY WNFOTVIDUI VU NWOINTLNTAWd | 1¢6 108 VNS CINSO-21SA
114 Ve VUL VDWW YDUOIIDSVIDINWOINWYIVALDLDW | 066 | o
[44 V3 DV DM O TN DWOIG W VUL VEDIOW, L. VEd | 676 e
07 (W DU DU DU DU IIINIVIVIEDIWYIDUL, 31, D | 876 1aos vREr HRErLIsa
[ D04 (100 (D WD (B0 O (T DI v R en v, Of . nwd | /76 A0S VNS CINE0-LISA
[4 ViDL JIRVIDEIDWYIDIDIVIVIVUPNWUVIDRM D). VW | 976 . o )
(4 AZNeluF T isLta sIu e s UL AU IS BUS S BUSHEL AL AL AT i Mg TSI I B W [0S YNHIS CNZO-L1SA
14 VDO NN VU IVIDI U VEIDRIDW VLM | vT6 ) o ’ o
44 VI VU VIOWOI WO W W ORI W N YOWVINWL AL VEd | <76 [0S VDL CNIO-LIS
0t (U VUL VMU VI RIDIVIVIDI VDU InW, 31, 1M |+ 776 o o
[ JO0DAOVOVINDVYIDVINDNnn | ide 108 VNS CNCO-LISA
114 VVVIOVOIDODOAIVOADNVYID | 076 | o o
[44 YOODDNDOANIGDOOVOVIDIY | 6l [0S VNS CNPO-LISE
0z aDo08NDBADBISBLVYYDIVLDD | RI6 o )

94



PCT/CN2022/104037

WO 2023/280190

ol OVISDINDOANDODDOVIVY | (96
1aos VNG GPICA-L1SU
ol ADADIDDYVOIVOODDAY | 646 ’
(44 (DM NNV WD WU WY F3WPDUATWYI UL, 31,10 | 856 xordup
re TIOUL, [TOUL, D)0 W, TR U, YOI, [JOUL, JO i, [AUE, TO1,, YO UL, [P0, DO, JO UL, [0 L6 B/u Eﬁnom! ACO AGTAPIE) I DV-ENZHODSP
‘ =68 VDWW VINWDI YWV R D VWA ¥ MWV, D ul
[44 VD0 VINTW AW DRI WY DWW AU R 0 308 0 966 (L
. (YL ()90, DO UL, (19, OUL, [DT, JOTL, [JOUL, [1OUL, YL, [JOU, OUL, [JO1, [JoW B ﬁMMﬁMW)m ~(pTouny Qw\mmwmu me&ﬂ@- L1ST
re 65 (V0 Vif Y WIS DU U I IOID VIO WO a0 DU | =0 ao | >
IO, [JOar, Yo, (OU, Y OUL, o0, UL, [YOUL, [1OUE, YOUuL, (YO o UL, [jom, [Jou . . N
b1 (YOUL, [JOULDOUL, (YO GOUL, [OHL, HOUL, [ 1PUL YOUL (Y > 1 *D.mw ves | v 00V CAGT-(H1PW Y
vi AnSNvAoANvabhan | ¢s6 | &4 ooV EAGT IOV
(4 Ve JWL DRI W YA WIS U IV YR RDW V™ | 686
o J oW, SOTHOUE, YO JOUL B, 1,00 i34 14 B 04 B il VOWNOUL, DYOTNy 00, [T 766 FA0S | OSVHYNYS | CAGT 1-TTOSSE-CNTO-LEST
’ “6S (D WL DWW D WDV VDI WD W, 3], DW ’
[44 D W DU RV DWYIDW DU ULV RO T, M THIA | 166 AT
be (19U, [JOUL 0L, MQEWA«@Si‘woS%QoSi woﬂfaog*%@ﬁi JOUL YOUL, (O, (JOUl ov6 1Aos | VNAIB-AQO “{pyowny DW&mEEﬁ LISA
~687 Ve VI VIOWYID R YOI VI OW N WYV, 3] DW
(24 V3 2W QDU TSI DWINROI YWIDUWIVEGIVERIDW. O VUJA | (56 CAGT
TYOTL, [ OUL, (YO UL, (10T, VAL, [15UL, 3O, [JOUL, [1OUE , WL, [] U 1Y UL, 15T, (16 0S| VNS , Ry 3
b Nour, [jour, 0 ﬁﬁ%ﬁ ; « ﬁm* Duﬁx uwﬁw Du«,m \_f‘@oﬁfﬁoﬁw DJE LDOULT %ﬁw* Now 256 LAOS | YNEB-AJO S(PIOUD T Y -ACINFO~L 1SCT
=65~ (D UL DW DU DU NI VIV WD W, 3], D
44 (Y (WU N WYY QRN YA AWV ULOLOMdA | V96 AGT
............... . , o D
b Four, Dm&%@mﬂw* Dw%?ﬁﬂﬂ D@E*ummm*ﬁmﬁ* Uoﬁ*w«m‘avw. Dwﬁ*aoﬁmw Fjour, [ow 06 TAOS | VNAEE-AJO (PTOUD ] IV-ACINE0-2 1ST
“68 VD W [HOWYIDEHOWYIDHIVIVIVI YNWVI WD, VR
(¢4 Vi WD URINUAN O OB YNV IDWL O WA | £V6 AT
X TP, [TOM, DO WL, T]O0E, YOl [JOUL, YOUL, [ 13U, (YO, VOUL, [ToUuL, DO, [Jour, 1o [0S | VNAS-AQO - Ry SR
\ PIRWIOV-ACINTO-L18T
re 68 VDL N NWYIVEDI U VIO U VIEIDURR D UL, VI, 3 e ¢
(¢4 AZAPMAEIA AL U LS LUSUSLUSUS LG HO LSS LUt LA A8 LLSYRE AL AN Ly AT
T1P0L, TTOUL, DO UL, (12U, YOI, (YO, YU, (12U, (YO, VOUL, [OUl, DO, T, 14 Q| YNUIS R
- (19U [0t 5 ﬂwfwgmﬂﬁoﬁfa‘uﬁ ¢ JO ULy [ 10U, (10T, 4 UL [10W, DO, .ﬁﬂi ot 766 A0S | VINAES-AQO PO I Y-ACINT0-21SCT
~68 [ VI VINWO VWY IV WDID Y VIOIV I DU W, 8, (T3
17 ISLIMISTRO LIS A AR OHO LIS US LU A AL U LUt IO LU IS LUt LI A ¥y g LU Ly

95



AU 5aevRdy ‘68
‘spnoudsoydjAtia-{a) - ¢ “dA TSUISDIAD TAgIs (¢ D 0w [Amew- ¢ 7Y teusoidAs e < 7y orendosoud- ¢ d HIOINLT) IAReAXGoUT
=©,.Npm€wmﬂ,m§©uﬁM,EﬁﬁaenmémgozmumwEoﬁwum%o&mﬂ?ﬂumaAm%Qmowwc&xmmcnm>JVZQnmmmum@ﬁovﬁﬂzmnmmwo‘am&wna.c

PCT/CN2022/104037

WO 2023/280190

61 OA2IIDAVONYINNYYYDD | L8 LGOS —_— S
61 DONANYYINYIAYIDDDVYD | S8 - e ‘ ‘
61 AVONYONNYYYOINIONIN | €8

[0S YNYIS LYHIV-LTST
61 YOVIOVOINNNVYIAYINY | 18
61 O9ADVIDNDIIDNYONYDN | 6L

- Stk - 130S VYIS COPIV-L1SA

07 VONYIAYIODDYIDNDVID | LL
61 IDODIDDAVONVONNYYYD | Sf

1q0s NS N6TIV-L1SA
0z ONNNYVYDAVINYIDDOVID | €L o
61 NI22DAYDNYONAYYYOIN | 14

[0S YN POTIY-L180
61 VOONANYYONYINYIODDY | 69 P
61 VODNI2IDAVOAYDNNVYY | 916

1[G0S VNS 8YITY-£1S0
07 ANNYYIOAVINYIDDOVION | St6
z IPIPNDDODNVDAVONNVYYYDIN | $L6

1a0s NS (€9LT-WE6TOALTST
17 LPIPODINNNAYYINVINYIDDODY | £46 08 v ) s
07 NJD2DNVONVONAVYVODN | 746 [0S AGS I
07 VOONNAVVINVINVIOOOV | 146 § o ‘ e
£7 DVIDDINNDDAYYANNIINDYIN | 006 LGOS _— I
€7 YONOVOOVYVANYIOVYODDDAD | 696 - o o
€7 DVIOODIAYIVIVOVAYYINNDN | 896 08 A 687Iv-1150
£7 VOVYONNYNDODNDAYDIIDDND | £96 | o POUEY EIN
€7 IPIPDDNDSNNIODDIVIVIODN | 996 R

[0S 7 NS (O)CESTOA-LTSA
€T IPIPDDIDNDNANDIINOYYOIVDD | $96 o8 v = 5
61 DONDONNIDDDIVIVIDIY | ¥96

1a0s NS ESTOALTST
61 AD2DADNADII0DYYDIYDD | £96 08 v L18
17 LPLPOAYIIODNDINNDID00YIN | 796 .

[0S VNS (OVHTOA-LTST
17 IPIPDDNDIIDDVYDIVOIDDNY | 196

96



WO 2023/280190 PCT/CN2022/104037

RI-qPCR
One-~step reverse transcription-guaniitative polymerase chain reaction {one-step RT-gPCR)

At the end of transfection, medium was discarded, and cells were washed with 150 pL of
PBS once per well, After discarding the PBS, 100 uL of cell ysis was added into sach well
and incubated at room temperature for 5 min, 0.5 gL of the celf lysis was tsken from each
well and analyzed by RT-gPCR using One Step TB GreenTM PrimeSonpTM RT-PCR kit |
{Takara, RROBGAY in a Roche Lightcyeler 480 real-time PUR machine PCR reactions was
prepared using Echo 53285 Acoustic Liguid Handler (Beckman Coulter). Hach transfection
sample was amplified in 3 repeat wells. PCR reaction conditions are shown in Table 9.

Table 9 PCUR reaction preparation,

Reagent Volume (b}
2 x One Step TB Green RT-PCR buffer 4 25
PrimeScript'™ 1 step enzyne Mix 2 02
Forward and Reverse Primers Mix (5 uM) 04
dH, 0 without ENase 16
Crude lysate (RNA) 04
Total volume 5.1

The reaction conditions were as follows: reverse ransceription reaction {(stage 1) 42°0 for 3
min, #5°C for 10 sec; PCR reaction {stage 2} 95°C for 5 see, 59°C for 20 sec, 72°C for 10
sec; 40 cycles of amphification; and melting curve (stage 3}, Human or mouse SO gene
was amphfied as targel genes. TEFP and HPRTT were served as reference genes were also
amplified as internal controls for RINA ipading. All primer sequences are listed in Table 4 and
Table 18

Table 4. Primer sequences for RT-PCR.

Primer } SEQ . ¢ Product size
Title Gene D NO Sequence (8'-3") (bp)

Htt F ) 896 GCACGGCATCCTCTATGTGT ,
---------------------------------- Mouse it : 121

Hit R %97 AATGTTCACGCAGTGGGCTA

App F 898 CGAGAGAGAATGTCCCAGGTC
----------------------------------- Mouse App o 142

App R 890 TCTCATTGGCTGCTTCCTGT

SODIFR Human 400 AAGCATTAAAGGACTGACTGAAGS 154

SODIR SODI 901 CAAGTCTCCAACATGCCTCTC

Sodl F ez GGACAATACACAAGGCTGTACC )
----------------------------------- Mouse Sodt — 123

Sodi R 903 CGTCCTTTCCAGCAGTCACA

SMNZFL ' Human 904 TCATACTGGCTATTATATGGGTTTT o5

SMINZFL R SMN2 905 TGCTCTATGCCAGCATTTICTC i

SMNA7F Human 406 GCTATTATATGGAAATGCTGGCATAG -
T T T e AT " - [

SMNATR SMN2 907 TTCCAGATCTGTCTCATCGTTTICT

TRPF ) 908 TGCTCACCCACCAACAATTITAG o
e Hyman B8P - 139

TEPR a0y TCTGCTCTGACTTITAGCACCTG

Thp F ] 910 GCTCTGGAATTGTACCGCAG )
e Mouse Thp . — 126

Thp R 911 CTGCAGCAAATCGCTTGGGA
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Table 10, Prumer sequences for RT-gPUR.

Primer Gene SEQIDNO  Scquence (53" o i‘iz‘;
SOD] F . 900 AAGCATTAAAGGACTGACTGAAGG .
SODIR 901 CAAGTCTCCAACATGCCTCTC
SediF Momee Sod? 902 GGACAATACACAAGGCTGTACC s
Sodl R 503 COTCCTTICCAGCAGTCACA
TBP F o 908 TGCTCACCCACCAACAATTTAG 2
TBP R 909 TCTGOTCTOACTITAGCACCTG
HPRTIF  Human 73 AAAGATGOTCAAGGTCOCAAG oo
WPRTIR  HPRTI 29 TAGTCAAGGGCATATCCTACAAC :
Top F - 910 GOTCTGGAATTGTACCGCAG |
---------------------------------- Mouse Thp - - B 126
Top R 911 CTGCAGCAAATCGOTTGGGA
R17-04-AS- - GTCGTATCCAGTGCAGGGTCCGAGG /
SL-RT TATTCGCACTGGATACGACTGGCGA
sLr / 35 atitaA CGCACACGGCCTTC
SL-RT- 60
GPCR-Uni- 37 GTGCAGGGTCCGAGGT
R
oIMRO113 / 55 CATCAGCCCTAATCCATCTGA N
oIMRO114 356 CGCGACTAACAATCAAAGTGA
oIMR7338 , 625 CTAGGCCACAGAATTGAAAGATCT N
TOIMR7339 ! 704 GTAGGTOGAAATTCTAGCATCATCE oM

Two step RT-gPCR

For the sake of quantifying mRNA expression in celis, total cellular RNA was isolated from
reated cells using a RNeasy Plus Mini nt (Qragen, Hilden, Germany) according 1o s
martual. The resultant RMNA {1 yg) was reverse transcribed toto oDDNA by using a PrimeScript
RT kit containing glMA Eraser (Takara, Shiga, Japan). The resultant cDIMNA was amplified in
a Roche LightCyeler 480 Multiwell Plate 384 (Roche, vell 4729749001, US) using 3YBR
Premix Ex Tag H {Takara, Shiga, Japan) reagents and primers which specifically amplified
target genes of interest. Reaction conditions were as follows: reverse transcription reaction
{stage 1) 42°C for 5 nun, 95°C for 10 sec; POR reaction (stage 23 95°C for 8 sec, 60°C for
30 sec, 72°C for 10 sec; 40 cycles of amplification; Melting curve {stage 3}. PUR reaction
conditions are shown in Table 11 and Table 12,

Table 11, RT reaction

Reaction-1 {Takara, RR047A) Volume (ul)

5xgDNA Eraser Buffer 2

gDINA Eraser i

Total KNA (1 pug) + RNase Free dH:0 7
Total Volume io

42°C 5 mun, store at 4°C
Reagent-2 {Takara, RRO47A}

3 x PrimeScript Buffer? 4
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PrimeScript RT Enzyme Mix | i
RT Prime Mix
RNasg free dH,O
Reaction-1 10
Total Volume 20

37°C 15 min, 85°C 3 see, store at 4°C

Table 12 RT-gPCR reaction

Reagent (Takara, RR82Z0A) Volume {jtl}
SYBR Premix Ex Tag I (2 <} 5
PCR Primer {forward + reverse) 5 uM I
cDNA (RT product) 4
Total 10

To calenlate the expression level (Frefly of SODT mRNA 1o an siRMNA-transfected sample
relative to control treatment (Mock), the €t values of the target gene and the two internal
reference genes were substituted into formula HI

Lover=2{CtTm—Ct T3y [{QCRUm—CRL s *2{CR2m—CiR2 Y (1/2)s )
{formula 1)

wherein 1Ty was the Ot value of the target gene trom the mock-treated sample; CiTs was the
Ct value of the target gene from the sitRNA-treated sample, CiR 14, was the Ot value of the
wnternal reference gene 1 from the mock-treated sarople; CRI; was the Ctvalue of the
internal reference gene 1 from the siRNA-treated samiple; CtR 2y was the Ct value of the
internal reference geoe 2 from the mock-treated sample, and CtRZ; was the Tt value of the
internal reference gene 2 from the siRNA-treated saraple.

Primary mouse hepatocvte (PMVMH) isolation and free untake assav

CSTBL/GY mice (Beyjing Vital Biver Laboratory Andmal Technology Co, Ltd.y were
anesthetized with isoflurane and perfused by initial flushing reagent and digestion reagent
successively, followed by placing hiver into 10 oo dish contatving culture medium . Teared
apart the lobes of the liver using two pairs of forceps and obtained the suspension to filter
through a 70-75-micron membrane for collecting the cell suspension 1y 50 wi. conical tbe.
Then, spined at 4°C for 2 nunutes at 100 7 g in a swinging-arm centrituge and removed the
supernatant and pipetted 20 mb cold PBE 1o wash cells (Repeat wash for a total of two
troes) Tested the cell viability using 0 4% trvpan blue and seeded cell fo the cell cubiure
plates which coated collagen T4 ~ 12 hours before cell seeding to make sure at least 60% cell
contiuence ty culture medium. Make sure all cells grow to thetr full size and vield a final
confiuence of 90-95% after seeding cell to carry out the experiment,

ELINA assay
To assess immunostinulatory activity of oligonucieotides, ICR mice (Code 1D 201, Begiing
Vital River Laboratory Animal Technology Co., Ltd ) were treated by DS17-04M3, ACH-
LOV3 and DST7-04M3-AC Hme 1 43-L9V3 and mouse IL-10, TNF-g IFN-y protein
expression levels was detected in the serum of treated mice OD value using H.-18 (70-
HKZO1B/3-90, MULTI SCHENCES, Ching), TNF-o (1217202, Shanghat, China) and [FiN-y
(70-ER280/3-96, T0-HK280/3-96, Chinay ELISA kits by following the instructions provided
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by the manufacturer of the kits. To test the toxicity after stimulation of ohigonuciectides, the
serum of ICR mice was harvested and detected the enzyme activity of Alanine transaminase
{ALT}, aspartate transaminase (AT}, and Creatinine {CREA) using ALT kit (OSR6107,
Beckman Counlter, US), AST kit (O8SR6209, Beckman Coulter, UR), and CREA kit
{(SR6212, Beckman Coulter, US) by AU4B0 Chemistry Analyzer (Beckman Conlter, US),
respectively, according to the instructions of the kita,

Immunoblot analysis

Total celtular protetn samples were harvested using RIPA Buffer supplersented with protease
inhibitors. Sample concentrations were accessed by the BCA protein assay kit (Beyotime,
POGIO, Shanghat, China}. Protein aliquots (10 ug/well) were resolved via sodinm dodecyl
suttate (SDS) polyacrylamide gel electrophoresis {PAGE) and wransforred to 0.45 ym
polyvinyiidene difluorids (PYDF) membranes for immunodetection. Dhluted primary
antibodies specitic to SMIN (CRT, 19276, USA) or o/B-Tubnlin (U8T, 214&q, USA ) were
incubated at 4°C overright. Corresponding species-specific anti-IgG horseradish peroxidase
secondary antibodies (O8T, 7074s and 70705, USAY were used to visualize protein bands via
cherntluminescence on an Image Lab docking station (BIO-RAD, Chernistry Dioc MP
Imaging System . Protein levels were quantified by optical densitometry of detected bands
using fmageld software.

Propidium iodide (P} staining

HEK293A cells were enltured in 96-well plates foliowing siRNA treatment for 24 hours.
Cells were washed with cold PBS and lysed using 40 ul/well of Cell Lysis Butfer (0.25%
fgeal CA-630, 140 mM NaCh Z mM BT, 10 mM Tris, pH 7 4) containing 1.5 uM PL Plates
wete incubated on tce for 5 munutes prior 1o measuring optical density ((313) on a microplate
reader systemn (Infinite M200G0 Pro) at 535 nm excitation and 615 um ernission wavelengths.

Stem-ioop RT-gPCR

To guantify oligonuciectides in biclogical samples, animal tissues were harvested using Heat-
Lysis method and stored lysate at -&0°C. Duplex, antisense strand and formulated stRNAs (20
b were used for the preparation of serial 10-fold dilutions tute 95°C botled tissue (100
mg/ml) or plasma (110 diluted} in Ix lysis butfer. Concentrations in nM were converted 10
ng/mil. using the corresponding siRMNAs molecular weights. Two non-template controls were
included in all experiments. The first control contains the water used to prepare the
transcription master mix and the second contains the Iysis buffer used as diluent for samples
and standards.

Reverse franscription reactions were performed using a Takara Reverse Transcription kit
{Takara, RRO3TA) A total of 4 pl of ¢DNA {1:40 dilution) from the previous step was added
into the POR amplification reaction mix (0.5 pM forward pramer, 0.5 pM reverse primer, 2 X
TG Green premix Ex Tag H) The gPCR reaction was run with the option “Standard Curve” 1o
a Light cycler 480, Stern-loop RT-gPCR reaction conditions are shown in Table 13 and
Tableld.

Table 13, Stem-loop RT reaction

Reagent (RRO3TA, Volume(pl) Program
Takara}
5x PrimeScnpt Bufter 2 16 °C 30 min
PrimeScript RT Enzyme Mix | 0.5 42 °C 30min

o rer . . 85 °C S 1mun
SL RT primer (1 uMj 3
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RNA /lysate 1 Hold at 4 °C as necded
RNase free H:O 6
Total volume 10

Table 14, Stem-loop RT-gPCR reaction

Reagent (RR820A, Takara}  Volume(ul} Program
2 x TB Green premix Ex 5 95°C30s I evele
Tag
Forward primer (10 pM) 0.5 95 °C 3s 40 cycles
Uni~R primer (10 uM) 0.5 60 °C 20s
RT product (1:40) 4 72°C 10s
Total volume 10 Melting curve

Animal procedures

All animal procedures were conducted by certified iaboratory personnel using protocols
consistent with iocal and state regulations and approved by the Institutional Animal Care and
Use Comnuttes. frutial breeding pairs of SMA mice were obtained from Jackson Laboratories
{Bar Harbor, ME, UUSA} This mods! was created by integration of human SMN2 transgene o
compensate for homozygous knock-out of mouse Smin gene (Hsieh-Li et al. 2000}, Tail snips
were gathered at postnatal day O (PND O for g gmotvpmg r by PCR and grouped as Type {
SMA mice bmﬂ"“, SMN ’*’“) Type HI SMA mice (Smn™, SMNZ™Y, and heter nzygous {(Het)
controls (Sma™, SMN2™ C5TBL/G wice were purchased from JOINN Biologices {Suzhou,
Hangsu, China). Bildterai mtraf:ercbral ventricle IOV injection was performed under
anesthesia via 2% isoflurane at a depth of 1.5 yum or 3.6 mm with Z%-guage syninge for pup
(2wl for cach side) and adult rorce {5 pl. for each side}, respectively. Subcutaveous (80)
ipjections were placed under the skin in the intrascapular area of pup and adulf mice.

Intracerebral ventricle (ICV) injection

Aninsals were anesthetized by isoflurane inhalation. The eyes of the animal were treated with
ocular Inbricant. The fur of the scalps and anterior backs were chipped and placed 1 a
stereotaxic apparatus. Buprenorphine was admimstered subcutaneously prioy to mncision (0.1
mg/ked An 1 S-cm, shightly off-center incision was made in the scalp. A Z5-gauge needle
attached to a Hanulton syringe was placed at bregma level and the needle was then moved to
the appropriate anterior/posterior and medial/lateral coordinates (0.2 mm anterior/posterior
and trom to the right medial/lateraly. The proper amount of injection solution was injected at
rates of approamately 1 yl/second for a total of 10 yl. Thus flow rate has been shown to
deliver sufficient compound with consistency and no side effect to the animal. The incision
was sutured closed using 1 horizonial matiress stiich with 5-0 absorbable suture.

Intratracheal instillation (1T injection

Amimals were anesthetized by avertin and individually secured on an inclined wood platform.
The trachea was exposed by a 1-cm incision on the ventral neck skin. The test articles were
dissolved in 30 pl. saline and then divectly nstilled the sohstion into lung via endotracheal
intubation with an 18-gauge plastic catheter. To ensure that the articles was delivered into the
mice lung and provided an effective distribution, 150 ub pre-filied air was rapidly pushed
into lung via a Lol synioge with the blunted needle after imsulling the article solution. The
catheter without syringe was placed in the trachea of mice to assist breathung. The incision of
neck was sutured and swabbed with povidone todine. The mice were placed on the inclined
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wood platform for 4 hours by anesthetizing with avertin untid the article solution fully
abisorbed in lung. The saline group were performed same surgical procedure served as a
vehicle control.

Rotarod behavior test

To assess the motor coordination, sirength and balance of 322574 mice after dosing
Tofersen and DS17-04M3-AC H{mel4)-LoV3 on PND 46, SODIY4 mice were tested on
Rotarod device {(XR-0C, Shanghai Xin Run Information Technology Co., LT, China) 1.2
times per week, SO mice were tratned on Rotarod device as foliows: 1) The first speed
was set 5 revolutions per minute {rpm} and a duration time at § seconds. 2) The second speed
was set at 20 rpra and a duration time at 100 seconds. 33 The third speed was set at Z5 rpm
and a duration time gt 100 seconds. 43 The fourth speed was set at 30 rpm and a duration time
at 100 seconds. 53 The fifth speed was set at 20 rpm and a durafion time at 300 seconds.
SOHIY mice were tratned until they could remain on the apparatus for 300 seconds
without falling. After training, SGD7% mice were placed on the rotarod with an
accelerating mode (5 to 30 rpm in 5 min} for a maximum time of 300 seconds. SGDUP4A
ice were given three trails with an indertrial inderval of 30 nun and recorded the average
tirne spent on the rotared.

It has been discovered 1o this disclosure that after being imntroduced nio a cell, the aRNA can
etfectively decrease the expression level of SO wRNA and SOD protein. The present
appiication will be further tnstrated with reference to specific examples and drawings
helow. It should be undersiood that these exarples are merely intended to iHustraie the
present application rather than limit the scope of the present application. In the following
examples, study methods without specific conditions were generally 1o accordance with
conventional conditions, such as conditions described in Sambrook, er of., Molecular
Clening: Laboratory Manual (New York: Cold Spring Harbor Laboratory Press, 1989}, or
conditions recommended by the manufacturer,

in vivo imaging of fluorescein labeled olisonucieotide in animal organs

Mice were terminally anesthetized oo select days following treatioent and pertused with cold
PBS to wash out residual Quasar 370 (QuS) dve in circulation. Major organsftissues {i.e.,
muscle, ver, lung, heart, kidoey, spinal cord, and specified areas of the brain) were
harvested and nmaged on an IVIS (in vive imaging systen) svstem at excitation/ernission
wavelengths of 520/570 nm. Quasar 370 signal was quaniified by encircling each tissue or
organ within a standardized region of interest (RO} and measuning Suorescence intensity
{p/s/em2/sry via Living Image® software {Caliper Lite Science, USA)

EXAMPLES

The following examples are set forth so as o provide those of ordinary skill 1 the art with a
complete disclosure and description of how 1o make and use the present wnvention and are not
intended to limit the scope of what the tnventors regard as their invention nor are they
intended to represent that the experiroents below are all or the only expenments performed.
Efforts have been made o ensure aocuracy with respect to numbers used {e.g., amounts,
temperature, £i¢.) but some experimental errors and deviations should be accounted for
Unless indicated otherwise, parts are parts by weight, molecular weight 1 weight average
molecular weight, temperature is in degrees Celsius, and pressure is at or near atmospheric,
Standard abbreviations may be used, e.g., bp, base pair{s}, kb, kilobasets), p, picoliter(s}, 8

or see, secondis); min, minute(s) h or br, hour(s), aa, amino acid(s); ot, nucleonde(s); i.m
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sntramuscular(ly ), 1 p, ntraperitonealddy) s, subcutaneous(iy), .ov. oriev or ICY,
intracersgbroventricular and the like.

