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COMPOUNDS AMND METHGODS FOR SKIPPING EXON 44 IN BUCHENNE
MUSCULAR BYSTROPHY

{80011  This application claims benefit of priority to the filing dates of U.S. Provisional Application
Ser. No. 63/239,645 filed September 1, 2021, U.S. Provisional Application Ser. No. 63/292,685
filed December 22, 2022, U.S. Provisional Application Ser. No. 63/268,580 filed February 25,
2022, 1.8, Provisional Application Ser. No. 63/362,294 filed March 31, 2022, U.S. Provistonal
Application Ser. No. 63/362,423 filed Apnril 4, 2022, UK Provisional Application Ser. No.
63/337 560 filed May 2, 2022, U.8. Provisional Application Ser. No. 63/354,456 filed Jun 22,

2022, U.S. Provisional Application Ser. No. 63/239,671 filed September 1, 2021, 1.8, Provisional

Apphication Ser. No. 63/290,960 filed December 17, 2021, U8, Provistonal Application Ser. No.

63/298 565 filed January 11, 2022, and .S, Provisional Application Ser. No. 63/268 577 filed

February 25, 2022, the contents of which are specifically incorporated herein by reference in their

entireties.

BACKGROUND

[8002] Duchenne Muscuolar Dystrophy (BMD) 15 a genetic disorder characterized by progressive
muscle degeneration and weakness due to alterations of the protein dystrophin. Genetic
medifications in DM, the gene that encodes dystrophin, cause DMD. These genetic modifications
shift the reading frame of DM leading to a nenfunctional truncated DMD protein. One method
for treating DMD patients entails delivering to a patient a compound which restores the reading
frame of DMD. Antisense compounds can restore the reading frame of DMD by skipping an
mternal exon associated with the shift in the reading frame of DMD that leads to the nonfunctional
truncated DMD protein. Exon skipping produces dystrophin proteins which retain functionality
that 1s lost in the disease state.

[8003] A significant problem with the use of antisense ohigonucieotide therapeutics 1s their linited
ability to gain access to the mtracellular compartment when administered systemically.
Intracellular delivery of antisense compounds can be facilitated by using of carrier systems such
as polymaers, cationic liposomes or by chemical modification of the construct, for example by the

covalent attachment of cholesterol molecules. However, intracellular delivery efficiency remains
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fow and there remains a need for improved dehivery systems to increase the potency of these
antisense compounds.

[86084] There 1s an unmet need for effective compositions to deliver antisense compounds to
miracellular compartments to ireat diseases caused by, e.g., aberrant gene transcription, splicing

and/or transiation.

SUMMARY

[8085] Compounds for delivering nucleic acids are described herein. In embodiments, the nucleic
acids are antisense compounds (AC). In embodiments, the antisense compounds farget exon 44 in
a subject with Duchenne muscular dystrophy (DM},

[6086]  The disclosure relates to compounds comprising:

{a) a cell penetrating peptide (CPP) sequence {e.g, cvclic peptide}; and

{b) an antisense compound {AC) that 1s complementary to a target sequence comprising at
{east a portion of exon 44 of OMD gene in a pre-mRNA sequence. In embodiments, the
AC 15 complementary 10 a target sequence comprising at least a portion of exon 44 of DA
gene in a pre-mRNA sequence, at least a portion of an intronic sequence flanking exon 44
of DMD gene 1n a pre-mRNA sequence, or both. In embodiments, hybridization of the AC
with the target sequence alters the splicing pattern of the DAD pre-mRNA to restore the
reading frame and enable production of a functional dystrophin protein.

[8007] 1o embodiments, the AC comprises at least one modified nucleotide or nucleic acid selected
from a phosphorothioate (PS) nucleotide, a phosphorediamidate morpholine (PMO) nucleotide, a
locked nucleic acid (LNA}, a peptide nucleic acid (PNA), a nucleotide comprising a 27-O-methyl
{(27-0OMe) modified backboue, a 2" O~-methoxy-ethyl (27-MOE) nucleotide, a 2,4’ constrained ethyl
{cEt) oucleotide, and a 2'-deoxy-2-fluoro-beta-D-arabinonucleic acid (2F-ANA)Y In
embodiments, the AC comprises at leastone PMO (e g, 1,2, 3,4, 5,6, 7. 8,9 10, 11, 12, 13, 14,
15,16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 PMO, inclusive of all ranges therein). To embodiments,
each nucleotide in the AC 15 a PMO.

[6008] In embodiments, the AC comprises the sequence:

5-AAA CGCCGC CATTTC TCA ACA GAT -3,
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[6009] In embodiments, the cyclic peptide 1s FGFGRGREO. In embodiments, the cyclic peptide is
GIFGrGrQ. In embodiments, the cyclic peptide 18 FEBGRGR(.

[8018] In embodiments, the EEV is; Ac-PKKKRKV-AFEEA-Lys-(cyclo[FGFGRGRQD-PEGI2-
OH.

[8011] The disclosure relates to a pharmaceutical composition comprising a compound described
herein.

[8012] The disclosure relates to a cell comprising a compound described herein.

[8013] The disclosure relates to a method of treating DMD comprising administering a compound

described herein to a patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[6014] FlGs, 1A and 1B shows the conjugation chemistry for connecting a therapeutic moiety,
e.g., an antisense compound (AC), 1o a cell penetrating peptide ({CPP). The CPP can be conjugated
to the 5” end, the 37 end or the backbone of the AC.

[0015]  KFiGs. 2A and 2B show conjugation chemisiries for connecting a cell penetrating peptide
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(CPP), shown as &
finker and the AC is shown without (FIG 2A} and with (FIG 2B} a linker containing a

, and an antisense compound {AC), wherein the CPP includes a PEG4

polyethylene glycol (PEG2 or miniPe(3) moiety. “R” in the figure represents a palmitoyl group.

[6016]  FIG. 3 shows examples of endosomal escape vehicle (EEV) design using a representative
CPP. It is understood that the CPP can include any of the CPP disclosed herein.

[6017] FIG. 4A shows a schematic of preparation of EEV-PMO-MDX-23-1. FIG. 48 15 a RT-
PCR analysis that shows that, in comparison to mice treated with PMO-MDX-23-1, mice treated
with BEV-PMO-MDX-23-1 produced dystrophin lacking the internal exon, exon 23. FIG.4C
shows dystrophin exon skipping products in vatious treated muscle groups after admunistration of
PMO-MDX-23-1 and EEV-PMO-MDX-23-1

[B018]  FIGS, SA-5D show the percentage of exon skipping 1o MDX mice in the quadriceps (FIG.
54), tibtalis anterior (TA) (FIG. 5B), diaphragm (FEG. 8C), and heart (FIG. 8D) after delivery of
PMO-MDX-23-1 or EEV-PMO-MDX-23-1.

[8019] FIGS. 6A-6D show the percentage of exon 23 sphicing 1in MDX mice in the tibiahis anterior
(TA) (FIG. 6A), quadriceps {(FIG. 6B), diaphragm (FIG. 6C), and heart (FI1G. 6D) after delivery
of EEV-PMO-MDX-23-1.
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[6020] FIGS. 7TA-7D show the amount of exon 23 corrected dystrophin detected by Western Blot
m the quadriceps (FIG. 7A), tibnalis anterior (TA) (FIG. 7B), diaphragm (FIG. 7C), and heart
(FEG. 7D} after delivery of PMOG-MDX-23-1 or EEV-PMO-MDX-23-1.

[B8021] FIGS. 8A-8D show Western Blots of exon 23 corrected dystrophin and g-actinin i the
diaphragm (FIG. 8A), heart (FIG, 8B), quadriceps (FI16. 8C), and tibialis anterior (FIG. 8D) after
mtravenous delivery of 10 mpk or 30 mpk EEV-PMO-MDX-23-1.

[8022] FIGS, 8A-98 show the dystrophin levels in MDX mice two weeks (FIG. 94) and four
weeks (FIG. 9B) after ireatment with 30 mpk EEV-PMO-MDX-23-1 or 30 mpk PMO-MDX-23-
1.

[6023] FIGS. 10A-10D show the percentage of exon 23 correction i tibialis anterior (FIG, 104),
guadriceps (FIG, 10B), diaphragm (FiG, 18C), and heart (FEG. 16D} in MDX nuce that were
administered either 30 mpk of PMO-MDX-23-1 or 30 mpk of EEV-PMO-MDX-23-1. Mice
administered EEV-PMO-MDX-23-1 exhibited enhanced splicing correction, compared to mice
adminstered PMO-MDX-23-1 alone.

[8024] FIGS. 11A-11C shows exon 23 skipping and dystrophin correction in heart (FIG. 11A),
tibialis anterior (FIG. 118), and diaphragm (FI1G, 11C) observed up to 8 weeks after a single IV
dose {40 mp/kg) of EEV-PMO-MDX-23-1 in mdx mice,

[6025] FIGS. 12A-12D show exon 23 skipping after repeat doses (20 mg/kg) of EEV-PMO-
MIX-23-2 n the D2-mdy model. FIG, 12A (heart); FIG. 12B (diaphragm); FIG, 12C {tibialis
anterior); FEG. 12D (triceps)

[B8026] FIGS, 13A-13C DIZ-mdx mice showed normalized serum creatine kinase (CK) levels
(FIG, 12A) and significant tmproversent in muscle function (FIGS, 12B-12C) when treated
monthly with 20 mg/kg EEV-PMO-MDX-23-2 as compared to PMO-MDX-23 alone. (n3 not
sigruficant, *p<0.08, ¥¥p<0.01, ¥¥*p<0.001, ****p<0.0001).

[0027] FIGS. 14A-14D shows dose dependent exon skipping 1 week post injection with EEV-
PMO-MIDX-23-2 as assessed by 2-Step RT-PCR. FIG, 14A (triceps); FIG. 148 (tibialis anterior);
FIG, 14C (daphragam); FIG, 15D (heart).

[6028] FIG. 1SA-15D shows the duration of effect after 80 mpk EEV-PMO-MID¥X-23-2
administration. FIG., 18A {triceps); FIG. 158 (tibialis anterior);, FEG. 18C (diaphragm); FIG. 15D

{heart}.
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[8029] FIG. 16 shows a cumuldative exon skipping in all 4 tissues {iriceps, tibialis anterior,
diaphragn and heart).

[8038] FIG. 17 shows D2 mdx wire hang data. After 12 weeks of treatment, animals treated with
FEEV-PMO-MDX23-1 80mpk Q2W had a wire hang time that was statistically indistinguishable
from the WT animals. DBA WT Vehicle (saline}; D2 mdx Vehicle (saline}; D2 mdx EEV-PMO-
MDX23-1; D2 mdx EEV-PMO-MDX23-2; D2 mdx PMO-MDX23 (57~
GGUCAAACCTUCGGUTTACCTGAAAT-3T)

[8031] FIGS. 18A-18D show creatine kinase activity in D2 MDX mice pre-dosing (FIG. 184),
and at 4 weeks (FIG. 188), 8 weeks (FIG. 18C) and 12 weeks (FIG. 18DB) posi-dosing.

[6032] FIGS. 19A-198 show grip strength of DZMDX mice pre-dosing (FIG, 19A) and 12 weeks
post-dosing (FIG. 198).

(B033]  FIGS. 20A-200 show the synthetic schemes for EEV-PMO-DMD44-1 (FIG. 5A), EEV-
PMO-DMD44-2 (FIG, $B), EEV-PMO-DMD44-3 (FIG. 5C) and EEV-PMO-DMD44-4 (FiIG.
3D).

[8034] FIG. 21 shows the dystrophin protein restoration in DMIDA4S muscle cells after treatroent
with 1, 3 or 10 uM EEV-PMO-DMD44-1; EEV-PMO-DMD44-2, or EEV-PMO-DMD-3.

[6035]  FiGs. 22A and 22B show exon skipping and drug concentration in tissues of hDMD mice
treated with EEV-PMO-DMD44-1 (FIG. 7A) and EEV-PMO-DMD44-2 (FiG, 7B) via IV
mjection.

[0036] FIGS, 23A-23B depict exon skipping (FIG, 23A) and drug exposure {FIG, 238) for EEV-
PMOG-DMID44-1 in a NHP model.

[0037] FIGS, 24A-248 depict exon skipping (FIG, 24A) and drug exposure (FIG, 248) for EEV-
PMOG-DMD44-2 in a NHP model.

[0038] FIGS, 25A-25B show exon skipping (FIG. 25A) and restoration of dystrophin (FIG. 258)
m DM patient-derived muscle cells treated with EEV-PMO-DMD44-1.

[8039]  FIG. 26A-26C dose-dependent tissue exposure and exon skipping was observed in cardiac
{FIG, 264A) and skeletal muscle (FEG, 26B and 26C) of hDMD transgenic nuce after infravenous
(IV) admumstration of EEV-PMO-DMD44-1 at 10, 20, 40 and 80 mg/kg,

[6048] FIG. 37, Shows that EEV-PMO-DMD44-1 has an extended circulating half-life when

adromnistered to non-human primates (NHP).
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[8041] FIG. 28 shows that a single dose of EEV-PMO-DMD44-1 resulted in meaningful levels
of exon skipping i both skeletal muscles and the heart of NHP 7 days post 1 hour IV mnfusion at
30 meg/kg.

[B042] FiGs. 29A-29C depict exon skipping m the heart (FIG, 224), diaphragm (FIG. 29B) and
triceps (K16, 298C) of hDystrophin mice after a single IV dose (15 mg/kg) of EEV-PMO-DMD44-
1 or R6 (polyarginine) conjugated exon 44 skipping PMO.

[8043] FIG. 38A-38E depict exon skipping in hDMD mice for up to 12 weeks as detected by 1~
STEP RT-PCR in heart (FI1G. 384), diaphregm {(KFIG. 30B), ubialis anterior (FIG. 36C),
gastrocnemius {FIG, 301 and triceps (FIG. 30K).

[6044] FIG, 31 shows exon skipping in NHP for up to 12 weeks after a singe 1V dose.

[0045] FIGS, 32A-32C show the localization of PMO vs EEV-PMO vs EEV-NLS-PMO in THP
cells as determined by LC-MS/MS: whole cell uptake (FIG. 324); subcellular localization (FIG.
32B); and nuclear uptake {(FIG. 320).

DETAYLED DESCRIPTION
Compounds

[8046]  Dhsclosed herein, are compounds for treating Duchenne Muscular Dystrophy (DMD)}. In
embodiments, DMD is caused by a mutation in exon 44, In embodiments, the compounds are
designed to deliver an antisense compound (AC) that is complementary to a target sequence of a
DM gene 1n a pre-mRINA sequence, wherein the target sequence comprises at least a portion of
the 5" flanking intron of exon 44, at least a portion of exon 44, at least a portion of the 3 flanking
mtron of exon 44, or a combination thereof In embodiments, the compounds are designed to
deliver an antisense compound (AC) intracellularly to subjects in need thereof.

[8047] 1o embodiments, the coropounds alter the splicing pattern of the target pre-mRNA to which
the AC binds, resulting i the formation of re-spliced target protein. In one embodiment, re-spliced
target protein is more functional than the target protein produced by the splicing of the target pre-
mRNA in the absence of the AC. In emnbodiments, the re-spliced target protein increases target

/

protein function by at least about 1%, at least about 5%, at least about 10%, at least about 15%, at
feast about 20%, at least about 25%, at least about 30%, at least about 353%, at least about 40%, at
least about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at

feast about 70%, at least about 75%, at least about 80%, at least about 83%., at least about 90%, at
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least about 95%, at least about 99%, at least about 100%, at least about 150%, at least about 200%,
at least about 250%, at least about 300%, at least about 350%, at least about 400%, at least about
450%, at least about 500%, or more, compared to the function of the target protein produced by
splicing. In embodiments, the re-spliced target protein increases target protein function by about
1946, about 5%, about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%,

about 45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%
about 85%, about 90%, about 95%, about 99%, about 100%, about 150%, about 200%, about
250%, about 300%, about 350%, about 400%, about 450%, about 5300%, or more, compared to the
function of the target protein produced by splicing, mnclusive of all values and ranges therebetween.
In embodiments, the re-spliced target protein restores function to at least about 1%, at least about
5%, at least about 10%, at least about 15%, at least about 20%, at least about 25%, at least about
30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at least about
53%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, at least about 95%, or at least about 99%, and up to
about 100% of the function of a wild type target protein. In embodiments, the re-spliced targst
protein restores function to about 1%, about 3%, about 10%, about 15%, about 20%, about 25%,
about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%,
about 70%, about 75%, about 80%, about 85%, about 90%, about 93%, about 99%, or about 100%
of the function of a wild type target protemn, inclusive of all values and ranges therebetween.
[6048] In various embodiments, the compounds disclosed herein have an AC moiety and cell
penetrating peptide (CPP) moiety. In embodiments, the CPP moerty 1s cyclic (referred to herein as
a cyclic peptide). To embodiments, the compounds are able to traverse the cell membrane and bind
to target pre-mRNA i vive. In embodiments, the compounds comprise: a) at least one CPP motety;
and b} at least one AC, wherein the CPP 1s coupled durectly, or induwectly (e.g, via a linker), to the
AC. In embodiments, the compounds comprise 1, 2, 3,4, 5,6, 7, 8,9, 10, or more AC moieties. In
embodiments, the compounds comprise 1, 2, 3 4 5,6, 7. 8, 9, 10, or more CPP moisties. In
embodiments, the compounds comprise one AC moiety. In embodiments, the compounds
comprise two AC moieties. As used herem, “coupled” can refer {0 a covalent or non-covalent
association between the CPP 1o the AC, including fusion of the CPP to the AC and chemical
conjugation of the CPP io the AC. A non-limiting example of a means to non-covalently attach

the CPP io the AC 15 through the streptavidin/biotin interaction, e.g., by conjugating bictin to CPP
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and fusing AC to streptavidin. In the resulting compound, the CPP 15 coupled to the AC via non-
covalent association between biotin and streptavidin,
[8049] In embodiments, the CPP is comjugated directly, or indirectly via a linker, to the AC o

thereby form a CPP-AC conjugaie. Conjugation of the AC to the CPP may occur at any appropriate

(4

site on these moigties. In embodiments, the 5' or the 3' end of the AC may be conjugated to the C-
terminus, the N-terminus, or a side chamn of an aming acid in the CPP. In embodiments, the CPP
15 a cyclic peplide.
[6058] In embodiments, the AC mayv be chenucally conjugated to the CPP through a moiety on
the 5' or 3' end of the AC. In embodiments, the AC may be conjugated to the CPP through a side
19 cham of an amino acid on the CPP. Any amino acid side chain on the CPP which 15 capable of
forming a covalent bond, or which may be so modified, can be used to link AC to the CPP. The
amino acid on the CPP can be a natural or non-natural amino acid. In embodiments, the amino
acid on the CPP used to conjugate the AC is aspartic acid, glutamic acid, glutamine, asparagine,
fysine, ornithine, 2,3-diaminopropionic actd, or analogs thereof. In embodiments, the side chain is
1S substituted with a bond to the AC or linker. In embodiments, the amino acid 18 lysine, or an analog
thereof. In embodiments, the amino acid is glutamic acid, or an analog thereof In embodiments,

the amino acid is aspartic acid, or an analog thereof. In embodiments, the CPP is a cyclic peptide.
Endosomal Escape Vehicles (EEVs)

[8051]  An endosomal escape vehicle (EEV) 15 provided herein that can be used to transport an AC

20 across a cellular membrane, for example, to deliver the AC to the cyiosol or nucleus of a cell. The
EEV can comprise a cell penetrating peptide (CPP), for example, a cyclic cell penetrating peptide
{(cCPP), which 15 conmjugated to an exocyclic peptide (EP) The EP can be referred to
mterchangeably as a modulatory peptide (MP). The EP can comprise 8 sequence of a nuclear
iocalization signal (NL5). The EP can be coupled to the AC. The EP can be coupled to the ¢cCPP.

25  The EP can be coupled to the AC and the ¢CPP. Couphing between the EP, AC, ¢CPP, or
combinations thereof, may be non-covalent or covalent. The EP can be attached through a peptide

bond to the N-termunus of the ¢CPP. The EP can be attached through a peptide bond to the -
terminus of the ¢cCPP. The EP can be attached to the ¢cCPP through a side chain of an amino acid

m the ¢CPP. The EP can be attached to the ¢CPP through a side chain of a lysine which can be

30 conjugated to the side chain of a glutaming in the cCPP. The EP can be compugated to the 3" or 3°

end of an AC. The EP can be coupled to a hnker. The exocyclic peptide can be conjugated to an
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amingo group of the linker. The EP can be coupled to a linker via the C-terminus of an EP and a

c¢CPP through a side chain on the ¢CPP and/or EP. For example, an EP may comprise 3 terminal

5

lysine which can then be coupled to a ¢UPP containing a ghitamine through an amide bond. When

the EP contams a terminal lysine, and the side chain of the lysine can be used to attach the ¢cCPP,

(4

the C- or N-terminus may be attached to a linker on the AC.
Execyclic Peptides

[8052] The exocyclic peptide (EP) can comprise from 2 to 10 amino acid residues e.g., 2, 3, 4, 5,
6, 7, 8,9, or 10 amuno acid residues, inchusive of all ranges and values therebetween. The EP can
comprise 6 to 9 amine acid residues. The EP can comprise from 4 to 8 amino acid residues.

10 [0083] Each amino acid in the exccyclic peptide may be a natural or non-natural amino acid. The
term “non-natural anuno acid” refers 1o an organic compound that is a congener of a natural amino
acid in that it has a structare similar to & natural amino acid so that it mimics the structure and
reactivity of a natural amino acid. The non-natural amino acid can be a modified amino acid, and/or
amino acid analog, that is not one of the 20 common naturally occurring amino acids or the rare

15 natural amino acids selenocysteine or pyrrolysine. Non-natural aminge acids can also be the D-
isomer of the natural amine acids. Examples of suitable amino acids inchude, but are not limited
to, alanine, allosoleucine, arginine, citrulline asparagine, aspartic acid, cysieine, glutamine,
elutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, napthvlalanine,
phenylalanine, proline, pyroglutamic acid, serine, threomne, tryptophan, tyrosine, valine, a

20 derivative thereof, or combinations thereof. These, and others amino acids, are listed 1n the Table
1 along with their abbreviations used herein. For eample, the amino acidscanbe A, G, P, K, RV,
F, H, Nal, or citrulline.

[8054] The EP can comprise at least one positively charged amino acid residue, e.g., at least one
lysine residue and/or at least one amine acid residue comprising a side chan comprising a

25 guanidine group, or a protonated form thereof, The EP can comprise 1 or 2 amino acid residues
comprising a side chain comprising a guanidine group, or a protonated form thereof. The anmino
actd residue comprising a side cham comprising a guantdine group can be an arginine residue.
Protonated forms can mean salt thereof throughout the disclosure.

[B055] The EP can comprise at least two, at least three or at least four or more lysine residues. The

30 EPcancomprise 2, 3, or 4 lysine residues. The amino group on the side chain of each lysine residue

can be substituted with a protecting group, melading, for example, triflucroacetyl (<COCFs),
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allyloxycarbonyl  {Alloc),  1-(4,4-dimethyl-2 6-dioxocyclohexvlidenelethyl (Dde), or (4,4~
dimethyl-2,6-dioxocyclohex-1~ylidene-3}-methylbutyl (ivDde} group. The amino group on the
side chain of each lysine residue can be substituted with a trifluorcacetyl (-COCF;) group. The
profecting group can be incloded to enable amude conjugation. The protecting group can be
removed after the EP is conjugated to a ¢CPP.

[8056] The EF can comprise at least 2 amino acid residues with a hydrophobic side chain. The
aming acid residue with a hydrophebic side chain can be selected from valine, proline, alanine,
leucine, 1soleucine, and methionine. The amino acid residue with a hydrophobic side chain can be
valine or proline.

[6057]  The EP can comprise at least one positively charged amino acid residue, e.g., at least one
lysine residue and/or at least one arginine residue. The EP can comprise at least two, at least three
or at least four or more lysine residues and/or arginine residues.

[0058] The EP can comprise KK, KR, RR, HH, HK HR RH, KKK, KGK, ¥KBK, KBR, KRK,
KKKH, KHKH, HKHE, KKKX, KKRE, KRKK, KRRK, RKKR, RRRR, KGKK, KEKGK,

HBHBH, HBKBH RRRRR, KKKKK, KKKRK, RKKKK, KRKKK, KKRKK, KKKKR,
KBKBK, RKKKKG, KRKKKG, KKRKKG, KKKKRG, RKKKKB, KRKKKB, KKRKKB,
KKKKRB, KKKRKV, RRRRRR, HHHHHH, RHRHRH, HRHRHR, KRKRKR, RKRKRK,

RBRBRB, KBKBKB, PKKKRKYVY, PGKERKYV, PKGERKV, PEKGRKY, PEKEKKGKVY,
PKEKRGVY or PKKKRKG, wherein B is beta~alanine. The amino acids in the EP can have D or
L stereochenustry.

[6059] The EP can comprise KK, KR, RR, KKX, KGEK, KBE, KBR, KRK, KRR, RKK, RRK,
KEKK, KKRK, KRKE, KRRK, RKKR, RRRR, KGKK, KKGE, KKKKK, KKKREK, KBKBK,
KKERKY, PKKKREY, PGEKREKYV, PKGKRKY, PKKGRKY, PKKEGKY, PKKERGY or
PEKKRKG. The EP can comprise PKKKRKY, RR, RRR, RHR, RBR, RBRBR, RBHBR, or
HBRBH, wherein B 15 beta-alanine. The amino acids in the EP can have D or L stereochemistry.

[0060] The EP can consist of KK, KR, RR, KKK, KGK, KBK, KBR, KRK, KRR, RKK, RRR,
KKKK, KKRK, KREK, KRRK, RKKR, RRRR, KGKK, KKGK, KKKKK, KKKRK, KBKBK,
KEKRKY, PKEKKRKY, PGKERKY, PKGKREY, PKKGRKY, PKEKGKY, PKKKRGY or
PKEKKRKG. The EP can consist of PKKKRKY, RR, RRR, RHR, RBR, RBRBR, RBHBR, or

HBRBH, wherein B is beta-alanine. The amino acids in the EP can have D or L stereochemistry.

10
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[8061] The EF can comprise an amino acid sequence wdentified in the art as a nuclear localization

sequence {NLS). The EP can consist of an amino acid sequence identified in the art as a nuclear
localization sequence (NLS). The EP can comprise an NLS comprising the amino acid sequence
PKKKRKY. The EP can consist of an NLS comprising the amino acid sequence PKKKRKY. The
EP can comprise an NLS comprising an aming acid sequence selected from
NLSKRPAAIKKAGQAKKKK, PAAKRVKLD, RORRNELKRSF,
RMREKFKNKGKDTAEL RRRRVEVSVELR, KAKKDEQILKRRNY, VSRKRPRP,
PPKKARED, POPKKKPL, SALIKKKKKMAP, DRLRR, PKOKKRK, RKLKKKIKKL,
REKKKFLKRR, KREKGDEVDGVDEVAKKKSKK and RKCLOAGMNLEARKTKK, The EP

can consist of an NLS comprising an  anmuno  acid  sequence selected  from

NLSKRPAAIKKAGOAKKKK, PAAKRVKLD, RORRNELKRSF,
RMREFENKGKDTAELRRRRVEVSVELR, KAKKDEQILKRRNY, VERKRPRP,

PPKKARED, PQPKKKPL, SALIL KMAP, DRLRR, PKGKKRK, RKLKKKIKKE,
REKKKFLKRR, KRKGDEVDGVDEVAKKKSKK and RKCLQAGMNLEARKTKE

[8062] Al exocvclic sequences can also contain an N-terminal acetyl group. Hence, for example,

the EP can have the structure: Ac-PKKKRKYVY.
Cell Penctrating Peptides (CPP)

[6063] The cell penetrating peptide (CPP) can comprise 6 to 20 amino acid residues. The cell
penetrating peptide can be a cvclic cell penetrating peptide (¢cCPP}). The ¢CPP 5 capable of
penetrating a cell membrane. An exocyclic peptide (EP) can be conjugated to the ¢CPP, and the
resulting construct can be referred to as an endosomal escape vehicle (EEV). The ¢CPP can direct
an ACto penetrate the membrane of a cell. The ¢cCPP can deliver the AC to the cytosol of the cell.
The ¢CPP can deliver the AC to a cellular location where a target {e. g, pre-mRNA) 15 located. To
conjugate the ¢CPP to an AC at least one bond or lone pair of electrons on the ¢CPP can be
replaced.

[6864] The total number of amino acid residues n the ¢CPP 1s in the range of from 6 to 20 anuno
actd residues, e.g., 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 amino acid residues,
melusive of all ranges and subranges therebetween. The ¢CPP can comprise 6 to 13 anuno acid
residues. The ¢CPP disclosed herein can comprise 6 to 10 amino acids. By way of example, ¢CPP

comprising 6-10 amino acid residues can have a structure according 1o any of Formula I-A to I-E:

11
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I-E
or . wheretn AAL AAo, AAs, AAy, AAs, AlAs, AA7, AAg, Ado, and

AAje are ammo acid residues.
[8065] The cCPP can comprise 6 to 8 ammgo acids. The ¢cCPP can comprise 8 amino acids.

5 [0066] Each amino acid in the ¢CPP may be a natural or nov-vatural amino acid. The term “pon-
natural ammo acid” refers to an organic compound that is a congener of a natural aming acid in
that 1t has a structure similar to 8 natural aming acid so that 1t mamics the structure and reactivity
of a natural amino acid. The non-natural amino acid can be a modified anmuino acid, and/or amino
acid analog, that is not one of the 20 common naturally occurring amino acids or the rare natural

10 amino acids selenocysteine or pyrrolysine. Non-natural amino acids can also be a D-isomer of 3
natural amino acid Examples of switable amino acids include, but are not limited to, alanine,
allosoleucine, arginine, citrulline, asparagine, aspartic acid, cysteine, glutamine, glutamic acid,
glyeime, histidine, isoleucing, leucine, lyvsine, methionine, napthylalanine, phenylalanine, proline,

pyroglutamic acid, serine, threpmine, trypiophan, tyrosine, valine, a derivative thereof, or

Ju—
(¥

combinations thereof. These, and others anuno acids, are listed in the Table 1 along with their

abbreviations used herein.

Table . Amino Acid Abbreviations

Amine Acid Abbreviations® | Abbreviations®
L~amino acid D-amino acid

Alanine Ala (A) ala (a)

Allo-1soleucine Aile Aile

Arginine Arg (R) arg {r}

12
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Amino Acid Abbreviations®™ | Abbreviations®
E-amine acid D-amino acid

Asparagine Asn (N} asa {n}
Aspartic acid Asp (D) asp (d}
Cysteine Cys (O) cys (€}
Citrulline Cit Cit
Cyclohexylalanine Cha cha
2,3-cdiaminopropionic acid Dap dap
4-fluorophenylalanine Fpa (£} pfa
Glotamic aad Glu (B) glu {e}
Glutamine Gln () gln {q)
Glycine Glv (G} gly (g}
Histidine His (H) his (h)
Homoproline {aka pipecolic acid} Pip (@) pip (o)
Iscleucine He (B ile (1)
Leucine Leu (L) leu (1)
Lysine Lys (K) tys (k)
Methionine Met (M et (m)
3-{2-naphthyl}-alanine Nal (@) nal {$)
3-(1-naphthyli-alanine 1-Nal 1-nal
Norleucine Nle () nle
Phenvlalanine Phe (F} phe (f)
Phenviglyoine Phg (V) phe
4-{phosphonodiflucromethyliphenylalanine | F2Pmp (A) Hrpmp
Proline Pro (P) pro (p)
Sarcosine Sar (B) sar
Selenocysteine Sec (U) sec {u)
Serine Ser {8} ser ()
Threonine Thr {T) thr (v)
Tyrosine Tyr {Y3 tyr {y}
Tryptophan Trp {W}) p {w)
Valine Val (V) val (v}
Tert-butyl-alanine Tle tle
Penicillamine Pen Pen
Homoarginine HomoArg homoarg
MNicotinyl-lysine Lys(NIC) Iys{NICY
Triflouroacetyl-lysine Lys{TFA} lystTFA)
Methyl-leucine Meley meleu
3-(3-benzothienyl}-alanine Bia bta

* single letter abbreviations: when shown in capital letters herein it indicates the L-amino
acid form, when shown in lower case herein it indicates the D-amino acid form.
[6067] The cCPP can comprise 4 to 20 amino acids, wherein: (1} at least one amino acid has a side

chain comprising a guanidine group, or a protonated form thereof, (it} at least one aming acid has

13
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Hzmigk Hszgj?f ﬁiﬁk q\iﬁ‘}\

no side chain or a side chain comprising

HN |
N ‘}f
, , , ot a protonated form thereof and (1) at least two anuno acids independently

have a side chain comprising an aromatic or hetercaromatic group.

O
HQN‘}L‘

N
[6068] At least two amino acids can have no side chain or a side chain comprising H

il G T O,

used herein, when no side chain is present, the amino acid has two hydrogen atoms on the carbon

A

>

, or a protonated form thereof. As

atomis} (e.g., -CHy-} linking the amine and carboxylic acid.
[6069] The amino acid having no side chain can be glycine or B-alanine.
{80701  The ¢CPP can comprise from & to 20 amino acid residues which form the ¢cCPP, wherein:
10 (1) at least one amino acid can be glycine, B-alanine, or 4-aminobutyric acid residues; (i1} at least
one amimg actd can have a side chain comprising an aryl or heteroaryl group; and (1) at least one
NH ©

o
HZN”LL‘ﬁ}\ HzN”jLﬁ’LL?f

amino acid has a side chain comprising 3 guaniding group,
N N HN
| C\i i
<:"i\N}\ \N’L‘N'}\ ,N.?/
H H H

{6071} The cCPP can comprise from 6 to 20 amino acid residues which form the ¢cCPP, wherein:

, or a protonated form thereof.

15 {1} at least two amino acids can independently beglycine, B-alanine, or 4-aminobutyric acid

residues; (i1} at least one amino acid can have a side chain comprising an aryl or heteroary! group;

o)
HZN"H\EX

5

and (iiz} at feast one amino acid has a side chain comprising a guanidine group,

NH O N = "N i
HgNﬁkﬁJs\f’ﬁ;&ﬁ)\,QAax’ ij by

, or a protonated form thereof.
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[8072] The ¢CPP can comprise from 6 to 20 amino acid residues which form the ¢CPP, wherein:
(1} at least three amino acids can independently be glvcine, B-alanine, or 4-aminobutyric acid
residues; (1) at least one amino acid can have a side chain comprising an aromatic of

heteroaromatic group; and (111} at least one amuno acid can have a side chain comprising a

HzNiﬁ'}\ HZN’JTEER;’ g’g\ﬁ;\ g\iﬁ’x HE?O\?/ /AE?{

a protonated form thereof.

guanidine group,

Glycine and Related Amino Acid Residies

[6073]  The PP can comprise {1} 1, 2, 3, 4, 5, or 6 glycine, B-alanine, 4-anunchutyric acid
residues, or combinations thereof. The cCPP can comprise (i} 2 glycing, B-alanine, 4-aminobutyric
acid residues, or combinations thereof The ¢CPP can comprise (i) 3 glycine, [B-alanine, 4-
aminobutyric acid residues, or combinations thereof The cUPP can comprise (1) 4 glycine, P-
alanine, 4-aminobutyric acid residues, or combinations thereof. The ¢CPP can comprise (1) 5
glycine, B-alanine, 4-aminobutyric acid residues, or combinations thereof. The cCPP can comprise
{i} 6 glycine, B-alanine, 4-aminobutyric acid residues, or combinations thereof The ¢CPP can
comprise (i} 3, 4, or 5 glycine, $-alanine, 4-aminobutyric acid residues, or combinations thereof
The ¢CPP can comprse (1} 3 or 4 glycne, [B-alanine, 4-aminobutyric acid residues, or
combinations thereof.

[6074]  The cCPP can comprise (1) 1, 2, 3, 4, 5, or 6 glycine residues. The ¢CPP can comprise (i)
2 glycine residues. The ¢CPP can comprise (i} 3 glycine residues. The ¢CPP can comprise (i} 4
glycine residues. The ¢CPP can comprise {i) 5 glycine residues. The ¢CPP can comprise (i) 6
glveine residues. The ¢CPP can comprise (1} 3, 4, or 5 glycine residues. The ¢CPP can comprise
{1} 3 or 4 glycine residues. The ¢CPP can comprise {1} 2 or 3 glycive residues. The ¢cCPP can
comprise (i} 1 or 2 glycine residues.

[B8075] The cCPP can comprise (i} 3, 4, 5, or 6 glycine, P-alanine, 4-aminobutyric acid residues,
or combinations thereof. The ¢CPP can comprise (1) 3 glycine, B-alanine, d-aminobutyric acid
residues, or combinations thereof. The cUPP can comprise (1) 4 glvcine, B-alaning, 4-aminobutyric
acid residues, or combinations thereof The ¢CUPP can comprise (1) 3 glycine, P-alanine, 4-

aminobutyric acid residues, or combinations thereof. The ¢CPP can comprise (i) 6 glycine, B-
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alanine, 4-amimobutyric acid residues, or combinations thereof. The ¢cCPP can comprise (i} 3, 4,
or § glycine, f-alanine, 4-amincbutyric acid residues, or combinations thereof The ¢CPP can
comprise {1} 3 or 4 glycine, B-alanine, 4-aminobutyric acid residues, or combinations thereof.

[8076] The cCPP can comprise at least three glycine residues. The ¢CPP can comprise (1) 3, 4, 5,
or 6 glycine residues. The ¢cCPP can comprise (1) 3 glycine residues. The cCPP can comprise (1} 4
glyeine residues. The ¢CPP can comprise (i} 5 glycine residues. The ¢CPP can comprise (1) 6
elycine residues. The cCPP can comprise (1) 3, 4, or 5 glycine residues. The ¢CPP can comprise
(1} 3 or 4 glveine residues

{B8077]  In embodiments, none of the glycine, B-alanine, or 4-ammobutyric acid residues in the
cCPP are contiguous. Two or three glycine, PB-alanine, 4-or aminobutyric acid residues can be
contiguous. Two glycine, B-alanine, or 4-aminobutyric acid residues can be contiguous.

[6078] 1n embodiments, none of the glycine residues in the ¢CPP are contiguous. Each glvcine
residues m the ¢CPP can be separated by an amino acid residue that cannot be glycine. Two or

three glycine residues can be contiguous. Two glycine residues can be contiguous.

Amino Acid Side Chains with an Aromatic or Heteroaromatic Group

[8079]  The ¢CPP can comprise (it} 2, 3, 4, S or 6 amino acid residues independently having a side
chain comprising an aromatic or hetercaromatic group. The ¢CPP can comprise (i1) 2 amino acid
residues mdependently having a side chain comprising an aromatic or heteroaromatic group. The
cCPP can comprise {11} 3 amino acid residues independently having a side chain comprising an
aromatic or heteroaromatic group. The ¢UPP can comprise (11} 4 amino acd residues
mdependently having a side chain corprising an aromatic ot heteroaromatic group. The ¢CPP can
comprise (1) 5 amino acid restdues independently having a side chain comprising an aromatic or
heteroaromatic group. The ¢CPP can comprise (i1} 6 amino acid residues independently baving a
stde chain comprising an aromatic or hetercaromatic group. The ¢CPP can comprise (1) 2, 3, or 4
amino acid residues independently having a side chain comprising an aromatic or hetercaromatic
group. The ¢CPP can comprise {11} 2 or 3 aming acid residues independently having a side chain
COMPIISING an aromatic or hetercaromatic group.

[8088] The c¢CPP can comprise (11) 2, 3, 4, 5 or 6 armino acid residues independently having a side
chain comprising an aromatic group. The ¢CPP can comprise {11} 2 amino acid residues

independently having a side chain comprising an aromatic group. The ¢CPP can comprise (i) 3
o p=} p= f=
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aming acid residues mdependently having a side chain comprising an aromatic group. The ¢cCPP
can comprise (i) 4 amino acid residues mdependently having a side chain comprising an aromatic
group. The cCPP can comprise (11} 5 amino acid residues independently having a side chain
comprising an aromatic group. The ¢CPP can comprise (11} 6 amno acid residues independently
having a side chain comprising an aromatic group. The cCPP can comprise (31} 2, 3, or 4 amingo
acid residues independently having a side chain comprising an aromatic group. The ¢CPP can
comprise (it} 2 or 3 aming acid residues independently having a side chain comprising an aromatic
group.

[6081] The aromatic group can be a 6- (0 14-membered aryl Aryl can be phenyl, naphthyl or
anthracenyl, each of which is optionally substituted. Aryl can be pheny! or naphthyl, each of which
15 optionally substituted. The heteroaromatic group can be a 6- to 14-membered heteroaryl having
1, 2, or 3 hetercatoms selected from N, O, and 8. Heteroaryl can be pyridyl, quinolyl, or
isoguinolyl

[6082] The amino acid residue having a side chain comprising an aromatic or heteroaromatic
group can each independently be bisthomonaphthylalanive), homonaphthylalanine,
naphthylalanine, phenyiglycine, bis(thomophenylalanine}, homophenylalanine, phenylalanine,
tryptophan,  3-(3-benzothienyh-alamine,  3-{Z-quinolyl}-alanine,  O-benzylserine,  3-(4-
{benzyloxy)phenyl)-alanine, 5-(4-methyibenzylcysteine, N-(naphthalen-2-ylglutarmine, 3-(1,1'-
biphenyl-4~-yl}-alanine, 3-(3-benzothienyi}-alanme or tyrosine, each of which s optionally
substituted with one or more substituents. The amino acid having a side chain comprising an

aromatic or hetercaromatic group can each independently be selected from:

=| SRy = |
//E\N/ = Oy

H NSO O, HZN/[COZH HoN" ™NCO,H

3-{2~quunolyl}-alanine (-benzylserine 3-{4-{benzyloxy )phenyl}-alamne
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H
7 O N i\ Ry
svg ; /[ =
HNT N CO,H H NT ~COH

HaN" > CO,H

S-(4-methylbenzyljeysteine Ns—(n aphthalen-2-yljglotamine 3-(1,1-biphenyi-4-yl}-alanine
and

N

i
i

o,

e
H N CO,H

3-(3-benzothienyl)-alanine , wherein the H on the N-terminus and/or the H on the C-

terminus are replaced by a peptide bond.

[0083] The aminc acid residue having a side chain comprising an aromatic or hetercaromatic

group can each be idependently a residue of phenylalanine, naphthylalanine, phenylglycine,
homophenylalanine, homonaphthylalanine, bis(thomophenyialanine}, bis-(homonaphthylalanine},
tryptophan, or tyrosine, each of which is optionally substituted with one or more substituents. The
amino actd residue having a side chain comprising an aromatic group can each independently be
a residue of tyrosine, phenylalanine, 1-naphthylalarune, Z2-vaphthylalanine, tryptophan, 3-
benzothienvlalanine, 4-phenylphenylalanine, 3,4~difluorophenylalanine, 4~
trifluoromethyiphenyialanine, 23,4 5,6-pentafluorophenylalanine,  homophenylalanine, j-
homophenylalanine,  4-tert-butyl-phenylalanine, 4-pyridinylalanine, 3-pyridinylalanine, 4-
methylphenylalanine, 4-fluorophenyialanine, 4-chlorophenylalanine, 3~(9-anthryl}-alanine. The
amino acid residue having a side chain comprising an aromatic group can each independently be
a residue of phenylalanine, vaphthvlalanine, phenviglyvcine, homophenylalanine, or
homonaphthylalanine, each of which is optionally substituted with one or more substituents. The
amino acid residoe having a side chain comprising an aromatic group can each be independently
a residne of phenylalanine, wvaphthvlalarune, homophenylalanive, homonaphthylalanine,
bisthomonaphthylalanine}, or bisthomonaphthylalanine), each of which is optionally substituted
with one or more substituents. The amino acid residue having a side chain comprising an aromatic

group can sach be independently a residue of phenylalanine or naphthylalanine, each of which s
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optionally substituted with one or more substituents. At least one amino acid residue having a side
cham comprising an aromatic group can be a residue of phenylalanine. At least two amino acid
residues having a side chain comprising an aromatic group can be residues of phenylalanine. Hach

armino acid residue having a side chain comprising an aromatic group can be a residue of

(4

phenylalanine.

[6084]  In embodiments, none of the amino acids having the side chain comprising the aromatic or
heteroaromatic group are contiguous. Two amino acids having the side chain comprising the
aromatic or hetercaromatic group can be contiguous. Two contiguous amino acids can have
opposite stereochemistry. The two contignons amino acids can have the same stereochemistry.

19 Three amino acids having the side chain comprising the aromatic or hetercaromatic group can be

contiguous. Three contiguous amino acids can have the same stereochemistry. Three contiguous
amino acids can have alternating stereochemistry.

[6085] The amino acid residues comprising aromatic or heterocaromatic groups can be L-amino
acids. The amino acid residues comprising aromatic or heteroaromatic groups can be D-amino

15 acids. The amino acid residues comprising aromatic or hetercaromatic groups can be a mixture of
D- and L-amino acids.

[0086] The optional substituent can be any atom or group which does not significantly reduce

{e.g., by more than 50%;} the cytosolic delivery efficiency of the ¢CPP, eg

Ty

compared to an
otherwise dentical sequence which does not have the substituent. The optional substituent can be
26 a hydrophobic substituent or a hydrophilic substituent. The optional substituent can be a
hyvdrophobic substituent. The substituent can increase the solvent-accessible surface area {(as
defined herein) of the hydrophobic amino acid The substituent can be halogen, alkyl, alkenyl,
alkynyi, cycloalkyl, cycloalkenyl, cycloalkynyl, heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy,
acyl, alkylearbamoyl, alkylcarboxamudyl, alkoxycarbonyl, alkvithio, or arvlthio. The substituent
25 can be halogen.

[6087] Whle not wishing to be bound by theory, it 1s believed that aming acids having an aromatic
or heteroaromatic group having higher hydrophobicity vahues (1. e, amino acids having side chains
comprising aromatic or heterparomatic groups) can improve cytosolic delivery efficiency of a
cCPP relative to amine acids having a lower hydrophobicity value Each hydrophebic aming acid

30 can independently have a hydrophobicity value greater than that of glycine. Each hydrophobic

amino acid can independently be a hydrophobic amine acid having a hydrophobicity value greater

19



(4

1

15

WO 2023/034817 PCT/US2022/075691

than that of alanine. Each hydrophobic aming acid can independently have a hydrophobicity value
greater or equal to phenylalanine. Hydrophobicity may be measured using hydrophobicity scales
known in the art Table 2 lists hydrophobicity values for various amino acids as reported by
Fisenberg and Weiss (Proc. Natl. Acad Sci U, 5. A 1984,81{1}:140-144), Engleman, et al. {Ann.
Rev. of Biophys. Biophys. Chem. 1986;1986{15}321-53), Kyte and Doolutle (§. Mol
Biol 1982;157(11:105-132), Hoop and Woods (Proc. Natl. Acad. Sci. U. 8. A 1981,78(6):3824~
38283, and Janin {Nature. 1979,277(5696):491-492), the entirety of each of which is herein
mcorporated by reference. Hydrophobicity can be measured using the hydrophobicity scale

reported i Engleman, et al.

Table 2. Amino Acid Hydrophobicity

Amino Group Eisenberg | Engleman | Kyrieand | Hoop and Janin
Acid and Weiss | et al. Doolittle Woods

ile Nonpolar 0.73 3.1 45 -1.8 0.7
Phe Nonpolar 0.61 3.7 2.8 2.5 0.5
Val Nonpolar 0.54 2.6 42 -1.5 0.6
Len Nonpolar 0.53 2.8 3.8 -1.8 0.5
Trp Nonpolar 0.37 1.9 (.9 -3.4 0.3
Met Nonpolar 0.26 3.4 1.9 -1.3 0.4
Ala Nonpolar 0.25 1.6 1.8 -0.5 0.3
Gly Nounpolar 0.16 1.0 -0.4 0.0 0.3
Cys Unch/Polar 0.04 2.0 2.5 -1.0 3.9
Tyr Unch/Polar 0.02 -0.7 -1.3 -2.3 -0.4
Pro Nonpolar -0.07 -0.2 -1.6 0.0 -0.3
Thr Unch/Polar -0.18 1.2 -0.7 -0.4 0.2
Ser Unch/Polar -0.26 0.6 -0.8 0.3 -0.1
His Charged -0.40 -3.0 -3.2 -0.5 -0.1
Gl Charged -0.62 -8.2 -3.5 3.0 -0.7
Asn Unch/Polar -0.64 -4.8 -3.5 0.2 -0.5
Glu Unch/Polar -0.69 -4 1 -3.5 0.2 -0.7
Asp Charged -0.72 -9.2 -3.5 3.0 -0.6
Lys Charged -1.10 -&.8 -3.9 3.0 -1.8
Arg Charged -1.80 -12.3 -4.5 3.0 -1.4

[6088] The size of the aromatic or hetercaromatic groups may be selected to improve cytosolic
delivery efficiency of the ¢CPP. While not wishing to be bound by theory, it is believed that a
farger aromatic or heteroaromatic group on the side chain of amivo acid may improve cytosolic

delivery efficiency compared to an otherwise identical sequence having a smaller hydrophobic
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amino acid. The size of the hydrophobic amine acid can be measured in terms of molecular weight
of the hydrophobic amino acid, the steric effects of the hydrophobic amine acid, the solvent-
accessible surface area (SASA) of the side chain, or combinations thereof The size of the
hydrophobic aminoe acid can be measured n terms of the molecular weight of the hydrophobic
amino acid, and the larger hydrophobic amine acid has a side chain with a molecular weight of at
{east about 90 g/mol, or at least about 130 g/mol, or at least about 141 g/mol. The size of the amino
acid can be measured in terms of the SASA of the hydrophobic side chain. The hydrophobic amino
acid can have a side chain with a SASA of greater than or equal to alanine, or greater than or equal
to glveine. Larger hydrophobic aming acids can have a side chain with a SASA greater than
alanine, or greater than glycine. The hydrophobic amino acid can have an aromatic or
heteroaromatic group with a SASA greater than or equal to about piperidine-2-carboxylic acid,
ereater than or equal to about tryptophan, greater than or equal to about phenvlalanine, or greater
than or equal to about naphihylalanine. A first hydrophobic amino acid (AAm) can have a side
chain with a SASA of at least about 200 A, at least about 210 A%, at least about 220 AZ, at least
about 240 A2, at least about 250 AZ, at least about 260 A2, at least about 270 A2, at least about 280
A? at least about 290 A?, at least about 300 A?, at least about 310 A%, at least about 320 A%, or at
least about 330 A”. A second hydrophobic amino acid {AAnz) can have a side chain with a SASA
of at least about 200 A2, at least about 210 A2, at least about 220 A%, at least about 240 A?, at least
about 250 A%, at least about 260 A%, at least about 270 A%, at least about 280 A2, at least about 290
A%, at least about 300 A2, at least about 310 A2, at least about 320 A%, or at least about 330 A%, The
side chains of AAs and AAm can bave a combined SASA of at least about 350 A2, at least about
360 A? at least about 370 A2, at least about 380 A%, at least about 390 A7, at least about 400 A%, at
least about 410 A, at least about 420 AZ, at least about 430 AZ, at least about 440 A2, at least about
450 A2, at least about 460 A2, at least about 470 A2, at least about 480 A2 at least about 490 A%,
greater than about 500 A2 at least about 510 A% at least about 520 A2, at least about 530 A2, at

least about 540 A?, at least about 550 A2, at least about 560 A%, at least about 570 A% at least about

580 A% at least about 590 A?, at least about 600 A%, at least about 610 A2, at least about 620 A,
at least about 630 A2, at least about 640 A?, greater than about 650 A%, at least about 660 A?, at
least about 670 A?, at least about 680 A”, at least about 690 A%, or at least about 700 A%, AAm: can
be a hydrophobic amine acid residue with a side chain having a SASA that is less than or equal to

the SASA of the hydrophobic side chain of AAn;. By way of example, and not by limitation, a
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c¢CPP having a Nal-Arg motif may exhibit improved cyiosolic delivery efficiency compared to an
otherwise identical ¢cCPP having 3 Phe-Arg motif; a ¢cCPP having a Phe-Nal-Arg motif may exhibit
improved cytosolic delivery efficiency compared to an otherwise identical ¢cCPP having a Nal-
Phe-Arg motif;, and 3 phe-Nal-Arg motif may exhibit improved cytosolic delivery efficiency
compared to an otherwise identical ¢cCPP having a nal-Phe-Arg motif.

[B089]  As used herein, “hydrophobic surface area” or “SASA” refers to the surface area (reported
as square Angstroms; A?) of an amino acid side chain that is accessible to a solvent., SASA can
be calculated using the 'rolling ball’ algorithm developed by Shrake & Rupley {(J Mol Biol. 78 (2}
35171y, which s herein incorporated by reference in its entirety for all purposes. This algorithm
uses a “sphere” of solvent of a particular radius to probe the surface of the molecule. A typical
value of the sphere is 1.4 A, which approximates to the radius of a water molecule.

[6090] SASA values for certain side chains are shown below in Table 3 The SASA values
described herein are based on the theoretical values listed in Table 3 below, as reported by Tien,
et al. (PLOS ONE 8(11): e80635. htips://dot.org/10.1371/journal pone D0R0633), which is herein

meorporated by reference in ts entirety for all purposes.

Table 3. Amino Acid SASA Values

Residue Theoretical | Empirical ?ﬁ ;2?72 et al Rose ef af {1985)
Alanine 129.0 121.0 113.0 1181
Argining 274.0 265.0 241.0 256.0
Asparagine 195.0 187.0 158.0 165.5
Aspartate 193.0 187.0 151.0 158.7
Cystene 167.0 148.0 1400 146.1
Glutamate 2236 2140 1830 186.2
Glutamine 225.0 214.0 189.0 1932
Glycine 104.9 97.0 85.0 88.1
Histidine 224.0 2160 1940 202.5
Isolencine 197.0 1950 182.0 181.0
Leucine 201.0 191.0 180.0 193.1
Lysine 236.0 230.0 211.0 225 8
Methionine 224.6 203.0 204 .0 203 4
Phenylalanine | 240.0 228.0 218.0 2228
Proline 159.0 154.0 143.0 146.8
Serine 155.9 143.0 122.9 1298
Threonine 172.0 163.0 146.6 1525
Tryptophan 285.0 264.0 2590 266.3
Tyrosine 263.0 255.0 229.0 236.8
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Residue Theeretical | Empirical ?f;;;iz ef al Rose of af {1985)
Valine 174.0 165.0 160.0 164.5

Amino Acid Residues Having a Side Chain Comprising a Guanidine Group, Guanidine
Replacement Group, or Protonated Form Thereof
[0091]  As used herein, guanidine refers to the structure:
NH,

H N)\N”’ .
H

S [06%21  As used herein, a protonated form of guanidine refers to the structure;
NH.,

Hﬁ/)\gﬁz

[8093] Guamdine replacement groups refer to functional groups on the side chain of amino acids
that will be posttively charged at or above physiological pH or those that can recapitulate the
hydrogen bond donating and accepting activity of guanidinium groups.

16 [8094] The guanidine replacement groups facilitate cell penetration and delivery of therapeutic
agents while reducing toxicity associated with guanidine groups or protonated forms thereof The
cCPP can comprise at least one amine acid having a side chain comprising a guanidine or
guanidinium replacement group. The ¢CPP can comprise at least two anuno acids having a side
chain comprising a guanidine or guanidinium replacement group. The ¢cCPP can comprise at least

15 three amino acids having a side chain comprising a guanidine or guanidinium replacement group

[8095] The guanidine or guanidinium group can be an isostere of guanidine or guanidinium. The
guanidine or guanidinium replacement group can be less basic than guanidine,

NH O

I iy

[6096]  As used herein, a guamdine replacement group refers to

KN wa A,

20 [8897] The disclosure relates to a oCPP comprising from 4 to 20 amino acids residues, wherein:

, Or a protonated form thereof.

{1} at least one amino acid has a side chain comprising a guanidine group, or a protonated form

thereof, (11} at least one amino acid residue has no side chain or a side chain comprising
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NH O N N HN
LT VRN @kgs\ gy

form thereof, and (111} at least two anmine acids residues independently have a side chain comprising

, or a protonated

an aromatic or hetercaromatic group.

[B098] At least two amino acids residues can have no side chain or a side chain comprising

o Al R Tl QL

form thereof. As used herein, when no side chain is present, the amino acid residue have two

, Of a protonated

hydrogen atoms on the carbon atom{s) (e.g., -CH»-} hinking the anune and carboxylic acid.

[8099] The ¢cCPP can comprise at least one amino acid having a side chain comprising one of the

iy G S0
2\ A A
H N ’G‘S}/ A Sy N
HoOH H -
[8108] The ¢CPP can comprise at least two amino acids each independently having one of the

NH O ZN HN
i iy G TN,

or a protonated form thereof. At least two amino acids can have a side chain comprising the same

NH O N # N HN
i iy i TR,

following moieties:

16, ora protonated form thereof
following moteties

motety selected from:
4
o o o -
15 , or a protonated form thereof At least one aming acid can have a side chain comprising
Q
A
, or a protonated form thereof At least two amino acids can have a side chain
G
HN TN
H

comprising , or a protonated form thereof. One, two, three, or four amino acids can

N
H
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A

, ot a protonated form thereof . One amine acid can have

Q
HZNJLN
have a side chain comprising H

O

Hgmji\ﬁf\

, or a protonated form thereof Two ammo acids can have a
NH O

o
Hzm’j’kﬁj\ HzN’jLﬁ"u‘f

a side chain comprising

O
NP
stde chain comprising H

@a}ﬁ Qﬁﬁ*f{@y My

HzN’jL‘N>\

termunus of the amino acid side chain, H can be attached to the termunus of the amino

, ot a protonated form thereof

, of a protonated form thereof, can be attached to the

acid side chamn.

[6101] The ¢CPP cancomprise (1) 2, 3, 4, 5 ot 6 arowno acid residues independently having a side
chain comprising 8 guanidine group, guamdine replacerent group, or a protonated form thereof,
The ¢cCPP can comprise (111) 2 amino acid residues independently having a side chain comprising
a guanidine group, guamdine replacement group, or a protonated form thereof. The ¢CPP can
comprise {11} 3 amino acid residues independently having a side chain comprising a guanidine
group, guanidine replacement group, or a protonated form thereof. The cCPP can comprise {111} 4
amino acid residues independently having a side chain comprising a guanidine group, guamdine
replacement group, or a protonated form thereof The ¢CPP can comprise (111} § amino acid
residues independently having a side cham comprising a guanidine group, guaniding replacement
group, or a protonated form thereof The ¢CUPP can comprise (1u) 6 amino acid residues
mdependently having a side chain comprising a guanidine group, guanidine replacement group, or
a protonated form thereof The cCPP can comprise (1) 2, 3, 4, or 5 amine acid residues
mndependently having a side chain comprising a guanidine group, guanidine replacement group, or
a protonated form thereof. The cUPP can comprise (1) 2, 3, or 4 amino acid residues
mdependently having a side chain comprising a gnamdine group, guanidine replacement group, of
a protonated form thereof The ¢CPP can comprise (i1} 2 or 3 amino acid residues independently

having a side chain comprising a guanidine group, cuanidine replacement group, or a protonated
o > f=] év » O ¢ & 2
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form thereof. The ¢CPP can comprise (i1} at least one amino acid residue having a side chain
comprising a guanidine group or protonated form thereof. The ¢UPP can comprise (111} two amino
acid residues having a side chain comprising a guanidine group or protonated form thereof. The

c¢CPP can comprise (111} three amino acid residues having a side chain comprising 8 guanidine

(4

group or protonated form thereof
{#102] The amino acid residues can independently have the side chain comprising the guanidine
group, guanidine replacement group, or the protonated form thereof that are not contiguous. Two
amino acid residues can independently have the side chain comprising the guamdine group,
guanidine replacement group, or the protonated form thereof can be contiguous. Three amino acid
10 residues can independently have the side chain comprising the guanidine group, guanidine
replacement group, or the protonated form thereof can be contiguous. Four amine acid residues
can independently have the side chain comprising the guanidine group, guaniding replacement
group, or the protonated form thereof can be contiguous. The contiguous amino acid residues can
have the same stereochemustry. The contiguous aming acids can have alternating stereochemistry.
IS [8193] The ammno acid residues independently having the side chain comprising the guanidine
eroup, guanidine replacement group, or the protonated form thereof, can be L-amino acids. The
amino acid residues independently having the side chain comprising the guanidine group,
guanidine replacement group, or the protonated forrn thereof, can be D-arino acids. The amino
acid residues independently having the side chamm comprising the guanidine group, guanidine
20 replacement group, or the protonated form thereof, can be a nuxture of L- or B-anuno acids.
[8104] FEach amine acid residue having the side chain comprising the guanidine group, ot the
protounated form thereof, can mdependenily be a residue of arginine, homearginine, 2-amino-3-
propionic acid, Z-amino~4-guanidinobutyric acid or a protonated form thereof. Each amino acid
residue having the side cham comprising the guanidine group, or the protonated form thereof, can
25  mdependently be a residue of arginine or a protonated form thereof.
{9105 Each amino acid having the side cham comprising a guamdine replacement group, or
NH O

O <:‘N
i
AN HZNJ‘!\NJ’L\f EJ\N}\
protonated form thereof, can independently be Ho H , B H

= N
HN
|
H , , or a protonated form thereof
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[8186] Without being bound by theory, 1t 1s hypothesized that guamdine replacement groups have
reduced basicity, relative to arginine and in some cases are uncharged at physiclogical pH (e.g., 2
NEH)C(O)), and are capable of maintaining the bidentate hydrogen bonding interactions with

phospholipids on the plasma membrane that s believed o facilitate effective membrane

(4

association and subsequent internalization. The removal of positive charge is also believed to
reduce toxicity of the cCPP.

[8197] Those skilled in the art will appreciate that the N- and/or C-termini of the above non-natural
aromatic hydrophobic aming acids, upon incorporation into the pepiides disclosed herein, form
amide bonds.

10 [0108] The oCPP can comprise a first amino acid having a side chain comprising an aromatic or
heteroaromatic group and a second amino acid having a side chain comprising an aromatic or
heteroaromatic group, wherein an N-terminus of a first glycine forms a peptide bond with the first
amino acid having the side chain comprising the aromatic or hetercaromatic group, and a C-
terminus of the first glycine forms a peptide bond with the second amino acid having the side chain

IS comprising the aromatic or heteroaromatic group. Although by convention, the term “first ammo
acid” often refers to the N-terminal amino acid of a peptide sequence, as used herein “first amino
actd” 1s used to distinguish the referent amino acid from another amino acid {e.g., a2 “second amino
acid”} i the ¢CPP such that the term “first amino acid” roay or may refer to an amno acid located
at the N-termoinus of the peptide sequence.

20 [0109]  The oCPP can comprise an N-terminus of a second glycine forms a peptide bond with an
arnino acid having s stde chain comprising an aromatic or heteroaromatic group, and a C-terminus
of the second glycine forms a peptide bond with an amino acid having a side chain comprising a
guaniding group, or a protonated form thereof,

[6118] The cCPP can comprise a first anuno acid having a side chain comprising a guamdine

25 group, or a protonated form thereof, and a second amino acid having a side chain comprising 3

cuanidine group, or a protonated form thereof, wherein an N-terminus of a third glveine forms a

peptide bond with a first amino acid having a side chain comprising a guaniding group, or a

protonated form thereof, and a C-terminus of the third glycine forms a peptide bond with a second

amino acid having a side cham comprising a guanidine group, or a protonated form thereof
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[8111] The ¢CPP can comprise a residue of asparagine, aspartic acid, glutamine, ghutaming acid,
or homoglotamine. The ¢CPP can comprise a residue of asparagine. The ¢CPP can comprise a
residue of glutamine.

{8112] The cCPP can comprise a residue of tyrosine, phenylalanine, 1-naphihylalamine, 2-

(4

naphthylalanine, tryptophan, 3-benzothienylalanine, 4-phenylphenvialanine, 3.4~
diftuorophenvlalenine,  4-trifluoromethylphenylalanine,  2,3,4,5,6-pentaflucrophenylalanine,
homophenylalanine, B-homophenylalanine, 4-tert-butyl-phenylalanine, 4-pyridinylalamine, 3-
pyridinylalanine, 4-methylphenylalanine, 4-fluorophenylalanine, 4-chlorophenyialanine, 3-(9-
anthryl}-alanine.
10 [0113]  While not wishing to be bound by theory, it is believed that the chirality of the amino acids
i the ¢CPPs may impact cytosolic uptake efficiency. The ¢CPP can comprise at least one D amino
acid. The cCPP can comprise one to fifteen I amino acids. The ¢CPP can comprise one o ten D
amino acids. The ¢CPP can comprise |, 2, 3, or 4 D amino acids. The ¢cCPP can comprise 2, 3, 4,
5, 6,7, or 8 contiguous amino acids having alternating 1 and L chirality. The ¢CPP can comprise
IS three contiguous anuno acids having the same chirality. The ¢CPP can comprise two contiguous
aming actds having the same chirality. At least two of the amineo acids can have the oppostie
chirality. The at least two amino acids having the opposite chirality can be adjacent to each other.
At least three amine acids can have alternating stereochenisiry relative to each other. The at least
three amino acids having the alternating chirality relative to each other can be adjacent to each
26 other. Atleast four armino acids have alternating stereochenustry relative to each other. The at least
four amuno acids having the altervating chirality relative to each other can be adjacent to each
other. At least two of the amino acids can have the same chirality, At least two amino acids having
the same chirality can be adjacent to each other. At least two amino acids have the same chirality
and at least two ammno acids have the opposite chirality. The at least two amino acids having the
25 opposite chirality can be adjacent to the at least two amine acids having the same chirality.
Accordingly, adjacent amino acids 1 the ¢CPP can have any of the following sequences: D-L; L-
D, D-L-L-D L-D-D-L; L-D-L-L-D; D-L-D-D-L;, D-L-L-D-L; or L-D-D-L-I}. The anuno acid
residues that form the cCPP can all be L-aminoe acids. The amino acid residues that form the ¢cCPP
can ail be D-amino acids.
30 [8114] At least two of the amino acids can have a different chirality. At least two amino acids

having a different chirality can be adjacent to each other. At least three amino acids can have
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different chirality relative 1o an adjacent aming acid. At least four amino acids can have different
chirality relative to an adjacent amino acid. At least two amino acids have the same chirality and
at least two amino acids have a different chirality. One or more aming acid residues that form the
c¢CPP can be achiral. The ¢UPP can comprise a motif of 3, 4, or 5 aming acids, wherein two amine
acids having the same chirality can be separated by an achiral aminc acid. The cCPPs can comprise
the following sequences: D-X-D, D-X-D-X; D-X-D-X-D; L-X-L; L-X-L-X; or L-X-L-X-L,
wherein X 1s an achiral amno acid The achiral amino acid can be glycine.

[#115] Anamino acid having a side chain comprising:
o NH O N @ )\ HN i
A NN
HoN NA\ H N"E'E"N’ﬂ‘?’ <:’J\N NTN N
2 H 2N H o H H -y
protonated form thereof, can be adjacent to an amuno acid having a side chain comprising an

o
HEN“JJ\ >\

,ora

N
aromatic or heteroaromatic group. An amino acid having a side chain comprising: H

NH O N N
Ay G Q’W\, Oy Ay

can be adjacent to at least one amino acid having a side chaimn comprising a guaniding or

. or a protonated form thereof,

protonated form thereof. An amino acid having a side chain comprising a guanidine or
protonated form thereof can be adjacent to an amino acid having a side chain comprising an

aromatic or hetercaromatic group. Two amino acids having a side chain comprising:
O NH O <;5\E f\ﬁN HN |
!
HZN’ELN}\ HQN"J'L‘N‘)L?/ "’L\N»\ \N*’i\;\r}\ ,,N.}/
H H H H H

can be adjacent io each other. Two amino acids having a side chain comprising a guaniding or

or protouated forms there,

protonated form thereof are adjacent to each other. The cCPPs can comprise at least two

contiguous amino acids having a side chain can comprise an aromatic or heteroaromatic group

o
HZNJ\g:\

and at least two non-adjacent amino acids having a side chain comprising:
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Ay G G Ty Ly

The ¢CPPs can comprise at least two contiguous amino acids having a side chain comprising an

, of a protonated form thereof

aromatic or heteroaromatic group and at least two non-adjacent amino acids having a side chain
O
AP
COMPrising H  ora protonated form thereof, The adjacent amino acids can have the
same chirality. The adjacent aming acids can have the opposite chirality. Other combinations of
aming acids ¢an have any arrangement of D and L amino acids, e g, any of the sequences

described in the preceding paragraph.

[0116] At least two amino acids having a side chain comprising;

HN Nj\ H, i\a"ji\'iii ji?’ g\ﬁgﬁ'}x E:/E[:H)\HPOY x;\ﬁ'}f

protonated form thereof, are altemating with at least two amino acids having a side chain

,0ra

comprising a guamdine group or protonated form thereof,

[8117] The ¢CPP can comprise the structure of Formula (A):

o
Ry O g

k Ng_JKN » =0

AASC} \2’
o h{/N H
R_v)\ NH &
{A

o 6 }7—“-'&

or a protonated form thereof,

(A)

wherein:
Ri, Ry, and Rs are each independently H or an aromatic or hetercaromatic side

chain of an amino acid;

at least one of Ry, Ry, and Ra is an aromatic or heteroaromatic side chain of an amino

acid;
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Ry, Rs, Rg, Ry are independently H or an amino acid side chain;
at least one of Ry, Rs, Rs, Ry 18 the side chain of 3-guanidino-2-ammoproptonic acid, 4-
guanidino-2-aminobutansic acid, arginine, homoarginine, N-methylarginine, N,N-

dimethylarginine, 2,3-diaminoproptonic acid, 2,4-diamincbutanoic acid, lysine, N-methyllysine,

(4

N, N-dimethyllysine, N-ethyllysine,, NN N-trimethyllysine, 4-guamdinophenylalanine,
citrulline, N,N-dimethyllysine, B-homoarginine, 3-{(1-piperidinyialanine;
AAgc is an amino acid side chain; and
qisl,2,30r4
[0118] In embodiments, at least one of Ry, Rs, Re, Ry are independently a uncharged, non-aromatic
10 side chain of an amino acid. In embodiments, at least one of Ry, Rs, Re, Ry are independently H
or a side chain of citrulline.
{6119] In embodiments, compounds are provided that inchude a cyclic peptide having 6 to 12
amino acids, wherein at least two amino acids of the cyclic peptide are charged amino acids, at
{east two amino acids of the cyclic peptide are aromatic hvdrophobic amino acids and at least two
IS amino acids of the cyclic peptide are uncharged, non-aromatic amine acids. In embodiments, at
least two charged amino acids of the cyclic peptide are arginine. In embodiments, at least two
aromatic, hvdrophobic amino acids of the cyclic peptide are phenylalanine, naphtha alanine (3-
Naphth-2-vl-alanine) or a combination thereof In embodiments, at least two uncharged, non-
aromatic amine acids of the cyche peptide are cirulline, glvcine or a combination thereof In
20 embodiruents, the compound 1s a evelic peptide having ¢ to 12 amuno acids wherein two amino
acids of the cyclic peptide are arginine, at least two amino acids are aromatic, hydrophobic amino
acids selected from phenvialanine, naphtha alanine and combinations thereof, and at least two
amino acids are uncharged, non-aromatic amino acids selected from citrulhine, glveine and
combinations thereof.

25 [0128] Inembodiments, the cyclhic peptide of Formula {A) 1s not a cyclic peptide having a sequence

oft
CPP sequences
F@RRROQ RRFRER{ | FERRRROK
FHRRRC FRRRR®Q FBRRRRQC
F&RRRU TRFR®RO fBRRRQ
RRR®FQ RRPFRRG | FBRRRRRQ
RRRR®F CRRRRFWQ | RRRRE®FDOQC
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FPRRRR FIBRReQ FHRRR
FérRrRqg FFGRRRRQ | FWRRR
ForReRQ RFRFR®R( | RRR®F
F@RRRRQ URRRRFW(Q | RRRWF
fORRQ CRRRRFWQ

where F is L-phenyialanine, { 15 D-phenyialanine, ® is L-3-(Z-napbthylj-alanine, & s B-3-(2-
naphthylj-alanine, R 15 L-arginine, v 1s D-arginine, Q@ is L-glutamine, q 15 D-glutamine, C 15 L-
cysteine, U is L-selenocysteine, W is L-iryptophan, K is L-lysine, D is L-aspartic acid, and Q is
L-norleucine.

S [0121]  The cCPP can comprise the structure of Formula (T

i R,

NH
. b
HaNT SN S
0NN N
D
Jm

2 (1)
or a protonated form thereof,
wherein:
Ry, Rz, and Rs can each independently be H or an amino acid residue having a

10 side chain comprising an aromatic group;

at least one of Ry, Ro, and Rs 1s an aromatic or heteroaromatic side chamn of an aming

acid;

Ry and Rs are independently H or an amino acid side chain,

AAsc is an aming acid side chaing
15 qis i, 2, 3ord and

each m is independently an integer 0, 1, 2, or 3.

[8122] R, Ry, and Ry can each independently be H, -alkylene-aryl, or -alkylene-heteroaryl Ry,

Ry, and Rz can each independently be H, -Cisalkylene-aryl, or -Cisalkylene-hetercaryl Ry, Ra,
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and R can each independently be H or -alkylene-aryl Ry, Ry, and Ry can each independently be
H or -Cisalkylene-aryt Cisalkylene can be methylene. Aryl can be a 6- to 14-membered aryl.
Heteroaryl can be a 6- to 14-membered heteroaryl having one or more hetercatoms selected from
N, G, and 8. Aryl can be selected from phenyl, naphthyl, or anthracenyl. Aryl can be phenyl or
naphthyl. Aryl can be phenvl Hetercarvl can be pyridyl, quinolyl, and isoquinolvl Ry, R, and Ry
can each independently be H, -Craalkylene-Ph or -Cisalkylene-Naphthyl Ry, Ry, and Rs can each
mdependently be H, -CHaPh, or -CHaNaphthyl Ry, Ro, and Rs can each independently be Hor -
CHoPh

[8123] R, Ry, and R: can each independently be the side chain of tyrosine, phenylalanine, 1-
naphthylalanine, Z-naphthylalanine, tryptophan, 3-benzothienylalanine, 4-phenyliphenylalanine,
3 4-difluorophenylalanine, 4-trifluoromethyiphenvlalanine, 2.3,4,5,6-pentafluorophenylalanine,
homophenylalanine, P-homophenvlalanine, 4-tert-butyl-phenvialanine, 4-pynidinylalanine, 3-
pyridinylalanine, 4-methylphenvialanine, 4-fluorophenylalanine, 4-chlorophenvialanine, 3-(9-
anthryl}-alanine.

[8124] R: can be the side chain of tyrosine. Ry can be the side chain of phenylalanive. Ri can be
the side chain of 1-naphthylalanine. R; can be the side chamn of Z-naphthylalanine. Ry can be the
stde chain of tryptophan. Ry can be the side chain of 3-benzothienylalanine. Ry can be the side
chain of 4-phenylphenylalanine. Ry can be the side chain of 3, 4-difluorophenylalarune. Ry can be
the side chain of 4-trifluoromethviphenyialanine. Ry can be the side chamm of 2,3,4,5,6-
pentafluorophenylalanine. Ry can be the side chain of homophenylalanine. Ry can be the side chain
of p-horoophenylalanine. Ry can be the side chain of 4-tert-butyl-phenvialarine. R; can be the side
chain of 4-pyridinylalarune. Ry can be the side chain of 3-pyridinylalanine. Ry can be the side chain
of 4-methylphenylalanive. Ry can be the side cham of 4-fluorophenylalanine. Ry can be the side
cham of 4~chlorophenylalanine. Ry can be the side chain of 3~(%-anthryl)-alanine.

[8125] Ro can be the side chan of tyrosine. Ry can be the side chain of phenylalanine. Ry can be
the side chain of 1-naphthylalanine. Ry can be the side chamn of 2-naphthylalanine. R can be the
stde chain of tryptophan. Ro can be the side chamn of 3-benzothienylalanine. Ro can be the side
chain of 4-phenylphenylalanine. Ry can be the side chaim of 3,4-difluorophenylalanine. Ro can be
the side chain of 4-triflucromethylphenylalanine. Ry can be the side chain of 2,3,4,5.6-
pentafluorophenvialanine. R; can be the side chain of homophenylalanine. Rs can be the side chain

of B-homophenylalanine. Ro can be the side chain of 4-tert-butyl-phenylalanine. Ry can be the side
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cham of 4-pyridinylalanine. Ry can be the side chain of 3-pyridinylalanine. Ry can be the side chain
of 4-methylphenylalanine. R2 can be the side chamn of 4-fluorophenylalanine. R2 can be the side
chain of 4-chlorophenylalanine. Ry can be the side chain of 3-+(®-anthryl)-alanine.

[#126] R can be the side chain of tyrosine. Rz can be the side chain of phenylalanine. Rz can be
the side chain of 1-naphthylalanine. Rs can be the side chain of 2-naphthylalanine. Ry can be the
side chain of tryptophan. Rs can be the side chain of 3-benzothienylalanine. Rz can be the side
chain of 4-phenylphenylalanine. Rs can be the side chain of 3,4-difluorophenylalanine. R; can be
the side chain of 4-trifluoromethyiphenvialanine. Rs can be the side chain of 2,3 456-
pentatluorophenvialanine. R can be the side chain of homophenylalanine. Rz can be the side chain
of B-homophenylalanine. Rs can be the side chain of 4-tert-butyl-phenylalanine. Rs can be the side
chamn of 4-pyridinylalanine. Rs can be the side chain of 3-pyridinylalanine. Ra can be the side chain
of 4-methyiphenylalanine. R3 can be the side chain of 4-fluorophenylalanine. Rz can be the side
chain of 4-chiorophenylalanine. Ra can be the side chain of 3-(9-anthryl)-alanine.

[6127] R4 can be H, -alkylene-arvl, -alkvlene-hetercaryl Ry can be H, -Ciaalkylene-aryl, or -Cy.
salkyiene-heteroaryl Ry can be H or -alkylene-aryl R4 can be H or -Ciaalkylene-arvl Ciaalkylene
can be a methylene. Aryl can be a 6- to 14-membered aryl. Hetercaryl can be a 6- to 14-membered
heteroarvl having one or more heteroatoms selected from N, O, and S. Aryl can be selected from
pheoyl, naphthyl, or anthracenyl Aryl can be phenyl or naphthyl. Aryl can phenyl Heteroaryl can
be pynidyl, quinolyl, and 1soguinoly]l Ry can be H, -Cisalkylene-Ph or -Cjsalkylene-Naphthyl Ry
can be H or the side chain of an amino acid m Table 1 or Table 3. Ry can be H or an amino acid
residue haviong a side chain comprising an aromatic group. Ry can be H, -CHuPh, or -CHaNaphthyl.
Re can be H or -CH2Ph

[#0128] Rs can be H, -alkylene-aryl, -alkvlene-heteroaryl. Rs can be H, -Cyaalkylene-aryl, or -Cr.
salkviene-heteroaryl Rscan be Hor -alkylene-aryl. Rs can be H or ~Cisalkyiene-arvl. Cisalkylene
can be a methylene. Aryl can be a 6- to 14-membered aryl. Heteroaryl can be a 6- to 14-membered
heteroaryl having one or more hetercatoms selected from N, O, and 8. Aryl can be selected from
phenyl, naphthyl, or anthracenyl. Aryl can be pheny! or naphthyl. Arvl can phenyl Heteroaryi can
be pyridyl, quinolyl, and isoquinolyl Rs can be H, -Ciaalkylene-Ph or -Cisalkylene-Naphthyl Rs
can be H or the side chain of an amino acid m Table 1 or Table 3. Ry can be H or an amino acid
residue having a side chain comprising an aromatic group. Rs can be H, -CHoPh, or -CH)Naphthyl.

R4 can be H or -CHPh.
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[8329] R can be H, -alkylene-aryl, -alkylene-heteroaryt Rg can be H, -Crasalkylene-aryl, or -y,
salkyiene-hetercaryl Rs can be H or -alkylene-aryl Rs can be H or -Cisalkylene-arvl Ciaalkylene
can be a methylene Aryl can be a 6- to 14-membered arvil. Heteroaryl can be a 6- to 14-membered
heteroaryl having one or more heteroatoms selected from N, O, and S. Aryl can be selected from
phenyl, naphthyl, or anthracenyl Arylcan be phenyl or naphthyl. Arvi can phenyl Heteroaryl can
be pyridyl, quinolyl, and isoquinolyl Re can be H, -Cysatkylene-Ph or -Caalkyiene-Naphthyl Re
can be H or the side chain of an amino acid in Table 1 or Table 3. Re can be H or an ammo acid
residue having a side chain comprising an aromatic group. Rs can be H, -CHuPh, or -CH;Naphthyl.
Re can be H or -CHoPh.

[0138] Ry can be H, -alkylene-arvl, -alkylene-hetercaryl. Ry can be H, -Ciaalkylene-aryl, or -Ci.
salkylene-heteroaryl Ry can be H or -alkylene-aryl. Ry can be H or -Ci.aalkylene-aryl Cisalkviene
can be a methylene. Arylcan be a 6- to 14-membered aryl. Heteroaryl can be a 6- to 14-membered
heteroaryl having one or more heterocatoms selected from N, O, and 8. Aryl can be selected from
phenyl, naphthyl or anthracenyl. Aryl can be phenyl or naphthyl. Aryl can phenyl Heteroaryl can
be pynidvl, quinolyl, and soquinoly]. Ry can be H, -Cisalkylene-Ph or -Cisalkylene-Naphthyl Ry
can be H or the side chain of an amino acid m Table 1 or Table 3. Ry can be H or an amino acid
residue having a side chain comprising an aromatic group. Ry can be H, -CH,Ph, or -CHaNaphthyl.
R~ can be H or -CH,Ph.

[#131] One, two or three of Ry, Ry, Rz, Ry, Rs, Re, and Ry can be -CH:Ph. One of Ry, Ry, R3, Ry,
Rs, Re, and R can be ~-CHzPh. Two of R1, Ry, Rs, Ry, Rs, Re, and Ry can be -CHPh. Three of Ry,
Rz, Rs, Ry, Rs, Re, and Ry can be -CH:Ph. At least one of Ry, Rz, Rs, Ry, Rs, Re, and Ry can be -
CHLPh. No more than four of Ry, Ry, Rs, Ry, Rs, Re, and Ry can be -CH:Ph

[8132] One, two or three of Ry, Ry, Rs, and Ry are -CH:Ph. One of Ry, Ry, Ry, and Ry 18 -CHPh
Two of Ri, R, Ry, and Ry are -CH:Ph. Three of Ry, Ra, Ry, and Ry are -CHPh. At least one of
Ry, Ry, R, and Ry 15 -CHo PR

[8133] One, two or three of Ry, Ba, Rs, Ry, Rs, R, and Ro can be H. One of Ry, Ro, Bs, Ry, Rs, Re,
and Ry can be H. Two of By, Rz, Ry, Ry, Rs, R, and Ry are H. Three of R1, Rz, Rs, Rs, Rs, and Ry
can be H. At least one of Ry, Ra, B3, Ry, R, Re, and Ry can be H. No more than three of Ry, Ry, Rs
Ry, Rs, Rs, and Ry can be -CHPh

[8134] One, two or three of Ry, Ro, Ry, and Ry are H One of Ry, Ry, Rs, and Ry 15 H. Two of Ry,
Ry, Rs, and Ryare H. Three of Ry, Ro, Ry, and Ry are H. Atleast one of Ry, Ry, Ry, and Ry is HL

5
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[8135] At least one of Ry, Rs, Rs, and Ry can be side chain of 3-guanidinoe-2-aminopropionic acid.
At least one of Ry, Rs, R, and Ry can be side cham of 4-guanidine-Z-aminobutanoic acid. At least
one of Ry, Rs, Re, and Ry can be side chain of arginine. At least one of Ry, Rs, R, and Ry can be
side chain of homoarginine. At least one of Ry, Rs, Re, and Ry can be side chain of N-
methylarginine. At least one of Ry, Rs, R, and Ry can be side chain of N N-dimethylarginine. At
{east one of Ry, Rs, R, and Ry can be side chain of 2 3-diaminopropionic acid. At least one of Ry,
Rs, Rs, and Ry can be side chain of 2 4-draminobutancic acid, lysine. At feast one of Ry, Rs, Rs,
and Ry ¢can be side chain of N-methvyllysine. At least one of Ry, Rs, Re, and R7 can be side chain of
N, N-dimethyllysine. At least one of Ry, Rs, Rs, and Ry can be side chain of N-ethyllysine. At least
one of Ry, Rs, Rs, and Ry can be side chain of NN N-trimethyllysine, 4-guanidinophenylalanine.
At least one of R4, Rs, Re, and Ry can be side chain of citrulline. At least one of Ry, Rs, Rs, and Ry
can be side chain of N N-dimethyllysine, B-homoarginine. At least one of Ry, Rs, Re, and Ry can
be side chain of 3-(1-piperidinyijalanine.

[6136] At least two of R4, Rs, Re, and Ry can be side chain of 3-guanidino-2-aminopropionic acid.
At least two of Ra, Rs, R, and Ry can be side chain of 4-guanidine-2-aminobutanoic acid. At least
two of Ry, Rs, R, and Ry can be side chain of arginine. At least two of Ry, Rs, Rs, and Rycan be
side chain of homoarginine. At least two of R4, Rs, Rs, and Ry can be side chain of N-
methylarginine. At least two of Ry, Rs, Re, and Ry can be side chain of N\ N-dimethylarginine. At
least two of Ry, Rs, Re, and Ry can be side chain of 2 3-diaminopropionic acid. At least two of Ry,
Rs, R, and Ry can be side chain of 2 4-diaminobutanoic acid, tysine. At least two of R4, Rs, Re,
and Ry can be side chain of N-methyllysine. At least two of Ry, Rs, Rs, and Ry can be side chain of
N,N-dimethyllysine. At least two of Ry, Rs, Re, and Ry can be side chain of N-ethyllysine. At least
two of Ry, Rs, Re, and Ry can be side chain of NN, N-trimethyllvsine, 4-guanidinophenylalanine.
At least two of Ry, Rs, Re, and Ry can be side chain of citrulline. At least two of Ry, Rs, R, and Ry
can be side chain of N, N-dimethyllysine, B-homoarginine. At least two of Ry, Rs, Re, and Ry can
be side chain of 3-( 1-piperidinylalamne.

[8137] At least three of Ry, Rs, Re, and Ry can be side chain of 3-guaniding-2-aminopropionic acid.
At least three of Ry, Rs, Re, and Ry can be side chain of 4-guaniding-Z-amimobutanoic acid. At least
three of Ry, Rs, Rg, and Ry can be side chain of arginine. At least three of Ry, Rs, Rs, and Rrcan be
side chain of homoarginine At least three of Ry, Rs, Re, and Ry can be side chain of N-

methylarginine. At least three of Ry, Rs, Re, and Ry can be side chain of N N-dimethylarginine. At
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feast three of Ry, Rs, R, and Ry can be side chain of 2 3-diaminopropionic acid. At least three of
R4, Rs, Re, and Ry can be side chain of 2, 4-diaminobutanoic acid, lysine. At least three of Ry, Rs,
Rg, and Ry can be side chain of N-methvilysine. At least three of Ry, Rs, R, and Ry can be side
cham of N, N-dimethyHysine. At least three of Ry, Rs, Re, and B can be side chain of N-ethyllysine.
At least three of Ry, Rs, Rs, and Ry can be side chain of NN N-trimethyllysine, 4-
suanidinophenylalanine. At least three of Ry, Rs, Re, and Ry can be side chain of citrulline. Atleast
three of Ry, Rs, Rs, and Ry can be side chain of N N-dimethyllysine, B-homoarginine. At least three

of R4, Rs, Ry, and Ry can be side chain of 3« 1-piperidinyljalanine.

[8138] AAsc can be a side chain of a residue of asparagine, glutamine, or homoglutamine. AAsc

can be a side chain of a residue of glutamine, The cCPP can further comprise a linker conjugated
the AAsc, e.g., the residue of asparagine, glutamine, or homoglutamine. Hence, the ¢CPP can
further comprise a linker conjugated to the asparagine, glutamine, or homoglutamine residue. The

cCPP can further comprise a linker conjugated to the glutamine residue.

[0139] gcanbel,Z,or3 geanlor2 gecanbel gcanbeZ geanbe 3 gcanbed
[6148] mcanbe I-3. mcanbe  or 2 mcanbe O mcanbe 1. ro can be 2. m can be 3.

[6141] The cCPP of Formula (A) can comprise the structure of Formula (0)

R, R
At Lo
sc-, Y Ry
NH c);}{/ Yo

H

HN:%
Hy

(1) or protonated form thereof, wherein AAsc,

Ry, Rz, Rz, Ry, Ry m and g are as defined herein

[8142] The ¢CPP of Formula {A) can comprise the structure of Formula (T-a) or Formula (I-b):
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O /
— R
N v ‘g\;_ 2 Al [ ﬁmm h
NH 3 xO N : N0
Loy e (o™ :
PEZN,{.\E,\WJ\ \-Ry Ha-A N : NS
HRRRA N A Mo A
o HN o= HNT T
= ] o
NH Q~{\R4 Mmoo R ’L\m
d} A, O = Tg
{ :hv- "'}’ﬂ
Hsz}\jH HNL
\ \
H {1-a), N (Lby,

or protonated form thereof, wherem AAse, Ry, R, Rz, Ry, andm are as defined herein,

[#143] The cUPP of Formula {A) can comprise the structure of Formula (I-1}, (1-2), (I-3) or (14}

g s AA, N7 O ‘@
W, SC N
AASC\;/&~ME—\‘E HN N o GEH H b\\f::_D
NHO o e ¥ e Hil
HZN‘){N PN\M\’ HeN /\M
: AN N N
nT HN"L“O /Kﬁ\\ o= HN%
f"l\%NH H ‘\f - ~NH
"?Ni y oo d{}b\’iﬁ
Fiidl ﬁ/,m
NH H
HoN. :"425\5\<
e ) R ),
NH,
HN==
— HN
ﬁ rii\ ?/NHZ
Ity Cf Hf‘\ ~; AASC o =
NN ) HoN ‘-h e ]
N~ sl /mN G\t

N ° < >~JN“‘\§,
ad ér:? (o ¢ ®
™ A / HgN- =4
Q (1-3), A ) (1-4)

or protonated form thereof, wherein AAgscand m are as defined herein.
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[0144]

The ¢CPP of Formula (A} can comprise the structure of Formula (1-5} or (I-6}:

(1-5), or R (1-6)

or protonated form thereof, wherein AAscis as defined herein,

[0145]

16146

The ¢CPP of Formula {A) can comprise the structure of Formula {I-1):

N

H

{I-1}, or a protonated form thereof,
wherein AAscand m are as defined herein.

The cCPP of Formula {A) can comprise the structure of Formula (I-2);

39



[0147]

{0148

WO 2023/034817

o o -
Adge N Al N/
H ~ o
N g
Oy i
Nk \"&\,,/\
AH /& ¢ /
- HN 0 N

(1-2}, or a protonated form thereof,

wherein Adgcandm are as defined heren.

The ¢CPP of Formula {A) can comprise the structure of Formula (I-3):
NH,
HN:fi/\

{
{Z :
PN

(I-3}, or a protonated form thereof,

wherein AAgscand m are as defined heretn.

The ¢CPP of Formula {A) can comprise the structure of Formula (I-4):
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{1-43, or a protonated form theresf,
wherein AAscand m are as defined herein.

[0149] The cCPP of Formula {A) can comprise the structure of Formula (3-5):

NH,

{I-5), or a protonated form thereof,
wherein AAscand m are as defined herein.

[8158] The cCPP of Formula (A} can comprise the structure of Formula (1-6}:
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N
t:i;;t %) ey

N

FRNE ¥

{I-6), or a protonated form thereof, wherein
AAscand m are as defined herein.
[6151] The cCPP can comprise one of the following sequences: FGFGRGR, GIFGr(Gr,
FEOGRGR; FIFGRGR, or FIOGrGr. The ¢CPP can have one of the following sequences:
5 FGFGRGRG; GIFGrGrQ, FIOGRGRQ; FIFGRGRQ; or FIOGrGrQ.