Examuple 1: Design and synthesis of ODV duplexes

All single-stranded oligonucleotide sequences with chemical modifications including nucleic
acid analogs, backbone substitutions, linkers, and ACQO comjugates were synthesized on sohid-
support as single molecular entities. GV duplexes were subsequently created by annealing
complimentary single-stranded ohgovucleotides, FIG T dlusirates example molecular
structures of ODV duplexes after annealing. Quality control of synthesis was pertormed on
purified duplexes using mass spectroscopy and RP-HPLC, FIG 2 shows the mass
spectrograms and elusion profiles of example ODY duplexes with AT0s at 6 (5iSODIM2-
ALZ{NOMSTV3v or 22 nucleotides (siSODIMZ-ACZ{N22-81V3v]) tethered by a Spacer 18
tinkeer Chexasthyviene glyeol). The spectrum data confirmus on-support synthesis of both GDV-
sIRMAs was efficient and complete with observed MW of 941 1.5 Da (calculated MW

3410 86 Da) and 14884 8 Daa {calculated MW 14883 .05 Da), respectively. In comparison, the
same siRMA duplexes without ACOs had an observed MW of 70051 Da {calculated MW
7005.08 Da) without the 518 linker (1S0OD1-388-E) and an observed MW of 74093 Da
{calculated MW 7400 38 Da} with S18 {siSCDIM2Z-L1} RP-HPLC analytics also confirm
ODV processing after syuthests vielded relatively pure duplexes as elusion profiles contain
single peaks at ~1 1 nuns (FIG. 2}

Example 2: ODV-siRNA inhibits Htt mRNA expression in mouse brain and spinal
cord.

Using medicinal chemstry, a fullv-modified atRNA duplex was syuthesized with knockdown
activity targeting the mouse Hir transcript SiHTT-51V 1) The chemistry provided benefits
needed for n vive function {2.g., prolonged stability and elimination of mme stimnlation),
but still failed to deronsirate any sigmiticant response in vive following local injection o
the CNS. I an attempt to improve local diffusion and in vive activity, an ODY variant
{siHTT-AC2-51L 1) hinked to an 18-mer ACO possessing 2" MOE and P3 chemisiry at every
position was synthesized. Both siHTT-51V1 and sHTT-AC2-5111 were injected tuto PND4
CS57BL/6 pup mice. Brain and spinal cord were harvested 72 b later from the injected mice
and Hit expression was detected from the harvested tissue after RNA isolation and RT
reaction. As shown in FIG 3A-B, ICV myjection of iHTT-81V1E did not significantly impact
Hit expression in the brain or spinal cord compared to saline controls 3 days foliowing
treatroent. However, aHHTT-AC2-311L1 reduced target gene expression by approximate 37%
and 30% in the brain and spinal cord, respectively. This data provides evidence that the QDY
strategy can endow siIRNA with in vive activity in the ONS via tocal injection.

Example 3: ODVY does not interfere with siRNA knockdown activity in vitro.

To test the impact ODV desigo has on siRMNA knockdown activity, a series of ODV-siRMA
variants with ACOs of different sizes (Lo, 12, 15, or 18 nuclestides in fength) denoted as
AC2NIZY, ACZNESy and ACZINIE), respectively were syuthesized (Table 23 Al ACOs
were linked to the 37 -terminus of the passenger strand within a parental duplex siApp-8-
K1Viv, a medicinally modified version of siAPP-& with chemisiry throughout, As shown i
FiG4, siRMA koockdown sotivity was not siapaited by ACO addison regardless of length.
Reduction in App mRNA levels ranged between 95-83% at 1 nM and 90-95% at 10 nM
reatments o N334 cells for all vanants.

Example 4: ODV-siRNA possesses in vivo activity in the CNS,

103



WO 2023/280190 PCT/CN2022/104037

fre vive knockdown of App mRMA 1o ONB tissue was evaluated in CSTBL/G pup mice
(PIND4) via IOV injection. As shown in FIGS, siRNA without ACO {App-8-51V1v} had no
detectable impact on App tevels in either brain or spinal cord tissue 3 days following
wnjection. fn contrast, both OV vanaots st App-8-ACUNIS-STLIV3v and siApp-8-
AC2(N1IB-S1EL Vv caused greater than 60% and 25% reductions in App mRNA within the
brain and spinal cord, respectively. This data provides additional evidence that OBV-aiRMNA
possesses i vive activity in the ONS via focal injection.

Example 5: ODYVY composition does not interfere with in vitro activity of saRNA in
inducing gene activation.

To test the opact DY design bas on saBRNA activity, g senes of ODV-3aRMA varianis with
AL ranging i size from 8 to 18 nuclectides in length {dencted as AC2{8) ~ ACZ(18}]
were aynthesized {(Table 2) All ACOs were linked 1o the 3 «terminus of the passenger strand
of R6-04203-81V Iv{CM-4}; a medicinally modified 3aRNA that activates human SMNZ
gene exprassion. Primary human fibrobiasts derived from SMA Type-2 {GMO3813 celis) and
SMA Type-1 (GMO2677 cells) patients were transfected with each ODV-saRNA and
expression levels of full length (SMNZ2FL)Y and A7 (SMN247) splicing variants were evaluated
by RT-gPCR. Only SMNZFL transcript is responsible Tor producing functional SMN protein,
while A7 1 translated into a non-funcuonal proteim suscepiible to rapid turnover. As shown in
FEG.6A-B, all ODV-saRMNAs increased gene expression sumilar to RG-U4{20-S 1V IV{TRM-4)
in both GMO3B13 and GMO9677 cells. Frumnmoblot analysis alse showed 8 measurable
increase in full-dength SMIN protetn 1o most all treatroents; although, protein increases were
only subtle at day 3 1n GMO9677 cells (FIG 7A-B ). Much ke siRNA, ACOs of various
tength do uot have a significant deleterious effect on saBRNA activity.

To determine if ODV-saRMA activity 18 also conserved 1n context o human SMNZ transgene
upregulation, privoary mouse hepatocytes (PME) derived from the Type TH SMA (Smn™,
SMNZy mouse model were treated fr vitro and expression levels of full length (SMN2FL)
and A7 (8MN247) splicing vanants were evaluated by RT-gPCR. As shown in FIG ¥, ali
OiV-saBNAs inereased SMNZ transgene output similar 10 or better than Ro6-04(20)-
SIVIV{CM-4} 1o PMH cells

Example 6: Design of ODV-siRNAs to target SOD/T in the CNS,
Nequence for human SO transcript (MM 000454 5) was retrieved from the NCBI

nucieotide database. B included a 465 bp open reading frame (ORF) located between
rwcleotides 78 and 542, which served as the template for siRNA design (Table 5).

Table 5: SODI ¢DNA sequence for siRNA design
SODI sequence (57237}

Size  SEQID
(nt) NO

atggegacgaaggoogtgtocgtigetgaagggogacggeccagigeagggeatcaicaatticgageag
aaggaaagtaatgoaccagigaaggtgiooooaascattaasggacteactgaageectacatgoaticc
atgticatgagttiggagataatacageaggctgtaccagtgeaggtectcacttiaatectctalecagaaaa
cacggigooccaaaggatgaagagagocatgtiggasactigs scaatgigactacigacaaagatgcty 465 {05
tgeccgatgigtctatigaagattotgtgatctcacteicaggagaccatigeateatiggecgacactggty
giccaigaaaaageagatgaciigeocasaggtggaaalgaagaaagtacaaagacaggaaacgoigga

agtegtiiggctigiggtotantiggoatcgcccaataa

[ hdad =]

Aotal of 208 siRNA duplexes were synthesized, each with a length of 19 base-pairs and a
G content of 35%:-05% and with no more than 4 repetitive nuctectides (Table 33 HEK2Z93A
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cetls were treated with 0.1 oM and 10 nM of the aRBRNAs, 24 hours iater, the knockdown
activity was evaluated using RT-qPCR high throughput screening (HTS). 5887 mRNA
knockdown activity of each siRNA was plotied in FIG.S. Gut of the 268 siRNAs, 121
demonstrated almost complete knockdown activity 1w reducing 5007 mRNA fevels by more
than 90%. As an indicator of potency, 69 {25.7%) and 15 {5.0%) siRINAs reduced SO0
ievels at the concentration of 6.1 nM by over 50% and 75%, respectively. Both criteria
allowed tor the wentification of the top 30 performing siRNAs in which cormplete dose
response curves for SO knockdown confirmed potencies (ICso values) in the low
peomolar range {Table 6}

Table 6. Potency of the top 30 best performing SCDR1 sikNAs in knocking down 5880/
mENA expreasion

SODI mENA (% of Mock)

SIRNA 0.1 nM 16 6M 1Cs M)
S50D1-63 20.67% 2 76% 1.99
SISOD1-47 $.74% 1.86% 251
SS0D1-104 13.49% 1.63% 332
SISOD1-3 7.56% 1.64% 3.73
§SOD1-258 17.26% 1.62% 3.74
SISODI-90 19.24% 3.12% 4.84
S$SOD1-10 24.35% 3.20% 4.96
Si50D1-134 18.51% 1.74% 5.57
§SOD1-8 23.88% 2.58% 5.75
SISOD1-190 24.89% 2.65% 6.07
SiSOD1-254 14.03% 2.31% 7.00
Si50D1-284 29.61% 2.49% 737
SISOD1-184 19.34% 2.14% 7.75
550D 1288 19.03% 1.92% 7.82
SISOD1-98 21.99% 2.56% 9.40
S§SOD1-260 32.95% 3.42% 9.57
SISOD1-129 27.72% 1.79% 90.71
§S0D1-231 21.75% 3.51% 11.64
Si50D1-287 33.25% 5.41% 12.82
§S0D1-285 35.97% 2.48% 12.90
Si50D1-156 24.60% 2.42% 13.72
§iSOD1-262 35.91% 4.35% 15.29
Si50D1-388 28.77% 4.20% 16.27
SISOD1-228 36.31% 2.59% 16,60
550D 1241 19.30% 1.85% 20,30
SISOD1-96 28.40% 3.20% 21.26
§SOD1-229 27.59% 457% 22.74
SISOD1-179 26.89% 2.77% 22.81
§SOD1-242 28.51% 3.92% 2447
Si50D1-387 26.39% 4.69% 26.64

Subsequent analysis of cytotoxicity via Pl staining was performed to further identify duplexes
with potential safety concerns. As shown 1o FIG 10, HEK293 A cells tolerated doses at
rouitiples well beyond 100 # ICsq values in context to SGD/ knockdown for the top 30
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stRINAs, Overall, target sequence selection, sitRNA desigo, and screening onteria identified a
panel of strong candidates for further drug development.

I order to validate activity 1n roodel cell lines for neurodegenerative disorders {e.g., ALS),
six siBNAS (e, 51S0D-63, siSOD 147 «SODI-104, si80D1-3, siSOD1-231 and siSOD1-
3885 were selected from the top 30 and analyzed in the human neurcblastoma cell Hine, SH-
SYSY. FIG LT shows that knockdown activity was couserved for all six siRNAg reducing
SOD] levels by more than 75% at either 1 oM or 10 oM treatment concentrations.
Knockdown was also validated in two motor neuron-like cell lives of mouse origin (e,
NSC-32 and N-Za) for sRNAs with conserved target sequence in racuse Sodl transeript (e,
siSOD-231, siSOD1-229, s18001-388, and siSOD1-387). As shown in FIG 12A-B,
reductions 1o monse Sodl levels were robust approaching near complete knockdown at 10
nM tor all tested siRINAs. Based on this data, two exemplary siBNAs (e, 515001-231 and
5iSOB1-388) were selected for further development by applying medicinal chemistry,

Yartants of s18SOD1-231 and s150D1-388 duplexes were synthesized using several ditferent
modification patierns comprised of phosphorothicate (PS5} backbone substitutions and nucleic
acid analogs (i.e., PHluoro, 27-O-methyl, and DNAY in combination with doplex strocture
asymmetries {Table 2} FRG 13 A illustrates the different chenustries and structural
modifications applied to both siRNAS using siSOD1-388 as model sequence. Knockdown
activity in HEKZ93 A cells revealed st 50D1-388 appeared to tolerste most of the
modification patterns in comparison to unmodified duplex with only siSOD1-388-M1 having
the most notable loss in activity, whereas, all chemically modified variants of si3011-231
were comnpromised at 1 nM treatments with siS0D1-231-H having the greatest iopaument
overall (FIG 138} This knockdown profile was also conserved in the mouse neuroepithelial
cell Hne, MNE-4C (FIG 130). Taken together, siSODN-38&-E was the best overall performer
and selected for downstream ODY optimization. Interestingly, the same modification patiern
used in siSOD1-231-E pearly abolished its Enockdown activity (FEG 138-C) implying that
the deleterions effects of chemistry are also contingent oo duplex sequence,

An GOV example of iSO -388-E was subsequently created by adding a 87
vinyiphosphonate (S7-VP) to its gunde strand and a 15 vucleotide ACO on the 3 terminus of
its passenger strand {Table 2. QuS fluorophore was conjugated to the OGDV-siRNA
{siSCDIMZ-ACZ{MNISRSTVAv-Qus) and an ACO-absent variant {siSODHMZ-STVEv-{us)
i allow biodistribution analvtics following impection into animals. Koockdown performance
was confirmed by transtection into NSC-34 cells in which ACO addition had no mpact on
GIV-siBNA activity at 0.1 or 1 oM treatments in viree (FIG 14} Furthermore, seither the
STVEP modification nor Qui-labelling imopatred siSODIMZ-ACZNISI-SIV3v-0nd or
stSOLMZ-STYV Iv0us in comparison to unmodified duplex (siSOD-388-E) (FIG 14} {n
vive analysis in C37BL/G pup mice (PND4) following treatment via IOV injection at day 3
revealed QDV-siRNA biodistribution signal was enriched across CNS tissue (7., brain and
spinal cord} compared to siSODIM2-S1V1v-0Qus (FHG 15A-B). Pup mice have an
underdeveloped blood-brain barnier sllowing for possible systemic exposure and diffusion fo
peripheral tissues. While both siSODRHMZ-ACZNIS IS IV3v-(3ul and siSODIM2-51V v~
{5 were detected in liver and kidney {i.e., consistent with organ perfusion and clearance),
the ODV-siRNA was selectively entiched iy muscle and other peripheral tissues {albeit at a
iower detectable signal) in pup mice (FEG 15A-B). Analysis of i vive knockdown activity
revealed similar resulis in that both stSODITMZ-ATZINIS STV Iv-Gud and siSODIM2-
STV Iv-QuS reduced Sodi Tevels across CNS fissue with ODV-siRNA providing better
performance; however, only stSODIMZ-ACZINIS )-8V 3v-{us activity was preferably
detected in peripheral tissue (FIG15C). Collectively, this data supports GV implementation
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enhances tissue diffusion and distribution, whereas such effects are typically not observed
with standard siRINA design.

i adult anumals, QuS signal was largely confined 1o the ONS following ICV injection gt day
S(FIGI6AY Overall, siSODRIMZ-ACZINTZF-SIV3v-0ud biodistrbution was enriched over
iSO IMIZ-STVIv-0us i both brainy and spinal cord tissue. Kuockdown activity was also
evaluated 1n several CNS tissues (7.e., prefrontal cortex [PFCH, cerebelium, rest of brain
[Brain}, cervical [Spinal-C], thoracic [Spinal-T}, and lumbar [Spinal-L} vertebrae) and
peripheral tissues including muscle and kidney. As shown in FIG 168, knockdown was
detected 1n all ONS tissues in which ODV-siRNA generally provided better porformance. In
summary, QDY design provided broader performance improvement across different UNS
tssues followiog local dehivery

Example 7: GDY provides a durable response in the cerebellum tunable by ACO
length.

OV variants comprising ACQOs with a length of 6 (SO TMZ-ACZING-STVIv-Qul) or 22
nucieotides (aSODTMI-ACHMNZZ 51TV Iv-0Quls ) were syuthesized 10 evaluate knockdown
kinetics tn CINK (Table 23 Adult C57BL/6 mice were treated via ICV injection with each
OCDV-atRNA and Sodl knockdown was quantified by RT-qPCR in tissues of the UNS Q.2
frontal cortex, cerehellum, rest of brain tissue, cervical, thoracic, and humbar vertebrae) and
fiver at day 10 and 25 post-treatment. As shown in FIG. 17, knockdown was robust and
sustained in the cerebellum maintaining an approcimate 70% reduction tn Sodl mRBNA levels
at day 25 for both ODV-siRMA vanants. However, knockdown activity at day 10 was
broadly distributed throughout the CNS for siSODIMZ-ACZ{NG S 1V3v-Cul, while
predorminantly focused in the cerebellum for @aSODTMI-ACIHNZZ 5TV 3v-QuS.
Distribution also appeared contained within the CNS as activity was nominal in the bver,
This data indicates ODV, in general, provides a durable reapongse primanty within the
cerebelbum; however, distribution o other issues in the CNS may be affected by ACO
tength.

Example 8. siRNA kpockdown of human SODI mRNA in HEK293A cells.

To venfy knockdown of S mBRNA, 6 siRNAs targeting the SO0 franseript were
transtected into HEK 293 A cells at 0.1 and 1 oM for 24 hours. As shown in FIG. 18, D817
0001, BR17-0002, DR17-0003, DS17-0004, BS17-0005 and DR17-0029 reduced 543/
mRNA levels by 83%, B4%, 77%, 80%%, 79% and 62%6 a1 0.1 oM aund 96%, 9%, 96%, 96%,
F% and 93% at | nM treatment, respectively. For each of the tested siRNAs, knockdown
activity was dose-dependent resulting 1o partial knockdown {ie., ~62-83%) a1 0.1 oM and
near maximal activity (7., greater than 90% ) at 1 nM treatments i HEK293 A cells,

Example 9. BS17-04N3 has superior knockdown potency compared to exemplary
siRNA designs disclosed in prior art.

Knockdown activity of DINT7-04N3 was compared to ¢ other exemplary siIRNA designs
disclosed i prior art (e, BS17-Voi149, DE17-Vol49(c), BS17-Vol33, BSI7-Volis3{c),
DS17-AIZES, and DST7-AIT02) (Table 31 Al siRMNAs targeted the same overlapping cognale
sequence i the SO0 transeript. SOD/ levels were assessed via RT-gPCR 1o quantify
knockdown activity at each dose concentration {de., 0.004, 0.016, 6.063, 0.250, 1 000 and
4000 nh)y in HEK293 A cells 24 hours after treatment. Plotting knockdown activity
generated dose response curves in which ICsp values (dotted Hne) were extrapolated 1o define
poteucy for each of the tosted siRNAS(FIG 193 As shown in Table 15, DE17-04N3 was the
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maost potent StRNA having the towest 50 value at 0.05 ndM. The other 6 aBNA3 were ~3- 1o
15-told less potent than DS17-04M3 by comparison.

Table 15, HCso value of DS17-04N3 compared to & other exerplary siRNAgs in HEKZ93 A
cells

Puplex 50 (nB)
DS17-04N3 0.050
DS17-Vol49 0.745
BS17-Vol49{c) 0.445
DS17-Vol53 0.236
DS17-Vol53(c) 0.153
DS17-Al289 0.180
DS17-A1102 0.640

Example 10. DS17-02N3 design has superior knockdown activity in Hela and
HEK293A cells.

DS17-0213 also shares a common target site in human SOO7 mRNA with § other siRNA
duplexes disclosed in prior ant {{.e, DRI7-Vol193&60, BSIT-Vol105(1x-2763), BS17-A1148,
DS17-Al194, DS17-A1290, DS1T-AMOS, DST7-Al447 ) and DS17-AlG00Y (Table 3},
Knockdown activity was compared via RT-gPCR at escalating concentrations {f.e., 0.004,
¢.010, 0,063, 0.250, 1.000 and 4.000 obM) to generate dose response curves in Heba (FIG.
20A% and HEK 293 A (FIG. 208) cells 24 hours after transfection. All siRNAg demonstrated
dose-dependent knockdown and 1Cso values {dotted lines) were extrapolated to compare
s5IRMA potency (FIG. 20A-B) As supunarized 1o Table 16, BS17-02N3 had superior potency
in comparison 1o the other siRMNA designs with the lowest 050 values at 0.001 nM and 0.003
s i Hela and HEK 293 A celis, respectively.

Table 16 s comparison in HeLa and HEK293 A cells of DS17-02MN3 and 8 other siRMNA
duplexes disclosed in prior art.

Duplex ICso (nM} in Hela ICse (nM) in
HEK293A

DS17-Yol95&60 0.072 1.022
DS17-Vol95(-2763) 0971 5.736
DS17-Al148 0.159 0.177
DS17-Al194 0.018 0.021
DS17-A1290 0.630 (.428
DS17-Al405 0.070 0.272
DS17-Al447 0.082 0.187
DS17-Al600 0.199 0.455
DS17-02N3 0.001 0.005
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Example 11. Chemical modification of siRNA provides consistent and potent
knockdown activity in T98G and HEK293A cells.

Chemically modified vanants of DS17-0001, DS17-6002, DS17-0003, DS17-0004, and
D817-0005 were synthesized by tmplementing a consensus modification patiern and applying
the same structural designs used in both DRT7-04M3 and DS17-02N3. The sequence of these
variands are listed in Table 8. Knockdown activity of cach siRNA vanant {Le, DS17-01M3,
DS17-02M3, DST7-03M3, DBR17-04M3, and DR17-05M3) (Table 8) was &ESiﬁ%bed via RT-
gPCR at escalating concentrations {(Le., 0.002, 0.005, 0.01S, 0046, 0137, 8,412, 1235,
3704, 1111, 33333 and 100 aM ) to generate dose response curves iy 198G {(FIG 21A) and
HEK293A(F e} 218y cells 24 hours after transfection. In both cell lines, S0 7 knockdown
was concentration dependent with ICss values in the lower picomolar range {(i.¢., less than

-30 pM ) for each of the tested siRNA duplexes. As summarized in Table 17, both B517-
3403 and DS17-05M3 had sumiiar potencies with ICso extrapolations equaling 0.008 oMM
T98G cells, wiule DS17-03M3 was marginally the more potent aiRNA i HEK293 A cells
with an H w0 of 0.015 oM

Table 17 ¥so values for §OL knockdown by chemically modified siRNAg in T98G and
HEK 293 A calis.

Chemically modified siRNA  [Cso (M) in T98G ICso (nBM) in
HEK293A
DS17-01M3 0.018 0.029
DS17-02M3 0.022 0.028
DS17-03M3 0.022 0.015
DS17-04M3 0.008 0.027
DS17-05M3 0.008 0.028

Example 12, Assessment of SOD knockdown activity and safety of ODV-siRNAs in
HER293A cells

ODY vartants of DRI7-02M3 DS17-0383, DS17-04M3, and DS17-29M3 were synthesized
by conjugating a Td-nuclectide ACGO onto the 3-terminus of the passenger (sense) sirand
within each duplex {Table 8y SO0 mRNA levels were quantified via RT-gPCR at
escalating concentrations {z.e., §.00002, 000000, 0.00037, 0.0015, 0.0059, 0.023, 0.0%4,
0375, 1.5 and 6 obd) to generate dose response curves for each ODV-siRMNA (ie, DIS1T7-
OZMGE-ACHme 41OV, DSIT-03M3-ACHme 14319V, DST7-04M3-ACHme14)-LOV3,
and DST7-20M2-AC H{(mel43-LOVE ) in HEKZ93 A cells 24 hours after transfection. FIG2ZA
indicates that SO knockdown was dose-dependent for each ODY-siRNA with I values
in the higher picomolar range {f.e., 83-313 pbd} Table I8 summarizes the potency of each
OCDV-siBRNA with DS17-02M3-ACH{(mel43-L8V3 having the lowest s value at 0.083 oM
i HERZ293 A cells. Caspase 3/7 activity was also guantified to determine the mduc,tmn of
unwanted cytotoxicity as a marker of safety. As shown in FIG. 228, caspase 3/7 activity was
not detected at any of the tested dose concentrations up to & nM indicating that each ODY-
siRINA was generally froe of oytotoxic effects.

Table 18, ICs valuss of GDV-siRNAS in HEKZ293 A cells
ODV-siRNA 1Cs0 (nM}
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DS17-02M3-ACT(mel43-LoV3 .083
DS17-03M3-AC H{mel4)-LOV3 0.204
DS17-04M3-AC1{mel4)-1.9V3 0.283
DS17-29M2-ACT(mel4)-LOV3 0.313

Example 13. In vive knockdown activity of ODV-siRNAs in CNS tissues of SODI034
mice

To test the knockdown activity in vive, adult SO0 mice at PND 46 were treated via IOV
injection with ODV-siRNA (e, DS17-0IM3-AC Himeid-LOVE, BSIT7-04M3-AC Hmeld)-
LOV3, or BS17-05M3-AC H{rael4)-L9V3)Y at g total dose of 0.4 mg. A non-specific ODV-
siRNA (ie., dsConZM3-ACHmel4)-L9V3} was used as a negative conirol, while treatment
with an ASO identical 1u composition 1o the drug Toferson (BHB0GT) served as a refercoce
for SO07 knockdown activity in vive. All test articles were formulated in artificial CSF
{aCSF) 1o which treatment with aCSF alone functioned as a procedural control to establish
haseline expression n UM tissues. Mice were sacrificed on day 7 after trestment and ONS
tissues from the brain {i.e., fronial cortex, cerebellum, and rest of brain tissue) and spinal cord
{i.e., cervical, thoracic, and lumbar} were harvested for mBNA expression analysis via RT-
gPCE.

As shown i FIG 23 A, Toferson decreased SO levels tn the frontal cortex, cerebellum, and
the rest of brain tissue by 48%, 39%, and 33%, respectively, whereas DR17-04M3-
ACHmel43L9V3 resulted in knockdown of 64%, 64%, and 58% in the same tissues.
Knockdown by BS17-05M3-ACHmel43-19V3 was more modest measuring a respective
decline by 21%, 46%, and 21% in SODI levels, while D817-01M3-AC H{me 14-LOV3
measured a 20% knockdown only in the frontal cortex. Knockdown activity in tissues from
the spinal cord followed a sirodar trend 1o which DET7-04M3-ACHme 143-L.9V3 bad better
overall activity provided g T0%, 70%, and 64% reduction in $O£37 levels in cervical,
thoracic, and lumbar tissues, respectively (FIG 238} Collectively, data indicates that 0DV
sRMNA {e.g., DSI7-04M3-ACHme 14319V can knock down SO across broad CNS
tissues via IOV imjection with activities simatlar to or better than Toferson.

Example 14, Therapeutic efficacy of ODV-siRNA in adult SODI4 mice

Eoqual molar guantities (20 amole) of DBS17-04M3-ACT(mel43-LOV3 or Tofersen were
administered in a single dose via ICV injection into adult SODI5 mice an PND 46. Two
parameters for the clinical phenciype of ALS including rotarod performance and body weight
were roeasured ~1-2 times per week {(or as indicated) until PND 140 in order to evaluate
therapeutic efficacy. As shown in FIG 244, disease onset was not detected untid PMNE 120 via
rotarod test in which only the DS17-04M3-ACH{me143-LOV3 treatment group showed
fatency in disease progression up to PND 140 in comparison 0 alCSF control treatmenis.
However, gains in body woight were substantially greater in animals treated with DS17-
GAM3-ACTH(me 14 3-LOVE or Tofersen compared 10 control antmals (al’SF) up unil PND 120
(FIG 248y Upon disease onset, weight toss was also offset by the higher peak body
weights in both DS17-04M3-ACH{me143-LOV3 and Toferson treatment groups with D817«
D4M3I-ACHme143-1L9V3 providing a greater therapeutic effect (FIG. 248). Only one animal
death cccurred at PND 139 in the condrod group, while all remuaining aramals were terminated
at the end of the study on PND 140. Overall, the data shows that a2 single dose of OBV
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sBRNA (e, DSTT-04M3-AC Hiuel43-L9V3 ) has comparatively greater therapeutic efficacy
than Toferson in 50075 mice.