[8152] The disclosure also relates to a ¢cCPP having the structure of Formula (1i):

R,y O 5
n Re¢
e o XL
,V—NH N~4Y0
(55 HoY
o H&H HN / n?d
y ﬁR-

o)
{(%&NH

HN

ém@ i HN{ Asc
R e Q’{XWC
n an

wherein:

AAscis an amino acid side chamng
10 R R'™ and R’ are each independently a 6- to 14-membered aryl or a 6- to 14-

membered heteroaryl;
R% R™ R* and R™ are independently an amino acid side chain;
NH O

A L Jody CI
HoN gQS\;HEN ﬁfﬁ\;f N gr\

at least one of R¥ R™ R*™ and R¥ s
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a0,
i
H , , , or a protonated form thereof]

at least one of R% R R’ and R* is guanidine or a protonated form thereof,
each n” 15 independenily an integer 0, 1, 2,3, 4, or 5;
each n’ is independently an integer from 0, 1, 2, o13; and

if 0’ is O then R R R® or R* is absent.

o NH O <‘~EN
H?N"I’LN*}& H,N N"E'S/ N}\
H HoOoH

[0153] At least two of R®™ R® R*™ and R¥ can be , ' ,

S N HN
| /\ E
NN /N?f ,
Ho , . of a protonated form thereof Two or three of R%, R?", R* and

G NH O N N "
HENJLN}\ HQNJE“N)L}f <:”;J\‘N’\ q}kw\ Q\f /Fié?,
H H R H Ho ’

R™ can be , , Of &

NH O

o
Hgmkﬁé\ HzN’iLﬁ)L?/

>

2¢

protonated form thereof ome of R*, R¥™, R¥ and R™ can be

i QA"
H H , H i )
o

HEN’J’LN"X

R® R* and R™ can be H o ora protonated form thereof, and the remaining of R™ R?,

, or a protonated form thereof. At least one of R™,

R* and R* can be guanidine or a protonated form thereof. At least two of R R® R* and R™

o
HzN”iLﬁ'x

be guanidine, or a protonated form thereof.

can be , or a protonated form thereof, and the remaining of R% R? R%° and R™ can
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o NH O Q‘N C”‘\EN
, ) HzN"ﬂ\N}\ Hy ’ELN'J‘Lf )\N’\ \N"L‘*N}\
[0154] All of R™ R® R* and R can be Ho H ,oHOoH H
HN |
.«‘N?f . %
, R , or a protonated form thereof At least o R% R, R¥™ and R™ can be

O
NP
H
guaninide or a protonated form thereof At least two R* R? R* and R groups can be
O

puanidine, or a protonated form thereof.

. or a protonated form thereof, and the remaining of R% R™, R* and R can be

, or a protonated form thereof, and the remaining of R*" R?® R* and R™ are

[0155] FEach of R* R R™ and R™ can independently be 2 3-diaminopropionic acid, 2,4-
diaminobutyric acid, the side chains of ormithine, lysine, methyllysine, dimethyllysine,
trimethyllysine, homo-lysine, serine, homo-serine, threonine, allo-threonine, lustiding, 1-

10 methylhistidine, 2-arminobutanedioic acid, aspartic acid, glutamue acid, or homo-glutamic acid.

L NH, CO,H
r’r'Y «:"\{7

3 / ‘ , .
[6156] AAsccan be ! or t , wherein t can be an integer from O to 5. AAsc
., COH
\/ . . - o
can be ! , wherein t can be an mteger from 0to 5 tcanbe 110 5 tis 2 or 3. t can be 2.

tcan be 3.
[8187] The AC described herein can be coupled to AAsc. In embodiments, a linker (L) couples
15  the AC to AAsc. In embodiments, a finker (L} is covalently bound to the backbone of the AC.
{0158] The AAsc can be a side chain of a residue of asparagine, glutamine, or
homoglutamine. The AAsc can be a side chain of a residue of glutamine. The cyclic
peptide can comprise a linker conjugated to the AAsc, &g, the residue of asparagine,

ghitamine, or homoghitamine.

20 [0159] R R and R' can each independently be 6- to 14-membered aryvi. B! R'® and R' can
be each independently a 6- to 14-membered heteroaryl having one or more hetercatoms selected
from N, O, or 8. R*® R’ and R'° can each be independently selected from phenyl, naphthyl,

anthracenyl, pyridyl, quinolyl, or isoquinolyl. R' R'® and R'® can each be independently selected

>
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from phenyl, naphthyl, or anthracenyl. R' R'™ and R' can each be independently phenyl or
naphthyl. R' R™ and R can each be independently selected pyridyl, quinolyl, or isoquinolyl.
[0168] Each n’ can independently be 1 or 2. Each n” can be 1. Each 0’ can be 2. At least one n’
can be 0. At least one v’ can be 1. At least one n” can be 2. At least one n” can be 3. At least one
5 n’ canbed Atleastonen’ canbe 5.
{#161] FEach n” can independenily be an integer from 1 to 3. Each n” can independently be 2 or 3.
Each n” can be 2. Each n” can be 3. At least one n” can be . At least onen” can be 1. Atleast one
7" can be 2. At least one n” ¢an be 3.
[8162] Each n” can independently be 1 or 2 and each 0’ can independently be 2 or 3. Each n” can
19 bel and each n’ can independently be 2 or 3. Eachn” canbe 1 and each n’ can be 2. Eachn” 15 1
and eachn’ 15 3.
{0163] The cCPP of Formula {(IY) can have the structure of Formula (-1}

Rgb*f—, 0O

i ae
in' aC
RQ?} o] p I
i N Neeee ] o
{ H
nf\EH HN

O“\:{ ji‘;np\“a

o
{m{\NH HN

(H-1),
wherein RY, R'® R R® R® R R™, AAsc.n” and n” are as defined herein,
15 [0164] The cCPP of Formula (11} can have the structure of Formula (Iia):

:

RQb
"“T} n' o

REC
REH @) P N ?;:‘,
(L"\R&-N N O
i 1)
. HN 3
O NH {

A
2
4
e
D

(Ifa),
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[0167]
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. P 1% o~ o 5 s 5 - .
wherein R' R R R R™ R™ R¥™ AAgc and v’ are as defined herein.

The ¢CPP of formula (I} can have the structure of Formula (b}

wherein R? R™® AAgqe and o are as defined herein.

The ¢CPP can have the structure of Formula (IThy:

HzN\ﬁNH

NH,
G \ﬁ}n l] Q}"'
HoN N:\)\_ &O
NH
2N %/ \1 {‘\;‘NJ&NHE
\ if\d,l\ /Lko
’ NH

(Ib),

= S .
\_/ Tie). o ; ated
{Ile), or a protonated form thereof,

wherein:

AAgcand n” are as defined herein.

The ¢CPP of Formula (Ha) has one of the following structures:
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i o \f‘nﬂ( 1-NH
HN NN NG N
{ ' . NH
B HN s
NN O ):\;N)L“NH

HuN._ N
Hy \_?{z 2 \{/ o) )
. NH,
o HN HN. ?» 2
Mwm Ry ! Bl 77
TRYARNNY HNT N G N Mo
{

> \/J\“/\NH

IJ/’\V/ jl
= =~ /==
v
HoN_ o
" FMNHZ
HE\S i O \(\’L{ e A
TR VARNAR NIV Y (P
(o H e
X N o
AN O AH \v(‘g\q AN
PN 7 S L
| HN
NH i
c%\_ai N aC
g g—— ]
W
\/{ (“‘“
\-J , wherein AAsc and n are as defined herein.

[0168] The cCPP of Formula (Iia) has one of the following structures:
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wherein AAse and n are as defined heretn

[8169] The cCPP of Formula {I1a} has one of the following structures:
NH

; ; o]
H:)_N\,i HN HZN\( W
A ¥ ¢ H

AR L e Yt g
AETEN WV T2 VAR VRV T G
| H ~ NH { H i N
i My n PR
A~ NH NH \
CA, L O fib
SN N NN o
HN . HN
-t f‘*N\\O 8¢ N
: N o)
~ & ~ &}
{\/) = k’y /‘T..L
\_/ N/
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NH .
N o i-.z'\iw?
Hi -NH, HN §?* NH,
HN\ . \ﬁ‘}ni % i '?""; FiN o NH
e P/ -
H,'\i}‘- (M';i N N rL }L (NH \§—4 f[[\ @
"\ LN \?’{ Lty i
(//{,\//f O:QI/ \L“\J.\j’i\NHZ P = i Oi}‘r \1 &"
N ' . AO Ay 0
NH HN J\“'/\NH

, OF
wherein AAsc and n are as defined heremn.

(0170}

HZNN{/NH
NH

NH
\\ ' QY HN NH
w \"“\,«\ ; 2
! N
NH HNAQ H/\EH

= NV
O~
\ 5
S
[0171]
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" i
;N‘ﬁa ! Nk
- ¢ - N
[ }O o . 0P 7
\E\/\L m/—wi{gi\i“i—;\ P y / oA
B NH /\L\\\\/\F‘-’\, P A ﬂ\l ‘é‘JH
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OO el s AN
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[8172] The cCPP can have the structure of Formula (1)

R 2 Ree
RZﬁ QO ( .—
i —N Nl P O
{ H a
P SH n
NH R
Q;:{ g2d

(1),
wherein:
3 AAgcis an anuno actd side chain;
R R™® and R are each independently a 6- to 14-membered aryl or a 6- to 14-
membered heteroaryl;

NH O

G
HzN"jL"N‘X H,N "‘H\ )L?’ <;’L*N?\
R and R are each independently H, Ho .

E"”{\ N HN E
i
\N”J\E\l}& ,.«N?f
o , , or a protonated form thereof;

10 R? and R™ are each independently guanidine or a protonated form thereof,
each n” is mdependently an integer from 1 1o 3;
each n’ is mdependently an integer from 1 10 5; and

each p’ 18 mdependently an mteger from 0 10 5.
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{01731 The AC described herein can be coupled to an AAgsc. A linker can couple the AC to AAsc.
The linker can be covalently bound {0 the backbone of the AC, the S” end of the AC, or the 3" end
of the AC.

[0174] The cCPP of Formula (III) can have the structure of Formala (II-1):

R0 ”
o T 2 26
24 -
3 o e
{ H
Pl HN gy "
o L
. (R} G
{ﬂ“@JS‘NH KN

51 2
R O%\&_S ) Nﬁ(“"‘fe\sc

5 (-1,
wherein
AAse, R R RE R%™ R¥ R® R¥w’, n”, and p” are as defined herein.
[8875] The ¢UPP of Formula (III) can have the structure of Formula (Hia}:

R ,
o P R2¢

2 O
i nGs N Plo
( H
5 P

(IT1a),
10 wherein:
AAsc, R R® R® R™y’ 07 and p’ are as defined herein.
[6176] In Formulas (1L}, (1L-1}, and (Ifa}, R® and R® can be H. R? and R® can be H and R” and R
can each independently be guanidine or protonated form thereof. R can be H. R" can be H. p’ can
be 0. R*and R* can be H and each p” can be C.
15 {0177} In Formulas (1), (111-1), and (ilia), R® and R® can be H, R® and R® can each independently

be guanidine or protonated form thereof, n” can be 2 or 3, and each p’ can be 0.
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[0178] pcanO pcanl. pcanZ. p can3 p’ cand p canbe S

[8179] The cCPP can have the structure:

NH

HzN\i
H

5 |0188] The cCPP of Formula (A} can be selected from:

PP Sequence
{(FIORR Q)
{FreCitr-Cit-r(Q)
(FERGrGr(Q)
{FIFGRGRO)
{(FGFGRGROY)
{(GIFGrGrQ)
(FGFGRRRQ)
(FGFRRRRQ)

[0181] The cCPP of Formula {A} can be selected from:

PP Sequence
FBRRRR{
fORrRrQ
FIORRrQ
FEOCi-r-Cit-r ()
FERGrGr()
FIORGRGQ
FIFGRGRQ
FGFGRGRQ
GIFGrGr (3
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FGFGRRRQ

FGFRRRRO

[6182] In embodiments, the ¢CPP 15 selected from:

CFPP sequence | CPP sequence PP sequence
F®RRRG RRFR®RG FORRRROK
F®RRRC FRRRR®( FO®RRRRQC
F@RRRU fRER®BRQ fORRRG
RRR&FG RREFRRGQ F@RRRRR(
RRRR®OF CRRRRFWQ RRRREFDOQC
F®RRRR FFERRrQ F®RRR
F¢rReRqg FFORRRRQ FWRRR
ForRrRQ RFRFR®RQ RRR®F
F@RRRR{ URRRRFW{( RRRWF
fORRrQ CRRRRFW(

& = | -naphthylalanine; ¢ = D-naphthylalanine;Q = L-norleucine

5 [0183] In embodiments, the cCPP 15 not selected from:

CPP sequence | CPP sequence | CPP sequence
FGRRRG RRFR®RG FHRRRROK
F@RRRC FRRRR®( FBRRRROC
F@RRRU fRFRORQ fBRRRQ
RRR®FG RR®FRR{ FBRRRRRO
RRRROF CRRRRFWQ | RRRRBFDOQC
FérRrRg FF®RRRRQ | FWRRR
ForRrROQ RFRFR®R(O | RRR®F
F&RRRRQ URRRRFW | RRRWF
fORRrQ CRRRRFW(Q

@ = L-naphthylalanine; ¢ = D-naphthylalanine; Q = L-norleacine

[6184] The cCPP can comprise the structure of Formula (D}
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or a protonated form thereof,
wherein:
Ry, Ry, and Ra can each independently be H or an amine acid residue having a side chain
5 comprising an aromatic group;
at least one of Ry, Ry, and Ry is an aromatic or heteroaromatic side chain of an amino
acid;
Ry and R are independently H or an amino acid side chain;
AAsc 1s an amino acid side chain;
O

HN’ﬂ\g

o
S My
HN_O e O L N
2! ~g N- o s
NH, H —S
i N e LT Nk
\jm H ) o

10
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[6185]

each m is mndependently an integer 0, 1, 2, or 3, and
each n1s independently an integer 0, 1, 2, or 3.

The cCPP of Formula (I3} can have the structure of Formula (D-1):

NH
i'izNJ(Na-f

i/
N Ry © &
:ﬁ o ?Jf\ I
f N o}
mNH H \}/AASC
Q
g

Y

R o
e 0
N
o H §
.= \/L&
I b
z (D-1)
or a protonated form thereof)

wherein:

Ry, Ry, and Ry can each independently be H or an amino acid residue having a side chain

COMPIiSING an aromatic group;

10 acd;

15
[0186]

Y is

at least one of Ry, Ry, and K3 is an aromatic or heteroaromatic side chain of an amino

R4 and Re are independently H or an amino acid side cham;

AAgc is an amino acid side chain;

gis 1,2, 3or4;

each m is independently an integer 0, 1, 2, or 3, and

O

HN/ng
P

The ¢CPP of Formula (3} can have the structure of Formala (D-11):
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N
HoN \iNH R, O )
H o lLN "o
/ NH
g H H?‘\i Ahge
o X T
4 Y

R O
e
G H

N R Ak,
O)\gz > (D-11)

or a protonated form thereof,
wherein:
Ry, Ry, and Ra can each independently be H or an amine acid residue having a side chain
5 comprising an aromatic group;
at least one of Ry, Ry, and Ry is an aromatic or heteroaromatic side chain of an amino
acid;
Ry and Rs are independently H or an amino acid side chain;
AAsc 1s an amino acid side chain;
10 qis 1, 2,3 or4
each m is independently an wnteger 0, 1, 2, or 3,
each n 1s independently an integer 0, 1, 2, or 3, and
g O

Hbg]; ), HeN \f’,/o

Yis o ’Wgé.

15 [0187] The ¢CPP of Formula (3} can have the structure of Formula (B-11).
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2 (-1
or a protonated form thereof,
wherein:
Ry, Ry, and Rz can each independently be H or an aming acid residue having a side chain
5 comprising an aromatic group;
at least one of Ry, Ry, and Ry is an aromatic or heteroaromatic side chain of an amino
acid;
Ry and Rs are independently H or an amino acid side chain;
AAsc 1s an amino acid side chain;
10 qis 1, 2,3 or4
each m is independently an wnteger 0, 1, 2, or 3,

each n 1s independently an integer 0, 1, 2, or 3, and

o s N
A /_Qx M
o e P

¥

Y is P
[6188] The ¢CPP of Formula (D) can have the structure of Formula (D-1V):
15 [0189]
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or a protonated form thereof,

whersin:

Ry, Ry, and Ra can each independently be H or an amine acid residue having a side chain

5 comprising an aromatic group;

at least one of Ry, Ry, and Ry is an aromatic or heteroaromatic side chain of an amino
acid;
Ry and R are independently H or an amino acid side chain;
AAsc 1s an amino acid side chain;
10 qis 1, 2,3 or4

each m is independently an integer 0, 1, 2, or 3, and
O
HN L

:
jos

Y is N,

[6198] The ¢CPP of Formula (I3} can have the structure of Formula (B-V):
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N
HoN \iNH R, O )
H o lLN "o
/ NH
g H H?‘\i Ahge
o X T
4 Y

R O
e
G H

—~NH \‘/’k&
(g/‘\gz ° {D-V)

or a protonated form thereof,
wherein:
Ry, Ry, and Ra can each independently be H or an amine acid residue having a side chain
5 comprising an aromatic group;
at least one of Ry, Ry, and Ry is an aromatic or heteroaromatic side chain of an amino
acid;
Ry and Rs are independently H or an amino acid side chain;
AAsc 1s an amino acid side chain;
10 qis 1, 2,3 or4
each m is independently an integer 0, 1, 2, or 3, and
H.N_ O

gy s ‘:_,LL
o, \“ﬂ\fg

[#191]  AAsc can be conjugated to a hinker.

Y is

Linker
15 [0192] The ¢CPP of the disclosure can be conjugated to a linker. The linker can link an AC to the
cCPP. The linker can be attached to the side chain of an amino acid of the ¢cCPP, and the AC can
be attached at a suitable position on linker.
[0193] The linker can be any appropriate moiety which can conjugate a ¢CPP to one or more
additional moteties, e.g., an exocyelic peptide (EP) and/or an AC. Prior to conjugation to the ¢CPP

20 and one or more additional moteties, the linker has two or more functional groups, each of which
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are independently capable of forming a covalent bond to the ¢CUPP and one or more additional
moiteties. The linker can be covalently bound to the 5" end of the AC or the 3" end of the AC. The
linker can be covalently bound to the 5' end of the AC. The linker can be covalently bound to the
3" end of the AC. The linker can be any appropriate motety which conjugates a cCPP described
herein to an AC.

[0194]  The linker can comprise hydrocarbon linker.

{0195}  The linker can comprise a cleavage site. The cleavage site can be a disulfide, or caspase-
cleavage site {e.g, Val-Cit-PABC).

[8196] The linker can comprise: (i} one or more £ or L amino acids, each of which is optionally
substituted; (i1} optionally substituted alkylene; (i) optionally substituted alkenylene; (iv)
optionally substituted alkynylene; (v} optionally substituted carbocyelyl; (vi) optionally
substituted heterocyclyl; {vii) one or more -(RVE-R*)Z’- subunits, wherein each of R and R?, at
each instance, are independently selected from alkvlene, alkenylene, alkynylene, carbocyclyl, and
heteracyclyl, each I is independently C, NR®, -NR*C(Q}-, S, and O, wherein R* is independently
selected from H, alkyl, alkenyl, alkyuyl, carbocyclyl, and beterocyelyl, each of which is optionally
substituted, and 2 is an integer from 1 to SO; (viii} (R Dz~ or -(J-R)z”- , wherein each of R}, at
each instance, is independently alkylene, alkenylene, alkynvlene, carbocyelyl, or heterccyclvl,
each T is independently C, NR®, -NR'C(0}-, §, or O, wherein R* 15 H, alkyl, alkenyl, alkynyl,
carbocyelyl, or heterocycelyl, each of which 15 optionally substituted, and 27 1s an integer from 1 to
50; or {1x) the honker can comprise one or more of (i) through (x).

[0197] The linker can comprise one or more D or L amino acids and/or (RVI-RHZ’-, wherein
each of Rland R, at each instance, are independently alkylene, each J is independently C, NR?, -
NRC(0)-, 8, and O, wherein R* is independently selected from H and alkyl, and 27 15 an integer
from 1 to 5O; or combinations thereof.

[#198] The linker can comprise a {OCH;CHn - {e.g., a3 a spacer), wherein 2 13 an integer from
1t023, e, 2 3,45 6 7.8, 9 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23. “
{OCH2CH?} 2° can also be referred to as polvethylene glycol (PEG).

[8199] The linker can comprise one or more aming acids. The linker can comprise a peptide. The
Hiuker can comprise 3 ~{OQCH;CHa)z-, wherein 27 1s an integer from 1 to 23, and a peptide . The

peptide can comprise from 2 to 10 amuino acids. The linker can further comprise a functional group

60



WO 2023/034817 PCT/US2022/075691

(F(3) capable of reacting through chick chemistry. FG can be an azide or alkyne, and a triazole 1s
formed when the AL s conjugated to the hinker.

[6200] The linker can comprise (i) a P alanine residue and lysine residue; (it} -(J-R')2”, or (ii) a
combination thereof. Fach R’ can independently be alkylene, alkenylene, alkynylene, carbocyelyl,
5 or heterocyclyl, each J is independently C, NR®, -NR’C(O)-, S, or O, wherein R’ is H, alkvl,
alkenyl, atkynyl, carbocyclyl, or heterocyclyl, each of which is optionally substituted, and z” can

be an integer from 1 to 50. Each R' can be alkylene and each J can be .
[8201] The linker can comprise (i) residues of B-alanine, glycine, lysine, 4-aminobutyric acid, 5-
aminopentanoic acid, 6-aminochexanoic acid or combinations thereof: and (i) {(R" Nz~ or -(J-
10 RYZ”. Fach R' can independently be alkylene, alkenylene, alkynylene, carbocyelyi, or
heterocycelyl, each 1 is independently C, NR®, -NR’C(O}-, S, or O, wherein R® is H, alkyl, alkenyl,
alkynyl carbocyelyl or heterocyclyl, each of which is optionally substituted, and z” can be an
integer from 1 to 50. Fach R’ can be alkylene and each J can be O. The linker can comprise glycine,
beta-alanine, 4-aminobutyric acid, S-aminopenianoic acid, 6G-aminohexancic acid, or a

15 combination thereof

oy

Al

1??.‘,51 ﬁ)\gc?f

5

[6202] The linker can be a trivalent linker. The hinker can have the structure:

S wne

A1 ’&1 A‘
ZHN/XC‘I}‘S "*{B‘g‘KgOZ ZHN/'E/OZ
, , OF , wi

be a hydrocarbon hinker {e.g,, NRH-{CH;),-COQOH)}, a PEG hinker (e g, NRH-(CH2(0},:-COOH,

herein Ay, By, and Gy, can independently

wherein R 13 H, methyl or ethyl} or one or roore amino acid residue, and £ 1s mdependently a
20 protecting group. The linker can also incorporate a cleavage site, including a disulfide [NHa-
{CHO)o-S-S-(CH(),-COOH], or caspase-cleavage site (Val-Cit-PABC).
[8203] The hydrocarbon can be a residue of glycine or beta-alanine.
[8204] The linker can be bivalent and link the ¢CPP 1o an AC. The linker can be bivalent and link
the cCPP to an exocyclic peptide (EP).
25 {02058] The linker can be trivalent and link the ¢cCPP to an AC and to an EP.
[8206] The linker can be a bivalent or trivalent C-Uso alkylene, wherein 1-25 methylene groups

are optionally and independently replaced by -N{H)}-, -N(Ci-Cy alkyl)-, -N{cyeloalkyi}-, -O-, -
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C(O}-, ~C{OY0-, -8-, -S(O)-~, -S(O)z-, -S{ORN{C1-Cs alkyly-, -S{OnN{cycloalkyh)-, -NHHC(O)-, -
N(Ci-Ce  alkyDC(O3-,  ~NicycloalkyHC(O)-,  -C{OWNH)~, -CON(Ci-Cy  alkyl), -
C(O}N(cycloalkyl}, aryl, heterocyelyl, heteroaryl, cycloalkyl, or cycloalkenyl. The linker can be
a bivalent or trivalent Ci-Cse alkvlene, wherein 1-25 methylene groups are optionally and
5 independently replaced by -N(H})-, -0, -C{OIN({H}-, or a combination thereof

{68207 The AC can be coupled io the glutamic acid of the cyclic peptide, which converts the
glutamic acid to glutamine. The linker (L} can couple the AC to the glutanune/glutamic acid of
the cyclic peptide. In embodiments, a linker (L} is covalently bound to the backbone of the AC,

[8208] The linker can have the structure:

10 , wherein: each AA is independently an amino acid residue; *
is the point of attachment to the AAsc, and AAgc is side chain of an amino acid residue of the
cCPP ; x is an integer from 1-10; v 15 an integer from 1-5; and z 1s an mteger from 1-10. x can be
an integer from 1-5. x can be an integer from 1-3. x can be 1. v can be an integer from 2-4. y can
be 4. z can be an integer from 1-5. z can be an integer from 1-3. z can be 1. Fach AA can

15 dependently be selected from glveine, B-alanine, 4-anunobutyric acid, S-aminopentanoic acid,
and G-aminshexanoic acid.

[8209] The cCPP can be attached to the AC through a linker (“L”}. The linker can be conjugated
to the AC through a bonding group ("M},

[0218] The linker can have the structure:

20 , wherein: X is an integer from 1-10; y is an integer from -
S; z 15 an mteger from 1-10; each AA 15 independently an amino acid residue; * 1s the poing of
attachment to the AAse, and AAse 18 side ¢hain of an amino acid residus of the ¢CPP; and M is
a bondimg group defived herein.

[8211] The linker can have the structure:
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f\i\i \/’\Qf’ N\)\N, {/ \/;}\Q/\\fM\
Y o

(CHz)y

wherein: X7 is an integer from 1-23; y 13 an integer from 1-5; 27 15 an integer from 1-23; *
is the point of attachment to the AAgc, and AAgc 1s 8 side chain of an amino acid residue of the
¢CPP; and M 15 a bonding group defined herein.

5 [0212] The hinker can have the structure:

I_,if

: O\/’#\ /\2/ \/JJ\N/\%O\/"}\(;}/‘\/&Q

(C«H ")v

wherein: x” is an integer from 1-23; y 15 an integer from 1-5; and 2’ 1s an integer from 1-
23; * is the point of attachment to the AAsc, and AAsc 1s a side chain of an amino acid residue of

the cCPP.

[
o)

[6213] x can bean integer from 1-10, ee..1,2,3, 4, 5, 6,7, 8, 9, or 10, inclusive of all ranges and
subranges therebetween.

[6214] x° can be an mteger from 1-23,e0.,1,2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, or 23, inclusive of all ranges and subranges therebetween. x° can be an integer
from 5-15. x* can be an integer from 9-13. X’ can be an integer from 1-5. X’ can be 1.

15 [8215] vy can be an mteger from 1-5, eg, 1, 2, 3, 4, or 5, melusive of all ranges and subranges
therebetween. v can be an integer from 2-5. v can be an integer from 3-5. y canbe 3 or 4. v can be
dor8 yveanbe3 yveanbed ycanbe S

[8216] =z can beaninteger from 1-10, 68,1, 2,3, 4, 5,6, 7, §, 9, or 10, inclusive of all ranges and
subranges therebetween.

20 {82171 2 can be an mteger from 123, eg, 1,2, 3,4, 5,6, 7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, or 23, inclusive of all ranges and subranges therebetween. 2z’ can be an integer
from 5-15. 2 can be an nteger from 9-13. 2" can be 11

[B218] As discussed above, the hinker or M {wherein M is part of the linker) can be covalently

bound to AC at any suitable location on the AC. The linker or M (wherein M is part of the linker}
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can be covalently bound to the 3" end of the AC or the 5' end of the AC. The linker or M {wherein
M 1s part of the linker) can be covalently bound to the backbone of an AC.

(02191 The hinker can be bound to the side chain of aspartic acid, glutamic acid, ghitamine,
asparagine, or lysine, or a modified side chain of glutamine or asparagine (e.g., a reduced side
chain having an amino group), on the cCUPP. The linker can be bound to the side chain of lysine
o the cCPP.

[8228] The linker can have a structure:

HN'M}»‘
Ao

Er—AASS'"“(AAx)p\N NH,

Y

s

wherein
M is a group that conjugates L to an AC,
AA s a side chain or terminus of an amino acid on the cCPP;
each AA, is independently an amino acid residue;
o is an integer from O to 16; and
p is an integer from Oto S

{8221} The linker can have a structure:

wherein
M is a group that conjugates L to an AC,
AAsgis a side chain or terminus of an amino acid on the ¢cUPP,;
each AA, 15 independently an amino acid residue;
o is an integer from O to 10; and
p is an integer from O to 5.
(62221 M can comprise an alkylene, alkenylene, alkynyvlene, carbocyclyl, or heterocyelyl, each of

which s optionally substituted. M can be selected from:
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, wherein R 15 alkyl, alkenyl, alkynyl, carbocycelyl, ot heterocyelyl.

S {82231 M can be selected from:

. and
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wheretn: R1® is alkylene, cycloalkyl, or , wherein a is 0 1o 10,

o
%"’\)XT R10 © ©

el A 2% Y

[0224] Mcanbe . R can be ,andais Oto 10 M can be .
Q
O
N

[6225] M can be a heterobifunctional crosslinker, eg., , which is

(V]

meorporated herein by reference its entirety.

[0226] M can be -C{O)-.

disclosed in Williams et al. Cuwrr. Profoc Nucleic Acid Chem. 2010, 42, 4.41.1-4.41.20,

62271  AAscan be a side chain ot ternunus of an anuno acid on the ¢CPP. Non-hmiting examples

of AA; mclude aspartic acid, glutamic acid, glutanune, asparagine, or lysine, or a modified side

10 chain of glutamine or asparagine (e g, a reduced side chain having an amino group). AAg can be

an AAsgcas defined herein.

[8228] Each AAx i1s independently a vatural or non-natural amino acid. One or more AA« can be

a patural amino acid. One or more AAg can be a non-natural amino actd. One or more AAx can be

a B-amino acid. The B-amino acid can be P-alanine.

15 [6229] ocanbeaninteger from0to10,eg,0,1,2,3,4,5,6,7.8 9, and 10 ocanbe( 1,2, or

3.0ocanbe(. occanbel occanbe 2 ocanbe 3.

[6230] pcanbe0t0S,egp.0, 1,2, 3,4 orS pcanbel. pcanbel pcanbe? pcanbe3 pcan

bed pcaohbel

[8231] The hinker can have the structure:
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o
HN’M‘fR? ----- JRZ}QME
A "

Z
; Q
boang LN,

HN_ O
H

wherein M, AAg, each {(RVI-RY)z-, 0 and z” are defined herein; r can be O or 1.
[6232] rcanbeO rcanbel

S5 102331 The linker can have the structure:

& 5
HNMGWE\N.“M ..... g
QJ p e
Ao

%“AASNN N
Y
HaN

o}
H P
i
oty
zn H

wherein each of M, AAq, 0, p, g, rand 27 can be as defined heremn.

or

[0234] 2" canbeanintegerfrom 11050, eg,1,2,3, 4, 5,6,7,8 9 10, 11,12, 13, 14, 15,16, 17

10 18, 19,20, 21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,

44, 45, 46,47 48, 49, and 50, mclusive of all ranges and values therebetween. 27 can be an integer

from 5-20. 27 can be an integer from 10-15.

[6235] The hinker can have the structure:
HN"M\;"
e
.
H s

i5 wherein:

M, AA; and o are as defined heremn.
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[8236] Other non-limiting examples of suitable linkers include:

H

O
M
HNJ\\AI b4 0 2
AAS Ahs
j , b\m/\\/ﬂ\m)‘& ‘ E’\N{/\\_/Oi}{/\ﬁ*/\gfmxf"

I

Ads. A N2
Y

M, o Q
L /\I 7 : AAS\N/\/LLME)‘ AAS"‘&%\\”O&?AEJ&/\@/M?

Abs._y AN

T

AAS y Ahs
\ﬁ{wowm\/ﬁm\f, | \g{/\v.a4 M?{
P

O O M
AAS
N /‘\/O\/’\Q/\/ O\//\O/\)L N /\\/Qv’\()/\\/ O\/"\O/\\/I‘L N /‘\\/‘\}O
H H

H
O M}E

s
\N”\\/O\/\O/\\/Q\/’\Q/\/L\Eﬁmﬂ
H

AAS\Q%‘,\/’.QWO\M}% 7 AAS\;E‘{/\VO%/KO\M’EK

AAs
S N /\‘v’o\\/"\\ox\/ QV,\YO
M

AAS\&{’N\\/OWO\M’}E H
' Y

AA
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Ahls

and
" . o
.»i N . e, i\g o~ i{\ %
HN E\,\f N U% ?\ﬂ ot »\:M S g -y
. 0
™
Afs. Al N
4 ‘§
¥ i
P
5 wherein M and AA; are as defined herein.

2371 Provided herein is a compound comprising a ¢CPP and an AC that is complementary to a
p P g p

target 10 a pre-mRNA sequence further comprising 1., wherein the hinker 15 conjugated to the AC

L
5 }ff

[8238] Provided herein is a compound comprising a ¢CPP and an antisense compound {AC), for

through a honding group (M), wherein M 1s
10 example, an antisense oligonucleotide, that 15 complementary to a target 1n a pre-mRNA sequence,

wherein the compound further comprises L, wherein the linker 1s conjugated to the AC through a

bonding group (M), wherein M 1s selected from:

69



5

WO 2023/034817

,and

; wherein: R! 1s alkylene, cycloalkyl, or
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wherein £ 1s 0 to 10 wherein each R is independently an alkyl, alkenyl, alkynyl, carbocyelyl, or

heterocyclyl, wheremn R’ is

[0239]

Y
Oz
N

C i

&
AN
\n

)

LS C UL N ¢
Pl
Q

>

A

Y

& s
cand 18 2.

The linker can have the struciure:

wherein AA; 1s as defined heremn, and m’ 1s 0-10.

(0240

The linker can be of the formula:
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;\NH

C
H H
‘z?{N\/\O/\\/O\/ﬂ\ﬁ N\/{\O/\}:?\/\g)\
O

Base\.«/\m/u\/\o%\fo}\/\a\r&o
(:‘ it H

[8241] The linker can be of the formula: = , wherein
“base” corresponds to a nuclecbase at the 37 end of a phosphorodiamidate morpholing oligomer.
[0242] The linker can be of the formula:

Base

0)\
cbl
HoN

O AR
J “%H%«\oww/%
R

, wheren

~0

“base” corresponds to a nuclecbase at the 37 end of a phosphorodianmidate morpholinge oligomer.

[8243] The linker can be of the formula:
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'\O .

4 s

N

L, M\ NH)L\/\Q/\/O\/\WL\()
sy

HN-Y,

“base” corresponds to a nucleobase at the 37 end of a cargo phosphorodiamidate mospholino

, wherein

oligomer.
o e
Bﬂse\TAN/[k/\o{/\Vfo%(\ﬁfi\go
C)\f
{8244] The linker can be of the formula: = , wherein

“base” corresponds to a mucleobase at the 37 end of a cargo phosphorodiamidate morpholino
oligomer,

[62458] The linker can be of the formula:

Base

\W ¢
_E_O;—/ 4% Q7
A
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[0246] The linker can be covalently bound to a cargo at any suitable location on the AC. The linker

15 covalently bound to the 3" end of cargo or the § end of an AC. The linker can be covalently
bound to the backbone of an AC.

{8247} The linker can be bound to the side chamn of aspartic acid, glutamic acid, glutamine,

5 asparagine, or lysine, or a modified side chain of ghitamine or asparaging {e.g., a reduced side

chain having an amino group), on the cCPP. The hinker can be bound to the side chain of lysine on

the cCPP.

cCPP-finker conjugates
[8248] The cCPP can be conjugated to a linker defined herein. The linker can be conjugated to an
10 AAsc of the cCPP as defined herein.
[8249] The linker can comprise a -(OCH>CHy)o- subunit (e g., as a spacer), wherein z’ is an integer
from1023,ep,1,2,3,4,5,6,7,8,9 10, 11,12, 13,14, 15,16, 17, 18, 19, 20, 21, 22 or 23. **-
(OCH2CHs}» s also referred to as PEG. The ¢CPP-linker conjugate can have a structure selected

from Table 4;

Table 4: cCPP-finker conjugates

=
¥4

evelo(Ff@-dgp-r-dgp-rQ)y-PEG-K-NH:
evelo(FER-Cit-1-Cit-rQ)-PEGs-K-NH;
evelo(Ff@-Pia-r-Pia-1(33-PEG-K-NH;
evelo(FfO-Dml-r-Dml -rQ)-PEG-K-NH;
evelo(FFO-Cit-r-Cit-rQ)-PEGH-0H
evelo(FOR-Cit-R-Cit-Q3)-PEG1-OH
[8258] The linker can comprise a -{OCHCH» )~ subunit, wherein 27 is an integer from 1 to 23,

and a peptide subunit. The peptide subunit can comprise from 2 to 10 amino acids. The cCPP-

iinker conjugate can have a structure selected from Table &

Table 3: Kndosomal Escape Vehicle (cCPP-Iinker conjugate)

Ac-PKKERKV-Lys{eyclofFf®B-Ror-Cit-rQD-PEG-K(N3; }-NH;
Ac-PKKERKV-Lys{cvclofFf®-Cit-r-R-rQ-PEG - K(Ns }-NH;
Ac-PKKERKV-K{cyclo(FfOR-cit-R-cit-Q))-PEG1:-K{(N3 }-NH;
Ac-PKKERKV-PEG2-Lystcyclo[Ff®-Cit-r-Cit-rQ])-B-k{N;3)-NH;
Ac-PKKEKRKV-PEG2-Lys{cyclo[Ff®-Cit-r-Cit-rQ)-PEG2-k(N3)-NH;
Ac-PKKERKV-PEG2-Lys{cyclofFf®-Cit-r-Cit-rQ1)-PEGE- k(N )}-NH;
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Ac-PKKERKYV-Lys(eyclo[Ffd-Cit-r-Cit-rQ])-PEG1 2-k(N3)-NH,
Ac-pkikkrkv-PEG2-Lys{cvelo[FIB-Cit-r-Cit-rQ-PEGI 2-k{N3}-NH:
Ac-rrv-PEGZ-Lys{cyclo[Ff®-Cit-r-Cit-rG])-PEGI2-OH
Ac-PKKEKRKV-PEG2-Lys(cyelo[FF®-Cit-r-Cit-r-Q1)-PEG1 2-k(N3)-NH;
Ac-PEKKK-Cit-KV-PEGZ-Lys{cyclo{ FI®-Cit-r-Cit-r-QD-PEGT 2-k(N3)-NH;
Ac-PEKKKRKV-PEG2-Lys(cyclo{ FI@-Cit-r-Cit-r-Q-PEGI1 2-K(Ns }-NH;

[0251] The oCPP-linker conjugate can be Ac-PKEKRKV-K{cyclo[FIOGrGrQ)-PEGI2-K{N3)-
NH,

[8252] EEVs comprising a cyclic cell penetrating peptide {cCPP), linker and exocyclic peptide

5 {EP)are provided. An EEV can comprise the structure of Formula (B):

E}?\ { X ’
,\g,»’\ \J\Q e l(} e b
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(B), or a protonated form thereof]
wherein:
Ri, Ry, and R; are each independently H or an aromatic or hetercaromatic side chain of

an amino acid;

(4

Ry and Re are independently H or an amino acid side chain;
EP s an exocyclic pepude as defined herein;
each m 15 independently an integer from 0-3;
n is an integer from 0-2;
¥’ 18 an integer from 1-20;
10 v is an integer from 1-5;
qis 1-4; and
z’ 15 an integer from 1-23.
[8283] Ri Ro, Rz, Ry, R, EP, my, q, v, X7, 27 are as described herein
[0254] ncanbeO ncanbel ncanbe 2

IS {82851 The EEV can comprise the structure of Formula (B-a) or (B-b):
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(B-a),

MM
Mol ~~\‘,{""

MM

{B-b}, or a protonated form
thereof, wherein EP, RY, R R, R* m and 2 are as defined above in Formula (B).

5 [0256] The EEV can comprises the structure of Formula (B-¢):
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or a protonated form thereof, wherein EP, R, R%, R, R*, and m are as defined above in
Formula (B}, AA 1s an amino acid as defined herein; M 15 as defined herein; n is an integer from
0-2; x s an integer from 1-10; v is an integer from 1-3; and z 15 an integer from 1-10.

[8257] Thehe EEV can have the structure of Formula (B-1), (B-2), (B-3), or (B-4)
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(B-4)

or a protonaied form thereof, wherein EP 15 as defined above in Formula (B).
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[0258] The EEV can comprise Formula (B) and can have the structure: Ac-PKKKREV-AEEA-
K{cyclofFGFGRGRQ]-PEGH-OH or Ac-PKKKRKV-ABEA-K{cyclo] GIFGrGrQ-PEG12-CH.
[0259] The BEEVY can comprise a ¢cCPP of formula:
NH,

HN
N-NH,

H
NN if )
‘\2:0
HN/(“\{

’b) OH

5 (02681 The EEV can comprise formular Ac-PKEKRKV-mnmPEGR-Lys{cyclo{FIFGRGROQ)-
mimiPEG2-K(N3).
[8261] The EEV can be:

HN__NH
N,

- '\ N
\leo °
, 1

o Y, f\\,/\r /\ o ,lL . e

(o
H
N
T [\,/\} N N N N e e o S T NN 1 \/\-/\ N
:\
d ] o \\m
“ ’ ¢ I )
i [ Y i ) 7

N, it N, NH

[0262] The EEV can be: Ac-PKKKRKV-K{cyclo(Ff-Nal-GrGrQ)-PEG;-K(N:)-NH,.
10 [0263] The EEV can be

80



5

WO 2023/034817 PCT/US2022/075691

i H H
A “~
. ]

\1

N-.'

L © g 0 )
N /lL NG \g/N\@/lLN’/\V’O%/A\OT\\ /LL”OH
: Z H 1

)/__h{f"\ /\LN g C:\w

i ) B
D‘\\i/ HN\
3]
Lo
\ Vi

- 58

ol G

[6264] The EEV can be Ac-P-K(Tfa)-K(Tfa)-K{Th)-R-K{Tfa)-V-AEEA-K{cyc/o(F{-Nal-
GrGrQ)-PEG1:-OH or Ac-P-K{(THa)-K(Tfa)-K{Tfa)-R-K(Tfa}-V-AEEA-K{cyclo{ FGFGRGR(}-
PEGy-OH.

{62657 The EEV can be
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[0266] The EEV can be Ac-PRKKREV-mimiPEG-K{cyclo(Ff-Nal-GrGrQ)-PEG12-OH.
{62677 The EEV can be

[6268] The EEV can be
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[0269] The EEV can be

[0270] The EEV can be

B YA
%} ()
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[8271] The EEV can be
Ny

NH,, N, NH,
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[8272] The EEV can be

HN__NH
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{6273] The EEV can be:
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[8274] The EEV can be

[8275] The EEV can be
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[0276] The EEV can be

N, Rk, NH,
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5 182777 The BEEV can be
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[6278] The EEVY can be selected from

Ac-rr-miniPEG2-Dapleyvelo(FIO-Cit-r-Cit-rQY|-PEG1 2-0H
Ac-frr-PEG2-Dap(cyclo{FfO-Cit-r-Cit-rQ)-PEG12-OH
Ac-tfr-PEG2-Dap{cyclo(Ff3-Cit-r-Citr())-PEG1 2-0H
Ac-rbtbr-PEG2-Dap{cyclof FfB-Ci-r-Cit-rQ))-PEGI 2-0H
Ac-rrr-PEGZ-Dap{ cyclo(Ff@-Citr-Cit-rQ))-PEG1 2-OH
Ac-rbr-PEG2-Dap{cyclo( FIP-Cit-r-Cit-r(3)}-PEGI 2-OH
Ac-tbhrbr-PEG2-Dap{cy clo{ Ff@-Cit-r-Cit-r(3})-PEG12-0H
Ac-hh-PEG2-Dap(cyclo(Ff®-Cit-r-Cit-rQ))-PEG12-OH
Ac-hbh-PEGZ-Dap{cyclo(FIO-Cit-r-Cit-rQ)-PEG1 2-OH
Ac-hbhbh-PEG2-Dap{cyclo{ FQ-Cit-r-Cut-rQ)-FEG1 2-0OH
Ac-rbhbh-PEG2-Dap{eyclo{FfB-Cit-r-Cit-r(3))-PEG1 2-0H
Ac-hbrbh-PEG2-Dap(cyelo(Ff@-Cit-r-Cit-rQ))-PEGI 2-0H
Ac-rr-Bap(cyclofF{@-Cit-r-Cii-r3))-b-OH
Ac-fri-Dap(eyclo(Ff®-Cit-r-Cit-rQ})-b-OH
Ac-rte-Dap(cyclo( F{@-Cit-r-Cit-r(3))-b-OH
Ac-rbtbe-Dap{cycla(F@-Cit-r-Cit-r(3)}-b-0H
Ac-rrr-Dap{cy clo{ Ff®-Cit-r-Cit-r(3) )-b-OH
Ac-rbr-Dap(cyclo{ FfB-Cit-r-Cit-rQ))-b-OH

Ac-tbrbr-Dap{ cyclo(FF@-Cit-r-Cit-rQ))-b-OH
Ac-hh-Dap{cyclo(Ff@-Cit-r-Cit-r(3)}-b-OH
Ac-hbh-Bap{cyclo(Ff@-Cit-r-Cii-r(3)}-b-OH
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Ac-hbbbh-Dap{cyclo(Fi®-Cit-r-Cit-r(Q))-b-OH

Ac~rbhbh-Dap{cyclo{ FfP-Cit-r-Cit-r(3)3-b-OH
Ac-hbrbh-Dap{cyclo(Ff@-Cit-r-Cit-rQ))-b-OH
Ac-KKKK-minPEGZ-Lys(cyclo(Ff-Nal-GrGrQ))-mini PEGZ-K{N3}-NH2
Ac-KGKE-mniPEG2-Lys(eyclo(FE-Nal-GrGrO))-minPEG2-K(N3)}-NH2
Ac-KKGK-mmiPEG2-Lys{eyclo(Ff-Nal-GrGrQ}}-miniPEG2-K{N3)-NH2
Ac-KEKE-mimPEG2-Lys{eyclo(FE-Nal-GrGrQ ) -muniPEG2-K(N3)-NH2
Ac-KK-mimPEG2-Lys{cyclo(Ff-Nal-GrGrQ))-miniPEG2-K(N3)-NH2
Ac-KGK-minnPEG2-Ly s cvelo(Ff-Nal-GrGe Q) -numPEGI-K{N3}-NH2
Ac-KBK-nmuniPEGZ-Lys{cyclo(FE-Nal-GrGrQ) -min PEG2-K{N3}-NH2
Ac-KBKBK-mmiPEGZ-Lys{cyclo(Ff-Nal-GrGrQ))-mim PEG2-K{N3}-NH2
Ac-KR-miniPEG2-Lys{cyclo(Fi-Nal-GrGrQ) }-mimiPEG2-K({N3}-NH2
Ac-KBR-mmiPEG2-Lys{cyclo(FE-Nal-GrGrQ) -minuPEG2-K(N3)-NH2
Ac-PKEKREV-miniPEG2-Lys{cyclo{Ff-Nal-GrGr3) -miniPEGZ-K(N3)-NH2
Ac-PKEKREV-nuniPEG2-Lys{cyclo(Ff-Nal-GrGr(3) 3-romiPEG2Z-KIN3)-NH2
Ac-PGKERKV-miniPEG2-Lys{cyclo(FENal-GrGrQ))-muniPEG2-K{IN3}-NH2
Ac-PRGKRKV-mmniPEG2-Lys{cyclo{ F{-Nal-GrGrQ ) -miniPEG2-K(N3)-NH2
Ac-PKKGREKV-mintPEG2-Lys{cycloFf-Nal-GrGrd ) p-muniPEG2-K(N3}-INH2
Ac-PREKGKYV-muniPEG2-Lys{cvelo(Ff-Nal-GrGrQ ) -nmintPEGZ-K(N3)-NH2
Ac-PRKERGV-muniPEGZ-Lys{cyvelo FiNal-GrGrQ))-mimiPEG2-K{IN3}-NH2
Ac-PEKKERKG-mmniPEG2-Lys{(cvel o Fi-Nal-GrGrQ))-mindPEG2-K{N3}-NH2
Ac-KKKRK-miniPEG2-Lys{cyclo(Ff-Nal-GrGrQ)-mim PEGZ-K{N3)-NH2
Ac-KKRK-mintPEG2-Lys{oyclo(Ff-Nal-GrGrQ))-miniPEG2-K(IN3}-NH2 and
Ac-KRK-mimPEG2-Lys{cyclo(Ff-Nal-GrGrQ) b-rmmiPEG2Z-K(N3)-NH2.

[#279] The EEV can be selected from:
Ac-PKEKREKV-Lys{cyelo FFEGrGrQ-PEG1:-K(N3 )-NH:
Ac-PRKEKRKV-mini PEG-Ly s{cyelof FIOGrGrQ  Fmind PEG-K (N3 - NH;
Ac-PKEKRKV-mimtPEGy-Lys{cvclof FGFGRORQ D-mini PEG-K(N33-NH»
Ac-KR-PEG-K{cyclo[FGFGROGRQ-PEG-K(N5)-NH;
Ac-FKEKKGKV-PEG)-K{cvelo FGFGRGRG]-PEG:-K(N:-NH;
Ac-PEKERKG-PEG-K{cyclof FGFGRGRO]3-PEG-K(N3)-NH;
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Ac-KKERK-PEG-K{cyvelo[FGFGRGRO -PEG:-K{ N3 }-NH;
Ac-PRKKRKV-mini PEGe-Ly s{cyclof FFOGRGRO-mini PEG-K{N5)-NH;
Ac-PKEKKRKV-miniPEG:-Lys(cyclol BhFfOGrGrQ-miniPEG: -K{N3 j-NH; and
Ac-PRKKREV-miniPEG-Ly s{cyelof FIOSrSrQ D -mini PEG-K{ Ny }-NH:.
[0288] The EEV can be selected from:
Ac-PKKEKRKY-mintPEGr-Ly s{evelo{ GIFGrGrQ1-PEG12-CH
Ac-PKKKRKV-miniPEGz-Lys(cyclo[FGFKREKRQD-PEG:-CH
Ac-PKKKRKV-miniPEG,-Lys{cvelolFGFRGRGOD-PEG-0H
AC-PKEKRKV-miniPEG:-Lys{cyclof FGFGRGRGRE)-PEG-OH
19 Ac-PKEKRKV-mintPEG-Lys{cyvelo[ FGFGRIRQD-PEG:-OH
AC-PEKKKRKV-miniPEG:-Lys{cyclof FGFGRRROD-PEGH-OH and
Ac-PKKERKV-miniPEGy-Ly s{evelo[FGFRRRRQ{}-PEG::-OH.

{62811 The EEV can be selected from:

Ac-K-K-K-R-K-G-miniPEGy-K{oyclo[ FGFGRGRO-PEGH-OH
15 Ac-K-K-K-R-K-miniPEG-K{ovclo[FGFGRGROD-PEGH-OH

Ac-K-K-R-K-K-PEG-K{(cyclo[ FGFGRGRQD-PEG:-OH

Ac-K-R-K-K-K-PEG-K{cvelo[ FGFGRGRG-PEG,-OH

Ac-K-K-K-K-R-PEGs-K{cyclo[FGFGRGRQ])-PEG:»-OH

AC-R-K-K-K-K-PEG-E{evelo[FGFGRGRE)-PEG1,-OH and
20 Ac-K-K-K-R-K-PEGs-K{cyclo[FGFGRGRQ-PEG»-0H.

[6282] The EEV can be selected from:
Ac-PKEKRKV-PEG-E{cvclof FGFGRGROD-PEG-K(N: -NH:
Ac-PEKKERKV-PEG:-K{cyelof FGFGRGRO-PEG-0OH
Ac-PKEKRKV-PEG-E{oyelof GIFGrGeQ-PEG-K(N:)-NH: and

25 Ac- PKEKRKV-PEG-K{(cyc/of GIFGrieQ)-PEGH-OH.

[0283] The cargo can be an AC and the EEV can be selected from:
Ac-PRKKRKV-PEG-K{cyclof FIOGrGr3])-PEG1-OH
Ac-PKEKRKV-PEG-K{cvelof FI@Cit-r-Cit-rQ}-PEG1:-OH
Ac-PKKKRKV-PEG-K{cyelo FIFGRGRQ])-PEG:-OH

30 Ac-PKKKRKV-PEG-K(cyclel FGFGRGRQD-PEGH-CH
Ac-PKEKKRKV-PEG-K(cyclof GIFGrGr3)-PEG;-0H

(4

]
]
]
]
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Ac-PKEKRKV-PEG-K{cyclof FGFGRRRQ}-PEGH-OH
Ac-PRKKRKV-PEG-K(cyclof FGFRRRRQ)-PEG1:-OH

Ac-rr-PEGo-K{cyclo[ FIOGrGrQ])-PEGR-0OH
Ac-r-PEG-K{cvelo[FFECit-r-CitrQ])-PEG12-OH
Ac-Tr-PEGr-K{cyclo{ FIF-GRGRG-PEG-OH
Ac-tr-PEG-K{cvelo|FGFGRGRQ)-PEG1,-OH
Ac-rt-PEGr-K{cyclol GIFGrGr (3] 3-PEGR-OH
Ac-r-PEG-K{cyelo[FGFGRRRQ]-PEG:-OH
Acr-PEG-K{cyclo{ FGFRRRRQ)-PEG1:-OH

Acrr-PEG-K{cyclo[FEQGrGrQ-PEGHR-OH
Ac-trr-PEG-K{cvelo[ FIOC1t-r-Cit-rQD-PEG12-OH
Ac-rrr-PEG-K{cyclo[FIFGRGRO]-PEG-OH
Ac-rrr-PEG:-K{cyclo[FGFGRGRG-PEG-OH
Ac-1re-PEG-K{cyclo] GIFGrGrO-PEG1,-OH
Ac-rrr-PEG:-K{cvelo[FGFGRRRQN-PEG:-OH
Acrr-PEG-K{cyclo[FGFRRRRQ])-PEG-OH
Ac-thr-PEG-K{cyclo[Ft R GrGrO])-PEGH-OH
Ac-the-PEG:-K{cyclo[FFOCu-r-Cit-1Q1)-PEG2-OH
Ac-thr-PEG-K{cyclo[FIFGRGRO-PEG1,-OH
Ac-the-PEG-K{cyclo[FGFGRGRO-PEGR-OH
Ac-thr-PEG-K{cvelof GIFGrieQH-PEG-OH
Ac-thr-PEG:-K{cyelo[FGFGRRRQN-PEG:-OH
Ac-thr-PEG-K{cvelol FGFRRRRQ}-PEGH-OH

Ac-tbr-PEGz-K{cvelo[ FIeGrGrQ-PEG-CH
Ac-rbr-PEGo-K{cyclo[FIOCi-r-Cit-1Q - PEG - OH
Ac-1br-PEG-K{cvelo[FIFGRGROD-PEG,-0OH
Ac-rbr-PEGy-K{cyclo[FGFGRGROD-PEGH-OH
Ac-tbr-PEG-K{cyvelo] GIF GrGrQ-PEGH:-OH
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Ac-rbr-PEG-K{cyclo[FGFGRRRQ-PEG»-OH
Ac-tbr-PEG-K{cvclo FGFRRRRO-PEGH-OH

Ac-tbrbr-PEG-K{cyclo[FIOGrGrQH-PEGH:-OH
Ac-rbrbr-PEG-K{cyclo[ FFOCit-r-CitrQ1)-PEGH-0OH
Ac-tbrbr-PEG-K{cyvclo[ FIFGRGRQD-PEG1-CH
Ac-rbrbr-PEG-K{cyclo[ FGFGRGRQ)-PEG:-OH
Ac-tbrbr-PEG-K{cyvelo] GIF GrGrQ-PEG1:-OH
Ac-tbrbr-PEG-K{cyclo[ FGFGRRRO)-PEG-OH

10 Ac-tbrbr-PEG-K{cyvclo[ FGFRRRROD-PEGH-0H

(4

Ac-tbhbr-PEGz-K{cyclo[FIOGrGrQD-PEG1-OH
Ac-rbhbr-PEG-K{cyclo[ FEBCit-r-Cit-rQ1)-PEGH-OH
Ac-rbhbr-PEG:-K{cyclo[FIFGRGRQD)-PEG:-OH

1S Ac-rbhbr-PEG-K{cyclo[FGFGRGRQ)-PEG:-OH
Ac-tbhbr-PEG:-K{cvelo[ GIF GrGrQ])-PEG::-OH
Ac-rbhbr-PEG-K(cyclo[ FGFGRRRO-PEGH-OH
Ac-rbhbr-PEG-K{cyclo[ FGFRRRROD-PEG:-OH

20 Ac-hbrbh-PEG:-R{cyclo[FIBGrGrQ])-PEG»-0H
Ac-hbrbh-PEG-K{cyclo[FFQCit-rv-Cu~rQ)-PEGH-0OH
Ac-hbrbh-PEG-K{cyclo[FIFGRGRQ-PEG»-OH
Ac-hbrbh-PEG-K{cvelo[ FGFGRGROD-PEG»-OH
Ac-hbrbh-PEG-K{eyclo] GIF GrGeQ1)-PEG-OH

25 Ac-hbrbh-PEG-K{cyelo[FGFGRRRQD-PEG:-0OH and
Ac- hbrbh -PEG-K{cyclo| FGFRRRROQ)-PEG;-OH,

wherein b is beta-alanine, and the exocyclic sequence can be I or L stereochemistry.

[8284] In embodiments, compounds comprising a cychic peptide and an AC have improved

30 cytosolic uptake efficiency compared to compounds comprising an AU alone. CUytosolic uptake
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gfficiency can be measured by comparing the cytosolic delivery efficiency of the compound

comprising the cyclic peptide and the AT to the cvtosolic delivery efficiency of an AC alone.

Auntisense Compound

[8285] In various embodiments, the compounds disclosed herein comprise a CPP {e.g, cychic

peptide) conjugated to an antisense compound {(AC). In embodiments, the AC comprises an
antisense oligonucleotide directed to a target polyvnuclestide. The term "antisense oligonucieotide”
or simply "aniisense” is meant to include oligonucleotides that are complementary to a targeted
polynucleotide sequence. Antisense oligonucleotides are single strands of DNA or RNA that are

complementary to a chosen sequence, e g, a target gene mRNA.

16 [6286] The antisense ohigonuclestides may modulate one or more aspects of protein transcription,

translation, and expression. In embodiments, the antisense oligonucleotide is directed to a target
sequence within a target pre-mRNA modulates one or more aspects of pre-mRNA splicing. As
used herein, modulation of splicing refers to altering the processing of a pre-mRNA iranscript such
that the spliced mRNA molecule contams either a different combination of exons as a result of
exon skipping or exon inclusion, a deletion in one or more exons, or the deletion or addition of a
sequence not normally found in the spliced mRNA {e.g., an intron sequence)}. In embodiments,
antisense oligonucieotides hybridization to a target sequence in a pre-mRNA molecule restores
native splicing to a mutated pre-mRNA sequence. In embodiments, antisense oligonuclestides
hvbridization results n alternative splicing of the target pre-mRNA. In embodiments, antisense
oligonucleotides hybridization results in exon inclusion or exon skipping of one or more exons. In
embodiments, the skipped exon sequence comprises a frameshift mutation, a nonsense mutation,
or a missense mutation. In embodiments, the skipped exon sequence comprises a nucleic acid
deletion, substitution, or msertion. In embodiments, the skipped exon iself does not comprise a
sequence mutation, but a neighboring exon comprises a mutation leading to a frameshift mutation
or a nonsense mutation. In embodiments, antisense oligonucleotides hybridization to a target
sequence within a targetf pre-mRNA prevents inclusion of an exon sequence in the mature mRNA
molecule. In embodiments, antisense oligonucleotides hybridization to a target sequence withina
target pre-mRNA results i preferential expression of a wild tvpe target protein 1somer. In
embodiments, antisense oligonucleotides hybridization to a target sequence within a target pre-
mBRNA results in expression of a re~spliced target protein comprising an active fragment of a wild

type target protein,
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[0287] The antisense mechanism functions via hybridization of an antisense oligonucleotide
compound with a target nucleic acid. In embodiments, the antisense oligonucleotide hybridizing
to its target sequence suppresses expression of the target protein. In embodiments, hybridization

of the antisense ohgonucleotide to its target sequence suppresses expression of one or more wild

(4

type target protein isomers. In embodiments, hybridization of the antisense oligonuclectide to its
targel sequence upregulates expression of the target protein. In embodimenis, hybridization of the
antisense oligonucleotide o its target sequence increases expression of one or more wild type
target protein isomers.
[0288] In embodiments, the antisense compound can ihibit gene expression by binding to a
19 complementary mRNA. Binding to the target mRNA can lead to inlubition of gene expression
either by preventing translation of complementary mRNA strands by sterically blocking RNA
binding proteins involved in translation or by leading o degradation of the target mRNA.
Antisense DNA can be used o target a specific, complementary {coding or non-coding) RNA. If
binding takes place, the DNA/RNA hybrid can be degraded by the enzyme RNase H. In
IS embodiments, antisense oligonucleotides contain from about 10 to about 50 nucleotides, or about
1S to about 30 nucleotides. In embodiments, antisense oligonucleotides may not be fully
complementary to the target nucleotide sequence.
[6289] Antisense oligonucleotides have been demonstrated to be effective and targeted inhibitors
of proten synthesis, and, counsequently, can be used to specifically inlubit protein synthesis by a
20 targeted gene. The efficacy of antisense oligonucleotides for inhubiting protewn syunthesis s well
established. For example, the synthesis of polygalactauronase and the muscarine type 2
acetylcholine receptor are inhibited by antisense ohigonucleotides divected to their respective
mRNA sequences (UJ. 8. Patent 5,739,119 and U. S. Patent 5,759,829}, Further, examples of
antisense inlubition have been demonstrated with the nuclear protein cvelin, the multiple drug
25 resistance gene (MDGUH), ICAM-1, E-selectin, STK-1, striatal GABAA receptor and human EGF
(Jaskulski et ai, Science. 1988 Jun 10,240(4858). 1544-6; Vasanthakumar and Abmed, Cancer
Commun, 19891(4).225-32; Peris et ai, Brain Res Mol Brain Res. 1998 Jun 15,57(23:310-20; U
8. Patent 5,801,154, U.S. Patent 5,789,573, U. 8. Patent 5,718,709 and U.5. Patent 5,610,288}
Furthermore, antisense constructs have also been described that inhibit and can be used to treat a
30 variety of abnormal cellular proliferations, e.g., cancer {U. 8. Patent 5,747 470; U. &. Patent

5,591,317 and U. S. Patent 5,783,683).

93



WO 2023/034817 PCT/US2022/075691

[0290] Methods of producing antisense oligonucleotides are known 1n the art and can be readily
adapted to produce an antisense oligonucleotide that targets any polynucleotide sequence.
Selection of antisense oligonucleotide sequences specific for a given target sequence 1s based upon

analysis of the chosen target sequence and determination of secondary structure, Tm, binding

(4

energy, and relative stability. Antisense oligonucleotides may be selected based upon their relative

mabtlity to form dimers, hairpins, or other secondary structures that would redace or prohibit

specific binding to the target mRNA in a host cell. Target regions of the mRNA can include those

regions at or near the AUG translation initiation codon and those sequences that are substantially

complementary to §' regions of the mRNA. These secondary structure analyses and target site

10 selection considerations can be performed, for example, using v 4 of the OLIGO primer analysis
software (Molecular Biology Insights) and/or the BLASTN 2.0.5 algorithm software {Altschul et
ai, Nucleic Acids Res. 1997, 25(17):3389-402).

[6291] According to the present disclosure, an antisense compound (AC) alters one or more
aspects of the splicing, translation, or expression of a target gene, e g., by altering the splicing of

IS a eukaryotic target pre-mRNA. The AC according to the disclosure comprises a nucleic acid
sequence that is complementary to a sequence found within a target pre-mRNA sequence, for
example, at sequence that includes at least a portion of an exon, at least a portion of an intron, or
both. The use of these ACs provides a direct genetic approach that has the ability to modulate
splicing of specific disease-causing genes. The prineciple belind antisense technology is that an

20 antisense compound, which hybridizes to a target nucleic acid, modulates gene expression
activities such as splicing or translation through one of a number of antisense mechanisms. The
sequence-specificity of the AC makes thus techmique extremely attractive as a therapeutic to
selectively modulate the sphicing of pre-mRNA nvolved in the pathogenesis of any one of a variety
of diseases. Antisense technology 15 an effective means for changing the expression of one or more

25 specific gene products and can therefore prove to be useful in a number of therapeutic, diagnostic,
and research applications.

[8292] The compounds described herein may contain one or more asymmetric centers and thus
give rise {0 enantiomers, diastereomers, and other steremisomeric configurations that may be
defined, in terms of absohite stereochemustry, as (R} or {8), o or B, or as {B) or (L}. Included in

30 the antisense compounds provided herein are all such possible isomers, as well as their racemic

and optically pure forms.
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Antisense compound fiybridization site

[8293] Antisense mechanisms rely on hybridization of the antisense compound to the target

nucleic acid. In embodiments, the present disclosure provides antisense compounds that are
complementary {0 a target nucleic acid. In embodiments, the target nucleic acid sequence 15 present
in a pre-mRNA molecule. In embodiments, the target nucleic acid sequence 18 present in an exon
of a pre-mRNA molecule. In embodiments, the target nucleic acid sequence is present in an intron

of a pre-mRNA molecule.

[6294] Pre-mRNA molecules are made in the nucleus and are processed before or during transport

to the cytoplasm for translation. Processing of the pre-mRNAgs includes addition of a 5" methylated
cap and an approximately 200-250 base polv{ A} tail to the 3" end of the transcript. The next step
m mRNA processing is splicing of the pre-mRNA, which occurs in the maturation of 90-95% of
mammalian mRNAs. Introns (or intervening sequences} are regions of a primary transcript {or the
DNA encoding it} that are not included in the coding sequence of the mature mRNA. Exons are
regions of a primary transcript that remain in the mature mRNA when it reaches the cytoplasm.
The exons are spliced together to form the mature mRNA sequence. Splice junctions are also
referred to as splice sites with the 57 side of the junction often called the S’ splice site,” or “splice
donor stte” and the 3’ side called the “3' splice site” or “splice acceptor site.” In splicing, the 3’ end
of an upstream exon 1s joined to the 5" end of the downstream exon. Thus, the unsphiced RNA {or
pre-ruRNA) has an exon/indron junction at the S’ end of an intron and an intron/exon junction at
the 3’ end of an intron. After the intron is removed, the exons are contiguous at what is sometiroes
referred to as the exon/exon junction or boundary in the mature mRNA. Cryptic splice sites are
those which are less often used but may be used when the usual splice site is blocked or
unavailable. Alternative splicing, defined as the splicing together of different combinations of

exons, often results in multiple mRNA transcripts from a single gene.

[8295] 1o embodiments, the AC hybridizes with a sequence n a splice site. In embodiments, the

AC hybridizes with a sequence comprising part of a splice site. In embodiments, the AC hybridizes
with a sequence comprising part or all of a sphice site. In embodiments, the AC hybridizes with a
sequence comprising part or all of a splice donor site. In embodiments, the AC hybridizes with a
sequence comprising part or all of a splice acceptor site. In embodiments, the AC hybridizes with
a sequence comprising part or all of a crypiic splice site. In embodiments, the AC hybridizes with

a sequence CoOMprising an exon/intron junciion.
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[0296] Pre-mRNA splicing mvolves two sequential biochemical reactions. Both reactions nvolve
the splicecsomal transesterification between RNA nucleotides. In a first reaction, the 2-OH of 2
specific branch-point nuclestide within an intron, which is defined during spliceosome assembly,

performs a nucleophilic attack on the first nucleotide of the ntron at the 5 splice site forming a

(4

lariat infermediate. In a second reaction, the 3'-0OH of the released 53’ exon performs a nucleophilic
attack at the last nucleotide of the intron at the 3’ splice site thus joining the exons and releasing
the intron lariat. Pre-mRNA splicing is regulated by intronic silencer sequence (I8S) and terminal
stem loop (TSL} sequences. As used herein, the terms “intronic silencer sequences (ISS)” and
“terminal stem loop (TSL)Y” refer to sequence elements within introns and exons, respectively, that
19 control alternative splicing by the binding of trans-acting protein factors within a pre-mRNA
thereby resulting in differential use of splice sites. Typically, intronic silencer sequences are
between 8 and 16 nucleotides and are less conserved than the splice sites at exon-intron junctions.
Terminal stem loop sequences are typically between 12 and 24 nucleotides and form a secondary
ioop structure due to the complementarity, and hence binding, within the 12-24 nucleotide
15 seguence.

[6297] In embodiments, the AC hybridizes with a sequence comprising part or all of an intronic
stlencer sequence. In embodiments, the AC hybridizes with a sequence comprising part or all of a
termuanal stem loop.

[6298] Up to S0% of human genetic diseases resulting from a point mutation are caused by

20 aberrant splicing. Such point mutations can etther disrupt a current splice site or create a new splice
site, resulting in mRNA transcripts comprised of a different combination of exons or with deletions
m exons. Point mutations also can result i activation of a cryptic splice site or disrupt regulatory
cis elements (1.e, splicing enhancers or silencers).

[6299] In embodiments, the AC hvbridizes with a sequence comprising part or all of an aberrant

25 sphice site resulting from a mutation in the target gene. In embodiments, the AC hybridizes with a
sequence comprising part or all of a regulatory element. Also provided are antisense compounds
targeted to cis regulatory elements. In embodiments, the regulatory element s i an exon. In
embodiments, the regulatory element is 1in an intron.

[8308] In embodiments, the AT may be specifically hvbnidizable with a translation mitiation

30 codonregion, a 5’ cap region, an intron/exon junction, a coding sequence, a translation termination

codon region or sequences in the 5'- or 3'-untransiated region. In embodiments, the AC may
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hybridize with part or all of a pre-mRNA splice site, an exon-exon junction, or an niron-exon
junction. In embodiments, the AC may hybridize with an aberrant fusion junction due 1o 3
rearrangement or a deletion. In embodiments, the AC may hybridize with particular exons in

alternatively spliced mRNAs.

[8301] In embodiments, the AC hybridizes with a sequence between S and 50 nucleotides in

length, which can also be referred 1o as the length of the AC. In embodiments, the AC is between
S and 50 nucloetides in length, for example, between 5 and 10, 10 and 15, 15 and 20, 20 and 25,
25 and 30, 30 and 35, 35 and 40, 40 and 45, or 45 and 50 nucleotides in length. In embodiments,
the AC is about S, 6, 7,8, 0, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30,31, 32,33, 34, 35, 36,37, 38, 39, 40, 41,42, 43, 44, 45, 46, 47, 48, 49, or 50 nucleotides
in length. In embodiments, the AC is at least about 5, about 6, about 7, about 8, about 9, about 10,
about 11, about 12, about 13, about 14, about 15, about 16, about 17, about 18, about 19, or about
20 and up to about about 21, about 22, about 23, about 24, or about 25, and up to about 26, about
27, about 28, about 22, about 30, about 31, about 32, about 33, about 34, about 35, about 36, about
37, about 38, about 39, or about 40, and up to about 41, about 42, about 43, about 44, about 45,
about 46, about 47, about 48, about 49, o1 about 30 nucleotides in length. In embodiments, the AC
18 about 10 nuclectides in length. In embodunents, the AC is about 15 nucleotides in length. In
embodiments, the AC is about 16 nucleotides 1 length. In ernbodiments, the AC s about 17
nucleotides in length. In embodiments, the AC 18 about 18 nucleotides in length. Tn embodiments,
the AC 13 about 19 nucleotides 1 length. In erobodiments, the AC 1s about 20 nucleotides 1 length.
In emnbodiments, the AC 1s about 21 nucleotides m length. In embodiments, the AC is about 22
nucleotides in length. In embodiments, the AC 15 about 23 nucleotides 1o length. In embodients,
the AC 15 about 24 nucleotides m length. In embodiments, the AC 15 about 25 nucleotides i length.
In embodiments, the AC 1s about 26 nucleotides in length. Tn embodiments, the AC 5 about 27
nucleotides 1t length. In embodiments, the AC 13 about 28 nucleotides in length. In embodiments,

the AC is about 29 nucleotides m length. In embodiments, the AC 1s about 30 nucleotides in length.

[8302] In embodiments, the AC may be less than 100 percent complementary to a target nucleic

acid sequence. As used herein, the term "percent complementary” refers to the number of
nuclechases of an AC that have nuclechase complementarity with a corresponding nuclesbase of
an oligomeric compound or nucleic acid divided by the total length (number of nuclecbases) of

the AC. One skilled in the art recognizes that the inclusion of mismatches is possible without
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gliminating the activity of the antisense compound. In embodiments, an AC may contain up 1o
about 20% nucleotides that disrupt base pairing of the AU to the target nucleic acid In
embodiments, the ACs contain no more than about 15%, no more than about 10%, no more than
3%, or no mismatches. In embodiemtns, the ACs contain no more than 1, 2, 3, 4 or 5 mismatches.
In embodiments, the ACs are at least 80%, at least 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% complementary to a target nucleic acid. Percent
complementarity of an oligonucleotide is calculated by dividing the number of complementary
nucleohases by the total number of nuclecbases of the oligonuclestide. Percent complementarity
of a region of an oligonucleotide is calculated by dividing the number of complemeniary
nuclechases in the region by the total number of nucleobases region.

[8303] In embodiments, incorporation of nucleotide affinity modifications allows for a greater
number of mismaiches compared to an unmodified compound. Similarly, certain oligonucleotide
sequences may be more tolerant to mismatches than other oligonucleotide sequences. One of
ordinary skill in the ast is capable of determining an appropriate number of mismatches between
oligonucleotides, or between an oligonucleotide and a target nucleic acid, such as by determining
melting temperature (Tm). Tm or ATm can be calculated by techniques that are familiar to one of
ordinary skl in the art. For example, technigues described in Freier et al. {Nucletc Acids Research,
1967, 25, 22: 4429-4443) allow one of ordinary skill in the art to evaluate nucleotide modifications

for thewr ability to ncrease the melting temperature of an RNADNA duplex.

Antisense mechanisms

[6304] The ACs according to the present disclosure may modulate one or more aspects of protein

transcripion, translation, and expression. In embodiments, the AC hybridizing to a target sequence
within g target pre-mRNA modulates one or more aspects of pre-mRNA sphicing. As used herein,
modulation of splicing refers to altering the processing of a pre-mRNA transcript such that the
spliced mBNA molecule contains either a different combination of exons as a result of exon
skipping or exon inclusion, a deletion in one or more exons, or the deletion or addition of a
sequence not normally found m the spliced mRNA {e. g, an miron sequence}. In embodiments,
AL hybridization to a target sequence within a pre-mBRNA molecule restores native splicing to a
mutated pre-mRNA sequence. In embodiments, AC hybridization results in alternative splicing of
the target pre-mRNA. In embodiments, AC hybridization resulis in exon inclusion or exon

skipping of one or more exons. In embodiments, the skipped exon sequence comprises a frameshift
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mutation, a nonsense wutation, or a missense mutation. In embodiments, the skipped exon
sequence comprises a nucleic acid deletion, substitution, or msertion. In embodiments, the skipped
exon itself does not comprise a sequence mutation, but a neighboring exon comprises a mutation
leading to a frameshift mutation or a nonsense mutation. In embodiments, deletion of an exon that
does not comprise a sequence mutation restores the reading frame of the mature mRNA. In
embodiments, AC hybridization to a target sequence within a target pre-mRNA results in
preferential expression of a wild type target protein isomer. In embodiments, AC hybridization to
a target sequence within a target pre-mRNA results in expression of a re-spliced target protein
comprising an active fragment of a wild type target protein.

[6305] The antisense mechanism functions via hybridization of an antisense compound with a
target nucleic acid. In embodiments, the AC hybridizing to its target sequence suppresses
expression of the target protein. In embodiments, the AC hybridizing fo its target sequence
suppresses expression of one or more wild type target protem isomers. In embodiments, the AC
hybridizing to its target sequence upregulates expression of the target protein. In embodiments, the
AC hybridizing to its target sequence increases expression of one or more wild type target protein
ISOMErs.

[6306] The efficacy of the ACs of the present disclosure may be assessed by evaluating the
antisense activity effected by thetr adroinistration. As used herein, the term "antisense activity”
refers to any detectable and/or measurable activity attributable to the hyvbridization of an antisense
compound to its target nucleic acid. Such detection and or measuring may be direct or indirect. In
erbodiments, antisense activity is assessed by detecting and or measuring the aroount of target
protein. In embodiments, antisense activity 15 assessed by detecting and or measuring the amount
of re~sphiced target protein. In embodiments, antisense activity 15 assessed by detecting and/or
measuring the amount of target nucleic acids and/or cleaved target nucleic acids and/or

alternatively spliced target nucletc acids

Antisense compound design
[8307] Design of ACs according to the present disclosure will depend upon the sequence being
targeted. Targeting an AC to a particular target nucleic acid molecule can be a multistep process.
The process usually begins with the identification of a target mucleic acid whose expression is o
be modulated. As used herein, the terms "target nucleic acid" and "nucleic acid encoding a target

gene” encompass DNA encoding a selected target gene, RNA (including pre-mRNA and mRNA}
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transeribed from such DNA, and also ¢DNA derived from such RNA. For example, the target
nucleic acid can be a celiular gene (or mRNA transcribed from the gene} whose expression s
assoctated with a particular disorder or disease state, or a nucleic acid molecule from an infectious
agent.

5 [06398] One of skill in the art will be able to design, synthesize, and screen antisense compounds
of different nucleobase sequences to identify a seqguence that results in antisense activity. For
example, one may design an antisense compound that alters splicing of a target pre-mRNA or
mhibits expression of a target protein. Methods for designing, synthesizing and screening antisense
compounds for antisense activity against a preselected target nucleic acid can be found, for

10 example in "Antisense Drug Technology, Principles, Strategies, and Applications” Hdited by
Stanley T. Crooke, CRC Press, Boca Raton, Flonda, which is incorporated by reference in iis
entirety for any purpose.

(63991 In embodiments, the antisense compounds comprise modified nucleosides, modified
mternucieoside linkages and/or conjugate groups.

IS [8319] 1o embodiments, the antisense compound is a “tricyclo-DNA (tc-DNAY”, which refers to a
class of constrained DNA analogs in which each nucleotide is modified by the introduction of a
cyclopropane ring to restrict conformational flexibility of the backbone and to optimize the
backbone geometry of the torsion angle v. Homobasic adenine- and thymine-contamning tc-DNAs

form extraordinarily stable A-T base pairs with complementary RNAs.

20 Nucleosides

[6311] 1o embodiments, antisense compounds are provided comprising linked nuclecsides. In
emboduments, some or all of the nucleosides are modified nucleosides. In embodiments, one or
more nucleosides comprise a modified nucleobase. In embodiments, one or more nucleosides
comprises a modified sugar. Chemically modified nucleosides are routinely used for mcorporation

25  into aotisense compounds to enhance one or more properties, such as nuclease resistance,
pharmacokinetics or aftinity for a target RNA.

[8312] In general, a nucleobase 1s any group that contains one or more atom or groups of atoms
capable of hydrogen bonding to a base of another nucleic acid. In addition to "unmodified” or
"natural” nucleobases such as the purine nucleobases adenine (A} and guanine (G}, and the

30 pyrinudine nucleobases thymine (T, cytosine (T} and wracit (U), many modified nucleobases or

nuclechase mimetics known to those skilled in the art are amenable with the compounds described
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herem. The terms modified nucleobase and nucleobase mimetic can overlap but generally a
modified nuclecbase refers to a nucleobase that 1s similar 1 structure to the parent nuclecbase,
such as for example a 7-deaza purine, a 5-methyl cviosine, or a G-clamp, whereas a nucleobase
mimetic would nclude more complicated structores, such as for example a tricychic phenoxazing
nucleobase mimetic. Methods for preparation of the above noted modified nucleobases are well
known to those skilled in the art.

[8313] Inembodiments, ACs provided herein comprise one or more nucleosides having a modified
sugar motety. In embodiments, the furanosyl sugar ring of a natural nucleoside can be modified in
a number of ways including, but not limited to, addition of a substituent group, bridging of two
non-geminal ring atoms to form a bicyclic nucleic acid (BNA) and substitution of an atom or group
such as -8-, -N{R}- or -C{R1}{(Ro) for the ring oxygen at the 4'-position. Modified sugar moieties
are well known and can be used to alier, typically increase, the affinity of the antisense compound
for its target and/or increase nuclease resistance. A representative list of modified sugars includes
but 1s not himited to non-bicyclic substituted sugars, especially non-bicyclic 2'-substituted sugars
having a 2-F, 2-0OCHz or a 2'-0{CH;);-OCH; substituent group; and 4'-thio modified sugars.
Sugars can also be replaced with sugar mimetic groups among others, for example, the furanose
ring can be replaced with a morpholine ring. Methods for the preparations of modified sugars are
well known to those skilled in the art. Some representative patents and publications that teach the
preparation of such modified sugars include, but are not linuted to, U8, Patents: 4,981,957,
S 118,800; $,319.080; 5,359.044: 5393878 5446137, 5.466,786; 5.514,785; 5.519,134;
5567811, 5,576,427, 5,591,722, 5,597,909, $.610300; 5,627.053; 5,639.873: 5,646,265
5,638,873, 5,670,633, 5,792,747, 5,700,920, and 6,600,032; and WO 2005/121371.

[8314]  In embodiments, nucleosides comprise bicychic modified sugars (BNA's), including LNA
{(4'-(CH2)}-0-2" bridge), 2-thio-LNA (4'-(CHy)}-5-2' bridge),, 2-amino-LNA (4'-(CH,}-NR-2'
bridge),, ENA (4'-(CH)2-0-2' bridge), 4'-(CHxk-2' bridged BNA, 4'-(CHCH(CH5))-2' bridged
BNA" ¢Et (4'-(CH{TH:)-0-2' bridge}, and ¢MOE BNAs (4'-(CH{CHOCH;3)-0-2" bridge}. Certain
such BNA's have been prepared and disclosed in the patent literature as well as in scientific
fiterature (See, e.g., Srivastava, et al. J. Am. Chem. Soc. 2067, ACS Advanced online publication,
10.1021/1a071106y, Alback et al J Org Chem. 2006, 71, 7731 -7740, Fluiter, et al
Chembiochem 2005, 6, 1104-1109, Singh et al | Chem. Commun., 1998, 4, 455-456; Koshkin et
al., Tetrahedron, 1998, 54, 3607-3630; Wahlestedt et al., Proc. Natl. Acad. Sci. 1. 8. A., 2000, 97,
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5633-5638; Kumar et al., Bicorg. Med. Chem. Lett, 1998, & 2219-2222; WO 94/14226, WO
2005/021570; Singh et al., J. Org. Chem., 1998, 63, 106035-10039, W 2007/090071; Examples
of 1ssued US patents and published applications that disclose BNAs include, for example, US.
Patent Nos. 7.053,207; 6,268 490: 6,770,748, 6,794,499 7,034,133 and 6,525.191; and U.S. Pre-
Grant Publication Nos. 2004-0171570; 2004-0219365; 2004-0014959; 2003-0207841; 2004-
0143114; and 20030082807

[8315] Also provided herein are "Locked Nucleic Acids” (LINAs) in which the 2'-hydroxyl group
of the ribosyl sugar ring is hnked to the 4' carbon atom of the sugar ring thereby forming a 2-C,4'-
C-oxymethylene linkage to form the bicychic sugar moiety {reviewed in Elayadi et al, Cusr
Opinion Invens, Drugs, 2001, 2, 558-561; Braasch et al,, Chem. Biol, 2001, 8 1-7; and Orum et
al., Curr. Opinton Mol. Ther,, 2001, 3, 239-243; see also U.S. Patents: 6,268,490 and 6,670,461).
The linkage can be a methylene (-CHz-) group bridging the 2' oxygen atom and the 4' carborn atom,
for which the term LNA is used for the bicyclic moiety; in the case of an ethylene group in this
position, the term ENA™ s used {Singh et al. | Chem. Commun., 1998, 4, 455-456; ENA™: Morita
et al, Bioorganic Medicinal Chenustry, 2003, 11, 2211-2226). LNA and other bicyclic sugar
analogs display very high duplex thermal stabilities with complementary DNA and RNA (Tm =
+3 to +10° C), stability towards 3'-exonucleolytic degradation and good solubility properties.
Potent and nontoxic antisense oligonucleotides containing LNAs have been described {Wahlestedt
et al, Proc. Natl Acad. Sci. U.S A 2000, 97, 5633-5638).

[6316] An isomer of LNA that has also been studied 1s alpha-L-LNA which has been shown to
have wmproved stability against a 3-exonuclease. The alpha-L-LNA's were incorporated into
antisense gapmers and chimeras that showed potent antisense activity {Frieden et al, Nucleic
Acids Research, 2003, 21, 6365-6372},

[6317] The synthesis and preparation of the LNA monomers adenine, cytosine, guanine, S-methyl-
cytosing, thymine and uracil, along with their oligomerization, and nucleic acid recognition
properties have been described (Koshkin et al, Tetrahedron, 1998, 54, 3607-3630). LNAs and
preparation thereof are also deseribed in W 98/39352 and W 99/14226.

[8318] Analogs of LNA, phosphorothicate-ENA and 2'-thio-LNAs, have also been prepared
{Kumar et al,, Bioorg, Med. Chem. Lett, 1998, 8, 2219-2222). Preparation of locked nucleoside
analogs containing oligodeosxyribonuclectide duplexes as substrates for nucleic acid polymerases

has also been described (Wengel et al, WO 99/14226). Synthesis of 2-amino-LNA, a novel
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conformationally restricted high-affinuty oligonucleotide analog has been described in the art
{Singh etal, J. Org Chem,, 1998, 63, 10035-10039}. In addition, 2'-Amino-~ and 2'-methylamino-
L.NA's have been prepared and the thermal stability of their duplexes with complementary RNA

and DNA strands has been previously reported.

Internucieoside Linkages

[B8319] Described herein are internucleoside linking groups that ink the nucleosides or otherwise
modified monomer units together thereby forming an antisense compound. The two main classes
of internuclecside linking groups are defined by the presence or absence of a phosphorus atom.
Representative phosphorus containing internucleoside linkages include, but are not limited to,
phosphodiesters,  phosphotriesters,  methylphosphonates,  phosphoramidate  {including
phosphorodiamidate), and phosphorothioates. Representative non-phosphorus  containing
mternucleoside linking groups include, but are not himited to, methylenemethylimmo (-CHj-
N{CH3}-0-CHy-), thiodiester (-O-C(03-8-), thionocarbamate (-O-C{O¥NH)-S-); siloxane {-0O-
SH{H}z-0-); and N N'-dimethylhydrazine (-+CH:-N{CH;3)-N(CH;s)-). Antisense compounds having
non-phosphorus internucleoside linking groups are referred to as oligonucleosides. Modified
mternucleoside linkages, compared to natural phosphodiester linkages, can be used to alter,
typically increase, nuclease resistance of the antisense compound. Internucleoside linkages having
a chiral atom can be prepared racemic, chiral, or as a mixture. Representative chiral internucleoside
linkages include, but are not hmited to, alkylphosphonates and phosphorothioates. Methods of
preparation of phosphorous-containing and non-phosphorous-containing linkages are well known
to those skilled in the art.

[6328] In embodiments, a phosphate group can be linked to the 2, 3' or 5" hydroxyl moiety of the
sugar. In forming ohigonucleotides, the phosphate groups covalently link adjacent nucleosides to
one another to form a linear polymeric compound. Within oligonuclectides, the phosphate groups
are commonly referred to as forming the mternucleoside backbone of the oligonucleotide. The

normal linkage or backbone of RNA and DNA 15 a 3' to §' phosphodiester inkage.

Canjugate Groups
[6321] In embodiments, ACs are modified by covalent attachment of one or more conjugate
groups. In general, conjugate groups modify one or more properties of the attached AC including

but not hinuted to pharmacodynamic, pharmacokinetic, binding, absorption, cellular distribution,
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cellular uptake, charge and clearance. Conjugate groups are routinely used in the chemical arts and
are linked directly or via an optional linking motety or linking group o a parent compound such
as an AC. Conjugate groups include without limitation, intercalators, reporter molecules,
polyamines, polyamides, polyethylene glycols, thioethers, polyvethers, cholesterols,
thiocholesterols, cholic acid moieties, folate, lipids, phospholipids, biotin, phenazine,
phenanthridine, anthragquinone, adamantane, acridine, fluorescemns, rhodamines, coumaring and
dyes. In embodiments, the conjugate group 15 a polyethylene glycol (PEG), and the PEG 1s
conjugated to either the AC or the ¢cyclic pepiide.

[8322] Conjugate groups include lipid moieties such as a cholesterol moiety (Letsinger etal,, Proc.
Natl. Acad. Sci. USA, 1989, 86, 6553); cholic acid {(Manoharan et al,, Bicorg. Med. Chem. Lett,,
1994, 4, 1053}; a thicether, e.g., hexyl-S-tritylthiol (Manoharan etal | Ann NY. Acad. Sci., 1992,
660, 306, Manoharan et al, Bioorg. Med Chem. Let, 1993, 3, 2765} a thiocholesterol
(Oberhauser et al, Nucl Acids Res., 1992, 20, $33); an aliphatic chain, e.g, dodecandiol or
undecyl residues {Saison-Behmoaras et al., EMBO J., 1991 10, 111; Kabanov et al,, FEBS Lett,,
1990, 259, 327, Svinarchuk et al., Biochinnie, 1993, 75, 49); a phospholipid, e g, di-hexadecyl-
rac-glycerol or triethylammonium-1,2-di-O-hexadecyl-rac-glycero-3-H-phosphonate {Mancharan
et al., Tetrahedron Lett., 1995, 36, 3651, Shea et al, Nucl. Acids Res., 1990, 18, 3777y, a
polvamine or a polyethvlene glyeol chain (Manoharan et al., Nucleosides & Nucleotides, 1995,
14, 969); adamantane acetic acid (Mancharan et al,, Tetrahedron Lett,, 1995, 36, 3651); a palmityl
motety (Mishra et al, Biochim. Biophys. Acta, 1995, 1264, 229); or an octadecylamine or
hexylamino-~carbonyl-oxycholesterol moiety (Crooke et al, J Pharmacol Exp. Ther,
1996,277,923).

[8323] Lmking groups or bifunctional hnking moleties such as those known in the art can be
mcluded with the compounds provided heremn. Linking groups are useful for attachment of
chemical functional groups, conjugate groups, reporter groups and other groups o selective sites
m a parent compound such as for example an AC. In embodiments, a bifunctional Hoking moety
comprises a hydrocarbyl motety having two funciional groups. In embodiments, one of the
functional groups is selected to bind to a parent molecule or compound of interest and the other s
selected to bind essentially any selected group such as chemical functional group or a conjugate
group. Any of the linkers described here may be used. In embodiments, the hnker comprises a

chain structure or an oligomer of repeating units such as ethylene glycol or amino acid units.
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Examples of functional groups that are used in a bifunctional inking motety include, but are not
Hmited to, electrophiles for reacting with nucleophilic groups and nucleophiles for reacting with
electrophilic groups. In embodiments, bifunctional hinking moieties include amino, hydroxyl,
carboxylic acid, thiol, unsaturations {e.g., double or triple bonds}, and the like. Some nonhimiting
examples of bifunctional linking moieties include 8-amino-3,6-dioxaoctanoic acid (ADQ},
succinimidy! 4-(N-maleimidomethyl} cyclohexane-1-carboxylate {(SMC() and 6-aminochexanoic
acid (AHEX or AHA)}. Other linking groups include, but are not limited to, substituted Ci-Cio
alkyi, substituted or unsubstituted Cr-Clo alkenyl or substituted or unsubstituted Cr-Cro alkynyl,
wherein a nonlimiting list of substituent groups includes hydroxyl, amino, alkoxy, carboxy, benzyl,
phenyl, nitro, thiol, thicalkoxy, halogen, alkyl, aryl alkenyl and alkynyl

[6324] 1o embodiments, the AC may be linked to a 10 arginine-serine dipeptide repeat. ACs linked
to 10 arginine-serine dipeptide repeats for the artificial recruitment of splicing enhancer factors
have been applied in vitro to induce inclusion of mutated BRCA1 and SMN2Z exons that otherwise
would be skipped. See Cartegni and Krainer 2003, incorporated by reference herein.