Example 13, Pharmacokinetics in brain tissue from adult SODIY"4 mice following
e
ODV-siRNA treatment via ICV injection

Adult SODIA mice were treated with 0.4 mg DS17-04M3-AC Hrne 14)-LIV3 via ICY
ipjection and brain tissues were harvested on day |, 7, Z8, or 36 after treatment. BS17-04M3-
ACHme4-LOV3 was detected in the tissue preps by selectively amplifving its guide sirand
via primer-specitic RT-gPCR. Concendrations i the corehellum and cumulative brain tissue
were plotted to evaluate pharmacokineties (PR FIG 25 depicts DR1T7-04M3-AC 1 {me14)-
LOV3 levels peaked at day | and mamtained a steady state from day 7 to0 50 Concentrations
were estimated 1o be at 334, 66, 82 and 56 py/e in the cerebellum and 418, 234, 135 and 1064
ug/e in rest of brain fissue at day 1, 7, 28, and 56, respectively.

Example 16, Dose-dependent knockdown of SGDJ by ODV-siRNA in adult S0DI0%34
nmice

Dose response activity in the CNS was evaluated in adult SO0/ mice following ICY
wjection of 0.1, 0.4, 1.0 or 1.6 mg DSI7-04M3-AC I me 14ROV, Mice were sacnificed 14
days atter treatment in which brain (e, frontal cortex, cerebellum, and rest of brain tissues),
spional cord (e, cervical, thoracic, and fumbar), and peripheral {1.e., liver) tiasues werg
harvested for expression analysis of SQD via RT-qPCR. Treatment with aCSF alone served
as a vehicle contrad 1o establish baseline expression levels. As shown in FIG. 26, SGDJ
knockdown was dose-dependent, with s level decreased by 270% after 1 O mg and 1.6 mg
treatroent 1o all ONS tissues, whereas the knockdown activity 1o the Liver was substantially
fower, resuiting in a maximal SO8/ reduction of only ~32% at the highest dose. Table 19
summarizes the mean knockdown activity of DS17-04M3-AC Hmel43-L9V3 in alf evaluated
tissues at the indicated doses. Overall, knockdown was well localized within the CNS in
which drainage to peripheral tissue {i.e., liver} did not produce ample activity.

Table 19 Percent knockdown of SO07 mRNA i mouse CNS and biver tissues by ODV-
SiRMA.

Tissue Mean Knockdown (96)

D817-04M3-ACHme143-LOV3

0.1 mg 0.4 mg 1 mg 1.6 mg
Braio-frontal cortex 51 56 73 82
Bram-cerebelium 62 63 70 70
Rest of brain 64 77 32 88
Spinal cord-cervical 36 66 86 89
Spinal cord-thoracic 66 69 84 87
Spinal cord-lumbar 37 63 87 85
Liver 3 2 17 32
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Example 17. Enhancement of ODV-siRNA potency with chemical modification at the
5’-position in the guide strand

Yinyiphosphonate {VP) moditication at the 5 -position (5"VP) in the guide strand of QDY
siRMA was tested in vifre for impact on knockdown activity. SO0/ levels were quantified
vig RT-gPCR at escalating concentrations (Le, 00003, 0.0011, 6.0044, 001706, 0.0703,
02813, 11250, 4.5 and 18 oM} to generate dose respounse curves for each VP modified
vartant of ODV-siRNA (le, DS17-01MBv-AC H{meld-LOVE, DS17-02M3v-AC H{meld)-
LOV3, DSI7-03M3v-AC Wmel43-LOV3, DSIT7-04M3v-AC Hmeld43-L9V3 and BS17-
OSM3v-ACTH{mel4}-LoV3Y in T98G cells 24 hours atter transfection. FI{z 27 indicates that
the 5’VP modification was weli-tolerated in which 303437 knockdown was concentration
dependent for cach ODV-51IRNA with ¥Cso values in the low picomwolar range (i e., 4-42 pM}.
Potency results are summarized in Table 20,

Tabhie 20, s values of 57 VP-modified varianis of ODV-siRNAs in TORG celis,

Duplex s (0M)
DS17-01M3v-ACHme 14}-1L.9V3 0.019
DS17-02M3v-ACHme14)-L9V3 0.019
DS17-03M3v-ACH(me14)-L9V3 0.013
DS17-04M3v-ACHme14)-L9V3 0.042
DS17-05M3v-ACHme143-L9V3 0.004

Example 18. In vivo knockdown activity of 5’ VP-modified ODV-siRNAs in the CNS
tissues of SODTC%A mice

To test the knockdown activity in vivo, adult SODIA mice at PND 46 were treated via ICY
injection with " VP-modified ODV-aRNA (i.e, DS17-01M3v-ACHme143-LOV3, DS17-
O2MEv-AC H{me 14319V, BS17-03M3v-AC Hmel4-19V3, BS1T7-04M3v-AC H{meid )
LO9YV3 and DSI7-0SM3v-AC Hmel4)3-L9V3) at a total dose of 0.2 mg. A scrambled ODVY-
siRMNA (i, DSTT-04M3(Seri-AC Hime 14309V 3 ) was used as a non-specific control, while
ireatment with aCSF alone functioned as a vehicle controd 1o establish baseline exprassion
Mice were sacrificed on day 14 afler reatment and tissues from the brain {Le., cerebellum
and rest of brain}, spinal cord, and liver were harvested for mENA expression analysis via
RT-gPUCR. Asshown in FIG 28 ) DST7-02M3v-ACHme143-1L.9V3 provided potent
nockdown of SO reducing mRNA levels by 85%%, 78%, 90%, and 42% in the cerchollum,
rest of brain, spinal cord, and hiver, respectively. DS17-04M3v-ACHime14)-LOV3 treatment
also had substantial knockdown activity measuning reductions of 70%, 81%, 81%, and 9% 1w
the same respective tissues. Knockdown by DS17-03M3v-ACHme14)-L9V3 and DS17-
OSM3v-ACT{mei4)-L9V3 was more modest causing SOD1 levels to decrease between 29-
S6% withio UNS tissues, whereas DS1T7-01M3v-ACHne 143-L9V3 only provided up 10 13%
gnockdown at the 0.2 mg dose.

Drrect comparison of knockdown activity by ODV-aRNA with {ie., DS17-04M3v-
ACHme43-L9V3 ) or without (e, BSIT-04M3-AC i{roei4)-L0V3) the VP modification
was afao evaluated in tissues of the brain (fe., frontal cortex, cercbellumy, and rest of brain},
spinal cord (e, corvical, thoracie, and lumbar), and penphery (e, hvery, Ag shown in FIG.
Z9A-B, DBE17-04M3v-ACHmel14)-L9V3 at both 0.2 and 0.4 my doses had greater
koockdown activity across all CNS tissues compared to s non-5S" VP variant {le., DE17~
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GAM3-ACTme 14)-L9V3 ) day 14 following treatment. This observation was further
accentuated when evaluating knockdown activity at day 56 in which DS17-04M3v-

AU Hme 4319V 3 provided a much more durable response (FIG 29C) In contrast, S'VEP
modification did not appesr to further exaggerate knockdown 1 the Bver vig CNS drainage
suggesting 5’VP also improved the activity differential between local and peripheral tissue
{(FIG 29A-()

Example 19. Potent and durable kneckdown of SOD1I by ODV-siRNA in NS tissues
of SODIS% mice

To further assess knockdown durability of ODV-iRNA in comparison to Toferson, adult
FODIPA mice at PND 46 were administered in a single dose via ICV irjection equal molar
guanttiies {20 nmole) of RBSI7-04M3-ACHmel4-LOVS, DS17-04M3v-AC 1{mel4)-LOV3,
or Toferson. Al test articles were formuldated in a8F in which treatment of aCSF alone
functioned as a vehicle control 1o establish baseline expression in 1solated tissues. Mice were
sacrificed on day 56 atter treatment and tissues from the brain {i.e., frontal cortex,
cerebellum, and rest of brain tissue}, spinal cord {i.e., cervical, thoracic, and lumbar), and
iiver were harvested for SGB7 mRMA expression analysis via RT-gPCR.

As shown in FIG 30A-F,) 5"VP-modified ODV-siBRNA (Le., DS17-04M3v-ACHmel4)-
LOV3) provided both the greatest maximal and most durable knockdown response tn all NS
tissues reducing SUD/ levels by ~68-81%6 and ~53-69%; at 2 and 8 weeks, respectively.
Conversely, Toferson had the weakest activity ai the 20 nmole dose 1o which maximal
activity in its most responsive tissue {4, rest of brain} ondy measured 50% and 14%
knockdown at 2 and 8 weeks, respectively (FHG. 300 Expression analysis in the liver also
revealed that knockdown was well tocalized within the NS for all oligonucleotide
treatments in which the 20 nmole dose did not produce ample getivity via drainage to
peripheral tissue at any time point (FIG. 30G). Overall, data indicates that both ODV-siRMA
duplexes showed enbanced activity and durability for SGDJ knockdown corapared {o
Toferson at an equivalent molar dose, while the 5" VP-modified variant had better potency
and koockdown durability in vive.

Example 20. Acute toxicity and immuneostimulatery activity assessment of SOD1
ODV-siRNA in ICR mice.

To assess in vive safety, HOR mice approximately 6 wesks of age were treated vig SO
injection with equal yoolar guantities of ODV-aRNA (DS17-04M3-AC H{me143-1.9V3},
siRMA without ACO conjugate (DS17-04M3), or ACO component alone (ACTH-LOVIyat
either 10,18 or 40,71 nmole to measurs innate immunostimulation following systemic
exposure o ohigonucleotide treatment. Sahoe served as a velucle control to establish baseline
tevels of cytokines in serum. Sequences for sach oligonuclecotide are listed in Table 8. Mice
were sacrificed & hours after reatment and serum was harvested to detect 1218, IFN-~y, and
TWNF-g protein levels via ELISA. As shown in FEG. 31A-C) no significant change 1o any of
the tested cyiokines was detected compared 1o saline control. This data implies neither 3817
GAM3-ACTH(mel43-LOV3 nor any of Us components (Lo, B817-04M3 and ACT-LOV3) have
surpunostimulatory activity.

Nerom markers for hepatic (L2, ALT and AST} and renal (.o, creating) toxicity were also
assessed in serum samopies at § hours tollowing SC injection. Levels of ALT (FIG 32A) and
AST (FIG 32B) for all treatment groups were within the biochenyical normal reference range
and deviating froro saline controls by less than 2-fold indicative of natural vanability.
Sinularly, creatine {CREA) levels showed no significant change in comparison to saline
treatment controfs (FIG320) This data indicates that no acute damage to the Hiver or kidney
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was detected following systenue exposure to DBS17-04M3-AC Hoel43-L9V3 or any of its
components (Le., DX17-04M3 and ACT-LIV3),

Example 21. Targeting the 3’UTR of human SODI mRNA with siRNAs and Gapmer
ASQOs

To further expand the library of siRNAs, as well as identify novel AS0s beyond Toterson,
sequence for human SOD] mBNA (NM_000454 5% was retrieved frony the NCBI database
that wncluded s 3 -untranshaied region 3'UTR) Awn upstream portion of the 37UTR located
between nucleotide numbers 543-712 {from the first rucleotide of SO0 37 UTR to 1709
nucleotide tn the 37 UTR ) {underdined) was used as a temiplate for both siRNA and ARG
design {Table 21},

Table 21, Human SO 3 UTR sequence used for stRNA and ASO design

Size SEQ

Human SOH Y UTK seqguence {837} (nt) 0 NG

acattecctiogatatagteteasaccecttaacteatcigtiatectoctagctgtagaaatgtatecte

ataaacattaaacactetaatctiaaaagiotaattgtotoactititcagagttectitaaagtacctgtag
tgagaaactgatttateatcacttggaagatttgtatagtittataaaactcagttaaaatgtctgtitcaat

gaccigtattitgccagacttaaatcacagatgggtattaaactigicagaatttctttgicattcaagect

gtgaataaaaaccctgtatggcacttattatgaggctatiaaaagaatccaaaticaaactaaa

[N
L
(95
i
O

A total of 46 siRINA duplexes were designed and synthesired with asvmmetric overhangs
having a GO content between 35-65% and no more than 4 repetitive nucleotides {Table 22}
Knockdown activity was evaluated via RT-gPCR at both 0.1 and 1 oM concentrations in
HEK293A cells 24 hours after transfection. Sorting knockdown data by target site focation
within the 3TUTR revealed two “hotapots” (referved o as HE and H2Z) that contained a
maority of the best performing siRNAs (FIG. 33A). HY 15 2 14 by nucleic anid region onthe
target sequence of the siRNAs, where the 5'-ends of the functional siRINAs are focated at the
region of 549 10 562, while H2 15 8 13 by nucleic acid region on the target sequence of the
siRPMAs, where the 3-ends of the functional siRMAs are located 1n the region of nucleotide
number SO 1o 580 refative to the TSS (Table 23}, Data ranked by knockdown activity is
surnmarized in FIG. 338 1o which the top 19 s1iRNAS reduced 50D T levels by >45% and
>T70% at 0.1 and 1 oM treaiments, respectively. Dose response curves were subsequently
generated via RT-gPUR using 8 escalating concentrations {L.e., 0.001, 0.004, 0.016, 0.063,
0.2530, 1, 4 and 16 nM) to charactenize potency (FHG. 34). As summarized in Table 24, ICs
values for the top 19 performers were all below 7 nM in HEKZ93A cells.
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Table 23 “Hotepot” region sequence in buman SODJ 3TUTR.

SEQ ID
Hotspot Hotspot sequences of siRNA on human SODJ 3'UTR (5°-3% RSO
H1 (549 10 562) cetiggatatagicigagococcitaacicat 61
H2 {568 1o 580) coccttaacteatcteitatoctgctagety 63
Hotspot Hotspot sequences of ASO on human SODJ 3'UTR (57-37)
H3 {552 1 566) tggatgtapgtctgagacecatiaacicatety 63

Table 24. I s values of top 19 siRINAs targeting SOD{ YUTR

Duplex ICs0 (nM)
siSOD-556 3.369
5150D1-557 2.78
siSOD1-561 1431
s1SOD1-562 3.984
siSOD1-566 1.975
siSOD1-567 2915
51S0D1-568 2482
5180D1-569 1.376
siSOD1-570 3.578
siSOD1-573 1.439
siSOD1-575 1.734
siSOD1-576 1.989
51S0D1-578 342
5150D1-580 2.169
siSOD1-584 6.505
s1$OD1-585 1.1
siSOD1-587 2921
siSOD1-590 4.49
s1SOD1-592 2.406

To test knockdown of 5007 mRNA using ASQs, 10 representative AR (ie., AD17-543, -
546, -S47, -349, <550, ~352, 553, -354, -574, -596, 633, -650, -654, -678, 679, and -631)
were synthesized out of 46 designs {Table 25} spanning the 3°UTR region inclusive 1o the
underiined sequence in Table 21, AlL ASOs were designed using a 4-10-4 modification
pattern in which 4 tandem 2" Ome-modified nucleotides flanked an internal stretoh of 10
decxyribose nucketc acids (NA}Y on either side to form “gapmer” ASOs 18 nucleotides in
fength, HEK293A cells were ransfected at S and 50 nM concentrations with each ASO and
knockdown activity was assessed 24 hours later via RT-gqPCR. Sorting data by maximal
knockdown activity revealed AG17-552, -554 and -533 were the best overall performers
reducing SODT woRMNA levels by ~50% and ~90% at S and 50 nM treatmends, respectively
{FIG. 35A) The next 3 best performing ASOs (e, AD1T7-549, -850, and -574 had a drop 1o
activity measuring ~40% reduction tn SOD/{ tevels at only the higher 30 nM treatment
concentration. Al other ASOg had only a roodest or no detectable impact on SO
expression levals,

Based on target location of the 6 best performing ASOs, an additional 27 ‘gapmers’ were
selected for synithesis cut of the 41 designs listed in Table 25 targeting the region between
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nucleotide numbers 544-393 inthe 3UTR.  Knockdown activity was evaluated via RT-
qPCR at 4 concentrations (Lo, 3125, 1) 30, and 200 nM} in HEKZ93 A cells 24 hours atter
transfection. Sorting knockdown data by target site {ocation revesied an ASO-specific
“hotapot” (referred to as H3) within the 37UTR that contained a majonity of the best
performing ASOs (FIG. 358) H3 is a 15 bp nucleic acid region o the target sequence of the
AR, where the 5-ends of the functional AS{s are located o the region of nuclectide
number 552 to 566 relative to the TSS (Table 23} Dose response curves were subsequently
generated via RT-gPCR for each of the top 4 performers {ie., AD17-552, 553, 554, and 5563}
using i escalating concentrations {i.e., 0.002, 0.005, 0.015, 0.046, 0.137, 0.412, 1.235,
3704, 11.111, 33.333 and 100 nM) to characterize ASQ potency compared to Toferson (FIG.
36A). Assummanzed iy Table 20, 1o values were all 1o the low nanomolar range (le., 2.23-
622 My inwhich AG17-553 and AO17-554 were the most potent AS0s overall. Subsequent
analyses for cytotoxicity were performed to determine impact on apoptosts and ceil viability
as markers for safety.  As shown in FIG. 368, there was no marked increase tn apoptosis up
to 100 nM for any of the tested ASOs as no significant changes in caspase 3/7 activity werg
detected after treatment in HEK293A cells.  Cell viability was quantified by CCKS assay at
3 escalating doses (Le., 3.704, 11111, 33 333, 100, and 300 ob) 1o HEK293A celis 1 day
after transtoction.  As shown in FIG 360, cell viability was unaffected at any dose for
Toferson, AGI7-552, and AG17-5353, whereas A(G17-554 and AG-556 had moderate

-

cytotoxicity measuring a maximal loss of ~30% and ~50% 1 cell viability, respectively.
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Table 26, s values of top 4 ASOs targeting 50207 37UTR

ASOs [Cso (n)
Totersen 2.80
AQ17-552 2.81
AQ17-353 2.23
AQ17-5354 2.41
AGTIT-5356 6.22

Examuple 22. Synthesis of Hinking component compounds for Hoking ACO with
duplex oligonucleotide at an internal position of its sense or antisense strand

Compound list
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Compounds 1, 2, 3, 4, 5, 6, 7 are conunercially available. All these compounds were applied
as monomer/spacer in oligo synthesis.

Compound 8 synthesis

Compound 8 was prepared in this Example by using the following procedures.

DMTrO””"O\/
O‘a?’o\/\m

Compound 8

{1} Preparation of compound 16 from the starting compound {(1r,4r}-cyciohexane-1 4~

diviMimethanol 1§,
Sogl C\/ BMTICE  pprre” /j\/
o OH pyridine, . '\v Ot

15 18

To a solution of ({1 4r)-cyciphexane-1,4-diviydimethanol 15 (10 g, 6% 3 mmol, 1.0 eg)in
ashydrous pyridine (200 mbL ) under mitrogen atmosphere was added DMTrCE (2348 g 693
ramol, 1.0 eq) stowly. The reaction mixture was stirred at room temperature for 6 b then
concentrated under reduced pressure, the resultant residue was purified by flash
chromatography (silica gel, gradient eluent: 1-3% of MeOH/DUM) to provide compound 16
(121 g, 39% vield) as vellow oil. The product was characterized with mass spectrometry and
UHONME. MW calo : 44625, MW Found: 30309 [DMTT, 144,15 [DMT off + HT "H MMR
{400 MHe, CDCEY8 749 {4, J=T 4 He, 2H), 737 (1, J= 060 Hz, 4H), 734 - 731 (m, 2H),
723¢dd, F=47 24 Hz, 1H), 688 -0.85 (m, 4H}, 383 {5, 6H}, 353 -349 {(m, ZH), 2.93
{dd, J=02, 38 Hz 2H), 191 {dd, J =130, 5.0 Hz 4H), 163 {d, /=33 He, 1H), 143 (5,
TH, 1.03(dd, 7= 127, 7.9 Hz, 4H).

{2} Preparation of compound 8 from compound 16,

N
\]/ \FI’/O\’ACN

N - ~

) . DRTTO \]/

o O _N_ -
On g

18 diisocpropylammonium & 1

tetrazolide, DCM

To a solution of compound 16 (3.4 ¢, 7.65 mmol, 1.0 eq} and diisepropylammonium
tetravolide (2.6 g, 15 3 mmol, 2.0 eg) in avhydrous Dhchloromethane (3CM, 30 ml) under
nitrogen atmosphere was added 3-{(bis{dusopropylanunaoiphosphaneyiioxy ipropanenitrile
{4.6 g, 153 mmol, 2.0 eq.} at room femperature . The reaction mixture was stirred for 3 h.
The mixiure was extracted two times with DCM, then washed with brine and dried with
anthydrous NaxSO¢ The organic layer was concentrated under reduced pressure and the
reanltant residue was purified with flash chromatography (siliea gel, gradient eluent: 1-20%
of EtQAcHexane, 1% BNy to provide compound 8 (365 g, 75% yield) as yellow oil. The
product was characterized with mass spectrometry and 'H NMR. MW cale. 64635, MW
Found: 303.09 [DMTT, 30236 [DMT and one isopropy] off 7. TH NMR (400 MHz, CDCI §
T47(d, 7 =73 Hz 2H), 7.35 (t. J= 6.0 Hz, 41D, 730 {d, J = 8.4 Hz. 2H}, 7.24 - 7.20 {m,
IH}, 687 - 683 (m, 45}, 3.94 - 383 (m, 2H}, 382 {5, 6H), 364 (ddy, /=136, 10.1, 6.8 Hz,
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2, 3.52(dt F= 0.7, T4 He, 1), 343 (dt, 7= 9.9, 71 He, 1H), 2.91(d, 7= 6 3 Hz, 2H),
267, J =65 Hz, 2H), 1.88 (dd, /= 24.%, 6.2 Hz, 45D, 1.64 - 1.55 {m, 2H), 1.22(dd, J =
6.8, 3.2 Hz, 12H), 102 (1, J = 10.4 Hz, 4H).

Compound 9 synthesis

Compound ¥ was prepared in this Example by using the following procedures.

Ppr e
DMTIO \rN \r

Compound ¢

{1} Preparation of corppound 18 from the starting compound 2,2'-(1 4-phenyienebis(ethan-1-

oly 17,
N@/\/OH DMTICH /\/g\/aﬂ
pyridine, ' pareoy
18

To a solution of 2,2'-(1,4-phenvieneibis{ethav-1-01} 17 (3 g, 180 mmol PO eq)y i avhydrous
pyridine (30 mL ) under nitrogen atmosphere was added D”vi FrClee ] g, 18.0 mmaol, 1.0 eq)
stowly. The reaction mixture was stirred af room temperature for 6 h then concentrated under
reduced pressure, the resultant residue was punified by flash ;]'n'cnutcwmp vy {silica gel,
gradient eluent; 1-3% of MeOH/DCM ) to provide compound 6( 74 ¢, 44% vield) as yvellow
oil. The product was characterized with mass spectrometty and 'H NMR MW cale: 468.23;
ww Found: 30316 [DMT], 401,31 [M + Nal™. {H NMR (400 Mz, CDC} 38742 (dd, J=
L33 He 2H), 733729 {m, 4H), 728 (d, J =7 & Hz ZH}, 7225 15}, 718 {5 4H},
6 3‘3 - 681 (m 4?5) 388 {dd, F=83,4 38 Hy, 2H), 381 {g, 6H), 331 (L J= 7.0 Hz, 2H}, 2.93
—-2.87{m, 4

{2} Pr'eparatim of compound % from compound 18,
\\(
LN NN
T 1 ~TON
SN~
”ﬁ/v oH T b Ppr Oy
| ' AN N~
< DMTIO”
oMTrIe™ \/& \l/
18

diisopropylammonium T
tetrazoiide, DOM 2]

To asolution of compmmd 1% (384 mg, 1.89 mumol, 1.0 eq} and diisopropylammonium
tetrazolide {647 mg, 3 78 mmol, 2.0 eg)in anhvdl pus DCM (10 mL ) under nitrogen
atmosphere was added 3-{(bis{diisopropyvlaminoiphosphaneyioxypropanenitrife (114 g,

3 78 wmol, 2.0 eq.) at room temperature. The reaction mixiure was stitred for 3 ke The
mixture was extracted two times with DCM, then washed with brine and dried with
anhydrous Nax50y. The organic layer was concentrated under reduced pressure and the
resultant residue was puritied with flash chromatography (silica gd gradient eluent. 1-30%
of EtOAc/Hexane, 1% E6N) o provide compound % (29 2 mg, 23% vield) as vellow ol The
product was characterized with mass spectrometry and "H NMR. MW calc. . 668 34; MW
Found: 303,11 [DMTT. 'H NMR (400 MHz, CDCIY A 741 - 738 (m, 2H), 7.29(d, J= 79
Hz, 0H}, 723¢d, J="71Hz 1HY, 718 -7 14 {m, 4H), 0,85 - 6 80 (m, 4H}, 396 - 3.82 (m,
2HY, 381 (d, /=68 Hx &HY, 37 78372 {ma, 2H3, 3.65 - 355 (m, 2H), 329, F =70 Hy,
IHY, 292{de, =168 T 1 Hz 4H), 252 (td, /= 3 , 259 Hz, 2H), LIS{dd J=144 48 Hy,
12HY,
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Compound 10 svnthesis

Compound 10 was prepared i this Example by using the following procedures.

Compound 16

{1} Preparation of compound 20 from the reduction of starting compound 2,2'-{cvclohexane-
b -divhidiacetic acid 1%,

HO 49 OH HO 5 O
To asolution of compound 19 (10 g, SO mmol, 1.0 eq) in anhydrons THF (200 mL) under
mutrogen atmosphere and 1ce bath was added LiATIR4 (5.7 g 130 mmiol, 3.0 eq). The mixture
was then transferred (o room temperature after 10 minutes and stirred for about 1 h. Then the
reaction was transferred to 1oe bath, saturated potassium sodivm tarirate solution (100 wmi)
was added slowly into the mixmre. After 30 minutes, the reaction was extracted 3 times by
EtZ2(3 then the organic phase was combined and washed by brine, dried over Na2S(04, and
concentrated. The product was characterized with mass spectrometry. MW cale.. 172.15;
MW Found: 173.22 [M + H]+.

{2} Preparation of comspound 21 from compound 20

pyridine, ri

HO 3¢y OH DMTrO 24 OH

To a solution of compound 28 (3 g, 17.4 omol, 1.0 eq) in ashydrous pyridine {50 ;b)) under
nitrogen atmosphere was added DMTrCE (4.7 g, 13.92 mmol, 0.% eq} slowly. The reaction
mixiure was stirred at room teraperature for & b then concentrated under reduced pressure.
The resultant residue was purified by flash chromatography (silica gel, gradient eluent: 1-3%
of MeQH/DCM) 1o provide compound 21 {3.0 g, 369 vield} as veliow oil. The product was
characterized with roass spectrometry and 'H NMR. MW calc. 474 28, MW Found: 303,12
FOMTT. TH MNMIR (400 Mz, CDCLY S 7.46 — T.41 {m, 2H), 7.35 — 7.30 (m, 4H), 728 {d. J =
23 He 2H), 719715 (m, 1H}, 6.84 - 080 {m, 4H), 3. 78 (s, 6H), 359 (dd, /=95, 5 & Hz,

EL NI P =T 2 He ZHG, 145 =134 (), 10H), 120 (dd, J= 6.8, 3.4 He, 4H)
{3} Preparation of compound 10 from compound 21
C\I \rN\E,O\/*\CN ’9 —/-“CN
e hihd N g
BMT"O/—;'E\—\OH diiscpropylammaonium e 13 ei_(\h-<
tetrazolide, DCM AN
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To a solution of compound 21 (1.3 g, 2.74 mmol, 1.0 eq) and diisopropylammonium
tetrazolide (938 mg, 548 mmol, 2.0 eq) in anhydrous BUM (15 mbL) under nitrogen
atmosphere was added 3-{{bis{diisopropylamineiphosphaneyloxy jpropanenitrile {1 65 g,
5.48 munol, 2.0 eq.) al room temperature. The reaction mixture was stirred for 3 b The
mixture was exiracted two times with DOM, then washed with brine and dried with
anhvdrous Nap SOy The organic laver was concentrated vwnder reduced pressure and the
resubiant residue was purified with flash chromatography (silica gel, gradient eluent: 1-20%
of EtOAc/Hexane, 1% EING fo provide compound 18 {425 mg, 23% vield} as veliow oil. The
product was characterized with mass specirometry and TH NMR. MW cale: 67438, MW
Found: 303.23 [DMTF, 396.30 [DMT and one isopropyl off + Na]™ "H NMR (400 MHz,
CCIY 6745 - 740 (o, 2HY, 734 - 729 (m, 4H}, 7.29 - 725 (m, 2H), 7.22 -~ 716 {m, 1H},
6 86 — 6,79 (m, 4H}, 3.79 (s, 6F), 3.78 — 3.71 (m, 2H), 3.65 - 3.50 (m, 4H), 3.10¢, J= 7.4
Hz, 2H), 258 (t, J= 6.6 Hz, 2H), 1.66 (1. J = 7.4 Hz, 2H), 1.51 (1, /= 7.6 Hz, 2H), 137 (dd, J
= (B4 45 Hy 6H), 122 (5, 4H), 1 17(d, S =68 He, 6H), 113 {(d, /= 6.8 Hz, 6H).

Al compounds 1o this example are listed in Table 1.

Example 23. Design of various ODV-siSOBD1 structures

A series of ACO sequences with varying lengths, nucleotide compositions, and chemical
moditications were conjugated to Sod! siRNA duplex (s150D1, RD-1255% on the 37
terminus of its passenger strand using the L9 linker or alternative spacer as indicated resulting
in atotal of 90 ODV-sIRNA vananis categorized info 12 groups. Al ACQO variants are listed
by group in Table 27, while each ODV-s15GDH duplex can be found in Table 28

Group A {Linker group) includes € compounds in which the siRNA and ACO components
were fixed, but cornjugated together using different linkers inchuding 818, O3, Co, C12, L4,
L15, £.16, UUACA and ULICUL.

Group B (Palindromic ACH sequence group) tnchudes 15 compounds in which the siRNA and
tnker (L9} were fixed, but different palindromic ACT sequence and length were used based
on ACT sequence. All nucleic acid chemistries remained unchanged compared to ACH
including 2"MOE modification and PS backbone at every position within each ACO.

Oroup C{PS modification group) includes 6 compounds in which the siRMNA| Linker (1.9,
and ACO sequence remained fixed, but varied in the number of P5 backbone modifications
{from 2 to 12} in the ACQO.

~r
I

Group D (27-Ome modification group) mncludes 7 compounds in which the siRNA, linker
{L.9}, and ACO sequence remamned fixed, but varied in the number of 2°Ome substitutions
{from 2 to 14} for 2 MOE.

Group E {ACO size group) includes 8 compounds in which the siRNA and linker (L9}
remained fixed, but ACO composition changed only in size ranging from 13 {o 6 nucleotide
in length.

Oroup F (Adenine rich group} includes 5 compounds in which the siIRNA, linker (£.9), and
ALCG size and chemistry pattorn remained fixed, but the total number of adenine nucleotides
range from 5 10 9 1o the ACO sequence.

Group G (Cytosine rich group) includes & compounds i which the siRNA, linker (L9}, and
ACQG size and chemistry pattern remained fixed, but the total number of cytosine nuclectides
range from 510 10 in the ACO seguence.
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Group H (Guanine nich group) includes 3 compounds iy which the siRNA, the linker (L9},
and ACO size and chemistry pattern remained fixed, but the total number of guanine
auciectides range from S to 9 in the ACO sequence.

Group 1 {Uracil rich group) includes & compounds in which the siRNA, hinker {19}, and ACO
size and chemistry patters remained fixed, but the total number of uract nucleotides range
from S to 1010 the ACO sequence.

Group I (Purine rich group) inchides 8 compounds in which the siRMA, hinker (1.9}, and
AL size and cherstry pattern remained fixed, but the total sumber of purines range from 9
to 11 in the ACO sequence.

Group K {(Pyrimudine rich group) inchudes 8 compounds i which the siBRNA | hoker (1.9), and
AL size and chemistry pattern remainged fixed, but the total number of pyrinmidings range
from 910 12 in the AT sequence,

Group L {Balanced purpyr group) includes ¢ compounds in which the siRNA, linker (L9},
and ACO size and chemistry pattern remained fixed, |, but the ACO contains an equal ratio of
putines to pynimdines comprised of different sequences.

Example 24. In vitro uptake and safety assessment of ODV-siSOD1 compounds in
PMH celis

Free uptake of each ODV-siSOD1 variant listed in Table 28 was tested by directly
adding each duplex to freshly isolated PMH (primary mouse hepatocyte) celis at 0.1 pd or |
uM concentrations without the use of any additional transfection reagent. siSOD1 without
ACO conjugate (RD-12556) served as a non-conjugate control, whereas DS17-04M3-
ACHme14)-LOV3 (RD-12559) served as a positive control for ODV-siRNA knockdown
activity. RNA extracts were prepared 3 days after treatment and Sodl levels were quantified
via RT-gPCR.  In general, knockdown of Sodl was dose-dependent for all CDV-s1580D1
variants in which each ACO conjugate outperformed the siSOD1 only control; however,
changes in ACO composition or its linker in some instances did impact free uptake activity
(FIG. 37A). Cell viability was also assessed in parallel for all 90 ODV compounds via P1
staining to determine if modification of ODV-siSOD1 composition impacted cytotoxicity iz
vitro. As shown in FIG. 37B, any measurable changes in cytotoxicity were nominal all falling
below a 1 .5-fold increase in staining implying that all the ODV-siRNA variants, in general,
are equally safe.

Example 25. Effects of ACO composition and linker choice on ODV-siRNA in PMH
cells

Group A {Linker group) included 10 compounds (fe., RI>-12947, RE3-12942) RID-12943,
RD-12944 RI-12945 RD-12947 RID-12948 RD-12949 RID-12950 and RD-12951) Al
compounds in this group except RID-12943 and RI-12944 had better knockdown activity
over the exemplary ODV-aiRNA contral (RD-12559) suggesting GDV-siRNA can tolerate
several different linker types in which certain varieties can provide greater potency (FIG.
37A,FIG 38} Forinstance, RD-12948 containing the C12 linker had near maximal
knockdown activity at both 8.1 g® and 1 uM treatment concenirations, whereas natiral RNA
finkers {e.g, RI3-12943 and RD-12944) sigraticantly compronused delivery (FIG. 38).

Oroup B {(Palindromie ACT sequence group) tncluded 15 compounds containing sequence
derivatives based on the exemplary ACO called ACH (fle., RE3-12952, RIX-12953 RE3-12954,
RI3-12955, RE-12956, RD-12957) REA-12958, RD-12958) REA-12960, RD-12961, REA129067,
RD-12963 RI-12964, RD-12965, and RD-12966) As shown o FEG 87, the ACT sequence
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contains a perfect palindromic sequence with a 2-nt central spacer between the two
palindromic wings and based on ACH, a sertes of palindromic ACO sequences wers
designed. All compounds in this group had knockdown activity equal to or betier than the
exemplary ODV-aRNA control (RID-12559) suggesting the pahndromic featre 1 the ACO
may provide benefits for cellular uptake and in vive activity and can be independently
optimmized (FIG, 37A, FIG. 39). Forwnstance, RDB-12952, RB-12953, RDB-12954, RD-12955,
and REM12956 have a varying palindromic ACO (FIG.57) and superior activity at both
contractions compared 1o the exemplary ODV-siBNA control {RID-12559% RID-12557 and
RD-12958 with ACT vanianis shorter o size at a respective 6 and B nucleotides wn length had
reduced activity compared to larger vanants in this grouns supporting ACO size impacts free
uptake (FIG. 39}

Group C (PS modification group) included & compounds (e, RD-12967 RD-12968, RD-
12969, RD3-12970, RD-12971 and RD3-12972) each with the same 14-nt ACO containing
gither 2, 4, &, &, 10 or 12 P8 modifications, respectively.  As shown in FIG. 40, increasiog
the number of P5 modification in the ACO resulted i improved knockdown activity of the
corresponding ODV-siSOD. These results demonsirate a clear correlation in free uptake
with the number of PS modifications 1o which delivery efficacy of ODV-siRNAs may be
optimized by adjustment in PX chenistry,

Group I3 (27 Ome modification group} included 7 compounds {r.e., RD-12973, RD-12974,
RE12975 RD-12976, RID-12977, R-12978 and RI-12979) each with the same 14-nt ACO
conttaining either 2, 4, 6, 3, 10 or 12 substitutions of 27MOE chemisyry for 270me,
respectively. All compounds in this group bad knockdown activity equal 1o or better than the
exemplary ODV-siRNA control {RID-12559) suggesting 2°Ome modification iy
interchangeable for 27MOE and may offer benefits in cell uptake when included inio the
ACG sequence (FIG. 37A, FIG. 41).

Oroup B {ACO size group} included B compounds (e, RE-129380, RD-12981, RD-12982,
RD-12983, RD-12084 RD-12085, RD-12080 and RD-12987) derived by truncating the fd-nt
ACGHn RE-1255%9 10 13, 12, 11, 10, 9, 8, 7, or © nuclectides in length, respectively.  As
shown w FIG. 42, knockdown activity of the ODV-siRNAg was approdimaiely egual to the
exemplary ODV-aRNA control (RID-12559) at ACO lengths greater than 10 nuclectides.
Shorter ACO lengths at 10 fo 6 nucleotides correlated with reduced ORYV-siSOD1
knockdown activity suggesting a reduction 1o cellular uptake and reenforcing the importance
of ACO size on delivery.

The rerpatning groups were desigoed to further investigate vucleotide composition on
uptake and knockdown activity of ODV-siRMA. Group F {Adenine rich group) included S
compounds {Le., RE-12988, RD-12989, RE-12990, RD-12991, and RD-12992) each with a
different 14-ut ACO sequence contatmng either S, 6, 7. 8, or 9 iotal ademine nuclectides,
reapectively. All compounds in this group had knockdown activity similar {o the exemplary
OCDV-siBRNA control (RID-12559) suggesting AL sequence 15 amendable o vanable
adenosine content for celiular uptake (FIG. 37A, FIG. 43)

Oroup G (Cytosine rich group) included 6 compounds (e, RD-12993, RI3-129%4, Rix-
12998, RIX-12990, RI3-12997 and RD3-12997) cach with a different 14-nt ACO sequence
containing either 5, 6, 7, §, 9, or 10 total cytosine nucleotides, respectively. As shown in FIG
44, compounds in this group bad a marginal loss 1y knockdown activity compared to the
exemplary ODV-aRNA control (RID-12559) as cviosine content increased in the ACQO
sequence.  This data suggests limiting cviosine content in ACO sequence may be beneficial
for free uptake and knockdown activity for ODIV-siRMNA.
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Group H {Guanine rich groupyincluded S compounds (1.e., RE>-12999, RI3-134600, RD-
13001, RE-13002, and RD-13003) each with a different 14-nt ACO sequence containing
gither 5,6, 7, & or 9 total guanine nuclectides, respectively. Al compounds tn this group had
knockdown activity squal to or sight better than the exemplary ODV-aiRNA control (RID-
12559} suggesting AC( sequence 1s amendable to variable guanine content for cellular
uptake (FIG. 37A, FIG. 45).

Group | (Uracil rich group) inchuded 6 compounds (Lo, RD-13004, RD-130035, RD-13006,
RI>-13007, RI3-13008, and RI3-13009) each with a different 14-ut ACO sequence containing
either 5, 6, 7. 8, 2, or 10 total uracil nucleotides, respectively. As shown in FEG 46,
inockdown activity generally improved with uract! suggesting ACO sequence i1s amendable
i vaniable uracit content for cellular uptake.

Group 1 (Purine rich group) included B compounds sach with a different 14-nt ACO sequence
containing 9 purines (e, RI-1301¢, RI3-13011, and RD-13012), 10 purines (e, RD-
13013, RE-13014, and RI3-13013)y, or 1} purines ({.e., RID-13016 and RD-13017) comprised
of different amounts of adencsing and guaning. In general, knockdown activity improved as
putine content wncreased ACO sequence (FIG 374, FIG 47)

Group K {Pyrimidine rich group) included ¥ compounds each with a different 14-nt ACQO
sequence containing 9 pyrimmdines {L.e., RD-13018, RD-13019, and RD-130203, 10
pyriraidines (e, RD-13021 and RD-13022), 11 pyrimidines (e, RD-13023 and RD-130243,
or 12 pyrimdines {{.e., RI>-13023) comprised of different amounts of cytosine and uracil. As
shown m FIG. 438, coropounds in this group bad knockdown activity simitar to the exemplary
ODV-s1RMA control {(RD-12559) with a slight trond toward reduced activity as pyrinudine
content reached 11 and 12 nuclectides 1o manner similar to Group & {Cvtosine rich group).

Group L {Balanced punine: pyrimidine group) included & compounds (f.e., RE-13026, RD-
13027, RI>-13028, RD-13029, RI>-13030, and RI>-13031) each with a different 14-nt ACO
sequence contaliung a fixed 111 ratio of purines to pyrimidioes, respectively. Al compounds
in this group had comparatively similar knockdown activity further supporting that a specific
sequence i3 not necessary for celinlar uptake when controlling for punine and pyrimidine
content within ACQG {(FI(G. 49},

Orverall, these results indicate that a specific ACO sequence 15 not the driver of cellufar
uptake, but s nucleotide content can impact debivery and ODV-aRBNA knockdown activity.
For instance, puring rich content appears to provide better free uptake in comparison to
cytosine of pyrimidine nich ACO sequence. The major influence on free upiake appears 1o be
ACG length, chemistry (e, PS5 quantity and 2" moeity content), and linker selection within
ODYV-siRNA,

Example 26. In vive knockdown activity of ODV-siSOD1 in mouse lung

To validate ODV-siRNA activity in the lung, adult C3T7BL/GT mice were treated with several
ODV-a 80D s with (e, RD-12557 and RD-12559) or without (e, RE-12403 and RD-
12929} the VP modification via ITT adminisiration at a total dose of 0.1 or 0.6 mig. A non-
specific ODV-51RNA without the ¥ VP modification (i.e., RID-12404) served as negative
control for knockdown activity. ACC-absent siBRNAs with {ie., RE-12556) or without {i.e.,
RI>-12402) the S"VP modification served as comparison controds for OBV chemistry. RB-
12401 devoid of any medicinal chemistry and ACO conjugation served as an unimoditied
siSOC control. All test articles were formulated in saline in which treatment with saline
alone served a5 procedural control to establish baseline expression levels of mouse Sodl. All
sequences are listed in Table 29
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As shown in FIG. 504, neither RD-12401 nor RB-12402 significantly reduced Sodi levels
compared 1 baseline on day 7 following treatiment at 0.6 myg total dose in lung tissue.
However, ACO-conjugation in absence of VP modification (i, RI3-12403 and RI>-12929}
reasured a tespective 33% and 69% reduction 1n Sodl levels. Addition of 57VP turther
reduced knockdown activity to 67% and 80% for cognate ODV-siBNAs RE-12557 and RD-
12559, respectively. The combination of both AT conjugate and the STV appear 1o provids
enhanced knockdown activity in lung tissue for QDYV-5150D . In support, treatment with of
RP-1255% at 0.1 or 0.¢ mg had greater overall knockdown activity and durability at day 7
and 21 after treatment compared 0 non-ACO cognate RI-12556 or non-5"VP vartant RD-
12929 {FI(z. 50B-).

Example 27. In vive knockdown activity of ODV-siSOD1 in mouse muscle

To test ODV-siRNA activity in muscle, adult 50575 mice at PNI 46 wers treated with
ODV-aS0DT (Le, RIF12293) at 20 or 50 mog/kg via IV or 5C injection. Saline served as a
procedural controd to establish baseline expression levels of SOD mRNA. Mice were
sacrificed on day 14 after treatment and knockdown activity was guaniified in muscle tisane
vig RT-qPCR. As shown in FIG 51A TV injection of RI-12293 provided modest
knockdown of SO0/ in mouse muscle reducing mRNA levels by ~44% and ~31% at 20
gy and SO mg/g, respectively. Conversely, 5C wjection had far fess measurable activity
in muscle reducing SO levels by only 1396 at the highest dose (FIG. 51B). These results
indicate that route of adminisiration can unpact OBV-siRNA potency 1o which IV injection
of RI»-12293 had better knockdown activity in mouse muscle compared SC sngection for
systernic delivery.

ODV-aRNA koockdown activity in muscle was further sereened inadult CS7BEL/ST mice via
IV imyection using several representatives from each of the groups of ACO design variants
Histed in Table 27, RID-1Z559 served as an exemplary ODV-siRNA with the L9 bnker and
VP wodification, while RI3-12556 funcioned as i3 non-ACQO cognate control. . RD-13180
was updated version of RI3-12559 in which 2 additional PS backbone modifications were
placed directly flanking the L9 Hinker oo etther end n order to further enbance nuclease
resitignce {Table 30} Mice were sacrificed on day 7 tollowing treatment and Sod{ mRMA
Enockdown was quantified in several different muscle tissues {i.e., Forelimb, Hindlimb,
Nape, and Glutens) via RT-qPCR. As shown in FIG. 52, all compounds except the non-
ACO control siRNA (f.e, RE-12556) provided vanable levels of Sodf knockdown compared
to saline treatment in the different muscle tissues ranging 21-40%, 16-37%, 12-05%, and 7-
27% v the forelinob, hindhimb, vape, and ghuteus, respectively. Of note, RI3-1297% from
Group D (27 Ome modification group) with all ACO nuclectides comtaining 2°Ore
substitutions had enrichment for konockdown activity selectively tn nape muscle tissue
reducing Sodl tevels by 65%.  Inaddion, the exira PS content Hanking the L9 hinkerin
RD13180 appeared to further improve knockdown 1n forelimb and hindiimb tissues
compared 10 RI3-1255% Overall, these results indicate that ACO conjugation can provide
knockdown activity for stRMNA that is otherwise not feasible.  Adopting difterent ODV
designs may also serve as a foundation for targeting specific muscle tissues (i.e., naps} orasa
general method for optimizing for potency in muscle,

Example 28. In vivo knockdown activity of ODV-siSODB1 in CNS tissue in CS57BL/6J
mice

ODV-siRNA knockdown activity was also screened in ONS tiasue of adult CSTBL/6GI mice
vig uotlateral IOV wojection with seversl representatives from each of the groups of ACO

~ e

design variants listed in Table 27 at a 20 mg/kg total dose. RE-12559 served as an exemplary
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ODV-3iRNA with VP maodification and L9 linker with a fully-moditied ACO contaiung
2’MOE nucleotides and P8 backbone. Mice were sacrificed on day 7 following treatment and
Sodi wBRMNA knockdown was guantified in tissues of the brain (f.e., frontal cortex,
cercheltum, and rest of brain}, spinal cord (i, cervical, thoracic, and humnbar), and penphery
{i.e., livery via RT-gPCR. As shown in FIG. 53 A all compounds provided variable fevels ot
Sod ] knockdown compared 1o saline treatment 1o the different brain tissues ranging 30-02%
22-63%, and 52-80% in the frondal cortex, cergbellum, and rest of brain, respectively.  In the
spinal cord, only RD-12567 from Group O (P8 modification group) containing 2 P8
rnodification within its ACO had little-to-no activity in all spioal cord dssues suggesting PS
guaniity impacts tissue biodistribution in the CNS (FIG 53B). Excluding RD- 12%’1
koockdown activity in the spinal cord ranged between 28-75%, 45-72%, and 40-69% in
cervical, thoracic, and lumbar tissue, respectively. Enockdown in the liver measured
drainage to peripheral tissue and served as a marker for ONS retention.  Overall, most
compounds were generally well retained in the UNK reducing Sod/ levels by less than 50%
c,xu,m RI-13180, RD212979 and RI-13006, which measured a respective 61%, 55%, md

ieductmn in the liver (FIG. 533C) Of note, RD-13180, RIDM2979 and RD-13006 were
a? 50 Oeneraiiy better performers in the ONB tissnes suggesting these ODV-siRNA compounds
may be hetter suited for broad fissue biodistribution via systemic routes of administration. For
tocal administration, retention in the treated tissue is typically more tdeal for mitigating
toxicities in distal organs. In context to ODV-siRNA, RD-13006 of Group T{Uracil nich
group with 7 total uract nucleotides and RE3-1297% from Group D (2'Ome modification
eroup} containing all 2'Ome substitutions within 18 ACO provided an apparent balance of
poteru‘v 1 both brain and spinal tissues with substastially less activity in bver tissue (FIG,
S3A-CY

Examuple 29. In vive knockdown activity of ODV-siSOD1 in C57BL/6J mice following
systemic administration

ODV-siSOD activity was further screened in tissue following systenuc administration of
several representatives from the groups of ACO design variants listed in Table 27 at 20
gy via Y injection. RID-12559 served as an exemplary ODV-siRNA with VP
modification and L9 linker with fully-modified ACO containing 2"MOE nucleotides and PS
backbone.  Mice were sacrificed on day 7 following treatment and Sed! mBMNA knockdown
was quantified in fissues form heart, Bver, spleen, lung, Kidney, and bladder.  As shown o
FIG 534A-B, ACO composition impacted distribution of knockdown activity in the analyzed
tissues.  In heart, koockdown was modest in which activity did not exceed 31% reductions
in Sod! levels, which was achieved by RI3-12983 from Group E (ACO size group)
cortaining an ACO at 10-nt in length (H(J S4A% RD-13180, RD-12952, and RD-13006
measured a respective 48%, 459, and 44% reductions in Sod? levels compared saline mntmi
(FIG 34A  Both RD-13180 and RE-13000 were predicted as being ideal ODV-aiRNA
candidates for systemic routes of administration based on CNS drainage data following Y
imection (FIG 53C) Knockdown in spleen ranged between 0% by RI3-12987 from Group
EAACQ size group) and 62% by RE-12941from Group A (Linker group) indicating ODV-
siRMNA design can effectively direct targsting to the spleen by linker choice and/or ACCO
composition {FIG. 5445 Io lung, kvockdown was again modest in which activity did not
exceed 32% reductions in Sed/ levels, which was achioved by RD-13180 (FIG. 548 The
kidney had the greatest overall range in knockdown ac?mw i which RID-12559, RID-13180,
RD-12941 and RI3-12942 reduced Sad7 levels by 72%, 81545, 74%, and 70%, respectively,
whereas the other tested GDV-si50D1 compounds did not excead 37% knmkdawr@ (FIG.
5483 Like spleen, this data suggests ODV-siRNA design can effectively direct targeting to
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Inn bladder, detection of activity was generally similar for all ODV-21500031

compounds and did not exceed was 29% reductions in Sod{ levels.

Examuple 30. The preparation of compounds of the present disclosure
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Compounds 11 and 12 synthesis
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Compounds 11 and 12 were prepared 1o this Example by using the following procedures.
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Compound 12

{1} Preparation of compound 23 and 24 from the starting compound {28, 3R 45,5532~
{hydroxymethy!-S-methoxytetrahydrofuran-3 4-dicl 22

DMTrO buTO
N Yo, Ony 1 OMe Y BN, OMs
NN f’: Z iz
HO o -
Y 1. NaH, DMF, TBAB
L, O oM HO © . 9 o
5& 2. DMTrC, Pyriding g 4
HC
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Compound 22 (4.8 g, 29 yorool, 1.0 eq) was dissolved 1o anhydrous DMF {200 sl under
nitrogen atmosphere. The solution was cooled to & °C, and NaH {1.54 g, 38.6 mmal, 60%
diapersion in mineral oif, 1.3 eq} was subsequently added, followed by the addition of
Tetrsbutylammoniom bromude (TBARY (187 g, 5 8 mmol, 02 ey and S-chioro-1-penivne
{389 mb, 3683 mmeol, 1.27 eq). The reaction mixture was allowed 1o stir overnight at 55 °C.
Then the reaction liguid was filtered and concentrated under reduced pressure. After that,

water { 100 mb)} was added tuto the nuxture, then extracted 3 tmes by ethyl acetate, the
organic phase was washed 3 times by saturated lthium chloride solution. After dried by
avhydrons NaSQy and concentrated nnder reduced pressure, the yellow ol formed then was
directly dissolved in anhydrous pynidine (100 mL) under nitrogen atmosphere. DMTrCEH (118
g, 34 & mmol, 1.2 eq) was added siowly. The reaction mixture was stisred at room
iernpetatare for 6 h then concentrated under reduced pressure. The resultant residue was
purified by fiash chromatography (silica gel, gradient eluent; 1-30%% of EtQAc/Hexane) o
provide compound 23 (243 g, 15.7% vield) and 24 {1 49 g, 10% yield} The products were
characterized with mass spectrometry and 'H NMR.

{"ompfmd 23 MW calc  532.25: MW Found. 5558 [M + NaJ” U NMR (400 Mz, {ID(?{;)
750 (dd, F= 7.9, 3.8 He, 2HD), 738 (dd, =82, zm-m 4H), 727 (d, J = 6.7 Hz, 2H), 7
715 {m, TH), 6.83 - 681 {im, 4H), 4.96 - 4.90 (i, 1H), 423 (s, 1H). 4.13 - 4.03 ¢m, 23)
378 (s, 611), 3 7*’ (d, 7= 3.3 Hz 2H), 371 - 3.62 (m, 2 {;, 38 (s, 35, 31741, /= S.0 He,

TH), 234 - 7230 {m, /.H},ig —1.82 (m, 2H).

Compound 24 MW cale 53225 MW Found 303 4 [DMTT, 2533 [DMT off + Na}™ 'H
NMR (400 MHz, CDCLY S 7.57 — 7.46 (m, 2H), 7.40 — 7.34 (m, 4H), 7.29 — 7.26 (., 2F),
721 {dd, J= 83,32 Hz, [H), 6,83 (4, J = 5.6 He, 4H), 4.95 - 483 (m. 1H), 415 ~ 4.4 (m,
3HY, 379 (s, 68D, 378 - 370 (m, 2HD, 3.60 (dt, J = 8.5, 5.7 Hz, 1H), 3.54 3,48 {m, 13},
337 s, 3, 3.20 - 3.15 (m {H) 2.80 - 2.65 (m, 1H), 2.31 - 2.15 (m, 2FD), £.73 (tdd, 4 =
9.5, 6.5, 2.7 Hz, 2H).