[8325] 1o embodiments, the AC may be from 5 to 50 nucleotides n length (e g, 5, 6,7, §, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,26, 27, 28. 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 30, mclusive of all values and ranges therein).
In embodiments, the AC may be 5-10 nucleotides 10 length. In emobodiments, the AC may be 10-
15 nucleotides 1 length. In embodiments, the AC may be 15-20 nucleotides n length. In
embodiments, the AC may be 20-23 nucleotides 1 length. Tn embodiments, the AC may be 25-30
nucleotides 1 length. In embodiments, the AC may be 30-35 nucleotides m length. In
embodiuents, the AC may be 35-40 nucleotides 1u length. To embodiments, the AC may be 40-45
nucleotides in length. In embodiments, the AC may be 45-50 nucleotides in fength.

[6326] In embodiments, the AC binds to the human DMD gene, which encodes for dystrophin. In
embodiments, the AC binds to at feast a portion of exon 44 of DMD. In embodiments, the AC
binds to at least a portion of a 37 flanking of exon 44 of DMD. In embodiments, the AC binds 1o
at least a portion of a 57 flanking intron of exon 44 of BMD. In embodiments, the AL that binds
to exon 44 of BMD 1s from about 18 to about 30 nucleic acids m length, for example, about 18,
about 19, about 20, about 21, about 22, about 23, about 24, about 25, about 26, about 27, about 28,

about 29, or about 30 nucleic acids n length.
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[8327] In embodiments, the nucleic acid sequence of exon 44 of DMD from 5 to 37 s
GCGATTTGACAGATCTGTTGAGAAATGGCGGUGTTTTCATTATGATATAAAGATATT
TAATCAGTGGUTAACAGAAGCTGAACAGTTTCTCAGAAAGACACAAATTCCTGAGA
ATTGGGAACATGUCTAAATACAAATGGTATCTTAAG (SEQ D NG 1),

[8328] In embodiments, the nucleic acid sequence of exon 44 of DMD from 5 t¢ 37 is:
GGCGATTTGACAGATCTGTTGAGAAATGGCGGCGTTTTCATTATGATATAAAGATAT
TTAATCAGTGGCTAACAGAAGUTGAACAGTTTCTCAGAAAGACACAAATTCCTGAG
AATTGGGAACATGCTAAATACAAATGGTATCTTAAG (SEQ ID NO: 2). In embodiments,
the sequence of exon 44 comprises 1, 2, 3, 4, or 5 nucleotides, or more, at the 57 end of SEQ D
NO: 1. In embodiments, the sequence of exon 44 comprises 1, 2, 3, 4, or 5 nucleotides, or more,
at the 5 end of SEQ ID NO: 2. In embodiments, the sequence of exon 44 comprises 1, 2, 3, 4, or
5 nucleotides, or more, at the 3” end of SEQ ID NO: 1. In embodiments, the sequence of exon 44
comprises 1, 2, 3, 4, or 5 nucleotides, or more, at the 37 end of SEQ 1D NG: 2.

[6329]  In embodiments, the AC comprises 18 consecutive nucleotides (e g., the AC 15 an 18-mer)
of SEQ ID NQO: 1, wherein the first nucleotide of the 18-mer starts at position 1, 2, 3, 4, 5,6, 7, 8,
9 10, 11,12, 13, 14, 15, 16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 20, 30, 31, 32, 33, 34,
35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 6, 57, 58, 59, 60,
61, G2, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 775, 76, 77, 78, 79, 80, 81, §2, §3. 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128,
129, 130, or 131 of SEG ID NGO 1 In embodiments, the AC comprises 18 consecutive nucleotides
{e.g., the AC 18 an 18-mer) of SEQ 1D NO: 2, wherein the first nucleotide of the 18-mer starts at
postiion 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79,
80, 81, B2, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103,
104, 105, 106, 107, 108,109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122,
123,124, 125, 126, 127, 128, 129, 130, 131, or 132 of REQ 1D NO: 2.

{8338] In embodiments, the AC comprises 19 consecutive nucleotides {e.g., the AC 1s an 19-mer}
of SEQ 1D NO: 1, wheren the first nucleotide of the 19-mer starts at position 1, 2,3, 4, 5,6, 7, &,
9 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
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35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84 85, 86,
87,88, 89,90, 01,02, 03, 04, 05, 9697, 98 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124 125, 126, 127, 128,
129, or 130 of SEQ 1D NO: 1. In embodiments, the AC comprises 19 consecutive nucleotides {e.g.,
the AC is an 19-mer} of SEQID NO: 2, wherein the first nuclectide of the 19-mer starts at position
1.2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32,33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45_ 46, 47, 48,49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81,
82, 83, 84, 85, 86, 87, 88, 89, 00, 91, 92, 93, 94 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125, 126, 127, 128, 129, 130, or 131 of SEGQ ID NG 2.

[6331] In embodiments, the AC comprises 20 consecutive nucleotides {e.g., the AC is an 20-mer)
of SEQ ID NO: 1, wherein the first nuclectide of the 20-mer starts at position 1, 2, 3, 4, 5,6, 7, §,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37,38, 30, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73, 74,75, 76, 77, 78, 79, $0, 81, 82, 83, 84, 85, §6,
87. 88, 89,90, 91,92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, THE, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, or
129 of SEQ ID NO: 1. In embodiments, the AC comprises 20 consecutive nucleotides {(e.g., the
ALC 15 an 20~mer) of SEQ 1D NO: 2, wherein the first nucleotide of the 20-mer starts at position 1,
2,3,4,5,6,7,8,9 10, 11,12, 13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 7S, 76,77, 78, 79, 80, 81, &2,
&3, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127, 128, 129, or 130 of SEQ ID NO: 2.

[8332] In embodiments, the AC comprises 21 consecutive nucleotides {e.g., the AC 15 an 21-mer)
of 8EQ ID N 1, wherein the first nuclectide of the 21-mer starts at position 1, 2,3, 4, 5,6, 7, 8,
9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
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61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72. 73, 74, 75,76, 77, 78, 79, 80, &1, 82, 83, 84, 85, 86,
&7, 88, 89, 90, 91,92, 93, 94, 95, 96 97. 9899, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118 119, 120, 121, 122, 123, 124, 125, 126, 127, or 128
of SEQ ID NO: 1. In embodiments, the AC comprises 21 consecutive nucleotides {e.g., the AC 15
an 21-mer} of SEQ D NQ: 2, wherein the first nucleotide of the 21-mer starts at position 1, 2, 3,
4,5,6,7.8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28 29, 30, 31,
32,33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67. 68, 69, 70, 71, 72,73, T4, 75, 76, 77,778, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 01, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127, 128, or 129 of SEQ ID NO: 2

{6333]  In embodiments, the AC comprises 22 consecutive nucleotides {e g., the AC is an 22-mer)
of SEQ ID NO: 1, wherein the first nucleotide of the 22-mer starts at position 1, 2, 3, 4, 5,6, 7, &,
910, 11, 12,13, 14, 15,16, 17, 18, 19, 20, 21, 22 23, 24, 25,26, 27, 28, 20, 30, 31, 32, 33, 34,
35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 33, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, &7, 68, 69, 70, 71,72, 73, 74,775, 76, 77, 78. 79, 80, 81, 82, §3. 84, 85, /6,
87, 88, 89,90, 91,92, 03, 04, 95,96, 97, 98 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, or 127 of
SEQ ID NG: 1. In embodiments, the AC comprises 22 consecutive nucleotides {e.g, the AC 13 an
22-mer) of SEQ ID NO: 2, wherein the first nucleotide of the 22-mer starts at position 1, 2, 3, 4,
5.6,7,8,9, 10, 11, 12,13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32
33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,
39, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, &3, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127, or 128 of SEQ ID NG: 2.

[8334] In embodiments, the AU comprises 23 consecutive nucleotides {e.g., the AC 1s an 23-mer}
of SEQ 1D NO: 1, wheren the first nucleotide of the 23-mer starts at position 1, 2,3, 4, 5,6, 7, §,
910, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28. 29, 30, 31, 32, 33, 34,
35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, S8, 59, 60,

y DO

61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86,
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87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, or 126 of SEQ 1D
NG 1. In embodiments, the AC comprises 23 consecutive nucleotides {e.g., the AC is an 23-mer)
of 8EQ ID N{O: 2, wherein the first nuclectide of the 23-mer starts at position 1, 2,3, 4, 5,6, 7, 8,
9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73. 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91,92, 93, 94, 95,96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, or 127 of
SEQ ID NQO: 2.

[8335] 1o embodiments, the AC comprises 24 consecutive nucleotides {e.g., the AC is an 24-mer)

of SEQ ID NO: 1, wherein the first nuclectide of the 24-mer starts at position 1, 2,3, 4, 5,6, 7, 8,
9,10, 11,12, 13, 14, 15,16, 17, 18,19, 20, 21, 22, 23, 24, 28, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37, 38, 30, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 5556, 57, 58, 59, 60,
61, 62, 63, 64, 65, G6, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 83, 86,
87, 88 89, 90, 91,92, 93, 94 95,96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, or 125 of SEQ ID NO:
1. In embodiments, the AC comprises 24 consecutive nucleotides {e.g., the AC is an 24-mer) of
SEQ ID NG: 2, wherein the first nucleotide of the 24-mer starts at position 1, 2, 3,4, 3,6, 7, 8, 9,
10, 11,12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 39, 60, 61,
62, 63, 64, 65, 66, 67, 68,69, 70, 71, 72,73, 74, 7S, 76, 77, 78, 79, B0, 81, 82, §3, 84, 85, 86, 87,
&8, 89, 9C, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 1144, 115, 116, 117, 118, 119,120, 121,122, 123, 124, 125, or 126 of SEQ ID
NG: 2,

[8336] In embodiments, the AC comprises 25 consecutive nucleotides {e.g., the AC is an 25-mer)
of 8EQ ID N 1, wherein the first nuclectide of the 25-mer starts at position 1, 2, 3, 4, 5,6, 7, 8,
9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 45, 50, 51, 52, 53, 54, 55, 56, 57, 38, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73. 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91,92, 93, 94, 95,96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
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110, 1L, V82,113,114, 115, 116, 117, 118, 119, 120, 121,122, 123, or 124 of SEQID NO: 1. In
embodiments, the AT comprises 25 consecutive nucleotides {e.g., the AC 13 an 25-mer} of SEQ
1D NO: 2, wherein the first nucleotide of the 25-mer starts at position 1, 2, 3, 4,5, 6,7, 8,9, 10,
11,12, 13, 14,15, 16, 17, 18, 19,20, 21, 22, 23, 24, 25,26, 27, 28, 29, 30, 31,32, 33, 34, 35, 36,

37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 46, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110

111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, or 125 of SEQ ID NO: 2

{8337} In embodiments, the AC comprises 26 consecutive nucleotides {e.g., the AC is an 26-mer)
of SEQ ID NO: 1, wherein the first nucleotide of the 26-mer starts at position 1, 2, 3, 4, 5,6, 7, §,
9,10, 11,12, 13, 14, 15,16, 17, 18,19, 20, 21, 22, 23, 24, 28, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47 48 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 78, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89 90,91, 92, 03,94, 95,06, 97, 98, 99,100, 101, 162, 103, 104, 105, 106, 107, 108, 109,
110, 113, 112, 113, 114, 115, 116, 117, 118 119, 120, 121, 122, or 123 of SEQ ID NO: | In
embodiments, the AC comprises 26 consecutive nucleotides (e g, the AC is an 26-mer) of SEQ
ID NO: 2, wherein the first nucleotide of the 26-mer staris at position 1, 2,3, 4, 5,6, 7, 8, 9, 10,
11,12, 13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, T3, 74, 75, 76, 77, 78, 75, 80, 81, 82, 83, 84, §5, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 10S, 106, 107, 108, 109, 110,
T, 112, 813, 114, 115, 116, 117, 118,119,120, 121, 122, 123, or 124 of SEQ 1D NO: 2.

[6338] In embodiments, the AC comprises 27 consecutive nucleotides {e.g., the AC 1s an 27-mer}
of SEQ ID NG: 1, wherein the fust nucleotide of the 27-mer starts at position 1, 2, 3,4, 5,6, 7, §,
9,10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86,
87. 88, 89,90, 91,92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 133, 114, 115, 116, 117, 118, 119, 120, 121, or 122 of SEQ ID NG 1. In
embodiments, the AC comprises 27 consecutive nucleotides {e.g., the AC is an 27-mer} of SEQ

-y
i

ID NO: 2, wherein the first nucleotide of the 27-mer starts at position 1, 2,3, 4, 5,6, 7, 8, 9, 10,
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11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,29, 30, 31, 32, 33, 34, 35, 36,
37,38, 3940, 41, 42, 43, 44, 45, 46, 47, 48 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62.
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, T4, 75. 76, 77, 78, 79, R0, 81, 82, 83, 84, 85, 86. 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112,133, 114, 115, 136, 117, 118, 119,120, 121, 122, or 123 of SEQ ID NO: 2.

{68339] In embodiments, the AC comprises 28 consecutive nucleotides {e.g., the AC is an 28-mer)
of SEQ 1D NO: 1, wherein the first nucleotide of the 28-mer starts at position 1, 2,3, 4, 5, 6, 7, &,
9 10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, S8, 59, 60,
61, 62, 63, 64, 65, 66, &7, 68, 69, 70, 71,72, 73, 74,775, 76, 77, 78, 79, 80, /1, 2, §3, 84, 85, 86,
87, 88, 89, 90, 01, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 103, 106, 107, 108, 109,
110, 111, 132, 113, 114, 115,116, 117, 118, 119, 120, or 121 of SEQ 1D NO: 1. In embodiments,
the AC comprises 28 consecutive nucleotides {e.g., the AC is an 28-mer} of SEQ ID NO: 2,
wherein the first nucleotide of the 28-mer starts at position 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, S8, 59, 60, 61, 62, 63, 64, 63,
66, 67, 08, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 8O, 81, 82, 83, 84, §5, 86, 87, 88, 89, 90, 91,
G2, 93, 94, 93 96, 97, 98 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113, 114, 115, 116, 117, 118, 119, 120, 121, or 122 of SEQ ID NO: 2.

[6348] In embodiments, the AC comprises 29 consecutive nucleotides (e g., the AC 15 an 29-mer)
of SEQ ID NQO: 1, wherein the first nucleotide of the 29-mer starts at position 1, 2, 3, 4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83, 84, 8S, 8G,
&7, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 103, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, or 120 of SEQ ID NG: 1. In embodiments, the
AC comprises 29 consecutive micleotides (e.g., the AC is an 29-mer) of SEQ ID NG: 2, wherein
the first nucleotide of the 29-mer starts at position 1,2, 3, 4,5, 6,7, 8,9, 10, 11,12, 13,14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 2526, 27, 28, 29, 30, 31,32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48,49, 50, 51, 52, 53, 5455, 56, 57, 58 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69, 70, 71,72, 73, 74,75, 76, 7. 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
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95, 96,97, 98,99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113,114, 115,
116, 117, 118, 119, 120, or 121 of SEQ ID NG: 2.

[8341] In embodiments, the AC comprises 30 consecutive nucleotides {e.g., the AC is an 30-mer)
of REQ ID NO: 1, wherein the first nucleotide of the 30-mer starts at position 1, 2,3, 4, 5,6, 7, 8,
9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73. 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91,92, 93, 94, 95,96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,

(4

110, 111, 112, 113, 114, 115, 116, 117, 118, or 119 of SEQ 1D NG: 1. In embodiments, the AC
19 comprises 30 consecutive nuclectides (e g., the AC is an 30-mer) of SEQ 1D NO: 2, wherein the
first nucleotide of the 30-mer starts at position 1, 2, 3,4, 5,6, 7.8 9, 16, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44 45, 46, 47 4R, 49, 30, $1, 82, 53, 54, 55, 36, 37, S8, 59, 60, 61, 62, 63, 64, &5, 66, 67, 68,
69,70, 71,72, 73, 74, 7S, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 01, 92, 93, 94,
15 95,96, 97, 98,99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116, 117, 118, 119, or 120 of SEQ ID NG: 2.
[8342] 1o embodiments, the AC that binds to exon 44 of DMD 15 selected from any one of the
nucleic acid sequences shown in Tables 6A-6M, the reverse complement thereof, or a sequence
with at least 80%, 81%, 8§2%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
20 94%, 95%, 96%, 97%, 98%, or 99% nucleic acid sequence identity thereto.
[8343] Io emboduments, the AC binds to a sequence of exon 44 of DMD selected from any one of
the nucleic acid sequences shown in Tables 6A-6M. In embodiments, the AC that binds to exon
44 of DMD 13 selected from any one of the nucleic acid sequences within Tables 6A-6M, the
reverse complement thereof, or a sequence with at least 80%, 81%, 82%, 83%, 84%4, 85%, 8a%,
25 &7%, &%, 89%, 90%, 91%, 92%, 93%, 94%, 95%;, 96%, 97%, 98%, or 99% nucleic acid sequence
identity thereto.. In embodiments, the AT that binds to exon 44 of DMD comprises one or more
modified nucleic acids, one or more modified internucleotide hinkages, or a combination thereof
In embodiments, the AC that binds to exon 44 comprises one or more morpholine rings, one or
more phosphorodianudate binkages, or a combmation thereof. In embodiments, the AC that binds

3¢ to exon 44 of DMD s an antisense phogy

selected from any one of the nucleic acid sequences within Tables 6A-6M, the reverse
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complement thereof, or a sequence with at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
&%, 89%, 0%, 91%, 92%, 93%, 4%, 93%, 96%, 97%, 98%, or 99% nucleic acid sequence
identity thereto..
[8344] In  embodiments, the AL that binds to exon 44 of DMD s 35-
5 TGAAAACGCCGCCATTTCTCAACAG -3 In embodiments, the AC that binds to exon 44 of
DMD is S“ACTGTTCAGCTTCTGTTAGCCACTG -3'. In embodiments, the AC that binds to
exon 44 of DMD comprises one or more modified nucleic acids, one or more modified
mternucleotide linkages, or a combination thereof. In embodiments, the AC that binds to exon 44
comprises one or more morpheline rings, one or more phosphorodiamidate linkages, or a

10 combination thereof In embodiments, the AC that binds to exon 44 of DM is an antisense

P e
Y it a cannanea that i S5
Y Wi & sequence that i 5

DMD 1s an antisense phosphorodiami

ACTGTTCAGCTTCTGTITAGCCACTG -3"

15 Table 64. 18-merACs thar bind to exon 44 of DMD

Nucleic Acid Sequence (37— 3)
GGCGATTTGACAGATCTG
GCGATTTGACAGATCTGY
CGATTTGACAGATCTGTT
GATTTGACAGATCTGTTG
ATTTGACAGATCTGTITGA
TITGACAGATCTGTTIGAG
TTGACAGATCTGTTGAGA
TGACAGATCTGTTGAGAA
GACAGATCTGTTGAGAAA
ACAGATCTGTTGAGAAAT
CAGATCTGTTGAGAAATG
AGATCTGTTGAGAAATGG
GATCTGTTGAGAAATGGC
ATCTGTTGAGAAATGGLG
TCTGTTGAGAAATGGCGG
CTGTTGAGAAATGGCGGC
TGTTGAGAAATGGLGGCG
GTTGAGAAATGGCGGCGT
TTGAGAAATGGCGGCGTT

113



WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

TGAGAAATGGCGGCGTTT

GAGAAATOGCGOCGTTTT

AGAAATGGCGOCGEITTIC

GAAATGGCGGCGTTTTICA

AAATGGCGOGCOGTTTTCAT

AATOGCGOGCGTITTITCATT

ATGGCGGCGTITTICATTA

TOGGCGOCGTTTTCATTAT

GOGCGOCGTTITICATTATG

GCGGCGTTTICATTATGA

CGGCGTITICATTATGAT

GOCGITTICATTATGATA

GCGITTTCATTATGATAT

CGTTTTCATTATGATATA

GTITTITCATTATGATATAA

TTTTCATTATGATATAAA

TTTCATTATGATATAAAG

TTCATTATGATATAAAGA

TCATTATGATATAAAGAT

CATTATGATATAAAGATA

ATTATGATATAAAGATAT

TTATGATATAAAGATATT

TATGATATAAAGATATIT

ATGATATAAAGATATTTA

TGATATAAAGATATITAA

CATATAAAGATATTTAAT

ATATAAAGATATTITAATC

TATAAAGATATTTAATCA

ATAAAGATATITAATCAG

TAAAGATATTTAATCAGT

AAAGATATTTAATCAGTG

AAGATATTTAATCAGTIGG

AGATATTTAATCAGTGGC

GATATTTAATCAGTIGGCT

ATATTTAATCAGTGGCTA

TATTTAATCAGTGGLTAA

ATTTAATCAGTGGCTAAC

TITAATCAGTGGUTAACA

TTAATCAGTGGITAACAG

TAATCAGTGGCTAACAGA
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Nucleic 4cid Sequence (37— 3°)

AATCAGTGGCTAACAGAA

ATCAGTGGCTAACAGAAG

TCAGTGGCTAACAGAAGC

CAGTGGCTAACAGAAGCT

AGTGGCTAACAGAAGCTG

OGTOGCTAACAGAAGCTGA

TGGCTAACAGAAGCTGAA

GGUCTAACAGAAGCTGAAC

GCTAACAGAAGUTGAACA

CTAACAGAAGCTGAACAG

TAACAGAAGCTGAACAGT

AACAGAAGCTGAACAGTT

ACAGAAGCTGAACAGTTT

CAGAAGCTGAACAGTTTIC

AGAAGCTGAACAGTTTCT

GAAGCUTGAACAGTTTICTC

AAGCTGAACAGTTITCTICA

AGCTGAACAGTITICTCAG

OGUTCGAACAGTITICTCAGA

CTGAACAGTTTCTCAGAA

TGAACAGTTTCTCAGAAA

CAACAGTTTCTCAGAAAG

AACAGTTTCTCAGAAAGA

ACAGTTTICTCAGAAAGAC

CAGTTTCTCAGAAAGACA

AGTTTCTCAGAAAGACAC

GTTTCTCAGAAAGACACA

TITCTCAGAAAGACACAA

TTCTCAGAAAGACACAAA

TCTCAGAAAGACACAAAT

CTCAGAAAGACACAAATT

TCAGAAAGACACAAATIC

CAGAAAGACACAAATTICC

AGAAAGACACAAATICCT

GAAAGACACAAATTICCTG

AAAGACACAAATICCIGA

AAGACACAAATTICCTGAG

AGACACAAATTCCTGAGA

GACACAAATTCCOTGAGAA

ACACAAATTICCTGAGAAT
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Nucleic 4cid Sequence (37— 3°)

CACAAATTCCTGAGAATE

ACAAATTCCTGAGAATIG

CAAATTCCTGAGAATTGG

AAATTCCTGAGAATTIGGG

AATTCCTGAGAATTGGGA

ATTCCTGAGAATTGGGAA

TTCCTGAGAATTGGGAAC

TCCTGAGAATTGGGAACA

CCTGAGAATTGGGAACAT

CTGAGAATTGGGAACATG

TGAGAATTGGGAACATGC

GAGAATTGOGAACATGOT

AGAATTGGGAACATGCTA

GAATTGGGAACATGCTAA

AATTGGGAACATGCTAAA

ATTGGGAACATGCTAAAT

TTGGGAACATGCTAAATA

TOGGAACATGCTAAATAC

GGGAACATGCTAAATACA

GGAACATGCTAAATACAA

GAACATGCTAAATACAAA

AACATGUTAAATACAAAT

ACATGCTAAATACAAATG

CATGCTAAATACAAATGG

ATGCTAAATACAAATGGT

TGCTAAATACAAATGGTA

GCTAAATACAAATGGTAT

CTAAATACAAATOGTATC

TAAATACAAATGGTATCT

AAATACAAATGGTATCTT

AATACAAATGGTATCTTA

ATACAAATGGTATCTTAA

TACAAATGGTATCTITAAG

Tabie 6B. 19-mer ACs that bind (o exon 44 of DMD

Nucleic Acid Sequence (5" 3}

GGCGATTTGACAGATCTGT

GCGATTTGACAGATCTGTT

COATTTGACAGATCTGTTIG
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Nucleic 4cid Sequence (37— 3°)

GATTTGACAGATCTGTTIGA

ATTTGACAGATCTGTTGAG

TTTGACAGATCTGTTGAGA

TTGACAGATCTGTITGAGAA

TGACAGATCTGTTIGAGAAA

GACAGATCTGTTGAGAAAT

ACAGATCTGTITGAGAAATG

CAGATCTGTTGAGAAATGG

AGATCTGTTGAGAAATGGT

GATCTGTTGAGAAATGGCG

ATCTGTTGAGAAATGGCGG

TCTOTTGAGAAATGGCGGC

CTGTTGAGAAATGGCGGCG

TGTTGAGAAATGGCGGOGT

GTTGAGAAATGOGCGGCGTT

TTGAGAAATGGCGGCGTITT

TGAGAAATGGCGGCGTTTT

GAGAAATGGOGGOGTTTTC

AGAAATGGCGGCGTITICA

GAAATGGCOGGCGTTTTICAT

AAATGGCGGCGTTTTICATT

AATGGCOGCGTTITCATTA

ATGGCGGCGTTITICATTAT

TGGCGGCGTTTICATTATG

GGCGGCGTTTTCATTATGA

GCGGCGTTITCATTATGAT

COGGCGTTITICATTATGATA

OQGCOTTTTCATTATGATAT

GCGTTTICATTATGATATA

CGITTTCATTATGATATAA

SITTTCATTATGATATAAA

TTTTCATTATGATATAAAG

TTTCATTATGATATAAAGA

TTCATTATGATATAAAGAT

TCATTATGATATAAAGATA

CATTATGATATAAAGATAT

ATTATGATATAAAGATATT

TTATGATATAAAGATATIT

TATGATATAAAGATATITA

ATGATATAAAGATATITAA
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Nucleic 4cid Sequence (37— 3°)

TGATATAAAGATATITAAT

GATATAAAGATATTTAATC

ATATAAAGATATTTAATCA

TATAAAGATATTTAATCAG

ATAAAGATATTTAATCAGT

TAAAGATATTTAATCAGTG

AAAGATATTTAATCAGTIGG

AAGATATTTAATCAGTGGC

AGATATITAATCAGTOGCT

GATATTTAATCAGTIGGCTA

ATATTTAATCAGTGGLCTAA

TATTTAATCAGTGGLTAAC

ATTTAATCAGTGGCTAACA

TITAATCAGTGGCTAACAG

TTAATCAGTGGCTAACAGA

TAATCAGTGGCTAACAGAA

AATCAGTGGCTAACAGAAG

ATCAGTGGCTAACAGAAGC

TCAGTGOGCTAACAGAAGCT

CAGTGGCTAACAGAAGCIG

AGTGGCTAACAGAAGUTGA

GTGOGCTAACAGAAGCTGAA

TGGCTAACAGAAGCTGAAC

GGCTAACAGAAGCTGAACA

GCTAACAGAAGCTGAACAG

CTAACAGAAGCTGAACAGT

TAACAGAAGCTGAACAGTY

AACAGAAGCTGAACAGTTT

ACAGAAGCTGAACAGTTTC

CAGAAGCTGAACAGTTTICT

AGAAGCTGAACAGTTICTC

GAAGUTCAACAGTTTCICA

AAGCTGAACAGTTICTCAG

AGCTGAACAGTITICTCAGA

GCTGAACAGTITCTCAGAA

CTGAACAGTTITCTCAGAAA

TGAACAGTITTCTCAGAAAG

GAACAGTTTICTCAGAAAGA

AACAGTITTCTCAGAAAGAC

ACAGTTTCTCAGAAAGACA
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Nucleic 4cid Sequence (37— 3°)

CAGTTTCTICAGAAAGACAC

AGTTTCTCAGAAAGACACA

GTTTCTCAGAAAGACACAA

TITCTCAGAAAGACACAAA

TTCTCAGAAAGACACAAAT

TCTCAGAAAGACACAAATT

CTCAGAAAGACACAAATIC

TCAGAAAGACACAAATTCC

CAGAAAGACACAAATTCCT

AGAAAGACACAAATICCIC

GAAAGACACAAATTCCTGA

AAAGACACAAATTCCTGAG

AAGACACAAATTCCTGAGA

AGACACAAATICCTGAGAA

GACACAAATTCCTGAGAAT

ACACAAATTCCTGAGAATT

CACAAATTCCTGAGAATTG

ACAAATTICCTGAGAATTGG

CAAATTCCTGAGAATTIGGE

AAATTCCTGAGAATTGGGA

AATTCCTGAGAATTGGGAA

ATTCCTGAGAATTGGGAAC

TTICCTGAGAATTGGGAACA

TCCTGAGAATTGGGAACAT

CCTGAGAATTGGGAACATG

CTGAGAATTIGGGAACATGC

TGAGAATTGGGAACATGCT

GAGAATTGGGAACATGCTA

AGAATTGGGAACATGCTAA

GAATTGGGAACATGCTAAA

AATTGGGAACATGUTAAAT

ATTGGGAACATGCTAAATA

TTGGGAACATGCTAAATAC

TGGGAACATGCTAAATACA

GGGAACATGCTAAATACAA

GGAACATGCTAAATACAAA

GAACATGCTAAATACAAAT

AACATGCTAAATACAAATG

ACATGUTAAATACAAATGG

CATGCTAAATACAAATGGTY
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Nucleic 4cid Sequence (37— 3°)

ATGCTAAATACAAATGGTA

TOGCTAAATACAAATGGTAT

GCTAAATACAAATGGTATC

CTAAATACAAATGGTATCT

TAAATACAAATGGTATCTT

AAATACAAATGGTATCTTA

AATACAAATGGTATCTTAA

ATACAAATGGTATCTTAAG

Table 6C. 20-mer ACs that bind to exon 44 of DMD

Nucieic Acid Sequence (57— 37)

GGCGATTTGACAGATCTGTT

OGCCGATTTGACAGATCTGTTIC

CGATTTGACAGATCTIGTITGA

GATTTGACAGATCTGTTGAG

ATTTGACAGATCTGTTGAGA

TTTGACAGATCTGTTGAGAA

TTGACAGATCTGTTIGAGAAA

TGACAGATCTGTTGAGAAAT

GACAGATCTIGTTGAGAAATG

ACAGATCTGTTGAGAAATGG

CAGATCTGTTGAGAAATGGO

AGATCTGTTGAGAAATCGGCG

GATCTGTTGAGAAATGGCGE

ATCTGTTGAGAAATGGCGGC

TCTGTTGAGAAATGGCGGEG

CTGTTGAGAAATGGLGGOGT

TGITGAGAAATGGCGGCGTT

GTTGAGAAATGGCGGOGTTT

TTGAGAAATGGCGGCGITTT

TCAGAAATGGCGGCGTTITIC

GAGAAATGGCGGCGTTTTICA

AGAAATGGOGGOGTTTTCAT

GAAATGGCGGCGTITTTCATT

AAATGGUGGCGTTTTCATTA

AATGOGUGGCOTTITCATTAT

ATGCGCGGCGTTITTICATTATG

TGOGCGGCGTTTTICATTATGA

GGCGGCGTTTTCATTATGAT
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Nucleic 4cid Sequence (37— 3°)

GCGGCGTTTTCATTATGATA

COGCOGTTTTICATTATGATAT

GGCGTTTTCATTATGATATA

GCGTTTTCATTATGATATAA

CGTTTTCATTATGATATAAA

GITTTICATTATGATATAAAG

TITTCATTATGATATAAAGA

TTTCATTATGATATAAAGAT

TTCATTATGATATAAAGATA

TCATTATGATATAAAGATATY

CATTATGATATAAAGATATY

ATTATGATATAAAGATATTIT

TTATGATATAAAGATATTITA

TATGATATAAAGATATTITAA

ATGATATAAAGATATITAAT

TGATATAAAGATATITAATC

GATATAAAGATATTITAATCA

ATATAAAGATATTITAATCAG

TATAAAGATATTTAATCAGT

ATAAAGATATTITAATCAGTG

TAAAGATATTTAATCAGTGG

AAAGATATTTAATCAGTGGE

AAGATATTTAATCAGTGGLT

AGATATTTAATCAGTGGCTA

GATATTTAATCAGTGGCTAA

ATATTTAATCAGTGGCTAAC

TATTTAATCAGTGGCTAACA

ATTTAATCAGTGGCTAACAG

TTTAATCAGTGGUTAACAGA

TTAATCAGTGGCTAACAGAA

TAATCAGTGOCTAACAGAAG

AATCAGTGGCTAACAGAAGT

ATCAGTGGCTAACAGAAGCT

TCAGTGGCTAACAGAAGCTG

CAGTGOGCTAACAGAAGCTGA

AGTGGCTAACAGAAGCTGAA

GTGGCTAACAGAAGCTGAAC

TGOUTAACAGAAGCTGAACA

GGCTAACAGAAGCTGAACAG

GCTAACAGAAGCTGAACAGT
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Nucleic 4cid Sequence (37— 3°)

CTAACAGAAGCTGAACAGTT

TAACAGAAGCTGAACAGTTYT

AACAGAAGCTCGAACAGTTIC

ACAGAAGCTGAACAGTTICT

CAGAAGCTGAACAGTTICTC

AGAAGCTGAACAGTTTCICA

GAAGCTGAACAGITICTCAG

AAGCTGAACAGTTTCTCAGA

AGCTGAACAGTTTICTCAGAA

GCTGAACAGTTICTCAGAAA

CTGAACAGTTTCTCAGAAAG

TGAACAGTTICTCAGAAAGA

GAACAGTTTCTCAGAAAGAC

AACAGTTTCTCAGAAAGACA

ACAGTTTCTCAGAAAGACAC

CAGTTTCTCAGAAAGACACA

AGTTTCTCAGAAAGACACAA

GTTTCTCAGAAAGACACAAA

TTTCTCAGAAAGACACAAAT

TTCTCAGAAAGACACAAATT

TCTCAGAAAGACACAAATTC

CTCAGAAAGACACAAATTICC

TCAGAAAGACACAAATICCY

CAGAAAGACACAAATTCCIG

AGAAAGACACAAATTICCTGA

GAAAGACACAAATICCTIGAG

AAAGACACAAATTCCTGAGA

AAGACACAAATTCCTGAGAA

AGACACAAATTCCTGAGAAT

GACACAAATTCCTGAGAATT

ACACAAATTCCTGAGAATTG

CACAAATTCCTGAGAATIGG

ACAAATTCCTGAGAATTGGG

CAAATTCCTGAGAATTGGGA

AAATTCCTOAGAATTGGGAA

AATTCCTGAGAATTGGGAAC

ATTCCTGAGAATTGGGAACA

TTCCTGAGAATTGGGAACAT

TCCTGAGAATTGGOAACATG

CCTGAGAATTGGGAACATGC
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Nucleic 4cid Sequence (37— 3°)

CTGAGAATTGGGAACATGCT

TGAGAATTGGGAACATGCUTA

GAGAATTIGGGAACATGCTAA

AGAATTGGGAACATGCTAAA

GAATTGOGAACATGCTAAAT

AATTGGGAACATGCTAAATA

ATTGGGAACATGCTAAATAC

TTGGGAACATGCTAAATACA

TGGGAACATGCTAAATACAA

GGGAACATGCTAAATACAAA

GGAACATGCTAAATACAAAT

GAACATGCTAAATACAAATG

AACATGCTAAATACAAATGG

ACATGCTAAATACAAATGGTY

CATGCTAAATACAAATGGTA

ATGCTAAATACAAATGGTAT

TGCTAAATACAAATGGTATC

GCTAAATACAAATGGTATCY

CTAAATACAAATGGTATCTT

TAAATACAAATGGTATCTTA

AAATACAAATGGTATCTTAA

AATACAAATGGTATCTTAAG

Fable 6D. 2i-mer ACSs that bind io exon 44 of DMD

Nucleic Acid Sequence (57— 3)

GOCGATTTGACAGATCTOTTC

GCGATTTGACAGATCTIGTTGA

CGATTTGACAGATCTGTTGAG

GATTTGACAGATCTGTTGAGA

ATTTGACAGATCTGTTGAGAA

TTTGACAGATCTGTTGAGAAA

TTGACAGATCTGTTGAGAAAT

TOACAGATCTGTTGAGAAATG

GACAGATCTIGTTGAGAAATGG

ACAGATCTGTTGAGAAATGGC

CAGATCTGTITGAGAAATGGLG

AGATCTGTTGAGAAATGGCGG

GATCTGTTGAGAAATGGCGGC

ATCTGTTGAGAAATGGCGOOG
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Nucleic 4cid Sequence (37— 3°)

TCTGTTGAGAAATGGCGGCGT

CTGTTGAGAAATGGCGGOGTT

TOTTGAGAAATGGCGGCGTTY

GTTGAGAAATGGCGGCGTTTT

TTGAGAAATGGCGGCCTTTTC

TGAGAAATGGCOGCGTTITTICA

GAGAAATGGCGGCGTTITTICAY

AGAAATGGCGGCGTTITCATT

GAAATGOCGGUOTTTTCATTA

AAATGGCGGCGITITCATTAT

AATGGCGGCGTITTITCATTATG

ATGGCOGGCOGTTTTCATTATGA

TGGUGGCGTTTITCATTATGAT

GGCGGCGTTTITCATTATGATA

GCGGCOGTTTTCATTATGATAT

CGGCGTTITCATTATGATATA

GGCCTTTTCATTATGATATAA

GCGTTTTCATTATGATATAAA

CGITTTCATTATGATATAAAG

GITTTCATTATGATATAAAGA

TTTTCATTATGATATAAAGAT

TTTCATTATGATATAAAGATA

TTCATTATGATATAAAGATAT

TCATTATGATATAAAGATATY

CATTATGATATAAAGATATTT

ATTATGATATAAAGATATITA

TTATGATATAAAGATATITAA

TATCGATATAAAGATATTITAAT

ATGATATAAAGATATITAATC

TGATATAAAGATATTTAATCA

GATATAAAGATATTITAATCAG

ATATAAAGATATTTAATCAGT

TATAAAGATATTTAATCAGTG

ATAAAGATATTTAATCAGTGG

TAAAGATATTTAATCAGTGGC

AAAGATATTTAATCAGTIGGCT

AAGATATTITAATCAGTGGCTA

AGATATTTAATCAGTGGCTAA

GATATTTAATCAGTGGCTAALC

ATATTTAATCAGTGGCTAACA
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Nucleic 4cid Sequence (37— 3°)

TATTTAATCAGTGGCTAACAG

ATTTAATCAGTGGCTAACAGA

TTTAATCAGTGGCTAACAGAA

TTAATCAGTGGCTAACAGAAG

TAATCAGTGGCTAACAGAAGC

AATCAGTGGCTAACAGAAGCT

ATCAGTGGCTAACAGAAGCTG

TCAGTGGCTAACAGAAGCTGA

CAGTGGCTAACAGAAGCTGAA

AGTGGCTAACAGAAGCTGAAC

GTGGCTAACAGAAGCTGAACA

TGGCTAACAGAAGCTGAACAG

GGCTAACAGAAGCTGAACAGT

GCTAACAGAAGCTGAACAGTT

CTAACAGAAGCTGAACAGTTT

TAACAGAAGCTGAACAGTITIC

AACAGAAGCTGAACAGTTICT

ACAGAAGCTGAACAGTTICTC

CAGAAGCTGAACAGTTTICTICA

AGAAGCTGAACAGTTTICTCAG

CAAGCTOAACAGTTITCTCAGA

AAGCTGAACAGTTTCTCAGAA

AGCTGAACAGTTICTCAGAAA

GCTGAACAGTITCTCAGAAAG

CTGAACAGTTITCTCAGAAAGA

TGAACAGTTTICTCAGAAAGAC

GAACAGTTITCTCAGAAAGACA

AACAGTTTCTCAGAAAGACALC

ACAGTTTCTCAGAAAGACACA

CAGTTTCTCAGAAAGACACAA

AGTTTCTCAGAAAGACACAAA

GITTCTCAGAAAGACACAAAT

TTTCTCAGAAAGACACAAATT

TTCTCAGAAAGACACAAATTC

TCTCAGAAAGACACAAATICO

CTCAGAAAGACACAAATICCYE

TCAGAAAGACACAAATICCTG

CAGAAAGACACAAATTICCTIGA

AGAAAGACACAAATTICCTGAG

GAAAGACACAAATTCCTGAGA
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Nucleic 4cid Sequence (37— 3°)

AAAGACACAAATTCCTGAGAA

AAGACACAAATTCUTGAGAAT

AGACACAAATTCCTGAGAATT

GACACAAATTCCTGAGAATTG

ACACAAATTCCTGAGAATTGG

CACAAATTCCTGAGAATTIGGG

ACAAATICCTGAGAATTGGGA

CAAATTCCTGAGAATTGGGAA

AAATTCCTGAGAATTGGGAALC

AATTCCTGAGAATTGGGAACA

ATTCCTGAGAATTGGGAACAT

TTCCTGAGAATTGGGAACATG

TCCTGAGAATTGGGAACATGC

CCTGAGAATTGGGAACATGCY

CTGAGAATTGGGAACATGCTA

TGAGAATTIGGGAACATGCTAA

GAGAATTGGGAACATGCTAAA

AGAATTGGGAACATGCTAAAT

GAATTGGGAACATGUTAAATA

AATTGGGAACATGCTAAATAC

ATTGGGAACATGCTAAATACA

TTGGGAACATGCTAAATACAA

TCGGAACATGCTAAATACAAA

GGGAACATGCTAAATACAAATY

GOAACATGCTAAATACAAATG

GAACATGCTAAATACAAATGG

AACATGCTAAATACAAATGGT

ACATGCTAAATACAAATGGTA

CATGCTAAATACAAATGGTAT

ATGCTAAATACAAATGGTATC

TGCTAAATACAAATGGTATCT

GUTAAATACAAATGGTATCTT

CTAAATACAAATGGTATCTTA

TAAATACAAATGGTATCTTAA

AAATACAAATGGTATCTTAAG

Fable 6k 22-mer ACs that bind (0 exon 44 of DMD

126




WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

GGCCGATTTGACAGATCTGTTGA

GCCGATTTGACAGATCTOTTGAG

CCGATTTGACAGATCTIGTTGAGA

GATTTGACAGATCTGTTGAGAA

ATTTGACAGATCTGTTGAGAAA

TTTGACAGATCTGTTGAGAAAT

TTGACAGATCTIGTTGAGAAATG

TGACAGATCTGTTGAGAAATGO

GACAGATCTGTTGAGAAATGOC

ACAGATCTIGTTGAGAAATGGLG

CAGATCTGTTGAGAAATGGCGG

AGATCTGTTGAGAAATGOCGGE

GATCTGTTGAGAAATGGLGGCG

ATCTGTTGAGAAATGGUGGLGT

TCTGTTGAGAAATGOGCGGOGTT

CTGTTGAGAAATGGCGGCGTITT

TGTTGAGAAATGGCGGCGTITIT

GTTGAGAAATGGCGGUGTTTTIC

TTGAGAAATGGCGGCGTTTTICA

TCGAGAAATGGCGGUGTTTTCAT

GAGAAATOGCGGCGTTITTCATT

AGAAATGGCGGCGTITTITCATTA

GAAATGGCGGCGTITITCATTATY

AAATGGCGGCGTTTTCATTATG

AATGOGUCGGOOGTTTTCATTATGA

ATGGCGGCGTTTTCATTATGAT

TGGCGGCGTTTICATTATGATA

GGCGOCGTTITCATTATGATAT

GUGGCGTTTTCATTATGATATA

CGGCGTTTTCATTATGATATAA

GGCGTTTTCATTATGATATAAA

GCGTTITICATTATGATATAAAG

CGITITCATTATGATATAAAGA

GITTTCATTATGATATAAAGAT

TTTTCATTATGATATAAAGATA

TITCATTATGATATAAAGATAT

TTCATTATGATATAAAGATATT

TCATTATGATATAAAGATATIT

CATTATGATATAAAGATATTITA

ATTATGATATAAAGATATTTAA
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Nucleic 4cid Sequence (37— 3°)

TTATGATATAAAGATATITAAT

TATGATATAAAGATATTITAATC

ATGATATAAAGATATTTAATCA

TGATATAAAGATATTTAATCAG

GATATAAAGATATTTAATCAGT

ATATAAAGATATTITAATCAGTG

TATAAAGATATTITAATCAGTGG

ATAAAGATATTTAATCAGTGGE

TAAAGATATTTAATCAGTGGCT

AAAGATATTTAATCAGTIGGCTA

AAGATATTTAATCAGTGGCTAA

AGATATTITAATCAGTGGITAAC

GATATTTAATCAGTGGCTAACA

ATATTTAATCAGTGGCTAACAG

TATTTAATCAGTGGCTAACAGA

ATTTAATCAGIGGCTAACAGAA

TTTAATCAGTGGCTAACAGAAG

TTAATCAGTGGCTAACAGAAGC

TAATCAGTGGCTAACAGAAGCT

AATCAGTGGCTAACAGAAGLTG

ATCAGTGGCTAACAGAAGCTGA

TCAGTGGUTAACAGAAGCTGAA

CAGTGGCTAACAGAAGCTGAAC

AGTGGCTAACAGAAGCTGAACA

GTGOGUTAACAGAAGCTGAACAG

TGGCTAACAGAAGCTGAACAGT

GGCTAACAGAAGCTGAACAGTT

GUTAACAGAAGCTGAACAGTTT

CTAACAGAAGCTGAACAGITIC

TAACAGAAGCTGAACAGTTTICT

AACAGAAGUTGAACAGTTITCTC

ACAGAAGCTGAACAGTTTICICA

CAGAAGCTGAACAGTTICTICAG

AGAAGCTGAACAGTTICTICAGA

GAAGCTGAACAGTTTCTCAGAA

AAGCTGAACAGTTITICTCAGAAA

AGCTGAACAGTTTICTCAGAAAG

OCTGAACAGTTTCTCAGAAAGA

CTOAACAGTITTCTCAGAAAGAC

TGAACAGTTTCTCAGAAAGACA
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Nucleic 4cid Sequence (37— 3°)