KJ”

{2} Preparation of compound 11 from compound 23

DMTr(’%\ DMTQ
NC-— 1, A2
; VOME NGOy N ~OMe
‘ -
b \0 Gt } P 2
N
Q DIPEA, DOM )\ B

23 «\\\ 14 \\

To a solution of compound 23 (300 mg, €50 mmol, 1.0 eg) and N, N-Busopropylethylamine
(DIPEA)Y (139 ub, 084 mmol, 1.5 eq) in anhvdrous BCM (8 mel ) under nitrogen
atmosphere was added 3-{{chloro{diisopropyianunoipbosphanevhoxypropaneniirile (199
mg, 084 mmol, 1.5 eq} at roony temperature. The reaction mixture was stirred for 1 b The
mixture was extracted two times with DOM, then washed with brine and dried with
anhydrous NapSOs The organic layver was concentrated under reduced pressure and the
resultant residue was purified with flash chromatography (silica gel, gradient eluent: 1-.20%
of EtOAc/Hexans, 1% EisN) fo provide compound 11 (196 mg, 48% vield} as coloriess oif,
The product was characterized with mass spectrometry and 1H WNME. MW cale: 73235, MW
Found: 7332 [MHHT H NMR (400 MHz, CDBC) 8 7.53 - 7.48 (m, 2H), 738 (dd, J = 8.6,
64 Hz, 4H), 731 =727 (o, 2H), 722 - 718 {m, 1H), 6.83 = 079 {m, 4H), 497 - 4.91 {m,
TH, 425 -421 (i, 1H), 3.79 (s 6H), 374 (dd, /=60, 2.8 He, 2H}, 370 - 3.61 {m, 2H),
358 345 ¢m, 4H), 341 (5, 3H), 3 10(dd, /= 101, 52 He, 1H), 262(dd, /=65, 35 Hz,
PH), 239 - 226 (m, 4H}, 195{dd, 7 =54, 2 6 Hz, ]H% 183 =178 (m, 2H) 117 =095 {m,
12H]}.
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{3} Preparation of comspound 12 from compound 24,

~ DMTIO
DM \u,.‘( OMe
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- i

~/0 DIPEA, DCM / Va
/
24 12
To a solution of compound 24 (300 myg, 0.56 mmol, 1.0 eq) and DIPEA (139 pL, .84 mmol,
1.5 eq) in anhydrous BOM (5 mb) under nitrogen atmosphere, was added 3-
{{chloro{diisopropylanunophosphaneyvhoxy ipropanenitrile (199 mg, 0.84 mmeol, 1.5 eg) at
room temperature. The reaction mixture was stirred for 1 b The mixture was extracted two
troes with DBCM, then washed with brine and dred with anbydrous Nax 30y, The organic
fgver was concentrated under reduced pressure and the resultant residue was purified with
flash chromatography (silica gel, gradient eluent: 1-20% of EfOAc/Hexane, 1% ENi o
provide compound 12 (127 mg, 31% vield) as col miwb oil. The product was characterized
with mass spectrometry and 1H NMR. MW cale: 73235, MW Found: 733.2 [M+H]" 'H

o

/‘g"c)

NMR (400 Mz, CDCL3 8 753 - 749 ¢m, ZH), 7 38 gdd F=63 20 Hz 4H), 729(d4, /=
72 Hz, 2Hy, 722 7149 (m, iH)g 6‘83 - 681 {m, 4H), S U" (» TH}, 4.20(d, J= 82 Hz, TH),
417 - 3299 {m, ZH), 391 - 385 {m, 1H}, 378 {s, 6H}, 3 -3.69 {m, Z2H), 3.60 (ddd J=

PE7,8.0, 5.0 He, 3H), 341 (s, 3H), 3 12 -3.07 {m, IH 3, 2. st F=64He, ZH)Y 238229
(m PHY, 223 =200 gmy 2HD, V87 (¢, J= 27 Mz, 1H), 168 (4d, 7= 13.6, 6.5 He, ZH), 125 -
A4 {m, 12H)

Corpound 13 synthesis

Compound 13 was prepared in this Example by using the following procedures.

\E/N\ rf,O\J/\ N MY
i J/G 1
NC \\\,.\\

Compound 13

{1} Preparation of compound 26 from the starting compound diethanolamine 25,

&\\\,/\\./Ci HO\I/\N./\/GH
HO\//\N/\\/OH
H K;COs, MeCN H\
25 26 -
S

To a solution of diethanolamine 25 {716 g, 68 mumol, 1.0 eq) in 110 md. of MeCN under ice
bath was added anhydrous potassium x,aibonate 471 g 341 mmoel, 5.0 eq) with vigorous
stisring. After 30 minutes of stirring, dropwise addition of S-chloro-1- -pentyne {72 mi., 68
sunol, .0 eq) was carned out over 5 rovoutes. The reaction was theo left o stiv for 3 dayb at
60 “C. Then the reaction liquid was filtered and concentrated under reduced pressure. the
reaultant residue was purified by flash duomamn;ap}w {silica gel, gradient eluent. 1-8% of
MeOH/DOM ) to provide compound 26 (285 g 24% vield). The product ‘Vvd‘\ characternzed
with mass spectrometry and 'H NME. MW cale 171 i3; MW Found: 1723 [M+H} 'H
NMR (400 MHz, CDCly 8 3.64 - 355 (m, 4H), 2 A3 4, 1HL, 267 -2.52 {m ob), 2.24 (d, J
=69, 26 Hz, 2H), 1.73 — 1.61 (m, 2H),

{23 Preparation of compound 27 from the compound 26,
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To a solution of compound 26 (2 8 g, 10.35 mmol, 1.0 eq) in 30 ml of DCM was added Bt N
(227 rok, 1635 mumol, 1.0 og) with stirring. Then the DMTrCE{4.43 g, 13.08 minal, 0.8 eg)
was added slowly. The reaction mixture was stirred at rocm temperaturs for 6 b then
concentrated under reduced pressure. The residue was punified by Hash chromatography
{silica gel, gradient eluent: 1-3% of MeOH/DCM} to provide compound 27 (2.98 g, 48%
vield). The product was characterized with mass spectrometry and "H NMR. MW calc.:
47326, MW Found. 474 2 [M + HT". 'H NMR (400 Mz, CDCLY 8 7.44 (d, F= 7.5 Hz, 2H),
7324 =59 He, 4H), 7.29 - 724 (m, 2H}, 720 {t, /=73 Hz, 1H), 6.83 {t, J= 5.8 Hz,
AFD), 378 (s, 611), 3.53 (4, F = 5.2 Flz, 2HY, 338 (4, /= 5.8 Hz, 2H), 269 (1. J = 5.8 Hz, 2H),
263 2,53 (m, 4H), 217 (14, = 7.0, 2.6 Hz, 2H), 190, J= 2.6 He, 1H), 165 (p, 7= 7.0
Hz, 2H).

{3} Preparation of commpound 13 from the compound 37,

\\r/" -
HO e _ODMTY ’
SN Nop- O ™an N0 CDMTr
l\ ! T P TN T
Ci |
o

* EtN, DCM )/
27 \ 2 - 13 K}

To a solution of compound 27 {1.23 g, 2.6 mmol, 1.0 eg) and EN {181 mL, 13 mmol, 5.0
eq) o anhvdrous DOM (20 mL) under nitrogen atmosphere, was added 3-
{{chioro{dusopropvlaminejphosphaneyloxyypropanemtrile (1 85 g, 7.8 mmol, 3.0 o) at
room temperature. The reaction mikture was stirred for 30 min. The mixture was extracted
two times with DOM, then washed with brine and dried with anhydrous NaxSOs The organic
fayer was concentrated under reduced pressure and the resultant residue was purified with
flash chromatography {(silica gel, gradient elusnt 1-30% of EtOAc/Hexane, 1% BN} to
provide compound 13 (112 g 64% vield) as yvellow ol The product was characterized with
mass spectrometry and "H MMR. MW calc.: 673.36; MW Found: 633.2 [one isopropy} off +
HI™ U NMR (400 Mz, ODOLYS 7.46 — 7.42 (m, 2H), 7.35 — 730 (m, 4H), 7.29 ~ 7.23 {m,
2HY, 7.22 - 7.16 (m, 1H), 6.84 — 6 77 (ro, 4H), 3.79 (4, F= 5.1 He, 1H), 3.78 (s, 6H), 3 62
{qdd, J=17.0,9.1, 4.0 He, 4H}. 313 (1, /= 6.4 Hz, 2H), 2.75 - 2.70 (m, 3H}, 2.57 (1d, J =
67,16 He 4FD, 218 (1, F= 7.1, 2.6 Hz, 2H), 2.04 (s, 1D, 1.87 {1, J = 2.6 Fz, 1H), 1.62 {p,
F=7.1Hz 2H) 125 /=7 1Hz 1H), L16{dd, /=114, 68 Hz, 125,

Compounds 14 synthesis
Compound 14 was prepared in this Example by using the following procedures.

Osy P/‘\«/\ NHFmoc
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Compound 14
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{1} Preparation of compound 2% from the starting compound Fmoc-L-hydroxyproling 28
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}j\ Fmoc Hg Fmoc
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THF, reflux "-,>
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gg OH 26 OH
To a solution of Fmoc-L-hydroxyproline 28 (133 ¢, 37.6 mawol, 1.0 eq} in ashydrous THF
(250 mb}, was added borane-methyl suifide complex (8.0 mL of 10 M in THF, 80 mmol, 2.1
eq) slowly at room temperature. The reaction mixnire was stirred for & min at room
temperature and then heated to reflux for about 1 b Methano! {15 mL} was carefully added to
the reaction mixiure, which was refluxed for 15 nun. Atter that, the reaction muixture was
concentrated under reduced pressure. Then the crude products were evaporaied three times
with roethanol (100 mib. each) The crude product 28 was directly used in the next step
without further purification,

{2} Preparation of compound 38 from the compound 29,

HO BMTF(?

Fmog t
‘\rN 1. DMTrGH, Pyridine \EN\'
7 J

L 2. EtyN, MeCN -
29 OH g OH

To a solution of compound 29 (37.0 mmol, 1.0 eq} in anhydrous pyridine (200 mL}, was
added DMTrCE {14 ¢, 41 4 wmol, 1.7 eg) slowly at wce bath, The reaction was stirred under
nitrogen atmosphere overnight and then concerndrated under reduced pressure. The crude
product was dissclved in dry MeUN {300 mL} then the mixture was added EGN (15.6 mL,
Pi3 mmol, 3.0 el and heated t0 60 "C for 4 b After concentrated under reduced pressure,
the resulting residue was purified by flash chromatography (silica gel, gradient eluent: 1-8%
of MeQH/DCM) 1o provide the desired product 38 {7.57 2, 48% vield} as yellow solid. The
product was characterized with mass spectrometry and "H NMB. MW cale 41921, MW
Found: 303.2 [DMTT. 'H NMR (400 MHz, CDCLY 6 741 (4 J =74 Hz, 2H), 730 (4, J =
3.8 Hz, 4H), 728~ 7.22 (m, 2H3, 738 (4, /= 7.2 Hz, 1H), 6 80 (d, 7 = 8.8 Hz, 41}, 434 (s,
TH), 375 (d, = 111 He, 6H), 3.60 (dd, F= 12,7, 6.7 He, 1H), 3,10 — 2.92 {m, 5H), 2.6 {4,
F=115Hz, 1H), 1.85(dd, /= 13.5. 7.1 Hz, 1H), 1.63 (ddd, /= 13.7, 7.9, 5.9 Hz, 1H),

{3} Preparation of commpound 31 from the compound 38,

i;\EHFmQG

H B r/’l
E )
5\‘/ N HQJ\,/\/NHFMW BMTFO Qv
\ j !
o}

HBTU, DIPEA ]
31

g ©OH

OH
Compound 38 (300 me, 119 mmol, 1.0 eq) was dissolved in 5 mL BCM, then 4-{{{{SH-
fluoren-%-yhimethoxycarbonyDaminolbutanoic acid (465 mg, 1.43 mmol, 1.2 eg), HBTU
(903 mg, 238 mmol, 2.0 eg and DIPEA (671 ul, 4.05 mmol, 3 4 eq) were added into the
reaction under nitrogen atmosphere. The reaction mixture was stired overnight at room
temperature. Then 10 mi H:O was added into the reaction, the mixture was extracted by
DOM (3%10 mL) and the organic phase was combined, dried over Na:SO:, and concentraied.
The resuiting residue was purified by flash chromatography (silica gel, gradient sluent: 1-5%
of MeUH/DCM) 1o provide the desired product 31 (740 mg, §5% yield) as yveliow solid. The
product was characterized with mass spectrometry and 'H NMB. MW cale. 72633 MW
Found: 425 2 [DMT off + HJ™ H NMR (400 MHz, CDCINE 774 (d, 7= 7.5 He, 2H), 758
(d,7 =74 Hz 2H), 738 (t, F= 7.4 He, 2H), 7.32 — 7.23 (m, TH), 7.24 — 7.10 (m, 4H), 6.85 ~
672 (m, 4H), 4.52 - 4.25 (m, 4H), 4.18 (1, J = 6.8 Hz, 1H), 3.78 (s, 6H), 3.52 ~ 3.38 {m, 3H),
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327310 (m, 3H), 2.47 ~ 2,19 {m, 2H), 2 04 (dd, J= 13.6, 7.5 Hz, 11}, 1 84 (d, 7= 6.5 Hz,
[H), 169 (ddd f= 136,91, 45 Hz, [H), 148 127 (m, 2H),

{4} Preparation of compound 14 from the compound 31
NHFmac

/—NHFmac
/ ..... /

\\I/N\P,Q\//\CN O:(
\‘,v/ i ! §

Ngor ©

LJ EtzN, DCM 1 | CN
/\N/F‘\,O/‘\/

A

3 14

To a solution of coropound 31 (400 vog, 0.55 munol, 1.0 eq) and BN (382 ul, 2.75 munol,
5.0 eq} in anhydrous DCM (5 mbL) under nitrogen atmosphere, was added 3-
{{chloro{diisopropylamincipbosphaneyioxyipropanenitrile (390 mg, 1 65 mmol, 3.0 ey at
room temperature. The reaction mixture was stirred for T h The mixwure was extracted two
times with BCM, then washed with brine and dried with anhydrous Naz S04 The organic
faver was concentraied under reduced pressure and the resultant residue was puritied with
flash chromatography {(silica gel, gradient eluent: 1-3%6 of MeOH/DCM, 1% E3N) to provide
compound B4 (420 mg, 82% vield) as yellow il The product was characterized with mass
specirometry and TH NMR. MW cale 1926 44; MW Found: 4033 1DMT and Fmog oftf + H™
Y NME {400 MHz, CDCI5E 7.75 (d, JZ TAHz 2Hy, 7S04, F=T4Hz 2H, 736t /=
7.4 He, Z'E-{} 731722 (m, TH, 725 - 712 {m, 4H), 6 8& - 670 (m 43, 453 - 427 (m,
AHY, 417 (4, F= 68 He, 13}, 373 (5, hH} 351 -33%0m, 3H), 3263 11 {m, 3H}, 3.05{t. J
=04Hz 2HY 257 {(1d, /=67 16Hz 4H), 241 -~ 218 {m, 2H}, 205 {dd, J=13.6,7.5 Hz,
THE, 185 {(d, J= 6.5 Hz, 1H}, E 67 {ddd, F=13.0,91, 45 Hy, 1Hy, 147 - 128 {my, 2H), 110
(dd, /=114 68 Hz 12H)

Al compounds in this example are listed in Table |
General synthesis method of oligonucleotide,
Single strand synthesis method

The single sirand oligonucleotide was synthesized on a K& A DNA synthesizer (K&A
Laborgeraete GhR, chaafhein, Germany} by a solid phase synthesis technique.

The starting material was univeraal solid support or special solid support commercially
available or synthesis a3 disclosure wn previous context. In general, phosphoramdite
monomers including various linkers and conjugates {0.1M i acetonitrile or
dichloromethane), were added sequentially onto a solid support in the DNA synthesizer to
generate the desired full-length oligonuclestides. Each oyele of anudite addition consisted of
four chemical reactions including detrivlation, wupiinw oxidation "thiﬁiatiﬁn and capping. In
firat step, the detritylation was performed by using 3% dichloreacetic acid {(TCAY in BUM for
45 seconds. In the second step, Phosphorarmidite coupling was conducted for ¢ minutes for all
amidites by 12 eq. ; In the third step, oxidation was performed by using 0.02 M toding in
THEF pyridinewater (70:20:10, v/v/v} for 1 minute; if phosphorothioate modification needed
then replace oxidation by thmidtmn which was carried out with 0.1 M solution of xanthane
hydride in pyridine ACN (50:50, v/v} for 3 minutes; In the fourth step, the capping was
performed by using a T}-iFacaic anhydride Pyridine (80:10:10, v (CAP Ay and N-
methylimidazole THE (10:90, v/ivy, (CAP B) for 20 seconds. The Cveles of four chemical
reaction will be depended by the }en;:‘;h of single of oligonuclestide.
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Digprotection | (Nucleobase Deprotection): Afier completion of the synthesis, the solid
support was transferred 1o a screw-cap microcentrifugs tube. Fora 1 umol synthesis scale, |
wil of a mixture of methyiamioe and ammonium bydroxide was added. The tibe containing
the solid support was then beated i av oven at ©0°C 1o 65°C for 15 roio andd then allowed to
cocl to room temperature. The cleavage solution was coliected and evaporated to drynessin g
speedvac to provide crude single strand of oligonucleotide.

Deprotection I (Removal of 27-TBDMSE Group): If The crude RNA dligonucleotide, sull
carrying the 27-TBDMS groups, then dissolved in 0.1 mi of DMSO. After adding 1 i of
Tricthvlamine trihydrofluonde, the tube was capped, and the mixture was shaken vigorously
to ensure complete dissolutionand then heated in an oven at 65°C for 15 minutes. The tube
was removed from the oven and cooled down to room temperature. The solution containing
the completely desilylated oligonuclectide was cooled on dry ice. 2 mil of ice-cold n-butanol
(-20°C} were carefully added in 0.5 ml portions io precipitate the oligonucleotides. The
precipitate was filtered, washed with 1wl 1ce-cold n-butanol, and subseguently dissolved
0.01 M TristhydroxymethyDaminomethanol hydrochloride buffer,

single strand purification

The purttication of oligonucleotides was performed on an AKXTA explorer 10 equipped with a
Nource 150G 4.6/100 PE column using the following conditions: buffer A: (10 mM Tris-HCL
P EDTA, pH 7.5), B (10 wb Tre-HCL M EDTA, 2M Mall, pH 7.5), gradient: 10%
B 60%% B in 25 min, flow rate: | ml/oun. The pure oligonuclectides were collected and
desalting by a HiPrep 26/10 Desalung column.

Annealing to form duplex

For duplex, after the generation of desalted purnified single strand solutions, Passenger strand
and Cide strand were mixed by equal volumes at equimolar concentration in the tube. Place
the tube in a heatblock at 95°C for 5 nun and then cool to room temperature then were
subsequently ivophilized to powder,

Al oligo synthesis were manufactured following General synthesis method of
oligonucleotide.

General conjugate reaction and click chemistry
Single strand of 581, 883, 556, 287, 558 were synthesized by following single strand

synthesis method. After purification, they were conjugated with terminal alkyne or azide to
from click chemustry. All single strands w this example are listed wn Table 31
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Example 31. Preparation of RD-13351 by click chemistry.

{1} Preparation of ando conjugate Single strand 852

o, & N ©
o F o NaHCO3

G0
o0 H,0, DMSO H Y
1 ' . s H:0, o P
Ng\//\,/\v/]‘\e,h\‘\) * HZN\“/\\/’\//\O’PMO"N}' Ner/\\,/\/’\F/N\/’\/Av/\ oy P-o f\"j
5 . i 5
[

3

Q
32 81 $82

To a solution of 6-azidohexansic acid (100 mg, 0.64 mmol, 1.0 eq) and EDCT (245 mg, 128
mmel, 2.0 eq) in anhydrous DOM {5 mi} under nitrogen atmosphere, was added 1-
fydroxypyrrolidine-2, 5-dione {147 mg, 1.28 nunol, 2.0 og) at room temperature. The reaction
mixture was stirred overnight and extracted two fimes with BCM, then washed with brine
and dried with anhydrous NazSOu. The organic laver was concentrated vnder reduced
pressure 1o provide the crude compound 32 used directly in next stop without purnification.

The single strand of 881 (3.68 mg, .65 umol, 1.0 eq} was dispersed in 800 uL dd water.
Then 89 pb, 1M MaHCG; solution and a stock solution of 32 {123 pl of 28 mg/mL DMSO
stock sclution, 21 eq) were added. Two bours later, 5 M NaCl {10% by volume, 101 gL} and
cold ethanol (2.2 7ol ) were added to this reaction, then this mixiure was stored 11 -20 °C
refrigerator for 1 h 1o precipitate the RMNA. Then the RNA precipitate was diluted to 1 rol ddd
water and subjected to Millipore Amicon Ulira-15 Centrifugal Filter Untis (3000-MW
cutott). The ulirafiltrate was concentrated under reduced pressure and then purnified by HPLOC
to afford azido conjugate single strand of 852 (0.27 umol, 41% vield). The product was
characterized with wass spectrometry. MW ¢ale 5827 MW Found: 58287

{2} Preparation of DBCO conjugate single strand S54
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To a solution of 11, 12-Pidehydro-gamma-oxodibenzolb flazocine-3{6H -butanocic {(DBCO)
Acid (150 mg, 0.49 mmol, 1.0 eq) and EDCT (188 mg, 0.98 mmol, 2.0 eq} in anhydrous
DOM (5 wby under mitrogen atroosphere, was added T-hydroxypyrrolidine-2,5-dione (113
mg, 0.98 ramol, 2.0 eq) at room temperature. The reaction mixture was stirred overnight and
extracted two times with DUM, then washed with brine and dried with anhydrous Nax804.
The organic laver was concentrated under reduced pressure o provide the DBCO denvative
33

The single strand 583 (18 myg, 2.7 umol, 1.0 eq) was dispersed in 2700 ul. dd water. Then
300 ul 1M NaHCO; solution and a stock solution of compound 33 (530 ub of 43 mg/mL
DMSG stock solution, 21 eq) were added. Two hours fater, 5 M NaCl {10% by volume, 353
ul} and cold ethanol (7.8 mL) were added to this reaction, then this mixiure was stored 1 -
2G°C refrigerator for | h o precipitate the KNA. Then the RNA precipitate was diluted to 2
il dd water and subjected to Millipore Amicon Ultra-15 Centrifugal Filier Units (3000-MW
cuteffy. The ultrafiltrate was concentrated under reduced pressure and then purified by HPLC
to afford DBCO conjugate single stand 884 (028 gymol, 10% vield). The product was
characterized with mass spectrometry. MW calc 6963, MW Found: 69701 .

{1} Preparation of passenger strand 855 by click chemistry
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DBRCO conjugate 884 (33 nmol) and azido conpugate 882 (14 nmol} were mixed 1o a NaCl
sobution (0.2 M, 221 by containing EDTA (0.5 M, 2.8 uly and HEPES (0.1 M, pH 7.5, 56
ubly and were heated for 5 min o 95 °C then cooled to room temperature by 1 °C/min and ieft
for 2 b at room temperature. The mixture was subjected 1o Millipore Amicon Ulira-15
Centrifugal Filter Urats (3000-MW cutoffy. The ulirafiltrate was concentrated under reduced
pressure and then purified by HPLC to form 585 (8.4 panol, 60% vield). The product was

-

characterized with mass spectrometry. MW calc. 12795 MW Found: 127973

Passenger strand 888 was anneahing with guide (antisense) strand to form a duplex RD-
13351, The single strands in this example are listed in Table 31 The linkers in Example are
tisted 1o Table 1.

Table 31. Sequences used in Exampie 31

Name of
:E‘ﬁz ng | SEQIDNO | Sequences (53"
duplex
98] 1299 mel *melU * meG*mel *rue A*melU *mel *meCH*mel *meA *meU*meG*meJ*
) mell
$83 1380 mAHG*mGIUMG-Cox7-mATATATUIGIAMATGmATAMATGHmU*fA
386 1291 mASG*mGIUmG-Cox1-mATATATUIGIAMATGmATAMALG* mUFA
S87 1292 MAHG*mGIUmMG-C6x2-mATATATUIGIAMAIGMATAMATG*mU A
S8 1293 MAMG*mGIUMG-C6x5-mATATATUFGIAMAFGMATAMAFG*mU*FA
1294 mAMG*MGTUmG(CoxnT7-
RD-13351 melFmel *meG*mel*meA*mel ] *meU*meCH*me*meA*mel ] *meG¥mel[*
T el - mAFATATURGTAmMATGMATAmAIG mU *fA
57 VPmUSTA *mCfUmUUnCiUsd TCoATUmUTUmCICmATCmCIUmU*fU

b upper case, RNA; ™,

phosphorothioate (PS) backbone wodification; me, 2-0-

methoxyethy! (2"MOEY, wm, 2-C-methyl (2-OMe}, me, 2-Chmethoxyethyl (MOE), £ 2'-

fluoro, VP, 3'-{(E)-vinviphosphonate, {, 3-methyl cytosine; U, S-methyl wracil, Céx1, €611
hinker; £6x2, Cox2 linker; C6x3, Cox? hinker; Cox7, Cox7 linker,
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Example 32, Assessment of knockdown activity and cytotoxicity of ODV-siSOD1 with
internaily conjugated ACOUs in PMH cells

ODV-aS0D compounds were synthesized with ACO sequence conjugated via Cox7 linker
at nuclentide position & internal o the passenger strand {ses Table 31} To test the impast
internal ASO comgugation had on iBNA activity, imteroal conjugate ODV-slRNA (ODV-
stRINA)Y RD-13351 was compared to parental siRNA without ACO comjugate {ie., RD-
12550) and conventional ODV-siRNA variant with its 3 -terminal ATG (e, RI12559)
ODV-aRNA sequence composition 13 also listed i Table 30, Sed7 levels were assessed via
RT-gPCR 1o quantify knockdown activity at escalating concentrations {i.e., 0.000005,
0.00002, $.00006, 0.0024, 0.0098, D.039, 0,156, 0.625, 2.5 and 10 nM) in PMH cells 24
hours after transfection using Lipotectamine RMNAiMax. Plotung knockdown activity
generated dose response curves in which ICse values were extrapolated to define potency for
sach of the tested siIRNAs (FIG 55A) As summarized o Table 32, neither potency vor
activity were impatred by internal corgugation of the ACO. Cell viability via CCKS assay
was also assessed at escalating doses (Le., 6.25, 25, 100, and 400 nM} as 2 marker for
cyiotoxicity. As shown in FIG. 558, no sigmBicant changes in cell viability were detected up
03 400 oM indicating imternal conjugation of ACO did not alter in vitro ovictoxicity.

Table 32, s and Emax values of QDV-aBNA in PMH cells

siRNAs 1Csp (nM) Emax knockdown activity (%)
RD-12556 0.01572 97
R[3-12559 0.00891 o8
RD-13351 0.01616 98

Free uptake of t0DV-siRNA {(i.e, RE-13351) was subseguent tested in comparison to
conventional ODV-siRMNAs (e, RE-12559 and RD-13180) at escalating concentrations {i.e.,
0.02, 0.1, 039, 136,625, 25, 104, 400, and 1600 M) in PMEH cells.  Sod? levels were
assessed via RT-gPCR to guantify knockdown activity 3 days after treatmment in which data
was plotted to generated dose response curves 1o extrapolate s values (FIG 55C) As
shown 1 Table 33, both potency and activity were sinular for 1ODV-aRNA compared o
both convertional ODV-aRNA compounds. Cell viability was also assessed at three doses
{i.e., 100, 400, and 1000 nM} to determine cyiotokicity as consequence of fres uptake.  As
shown wn FIG. 5513, no ditferences in cell viability were detected up to 1600 nM supporting
that the :GDV-siRNA structurs does not alter cytotoxicity in comparison 1o 3 ~termnal ACO
conjugation. Taken together, these resuits tndicate that internal conjugation of ACO sequence
15 well-tolerated for QDV-siRMA.

Table 33 1050 and Emax values of following free-uptake of ODV-siRNAs 1 PMH

cells
siIRNAs 1Csy (nM) Emax knockdown activity (%)
RD-12559 6.977 68
RD-13180 3382 65
RD-13351 3.086 69
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Table 28, Oligonucleotide sequences and duplex compositions of novel GDVY designs

OBv- Taraet SEQ
SIRNA efe ) m Sequence (5°-3") Size ()
name 8 NO
1196 | mAMG*mGIUMmGIGmATATATUIGI AmATGmATAMALTG mU*fA 20
RI-12556 S0OD1
57 VEmUH A mCIUmUfTUmCIUnUIC m AfUnUTU mCICm AfCaCEI FmUHU 22
1197 WA mGIUmGIGmALATATUTGI AmATGmAFAMATGEFMUA-59- 24
BI.12559 SO Y melFmelU*meGrmel*me A*melUl *mel*meC*mel *me A*mel*me G melU*mel] C
57 VEmUHA*mCIUmUUmCIUmUC mAfUmUfUmCICm A CmCIU*mUHU 22
1108 WA mGIUMGIGmALATATUTGI A ATGmAFAMATGFmUTA-S 1 8- 24
RII-12041 9001 . mel*melU*meGrmeU* me A* el *melU ¥ meC e Fme A* el * meG* meU *mel] C
57 VEmUHA*mCIUmUUmCIUmUC mAfUmUfUmCICm A CmCIU*mUHU 22
1100 | 4 FHOPMGIUmGICmAFATATUIGIAMAIGATAMATG* MU *fA -6~ 24
RD-12942 SOD1 o mel *mell*meG*meU*meA* el *mell * meCF me P me A* mel *me G meU ¥ el -
57 VPmUHA*mCIUmUTUmCIUmUfCmATUmUTUmCICm A CIUsmU U 22
1200 | B4 FHOPMGIUmGICmAFATATUIGIAMAIGmATAmATGH*mU*A-(UUACA)- 19
RD-12943 001 “ mel *mell*meG*meU*meA* el *mell * meCF me P me A* mel *me G meU ¥ el -
57 VPmUHA*mCIUmUTUmCIUmUfCmATUmUTUmCICm A CIUsmU U 22
1201 mA*G*mGIUmGIGMALATATUIGEAm AFGmATAmATGY mUA-(UUCUU)- 19
RI-12944 001 “ D meUFme*meGHmeU*meA*mel *mel ¥ meCH mel *me A *melU *meG*meU *mel) -
57 VPaUA*mCfUmUfUmCIUmUfCm AU mUfUmCICmATCmCIUFmU U 22
1202 mA*G*mGIUmGIGmALATATUIGEAM AIGm ATAm AFG¥ mU¥fA-C3 - 34
RII-12945 SOD1 U meUrme U meGrmeUsmeA*me U meU*me Crme U *me A *melU*meGHme U *mel) :
57 VPaUA*mCfUmUfUmCIUmUfCm AU mUfUmCICmATCmCIUFmU U 22
1204 wAHMGFMGIUmGIGrATAFATUIGIAmATGRATAMATG mU*fA-d spacer- 34
RD-12947 SO0 - mel Fmel*meGrmel/*me A*mel/*mell* meCr*mel *me A*melU *me GFmel ¥*mel]
57 VP A*mCfUmt I UmC U U Cm AR mUfUnCICaAfCmCIURmU U 22
1205 wAHGFMGIUmGIGALAfATUIGF A ATGmMATAMAIG¥ mU*fA-C1 2~ 34
RD-12948 SOD1 o mel*mel*meGr*mel *me A¥mel *meU meCrmelU*me A*mel *meGrme L *mel]
57 VPmUHA*mCUmUfTUmCIUmUICmAfUImUfUmCECaAFCmCRIFmUHU 22
1206 wAHGEFGIUMGIGmATAFATUIGIAM ATGATAMATG*mU*fA-L14- 34
RD-12949 SOD1 T mellFmeUrmeGrmel Fre A¥me L F me U * me CHme U F e At el F e G e Fme .
57 VPmUHA*mCUmUfTUmCIUmUICmAfUImUfUmCECaAFCmCRIFmUHU 22
1207 wAHGEFGIUMGIGmATAFATUIGIAM ATGATAMATG*mU*fA-L15- 34
RD-12950 SOD1 o mell*meU*meGrmeU *me A*mel N me U meCH me U me A mell *rue G¥ me LU ¥ mel]
57 VPmUHA*mCUmUfTUmCIUmUICmAfUImUfUmCECaAFCmCRIFmUHU 22
120% mAHGFmGIUmGIOmAFATATUTGE AmATGmATAMATG P mUA-L16- 34
PTy.17 T8 o meU*meU*meGr*mel *me A* mell *melU*meC* meU*me A*mel *meGF me U *mel 2
RD-12951 SOD1
57 VPrUHA*mCIUmUUmCIUmUICmAfUmU T mCfICmAfCmCIU*mU* U 22
1209 mAHGEmGIUmGIGmAFATATUTGE A ATGmATAMATG P mU*A-LO- 34
PTY.17057 T8 i meU*meU*meGr*mell *me A*mel *mel*meC*meU*meU *meG¥me U *me A*mel) °
RD-12952 SOD1
57 VPrUHA*mCIUmUUmCIUmUICmAfUmU T mCfICmAfCmCIU*mU* U 22
1210 mAFGRmGIUMGIGmATATATUIGIAmM ATGmATAMALG*mU ALY 34
RD-12953 <OD1 o meU*meA*melU *meGF el * mel *melU*meC*meU*me A*mel ¥ meFmel *mel) X
37 VP A*mCIUmUfUmCIUmUICmAfUmUTU mCICmAfCaCRI *mU*U 22
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mAFGRmGIUMGIGmATATATUIGIAmM ATGmATAMALG*mU ALY

RD-12954 <OD1 1211 melU*melU*meGr*mell *me A*mel *meC*mel*meU*me A*mell *meFmel *mel) 34
37 VP A*mCIUmUfUmCIUmUICmAfUmUTU mCICmAfCaCRI *mU*U 22

mA*GF mGIUmGIGmATATATUTGI AMATGmATAMATG*mU ALY~

RI.12055 SOD 1212 melUFmeU*meGrmel P me A mell*melU*me A*mel ¥meGrme Ul *mel) 32
57 VEmUH A mCIUmUfTUmCIUnUIC m AfUnUTU mCICm AfCaCEI FmUHU 22
1313 | B4 G mGIUmMGIGmATAFATUTGIAmATGmAfAMATG*mUTA-L9- 34
RD-12956 oD o mell*mel*meGrmelJ*meA*mell *meC *meC*mel] *me A*mel *meGrmeJ*mel]. ’
57 VEmUH A mCIUmUfTUmCIUnUIC m AfUnUTU mCICm AfCaCEI FmUHU 22
1214 | TV G mGIUmMGIGmATAFATUTGIAmATGmAfAMATG*mUTA-L9- 16
BI.12957 SO ) melI*mel*meGrmelJ*meA*mell “
57 VEmUH A mCIUmUfTUmCIUnUIC m AfUnUTU mCICm AfCaCEI FmUHU 22
1215 BAM mGEUnGIGmATATATUIGI AmAIGmATARATG*mU*fA-LY- 18
RII-1295% 9001 O meUtmeU*me G meU*meA*melU*melU *med -
57 VEmUHA*mCIUmUfUnCIUnUIC mAfUmUfUmCICmAfCmCIU*mUHU 22
1216 BAM mGEUnGIGmATATATUIGI AmAIGmATARATG*mU*fA-LY- 11
RII-12959 9001 B meU*meU*meGH*mel*meA*melU*mel *meC*melU me A*mel
57 VEmUHA*mCIUmUUmCIUmUC mAfUmUfUmCICm A CmCIU*mUHU 22
1217 mAHGFmGIUmGICGmAFATATUIGI AmATGm AFAMATGFmU*fA-L9- 34
RI3-12960 001 “* mel *mell*meGr*meU*meA*meU *me A¥ meGr*mel * me A*meU*me Gr e ¥ me ] -
57 VPmUHA*mCIUmUTUmCIUmUfCmATUmUTUmCICm A CIUsmU U 22
1218 mAG*mGIUmGIGmALATATUIGEAmM AIGmATAmAFGY mUFfA-L.5- 24
RD-12961 001 “* mel *meA*meGH*me U/ *meA*melU *mel *meC*mel *meA*melU*meGFme A* el -
57 VPaUA*mCfUmUfUmCIUmUfCm AU mUfUmCICmATCmCIUFmU U 22
1219 mAMG*mGIUmGIGMATAFATUIGIAm AIGmATAmAIG ¥ mU¥fA-LY - 34
RD-12962 SOD1 o mel)*me At meCrmelFmeA*melU* el me CHr el *me A*melUl*me C¥me A*mel) .
57 VPaUA*mCfUmUfUmCIUmUfCm AU mUfUmCICmATCmCIUFmU U 22
1270 wA*GFMGIUmGIGuALAfATUIGIAmATGATAMATGF mU*fA-L.9- 34
RD-12963 SO0 U melUrmeAFmeCHmeA *melFme At me Ul meCHme A mell *meA*me Crme A*mel)
57 VP A*mCfUmt I UmC U U Cm AR mUfUnCICaAfCmCIURmU U 22
1271 wA*GFMGIUmGIGuALAfATUIGIAmATGATAMATGF mU*fA-L.9- 34
RD-12964 SOD1 “0 b mel*mel*meA*mel*meA*mel *mel*meC*meU*me A *mel *me A*mel *mel]
57 VP A*mCfUmt I UmC U U Cm AR mUfUnCICaAfCmCIURmU U 22
121 wA*GFMGIUmGIGuALAfATUIGIAmATGATAMATGF mU*fA-L.9- 34
RD-12965 SOD1 “ b mell*melU meA*mel me A mel *melU*meC*meU*me A *mel *meG¥ mel *mel]
57 VP A*mCfUmt I UmC U U Cm AR mUfUnCICaAfCmCIURmU U 22
1973 wAHGEFMGIUmGIGmAFAFATUIGIAm AfGATAMALGF*mUHA-L9- 34
RD-12966 SOD1 T meUrme A*meGrreU me A mell*meU* meCr*meU*me A*tme U  meG* mell*mel] 2
57 VPmUHA*mCUmUfTUmCIUmUICmAfUImUfUmCECaAFCmCRIFmUHU 22
1274 mAHGEmGIUmGIGmAFATATUTGE A ATGmATAMATG P mU*A-LO- 34
RD-12967 SOD1 - meU*meUmeGmeUme AmelUmeUmeCmeUme AmeUmeGmeU*melU 2
57 VPrUHA*mCIUmUUmCIUmUICmAfUmU T mCfICmAfCmCIU*mU* U 22
1225 mAHGFmGIUmGIOmAFATATUTGE AmATGmATAMALG? fA-LG- 34
RD-12963 SOD1 = meU*melU*meGmel me AmeUmeUmeCmeUmeAmeUmeGFmeU*mel °
57 VPrUHA*mCIUmUUmCIUmUICmAfUmU T mCfICmAfCmCIU*mU* U 22
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1236 mAFGRGIUMGIGmATATATUIGEAm ATGATAMALG*mU*fA-LY- 34
RD-12969 <OD1 ~on mel*meU*meGr*melmeAmell mellmeCmeUmeAme*meGFmelU*melU i
37 VP A*mCIUmUfUmCIUmUICmAfUmUTU mCICmAfCaCRI *mU*U 22
L | G mGIUmMGIGmATAFATUTGIAmATGmAfAMATG*mUTA-L9- 34
RI.12970 SOD o melUFmeU*meGrmel*me AmelUmeUmeCmelUme A*meU*meGrmel ¥ mel] ’
57 VEmUH A mCIUmUfTUmCIUnUIC m AfUnUTU mCICm AfCaCEI FmUHU 22
108 | B4 G mGIUmMGIGmATAFATUTGIAmATGmAfAMATG*mUTA-L9- 34
RD-12971 oD - mell*mel*meGrmelJ*meA*melimelUmeCmeU* me A* el ¥ meG¥melJ *mel] ’
57 VEmUH A mCIUmUfTUmCIUnUIC m AfUnUTU mCICm AfCaCEI FmUHU 22
1270 | M G mGIUmMGIGmATAFATUTGIAmATGmAfAMATG*mUTA-L9- 14
BI.12972 SO 7 mel*mel[*meGrme*me A*mell *melUmeC¥mel*me A¥ melJ* meGFmeU*mel] -
57 VEmUH A mCIUmUfTUmCIUnUIC m AfUnUTU mCICm AfCaCEI FmUHU 22
1230 WA mGIUmGIGmALATATUTGI AmATGmAFAMATGEFmU ALY 24
RI3-12973 9001 7 mel *melU*meGrmeU*meA*meU * m U mCF mel * me A*meU* me Grme U mel]
57 VEmUHA*mCIUmUUmCIUmUC mAfUmUfUmCICm A CmCIU*mUHU 22
1231 BAM mGEUnGIGmATATATUIGI AmAIGmATARATG*mU*fA-LY- 24
RII-12974 9001 77 meU¥melU*meGrmeU*me A*mU*mU*mCrmU*me A¥me U *meGFme ¥ me U
57 VEmUHA*mCIUmUUmCIUmUC mAfUmUfUmCICm A CmCIU*mUHU 22
1222 mAHGFmGIUmGICGmAFATATUIGI AmATGm AFAMATGFmU*fA-L9- 24
RDO-12975 SOD1 = mel *mell*meGrmeU*mA*mU ¥ mU*mC* U mA ¥ me L me G* e U *me U N
57 VPmUHA*mCIUmUTUmCIUmUfCmATUmUTUmCICm A CIUsmU U 22
1213 mAG*mGIUmGIGmALATATUIGEAmM AIGmATAmAFGY mUFfA-L.5- 24
RD-12976 001 =27 meUFmell* meGHAmU*mA*mU s mU*mC*mU ¥ mA*mU*me G*melU *meJ -
57 VPaUA*mCfUmUfUmCIUmUfCm AU mUfUmCICmATCmCIUFmU U 22
1234 mAMG*mGIUmGIGMATAFATUIGIAm AIGmATAmAIG ¥ mU¥fA-LY - 34
RO-12977 SOD1 o wel *melFmGrmUraA*mUHnUreCHf o UHFmA f U G me U rmel] )
57 VPaUA*mCfUmUfUmCIUmUfCm AU mUfUmCICmATCmCIUFmU U 22
1235 wA*GFMGIUmGIGuALAfATUIGIAmATGATAMATGF mU*fA-L.9- 34
RD-12978 SO0 T melPFm U mGHUr mA MU U mCr mU mAs U *mGHFmUs mel
57 VP A*mCfUmt I UmC U U Cm AR mUfUnCICaAfCmCIURmU U 22
1236 wA*GFMGIUmGIGuALAfATUIGIAmATGATAMATGF mU*fA-L.9- 34
RD-12979 SOD1 0 mPEmU MG mUF mA*mUSmU* m O mUSmA*mU m G mU*miJ
57 VP A*mCfUmt I UmC U U Cm AR mUfUnCICaAfCmCIURmU U 22
1237 wA*GFMGIUmGIGuALAfATUIGIAmATGATAMATGF mU*fA-L.9- 34
RD-12920 SOD1 a2 melFmel*meGr*mel *me A¥mel *meU*meCrmeU*me A*mell fmeGrmel]
57 VP A*mCfUmt I UmC U U Cm AR mUfUnCICaAfCmCIURmU U 22
123% wAHGEFMGIUmGIGmAFAFATUIGIAm AfGATAMALGF*mUHA-L9- .
RD-12981 SOD1 o mell*meU*meGrmeU *me A*mel FmeU* meCHmeU* me A melU * e G o=
57 VPmUHA*mCUmUfTUmCIUmUICmAfUImUfUmCECaAFCmCRIFmUHU 22
1239 mAHGEmGIUmGIGmAFATATUTGE A ATGmATAMATG P mU*A-LO- 31
RD-12982 SOD1 o meU*meU*meG*mel *me A*melU *meU*meC*meU*me A*mel 2
57 VPrUHA*mCIUmUUmCIUmUICmAfUmU T mCfICmAfCmCIU*mU* U 22
1240 mAHGEmGIUmGIGmAFATATUTGE A ATGmATAMATG P mU*A-LO- 30
RD-129%83 SOD1 T melFmeU* meGruel *me A¥me L *mel*meC*melU*me A Y
57 VPrUHA*mCIUmUUmCIUmUICmAfUmU T mCfICmAfCmCIU*mU* U 22
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1241 mAFGRmGIUMGIGmATATATUIGIAmM ATGmATAMALG*mU ALY 29
RD-12984 <OD1 T melU*meU*meGrmel *meA* me U #*melU*meC*melU -

3

VP A*mCIUmUfUmCIUmUICmAfUmUTU mCICmAfCaCRI *mU*U 22

=3

mA*GF mGIUmGIGmATATATUTGI AMATGmATAMATG*mU ALY~

RIY.12085 SOD 1242 melUFmeU*meGrmel*me A mell*melU*mel 28
57 VEmUH A mCIUmUfTUmCIUnUIC m AfUnUTU mCICm AfCaCEI FmUHU 22
L | mAHG*GIUnGIGmATATATUTGIAmATGmATARATG*mU*TA-LS- -
1243 o THy o ee T T e s f oo T4 27
RIY.12986 SOD mell*mel*me GFmelJ*meA*mel[*mel]

57 VEmUH A mCIUmUfTUmCIUnUIC m AfUnUTU mCICm AfCaCEI FmUHU 22
1244 | TV FGHmGIUMGIGmATAFATUTGIAmATIGmATARATG* mU*TA-L9- 16

BI.129%7 SO melI*mel*meGrmelJ*meA*mell “
57 VEmUH A mCIUmUfTUmCIUnUIC m AfUnUTU mCICm AfCaCEI FmUHU 22
1245 WA mGIUmGIGmALATATUTGI AmATGmAFAMATGEFmU ALY 24

RII-1298% 9001 7 meC*meGrmeGFme A¥me AYme G meU*me A¥meC ¥meC ¥ meC  me A¥me A¥med C
57 VEmUHA*mCIUmUUmCIUmUC mAfUmUfUmCICm A CmCIU*mUHU 22

WA mGIUmGIGmALATATUTGI AmATGmAFAMATGEFmU ALY

46 34
RI-12989 9001 1246 meA*meA*mell*meA*meA*meC*meU*me A*meC *meGF mel I me GFmelU*me A M
57 VEmUHA*mCIUmUfUnCIUnUIC mAfUmUfUmCICmAfCmCIU*mUHU 22
1247 mAHGFmGIUmGICGmAFATATUIGI AmATGm AFAMATGFmU*fA-L9- 34
RD-12990 001 = meA*meA*mel *meA*meC*meG*rme A me A¥me A¥ meCFmeC¥* me U ¥ meGFme A -
57 VPmUHA*mCIUmUTUmCITUmUfCmATUmUTUmCICm A CIUsmU 1) 22
1242 mAG*mGIUmGIGmAfAFATUIGIAm ATGm ATAMAFG U fA-LS- 24
RD-12991 001 =7 me A*meC*meG*meA*meC*meA*meU*meC*meA *me A*me A¥me U *meA*meA -
57 VPaUA*mCf U UnmCIUmUfCm AU mUfUmCICm AfCmCIUFmU* U 22
1248 mAG*mGIUmGIGmAfAFATUIGIAm ATGm ATAMAFG U fA-LS- 34
RD-12992 SOD1 - meA*me A meA*melU* meA* e A*me U * me A¥*me At me GFme Af me A ¥ me CF me G .
57 VPaUA*mCf U UnmCIUmUfCm AU mUfUmCICm AfCmCIUFmU* U 22
1250 wA*GFMGIUmGIGuALAfATUIGIAmATGATAMATGF mU*fA-L.9- 34
RD-12993 SOD1 U meCHmeCrme AYme AMmeC  meCrme Afme U meCH meGHme G e A ¥ me ¥ mel)
57 VP A*mCfUmifUnmCI U U Cm AR mUfUnCICaAfCmCIUR et J* U 22
125 wA*GFMGIUmGIGuALAfATUIGIAmATGATAMATGF mU*fA-L.9- 34
RD-12994 SOD1 N meCFmeGrmeFmeCrmeCrmeCrme U meCF me G me G¥meGHme Grme A¥me
57 VP A*mCfUmifUnmCI U U Cm AR mUfUnCICaAfCmCIUR et J* U 22
1252 wA*GFMGIUmGIGuALAfATUIGIAmATGATAMATGF mU*fA-L.9- 34
RD-12995 SOD1 U meCHmeC Fme A¥me Atme A*meCHmeCHme G meC *me A *me GFme Crmel*meC
57 VP A*mCfUmifUnmCI U U Cm AR mUfUnCICaAfCmCIUR et J* U 22
1253 wAHGEFMGIUmGIGmAFAFATUIGIAm AfGATAMALGF*mUHA-L9- 34
RD-1299 SOD1 T meCrmeGrineCHmeCHme A*me CHmeCF meCHme U * me CH me U e Grme GRme 2
57 VPmUHA*mCUmUTUmCUmUICmAfUImUfUmCfCaAfCmCRIF mUHHU 22
1254 mAF G mGIUmGIGmAFATATUTGEAM AfGmATAMALG* mU*fA-L 34
RD-12097 SOD1 o meC*me A*meC*meCH*meCHmeCrmeCHmeC*me A*meCH me A*melU*meCHmeG 2
57 VPrUHA*mCIUmUNUmCIUmUICmAfUmU T mCfICmAfCmCIU* mU* U 22
1255 mAMGFmGIUmGIGmATATAfUTGEAm ATGmATAMAT G mUFfA-LY- 34
RD-1209% SOD1 771 meCHmeC* meGF meC *meU*meCrmeC meC * meC *meC * meC *meli *meA*mel
57 VPrUHA*mCIUmUNUmCIUmUICmAfUmU T mCfICmAfCmCIU* mU* U 22
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mAFGRmGIUMGIGmATATATUIGIAmM ATGmATAMALG*mU ALY

56 . = , e i ) 3
RD-12999 <OD1 1236 meGFmeGFmeC*me A*meC*meA* e A¥meF*meGrme A *meU* el *meCrme G 34
57 VPP A*mCIUmUfUnCIUmUICmAfUnmUTU mCICmAfCaCRI* miU*U 22

5 | mAMGImGUnGIGmATATATUTGIAm ATGmATAMALTG*mU* ALY -

RD-13000 oD 1237 meGFmeGFmel *me G mell * meGrmeGFme A*me A*meFmeCF*meCFmell *me A 34
37 VEmUHA*mCIUnUfUaCIUnUIC o Af UnU ) mCICoAfCuCE U mU*U 22
1358 | ™4 ,’-‘i‘G*mf__}‘ﬂjmeGmAilAthfoGfAm AmeAfAmA_\fG*mU*fA-L9~ 34

RD-13001 SOD1 meGrmeA*meGmelJ* mel*meCr meGrme e A me L *me GFme G me GFme
37 VEmUHA*mCIUnUfUaCIUnUIC o Af UnU ) mCICoAfCuCE U mU*U 22

mA*GF mGIUmGIGmATATATUTGI AMATGmATAMATG*mU ALY~

BI.13002 SO meGrmeA*meG*meC  meGrmeGrme G me G e * me G me C ¥ meGrmeCrimeC
37 VEmUHA*mCIUnUfUaCIUnUIC o Af UnU ) mCICoAfCuCE U mU*U 22
1260 mA*I'”G*mQﬂJ 111Gf(im»&f1&fAﬂ] TG Am Ameft.fAlﬂ!?\fG*n-lU *fA-LS - ] ) 24

RII-13003 9001 meGrreGrmelFmeG* meGrame Grme Crme Grue e CHme GHme G me U me G
37 VEmUHA*mCIUnUUmCIUmUCmAfTUnmUUmCICmAfCauCHUI mU*U 22

WA mGIUmGIGmALATATUTGI AmATGmAFAMATGEFmU ALY

34
RII-13004 9001 1261 melU*meG* meG*meG*meU*me A*me GFmeGrmel *meC*meU*me C*meGF*meU M
57 VEmUHA*mCIUmUfUnCIUnUIC mAfUmUfUmCICmAfCmCIU*mUHU 22

mAMG*mGIUmGIGmAFATATUIGI Am ATGmATAmATGFmUfA-L2-

RD-13005 001 1262 mel *mell*meGr*meU*meC* meC* meG* e U *me U meCrmeG¥me CFmel ¥me A 1
57 VPmUHA*mCIUmUTUmCITUmUfCmATUmUTUmCICm A CIUsmU 1) 22
1263 mAG*mGIUmGIGmALATATUIGEAmM AIGmATAmAFGY mUFfA-L.5- 24
RD-13006 001 “27 1 meUFmeA* mel*meGHmeU*meC*me G mel *me A*meU*me U *meG*meU *me A -
57 VPaUA*mCf U UnmCIUmUfCm AU mUfUmCICm AfCmCIUFmU* U 22
1264 mAG*mGIUmGIGmALATATUIGEAmM AIGmATAmAFGY mUFfA-L.5- 34
RD-13007 SOD1 -0 mel) *me At melFmell*meGH e L el me CHroe Grme Crme U * me U *mell*mel) .
57 VPaUA*mCf U UnmCIUmUfCm AU mUfUmCICm AfCmCIUFmU* U 22
1265 mAHG*MGIUmGIGmATAFATUIGE A AIGMATAMAIG U *fA-L9- 34
RO-13008 SO0 T melFmellFmelUltmeCrme Gt me U Fme U mel  *me G meCHrmelF meGrme U *me U
57 VP A*mCfUmifUnmCI U U Cm AR mUfUnCICaAfCmCIUR et J* U 22
1266 mAHG*MGIUmGIGmATAFATUIGE A AIGMATAMAIG U *fA-L9- 34
RD-13009 SOD1 0 mel P meG*mell *mel*meA* meCFme G mel] *mel*mell *mell *mel *mel  Fmel]
57 VP A*mCfUmifUnmCI U U Cm AR mUfUnCICaAfCmCIUR et J* U 22
1267 mAHG*MGIUmGIGmATAFATUIGE A AIGMATAMAIG U *fA-L9- 34
RD-13010 SOD1 7 meGFmeGrmeGrmell*mel*me A*me Afme A*me A*meC *meC*meC*meG*meG
57 VP A*mCfUmifUnmCI U U Cm AR mUfUnCICaAfCmCIUR et J* U 22
1265 wAHGEFMGIUmGIGmAFAFATUIGIAm AfGATAMALGF*mUHA-L9- 34
RD-13011 SOD1 o meA*meA*meC* meGrme A*me A* meC ¥ meC ¥ meGFme A me Grme U * me Grme ) 2
57 VPmUHA*mCUmUTUmCUmUICmAfUImUfUmCfCaAfCmCRIF mUHHU 22
1265 mAHGEmGIUmGIGmAFATATUTGE A ATGmATAMATG P mU*A-LO- 34
RD-13012 SOD1 o meU*meG*meC*meA *mell *meCHme GrmeGFme A*meU*meGHmeA*me A me A 2
57 VPrUHA*mCIUmUNUmCIUmUICmAfUmU T mCfICmAfCmCIU* mU* U 22
1270 mAHGEmGIUmGIGmAFATATUTGE A ATGmATAMATG P mU*A-LO- 34
RD-13013 SOD1 U meAFmeC *meGrmeGr e A me A¥meGrme A *me G e Grme C Frne G me C e °
57 VPrUHA*mCIUmUNUmCIUmUICmAfUmU T mCfICmAfCmCIU* mU* U 22
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1271 mAFGRGIUMGIGmATATATUIGEAm ATGATAMALG*mU*fA-LY- 34
RD-13014 <OD1 T meGrmeU*me A*me AYmeGtme U meA*meC*me Grme Crme A *me G*me Grme G >
57 VPP A*mCIUmUfUnCIUmUICmAfUnmUTU mCICmAfCaCRI* miU*U 22
w7 | G mGIUmMGIGmATAFATUTGIAmATGmAfAMATG*mUTA-L9- 34
RI.13015 SOD T meGFmeUFme Atme AYme At meGEfmeUFre Grume At meGrme CF me A*mel [ *me A ?
57 VEmUH A mCIUmUUnCIUnUIC m AfUnUU mCICmAfCaCE I F mUsU 22
173 | G mGIUmMGIGmATAFATUTGIAmATGmAfAMATG*mUTA-L9- 34
RD-13016 oD o meA*meA*mel Fme A*meGF*meAtmeGHme T me Grme A¥meGrme GF me A*mel] ’
57 VEmUH A mCIUmUUnCIUnUIC m AfUnUU mCICmAfCaCE I F mUsU 22
1274 | M G mGIUmMGIGmATAFATUTGIAmATGmAfAMATG*mUTA-L9- 14
BI.13017 SO i meCH*meGHmeC  me A *meGrme At meGrme A*me At me U meGFmeA* meA*me A -
57 VEmUH A mCIUmUUnCIUnUIC m AfUnUU mCICmAfCaCE I F mUsU 22
1275 WA mGIUmGIGmALATATUTGI AmATGmAFAMATGEFmU ALY 24
RII-1301% 9001 o meUMmeGF meC* meG meU* meCH meGrime A*me A me U *me U me T mel ¥ meC C
57 VEmUHA*mCIUmUfUnCIUnUIC mAfUmUfUmCICmAfCmCIU*mUHU 22
1276 WA mGIUmGIGmALATATUTGI AmATGmAFAMATGEFmU ALY 24
RII-13019 9001 ' melU*meC *meA*meC* mell*melU* me A*meU*meGrmeC M meA*meC*meGFme C
57 VEmUHA*mCIUmUfUnCIUnUIC mAfUmUfUmCICmAfCmCIU*mUHU 22
1277 mAHGFmGIUmGICGmAFATATUIGI AmATGm AFAMATGFmU*fA-L9- 24
RD-13070 001 “ memeCr*meU*mell *me Atmel *meU*me A*me C* e A*meGF me A¥mel*me -
57 VPmUHA*mCIUmUTUmCITUmUfCmATUmUTUmCICm A CIUsmU 1) 22
1278 mAG*mGIUmGIGmALATATUIGEAmM AIGmATAmAFGY mUFfA-L.5- 24
RD-13071 001 mel *mel*meC*meC*meC *meCHme ¥  mel *meGF*meA*meU*me A*me A*meC -
57 VPaUA*mCf U UnmCIUmUfCm AU mUfUmCICm AfCmCIUFmU* U 22
1279 mAMG*mGIUmGIGMATAFATUIGIAm AIGmATAmAIG ¥ mU¥fA-LY - 34
RO-13022 SOD1 - meC meC*meU el *me Ul mell * meCH*melU*meA*me Grme A*mell *meC*meG )
57 VPaUA*mCf U UnmCIUmUfCm AU mUfUmCICm AfCmCIUFmU* U 22
1280 wA*GFMGIUmGIGuALAfATUIGIAmATGATAMATGF mU*fA-L.9- 34
3120133 N T mel*meCrmeCHrmel)* meGrme U me CHme U me A #mel *meC*me U melU *me A ?
RD-13023 3001
57 VP A*mCfUmifUnmCI U U Cm AR mUfUnCICaAfCmCIUR et J* U 22
1281 wA*GFMGIUmGIGuALAfATUIGIAmATGATAMATGF mU*fA-L.9- 34
RD-13024 SOD1 “O D mel*mel*meCr melU*me A *me U meGHmeU*meG*meCHmeU*meCHmeCrmeC
57 VP A*mCfUmifUnmCI U U Cm AR mUfUnCICaAfCmCIUR et J* U 22
1282 wA*GFMGIUmGIGuALAfATUIGIAmATGATAMATGF mU*fA-L.9- 34
RD-130725 SOD1 “O D meUrme At meCHmeU*meC*meCHme U meU*meU*me CHme At meU*meJ*meC
57 VP A*mCfUmifUnmCI U U Cm AR mUfUnCICaAfCmCIUR et J* U 22
1953 wAHGEFMGIUmGIGmAFAFATUIGIAm AfGATAMALGF*mUHA-L9- 34
RD-13026 SOD1 T meGrmeGrme Cr oM me At el Frue U me At me U meCrme CHme Af e U fme A 2
57 VPmUHA*mCUmUTUmCUmUICmAfUImUfUmCfCaAfCmCRIF mUHHU 22
1784 mAHGEmGIUmGIGmAFATATUTGE A ATGmATAMATG P mU*A-LO- 34
RD-13027 SOD1 - meU*meU*me A*meCH*mel *meCH*me A*meGFme G meC* meA *meGHmeGrme A 2
57 VPrUHA*mCIUmUNUmCIUmUICmAfUmU T mCfICmAfCmCIU* mU* U 22
1285 mAHGEmGIUmGIGmAFATATUTGE A ATGmATAMATG P mU*A-LO- 34
RD-13028 SOD1 D meA*melU*meGrmel) *meFrmeCH me At me A*meC  meC  meA*melU *meCHF me G °
57 VPrUHA*mCIUmUNUmCIUmUICmAfUmU T mCfICmAfCmCIU* mU* U 22
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mAFGRmGIUMGIGmATATATUIGIAmM ATGmATAMALG*mU ALY