GAACAGTTITCTCAGAAAGACAC

AACAGTTTCTCAGAAAGACACA

ACAGTTTICTCAGAAAGACACAA

CAGTTTICTCAGAAAGACACAAA

AGTTTCTCAGAAAGACACAAAT

GITTCTCAGAAAGACACAAATT

TTTCTCAGAAAGACACAAATIC

TTCTCAGAAAGACACAAATTCC

TCTCAGAAAGACACAAATTCCT

CTCAGAAAGACACAAATTCCIC

TCAGAAAGACACAAATTCCTGA

CAGAAAGACACAAATTCCTGAG

AGAAAGACACAAATTCCTGAGA

GAAAGACACAAATTICCTGAGAA

AAAGACACAAATTCCTGAGAAT

AAGACACAAATTCCTGAGAATT

AGACACAAATTCCTGAGAATTG

GACACAAATTCCTGAGAATTGG

ACACAAATTICCTGAGAATTIGGG

CACAAATTCCTCGAGAATTIGGGA

ACAAATTCCTGAGAATTGGGAA

CAAATTCCTGAGAATTGGGAAL

AAATTCCTGAGAATTGGGAACA

AATTCCTGAGAATTGGGAACAT

ATTCCTGAGAATTGGGAACATG

TTCCTGAGAATTGGGAACATGC

TCCTGAGAATTGGGAACATGCY

CCTGAGAATTGGGAACATGCTA

CTGAGAATTGGGAACATGCTAA

TCGAGAATTGGGAACATGCTAAA

GAGAATTGGGAACATGCTAAAT

AGAATTGGGAACATGCTAAATA

GAATTGGGAACATGCTAAATAC

AATTGGGAACATGCTAAATACA

ATTGGGAACATGCTAAATACAA

TTGGGAACATGCTAAATACAAA

TGGGAACATGCTAAATACAAAT

GOGAACATGCTAAATACAAATG

GGAACATGCTAAATACAAATGG

GAACATGCTAAATACAAATGGT
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Nucleic 4cid Sequence (37— 3°)

AACATGCTAAATACAAATGGTA

ACATGCTAAATACAAATGOTAT

CATGCTAAATACAAATGGTATC

ATGCTAAATACAAATGGTATCY

TGCTAAATACAAATGGTATCTT

GCTAAATACAAATGGTATCTTA

CTAAATACAAATGGTATCTTAA

TAAATACAAATGGTATCTTAAG

Table 65, 23-mer ACs that bind (0 exon 44 of DMD

Nucieic Acid Sequence (57— 37)

GGCGATTTGACAGATCTIGTTGAG

GCOGATTTGACAGATCTGTITGAGA

CGATTTGACAGATCTGTTGAGAA

GATTTGACAGATCTGTTGAGAAA

ATTTGACAGATCTGTTGAGAAAT

TTTGACAGATCTGTTGAGAAATG

TTGACAGATCTGTTGAGAAATGG

TGACAGATCTGTTGAGAAATGGO

GACAGATCTGTTGAGAAATGGCG

ACAGATCTGTTGAGAAATGGCGG

CAGATCTGTTGAGAAATGGCGGO

AGATCTGTTGAGAAATGGCGOLG

GATCTOTTGAGAAATGGCGGEGT

ATCTGTTGAGAAATGGCGGCGTT

TCTGTTGAGAAATGGLGGCGTTT

CTGTTGAGAAATGGCGGCGTTTT

TGCTTGAGAAATGGCGGCGTTTTC

GTTGAGAAATGGCGGCGTTTICA

TTGAGAAATGGCGGCGITTTCAT

TCGAGAAATGGCGGCGTTTICATT

GAGAAATGGCGGCOTTTTCATTA

AGAAATGGCGGCGTTTTCATTAT

GAAATGGCGGCGTIITICATTATG

AAATOGGCGGCGTTITCATTATGA

AATGGCGLCGTTTTCATTATGAT

ATGGCGGCGTTTICATTATGATA

TGGCGOGCGTTTTCATTATGATAT

GQGCGGCGTTTTCATTATGATATA
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Nucleic 4cid Sequence (37— 3°)

GCGGCGITTITCATTATGATATAA

CGOGCGTTTICATTATGATATAAA

GGUGTTTTCATTATGATATAAAG

GCGTTTTCATTATGATATAAAGA

CGTTTTCATTATGATATAAAGAT

GTTTICATTATGATATAAAGATA

TTTTCATTATGATATAAAGATATY

TTTCATTATGATATAAAGATATT

TTCATTATGATATAAAGATATTT

TCATTATGATATAAAGATATITA

CATTATGATATAAAGATATTTAA

ATTATGATATAAAGATATITAAT

TTATGATATAAAGATATITAATC

TATGATATAAAGATATTTAATCA

ATGATATAAAGATATITAATCAG

TGATATAAAGATATITAATCAGY

GATATAAAGATATITAATCAGTG

ATATAAAGATATTTAATCAGTGG

TATAAAGATATTTAATCAGIGGC

ATAAAGATATTTAATCAGTGGCT

TAAAGATATTTAATCAGTGGCTA

AAAGATATTTAATCAGTGGCTAA

AAGATATTTAATCAGTGGCTAAC

AGATATTTAATCAGTGGCTAACA

GATATTTAATCAGTGGUTAACAG

ATATTTAATCAGTGGCTAACAGA

TATTTAATCAGTGGCTAACAGAA

ATTTAATCAGTGGCTAACAGAAG

TTTAATCAGTGGCTAACAGAAGC

TTAATCAGTGGCTAACAGAAGCT

TAATCAGTGGCTAACAGAAGCTG

AATCAGTGGCTAACAGAAGCTIGA

ATCAGTGGCTAACAGAAGCTGAA

TCAGTGGCTAACAGAAGCTGAAC

CAGTGGCTAACAGAAGCTGAACA

AGTGGLCTAACAGAAGCTGAACAG

GTGGCTAACAGAAGCTGAACAGT

TGOCTAACAGAAGCTGAACAGTT

GGCTAACAGAAGUTGAACAGTTY

GCTAACAGAAGCTGAACAGTITIC
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Nucleic 4cid Sequence (37— 3°)

CTAACAGAAGCTGAACAGTTICY

TAACAGAAGCTGAACAGTTICTC

AACAGAAGCTGAACAGTTICICA

ACAGAAGCTGAACAGTTTCTICAG

CAGAAGCTGAACAGTTTICTCAGA

AGAAGCTGAACAGTTICTICAGAA

GAAGCTGAACAGTITICTCAGAAA

AAGCTGAACAGTTTCTCAGAAAG

AGUTGAACAGTTTCTCAGAAAGA

GCTGAACAGTITTCTCAGAAAGAC

CTGAACAGTTTCTCAGAAAGACA

TGAACAGTTTCTCAGAAAGACAC

GAACAGTTTCTCAGAAAGACACA

AACAGTTTICTCAGAAAGACACAA

ACAGTTTCTCAGAAAGACACAAA

CAGTTTCTCAGAAAGACACAAAT

AGTTTCTCAGAAAGACACAAATT

GTTTCTCAGAAAGACACAAATIC

TTTCTCAGAAAGACACAAATTICC

TTCTCAGAAAGACACAAATTICCT

TCTCAGAAAGACACAAATTICCTG

CTCAGAAAGACACAAATTCCTIGA

TCAGAAAGACACAAATTCCTIGAG

CAGAAAGACACAAATTCCTGAGA

AGAAAGACACAAATTCCTGAGAA

GAAAGACACAAATTCCTGAGAAT

AAAGACACAAATTICCTGAGAATT

AAGACACAAATTCCTGAGAATTG

AGACACAAATTCCTGAGAATIGE

GACACAAATTCCTGAGAATIGGG

ACACAAATTCCTGAGAATTGGGA

CACAAATTCOTGAGAATTGGGAA

ACAAATTCCTGAGAATTGGGAALC

CAAATTCCTGAGAATTGGGAACA

AAATTCCTGAGAATTGGGAACAT

AATTCCTGAGAATTGGGAACATG

ATTCCTGAGAATTGGGAACATGC

TTCCTCGAGAATTGGCAACATGCT

TCOTGAGAATTGGGAACATGCTA

CCTGAGAATTGGGAACATGCTAA
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Nucleic 4cid Sequence (37— 3°)

CTGAGAATTGGGAACATGCTAAA

TGAGAATTGOGAACATGCTAAAT

GAGAATTGGGAACATGCTAAATA

AGAATTGGGAACATGCTAAATAC

GAATTGGOAACATGCTAAATACA

AATTGGGAACATGCTAAATACAA

ATTGGGAACATGCTAAATACAAA

TTGGGAACATGCTAAATACAAAT

TGGGAACATGCTAAATACAAATG

GGGAACATGCTAAATACAAATGG

GGAACATGCTAAATACAAATGGTY

GAACATGCTAAATACAAATGGTA

AACATGCTAAATACAAATGGTAT

ACATGCTAAATACAAATGGTATC

CATGCTAAATACAAATGGTATCT

ATGCTAAATACAAATGGTATCET

TGCTAAATACAAATGGTATCTTA

GCTAAATACAAATGGTATCTTAA

CTAAATACAAATGGTATCTTAAG

GCGATTTGACAGATCTGTITGAGAA

Table 6G. 24-mer ACs that bind to exon 44 of DMD

Nucieic Acid Sequence (5 3)

GCGATTTGACAGATCTGTTGAGAA

COGATTTGACAGATCTGTTGAGAAA

GATTTGACAGATCTGTTGAGAAAT

ATTTGACAGATCTGTTGAGAAATG

TTTGACAGATCTGTTGAGAAATGG

TTGACAGATCTGTTGAGAAATGGC

TGACAGATCTGTTGAGAAATGGCG

GACAGATCTGTTGAGAAATGGCGS

ACAGATCTGTTGAGAAATGOCGGE

CAGATCTGTTGAGAAATGGLGGCG

AGATCTGTTGAGAAATGGCGGLCGT

GATCTGTTGAGAAATGGCGOGCGTT

ATCTOTTGAGAAATOGCGOCGTTT

TCTGTTGAGAAATGGCGGCGTTTT

CTGTTGAGAAATGGCGGCGTTTTIC

TGTTGAGAAATGGCGGCGTITTTICA
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Nucleic 4cid Sequence (37— 3°)

GTTGAGAAATGGCGGCGTTTTCATY

TTCAGAAATGGCGOCGTTTTICATT

TGAGAAATGGCGGCGTTTTCATTA

GAGAAATGGCGGCGTTTICATTAT

AGAAATOGCGGCGTTITTICATTATG

GAAATGGCGGCGTITITCATTATGA

AAATGGCGGCGTITITCATTATGAT

AATCGGCGOGCGTTTTCATTATGATA

ATCGGCGOCGTTTTCATTATGATAT

TGGCGGOGTTTTCATTATGATATA

GOGCGGCOTTITICATTATGATATAA

GUGGCOTTITCATTATCGATATAAA

COGCGTTTTCATTATGATATAAAG

GGCCTTITICATTATGATATAAAGA

GCOTTITTCATTATGATATAAAGAT

CGTTTTCATTATGATATAAAGATA

GTTTITCATTATGATATAAAGATAT

TITITCATTATGATATAAAGATATT

TTTCATTATGATATAAAGATATIT

TTCATTATGATATAAAGATATTTA

TCATTATGATATAAAGATATTTAA

CATTATGATATAAAGATATTTAAT

ATTATGATATAAAGATATITAATC

TTATGATATAAAGATATTITAATCA

TATGATATAAAGATATTITAATCAG

ATGATATAAAGATATTTAATCAGTY

TGATATAAAGATATTITAATCAGTG

GATATAAAGATATTTAATCAGTIGG

ATATAAAGATATTTAATCAGTIGGC

TATAAAGATATITAATCAGTIGGCT

ATAAAGATATTTAATCAGTGGCTA

TAAAGATATTTAATCAGTGGITAA

AAAGATATTTAATCAGTGGCTAAC

AAGATATTITAATCAGTGGCTAACA

AGATATTITAATCAGTGGCTAACAG

GATATTTAATCAGTGGCTAACAGA

ATATTTAATCAGTGGCTAACAGAA

TATTTAATCAGTGGCTAACAGAAG

ATTTAATCAGTIGOCTAACAGAAGC

TITAATCAGTGGCTAACAGAAGCT
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Nucleic 4cid Sequence (37— 3°)

TTAATCAGTGGCTAACAGAAGCTG

TAATCAGTGGCTAACAGAAGCTGA

AATCAGTGGCTAACAGAAGCTGAA

ATCAGTGGCTAACAGAAGCTGAAC

TCAGTGGCTAACAGAAGCTGAACA

CAGTGOCTAACAGAAGUTGAACAG

AGTGGCTAACAGAAGCTGAACAGT

GTGGCTAACAGAAGCTGAACAGTT

TGGUTAACAGAAGCTGAACAGTTY

GGCTAACAGAAGCTGAACAGTTIC

GCTAACAGAAGCTGAACAGTTTCT

CTAACAGAAGCTGAACAGTTTICIC

TAACAGAAGCTGAACAGTTTICTICA

AACAGAAGCTGAACAGTTTICTCAG

ACAGAAGCTGAACAGTTTICTCAGA

CAGAAGCTGAACAGTITICTICAGAA

AGAAGCTGAACAGTTTCTCAGAAA

GAAGUTGAACAGTTTCTCAGAAAG

AAGCTGAACAGTTTICTCAGAAAGA

AGCTGAACAGTTTCTCAGAAAGAL

GCTGAACAGTTICTICAGAAAGACA

CTGAACAGTTTCTCAGAAAGACAC

TGAACAGTITICTCAGAAAGACACA

GAACAGTITCTCAGAAAGACACAA

AACAGTTTCTCAGAAAGACACAAA

ACAGTTTCTCAGAAAGACACAAAT

CAGTTICTCAGAAAGACACAAATT

AGTTTCTCAGAAAGACACAAATTC

GTTTCTCAGAAAGACACAAATTCC

TTTCTCAGAAAGACACAAATTCCY

TTCTCAGAAAGACACAAATICCTG

TCTCAGAAAGACACAAATTICCTGA

CTCAGAAAGACACAAATTCCTGAG

TCAGAAAGACACAAATTCCTGAGA

CAGAAAGACACAAATTCCTGAGAA

AGAAAGACACAAATTICCTGAGAAT

GAAAGACACAAATTICCTGAGAATT

AAAGACACAAATTICCTGAGAATTC

AAGACACAAATTCCTGAGAATTIGH

AGACACAAATTCCTGAGAATTGGG
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Nucleic 4cid Sequence (37— 3°)

GACACAAATTCCTGAGAATTGGGA

ACACAAATTCCTGAGAATTGOGGAA

CACAAATTCCTGAGAATTIGGGAAC

ACAAATTCCTGAGAATTGGGAACA

CAAATTCCTGAGAATTGGGAACAT

AAATTCCTGAGAATTGOGAACATG

AATTCCTGAGAATTGGGAACATGC

ATTCCTGAGAATTOGGGAACATGCT

TTCCTGAGAATTGOGAACATGUTA

TCCTGAGAATTGGGAACATGCTAA

CCTGAGAATTGGGAACATGCTAAA

CTGAGAATTOGGGAACATOCTAAAT

TGAGAATTGGGAACATGCTAAATA

GAGAATTGGGAACATGCTAAATAC

AGAATTOGGGAACATGCTAAATACA

GAATTGGGAACATGCTAAATACAA

AATTGGGAACATGCTAAATACAAA

ATTGGGAACATGUTAAATACAAAT

TTGGGAACATGCTAAATACAAATG

TGGGAACATGCTAAATACAAATGG

GGGAACATGCTAAATACAAATGGT

OGGAACATGCTAAATACAAATGGTA

GAACATGCTAAATACAAATGGTAT

AACATGCTAAATACAAATGGTATC

ACATGCTAAATACAAATGGTATCT

CATGCTAAATACAAATGGTATCTT

ATGCTAAATACAAATGGTATCTTA

TGCTAAATACAAATGGTATCTTAA

GUTAAATACAAATGGTATCTTAAG

Table 6H. 25-mer ACs that bind io exon 44 of DMD

Nucleic Acid Sequence (57 3)

GGCGATTTGACAGATCTGTTGAGAA

GCCGATTTGACAGATCTGTTGAGAAA

CGATTTGACAGATCTGTTGAGAAAT

GATTTGACAGATCTGTTIGAGAAATG

ATTTGACAGATCTGTTGAGAAATGG

TITGACAGATCTGTTIGAGAAATGGC

TTGACAGATCTGTTGAGAAATGGCG
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WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

TGACAGATCTGTTGAGAAATGGCGG

OGACAGATCTGTTGAGAAATGGCGGC

ACAGATCTGTTGAGAAATGGCGGCG

CAGATCTGTTGAGAAATGGCGGCGT

AGATCTGTTGAGAAATGGOGGCGTT

GATCTGTTGAGAAATGOUGGOGTTT

ATCTGTTGAGAAATGGCGGCGTTIT

TCTGTTGAGAAATGGCGGCGTTTIC

CTGTTGAGAAATGGCGGUGTTITCA

TGTTGAGAAATGGCGGCGTITTICAT

GITGAGAAATGGCGGCGTTITCATT

TTGAGAAATCGGUOGGCGTTTITCATTA

TGAGAAATGGCGGCGTTTTCATTATY

GAGAAATGGCGGCOTTTITCATTATG

AGAAATGGOGGCOTTTTCATTATGA

GAAATGGUCGGCGTTTTICATTATGAT

AAATGGCOGCGTTTTCATTATGATA

AATGGUGGCOTTTTCATTATGATAT

ATGGUGGCGTTTITCATTATGATATA

TGGCGOCGTITTICATTATGATATAA

GGCGGCGTTTTCATTATGATATAAA

GCGGCGTTTTCATTATGATATAAAG

CGGCGTTTTCATTATGATATAAAGA

GGCGTTTTICATTATGATATAAAGAT

GUGTTTTCATTATGATATAAAGATA

COTTTTCATTATGATATAAAGATAT

GTTTTCATTATGATATAAAGATATT

TTTTCATTATGATATAAAGATATTY

TTTCATTATGATATAAAGATATTTA

TTCATTATGATATAAAGATATTITAA

TCATTATGATATAAAGATATTTAAT

CATTATGATATAAAGATATTITAATC

ATTATGATATAAAGATATTITAATCA

TTATGATATAAAGATATTITAATCAG

TATGATATAAAGATATTTAATCAGT

ATGATATAAAGATATITAATCAGIG

TGATATAAAGATATTTAATCAGTGG

GATATAAAGATATTTAATCAGTGGC

ATATAAAGATATTTAATCAGTGGCT

TATAAAGATATTITAATCAGTGGCTA
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WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

ATAAAGATATTTAATCAGTGGCTAA

TAAAGATATTTAATCAGTGGCTAAC

AAAGATATTTAATCAGTGGCTAACA

AAGATATTTAATCAGTGGCTAACAG

AGATATTTAATCAGTGGCTAACAGA

GATATTTAATCAGTGGUTAACAGAA

ATATTTAATCAGTGGCTAACAGAAG

TATTTAATCAGTGGCTAACAGAAGC

ATTTAATCAGTGGLTAACAGAAGCT

TTTAATCAGTGGCTAACAGAAGCTIG

TTAATCAGTGGCTAACAGAAGCTGA

TAATCAGTGGCTAACAGAAGCTGAA

AATCAGTGGCTAACAGAAGCTIGAAC

ATCAGTGGCTAACAGAAGCTGAACA

TCAGTGGCTAACAGAAGCTGAACAG

CAGTGGLTAACAGAAGCTGAACAGT

AGTGGCTAACAGAAGCTGAACAGTT

GTGGCTAACAGAAGCTGAACAGTTT

TGGCTAACAGAAGUTGAACAGTTIC

GGCTAACAGAAGCTGAACAGTTICT

SCTAACAGAAGCTGAACAGTTTCTC

CTAACAGAAGUTGAACAGTTITUTCA

TAACAGAAGCTGAACAGITICTCAG

AACAGAAGCTGAACAGTTTCTICAGA

ACAGAAGCTGAACAGTTTCTCAGAA

CAGAAGCTGAACAGTTTCTCAGAAA

AGAAGCTGAACAGTTICTCAGAAAG

GAAGCTGAACAGTTTICTCAGAAAGA

AAGCTGAACAGTTTCTCAGAAAGAC

AGCTGAACAGITTCTCAGAAAGACA

GCTGAACAGTTICTCAGAAAGACAC

CTGAACAGTTTCTCAGAAAGACACA

TGAACAGTITCTCAGAAAGACACAA

GAACAGTTICTCAGAAAGACACAAA

AACAGTTTCTCAGAAAGACACAAAT

ACAGTTTICTCAGAAAGACACAAATT

CAGTTTCTCAGAAAGACACAAATTC

AGTTTCTCAGAAAGACACAAATTICC

GITTCTCAGAAAGACACAAATTICCY

TTTCTCAGAAAGACACAAATICCTG
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WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

TTCTCAGAAAGACACAAATTCCTGA

TCTCAGAAAGACACAAATTICCTIGAG

CTCAGAAAGACACAAATTCCTGAGA

TCAGAAAGACACAAATTICCTGAGAA

CAGAAAGACACAAATTICCTGAGAAT

AGAAAGACACAAATTCCTGAGAATT

GAAAGACACAAATTCCTGAGAATTG

AAAGACACAAATTCCTGAGAATTGG

AAGACACAAATTCCTGAGAATTGGG

AGACACAAATTCCTGAGAATTGGGA

GACACAAATTCCTGAGAATTGGGAA

ACACAAATTCCTGAGAATTGGGAAL

CACAAATTCCTGAGAATTGGGAACA

ACAAATTCCTGAGAATTGGGAACAT

CAAATTCCTGAGAATTGGGAACATG

AAATTCCTGAGAATTGGGAACATGC

AATTCCTGAGAATTGGGAACATGCT

ATTCCTGAGAATTGGGAACATGCTA

TTCCTGAGAATTGGGAACATGUTAA

TCCTGAGAATTGGGAACATGUTAAA

CCTOGAGAATTGGOAACATGCTAAAT

CTGAGAATTGGGAACATGCTAAATA

TCGAGAATTGGGAACATGCTAAATAC

GAGAATTGOGAACATGCTAAATACA

AGAATTGGOGAACATGCTAAATACAA

GAATTGGGAACATGCTAAATACAAA

AATTGGGAACATGCTAAATACAAAT

ATTGGGAACATGCTAAATACAAATG

TTGGGAACATGUTAAATACAAATGG

TGGGAACATGCTAAATACAAATGGT

GOGGAACATGCTAAATACAAATGGTA

GGAACATGCTAAATACAAATGOTAT

GAACATGCTAAATACAAATGGTATC

AACATGCTAAATACAAATGGTATCT

ACATGCTAAATACAAATGGTATCTT

CATGCTAAATACAAATGGTATCTTA

ATGCTAAATACAAATGGTATCTTAA

TGCTAAATACAAATGGTATCTTAAG

TGAAAACGCCGCCATTTCTCAACAG

AAACGCCGCCATTTCTCAACAGATC
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WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

AACGCCGCCATTTCTCAACAGATCT

Table 61 26-mevr ACs that bind to exon 44 of DMD

Nucleic Acid Sequence (5'— 37)

GOGCCGATTTGACAGATCTGTTGAGAAA

GCGATTTGACAGATCUTOTTGAGAAAT

CGATTITGACAGATCTGTTGAGAAATG

GATTTGACAGATCTOGTTGAGAAATGG

ATTTGACAGATCTGTTGAGAAATGGC

TTTGACAGATCTGTTGAGAAATGGCG

TTGACAGATCTGTTGAGAAATGGCGG

TGACAGATCTGTTGAGAAATGGCGGC

GACAGATCTIGTTGAGAAATGOCGGLG

ACAGATCTGTTGAGAAATGGCGGCGT

CAGATCTGTTGAGAAATGGOGGCGTT

AGATCTGTTCGAGAAATGGCGGCGTTT

GATCTGTTGAGAAATGGCGGCGTTTT

ATCTGTTGAGAAATGGCGGCGTTTIC

TCTGTTGAGAAATGGCGGCGTTTICA

CIGTTGAGAAATGGLGGCGTITTITCAT

TGTTGAGAAATGGCGGOGTTTTICATT

OTTGAGAAATGGCGGCGTTITTCATTA

TTCGAGAAATGGCGOGCGTITTITCATTAT

TGAGAAATGGCGGCGITTITCATTATG

GAGAAATOGCGGCGTTITTICATTATGA

AGAAATGGCGGCGTTTTCATTATGAT

GAAATGGCGGCGTTITCATTATGATA

AAATGGCGGCGTTTTCATTATGATAT

AATGGCGGOCGTTTTCATTATGATATA

ATGGCGGCGTTTICATTATGATATAA

TGGCGGUGTTITCATTATGATATAAA

GOCGGCOTTTTICATTATGATATAAAG

GCOGGCGTTTTCATTATGATATAAAGA

CGGCGTTTTCATTATGATATAAAGAT

GGUCGTTTTCATTATGATATAAAGATA

GCOGTTTTCATTATGATATAAAGATAT

COTTTTCATTATGATATAAAGATATT

GTTTTICATTATGATATAAAGATATIT

TTTTCATTATGATATAAAGATATTTA
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WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

TTTCATTATGATATAAAGATATITAA

TTCATTATGATATAAAGATATTTAAT

TCATTATGATATAAAGATATITAATC

CATTATGATATAAAGATATTITAATCA

ATTATGATATAAAGATATITAATCAG

TTATGATATAAAGATATITAATCAGT

TATGATATAAAGATATTTAATCAGTG

ATGATATAAAGATATTITAATCAGTIGG

TGATATAAAGATATITAATCAGTGGD

GATATAAAGATATTITAATCAGTGGCT

ATATAAAGATATTTAATCAGTGGCTA

TATAAAGATATTITAATCAGTIGGUTAA

ATAAAGATATTTAATCAGTGGCTAAC

TAAAGATATTTAATCAGTGGCTAACA

AAAGATATTITAATCAGTGGCTAACAG

AAGATATTTAATCAGTGGCTAACAGA

AGATATTTAATCAGTGGCTAACAGAA

GATATTTAATCAGTGGCTAACAGAAG

ATATTTAATCAGTGGCTAACAGAAGC

TATTTAATCAGTGGCTAACAGAAGLT

ATTTAATCAGTGGCTAACAGAAGCTG

TTTAATCAGTGGCTAACAGAAGCTGA

TTAATCAGTGGCTAACAGAAGCTGAA

TAATCAGTGGCTAACAGAAGCTGAAC

AATCAGTGGCTAACAGAAGCTGAACA

ATCAGTGGCTAACAGAAGCTGAACAG

TCAGTGGCTAACAGAAGCTGAACAGT

CAGTGGCTAACAGAAGCTGAACAGTT

AGTGGCTAACAGAAGCTGAACAGTTT

GIGGCTAACAGAAGCTGAACAGTTIC

TGGCTAACAGAAGUTGAACAGTTTCT

GGCTAACAGAAGUTCGAACAGITTICTC

GCTAACAGAAGCTGAACAGTTICTCA

CTAACAGAAGCTGAACAGTTTICTCAG

TAACAGAAGCTGAACAGTTTICTCAGA

AACAGAAGCTGAACAGTTITICTCAGAA

ACAGAAGCTGAACAGTTTICTICAGAAA

CAGAAGCTGAACAGTITICTCAGAAAG

AGAAGUTGAACAGTTTICTCAGAAAGA

GAAGCTGAACAGTITICTCAGAAAGAC
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WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

AAGCTGAACAGTTITICTCAGAAAGACA

AGCTGAACAGTTTICTCAGAAAGACAC

GCTGAACAGTTICTICAGAAAGACACA

CTGAACAGTTTICTCAGAAAGACACAA

TGAACAGTTTICTCAGAAAGACACAAA

GAACAGTTTCTCAGAAAGACACAAAT

AACAGTTITCTCAGAAAGACACAAATT

ACAGTTTCTCAGAAAGACACAAATTC

CAGTTTCTCAGAAAGACACAAATTICC

AGTITTCTCAGAAAGACACAAATTICCT

GTTTCTCAGAAAGACACAAATTICCTG

TTTCTCAGAAAGACACAAATTICCTGA

TTCTCAGAAAGACACAAATTCCTGAG

TCTCAGAAAGACACAAATTCCTGAGA

CTCAGAAAGACACAAATTCCTGAGAA

TCAGAAAGACACAAATTICCTIGAGAAT

CAGAAAGACACAAATTCCTGAGAATT

AGAAAGACACAAATTICCTGAGAATTG

GAAAGACACAAATTICCTGAGAATTOG

AAAGACACAAATTCCTGAGAATTIGHG

AAGACACAAATTCCTGAGAATTIGOGA

AGACACAAATTCCTGAGAATTGGGAA

GACACAAATTCCTGAGAATTGGGAAC

ACACAAATTCCTGAGAATTGGGAACA

CACAAATTCCTGAGAATTGGGAACAT

ACAAATTCCTGAGAATTGGGAACATG

CAAATTCCTGAGAATTGGGAACATGC

AAATTCCTGAGAATTGGGAACATGCT

AATTCCTCGAGAATTOGGGAACATOCTA

ATTCCTGAGAATTGGGAACATGITAA

TTCCTOGAGAATTGGGAACATGUTAAA

TCCTGAGAATTOGGGAACATOGCTAAAT

CCTGAGAATTGGGAACATGCTAAATA

CTGAGAATTGGGAACATGCTAAATAC

TGAGAATTGGGAACATGCTAAATACA

GAGAATTGGGAACATGCTAAATACAA

AGAATTGGGAACATGCTAAATACAAA

GAATTGGGAACATGCTAAATACAAAT

AATTGGGAACATGUTAAATACAAATG

ATTGGGAACATGCTAAATACAAATGG
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WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

TTGGGAACATGCTAAATACAAATGGT

TOGGGAACATGUTAAATACAAATGGTA

GGGAACATGCTAAATACAAATGGTAT

GGAACATGCTAAATACAAATGGTATC

GAACATGCTAAATACAAATGGTATCT

AACATGCTAAATACAAATGGTATCTY

ACATGCTAAATACAAATGGTATCTTA

CATGCTAAATACAAATGGTATCTTAA

ATGUTAAATACAAATGGTATCTTAAG

Table 6. 27-mer ACs that bind 1o exon 44 of DMD

Nucleic Acid Sequence (37— 3°)

GGCCGATTTGACAGATCTGTTCAGAAAT

GCGATTTGACAGATCTGTTGAGAAATG

COATTTCGACAGATCTGTTGAGAAATGG

GATTTGACAGATCTGTIGAGAAATGGC

ATTTGACAGATCTGTTIGAGAAATGGCG

TTTGACAGATCTIGTTGAGAAATGGCGG

TTGACAGATCTGTTGAGAAATGGCGGE

TGACAGATCTGTTGAGAAATGGCGGEG

GACAGATCTGTTGAGAAATGGCGGCGT

ACAGATCTGTTGAGAAATGGOGGCGTT

CAGATCTGTTGAGAAATGGCGGCGTTT

AGATCTGTTGAGAAATGGCGGCGTTIT

GATCTGTTGAGAAATGGCGGOGTTTTIC

ATCTGTTGAGAAATGGCOGCGTTITICA

TCTGTITGAGAAATGGCGGCGTITITCAT

CTGTTGAGAAATGGCGGCGTITICATT

TOCTTGAGAAATGGCGOCGTITTICATTA

GITCGAGAAATGGCOGGCGTTTITCATTATY

TTGAGAAATGGCGGCGTTITCATTATG

TGAGAAATGGCGGCGTTITTICATTATGA

GAGAAATGGCGGCGTTTTCATTATGAT

AGAAATGGCGGCGTTTTCATTATGATA

GAAATGGCOGCGTTTTCATTATGATAT

AAATGGCGOCGTTTTCATTATGATATA

AATGGCGGOGTTTTICATTATGATATAA

ATGOCGGCOTTTTCATTATGATATAAA
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WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

TGGCGGCGTTITICATTATGATATAAAG

GOCGOGUOTTTTCATTATGATATAAAGA

GCGGUGTITTTCATTATGATATAAAGAT

CGGCGTTTICATTATGATATAAAGATA

GOCGTTTTCATTATGATATAAAGATAT

GCGTTITTCATTATGATATAAAGATATY

CGTTTTCATTATGATATAAAGATATIT

GITTTCATTATGATATAAAGATATTTA

TITICATTATGATATAAAGATATITAA

TITCATTATGATATAAAGATATTITAATY

TICATTATGATATAAAGATATTITAATC

TCATTATGATATAAAGATATITAATCA

CATTATGATATAAAGATATITAATCAG

ATTATGATATAAAGATATTTAATCAGY

TTATGATATAAAGATATITAATCAGTG

TATGATATAAAGATATTITAATCAGTIGG

ATGATATAAAGATATITAATCAGTGGC

TGATATAAAGATATTTAATCAGTGGCT

GATATAAAGATATTTAATCAGTGGCTA

ATATAAAGATATTTAATCAGTIGGCTAA

TATAAAGATATITAATCAGTGGCTAAC

ATAAAGATATTTAATCAGTGGCTAACA

TAAAGATATTTAATCAGTGGCTAACAG

AAAGATATTTAATCAGTGGCTAACAGA

AAGATATTITAATCAGTGGCTAACAGAA

AGATATTTAATCAGTGGCTAACAGAAG

GATATTTAATCAGTGGCTAACAGAAGC

ATATTTAATCAGTGGUTAACAGAAGCT

TATTTAATCAGTGGCTAACAGAAGCTG

ATTTAATCAGTGGCTAACAGAAGCTGA

TTTAATCAGTGGCTAACAGAAGUTGAA

TTAATCAGTGGUTAACAGAAGUTGAAL

TAATCAGTGGCTAACAGAAGCTGAACA

AATCAGTGGCTAACAGAAGCTGAACAG

ATCAGTGGCTAACAGAAGCTGAACAGT

TCAGTGGCTAACAGAAGCTGAACAGTT

CAGTGGCTAACAGAAGCTGAACAGTTT

AGTGGUTAACAGAAGCTGAACAGTTTIC

OGTOGCTAACAGAAGCTGAACAGTTICYE

TOGGCTAACAGAAGCTGAACAGTTTICTC
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WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

GGCTAACAGAAGCTGAACAGTTITCTICA

GCTAACAGAAGCTGAACAGTITTICTCAG

CTAACAGAAGCTGAACAGTITICTICAGA

TAACAGAAGCTGAACAGTTTICTCAGAA

AACAGAAGCTGAACAGTTTICTCAGAAA

ACAGAAGCTGAACAGTTICTCAGAAAG

CAGAAGCTGAACAGTTICTCAGAAAGA

AGAAGCTGAACAGTTICTCAGAAAGAC

GAAGCTGAACAGTTTCTCAGAAAGACA

AAGCTGAACAGTTTCTCAGAAAGACAC

AGCTGAACAGTTTCTCAGAAAGACACA

GCTGAACAGTTICTCAGAAAGACACAA

CTGAACAGTTICTCAGAAAGACACAAA

TGAACAGTTTCTCAGAAAGACACAAAT

GAACAGTTTCTCAGAAAGACACAAATT

AACAGTTITCTCAGAAAGACACAAATIC

ACAGTTTCTCAGAAAGACACAAATTICC

CAGTTTCTCAGAAAGACACAAATTCCT

AGTTTCTCAGAAAGACACAAATTICCTG

GITTCTCAGAAAGACACAAATICCTGA

TTTCTCAGAAAGACACAAATTCCTGAG

TTCTCAGAAAGACACAAATTCCTGAGA

TCTCAGAAAGACACAAATICCTGAGAA

CTCAGAAAGACACAAATTCCTGAGAAT

TCAGAAAGACACAAATTICCTGAGAATT

CAGAAAGACACAAATTICCTGAGAATTG

AGAAAGACACAAATTCCTGAGAATTIGG

GAAAGACACAAATTCOCTGAGAATTGGE

AAAGACACAAATTCCTGAGAATTGGGA

AAGACACAAATTICCTGAGAATTIGGGAA

AGACACAAATTICCTGAGAATTGGGAALC

GACACAAATTCCTCGAGAATTGGGAACA

ACACAAATTICCTGAGAATTGGGAACAT

CACAAATTCCTGAGAATTGGGAACATG

ACAAATTCCTGAGAATTOGGGAACATGC

CAAATTCCTGAGAATTGGGAACATGCT

AAATTCCTGAGAATTGGGAACATGCTA

AATTCCTGAGAATTGGGAACATGCTAA

ATTCCTGAGAATTGGGAACATGUTAAA

TTCCTGAGAATTGGGAACATGCTAAAT
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WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

TCCTGAGAATTGGGAACATGCTAAATA

CCTGAGAATTGGOAACATGCTAAATAC

CTGAGAATTGGGAACATGCTAAATACA

TGAGAATTGGGAACATGCTAAATACAA

GAGAATTGGGAACATGCTAAATACAAA

AGAATTGGGAACATGCTAAATACAAAT

GAATTGGGAACATGCTAAATACAAATG

AATTOGGGAACATGCTAAATACAAATGG

ATTGGGAACATGCTAAATACAAATGGT

TTGGGAACATGCTAAATACAAATGGTA

TGGGAACATGCTAAATACAAATGGTAT

GOLAACATGCTAAATACAAATGGTATC

GGAACATGCTAAATACAAATGGTATCT

GAACATGCTAAATACAAATGGTATCTY

AACATGCTAAATACAAATGOTATCTTA

ACATGCTAAATACAAATGGTATCTITAA

CATGCTAAATACAAATGGTATCTTAAG

Table 6K. 28-mer ACs thay bind to exon 44 of DMD

Nucleic Acid Sequence {5°— 3)

GGCCATTTGACAGATCTGTTGAGAAATG

GCGATTTGACAGATCTOTTGAGAAATGG

COGATTTGACAGATCTOGTTGAGAAATGGC

GATTTGACAGATCTGTTGAGAAATGHCG

ATTTGACAGATCTGTTGAGAAATGGCGE

TTTGACAGATCTGTTGAGAAATGGCGGE

TTGACAGATCTGTTGAGAAATGGCGGLG

TGACAGATCTGTTGAGAAATGGCGGCGT

GACAGATCTGTTGAGAAATGGCGGCOGTT

ACAGATCTGTTGAGAAATGGCGGLGTTT

CAGATCTGTTGAGAAATGGCGGCGTTTT

AGATCTOTTGAGAAATGOCGOUGTTTIC

GATCTGTTGAGAAATGGUGGCGTTTICA

ATCTGTTGAGAAATGGCGGCGTTITICAT

TCTCTTGAGAAATGOCGGCOTTTITCATT

CTGTTGAGAAATGOGCGOCGTITITCATTA

TGTTGAGAAATGGCGGCGTTTTCATTAT

GTTGAGAAATGGCGGCGTITICATTIATG

TTGAGAAATGGCGOCGTITTICATTATGA

146




WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

TGAGAAATGGCOGGCGTTTITCATTATGAT

GAGAAATGOCGOGUOTTITICATTATGATA

AGAAATGGCGGCGTITTTCATTATGATAT

GAAATGGCGGCGTITITCATTATGATATA

AAATGGUOGCGTTITCATTATGATATAA

AATGGCGOCGTTITICATTATGATATAAA

ATGGCOGGCGTTTICATTATGATATAAAG

TGGCGGCGTTTTCATTATGATATAAAGA

GGCGOCOGTITICATTATCATATAAAGAT

GCGGUGTTTTCATTATGATATAAAGATA

COGGCGTTTTICATTATGATATAAAGATAT

GGCGTTTTCATTATGATATAAAGATATT

GCGTTITCATTATGATATAAAGATATTT

COGTTTTCATTATGATATAAAGATATTTA

GITTTCATTATGATATAAAGATATTITAA

TITTTCATTATGATATAAAGATATTITAAT

TITCATTATGATATAAAGATATTITAATC

TTCATTATGATATAAAGATATTITAATCA

TCATTATGATATAAAGATATITAATCAG

CATTATGATATAAAGATATTTAATCAGT

ATTATGATATAAAGATATTITAATCAGTG

TTATGATATAAAGATATTITAATCAGTGG

TATGATATAAAGATATTTAATCAGTIGGC

ATGATATAAAGATATTITAATCAGTGGCT

TGATATAAAGATATTTAATCAGTGGCTA

GATATAAAGATATTTAATCAGTGGCTAA

ATATAAAGATATTTAATCAGTGGCTAAC

TATAAAGATATITAATCAGTGGCTAACA

ATAAAGATATTITAATCAGTIGGCTAACAG

TAAAGATATTTAATCAGTGGCTAACAGA

AAAGATATTTAATCAGTGGCTAACAGAA

AAGATATTTAATCAGTGGUTAACAGAAG

AGATATTTAATCAGTGGCTAACAGAAGC

CATATTTAATCAGTGGCTAACAGAAGCT

ATATITAATCAGTGGCTAACAGAAGCTG

TATTTAATCAGTGGCTAACAGAAGUTGA

ATTTAATCAGTGGCTAACAGAAGCTGAA

TTTAATCAGTGGUTAACAGAAGUTGAALC

TTAATCAGTGGCTAACAGAAGUTGAACA

TAATCAGTGGCTAACAGAAGCTGAACAG
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WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

AATCAGTGGCTAACAGAAGCTGAACAGT

ATCAGTGGCTAACAGAAGCTGAACAGTT

TCAGTGGCTAACAGAAGCTGAACAGTTY

CAGTGGCTAACAGAAGCTGAACAGTTTC

AGTOGGCTAACAGAAGCTGAACAGTTICT

OTGGCTAACAGAAGCTGAACAGTTICTEC

TGGCTAACAGAAGCTGAACAGTITICTCA

GGUTAACAGAAGCTGAACAGTTTCTCAG

GCTAACAGAAGCTGAACAGTTTCTCAGA

CTAACAGAAGCTGAACAGTITICTICAGAA

TAACAGAAGCTGAACAGTTTICTCAGAAA

AACAGAAGCTGAACAQGTTICTCAGAAAG

ACAGAAGCTGAACAGTTTICTCAGAAAGA

CAGAAGCTGAACAGTITICTCAGAAAGAC

AGAAGCTOAACAGTTITCTCAGAAAGACA

GAAGCTGAACAGTTICTCAGAAAGACAL

AAGCTGAACAGTTTCTCAGAAAGACACA

AGCTGAACAGTTTCTCAGAAAGACACAA

GCTGAACAGTTTICTCAGAAAGACACAAA

CTGAACAGTTICTCAGAAAGACACAAAT

TGAACAGTTTCTCAGAAAGACACAAATT

GAACAGTTTCTCAGAAAGACACAAATTC

AACAGTTTCTCAGAAAGACACAAATICC

ACAGTITCTCAGAAAGACACAAATTCCT

CAGTTITCTCAGAAAGACACAAATTCCTG

AGTTTCTCAGAAAGACACAAATICCTGA

CTTTCTCAGAAAGACACAAATTICCTGAG

TTTCTCAGAAAGACACAAATTICCTGAGA

TTCTCAGAAAGACACAAATTCCTGAGAA

TCTCAGAAAGACACAAATTCCTGAGAAT

CTCAGAAAGACACAAATTCCTGAGAATT

TCAGAAAGACACAAATTCCTGAGAATTG

CAGAAAGACACAAATTCCTGAGAATTGG

AGAAAGACACAAATTCCTGAGAATTGGG

GAAAGACACAAATTCCTGAGAATTGGGA

AAAGACACAAATICCTGAGAATTIGGGAA

AAGACACAAATTCCTGAGAATTGGGAAC

AGACACAAATTCCTGAGAATTGGGAACA

GACACAAATTCCTOAGAATTGGGAACAT

ACACAAATTCCTGAGAATTGGGAACATG
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WO 2023/034817

PCT/US2022/075691

Nucleic Acid Sequence {5°—- 3}

CACAAATTCCTGAGAATTGGGAACATGC

ACAAATTCCTGAGAATTGGGAACATGOT

CAAATTCCTGAGAATTGGGAACATGCTA

AAATTCCTGAGAATTGGGAACATGCTAA

AATTCCTGAGAATTOGGAACATGCTAAA

ATTCCTGAGAATTGGGAACATGCTAAAT

TTICCTGAGAATTGGGAACATGCTAAATA

TCCTGAGAATTGGGAACATGCTAAATAC

CCTGAGAATTOGGAACATGCTAAATACA

CTGAGAATTGGGAACATGCTAAATACAA

TCGAGAATTGGGAACATGCTAAATACAAA

GAGAATTGGGAACATGCTAAATACAAAT

AGAATTGGGAACATGCTAAATACAAATG

GAATTGGGAACATGCTAAATACAAATGG

AATTOGGGAACATGCTAAATACAAATGET

ATTGGGAACATGCTAAATACAAATGGTA

TTGGGAACATGCTAAATACAAATGGTAT

TGGOGAACATGCTAAATACAAATGOTATC

GGGAACATGUTAAATACAAATGGTATCY

GGAACATGCTAAATACAAATGGTATCTT

GAACATGCTAAATACAAATGGTATCTTA

AACATGCTAAATACAAATGOTATCTTAA

ACATGCTAAATACAAATGGTATCTTAAG

FTable 61. 29-mer d ACs that bind to exon 44 of DMD

Nucleic Acid Sequence (57— 3’)