K6 N N - - 3
RD-13029 <OD1 1286 meC*meC*meGF*meGFmelU* meGH e *me A*me U *meGFmeU e CHme A*me A 34
57 VPmU A A*mCIUmUIUnCIUmUIC o AfUmU U m CICn A CmCHUI* mU* U 22
L7 | FGHmGIUMGIGmATAFATUTGIAmATIGmATARATG* mU*TA-L9- 34

RD-13030 oD U0 mell*melUFmel *meGrmel* meCrme G meGHme U me A¥me C ¥ me C¥me A% me A >
57 VEmUH A mCIUmUUnCIUnUIC m AfUnUU mCICmAfCaCE I F mUsU 22
1788 mAMGEmGIUnGIGMmATATATUIGIAMATGATAMATG* mU*fA-L9- 34

RD-13031 SOD1 " meCH*mell*meC *mell *meA*meA*meGFrme GrmeC*me At meCrme Crmel P me G ’

57 VEmUH A mCIUmUUnCIUnUIC m AfUnUU mCICmAfCaCE I F mUsU 22

fin.b.: upper case, RNA; *, phosphorothicate (PS) backbone modification; £, 2'~fluoro; m, 2'-O-methyl (2-OMe);
me, 2'-O-methoxyethyl (2 MOE), VP, 5'-(B)-vinviphosphonate: C, 5-methy! cytosing; U, 5-methy! vracil; S18.
spacer-18 hinker; S9, spacer-9 linker; L9, spacer-9 linker; 3, spacer-C3 linker; 6, spacer-C6 linker; C12,
spacer-C12 linker; UUACA, L7 linker, UUCUU, L8 linker; d spacer, L12 linker; L14, spacer-L.14 linker; 115,
spacer-1.13 linker; 116, spacer-L.16 linker.

Table 29 Ohgovucleotide strand sequences and duplex compositions

OBY- Target | L2 Size
SiRNA ; ‘;'e in Sequence (3'-39) ’(b p)
HAWE B¢ NG !
947 TUFMAHCat Jf UmU T mGIUTGIUm AIGmUfAmCIAFmA*fA-S9- 13
RD-12404 SO ' mell*meU*meGrmeU *me A*mel P me U meCH me U me A ¥ mel *rue G¥ me U ¥ mel] 2
48 mUHU*mULGmUAmCIUmAFCmAfCnAfAMATAMGIUmA*C*mU 21
948 GGUGGAAAUGAAGAAAGUA 15
RD-12401 SOD1
949 VACUUUCUUCAUUUCCACCUL 21
46 FGFMGHUmMGIGMAAMATUIGIAM AfGmATAMATF GmU*A 15
RID-12402 SOD1
47 mUFAFmCIUmUTUmCIUnUICmAfUnUTUmCICmATCmCH U myU 21
45 MG mGIGMATAmATUTGIAm ATGmAFfAAT*GmU*fA-39~ 53
RO12403 oDt mel*mel*meGrmelU*meA*mell*mell * meCr*mell *me A*mel *me GFmel ¥*mel]
47 mUFAFmCIUmUUmCIUnUICm AfUnUTUmCICmATC mCHUm 21
45 MG mGIGATAMATUTGIARATGMAfAmAT*GrlU*fA-85- 53
RD-12557 oD mel*mell*meGr*mel *me A¥mel *meU*meCrmeU *me A*mel *meGrme L *mel]
57 VPmUHA*mCUmUTUmCIUmUICmAfUmUTUmCECa AT Cm CHU*mtJ 22
1186 WA mGIUMGIGmALATATUTGI AMATGmAFAMATGEFmU*TA 20
RID-12556 SOD1
57 VPaUA*mCfUmUfUmCIUmUfCmAfUmUfUmCICm AfCmCIUFmU U 22
1197 wA*GFMmGIUmGIGuALAfATUIGI A ATGATAMATGF U *fA-89- 34
RD12555 oDt ! mel*mel*meGrmelU*meA*mell*mell * meCr*mell *me A*mel *me GFmel ¥*mel]
57 VP A mCfUmt Jf UmC U U Cm AR mUfUnCICaAfCm CIUR et J* U 22
1197 wA*GFMmGIUmGIGuALAfATUIGI A ATGATAMATGF U *fA-89- 34
RD-12579 oD ! meJ*mell*meG*mell*me A*mell*mel*meCHmeU *me A*mel *meGF*me U *mel]
47 mUHAFmCIUmUTUmCITUmUICm AfUmUfUmCICmASC mCIU*mU* U 21

&inb.: upper case, RNA; *, phosphorothicate (PS) backbone modification; f, 2'-fluoro; m, 2'-O-methyl (2'-OMe);
me, 2'-O-methoxyethyl (2 MOE), VP, 5'-(E)-vinyiphosphonate; €, 5-methyl cytosine; U, 5-methy] vracil; §9,
spacer-9 linker,
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Table 30 Ohgovucleotide strand sequences and duplex compositions

ODv- . .
. Target SEQ S ¢ v Size
siRNA gene 1D NG Sequence (5°-3) bp)
nasme
DS17- 1289 AGGUGGAAAUGAAGAAAGUA 20
- S0D1
29N3 1290 | DACUUUCUUCAUUUCCACCUUU 22
1197 mAHGMGIUmGIGmAFAFATUTGIAmMATGmATAmATGF mU*fA-59-
RD-12559 SOD1 . mel *mell *meGrmeU*meA*melU *mel *meCrme P me A *melU*me G e U ¥ meld 34
d 3
57 VPMUHA*CIUmUUmCITUmUfCmATUmUTUmCICm AfCon CH U mU U 27
1200 mAHGEMmGIUmGIGmALAFATUIGIAmAFGMATAmMA TG mU*fA-1.9~
RD-12952 SOD1 mel *mell *meGH*mel*me A*melU *mell *meC*me U *melU*meGFmelU*me A*mell 34
- d 3
57 VP * A *mCfU U UmCUm U fCm AU mUfUmCICm AfCm CI U mU U 37
1239 mAGEMGIUmGICGmALATATUIGIAAIGMATAmMA TG  mU*fA-1.9-
RI3-129%2 SODH e mell*mell*meGrmel]*me A*mel *mell *meC*mel *meA*mel) -
S = d - Py
57 VP * A *mCfU U UmCU U fCm AU mUfUmCICmAfCm CIUFmU U 37
1340 wAHGFMGIUmGIGuALAfATUFGIAMAFGMATAMATGH* mU*fA-1.9-
RI3-12983 301 o mel *mell*meGFmel/*meA*mel *mell *meCHmel *meA 30
1298 SOD1 3
57 VPt ¥ A * U UmiHUmC U CmAfR mUfUnCICmAfCmCIURat J ¥ U 37
1236 wAHGFMGIUMmGIGmAFAFATUFGIAMAFGMATAMATG*mUA-1.9-
BTy 1 7G7G T ’ mUFmUFsmGHFmU*mA* U U mCH*mU s mA* U mGHmU*mi
RID-1297¢ 80D} - UrmiFmGHmUrsm A mUn U mCH*mU* mA* mU* mG* U mU 34
57 VP HA*mCfUmUTUnCIUnUICmAfUImUfUmCECmAFCmCRIF mUU 37
1172 mAMGFmGIUmGIGmAFATATUTGIAmATGmATAMATGF mUA-LY-
RD-13015 0D = meGFmelU*me A*meA*me A*meGFmeU*meGF e A¥me (P meC ¥ me A*mel [ *me A 34
57 VEmUHA*mCIUmUmCIUnUIC m AfUnUT U mCICmAICmCH F mU*U 27
1263 mAFG*mGIUMGIGm AFATATUTGIAMATGmATAMATG*mUA-1.9«
RD-13006 oD . mell*meA*mel *meG*meU*meC ' meGrmel e At me U *melF*me G mell*me A "
57 VEmUHA*mCIUmUmCIUnUIC m AfUnUT U mCICmAICmCH F mU*U 27
1255 mA*GHmGIUMGIGm ATATAFUIGIAMATGm AT AMATG* mU AL~ 34
RD-12998 SOt o meCH*meC*meGH*meC*meU*meCHme CHmeCFmeCF meCrmeCrmeU *meA*me ’
57 VEmU*A*mCIUmUUmCIUnmUICmAfUnmUTU mCICmAfCCII* miU*fU 27
1291 wAHGFMGIUMG-Cox 1 -mAFATATUTGIAMATIGm AFAMATGF mUA 19
RD-13150 SODnt
57 VEmUHA*mCIUmUmCIUnUIC m AfUnUT U mCICmAICmCH F mU*U 27
1292 wAHGFMGIUmG-COxX2-mAFATAfUTGIAMATGmAfAmATG*mU*TA i9
RD-13151 SODt -
57 VPmU* A *mCfUmUiUmCIUmUICmAfUmU T mCfCmAICmCIUF mU* U 22
1293 mAHGmGIUmG-Cox5~mATATAUIGIAMmAIGmATAMALG* mU*TA 19
RD-13356 S0OD1 -
57 VP HA*mCfUmUTUnCIUnUICmAfUImUfUmCECmAFCmCRIF mUU 72
mAMGFMGIUnG-(Cox7-
R ) 1294 mel*mell*meGFmelJ* me A*melU M me U FmeC* me U me A*meU* me G e U ¥ el )-
RD-13351 | SOD1 wWAFAFATUFGIAMATGATAMATG* mUfA 33
57 VPmU* A *mCfUmUiUmCIUmUICmAfUmU T mCICmAICmCIU* mU* U 22
1295 mAFGFmGIUmGIGm AFATATURGIAmATGmATAMASGF mU A *SO*¥mell *me [ *me G
RD-13186 0D - *melU*meA*mell *mel *meC*mell *meA*melU*meGH el *mell ”
57 VPmU* A *mCfUmUiUmCIUmUICmAfUmU T mCICmAICmCIU* mU* U 22
1296 mA*GFmGIUMGIGm ATAFA UG AMAIGmAFAMATG*mU A8 18~
RD-13941 0D o meU*melU*meGH el *me A*mel *melU*meC*meU*me A *mell *meGmel [ * mel ”
57 VEmU*A*mCIUmUUmCIUmUICmAfUnmUT mCICmAfCCIU* miU*fU 22
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1297 mAHGEMmGIUmGIGmALAFATUIGIAmAFGMATAmMA TG mU*fA -6~
RD-12942 SOD1 Y mel *mell *meGH*mel*me A*melU *mell *meC *mel *meA *melU*meGF*meU *mell 34
- nd 3
57 VP * A *mCfU U UmCUm U fCm AU mUfUmCICm AfCm CI U mU U 37
1298 wAHGFMGIUmGIGuALAfATUFGIAMAFGMATAMATGH* mU*fA-1.9-
RI-12967 SODH e melFmelUmeGmelUme AmeUmeUmeCmelUme AmeUmeGmel ] *mel) 14
12967 SOD1 3
57 VPt ¥ A * U UmiHUmC U CmAfR mUfUnCICmAfCmCIURat J ¥ U 97

fin.b.: upper case, RNA; *, phosphorothicate (PS) backbone modification; f, 2'-fluoro; m, 2'-O-methyl (2-OMe);

spacer-9 linker, Cox1, Coxl linker, C6x2, Cox2 lnker, Cox3, (65 linker, Cox7, Cox7 linker,
EQUIVALENTS AND INCORPORATION BY REFERERCE

All references cited herein are tncorporated by reference 1o the same extent as if each
individual publication, database entry {e.g., Genbank sequences or GenellD entries}, patent
application, or patent, was specifically and individually indicated incorporated by reference
in it entivety, for all purposes. This statement of incorporation by reference is intended by
Applicants, pursuant to 37 CF K81 .57(by{ 1}, 1o relate to each and every individual
publication, database entry {e.g., Genbank sequences or Genelld entries), patent application,
or patent, each of which is clearly 1dentified in compliance with 37 CF R §1 37(b¥2), even
if auch citation is not immediately adjacent io a dedicated statement of 1ncorporation by
reference. The toclusion of dedicated statersents of incorporation by reference, if any, within
the specification does not in any way weaken this general staterment of incorporation by
reference. Citation of the references herein is not intended as an admission that the reference
18 periinent prior art, vor does i constituie any adroission as to the contents or date of these
publications or documents.

While the apphication has been particularly shown and described with reference to a preferred
embodiment and various alternate embodiments, it is understoed by persons skilied i the
relevant art that various changes in form and details can be made theretn without departing
from the spirit and scope of the apphication.
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Claims

WHATIS CLAIMED IS;

1.

[xe

o]

An oligonucleotide agent comprising a non-targeting single-stranded
oligonucleatide, wherein the single-stranded oligonucleotide is at least 6
nucleotides in length, wherein the single-stranded oligonucleotide is capable of
facilitating delivery of a double-stranded oligonucleotide, wherein at least one
phosphodiester bond between two adjacent nucleotides in the single-stranded
oligonucleotide sequence is substituted by a phosphorothioate (PS5}, mesyl
phosphoramidate or boranophosphate bond.

The oligonucleotide agent according to claim 1, wherein the double-stranded
oligonuclectide comprises a sense strand and an antisense strand.

The oligonucleotide agent according to any one of claims 1-2, wherein the single-
stranded oligonucleotide 1s conjugated to the double-stranded oligonucleotide.

The ohigonucleotide agent according to any one of claims 1-3, wherein the single-
stranded oligonucleotide and the double-stranded oligonucleotide 1s conjugated
with zero, one or more linking components.

The oligonucleotide agent according to any one of claims 1-4, wherein all
nucleotides of the single-stranded oligonucleotide are non-chemically roodified
nucleotides, or at least one nucleotide is a chemically moditied nucleotide.

The ohigonucleotide agent according to any one of claims 2-5, wherein all
nucleotides of the double-stranded oligonucleotide are non-chemically modified
nucleotides, or at least one nucleotide 1s a chemically modified nucleotide, or at
least one phosphodiester bond between two adjacent nucleotides in the nucleotide
sequence is substituted by a phosphorothiocate, mesyl phosphoramidate or
boranophosphate bond.

The oligonucleotide agent according to any one of claims 5-6, wherein the
chemically modified nucleotide comprises one or more of the following
modifications:

a) modification of 2'-OH of the nibose in the nucleotide;

b) modification or absence of a base moiety on the nucleoside ring in the
nucleotide;

¢) anucleotide being a locked or bridged nucleic acid, and
&)y anucleotide being a deoxyribonucleotide (DNA).

The oligonucleotide agent according to claim 7, wherein the chemically modified
nuclectide has a 27-0H ribose modification selected from: a 2'-fluore-2'-
deoxynucieoside (2'-F) modification, a 2"-O-methyl (2'-0-Me) modification, and
a 2'-0-(2-raethoxyethyl) (2'-0-MOE) modification.
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8. The oligonucieotide agent according to any of claims 5 and 7, wherein the single-
stranded oligonucleotide is composed of one or more nucleotides selected from
the group of RNA, DNA, bridged nucieic acid (BNA), locked nucleie acid (LNA)
and peptide nucleic acid (PNA).

10. The oligonucleotide agent according to claim 1, wherein the single-stranded
oligonucleotide comprises at lcast one phosphorothioate (PS) backbone
substifution.

11. The oligonucleotide agent according to claim 10, wherein the single-stranded
oligonucieotide has at least 10%, at least 20%, at least 30%, at least 40%, at least
509, at least 60%, at least 70%, at least 80%, at least 90%, at ieast 95%, or 100%
of the phosphodiester bonds substituted with phosphorothioate (PS) bond on the
backboune of the nucleotide sequence.

12. The oligonucleotide agent according to claim 11, wherein the single-stranded
oligonucleotide has 85-95% or 95-100% of the phosphodiester bond substituted
with PS bond on the backbone of the nucleotide sequence.

3. The oligonucieotide agent according to any one of claims 5-6, wherein the at least
one chenically modified nucleotide 1s a nucleotide having an addition of a 5'-
phosophate moiety at the 57 end of the nuclectide sequence.

14. The oligonucleotide agent according to claim 13, wherein at least one chemically
modified nucleotide is a nucleotide having an addition of a 57-(F)-

vinylphosphonate moicty.

s
j31

The ohigonucleotide agent according to any one of claims 5-6, wherein the at least
one chenically modified nucleotide 1s a nucleotide having an addition of a 5'-
methyl cyiosine motety at the 57 end of the nucleotide sequence.

16. The oligonucleotide agent according to any one of claims 1-15, wherein the
single-stranded oligonucleotide is 6-22 nuclectides in length.

17. The oligonucleotide agent according to claim 16, wherein the single-stranded
oligonucleotide is 8-16 nucleotides in length.

~
i
i

18. The oligonucleotide agent according to claim 1
oligonucleotide is 10-14 nucleotides in length.

. wherein the single-stranded

19. The oligonucleotide agent according to any one of claims 1-18, wherein the
single strand oligonucleotide comprises a nucleotide sequence that 1s at least 90%
identical to the nucleotide sequence selected {rom the group consisting of SEQ 1D
NQs: 1-22.

20. The oligonucleotide agent according (o any one of claims 1-18, wherein the
nucleotide sequence of the single-siranded oligonucleotide comprises 35-65%
adenines.
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21. The oligonucleotide agent according to any one of claims 1-18, wherein the
nucleotide seguence of the single-stranded oligonucleotide comprises 35-72%
cytosines.

22. The ohigonucleotide agent according to any one of claims 1-18, wherein the
nucleotide sequence of the single-stranded oligonuacleotide comprises 35-65%
gUanosines.

P2
[

. The oligonucleotide agent according to any one of claims 1-18, wherein the
nucleotide seguence of the single-stranded oligonucleotide comprises 35-72%
uracil.

24. The ohigonucleotide agent according to any one of claims 1-18, wherein the

nucleotide sequence of the single-stranded oligonuacleotide comprises 64-78%

DUTINECS.

o
W

The oligonucleotide agent according to any one of claims 1-18, wherein the
nucleotide seguence of the single-stranded oligonucleotide comprises 64-86%
pyrimidines.

26. The oligonucleotide agent according to any one of claims 1-18, wherein the
nucleotide sequence of the single-siranded oligonuacleotide comprises 42-58%
purines and 42-38% pyrimidines.

27. The oligonucleotide agent according to any one of claims 1-26, wherein the
nucleotide sequence of the single-stranded oligonucieotide comprises at least
about 14%, at least about 28%, at least about 42%, at least about 37%, at least
about 71%, at least about 5%, at least about 92%, or about 100% of the
nucleotides having a 2”0Ome modification.

28. The oligonucleotide agent according (o any one of claimas 1-27, wherein the
nucleotide sequence of the single-stranded oligonucleotide is a palindrome
sequence.

29. The oligonucleotide agent according to any one of claims 1-28, wherein the
single-stranded oligonucleotide comprises a chemically modified nucleotide
sequence that is at least 80%, at least 85%, at least 90%, at least 95%, at lcast
97%, at least 99% homology, or 100% identical to a nucleotide sequence selected
frovo the group of SEQ 1D NOs: 1299-1379

30. The oligonucleotide agent according to claim 29, wherein the single-stranded
oligonucleotide comprises a chemically modified nucleotide sequence having (0,
1, 2 or 3 different chemical modifications than a nucleotide sequence selected
from the group consisting of SEQ 1D NOs: 1299-1379.

(SN
[y

. The oligonucieotide agent according to any one of claims 1-30, wherein the
double-stranded oligonucleotide and the single-stranded oligonucleotide are
covalently conjugated by a linking component.

32. The oligonucleotide agent according to claim 31, wherein the single-stranded

oligonucleotide 1s conjugated {0 a hinking component.
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33.

(a2
A

36.

(SN

44

41.

43.

:~I

The oligonucleotide agent according to claum 32, wherein the 57 end, the 37 end,
or an internal nucleotide of the single-stranded oligonacleotide is conjugaied to
the Hinking compounent.

. The oligonucieotide agent according to any one of claims 31-33, wherein the

double-stranded oligonucleotide comprises a sense strand and an antisense strand,
and the single-stranded oligonucleotide is covalently conjugated to the sense
strand, the antisense strand, or both the sense and the antisense strands of the
double-stranded oligonucleotide by a linking component.

. The oligonucleotide agent according to claim 34, wherein the single-stranded

oligonucleotide is covalently conjugated to the 37 end, the 57 end, both the 37 and
the 57 ends, or an internal nuclectide of the sense strand of the double-stranded
oligonucleotide.

The oligonucleotide agent according to claim 34, wherein the single-stranded
oligonuclectide is covalently conjugated to the 37 end, the 5 end, both the 37 and
the 57 ends, or an wnternal nucleotide of the antisense strand of the double-
stranded oligonucleotide.

The ohigonucleotide agent according to any one of claims 35-36, wherein the
wnternal nacleotide in the sense or antisense strand of the double-stranded
cligonucleotide is substituted by a linking component, wherein the singie-
stranded oligonucleotide is covalently conjugated with the linking component.

. The oligonuncleotide agent according to any one of claims 31-37, wherein more

than one single-stranded oligonucleotides are covalently conjugated to the
double-stranded oligonucleotide.

. The oligonucieotide agent according to claim 38, wherein about 2-10 single-

stranded oligonucleotides are covalently conjugated to the double-stranded
cligonucleotide.

The oligonucleotide agent according to any one of claims 31-37, wherein more
than ove said double-siranded oligonucleotides are covalently congugated to the
single-stranded oligonucleotides.

The ohigonucleotide agent according to claim 40, wherein about 2-10 said double-
stranded oligonucleotides are covalently conjugated to the single-stranded
oligonucleotides.

. The oligonucleotide agent according to any one of claims 31-41, wherein the

Linking component conjugated with the nucleotide i the single-stranded
oligonucieotide or the double-stranded oligonucleotide, or both the single-
stranded oligonucleotide and the double-stranded oligonuclesotide through a
phosphorothicate {PS) bond.

The oligonucleotide agent according to any oune of clairns 37 and 42, wherein the
single-stranded oligonucleotide is covalently conjugated with the linking
component through a phosphorothioate (PS) bond.
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44.

46,

i,
R
~3

The oligonucleotide agent according to any one of claims 37 and 42, wherein the
double-stranded ohigonucleotide is covalently conjugated with the linking
component through phosphorothioate (PS) bond on either or both ends of the
linking component.

The oligonucleotide agent according to any one of claims 4-44, wherein the
linking corponent comprises a direct bond, or an oxygen or sulfur atom, or a unit
selected from the following group: NRI, ({0}, C{OY0, C(O)NR1, 5C, SO2, and
SO2NH; where R1 is hydrogen, acyl, aliphatic or substituted aliphatic.

The oligonucleotide agent according to any one of claims 4-44, wherein the
linking component is selected from the group consisting of: substituted or
unsubstitoted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, aryialkyl, aryvlalkenyl, arylalkynyl, heteroarylalkyl,
heteroarylalkenyl, heteroarylalkynyl, heterocycelylalkyl, heterocyclylatkenyl,
heterocyclylalicynyl, aryl, heteroaryl, heterocyelyl, cycloalkyl, cycloalkenyl,
alkylarylalkyl, alkylarylalkenyi, alkylarylatkynyi, alkenylarylalkyl,
alkenylarylalkeonyl, alkenviarylalkyoyl, alkynyvlarvilalkyl, alkynylarylalkeonyl,
allcynylarylalkynyl, alkylheteroarylalkyl, alkylheteroarylalkenyl,
alkylhetercarylalkynyl, alkenylheteroarylabicyi, alkenylhetercarylalkenyl,
alkenylheteroarylalkynyl, alkynylheteroarylalkyl, alkynylheteroarylalkenyl,
alkynytheteroarylalkynyl, alkylheterocyclylalkyl, alkyiheterocyclylalkenyl,
alkylhererocyclylalkynyl, alkenyiheterocyclylalkyl, alkenvlheterocyclylalkenyl,
alkenyhheterocyclylatkynyl, alkynylheterocyclylalkyl,
alkynylheterocyclylalkenyl, alkynylheterocyclylalkynyl, alkylaryl, alikenylaryl,
alkynylaryl, alkviheteroaryl, alkenylheteroaryl, alkynythereroaryl, wherein one or
more methylenes are interrupted or terminated by O, S, S(0), 502, N(R")2, C(O),
cleavable linking group, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, and substituted or unsubstituted heterocyclic.

. The oligonucleotide agent according to any one of clairos 4-44, wherein the

linking coraponent is selected from onc or more of an ethylene glycol chain, an
alkyl chain, an alkeny! chain, an alkynyl chain, a peptide, carbohydrates, thiol
linkage, a phosphodiester, a phosphorothioate, a phosphoramidate, an amide, a
carbamate, a tetrazole Hnkage, and a benzimidazole linkage.

5. The oligonucleotide agent according to any one of claims 4-44, wherein the

tinking component is selected {rom the group consisting of:

ay L1 or S18 (spacer- 18 linker) (1,1-bis{4-methoxyphenyl}-1-phenyl-

2,5.8,11,14 17 -hexaoxanonadecan-19-y1 {(2-cyanoethyl)
ditsopropyiphosphoramidite);

by L4 or C6 (spacer-Co linker) (6-(bis{(4-methoxyphenyh{phenylmethoxy jhexyl
(2-cyanoethyl) diisopropylphosphoramidite);

¢) L6 (1.1-bis(d-methoxyphenyl)-1-phenyl-2.5,8,1 1. 14-pentaoxahexadecan-16-yl
{2-cyanocthyl) diisopropylphosphoramidite);
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49,

d} L9 or §9 (spacer-9 linker) (2-(2-(2-(bis{4-
methoxyphenyh{phenylymethoxy jethoxy)ethoxyjethyl (2-cyanoethyl)
diisopropylphosphoramidite);

e) L10 or O3 (spacer-{3 linker) (3-(bis(4-
methoxyphenvD{phenyDmethoxypropyl (2-cvanocethyl)
diisopropyiphosphoramidite);

£y L12{d spacer) ({ZR.383-2-({bis(4-
methoxyphenyhD{phenvlimethoxy ymethyhDtetrahydrofuran-3-yl (2-cyanoethyl)
diisopropylphosphoramidite);

2y 113 or C12 (spacer-C12 linker) (12-(bis(4-
methoxyphenvD{phenyDmethoxyidodecyl (2-cyanoethyl)
diisopropyiphosphoramidite);

h) L14 {(spacer-L.14 linker) (({1r.4r}-4-({bis{4-
methoxyphenyh{phenylymethoxy yimethyvheyclohexyhmethyl (2-cyanoethyl)
diisopropylphosphoramidite);

1) L15 (spacer-L15 linker} {(4-(2-(bis{4-
methoxyphenvhD{phenyDmethoxylethylphenethyl (2-cyanoethyl)
diisopropyiphosphoramidite);

§3 L.16 (spacer-L.16 linker) (2-(1-(2-(bis{4-
methoxyphenyh{phenylymethoxy jethyDeyclohexyhethyl (2-cyanoethyl)
diisopropylphosphoramidite);

Iy Coxl ((25,35,45,55)-2-({bist4-methoxypheny ! phenylmethoxy ymethyl)-3-
methoxy-d-(pent-d-yn-1-yloxyitetrahydrofuran-3-yl (2-cyanoethyl)
ditsopropyiphosphoramidite};

b C6x2 ((25,35,45,55)-5-({bis{4-methoxyphenyl){phenylimethoxy ymethyl)-2-
methoxy-4-{pent-4-yn-1-yloxyitetrahydroturan-3-yl (2-cyanoethyl)
ditsopropyiphosphoramidite);

m) Cox5 (2-((2-(bis{4-methoxyphenyl}{phenylymethoxy)ethyl}{pent-4-yn-1-
vhaminojethyl (2-cyanoethyl} diisopropylphosphoramidite); and

n) Cox7 ((9H-{luoren-9-yDimethyl (4-({(25.4R}-2-({bis(4-
methoxyphenyl{phenylimethoxyymethyl)-4-
{{bis{diisopropylamino)phosphanyhoxyipyrrolidin-1-vl)}-4-oxobuotylicartbamate).
The oligonucleotide agent of any one of claims 1-48, wherein the oligonucleotide
agent comprises a nucleotide sequence that is at least 90% identical to the
nucleotide sequences selected from the group consisting oft

a) siSODIM2-AC2(N223-S1V3v-Qub (SEQ ID NO: 58) and an antisense strand
having a nuclectide sequence of SEQ ID NO: 57 that has partial complementarity
with the sense strand of siSODIM2Z-AC2(N223-5S1V3v-(us (SEQ 1D NO: 5383,
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by siSODIM2-AC2{NI5)-S1V3v-Qud (SEQ D NO: 60) and an antisense strand
having a nucleotide sequence of SEQ ID NO: 37 that has partial complementarity
with the sense strand of siSODIM2-ACZ2(NIS-S1V3v-(us (SEQ ID NO: 60);

¢) siSODIMZ-AC2{NI2}-SIV3v-Qud (SEQ 1D NO: 62) and an antisense strand
having a nucleotide sequence of SEQ 1D NO: 57 that has partial complementarity
with the sense strand of siSODIM2-AC2(N12)-S1V3v-Qui (SEQ ID NO: 62);
and

d) siSODIM2-AC2(NG)-S1V3v-ud (SEQ 1D NO: 64) and an antisense strand
having a nucleotide sequence of SEQ ID NO: 57 that has partial complementarity
with the sense strand of siSODIMZ-ACZ{NG-S1V3v-Qusd (8EQ 1D NO: 64).

50. The oligonucleotide agent of any one of claims 1-48, wherein the oligonucleotide
agent comprises a nucleotide sequence that is at least 90% identical to the
following nuclectide sequence:
stHTT-AC2-STL1 (SEQ ID NO: 28) and an antisense strand having a nucleotide
sequence of SEQ 1D NO: 27 that has partial complementarity with the sense
strand of siHTT-ACZ-S1L1 (SEQ ID NO: 28).

51. The oligonucleotide agent of any one of claims 1-48, wherein the oligonuncleotide
agent comprises a nucleotide sequence that is at least 90% identical to the
nucleotide sequences selected from the group of:

a) s1App-8-AC2(NIR)-SILIV3vy (SEQ ID NO: 32) and an anfiscuse strand
having a nucleotide sequence of SEQ ID NO: 31 that has partial complementarity
with the sensc strand of siApp-8-AC2{NI8}-SIL1V3v (SEQ D NG 32);

by siApp-8-ACZ2Z(NIS)-STLIV3v (SEQ ID NO: 34) and an antiscose strand
having a nucleotide sequence of SEQ 1D NO: 31 that has partial complementarity
with the sense strand of siApp-8-AC2(N135)-S1LIV3v (SEQ ID NG: 34); and

C) siApp-8-ACZ(NI2)-STLIV3v (SEQ ID NO: 36) and an anfisense strand
having a nucleotide sequence of SEQ D NO: 31 that has partial complementarity
with the sensc strand of siApp-8-AC2{N12)-S1L1V3v (SEQ ID NO: 36).

(41
[

The ohigonucleotide agent according to any one of claims 1-48, wherein the sense
or antisense strand of the double-stranded oligonucleotide has a nucleotide
sequence that is at least 90% identical to the nucleotide sequence selected from
the group oft! R6-04(20)-S1VIv(CM-4) (SEQ ID NO: 66) or R6-04(20)-
SIVIVICM-4) (SEQ 1D NO: 67),

h
(s

. The oligonucleotide agent of any one of claims [-48, wherein the oligonucleotide
agent comprises a nucleotide sequence that is at least 90% identical to the
nucleotide sequences selected from the group oft

a) Ro-04M1-AC2(18)-S1L1V3v (SEQ ID NO: 68) and an antisense strand
having a nuclectide sequence of SEQ ID NO: 67 that has partial complementarity
with the sense strand of R6-04MI-ACZ(I8)-STLIV3v (SEQ ID NG: 68);
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b} R6-04MI-AC2G0)-STLIV3v (SEQ 1D NO: 7() and an antisense strand
having a nucleotide sequence of SEQ ID NO: 67 that has partial complementarity
with the sense strand of R6-04MI-ACZ2{16)-S1L1V3y (SEQ ID NO: 70);

¢) RO-04MI-AC2(15)-S1L1V3v (SEQ 1D NO: 72) and an anfisense strand
having a nucleotide sequence of SEQ 1D NO: 67 that has partial complementarity
with the sense strand of R6-04MI-AC2(15>-51L1V3v (SEQ ID NO: 72);

d) R6-04MI-AC2(14)-S1L1IV3v (SEQ 1D NO: 74) and an antisense strand
having a nucleotide sequence of SEQ ID NO: 67 that has partial complementarity
with the sense strand of R6-04MI-ACZ2(14)-S1L1V3v (SEQ ID NO: 74);

e) R6-04MI1-AC2(13)-S1L1V3v (SEQ ID N{: 76) and an antisense strand
having a nucleotide sequence of SEQ 1D NO: 67 that has partial complementarity
with the sense strand of R6-04M1-AC2(13)>-51L1V3v (SEQ ID NG: 76);

£} R6-CGAMI-ACZ(I2)-STLIV3v (SEQ 1D N{: 78) and an antisense strand
having a nucleotide sequence of SEQ ID NO: 67 that has partial complementarity
with the sense strand of R6-04MI-ACZ(12)-S1L1V3y (SEQ ID NO: 78);

2) R6-04MI-ACZ D-STLTV3v (SEQ I NO: 80) and an antisense strand
having a nucleotide sequence of SEQ 1D NO: 67 that has partial complementarity
with the sense strand of R6-04M1-AC2(1 1-S1L1V3v (SEQ ID NO: 80);

hy RE-04MI-ACZ2G0-STLIV3V (SEQ 1D NO: 82) and an antisense strand
having a nucleotide sequence of SEQ ID NO: 67 that has partial complementarity
with the sense strand of R6-04MI-ACZ{10)-S1L1V3y (SEQ ID NO: 82);

1) Re-04MI-AC2(9)-SILIV3v (SEQ 1D N{:84) and an antisense strand
having a nucleotide sequence of SEQ 1D NO: 67 that has partial complementarity
with the sense strand of RO-04M1I-ACZ(-S1L1V3v (SEQ ID N{: 84); and

) R6-04M1-ACZ2(8)-S1L1V3v (SEQ ID NO: 86} and an antisense strand

having a nucleotide sequence of SEQ ID NO: 67 that has partial complementarity
with the sense strand of R6-04MI-ACZ(R-SILIV3v (SEQ 1D NG: 8o).

54. The oligonucleotide agent according to any one of claims 1-53, wherein the
single-stranded oligonucleotide is conjugated to one or more conjugation groups.

35. The oligonucleotide agent according to any one of claims 1-53, wherein the
double-stranded oligonucleotide is conjugated to one or more conjugation groups.

56. The oligonucleotide agent according to claim 55, wherein the sense strand or the
antisense strand of the double-stranded oligonucicotide is conjugated to one or
more conjugation groups.

57. The oligonucleotide agent according (o any one of claimns 54-56, wherein the
conjugation groups is selected from one or more of: a lipid, a fatty acid, a
tluorophore, a ligand, a saccharide, a peptide, and an antibody.

58. The oligonucleotide agent according to any one of claims 54-37, wherein the one
or more conjugation groups 1s selected from: a cell-penetrating peptide,
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polyethylene glycol, an alkaloid, a tryptamine, a benzimidarole, a quinolone, an
arnino acid, a cholesterol, glucose and N-acetylgalactosamine.

59. The oligonucleotide agent according to any one of claims 2-58, wherein the
double-stranded oligonucleotide 1s a small mterfering RNA (siRNA) or a small
activating RNA (saRNA).

601, The oligonucleotide agent according to any one of claims 2-58, wherein the sense
or antisense strand of the double-stranded oligonucleotide has a nucleotide
sequence that 1s at least 90% identical to the nucleotide sequence siApp-8-S1Vi
(SEQ ID NO: 28) or siApp-8-51V1 (SEQ ID NG: 27).

61. The oligonucieotide agent according to any one of claims 1-59, wherein the
oligonucleotide agent comprises a small interfering RNA (5iRNA), wherein the
siRNA compriscs a sense strand and an antisense strand to form a duplex
structure, wherein the antisense strand comprises a nucleotide sequence
comprising at feast 10 contiguous npucieotides, with 0, 1, 2 or 3 mismatches, and
having at least 85% nucleotide sequence complementarity or homology (o a
portion of the nucleotide sequence of SE(Q ID NO: 893, wherein the
oligonucicotide agent is capable of inhibiting expression of superoxide dismutase
1{SOD1in a cell.

62. The oligonucleotide agent according to claim 60, wherein the sense strand of the
double-stranded oligonucleotide has a nucleotide sequence that is at least 90%
identical to the nucleotide sequence selected {rom the group consisting oft
siSODT-5 (SEQ ID NGO: 357), siSOD -8 (SEQ 1D NO: 358), siSOD1-16 (SEQ
D NO: 359y, siSOD1-11 (SEQ ID NO: 3603, siSOD-17 (SEQ 1D NO:; 3573,
siSOD1-35 (SEQ ID NO: 362), and siSCD1-37 through siSOD1-447 (SEQ 1D
NQOs: 363-624).

63. The oligonucleotide agent according (o any one of claims 61-62, wherein the
antisense strand of the double-stranded oligonucleotide has a nucleotide sequence
that is at least 90% identical to the nucleotide sequence selected from the group
consisting of: siSOD1-5 (SEQ 1D NO: 626), siSOD1-8 (SEQ 1D NG: 627),
siSODT-10 (SEQ 1D NO: 628), siSCD1-11 (SEQ 1D NG: 629), si50D-17 (SEQ
ID NO: 630), siSOD1-35 (SEQ ID NO: 6313, and s1SOD1-37- through si50D1-
447 (SEQ ID NQOs: 632-8933.

64. The oligonucleotide agent according (o any one of claimns 61-63, wherein the
sense strand of the double-stranded oligonucleotide has a nucleotide sequence
that is at least 90% identical to the nucleotide sequence selected from the group
consisting of:

a) siSOD1-231-E (SEQ ID NO: 38);

by siSCD1-231-TT (SEQ D NG: 40,
¢) siSODI1-231-M1 (SEQ ID NG 42);
d)y siSOD1-231-S2 (SEQ 1D NO: 44);
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e) siS0D1-388-E (SEQ 1D N»: 46);
f) siSOD1-388-TT (SEQ ID NO: 48);
) siSOM1-388-M1 (SEQ 1D NO: 50y
) siSOD1-388-52 (SEQ ID NO: 52);
i) siSODIM2-L1 (SEQ ID NO: 54); and
1) siSODIM2-81V3S (SEQ ID NO: 56).

65. The oligonucieotide agent according to any one of claims 61-64, wherein the
antisense strand of the double-siranded oligonucleotide has a nucleotide sequence
that is at least 90% identical to the nucleotide sequence selected from the group
of:

a) si50D1-231-E (SEQ 1D NO: 39);

by siSODI-231-TT (SEQ 1D NGO 41 )

¢) siISODI-231-M1 (SEQ ID NO: 43);

d) siSOD1-231-82 (SEQ 1D NO: 45);

e) siS0D1-388-E (SEQ 1D NO: 47);

£y stSOD-388-TT (SEQ 1D NO: 49);

) si30D1-388-M1 (SEQ D NO: Sl

h)y siSOD1-388-52 (SEQ 1D NO: 53);

0 siSODIM2-LI (SEQ ID NO: 47); and

1 siSODIMZ-S1V1v-QuS (SEQ ID NOG: 573,

66. The oligonucleotide agent according to claim 60, wherein the sense strand of the
siRNA has a nucleotide sequence that has at least 85% howology to the
nucleotide sequence selected from the group consisting of: DS17-0001 (SEQ ID
NO: 3843, DS17-0002 (SEQ ID NO: 372), BS17-0003 (SEQ ID NO: 409), DS17-
G004 (SEQ ID NO: 357), BS17-0005 (SEQ H NO: 486), DS17-0029 (SEQ 1D
NO: 388), DST7-01NK3 (SEQ ID NO: 912), DS17-02N3 (SEQ 1D NG: 914),
DS17-03N3 (SEQ ID NG: 916), DS17-04N3 (SEQ ID NO: 918), DS17-05N3
(SEQ ID NO: 920) and SEQ 1D NOs: 976-1021.

(o)
~3

. The oligonucleotide agent according to claim 61 or 66, wherein the antisense
strand of the siRINA has a nucleotide sequence that has at least 85% homology to
the nucleotide sequence selected from the group consisting of: DS17-0001 (SEQ
D NG: 653), DS17-0002 (SEQ ID NO: 641), DS17-0003 (SEQ ID NOG: 678),
D517-0004 (SEQ 1D NO: 626), DS17-0005 (SEQ 1D NO: 755), DS17-0629
(SEQ ID NQO: 857), DS17-0IN3 (SEQ 1D NO: 913), DS17-02N3 (SEQ ID NO:
9153, DS17-03N3 (SEQ 1D NG: 017), DS17-04N3 (SEQ ID NO: 919), DS17-
OSN3 (SEQ ID NO: 821), and SEQ 1D NGs: 1022-1067.
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68. The oligonucleotide agent according to claim 61, wherein the sense strand and the

6

~d

9.

0.

antisense strand of the sitRNA have nucleotide sequences that are independently
at least 85% homologous to the nucleotide sequence pairs selected from the
following groups:

(ay DSI7-0001 (SEQ ID NO: 384 and SEQ 1D NO: 653),

{(by DS17-0002 (SEQ ID NO: 372 and SEQ ID NO: 641},

{cy DS17-0003 (SEQ ID NO: 409 and SEQ 1D NO: 6783,

(dy DS17-0004 (SEQ ID NO: 357 and SEQ 1D NO: 620),

{e) DSI7-0005 (SEQ ID NO: 486 and SEQ 1D NO: 755),

{f)y DS17-0029 (SEQ ID N 588 and SEQ ID NO: 857},

{(gy DST7-0IN3 (SEQ ID NO: 912 and SEQ 1D NG: 913),

(hy DS17-02N3 (SEQ ID N 914 and SEQ ID NO: 915),

(1) DSI7-03N3 (SEQ ID NO: 916 and SEQ ID NO: 917),

(3 DS17-04N3 (SEQ ID NO: 918 and SEQ 1D NO: 919), and

(k) DS17-03N3 (SEQ ID NO: 920 and SEQ 1D NO: 921).

The oligonucleotide agent according to claim 61, wherein the sense strand and the
antisense strand of the siRNA have nucleotide sequences that is independently at
least 85% horoologous to the nucleotide sequence pairs selected from the
tollowing groups:

ay DST7-01M3 (SEQ D NO: 922 and SEQ 1D NG: 923),

by DS17-02M3 (SEQ D NG: 924 and SEQ 1D NO: 925),

cy DS17-03M3 (SEQ ID NO: 826 and SEQ ID NO: 927},

dy  DS17-04M3 (SEQ ID NO: 928 and SEQ 1D NO: 929), and

ey DSI7-05M3 (SEQ 1D NG: 930 and SEQ ID NO: 931).

The oligonucleotide agent according to claim 1, wherein the oligonucieotide
agent comprises an sIRNA and a non-targeting ACQO, wherein the ACO
comprises a nucleotide sequence that is at least 90%, at least 5%, or 100%

identical to SEQ 1D NO: 954, and the oligonucleotide agent is capable of
whibiting the expression of superoxide disroutase 1 (SOD1) inacell.

. The oligonucleotide agent according to claim 70, wherein the sense strand and the

antisense strand of the sitRNA have nucleotide sequences that independently are
at least 85% homologous to the nucleotide sequence pairs selected fror the
following groups:

a)y DS17-0IM3 (SEQ ID NO: 922 and SEQ 1D NO: 923),
by DSI7-02M3 (SEQ ID NO: 924 and SEQ ID NO: 925),
cy  DST7-03M3 (SEQ 1D NO: 926 and SEQ 1D NG: 927),
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i
A

76,

dy DS17-04M3 (SEQ 1D NO: 928 and SEQ 1D NO: 929),

¢y DS17-05M3 (SEQ ID NO: 930 and SEQ ID NO: 931),

£y DS17-0IM3-ACT (meld)-LOV3 (SEQ ID NO: 932 and SEQ ID NO: 933),
gy DSI7-02ZM3-ACT (meld)-LOV3 (SEQ 1D NO: 934 and SEQ ID NO: 935),
hy DS17-03M3-ACT (mel4)-LOV3 (SEQ 1D NG: 936 and SEQ ID NO: 937),
iy DS17-04M3-ACT (meld)-LOV3 (SEQ ID NG: 938 and SEQ ID NO: 939),
B BS1I7-05M3-ACT (imeld)-LOV3 (SEQ ID NO: 940 and SEQ 1D NO: 941},
K DSIT-29MZ2-ACT (meld)-LOV3 (SEQ ID NO: 942 and SEQ ID NO: 47),

o DST7-01M3v-ACT (meld)-LOVI (SEQ 1D NO: 932 and SEQ ID NO: 47),
m) DS17-02M3v-ACT (meld)-LoV3 (SEQ ID NO: 934 and SEQ 1D NO: 943),
ny  DSI7-03M3v-ACT (meld)-L9V3 (SEQ ID NO: 936 and SEQ 1D NO: 9443,
oy DSI7-04M3v-ACT (mel4)-LOVI (SEQ ID NG: 938 and SEQ ID NG: 9503,

py DST7-05M3v-ACT (meld)-LOV3 (SEQ ID NO: 940 and SEQ 1D NO: 951),
and

gy DS17-04M3-as50D1-1-LOV3 (SEQ 1D NO: 952 and SEQ 1D NO: 939).

2. The oligonucleotide agent according to claim 1, wherein the oligonucleotide

agent comprises a non-targeting ACO conjugated sense sirand of a siRNA and an
antisense strand of the siRNA, wherein the non-targeting ACO conjugated sense
strand comprises a linking component covalently conjugating the AC{O and the
sense strand, wherein the antisense sirand comprises a nucleotide sequence that is
at least 90%, at least 95% homology, or 100% identical to SEQ ID NO: 57,

. The oligonucieotide agent according to the claim 72, wherein the non-targeting

ACO conjugated sense strand comprises a nucleotide sequence that is at Jeast
90%, at least 95%, or 100% 1dentical to a nucleotide sequence selected from the
group consisting of SEQ ID NOs: 1197-1288 and SEQ 1D NOs: 1291-1298.

s

The oligonucleotide agent according to any one of claims 72-73, wherein the
hoking component is selected from the linking component group listed 1o SEQ 1D
NQOs: 1197-1288 in Table 28 and SEQ ID NQOs: 1291-1298 in Table 30.

5. The oligonucleotide agent according to any one of claims 1-74, wherein the

single-stranded oligonucleotide of the oligonucleotide agent imiproves the
stability, bicavailability, biodistribution, and/or cellular uptake of the double-
stranded oligonucicotide as compared to an oligonuclectide agent without the
single-stranded oligonucleotide.

The oligonucleotide agent according to any one of claims 2-74, wherein the
single-stranded oligonuclesotide of the oligonucicotide agent increases the
biodistribution of double-stranded oligonucleotide within one or more target
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tissues as compared to an oligonucleotide agent without the single-stranded
oligonucleotide.

The oligonucleotide agent according to claim 76, wherein the one or more target
tissues is selected from tissues of brain, spinal cord, muscle, spleen, lung, heart,
liver, bladder, and kidoey.

. The oligonucleotide agent according to claim 77, wherein the one or more target

tissues is selected from the group counsisting of: prefrontal cortex, cerebellum, and
rest of brain; cervical, thoracic and tumbar 1o spival cord; heart, forehimb,
hindlimb, nape, and gluteus.

. A vector, comprising the oligonucleotide agent of any one of claims 1-78.
. A cell, comprising the oligonucleotide agent of any one of claims 1-78.

. The cell according to claim 80, wherein the cell 1s a mammalian cell, optionally a

huaman cell.

The cell according to any one of claims 80-81, wherein the cell is a host cell.

. The cell according to any one of claims 80-82, wherein the cell 1s in viro.

The ceil according o any one of claims 80-82, wherein the cell exists in a
mammalian body.

. A pharmaceutical composition, comprising the oligonucleotide agent of any one

of claims 1-78 and/or the cell of any one of claims 80-84.

The pharmaceutical composition according to claim 85, wherein the
pharmaceutical composition comprises at least one pharmaceutically acceptable
carrier selected from an aqueous carrier, liposome or LNP, polymer, micelle,
colloid, metal nanoparticie, non-metallic nanoparticie, bioconjugates, and
polypeptide.

The pharmaceutical composition according to any one of claims 85-86, wherein
the pharmaceutical composition silences the G337 gene expression or decreases
the SOD1 protein.

. The pharmaceutical composition according to any one of claims 85-86, wherein

the pharmaceutical composition decreases the expression of the HT7T or App gene,
or inhibits HTT or APP protein.

The pharmaceutical composition according to any one of claims 85-86, wherein
the pharmaceutical composition increases or activates the expression of the SMNZ
gene or SMN2 protein.

. Akat, comprising the oligonucleotide agent of any one of claims 1-78.
91.
92.

A kit comprising a pharmaceutical composition of any one of claims 85-89.

A method of silencing the SO gene cxpression or decreases the SODI protein,
comprising administering to a subject a pharmaceuntical composition of any onc of
claims 85-89.
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93. A method {or treating or delaying the onset or progression of Amyotrophic lateral
sclerosis (ALS) in a subject, the method comprising: administering to a subject a
pharmaceutical composition of any one of clatms 85-87.

94. The method according to claim 93, wherein the subject bas sporadic ALS (sALS).

05, The method according to claim 93, wherein the subject has familial ALS (fALS).

896. A method of decreasing or inhibiting the expression of a H77T gene or huntingtin
protein, the method comprising administering o a sabject a pharmaceutical
composition of any one of claims 85, §6 and 88,

N
Ny

. A method for treating or delaying the onset or progression of Huntington's
disease (HD) 1n a subject, the wethod coraprising: adminisiering to a subject a
pharmaceutical composition of any one of claims 85, 86 and 88.

98. A method of increasing or activating the expression of an App gene or amyloid
precursor protein { APP), the method comprisiong adminisiering o a subject a
pharmaceutical composition of any one of claims 85, 86 and §8.

99. A method for treating or delaying the onset or progression of APP associated
diseases including Cerebral Amyloid Angiopathy App-related (CAA-
APP) and Alzheimer Disease (AD) in a subject, the method comprising:
administering to a subject a pharmaceutical composition of any one of claims 85,
86 and 88.

100.A method of increasing or activating the expression of an SMNZ gene or SMN2
protein, the method comprising administering to a subject a pharmaccutical
composition of any one of claims 85, 86 and §9.

101.A method for treating or delaying the onset or progression of spinal muscular
atrophy (SMA) in a subject, the method comprising: administering to a subject a
pharmaceutical composition of any one of claims 85, 86 and 89.

102.The method according to any one of claims 92-101, wherein the single-stranded
oligonucieotide of the oligonucieotide agent improves the stability,
bicavailability, biodistribution, and/or cellular uptake of the double-stranded
oligonucleotide as compared to an oligonucleotide agent withowt the single-
stranded oligonucleotide.

103.The method according to any one of claims 92-101, wherein the single-stranded
oligonucleotide of the oligonucieotide agent increases the biodistribution of
double-stranded oligonucleotide within one or more target tissues as compared to
an oligonucleotide agent without the single-stranded oligonucleotide.

104 The method according to any one of claims 92-101, wherein the single-stranded
oligonucleotide of the oligonucieotide agent increases the biodistribution of
double-stranded oligonucleotide within two or more target cell types in a tissue as
compared to an oligonucieotide agent without the single-stranded
oligonucleotide.
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105.The method according to claim 103, wherein the one or more target tissues is
selected from the tissues from brain, spinal cord, muscle, spleen, hung, heart,
liver, bladder, and kidney.

106.The method according to claim 103, wherein the one or more target tissues is
selected from the group consisting of: prefrontal cortex, cerebellum, and rest of
brain; cervical, thoracic and lumbar in spinal cord; heart, forelimb, hindlimb,
nape, and ghateus.

107 A use of the ohigonucleotide agent of any one of claims 1-78, in manufacturing a
medicament for treating or delaying the onset or progression of Amyetrophic
fateral sclerosis {ALS).

108.A use of the pharmaceutical composition of any one of claims 85-89 in
manufacturing a medicament for treating or delaying the onset or progression of
Amyotrophic lateral sclerosis {ALS).

109.The use according to any of claims 107-108, wherein the ALS comprises sporadic
ALS (sALS) and/or familial ALS (fALS).

110.The ohigonucleotide agent of any one of claims 1-78 for use in treating or
delaying the onset or progression of Amyotrophic lateral sclerosis (ALS),
optionally, the ALS comprises sporadic ALS (sALS) and/or familial ALS
{(fALS).

111.The pharmaceutical composition of any one of claims 85-89 for use in treating or
delaying the onset or progression of Amyotrophic lateral sclerosis (ALS),
optionally, the ALS comprises sporadic ALS (sALS) and/or familial ALS
{(fALS).
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FIG.37A

Knockdown activity by in vifro free uptake in PMH (Day3)
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FIG.53A

QDV siRNAs delivery in C5TBL/GJ) mice
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