GGCGATTTGACAGATCTGTTGAGAAATGG

GCGATTTGACAGATCTGTTGAGAAATGGC

COGATTTCGACAGATCTGTTGAGAAATGOCG

CATTTGACAGATCTGTTGAGAAATGGUGG

ATTTGACAGATCTGTTGAGAAATGGLGGC

TTTGACAGATCTGTTGAGAAATGGCGGOG

TTGACAGATCTGTTGAGAAATGGCGGCGT

TGACAGATCTGTTGAGAAATGGCGGCGTT

GACAGATCTGTTGAGAAATGOCGGOGTTT

ACAGATCTGTTGAGAAATGGCGGCOTTITT

CAGATCTGTTGAGAAATGGCGGCGTITTIIC

AGATCTGTTGAGAAATGOCGGCGTTTTCA
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Nucleic 4cid Sequence (37— 3°)

GATCTGTTGAGAAATGGCGGCGTITITCAT

ATCTGTTGAGAAATGGCGGCGTTITTICATT

TCTGTTGAGAAATGGCGOCGTITTICATTA

CTGTTGAGAAATGGCGGCGTTITCATTAT

TGTTGAGAAATGGUGGCGTTITCATTATG

GITOAGAAATGGCGGCGTITICATTATGA

TTGAGAAATGGCGGCGTTTITCATTATGAT

TGAGAAATGGCGGCGTTTTICATTATGATA

GAGAAATGOCGOCOGTTTTCATTATGATAT

AGAAATGGCGGOCGTTTTCATTATGATATA

GAAATGGCGGCGTTTTCATTATGATATAA

AAATGGCGGCGTTITCATTATGATATAAA

AATGGCGGCGITTTCATTATGATATAAAG

ATGGCGGUGTTITICATTATGATATAAAGA

TCGGCGOCGTITTTCATTATGATATAAAGAT

GGCGGOGTITTTICATTATGATATAAAGATA

GCGGCGTITTITCATTATGATATAAAGATAT

COGGCGTTITTCATTATGATATAAAGATATT

GGOGTTTITCATTATGATATAAAGATATTT

GCGTITTCATTATGATATAAAGATATITA

CGTTTTCATTATGATATAAAGATATTTAA

GITTTCATTATGATATAAAGATATTTAAT

TITICATTATGATATAAAGATATTTAATC

TTTCATTATGATATAAAGATATITAATCA

TTCATTATGATATAAAGATATTTAATCAG

TCATTATGATATAAAGATATTITAATCAGY

CATTATGATATAAAGATATTITAATCAGTG

ATTATCGATATAAAGATATTTAATCAGTIGG

TTATGATATAAAGATATTITAATCAGTGGL

TATGATATAAAGATATTTAATCAGTIGGCT

ATGATATAAAGATATTITAATCAGTGGCTA

TCGATATAAAGATATITAATCAGTGGUTAA

GATATAAAGATATITAATCAGTGGCTAAC

ATATAAAGATATTTAATCAGTGGCTAACA

TATAAAGATATTITAATCAGTGGUTAACAG

ATAAAGATATTTAATCAGTIGGCTAACAGA

TAAAGATATTITAATCAGTGGCTAACAGAA

AAAGATATTTAATCAGTGGUTAACAGAAG

AAGATATTTAATCAGTGGOTAACAGAAGC

AGATATTTAATCAGTGGCTAACAGAAGCT
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Nucleic 4cid Sequence (37— 3°)

GATATTTAATCAGTGGCTAACAGAAGCTG

ATATTTAATCAGTGGCTAACAGAAGUTGA

TATTTAATCAGTIGGCTAACAGAAGCTGAA

ATTTAATCAGTGGCTAACAGAAGCTGAAC

TTTAATCAGTGGCTAACAGAAGCTGAACA

TTAATCAGTGGCTAACAGAAGUTGAACAG

TAATCAGTGGCTAACAGAAGCTGAACAGT

AATCAGTGOCTAACAGAAGCTGAACAGTT

ATCAGTGGCTAACAGAAGCTGAACAGTTT

TCAGTGGCTAACAGAAGCTGAACAGTITIC

CAGTGGCTAACAGAAGCTGAACAGTTICT

AGTGGUTAACAGAAGCTGAACAGTTTICTIC

GTGGCTAACAGAAGCTGAACAGITTICICA

TGGCTAACAGAAGCTGAACAGTTTICTCAG

GGCTAACAGAAGCTGAACAGTTTCTCAGA

GCTAACAGAAGCTGAACAGTTICTCAGAA

CTAACAGAAGCTGAACAGTTTCTCAGAAA

TAACAGAAGCTGAACAGTTICTCAGAAAG

AACAGAAGCTGAACAGTTTICTCAGAAAGA

ACAGAAGCTGAACAGTTICTCAGAAAGAC

CAGAAGCTGAACAGTTTCTCAGAAAGACA

AGAAGCTGAACAGTTTICTCAGAAAGACAC

GAAGCTGAACAGTTITCTCAGAAAGACACA

AAGCTGAACAGTTTCTICAGAAAGACACAA

AGCTGAACAGTTTCTCAGAAAGACACAAA

GCTGAACAGTTTCTCAGAAAGACACAAATY

CTGAACAGTTICTCAGAAAGACACAAATE

TOAACAGTTTCTCAGAAAGACACAAATIC

CAACAGTTICTCAGAAAGACACAAATTCC

AACAGTTTCTCAGAAAGACACAAATTICCY

ACAGTTTCTCAGAAAGACACAAATTCCTG

CAGTTTCTCAGAAAGACACAAATTICCTIGA

AGTTTCTCAGAAAGACACAAATTICCTGAG

GTTTCTCAGAAAGACACAAATTCCTGAGA

TTTCTCAGAAAGACACAAATTCCTGAGAA

TTCTCAGAAAGACACAAATTICCTGAGAAT

TCTCAGAAAGACACAAATTICCTGAGAATT

CTCAGAAAGACACAAATTCCTGAGAATTG

TCAGAAAGACACAAATTCCTGAGAATTGG

CAGAAAGACACAAATTICCTGAGAATTGGG
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Nucleic 4cid Sequence (37— 3°)

AGAAAGACACAAATTICCTGAGAATTGGGA

GAAAGACACAAATTCCTGAGAATTIGGGAA

AAAGACACAAATTCCTGAGAATTGGGAAC

AAGACACAAATTCCTGAGAATTIGGGAACA

AGACACAAATTCCTGAGAATTGGGAACAT

GACACAAATTCOTGAGAATTGGGAACATG

ACACAAATTCCTGAGAATTGGGAACATGC

CACAAATTCCTGAGAATTGGGAACATGCT

ACAAATTCCTGAGAATTGGGAACATGCTA

CAAATTCCTGAGAATTGGGAACATGCTAA

AAATTCCTGAGAATTGGGAACATGCTAAA

AATTCCTGAGAATTGGGAACATGCTAAAT

ATTCCTGAGAATTGGGAACATGCTAAATA

TTICCTGAGAATTGGGAACATGCTAAATAC

TCCTGAGAATTOGGGAACATGCTAAATACA

CCTGAGAATTGGGAACATGCTAAATACAA

CTGAGAATTGGGAACATGCTAAATACAAA

TGAGAATTGGGAACATGCTAAATACAAAT

GAGAATTGGGAACATGCTAAATACAAATG

AGAATTGGGAACATGCTAAATACAAATGG

GAATTGGOAACATGCTAAATACAAATGOT

AATTGGGAACATOGCTAAATACAAATGGTA

ATTGGGAACATGCTAAATACAAATGGTAT

TTGGGAACATGCTAAATACAAATGGTATC

TGOGOAACATGCTAAATACAAATGGTATCT

GGGAACATGCTAAATACAAATGGTATCTT

GGAACATGCTAAATACAAATGGTATCTITA

GAACATGCTAAATACAAATOGTATCTTAA

AACATGCTAAATACAAATGOTATCTTAAG

Table 6M. 30-mer ACs that bind to exon 44 of DM

Nucleic Acid Sequence (57 3)

GOCGATTTGACAGATCTGTTGAGAAATGEC

GCCATTTGACAGATCTGTTGAGAAATGGLG

COATTTGACAGATCTGTTGAGAAATGGUGG

GATTTCACAGATCTGTTIGAGAAATGGLGGE

ATTTGACAGATCTGTTGAGAAATGGCGGCG

TTTGACAGATCTGTTGAGAAATGGCGGCGT

TTGACAGATCTGTTGAGAAATGGCGOUGTT
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Nucleic 4cid Sequence (37— 3°)

TGACAGATCTGTTGAGAAATGGCOGGCGTTE

GACAGATCTGTTGAGAAATGGCGOUGTTTT

ACAGATCTGTTGAGAAATGGCGGCGTTITIC

CAGATCTGTTGAGAAATGGCGGCGTTTITCA

AGATCTGTTGAGAAATGGCGGUGTTTICAT

GATCTGTTGAGAAATGOGCGOCGTTTICATT

ATCTGTTGAGAAATGGCGGCOTTITICATTA

TCTOTTGAGAAATGOCGOGCGTTTICATTAT

CTGTTGAGAAATGOCGOGUGTITTITCATTATG

TGTTGAGAAATGGCGGCGTTTTICATTATGA

GTTGAGAAATGGCGGCGTTTTCATTATGAT

TTCAGAAATGGCGOOGTTTTICATIATGATA

TGAGAAATGGOGGCGTTTTCATTATGATAT

GAGAAATGGCGGCGTTTTCATTATGATATA

AGAAATGGCGOGCGTTITTCATTATGATATAA

GAAATGGCGGCGTTTTCATTATGATATAAA

AAATGGCGGCGTTITTICATTATGATATAAAG

AATGOGCGGUGTTTTCATTATGATATAAAGA

ATGGUGGUGTTTTCATTATGATATAAAGAT

TGGOGGCGTTTTCATTATGATATAAAGATA

GOCGOGOGTTTTCATTATCGATATAAAGATAT

GCGOOGTTTITCATTATGATATAAAGATATT

CGGCGTTITCATTATGATATAAAGATATTT

GOGCGTTTTCATTATGATATAAAGATATTTA

GUGTTTTCATTATGATATAAAGATATITAA

CGITTTCATTATGATATAAAGATATTITAAT

GITTTCATTATGATATAAAGATATTTAATC

TTTTCATTATGATATAAAGATATITAATCA

TTTCATTATGATATAAAGATATITAATCAG

TTCATTATGATATAAAGATATTTAATCAGY

TCATTATGATATAAAGATATTITAATCAGTG

CATTATGATATAAAGATATTTAATCAGTIGG

ATTATGATATAAAGATATITAATCAGTGGC

TTATGATATAAAGATATITAATCAGTGGCT

TATGATATAAAGATATTTAATCAGTGGCTA

ATGATATAAAGATATTITAATCAGTIGGUTAA

TGATATAAAGATATTITAATCAGTGGCTAAC

GATATAAAGATATTTAATCAGIGGCTAACA

ATATAAAGATATTITAATCAGTGGUTAACAG

TATAAAGATATTITAATCAGTGGCTAACAGA

153




WO 2023/034817

PCT/US2022/075691

Nucleic 4cid Sequence (37— 3°)

ATAAAGATATTITAATCAGTGGCTAACAGAA

TAAAGATATTTAATCAGTGOCTAACAGAAG

AAAGATATTTAATCAGTGGCTAACAGAAGC

AAGATATTITAATCAGTGGCTAACAGAAGCT

AGATATTTAATCAGTOGCTAACAGAAGCTG

GATATTTAATCAGTGGCTAACAGAAGUTGA

ATATTTAATCAGTGGCTAACAGAAGCTGAA

TATTTAATCAGTGOGCTAACAGAAGCTGAAC

ATTTAATCAGTGGUCTAACAGAAGCTGAACA

TTTAATCAGTGGCTAACAGAAGCTGAACAG

TTAATCAGTGGCTAACAGAAGCTGAACAGT

TAATCAGTOGCTAACAGAAGCTGAACAGTT

AATCAGTGGCTAACAGAAGCTGAACAGTIT

ATCAGTGGCTAACAGAAGCTGAACAGTTTIC

TCAGTGGCTAACAGAAGCTGAACAGTTTICT

CAGTGGCTAACAGAAGCTGAACAGTTTICTC

AGTGGCTAACAGAAGCTGAACAGTTICTICA

GTGOCTAACAGAAGCTGAACAGTTTCTCAG

TGGUTAACAGAAGCTGAACAGTTTICTCAGA

GGCTAACAGAAGCTGAACAGTTTICTICAGAA

GCTAACAGAAGCTGAACAGTTTICTCAGAAA

CTAACAGAAGUTGAACAGTTTCTCAGAAAG

TAACAGAAGCTGAACAGTTTCTCAGAAAGA

AACAGAAGCTGAACAGTTTICTCAGAAAGAC

ACAGAAGCTGAACAGTTTCTCAGAAAGACA

CAGAAGCTGAACAGTITTICTCAGAAAGACAC

AGAAGCTGAACAGTTITCTCAGAAAGACACA

GAAGCTGAACAGTTTCTCAGAAAGACACAA

AAGCTGAACAGTTTCTCAGAAAGACACAAA

AGCTGAACAGTTTICTCAGAAAGACACAAAT

GCTGAACAGTTTCTCAGAAAGACACAAATT

CTGAACAGTTTCTCAGAAAGACACAAATTC

TGAACAGTTITCTCAGAAAGACACAAATTCC

GAACAGTTTICTCAGAAAGACACAAATTICCT

AACAGTTTCTCAGAAAGACACAAATTICCTG

ACAGTTTICTICAGAAAGACACAAATICCTGA

CAGTTICTCAGAAAGACACAAATTCCTGAG

AGTTTCTCAGAAAGACACAAATTCCTGAGA

GTTTCTCAGAAAGACACAAATTICCTGAGAA

TITCTCAGAAAGACACAAATTCCTGAGAAT
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Nucleic 4cid Sequence (37— 3°)
TICTCAGAAAGACACAAATTCCTGAGAATT
TCTCAGAAAGACACAAATTCCTGAGAATIG
CTCAGAAAGACACAAATTCCTGAGAATIGG
TCAGAAAGACACAAATTCCTGAGAATTIGGG
CAGAAAGACACAAATTCCTGAGAATTGGGA
AGAAAGACACAAATTCCTGAGAATTGGGAA
GAAAGACACAAATTCCTGAGAATTGGGAAC
AAAGACACAAATTCCTGAGAATTGGGAACA
AAGACACAAATTCCTGAGAATTGGGAACAT
AGACACAAATTCCTGAGAATTGGGAACATG
GACACAAATTICCTGAGAATTGGGAACATGC
ACACAAATTCCTGAGAATTGGGAACATGCT
CACAAATTCCTGAGAATTGGGAACATGCTA
ACAAATTICCTGAGAATTGGGAACATGCTAA
CAAATTCCTGAGAATTGOGAACATGCTAAA
AAATTCCTGAGAATTGGGAACATGCTAAAT
AATTCCTGAGAATTGGGAACATGCTAAATA
ATTCCTGAGAATTGGGAACATGCTAAATAC
TTCCTCGAGAATTGGGAACATGUTAAATACA
TCCTGAGAATTGGCGAACATGCTAAATACAA
CCTGAGAATTGGGAACATGCTAAATACAAA
CTGAGAATTGGGAACATGCTAAATACAAAT
TGAGAATTGGGAACATGCTAAATACAAATG
GAGAATTGGGAACATGCTAAATACAAATGG
AGAATTGGGAACATGCTAAATACAAATGGT
GAATTGGGAACATGCTAAATACAAATGGTA
AATTGGGAACATGCTAAATACAAATGGTAT
ATTGGGAACATGCTAAATACAAATGGTATC
TTGGGAACATGCTAAATACAAATGGTATCT
TGGGAACATGCTAAATACAAATGGTATCTT
GGGAACATGCTAAATACAAATGGTATCTTA
GGAACATGCTAAATACAAATGGTATCTTAA
GAACATGCTAAATACAAATGGTATCTTAAG

KGAAAACGCCGCCAXKXCKCAACAGAXCXG, wherem X=Uor T

TGAAAACGCCGCCATTTCTCAACAGATCTG

[8345] 1o embodiments, any AC described herein, including the AC in Tables 6A-6M, the reverse
complement thereof, or a sequence with at least 80%, 81%, 82%, 83%, 84%, 85%, §6%, 87%,

88%%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% nucleic acid sequence
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identity thereto. comprise at least one modified nucleotide or nucleic acid selected from a
phosphorothioate {(PS) nuclectide, a phosphorodiamidate morpholine (PMO) nuclestide, a locked
nucleic acid (LNA), a peptide nucleic acid (PNA}, a nuclectide comprising a 2'-C-methyl (2°-
OMe) modified backbone, a 2°O-methoxy-ethyl (2°-MOE} nucleotide, a 2',4° constrained ethyl
(cEt} nucleotide, and a 2'-deoxy-2-fluoro-beta-D-arabinonucleic acid {(2'F-ANA). In
embodiments, hybridization of the AC with the target sequence promotes or induces splicing of
exon 44. In embodiments, AC comprises at least one phosphorodiamidate morpholine (PMO)
nucleotide. Inembodiments, 1,2, 3,4, 5,6, 7,8, 9,10, 11,12, 13, 1,4 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25, 26, 2,7 28, 29, 30 or more of the nucleoties are modified. In embodiments, each

nucleotide n the AC is a phosphorodiamidate morpholine (PMQO) nucleotide.

[8346]  In embodiments, the compound has the foliowing the structure:

o
NeBoN Netcpp

Sy N

wherein:

CPP 1s a cyclic peptide described herein {also referred to as a cell penetrating peptide);
I 15 a linker:

B is each independently a nuclecbase that s complementary to a base in the target
sequence; and

n is an integer from 1 1o 50, In embodiments, the sum of B and n correspond to a

sequence shown in Tables 6A-6M, the reverse complement thereof, or a sequence with at
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least 80%, B1%, 82%, 83%, 84%, 85%, 86%, 87%, 88%;, &9%, 90%, 91%, 92%, 93%,

4%, 95%, 96%, 97%, 98%, or 99% nucleic acid sequence identity thersto.
Cyelic cell penetrating peptides (¢CPPs) conjugated to an AC

[8347] The cyclhic cell penetrating peptide (¢CPP) can be conjugated to an AC
5 [0348] The AC can be conjugated to ¢CPP through a linker. The cargo moiety can be conjugated

i the linker at the termmal carbonyl group to provide the followmng structure:

\N/\\%O\A‘ /T;N /L\N’A\& \/"‘i\o/\\fm
(CHZ)y
g

. wherein:
EP 15 avn exocychic peptide and M, AAse, AC, X', v, and 2" are as defined above, * is the
point of attachment to the AAsc x" canbe 1. y can be 4. " can be 11, «(OCHCHy)w - and/or -

10 (OCH2CHy)z- can be wndependently replaced with one or more amine acids, including, for
example, glyeine, beta~alanine, 4-amnobutyric acid, S-aminopentanocic acid, H-aminohexanote
acid, or combinations thereof

[8349] An endosomal escape vehicle (EEV) can comprise a eyclic cell penctrating peptide (¢CUPP),
an exocychic peptide (EP) and linker, and can be conjpugated to an AC to form an EEV-conjugate

i

(o4

comprising the structure of Formula (C):
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©

or a protonated form thereof,
wherein:
R, Ry, and Rs can each independently be H or an amino acid residue having a side chain
5 comprising an aromatic group;

Ry and Re are independently H or an anuno acid side chain;
EP 1s an exocyclic peptide as defined heren;
AL 15 as defined herein;
each m iz mdependently an integer from (-3;

10 1 18 an integer from 0-2;
X" 1s an integer from 2-20;
v 18 an integer from 1-5;
q 1s an integer from 1-4; and
2" is an integer from 2-20.

(83501 R Ry, Rs Ry, EP, AC, m, n, X', y, g and 2’ are as defined herein.

fa—
(4
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[8351] The EEV can be conjugated to an AC and the EEV-conjugate can comprise the structure

of Formula {C-a) or (C-b}:

(C-a),

ol

{C-b}, or a protonated form

5 thereof, wherein EP, m and z are as defined above i Formula (C).
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[8352] The EEV can be conjugated to an AC and the EEV-conjugate can comprise the structure

of Formula {C-c}:

o 9
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or a protonated form thereof, wherein EP, R!, R?, R®, R*, and m are as defined above in
Formula (II1}; AA can be an amino acid as defined herein; n can be an integer from 0-2; x can be
an integer from 1-10; v can be an mteger from 1-3; and z can be an wnteger from 1-10.
[8383] The EEV can be comjugated to an oligonucleotide AC and the EEV-oligonucleotide

conjugate can comprises a structure of Formula (-1}, (-2}, (C-3), or (C-4)
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[8354] In the formulae above, EP is an exocylic peptide and the AC can have a sequence of 15-30

nucleotides that 15 a complementary to a target sequence comprising at least a portion of exon 44
of DM gene in a pre-mRNA sequence. In embodiments, the AC can be selected from an
oiigonuc:leotide shown Tables 6A-6M, the reverse complement thereof, or a sequence with at least
80% SI( o, ¢, 830/6, 840/6) 850/6, 86“/;) 870/{;, 88(’/{;, 890/’6, 0% 76, 91‘/@ Q”(/() /c; 4% 76, 95()/2:-, 96‘%,

7%, 98%, or 99% nucleic acid sequence identity thereto.

[8355] In embodiments, the compounds described herein form a multimer. In embodiments,

multimerization occurs via non-covalent interactions, for example, through hydrophobic
mnteractions, tonic interactions, hydrogen bonding, or dipole-dipole interactions. In embodiments,
the compounds form a dimer, trimer, tetramer, pentamer, hexamer, heptamer, octamer, or
nonamer. In embodiments, the compounds comprise 1, 2,3, 4, 5,6, 7, 8, 9, or 10 cvclic peptides.
In embodiments, the compounds comprise 1,2, 3,4, 5, 6,7, & 9, or 10 ACs. In embodiments, the
compounds comprise 1, 2, 3,4, 5,6, 7, 8,9, or 10 EPs. In embodiments, the compounds comprise
from 1 10 10 cyclic peptides and from 1 t0 10 ACs. In ln embodiments, the compounds comprise

from 110 10 cyclic peptides, from 1 to 10 ACs, or from 1 to 10 EPs.

[6356] In embodiments, the compounds of the disclosure comprise any one of the following

structures. The compounds below are illustrative only and any one of the ¢yclic peptides, linkers,
and AC m any one of the structures below may be replaced with any one of the cyclic peptides,

hinkers, or ACs described berein.

NH HN
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Cytosolic Delivery Efficiency

5 (03577 Modifications to a cyclic cell penetrating peptide (¢CPPYmay improve cytosolic delivery
efficiency. Improved cytosolic uptake efficiency can be measured by comparing the cytosolic

delivery efficiency of a ¢CPP having a modified sequence to a control sequence. The control

165



WO 2023/034817 PCT/US2022/075691

sequence doss not include a particular replacement amino acid residue in the modified sequence
{including, but not limited to arginine, phenylalanine, and/or glycine), but 1s otherwise identical.

[6358] In embodiments, compounds comprising a cyclic peptide and an AU have improved

cytosolic uptake efficiency compared to compounds comprising an AT alone. Cytosolic uptake
5 efficiency can be measured by comparing the cytosolic delivery efficiency of the compound
comprising the cyclic peptide and the AC to the cvtosolic delivery efficiency of an AC alone.

[8359] As used herein cytosolic delivery efficiency refers to the ability of a ¢CPP to traverse a cell
membrane and enter the cytosol of a cell. CUytosolic dehivery efficiency of the ¢CPP s not
necessarily dependent on a receptor or a cell type Cytosolic delivery efficiency can refer to

16 absolute cytosolic delivery efficiency or relative cytosolic delivery efficiency.

[8368] Absolute cytosolic delivery efficiency is the ratio of cytosolic concentration of a ¢cCPP (or
a cCPP-AC conjugate} over the concentration of the ¢cCPP {or the ¢cCPP-AC conjugate) in the
growth medium. Relative cyvtosolic delivery efficiency refers to the concentration of a ¢CPP in the
cytosol compared to the concentration of a control ¢cCPP in the cytosol. Quantification can be

IS achieved by fluorescently labeling the ¢CPP {e.g, with a FITC dye} and measuring the
fluorescence intensity using techniques well-known in the art.

[8361] Relative cytosolic delivery efficiency 1s determined by comparing (1) the amount of a cCPP
of the wvention internalized by a cell type {e.g., Hela cells) to (u) the amount of a control ¢CPP
mternalized by the same cell type. To measure relative cytosolic delivery efficiency, the cell type

20 may be incubated in the presence of a ¢CPP for a specified period of time {e.g., 30 minutes, 1 hour,
2 hours, etc.) after which the amount of the ¢CPP mternalized by the cell is quantified using
methods known 1n the art, e.g., fluorescence microscopy. Separately, the same concentration of
the control cUPP 15 incubated in the presence of the cell type over the same period of time, and the
amount of the control ¢CPP internalized by the cell is quantified.

25 [8362] Relative cytosolic delivery effictency can be determined by measuring the ICso of a ¢CPP
having a modified sequence for an mtracellular target and comparing the ICsp of the ¢CPP having
the modified sequence to a control sequence (as described herens.

[8363] The relative cytosolic delivery efficiency of the ¢CPPs can be in the range of from about
50% to about 450% compared to cyclo(FFORiR(Q), e.g., about 60%, about 70%, about 80%, about

30 90%, about 100%, about 110%, about 120%, about 130%, about 140%, about 150%, about 160%,

about 170%, about 180%, about 190%, about 200%, about 210%, about 220%, about 230%, about
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240%, about 250%, about 260%, about 270%, about 280%, about 290%, about 30096, about 310%,
about 320%, about 330%, about 340%, about 350%, about 360%, about 370%, about 380%, about
390%, about 400%, about 41 0%, about 420%, about 430%, about 440%, about 450%, about 460%,
about 470%, about 480%, about 490%, about S00%, about 510%, about 520%, about 330%, about
540%, about 550%, about 560%, about 570%, about 580%, or about 390%, inclusive of all values
and subranges therebetween The relative cytosolic delivery efficiency of the ¢UPPs can be
mproved by greater than about 600% compared to a eyclic peptide comprising cyclo{FTORrRrQ}.

[8364] The absolute cytosolic delivery efficacy of from about 40% to about 100%, e.g., about
45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about
85%, about 90%, about 91%, about 92%., about 93%, about 94%, about 95%, about 96%, about
97%, about 98%, about 9%, inclusive of all values and subranges therebetween.

[6365]  The cCPPs of the present disclosure can improve the cytosolic delivery efficiency by about
1.1 fold to about 30 fold, compared to an otherwise identical sequence, e.g., about 1.2, about 1.3,
about 1.4, about 1.5, about 1.6, about 1.7, about 1.8, about 1.9, about 2.0, about 2.5, about 3.0,
about 3.5, about 4.0, about 4.3, about 3.0, about 5.3, about 6.0, about 6.5, about 7.0, about 7.5,
about 8.0, about 8.5, about 9.0, about 10, about 10.5, about 11.0, about 11.5, about 12.0, about
12.5, about 13.0, about 13.5, about 14.0, about 14.5, about 15.0, about 15.5, about 16.0, about 16.5,
about 17.0, about 17.5, about 18.0, about 18.5, about 19.0, about 19.5, about 20, about 20.5, about
21.6, about 21.5, about 22.0, about 22.5, about 23.0, about 23.5, about 24.0, about 24.5, about 25.0,
about 25.5, about 26.0, about 26.3, about 27.0, about 27.5, about 28.0, about 28.5, about 29.0, or

about 29.5 fold, mclusive of all values and subranges therebetween.
Be-spliced target proteins

[8366] The "target protein” 1s the amino acid sequence resulting from transeription and translation
of the target gene. The "re~spliced target protein” as used herein refers to the proten encoded as a
result of binding of the AC to the target pre-mRNA transcribed from the target geve. The "wild
type target protein” refers to a naturally occurring, correctly translated protein isomer resulting
from proper splicing of the target pre-mRNA encoded by a wild-type target gene. The present
compounds and methods may result in a re-spliced target protein containing one or More anuno
acid substitutions, deletions, and/or insertions as compared o a wild-type target protemn. In
embodiments, the re-spliced target protein retams some wild-type target protein activity. In

embodiments, the re-spliced target protein produced by admmistration of the present compounds
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1s homologous to a wild-type target protein. In embodiments, the re-spliced target protein has an
amino acid sequence that is at least about S0%, at least about 55%, at least about 60%, at least
about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 91 %, at least about 92%, at least about 93%, at least about 94%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99% and
up to 100% 1dentical o a wild type target protein. In embodiments, the re-spliced target protein is
subsiantially identical to a wild-type target protein. In embodimenis, the amino acid sequence of
the re-spliced target protein is at least 50% identical to the amino acid sequence of a wild-type
target protein. In embodiments, the amino acid sequence of the re-spliced target protein is at least
75% identical to the amino acid sequence of a wild-type target protein. In embodiments, the amino
acid sequence of the re-spliced target protein s at least 90% identical to the amino acid sequence
of a wild-type target protein. In embodiments, the re-spliced target protein is a shortened version
of a wild-type target protein.

[6367] In embodiments, the re-spliced target protein can rescue one or more phenotypes or
symptoms of a disease associated with the transcription and transiation of the target gene. In
embodiments, the re-spliced target protein can rescue one or more phenotypes or symptoms of a
disease associated with the expression of the target protein. In embodiments, the re-spliced target
protein 18 an active fragment of a wild-type target protein. In embodiments, the re-spliced target
protein functions 1o a substantially similar manner to the wild-type target protein. In embodiments,
the re-spliced target protein allows the cell to function substantially similar to a simular cell which
expresses a wild-type target protein. In embodiments, the re-spliced target protein does not cure
the disease associated with the target gene or with the target protein but ameliorates one or more
symptoms of the disease. In embodiments, the re-spliced target protein results i an improvement
of target protein function of at least about 1%, about 2%, about 3%, about 4%, about 5%, about
6%, about 7%, about 8%, about 9%, about 10%, about 15%, about 205, about 25%, about 30%,
about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%,
about 75%, about 80%, about 85%, about 90%, or about 95%, and up to about 100%.

[8368] In embodiments, the re-spliced target protein may have an amino acid sequence that is
reduced from the size of a wild type target protein by about 1 or more amine acids, e.g., from about
5, about 10, about 13, about 20, about 25, about 30, about 35, about 40, about 45, about 50, about

35, about 60, about 65, about 70, about 75, about &0, about 20, about 95, about 100, about 105,
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about 110, about 115, about 120, about 125, about 130, about 135, about 140, about 145, about
150, about 155, about 160, about 165, about 170, about 175, or about 180 or more amino acids.

[8369] In embodiments, the re-spliced target protein may have one or more properties that are
mproved refative to the target protein. In embodiments, the re-spliced target protein may have one
or more properties that are improved relative to a wild-type target protein. In embodiments, the
enzymatic activity or stability may be enhanced by promoting different splicing of the target pre-
mRNA. In embodiments, the re-spliced target protein may have a sequence identical or
substantially similar to a wild-type target protein isomer having improved properties compared {0
another wild-type target protein isomer.

[6378] In embodiments, one or more properties of the target protein are either not present
{eliminated) or are reduced in the re-spliced target protein. In embodiments, one or more properties
of the wild-type target protein are either not present {eliminated} or are reduced in the re-spliced
target protein. Non-limiting examples of properties that may be reduced or eliminated include
immunoegenic, angiogenic, thrombogenic, aggregation, and ligand-binding activity.

[8371] 1o embodiments, the re-spliced target protein contains one or more anmino acid substitutions
compared to a wild-type target protein. In embodiments, the substitutions may be conservative
subsiitutions or non-conservative substitutions. Examples of conservative amino acid substitutions
melude substitution of one amino acid for another amino acid within one from one of the following
groups: basic amino acids (arginine, lvsine and histidine), acidic amino acids {glutamic acid and
aspartic acid), polar amino acids (glutamine and asparagine), hydrophobic amino acids (leucine,
isoleucine and valine), aromatic arnino acids (phenylialanine, tryptophan and tyrosine), and small
amine acds {(glycine, alanine, serine, threonine and methionine). In embodiments, structurally
stmilfar amino acids are substituted to reverse the charge of a residue {e.g., glutamine for ghutamic
acid or vice-versa, aspartic acid for asparagine or vice-versa). In embodiments, tyrosine is
substituted for phenylalanine or vice-versa. Other non-limiting examples of amino acid
subsittutions are described, for example, by H. Neurath and R, L. Hill, 1979, In, The Proieins,
Academic Press, New York. Common substitutions are Ala/Ser, Val/lle, Asp/Glu, Thr/Ser,
Ala/Gly, Ala/Thr, Ser/Asn, Ala/Val, Ser/Gly, Tyr/Phe, Ala/Pro, Lys/Arg, Asp/Asn, Leu/lle,
LewVal, Ala/Glu, and Asp/Gly.

[8372] In embodiments, the re-spliced target protein may comprise a substitution, deletion, and/or

msertion at one or more {e.g., several} positions compared to a wild-type target protein In
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embodiments, the number of ammo acid sebstitutions, deletions and/or insertions in the re-spliced
target protein amine acid sequence is not more than 200, not more than 150, not more than 100,
not more than 50, not more than 40, not more than 30, not more than 20, or not more than 10, e g,

1,2,3,4,5 6. 7,89, or 10,

Methods of Treatment

{8373] In embodiments, an AC of the disclosure i3 administered to a patient diagnosed with
Duchenne muscular dystrophy {(DMD) at a dose from about 0.1 mg/kg to about 1000 mg/ke, for
example, about 0.1 mg/kg, about 0.2 mg/kg, about 0.3 mg/kg, about 0.4 mg/kg, about 0.5 mg/kg,

about 0.6 mg/kg, about 0.7 mg/ke, about 0.8 mg/kg, about 0.9 mg/ke, about 1 mg/ke, about 2

me/kg, about 3 mg/kg, about 4 mg/ke, about 5 mg/ke, about 6 mg/ke, about 7 mg/ke, about 8

mg/ke, about 9 me/kg, about 10 mg/ke, about 11 me/kg, about 12 mg/ke, about 13 mg/ke, about

14 mg/kg, about 15 meg/ke, about 16 mg/kg, about 17 me/kyg, about 18 mg/ke, about 19 ma/ke,
about 20 mg/ke, about 21 meg/ke, about 22 mg/ke, about 23 mg/ke, about 24 mg/ke, about 25
mg/kg, about 26 ma/kg, about 27 mg/kg, about 28 mp/kg, about 29 mg/kg, about 30 mg/kg, about
31 mg/kg, about 32 mp/kg, about 33 mg/ke, about 34 mg/ke, about 35 mgo/kg, about 36 me/ke,
about 37 mg/kg, about 38 mg/kg, about 39 mg/ks, about 40 mg/kg, about 41 mg/kg, about 42
mg/kg, about 43 mg/kg, about 44 mg/ke, about 45 mg/kg, about 46 mg/ke, about 47 mg/kg, about
48 mg/kg, about 49 mg/kg, about 50 mp/kg, about S1 mg/ky, about 52 mg/ke, about 53 my/ke,
about 54 mg/kg, about S5 mg/kg, about 56 mg/ke, about 57 mg/kg, about 58 mg/kg, about 59
mg/kg, about 60 ma/kg, about 61 my/kg, about 62 mp/kyg, about 63 mg/kg, about 64 mg/kg, about
65 mg/kg, about 66 mg/kg, about 67 mg/kg, about 68 mg/ke, about 69 mg/kg, about 70 mg/kg,
about 71 mg/kg, about 72 mg/kg, about 73 myg/kg, about 74 mg/ky, about 75 myg/ky, about 76
mg/kg, about 77 mg/kg, about 78 mg/kg, about 79 mg/kg, about 30 mg/kg, about 81 mg/kg, about
82 myg/kg, about 83 mg'keg, about 84 me/kg, about 85 mg/ky, about 86 mg/kg, about 87 mg/kg,
about 88 mg/kg, about 8% mg/kg, about 90 mg/kg, about 91 mg/kg, about 92 mg/kg, about 93

i

mg/kg, about 94 mg/ke, about 95 mg/ke, about 96 my/kg, about 97 mg/ke, about 98 ma/ky, about

99 mg/kg, about 100 mg/ke, about 110 mg/ke, about 120 mg/kg, about 130 mg/kg, about 140

!

mg/kg, about 150 mg/kg, about 160 myg/

!

kg, about 170 mg/kg, about 180 mg/kg, about 190 mg/ke,
about 200 mg/kg, about 210 mg/kg, about 220 mg/kg, about 230 mg/kg, about 240 mg/ke, about
250 mgrke, about 260 mg/kg, about 276 mg/kg, about 280 mg/kg, about 290 mg/kg, about 300

mg/kg, about 310 mg/kg, about 320 mg/kg, about 330 mg/kg, about 340 mg/ke, about 350 mg/ikg,
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about 360 mg/ke, about 370 me/ke, about 380 mg/kg, about 390 mg/keg, about 400 mg/kg, about
410 mg/kg, about 420 mg/kg, about 430 me'kg, about 440 mg/kg, about 450 mg/kg, about 460
mg/ke, about 470 mg/kg

g, about 480 mg/ke, about 490 mg/ke, about 500 mg/ke, about 510 mg/kg,
about 520 mg/kg, about 330 mg/kg, about 540 mg/kg, about 550 mg/kg, about 560 mg/kg, about
570 mgrke, about 580 me/ke, about 590 mg/kg, about 600 mg/ke, about 610 mg/kg, about 620
mg/kg, about 630 mg/kg, about 640 mg/kg, about 650 mg/kg, about 660 mg/kg, about 670 mg/kg,
g, about

(=53

about 680 mg/ke, about 690 mg/ke, about 700 mg/ke, about 710 mg/ke, about 720 mg/k

= =3

730 mg/kg, about 740 mg/kg, about 75¢ me/ke, about 760 mg/kg, about 770 mg/kg, about 780

/K8,
mg/ke, about 790 mg/kg, about 00 myg/ke, about 810 mg/ke, about 820 mg/kg, about 830 mg/ke,
about 840 mg/kg, about 850 mg/kg, about 860 mg/kg, about 870 mg/ky, about 880 mg/kg, about
890 mg/ke, about 900 mg/kg, about 910 mg/kg, about 920 mg/kg, about 930 mg/kg, about 940
mg/kg, about 950 me/kg, about 960 mg/kg, about 970 mg/kg, about 980 mg/kg, about 990 mg/kg,
or about 1000 mg/kg, including all values and ranges therein and in between.

[6374] The present disclosure provides a method of treating Duchenne Muscular Dystrophy
(DMD) 1n a subject in need thereof, comprising administering a coropound disclosed herein. In
embodiments, the target gene s DMD. In embodiments, the target sequence includes at least a
portion of Exon 44 of DALD, at least a portion of a 37 intron flanking Exon 44 of DMD, at least a
portion of a 8 intron flanking Exon 44 of DMD, or a comabination thereof.

[8375] 1o various embodiments, treatraent refers to partial or coroplete alleviation, amelioration,
relief, 1nhibition, delaying onset, reducing severity and/or incidence of one or more symptoms 1o
a subject.

[6376] In embodiments, a method 13 provided for altering the expression of a target gene in a
subject 11 need thereof, comprising administering a compound disclosed herein. In embodiments,
the treatment results in the lowered expression of a target protein. In embodiments, the treatment
results i the expression of a re~spliced target proten. In embodiments, the treatment resulis in the
preferential expression of a wild-type target protein isomer.

[8377] In embodiments, treatment according to the present disclosure results n decreased
expression of a target protein in a subject by more than about 5%, e.g., about 5%, about 10%, about
15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about
55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about

95%, and about 100%, as compared to the average level of the target protein in the subject before
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the treatment or of one or more control individuals with sumilar disease without freatment. In
embodiments, treatment according to the present disclosure results in increased expression of a re-
spliced target protein in a subject by more than about 5%, e g, about 5%, about 10%. about 15%,
about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%,
about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%,
and about 100%, as compared to the average level of the target protein in the subject before the
treatment or of one or more control individuals with similar disease without treatment In
embodiments, treatment according to the present disclosure results in increased or decreased
expression of a wild type target protein isomer in a subject by more than about 5%, e.g., about 5%,
about 10%, about 15%, about 20%, about 25%, about 30%, about 353%, about 40%, about 45%,
about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
about 90%, about 95%, and about 100%, as compared to the average level of the target protein in
the subject before the treatment or of one or more control individuals with similar disease without

freatment

EENNAY 2

[8378] The terms, “improve,” “increase,” “reduce,” “decrease,” and the hike, as used herein,
indicate values that are relative to a control In embodiments, a suitable control 15 a baseline
measurement, such as a measurement i the same individual prior to mitiation of the treatment
described herein, or a measurement 1n a control individual {or multiple control individuals) i the
absence of the treatment described herein. A “control individual” 18 an individual afflicted with
the same disease, who 1s about the same age and/or gender as the individual being treated (to ensure
that the stages of the disease 1o the treated individual and the control individual{s) are comparable),

[6379] The mdividual {also referred to as “patient” or "subject”) being treated is an mdividual
{fetus, infant, child, adolescent, or adult uman) having a disease or having the potential to develop
a disease. The individual way have a disease mediated by aberrant gene expression or aberrant
gene sphicing. In various embodiments, the individual having the disease may have wild type target
protein expression of activity levels that are from about 1% to 99% of normal protein expression
or activity levels in an individeal not afflicted with the disease. In embodiments, the range includes,
but 15 not limited to, about 80-99%;, about 65-80%, about 50-65%, about 30-50%, about 25-30%,
about 20-25%, about 15-20%, about 10-15%, about 5-10%, or about 1-3% of normal thymidine

phosphorylase expression or activity levels. In embodiments, the individual may have target

protein expression or activity levels that are from about 1% to about 500% higher than normal
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wild type target protein expression or activity levels. In embodiments, the range includes, but s
not limisted to, about 1-10%, about 10-50%, about 50-100%, about 100-200%, about 200-300%,
about 300-400%, about 400-500%, or about 500-1000% higher target protein expression or

>

activity level

(4

[8388] In embodiments, the individual is an individual who has been recently diagnosed with the
disease. Typicaily, early freatment (freatment commencing as soon as possible after diagnosis) is
important to mimmize the effects of the disease and to maximize the benefits of treatment.

[6381] In embodiments, the efficacy of the compounds and ACs of the disclosure on DMD s
evaluated in an animal model of DMD. Amimal models are valuable resources for studying the

10 pathogenesis of disease and provide a means to test dystrophin-related activity. In embodiments,

the mdx mouse and the golden retriever muscular dystrophy (GRMD) dog, both of which are
dystrophin negative (see, e g, Colling & Morgan, Int J Exp Pathol 84: 165-172, 2003), are utilized
to evaluate the compounds of this disclosure. In embodiments, the CS7BL/10ScSn-Dmdmdx/}
(Bl10/mdx) or the D2 B10-Dmdmdx/] {D2/mdx) mouse model is utilized to evaluate the
IS compounds of this disclosure. In embodiments, a transgenic mouse harboring the human DMD
gene and lacking the mouse Dmd gene (hDMDYDmd-null mouse) 15 used to evaluate the
compounds of this disclosure. This mouse can be generated by cross-breeding male hDMD mice
{available from Jackson Laboratory, Bar Harbor, ME) with female DMD-null nuce. Each of the
following references describe these models and are wcorporated by reference in thew entirety

20 hereint J Neuromuscul Dis. 2018; 5{4): 407-417; Proc Natl Acad Sci U S A 1984;31(4):1189-

92.; Am J Pathol 2010;176(5):2414-24.; J Chn Tovest. 2009, 119(12):3703-12; International
Publication No. WO2019014772. These and other arumal models can be used to measure the
functional activity of various dystrophin proteins.

[6382] In embodiments, an in vitro model 1s used to evaluate the efficacy of the compositions of

25  the disclosure. In embodiments, the i vitro model is an tmmortalized muoscle cell model. This

model 15 described in the following articles which 1s mcorporated by reference in its entirety

herein: Nguven et al. J Pers Med. 2017 Dieg; 7(4):13.
Methods of Making

[#8383] The compounds described herein ¢an be prepared in a variety of ways known to one skilied
30 inthe art of organic synthesis or variations thereon as appreciated by those skilled in the art. The

compounds described herein can be prepared from readily available starting matenals. Optimum
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reaction conditions can vary with the particular reactants or solvents used, but such conditions can
be determined by one skilled in the art.

[0384] Variations on the compounds described herein include the addition, subiraction, or
movement of the various constituents as described for each compound. Swmlarly, when one or
more chiral centers are present in a molecule, the chirality of the molecule can be changed.
Additionally, compound synthesis can involve the protection and deprotection of various chemical
groups. The use of protection and deprotection, and the selection of appropriate protecting groups
can be determined by one skilled in the art. The chemustry of protecting groups can be found, for
example, in Wuis and Greene, Protective Groups in Organic Synthesis, 4th Ed., Wiley & Sons,
2006, which 15 incorperated herein by reference in its entirety.

[0385] The starting materials and reagents used in preparing the disclosed compounds and
compositions are either available from commercial suppliers such as Aldrich Chemical Co.,
(Milwaukee, WI), Acros Organics (Morris Plaing, NI, Fisher Scientific (Pittsburgh, PA), Sigma
{5t. Louis, MQ), Plizer (New York, NY), GlaxoSmithKline (Raleigh, NC), Merck (Whitehouse
Station, NI}, Johnson & Johnson (Mew Brunswick, NI}, Aventis (Bridgewater, NI}, AstraZeneca
{(Wilmmgton, DE), Novartis (Basel, Switzerland), Wyeth (Madison, NJ), Brstol-Myers-Squibb
(New York, NY), Roche {Basel, Switzerland), Lilly {Indianapolis, IN), Abbott {(Abbott Park, IL),
Schering Plough (Kenilworth, NI), or Boehringer Ingetheim (Ingelheim, Germany), or are
prepared by methods known to those skilled in the art following procedures set forth in references
such as Fieser and Fieser’s Reagents for Organic Synthesis, Volumes 1-17 (John Wiley and Sons,
1991); Reodd’s Chemstry of Carbon Cormopounds, Volumes 1-5 and Supplementals (Elsevier
Science Publishers, 1989); Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1991}
March’s Advanced Orgamie Chemustry, (John Wiley and Sons, 4th Edition), and Larock’s
Comprehensive Organic Transformations (VCH Publishers Inc., 1989). Other matenals, such as
the pharmaceutical carriers disclosed herein can be obtained from commercial sources.

[6386] Reactions to produce the compounds described herein can be carried out in solvents, which
can be selected by one of skill i the art of organic synthesis. Solvents can be substantiaily
nonreactive with the starting materials {reactants), the mtermediates, or products under the
conditions at which the reactions are carried out, i.e., temperature and pressure. Reactions can be
carried out in one solvent or a mixture of more than one solvent. Product or intermediate formation

can be momtored according to any suitable method known in the art. For example, product
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formation can be monitored by spectroscopic means, such as nuclear magnetic resonance
spectroscopy (e.2., 'H or YC)infrared spectroscopy, spectrophotometry (e.g., UV-visible}, or mass
spectrometry, or by chromatography such as high performance liquid chromatography (HPLC) or
thin layer chromatography.

(63871 The disclosed compounds can be prepared by solid phase peptide synthesis wherein the
amino acid a-N-terminal is protected by an acid or base protecting group. Such protecting groups
should have the properties of being stable to the conditions of peptide linkage formation while
being readily removable without destruction of the growing peptide chain or racemization of any
of the chiral centers contained therein.  Suitable protecting groups are 9
flucrenylmethyioxycarbonyl (Fmoc), t-butyloxycarbonyl (Boc), benzyloxycarbonyl {(Cbz),
biphenvylisopropyloxycarbonyl, t-amyloxycarbonyl, isobomyloxycarbonyl, o g-dimethyl-3 5-
dimethoxybenzvioxycarbonyl, o-nitrophenvisulfenyl) Z-cvano-t-butyloxycarbonyl, and the like.
The 9-fluorenylmethyloxycarbonyl (Fmoc) protecting group is particularly preferred for the
synthesis of the disclosed compounds. Other preferred side chain protecting groups are, for side
chain amwno groups hike lvsine and arginine, 2,2.5,7 8-pentamethylchroman-6-sulfonyl {pme),
nitro, p-toluenesulfonyl, 4-methoxybenzene- sulfonyl, Chz, Boce, and adamantyloxycarbonyl; for
tyrosing, benzyl, o-bromobenzyloxy-carbonyl, 2 6-dichlorobenzyl, isopropyl, t-butyi {(t-Bu),
cyclohexvl, cyclopentyl and acetyl (Ac); for serine, t-butyl, benzy! and tetrahydropyranyl; for
histidine, trityl, benzyl, Chez, p-toluenesulfonyl and 2,4~dinitrophenyl; for tryptophan, formyl; for
asparticacid and glotamic actd, benzy] and t-butyl and for cysteine, triphenylmethyl (trityl). Tn the
solid phase peptide synthesis method, the o-C-terminal amino acid s attached to a suitable solid
support or resin. Suitable solid supports useful for the above syuthesis are those materials which
are 1nert to the reagents and reaction conditions of the stepwise condensation-deprotection
reactions, as well as being insoluble in the media used. Solud supports for synthesis of u~-C-terrminal
carboxy peptides 18 4-hydroxymethylphenoxymethyl-copoly{styrene-1% divinylbenzene) or 4-
(2" 4'-dimethoxyphenyl-Fmoc-aminomethy Dphenoxyacetamidoethyl resin available from Applied
Biosystems (Foster City, Cahif ). The o-C-termunal aming acid is coupled to the resin by means of
N, N'-dicyclohexyicarbodiimide (DCC), N N'-dusopropylcarbodumide (DICY or O-benzoiriazol-
1-yl-N, NN N-tetramethyluroniumbexafhuorophosphate . (HBTU),  wath  or without  4-
dimethylaminopyridine (DMAP), 1-hydroxybenzotriazole (HOBT), benzotriazol-i-vioxy-

iris{dimethylaminojphosphoniumhexafluorophosphate {(BOP) or bis(2-ox0-3-
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oxazolidinyl}phosphine chloride (BOPCH), mediated coupling for from about 1 to about 24 howss
at a temperature of between 10°C and 50°C n a sobvent such as dichloromethane or DMF. When
the solid support 15 4-(2',4"-dimethoxyphenyl-Fmoc-aminomethylphenoxy-acetanidoethy! resin,
the Froe group 1s cleaved with a secondary amine, preferably piperidine, prior to coupling with
the g-C-terminal amino acid as described above. Une method for coupling to the deprotected 4
{2',4'-dimethoxyphenyl-Fmoc-aminomethy phenoxy-acetamidoethy! resin is O-benzotriazol-1-
yviI-N NN N-tetramethyluromumbexafluorophosphate (HBTU, 1 equivy  and  1-
hydroxybenzotriazole (HOBT, 1 equiv.) in DMF. The coupling of successive protected amino
acids can be carried out in an automatic polypeptide synthesizer. In one example, the a-N-terminal
in the amino acids of the growing peptide chain are protected with Fmoc. The removal of the Fmoce
protecting group from the g-N-terminal side of the growing peptide is accomplished by treatment
with a secondary amine, preferably piperidine. Each protected amino acid is then introduced in
about 3-fold molar excess, and the coupling is preferably carried out in DMF. The coupling agent
can be O-benzotriazol-1-vI-N, N,N' N'-tetramethyhuroniumbhexafluorophosphate (HBTU, 1 equiv.)
and 1-hydroxybenzotriazole (HOBT, 1 equiv.). At the end of the solid phase synthesis, the
polypeptide is removed from the resin and deprotected, either in successively or in a single
operation. Removal of the polypeptide and deprotection can be accomplished in a single operation
by treating the resin-bound polypeptide with a cleavage reagent comprising thicanisole, water,
ethanedithiol and trifluoroacetic acid. In cases wherein the o~-C-terminal of the polypeptide 15 an
alkylamide, the resin is cleaved by ammolysis with an alkylamine. Alternatively, the peptide can
be removed by transesterification, e g, with methanol, followed by ammolysis or by direct
transamudation. The protected peptide can be purified at this poing or taken to the next step directly.
The removal of the side chain protecting groups can be accomplished using the cleavage cockiail
described above. The fully deprotected peptide can be purified by a sequence of chromatographic
steps employing any or all of the following types: 1on exchange on a weakly basic resin (acetate
form}; hydrophobic adsorption chromatography on underivatized polystyrene-divinyltbenzene (for
example, Amberhite XAD), silica gel adsorption chromatography; ion exchange chromatography
on carboxymethylcelinlose; partition chromatography, e.g, on Sephadex G-25, LH-2Z0 or
countercurrent distribution; high performance hiquid chromatography (HPLC), especially reverse-

phase HPLC on ociyl- or octadecylsilyl-silica bonded phase column packing,
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[0388] The above polymers, such as PEG groups, can be atiached to the AC under any suitable

conditions used {o react a protein with an activated polymer molecule. Any means known in the
art can be used, including via acylation, reductive alkylation, Michael addition, thiol alkylation or
other chemoselective compugation/ligaiion methods through 4 reactive group on the PEG motety
{e.g.. an aldehyde, amino, ester, thiol, c-haloacetyl, maleimido or hydrazino group) to a reactive
group on the AC (e.g, an aldehvde, amino, ester, thiol, w-haloacetyl, malesmido or hydrazino
eroup). Activating groups which can be used to link the water soluble polymer to one or more
proteins include without limitation sulfone, maleimide, sulfhydryl, thiol, triflate, tresylate,
aznidiring, oxirane, S-pyridyl, and alpha-halogenated acyl group {eg., a-iodo acetic acid, w-
bromoacetic acid, a-chlorsacetic acid). If attached to the AC by reductive alkylation, the polymer
selected should have a single reactive aldehyde so that the degree of polymerization 1s controlled.
See, for example, Kinstler et al, Adv. Drug. Delivery Rev. 54: 477-485 (2002); Roberts et al,,
Adv. Drug Delivery Rev. 54: 459-476 (2002); and Zalipsky et al., Adv. Drug Delivery Rev. 16
157-182 (1995).

[6389]  In order to direct covalently link the AC to the CPP, appropriate amino acid residues of the

CPP may be reacted with an organic derivatizing agent that is capable of reacting with a selected
side chain or the N- or C-termint of an amino acids. Reactive groups on the peptide or conjugate
motety include, e g, an aldehyde, amino, ester, thiol, ni-haloacetyl, maleimido or hydrazino group.
Derivatizing agents include, for example, malemmudobenzoyl sulfosuccinimide ester {conjugation
through cysteine resudues), N-hydroxysuccinimide (through lysine residues), glutaraldehyde,

succinic anhydride or other agents known 1n the art.

[8390] Methods of synthesizing oligomeric antisense compounds are known in the art. The present

disclosure 1s not Hmited by the method of synthesizing the AC. In embodiments, provided herein
are compounds having reactive phosphorus groups useful for forming mternucleoside linkages
mchuding for example phosphodiester and phosphorothioate internucleoside inkages. Methods of
preparation and/or purification of precursors or antisense compounds are not a limitation of the
compostiions or methods provided herein. Methods for synthesis and purification of DNA, RNA,

and the antisense compounds are well known 1o those skilled in the art.

[8391] Oligomerization of modified and unmodified nucleosides can be routinely performed

according to literature procedures for DNA (Protocols for Oligonuclectides and Analogs, Ed.

Agrawal {1993}, Humana Press) and/or RNA (Scaringe, Methods (2001}, 23, 206-217. Gait et al,,
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Apphications of Chemically synthesized RNA m RNA! Protemn Interactions, Ed. Smuth (1998), 1-
36. Gallo et al,, Tetrahedron (2001), §7, S707-5713}.
[8392] Antisense compounds provided herein can be conveniently and routinely made through the

well-known technique of sohid phase synthesis. Equipment for such synthesis 1s sold by several

(4

vendors including, for example, Applied Biosystems (Foster City, CA). Any other means for such
synthesis known in the art may additionally or alternatively be emploved. It is well known to use
similar technigues to prepare oligonucleotides such as the phosphorothicates and alkylated
derivaiives. The invention is not limited by the method of antisense compound synthesis,
[8393] Methods of oligonucieotide purification and analysis are known to those skilled in the art.
10 Analysis methods include capillary electrophoresis (CE) and electrospray-mass spectroscopy.
Such synthesis and analysis methods can be performed in multi-well plates. The method of the

mvention is not limited by the method of oligomer purification.
Methods of Administration

[6394] 7» vivo application of the disclosed compounds, and compositions containing them, can be
15 accomplished by any suitable method and technique presently or prospectively known to those
skilled in the art. For example, the disclosed compounds can be formulated in a physiologically-
or pharmaceutically-acceptable form and administered by any suitable route known in the art
mcluding, for example, oral and parenteral routes of administration. As used herein, the term
parenteral includes subcutaneous, tradermal, intravenous, intramuscular, ntraperitoneal,
20 mtrasternal, and intrathecal admunistration, such as by mjection. Administration of the disclosed
compounds or compositions can be a single administration, or at continuous or distinct intervals
as can be readily determined by a person skilled in the art.
[8395] The compounds disclosed herein, and compositions comprising them, can also be
adminustered utihzing hiposome technology, slow-release capsules, implantable pumps, and
25 biodegradable containers. These delivery methods can, advantageously, provide a umiform dosage
over an extended period of time. The compounds can also be adnunistered in their salt derivative
forms or ¢rystaliine forms.
[8396] The compounds disclosed herein can be formulated according to known methods for
preparing pharmaceutically acceptable compositions. Formudations are described n detail in 2
30 number of sources which are well known and readily available to those skilled in the art. For

example, Remington’s Pharmaceutical Science by EW. Martin {1995) describes formulations that
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can be used m comection with the disclosed methods. In general, the compounds disclosed herein
can be formudated such that an effective amount of the compound 13 combined with a suitable
carrier in order to facilitate effective administration of the compound. The compositions used can
also be in a variety of forms. These include, for example, solid, sermi-sohid, and hquid dosage
forms, such as tablets, pills, powders, ligpud solutions or suspension, suppositories, injectable and
mfusible solutions, and sprays. The preferred form depends on the intended mode of admunistration
and therapeutic application. The compositions also preferably include conventional
pharmaceutically-acceptable carriers and difuents which are known to those skilled in the art.
Examples of carriers or diluents for use with the compounds include ethanol, dimethy! sulfoxide,
elycerol, alumina, starch, saline, and equivalent carriers and dibuents. To provide for the
administration of such dosages for the desired therapeutic treatrent, compositions disclosed herein
can advantageously comprise between about 0.1% and 100% by weight of the total of one or more
of the subject compounds based on the weight of the total composition including carrier or diluent.

[6397] Formulations suitable for administration include, for example, agueous sterile injection
solutions, which can contain antioxidants, buffers, bacteriostats, and solutes that render the
formulation isotonic with the blood of the intended recipient; and aqueous and nonaqueous sterile
suspensions, which can include suspending agents and thickening agents. The formulations can be
presented 1n unit-dose or multi-dose containers, for example sealed ampoules and vials, and can
be stored 1u a freeze dned (lyophilized) condition requiring only the condition of the sterile hiqund
carrier, for example, water for mjections, prior to use. Extemporaneous injection solutions and
suspensions can be prepared from sterile powder, granules, tablets, etc. Tt should be understood
that in addition to the ingredients particularly mentioned above, the compostiions disclosed herein
can include other agents conventional in the art having regard to the type of formulation n
question.

[8398] Compounds disclosed herein, and compositions comprising them, can be delivered to a cell
gither through direct contact with the cell or via a carrier means. Carrier means for delivering
compounds and compositions to cells are known in the art and include, for example, encapsulating
the composition in a liposome moiety. Another means for delivery of compounds and
compositions disclosed herein 1o a cell comprises attaching the compounds to a protein or nucleic
actd that is targeted for delivery to the target cell. 1.8, Patent No. 6,960,648 and U.S. Application

Publication Nos. 20030032594 and 20020120100 disclose amino acid sequences that can be
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coupled to another composition and that allows the composition to be translocated across
biological membranes. U.S. Application Publication No. 20020035243 also  describes
compositions for transporting biological moteties across cell membranes for intracellular delivery.

Compounds can alse be incorporated into polymers, examples of which imclude poly (B3-L lactide-

(4

co-glycolide} polymer for intracranial tumors; polyfbis(p-carboxyphenoxy) propane:sebacic acid]
in a 20:80 molar ratio {as vsed in GLIADELY; chondroitin; chitin; and chitosan.

[8399] Compounds and compositions disclosed herein, including pharmaceutically acceptable
salts or prodrugs thereof, can be administered intravenously, mtramuscularly, or intraperitoneally
by infusion or injection. Solutions of the active agent or its salts can be prepared in water,

10 optionally mixed with a nontoxic surfactant. Dispersions can also be prepared in glycerol, higuid

polyethylene glycels, triacetin, and mixtures thereof and in ous. Under ordinary conditions of
storage and use, these preparations can contain a preservaiive to prevent the growth of
MICTO0TZanisms.

[6408] The pharmaceutical dosage forms suitable for injection or infusion can include sterile

IS aqueous solutions or dispersions or sterde powders comprising the active ingredient, which are

adapted for the extemporaneous preparation of sterile injectable or infusible solutions or
dispersions, optionally encapsulated in liposomes. The ultimate dosage form should be sterile,
fluid and stable under the conditions of manufacture and storage. The hgud carrier or vehicle can
be a solvent or hiqud dispersion medium comprising, for example, water, ethanol, a polyol (for
20 example, glycerol, propylene glveol, liquid polyethvlene glycols, and the like), vegetable oils,
nontoxic glycervl esters, and suitable mixtures thereof. The proper fluidity can be mammtained, for
example, by the formation of liposomes, by the maintenance of the required particle size i the
case of dispersions or by the use of surfactants. Optionally, the prevention of the action of
microorganisms can be brought about by various other antibacterial and antifungal agents, for

25  example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the hike. In many cases, it

will be preferable to meclude isotonic agents, for example, sugars, buffers or sodiem chloride.
Prolonged absorption of the injectable compositions can be brought aboui by the inclusion of
agents that delay absorption, for example, aluminum monostearate and gelatin,

[8401]  Stenile mmeciable solutions are prepared by incorporating a compound and/or agent

30 disclosed herein in the required amount in the appropriate solvent with various other ingredients

enumerated above, as required, followed by filter stenilization. In the case of sterile powders for
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the preparation of sterile iyjectable solutions, the preferred methods of preparation are vacuum
drying and the freeze drying techniques, which yield a powder of the active ingredient plus any
additional desired ingredient present in the previously sterife-filiered solutions.
[8402]  Useful dosages of the compounds and agents and pharmaceutical compositions disclosed
5 herein can be determined by comparing their in vitro activity, and in vive activity in amimal models.
Methods for the extrapolation of effective dosages in mice, and other amimals, to humans are
known to the art.
[#403] The dosage ranges for the administration of the compositions are those large enough to
produce the desired effect m which the symptoms or disorder are affected. The dosage should not

10 be so large as to cause adverse side effects, such as unwanted cross-reactions, anaphylactic
reactions, and the like. Generally, the dosage will vary with the age, condition, sex and extent of
the disease in the patient and can be determined by one of skill in the art. The dosage can be
adjusted by the individual physician in the event of any counterindications. Dosage can vary, and
can be administered in one or more dose administrations daily, for one or several days.

IS [8484] Also disclosed are pharmaceutical compositions that comprise a coropound disclosed
herein in combination with a pharmaceutically acceptable carrier. Pharmaceutical compositions
adapted for oral, topical or parenteral adnunistration, comprising an amount of a compound
constitute a preferred aspect. The dose administered to a patient, particularly a human, should be
sufficient to achieve a therapeutic response in the patient over a reasonable timne frame, without

20 lethaltoxicity, and preferably causing no more than an acceptable level of side effects or morbidity.
One skilled m the art will recognize that dosage will depend upon a variety of factors including
the condition (health) of the subject, the body weight of the subject, kind of concurrent treatment,
if any, frequency of treatment, therapeutic ratio, as well as the severity and stage of the pathological
condition.

25 [0405]  Also disclosed are kits that comprise a compound disclosed herein in one or more
containers. The disclosed kits can optionally include pharmaceutically acceptable carriers and/or
diluents. In one embodiment, a kit includes one or more other components, adjuncts, or adjuvants
as described herein. In another embodiment, a kit includes one or more anti-cancer agents, such as
those agents described herein. In one embodiment, a kit mcludes instructions or packaging

30 matenals that describe how to administer a compound or composiiion of the kit Contaners of the

kit can be of any suitable matenial, e g., glass, plastic, metal, efc., and of any suitable size, shape,
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or configuration. In one embodiment, a compound and/or agent disclosed herein is provided i the

kit as a sohid, such as a tablet, pill, or powder form. In another embodiment, a compound and/or

3

agent disclosed herein 1s provided in the kit as a Hquid or solution. In one embodiment, the kit

comprises an ampoile or syringe containing a compound and/or agent disclosed herein n higuad

(4

or solution form,

[3406] A number of embodiments of the invention have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirtt and scope of
the mvention. Accordingly, other embodiments are within the scope of the following claims.
Certain Definitions

16 [8407]  As used in the description and the appended claims, the singular forms “a,” “an,” and “the”
mnclude plural referents unless the context clearly dictates otherwise. Thus, for example, reference
to “a composition” includes mixtures of two or more such compostiions, reference to “an agent”
mcludes mixtures of two or more such agents, reference to “the component” includes mixtures of
two or more such components, and the like.

15 [0488] The term “about” when immediately preceding a numerical value means a range (e.g., plus
or minus 10% of that value}. For example, “about 307 can mean 45 to 55, “about 25,000” can mean
22,500 to 27,500, etc., unless the context of the disclosure indicates otherwise, or is inconsistent
with such an interpretation. For example, in a list of numerical values such as “about 49, about 50,
about 885, .7, “about 50”7 means a range extending to less than half the nterval(s) between the

20 preceding and subsequent values, e.g., more than 49.5 to less than 52.5. Furthermore, the phrases
“less than about” a value or “greater than about” a value should be understood in view of the
definition of the term “about” provided herein. Sinularly, the term “about” when preceding a series
of numerical values or a range of values {e.g., “about 10, 20, 307 or “about 10-307) refers,
respectively to all values m the series, or the endpoints of the range.

25 (04091  As used herein, the term “cyclic cell penetrating peptide”™ or “cCPP” refers to a peptide that
facilitates the delivery of an antisense.

[8418]  The terms “mumPEG”, “PEG2” and “AEEA™ are used interchangeably herein to refer to 2-
[2-{Z-aminoethoxyethoxylacetic acid.
[B411] As used herein, the term “endosomal escape vehicle” (EEV) refers to a ¢CUPP that is

30 conmjugated by a chemical linkage (1.e, a covalent bond or non-covalent interaction) to a linker

and/or an exocychic peptide (EP} . The EEV can be an EEV of Formula (B).
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[8412] As used herein, the term “EEV-conjugate” refers to an endosomal escape vehicle defined

herein conjugated by a chemical linkage (1.¢., a covalent bond or non-covalent interaction) to an
AC. The AC can be delivered into a cell by the EEVY. The EEV-conjugate can be an EEV-conjugate

of Formula {(C).

[8413] As used herein, the term "exocyclic peptide” (EP) and “modulatory peptide” (MP) may be

used interchangeably to refer to two or more aming acid residues linked by a peptide bond that can
be conjugated to a cyclic cell penetrating peptide (cCPP) disclosed herein. The EP, when
conjugated to a cychc peptide disclosed herein, may alter the tissue distribution and/or retention
of the compound. Typically, the EP comprises at least one positively charged amino acid residue,
e.g., at least one lysine residue and/or at least one arginine residue. Non-limiting examples of EP
are described herein. The EP can be a peptide that has been identified n the art as a “nuclear
localization sequence” (NLS). Non-limiting examples of nuclear localization sequences include
the nuclear localization seguence of the SV40 virus large T-antigen, the minimal functional unut
of which is the seven amino acid sequence PKKKRKY, the nucleoplasmin bipartite NLS with the
sequence NLSKRPAAIKKAGQAKEKKEK, the c-myc nuclear localization sequence having the
aming  acid  sequence  PAAKRVKLD  or RQRRNELKRSF,  the  sequence
RMREKFENKGKDTAELRRRRVEVSVELRKAKKDEQILKRRNY of the IBB domain from
mportin-alpha, the sequences VSREKRPRP and PPKKARED of the myoma T protein, the
sequence POQPEKKPL of human p33, the sequence SALIKKKEKMAP of mouse ¢-abl IV, the
sequences DRLRR and PEKOKKRK of the influenza virus NS1, the sequence RKLKKKIKKL of
the Hepatitis vitus delta antigen and the sequence REKKKFLERR of the mouse Mxl protein, the
sequence KRKGDEVDGVDEVAKEKSKK of the human poly(ADP-ribose) polymerase and the
sequence RKCLQAGMNLEARKTKEK of the steroid hormone receptors {lumman} glucocorticoid.
International Publication No. 2001/038547 describes additional examples of NLSs and 1s

meorporated by reference herein in its entirety.

[0414] As used herein, “linker” or “L” refers t0 a meety that covalently bonds one or more

moieties {e.g., an exocyclic peptide (EF} and an AC 1o the cyclic cell penetrating pepiide {cCPP).
The linker can comprise a natural or non-natural amino acid or polypeptide. The hinker can be a
synthetic compound containing two or more appropriate functional groups suitable to bind the

cCPP to an AC, to thereby form the compounds disclosed herein. The linker can comprise a
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polyethylene glycol (PEG) motety. The hinker can comprise one or more amino acids. The ¢cCPP
may be covalently bound to an AC via a linker.
[0415] As used herein, the term "oligonucleotide” refers to an oligomeric compound comprising

a pluraiity of linked nucleotides or nuclegsides. One or more nucleotides of an oligonucleotide can

(4

be modified. An oligonuclestide can comprise ribonucleic acid (RNA} or deoxyribonueleic acid
{DNA). Oligonucleotides can be composed of natural and/or modified nucleobases, sugars and
covalent internucleoside linkages, and can further include non-nucleic acid conjugates.

9 a

[3416] The terms “peptide,” “protein,” and “polypeptide” are used interchangeably to refer to a
natural or synthetic molecule comprising two or more aming acids linked by the carboxyl group
10 of cne amino acid to the alpha amino group of another. Two or more amino acid residues can be
iinked by the carboxyl group of one amino acid to the alpha amino group. Two or more amino
acids of the polypeptide can be joined by a peptide bond. The polvpeptide can include a peptide
backbone modification in which two or more amino acids are covalently attached by a bond other
than a peptide bond. The polypeptide can include one or more non-natural amino acids, amino acid
IS analogs, or other synthetic molecules that are capable of mtegrating into a polypeptide. The term
polypeptide includes naturally occurring and artificially occurring amino acids. The term
polypeptide includes peptides, for example, that include from about 2 to about 100 amino acid
residues as well as protems, that include more than about 100 amino acid residues, or more than
about 1000 amino acid residues, imcluding, but not hinuted to therapeutic proteins such as
26 antibodies, enzymes, receptors, soluble proteins and the hike.

[8417] The term “therapeutic polypeptide” refers to a polypeptide that has therapeutic,
prophylactic or other biological activity. The therapeutic polypeptide can be produced in any
suttable manner. For example, the therapeutic polypeptide may 1solated or purified from a natorally
occurring environment, may be chemically synthesized, may be recombinantly produced, or a

25  combination thereof

[0418] The term “small molecule” refers to an organic compound with pharmacological activity
and a molecular weight of less than about 2000 Daltons, or less than about 1000 Daltons, or less
than about 500 Daltons. Small molecule therapeutics are typically manufactured by chemical
synthesis.

30 {0419] As used herein, the term “contigucus” refers to two amino acids, which are connected by

a covalent bond. For example, in the coniext of a representative cychic cell pensirating peptide
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Al \AA/ | |
3 s AAVARAS AAAAS AAAAy and AAS/AA: exemplify pairs of

{cCPP)} such as
contiguous amimo acids,
[0428] A residoe of a chemical species, as used herem, refers to a dervative of the chemical
species that is present in a particular product. To form the product, at least one atom of the species
5 s replaced by a bond to another mosety, such that the product contains 8 derivative, or residue, of
the chemical species. For example, the cyclic celf penetrating peptides (¢CPP) described herein
have amino acids {e.g., arginine} incorporated therein through formation of one or more peptide
bonds. The amino acids incorporated info the ¢cCPP may be referred to residues, or simply as an

NH,

HE\VL‘N Q
H

NH

X

16 [8421] The term “protonated form thereof” refers to a protonated form of an amino acid. For

amino acid. Thus, arginine or an arginine residue refers to

example, the guanidine group on the side chain of arginine may be protonated to form a
NH,

®
HoNZ N o
H

NH

X

[8422] As uvsed herein, the termn “chirality” refers to a molecule that has more than one

guanidinium group. The structure of a protonated form of arginine is

sterepisomer that differs in the three-dimensional spatial arrangement of atoms, in which one

15 stereoisomer 15 a non-superimposable mirror image of the other. Amino acids, except for glveine,
have a chural carbon atom adjacent to the carboxyl group. The termn “enantiomer” refers to
stereoisomers that are chiral. The chiral molecule can be an amino acid residue having a “D” and

“L” enantiomer. Molecules without a chiral center, such as glycine, can be referred 0 as “achiral.”
[8423] As used heremn, the term “hydrophobic” refers to a motety that is not soluble in water or

20 has minimal sofubibity 1o water. Generally, neutral moieties and/or non-polar moteties, or moieties
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that are predominately neutral and/or non-polar are hydrophobic. Hydrophobicity can be measured
by one of the methods disclosed heremn below.

[8424] As used herein “aromatic” refers to an unsaturated cyclic molecule having 4n + 2 =
electrons, wherein n 1s any integer. The term “non-aromatic” refers to any unsaturated cychc
molecule which does not fall within the definition of aromatic.

[#425] “Alkyl”, “alkyl chain” or “alky! group” refer to a fully saturated, straight or branched
hydrocarbon chain radical having from one to forty carbon atoms, and which is attached to the rest
of the molecule by a single bond. Alkyls comprising any number of carbon atoms from 1 to 40 are
mcluded. An alkyl comprising up to 40 carbon atoms is a C-Cyp alkyl an alkyl comprising up to
10 carbon atoms is a Ci-Cio alkyl, an alkyl comprising up to 6 carbon atoms s a C1-Cs alkyl and
an alkyl comprising up to 5 carbon atoms 15 a Ci-Cs alkyl. A Ci-Cs alkyl includes Cs alkyls, Cs
alkvls, Cs alkyls, C2 alkyls and Ci alkyl (7.e., methyl). A C1-Cs alkyl includes ali moteties described
above for C;-Cs alkyls but also includes Ce alkyls. A C1-Cro alky! includes all moieties described
above for C1-Cs alkyls and C1-Ce alkyls, but also includes Cr, Cx, Co and Cio alkyls. Similarly, a
Ci-Cr2 alkyl includes all the foregoing moteties, but also mncludes Ciy and Cyz alkyls. Non-linuting
examples of C;-Ciy alkyl mclude methyl, ethyl, #-propyl, i-propyl, sec-propyl, #-butyl, i-butyl,
sec-butyl, #-butyl, n-pentyl, -amyl, n-hexyl, n-heptyl n-octyl, #-nonyl, »#-decyl, n-undecyl, and n-
dodecyl. Unless stated otherwise specifically 1o the specification, an alkyl group can be optionally
substituted.

[8426] “Alkylene”, “alkylene chain” or “alkylene group” refers to a fully saturated, straight or
branched divalent hydrocarbon chain radical, having from one to forty carbon atoms. Non-hinuting
examples of C2-Cyo alkylene include ethylene, propylene, n-butylene, ethenylene, propenylene,
n-butenylene, propynyleng, n-butynylene, and the ke Unless stated otherwise specifically in the
specification, an alkylene chain can be optionally substituted.

[8427]  “Alkeny!l”, “alkenyl chain™ or “alkenyl group” refers to a straight or branched hydrocarbon
cham radical having from two to forty carbon atoms and having one or more carbon-carbon double
bonds. Each alkenyl group 1s attached to the rest of the molecule by a single bond. Alkenyl groups
comprising any nomber of carbon atoms from 2 to 40 are included. An alkenyl group comprising
up to 40 carbon atoms is a (3-Cyo alkenyl, an alkeny! comprising up to 10 carbon atoms is a (-
Cio alkenyl, an alkenyl group comprising up to & carbon atoms is a $2-Cs alkenyl and an alkenyl

comprising up 10 5 carbon atoms 15 a8 {2-Cs atkenyl. A $o-Cs alkeny! includes Cs atkenyls, (4
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alkenyls, s alkenyls, and Cr alkenyls. A Co-Cs alkenyl includes all moieties described above for
r-Cs alkenvls but also includes Cs alkenyls. A C2-Cio alkenyl includes all moleties described
above for Cr-Cs alkenvls and Cr-Cs alkenyls, but also includes Cr, T, Cs and Ty alkenyls.
Sumnilarly, a C3-Cyy alkenyl includes all the foregoing moteties, but also wcludes Ty and Cys
alkenyls. Non-timiting examples of C»-Cy» alkenyl include ethenyi (vinyl}, 1-propenyl, 2-propenyl

~

{allyl), iso-propenyi, Z-methyl-1-propenyl, 1-butenyl 2-butenyl, 3-butenyl, I1-pentenyi, 2-

pentenyl, 3-pentenyi, 4-pentenyl, l-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, S-hexenyl, 1-

heptenyl, 2-heptenyl, 3-heptenyl, 4-heptenvl, 5S-heptenyl, &-heptenyl, l-octenvl, 2-octenyl, 3-

octenyl, 4-octenyl, S-octenvl, 6-octenyl, 7-octenyl, 1-nonenyl, Z-nonenyl, 3-nonenyl, 4-nonenyl,
S-nonenyl, G-nonenyl, 7-ncnenyl, &-nonenyl, 1-decenyi, 2-decenyl, 3-decenyl, 4-decenyl, 5-
decenyl, 6-decenyl, 7-decenvl, 8-decenyl, @-decenyl, 1-undecenyl, 2-undecenyl, 3-undecenyl, 4-
undecenyl, S-undecenyl, 6-undecenyl, 7-undecenvl, 8-undecenyl, 9-undecenyi, 10-undecenyl, 1-
dodecenyl, 2-dodecenyl, 3-dodecenyl, 4-dodecenyl, 5-dodecenyl, 6-dodecenyl, 7-dodecenyl, 8-
dodecenyl, 9-dodeceny!, 10-dodecenyl, and 11-dodecenyl. Unless stated otherwise specifically in
the specification, an alkyl group can be optionally substituted.

[6428] “Alkenylene”, “alkenylene chain” or “alkenvlene group” refers to a straight or branched
divalent hvdrocarbon chain radical, having from two to forty carbon atoms, and having one or
more carbon-carbon double bonds. Non-limiting examples of C3-Cyo alkenylene mnclude ethene,
propene, butene, and the like. Unless stated otherwise specifically in the specification, an
alkenylene chain can be optionally.

[8429]  “Alkoxy” or “alkoxy group” refers o the group ~OR, where R 1s alkyl, alkenyl, alkynyl,
cycloalkyl, or heterocyelyl as defined herein. Unless stated otherwise specifically i the
specification, an alkoxy group can be optionally substituted.

[6430] “Acyl” or “acyl group” refers to groups -C{O)R, where R s hydrogen, alkyl, alkenyl,
alkvayl, carbooyelyl, or heterocyclvl, as defined herein. Unless stated otherwise specifically in the
specification, acyl can be optionally substituted.

[8431] “Alkvicarbamoy!” or “alkylcarbamoyi group” refers to the group -G-C{0)-NRuRy, where
Ry and Ry are the same or different and are mdependently an alkyl, alkenyl, alkynvi, arvi,
heteroaryl, as defined herein, or RaRp can be taken together to form a cycloalkyl group or
heterocvelyl group, as defined herein. Unless stated otherwise specifically in the specification, an

alkvicarbamoyl group can be optionally substituted.
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[8432] “Alkylcarboxamidyl” or “alkylcarboxamidyl group” refers to the group ~C{O3-NRGRs,
where Raand Rp are the same or different and are independently an alkyl, alkenyl, alkynyl, aryl,
heteroaryl, cycloalkyl, cycloatkeny!, cycloalkynyl, or heterocyelyl group, as defined herein, or
R:Rp can be taken together to form a cycloalkyl group, as defined herein. Unless stated otherwise
specifically in the specification, an alkylcarboxamidyl group can be optionally substituted.

[8433] “Aryl” refers to a hydrocarbon ring system radical comprising hydrogen, 6 to 18 carbon
atoms and at least one aromatic ring. For purposes of this invention, the aryi radical can be a
monocyclic, bicyclic, tricyclic or tetracyelic ring system, which can mchude fused or bridged ring
systems. Aryl radicals inchude, but are not limited to, aryl radicals derived from aceanthrylene,
acenaphthylene, acephenanthryiene, anthracene, azulene, benzene, chrysene, fluoranthene,
fluorene, as-indacene, s-indacene, indane, indene, naphthalene, phenalene, phenanthrene,
pleiadene, pyrene, and triphenylene. Unless stated otherwise specifically in the specification, the
term “ary!” 15 meant to include aryl radicals that are optionally substituted.

[0434]  “Heteroaryl” refers 0 a 3~ to 20-membered ring system radical comprising hydrogen
atoms, one to thirteen carbon atoms, one to six heteroatoms selected from nitrogen, oxygen and
sulfur, and at least one aromatic ring. For purposes of this invention, the hetercaryl radical can be
a monocyclic, bicyclic, tricyclic or tetracyclic ring system, which can include fused or bridged ring
systems; and the nitrogen, carbon or sulfur atoms in the betercary! radical can be optionally
oxidized; the mitrogen atom can be optionally guatermized. Examples include, but are vot himited
to, azepinyl, acridinyl, benzinudazolyl, benzothiazolvl, benzindolyl, benzodioxolyl, benzofuranyl,
benzooxazolyl, benzothiazolyl, benzothiadiazolyl, benzold][1,4]dioxepioyl, 1,4-benzodioxanyl,
benzonaphthofuranyl,  benzoxazolvl,  benzodioxolyl,  benzodioxinyl,  benzopyranyl,
benzopyranonyi, benzofuranvl, benzofuranouyl, benzothienyl (benzothiophenyl}, benzotriazolyl,
benzol[4,6limidazol 1, 2-alpynidinyl, carbazolyl, cmnolinyl, dibenzofuranyl, dibenzothiophenyl,
furanyl, furanonyi, sothiazolyl, wudazolyl, mdazolyl, indolyl indazolyl, isoindolyl, indolinyi,
isoindolingl, soquinolyl, indohizinyl, isoxazolyl, naphthyridinyl, oxadiazolyl, Z-oxoazepinyl,
oxazolyl, oxiranyl, T-oxidopyridinyl, T-oxidopynnudiny], T-oxidopyrazinyl, 1-oxidopyridazinyl,
-phenyi-1 H-pyrrolvi, phenazinyl, phenothiaziny, phenoxazinyl, phthalazinyl, pteridiny], purimyl,
pyrrolyl, pyrazolyl, pynidinyl, pyrazinyl, pyromdingl, pyndaziny], quinazolinyl, quinoxalinyl,

quinclinyl, quinuchdinyl, isoquinocliny], tetrahydroquinolinyl, thiazolyl, thiadiazolyl, triazolyl,
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tetrazolyl, triazinyl, and thiophenyl (e, thienyl). Unless stated otherwise specifically in the

specification, a heteroaryl group can be optionally substituted.

[8435] The term “substituted” used herein means any of the above groups (i.e, alkyl, alkenyl,

alkvoyi, cycloalkyl, cycloalkenyl, cycloalkynyl, heterocyclyl, aryl, hetercaryl, alkoxy, aryloxy,
acyl, alkyvlcarbamoyl, alkvicarboxamidyl, alkoxycarbonyl, alkylthio, or arylthio) wherein at least
one atom is replaced by a non-hydrogen atoms such as, but not limited to: a halogen atom such as
F, Cl, Br, and I, an oxygen atom in groups such as hydroxyi groups, alkoxy groups, and ester
eroups; a sulfur atom in groups such as thiol groups, thicalkyi groups, sulfone groups, suifonyl
groups, and sulfoxide groups; a nitrogen atom in groups such as amines, amides, alkylamines,
diatkylamines, arylamines, alkylarvlamines, diarylamines, N-oxides, umides, and enamines; a
stlicon atom in groups such as trialkylsily] groups, dialkylarylsilyl groups, alkyldiaryisilyl groups,
and triaryisilvl groups; and other heteroatoms in various other groups. “Substituted” also means
any of the above groups in which one or more atoms are replaced by a higher-order bond (e g, a
double- or triple-bond) to a heteroatom such as oxygen in oxo, carbonyl carboxyl, and ester
groups; and nitrogen in groups such as unines, oximes, hydrazones, and nitrides. For example,
“substituted” includes any of the above groups in which one or more atoms are replaced
with -NRgRp, ~-NRC(=OR, -NRC(=0INR Ry, -NRC(=0)0Ry, -NRSO:Ry, ~OC(=0)NRRs, -
OR,, -SRy, -SOR,, -SO:R,, -OSO:R,, -SOh0R,, =NSOR,, and -SO;NR Ry, “Substituted also
means any of the above groups i which one or more hydrogen atoros are replaced
with -C(=0Rg, -C(=0)0Rg, -C(=0)NRgRy, -CHSOR,, -CH:SONRGRy,. 1u the foregoing, Rgaud
Ry are the samne or different and independently hydrogen, alkyl, alkenyl, alkyuyl, alkoxy,
alkvlamino, thicalkyl, aryl, aralkyl cycloalkyl, cycloalkenyl, cycloalkynyl, cycloalkylaikyl,

haloalkyl, haloalkenvl, haloalkynyl, heterocyelyvl, N-heterocyclyl, heterocyclvlalkyl, heteroaryl,

N-heteroaryt and/or hetercarylalkyl “Substituted” further means any of the above groups in which

one or more atoms are replaced by an ammo, cyano, hydroxyl, imine, nitrg, oxo, thioxo, halo,
alkyl, alkenyl, alkynyl, alkoxy, alkylamino, thiocalkyl, arvl, aralkyl cvcloalkyl, cycloalkenyl,
cycloalkynyl, cycloalkylalkyl, haloalkyl, haloalkenyl, haloalkynyl, heterocyclyl, N-heterocyelyl,
heterocyelylalkyl, hetercaryl, N-heteroaryl and/or hetercarylalkyl group. “Substituted” can also
mean an amino acid in which one or more atoms on the side chain are replaced by alkyl, alkenyl,

alkynyl, acyl, alkylcarboxamidyl, alkoxycarbonyl, carbocyclyl, heterocyclyl, aryl, or hetercaryl.
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In addition, each of the foregoing substituents can also be optionally substitoted with one or more
of the above substituents.
[8436] As used herein, by a “subject” is meant an individual. Thus, the “subject” can inchude
domesticated amimals (e.g., cats, dogs, etc.}, livestock (e g, caitle, horses, pigs, sheep, goats, etc.),
5 laboratory animals {e.g., mouse, rabbit, rat, guinea pig, etc.}, and birds. “Subject” can also include
a mammal, such as a primate or a human. Thus, the subject can be a human or vetermary patient.
The term “patient” refers to a subject under the treatment of a clinician, e g, physician.
{34371 The term “inhibit” refers to a decrease in an activity, response, condition, disease, or other
biclogical parameter. This can include but is not limited to the complete ablation of the activity,

10 response, condition, or disease. This can also include, for example, a 10% reduction in the activity,
response, condition, or disease as compared to the native or control level Thus, the reduction can
be a 10, 20, 30, 40, 50, 60, 70, 80, 90, 100%, or any amount of reduction in between as compared
to native or control levels.

[6438] By “reduce” or other forms of the word, such as “reducing” or “reduction,” is meant

IS lowering of an event or characteristic {e.g., tumor growth}. It 1s understood that this s typically in
relation to some standard or expected value, in other words 1t is relative, but that it is not always
necessary for the standard or relative value to be referred to. For example, “reduces tumor growth”
means reducing the tate of growth of a tumor relative to a standard or a control {e.g., an untreated
turnor).

20 [0439]  The term “treatroent” refers to the medical management of a patient with the wient to cure,
amehiorate, stabilize, or prevent a disease, pathological condition, or disorder. This term includes
active treatment, that is, treatment directed specifically toward the wimprovement of a disease,
pathological condition, or disorder, and also includes causal treatment, that 1s, treatment directed
toward removal of the cause of the associated disease, pathological condition, or disorder. In

25 addition, this term includes palliative treatment, that is, treatment designed for the rebief of
symptoms rather than the curing of the disease, pathological condition, or disorder; preventative
treatment, that 1, treatment directed to minmimizing or partially or completely inhibiting the
development of the associated disease, pathological condition, or disorder;, and supportive
treatment, that i3, freatment employed to supplement another specific therapy directed toward the

30 improvement of the associated disease, pathological condition, or disorder.
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[0440] The term “therapeutically effective” refers to the amount of the composttion used s of
sufficient quantity to ameliorate one or more causes or symptoms of a disease or disorder. Such
amelioration only requires a reduction or alteration, not necessarily elimination.

{#441] The term “pharmaceutically acceptable” refers to those compounds, materials,
compositions, and/or dosage forms which are, within the scope of sound medical judgment,
suitable for use in contact with the tissues of human beings and animals without excessive toxicity,
uritation, allergic response, or other problems or complications commensurate with a reasonable
benefit/risk ratio.

[8442] The term “carrier” means a compound, composition, substance, or structure that, when in
combination with a compound or composition, aids or facilitates preparation, storage,
administration, delivery, effectiveness, selectivity, or any other feature of the compound or
composition for its intended use or purpose. For example, a carrier can be selected to minimize
any degradation of the active ingredient and to minimize any adverse side effects in the subject.

[6443]  As used herein, the term "pharmaceutically acceptable carrier” refers to stertle aqueous or
nonagueous solutions, dispersions, suspensions or emulsions, as well as sterile powders for
reconstitution into sterile injectable solutions or dispersions just prior to use. Examples of suitable
aqueous and nonagueous carriers, diluents, solvents or vehicles nclude water, ethancl, polyols
{(such as glycerol, propylene glveol, polvethylene glyeol and the like), carboxymethyleellulose and
suttable mixtures thereof, vegetable oils (such as olive 011} and mjectable organic esters such as
ethyl oleate. Proper fluidity can be maintained, for example, by the use of coating materials such
as lecithin, by the maintenance of the required particle size in the case of dispersions and by the
use of surfactants. These compositions can also contain adjuvants such as preservatives, wetting
ageunts, emulsifying agents and dispersing agents. Prevention of the action of microorganisms can
be ensured by the melusion of various antibacterial and antifungal agents such as paraben,
chiorobutanol, phenol, sorbic acid and the like. It can also be desirable to include isotonic agents
such as sugars, sodium chloride and the like. The myectable formulations can be sterilized, for
example, by filtration through a bacterial-retaining filter or by incorporating sterifizing agents in
the form of sterile sohid compositions which can be dissolved or dispersed i sterile water or other
sterile injectable media just prior to use. Suntable mert carriers can include sugars such as lactose.

[8444] As used herein, the term “sequence identity” refers io the percentage of amino acids

between two polypeptide sequences that are the same and in the same relative position. As such
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one polypeptide sequence has a certain percentage of sequence identity compared to another
polypeptide sequence. For sequence comparison, typically one sequence acts as a reference
sequence, to which test sequences are compared. Those of ordinary skill in the art will appreciate
that two sequences are generally considered to be “substanitally identical” if they contain identical
residues in corresponding positions. In embodiments, the sequence 1dentity between two amino
acid sequences may be determined using the Needleman-Wunsch algorithm (Needleman and
Wunsch, 1970, J. Mol Biol 48: 443-453) as implemented in the Needle program of the EMBOSS
package (EMBOSS: The European Molecular Biology Open Software Suite, Rice et al., 2000,
Trends Genei. 16: 276-277), in the version that exists as of the date of filing. The parameters used
are gap open penalty of 10, gap extension penalty of 0.5, and the EBLOSUMOGZ (EMBOSS version
of BLOSUMG2) substitution matrix. The output of Needle labeled “longest identity” (obtained
using the —nobrief option) is used as the percent wdentity and 15 calculated as follows: (Identical
Residuesx100Y/(Length of Alignment—Total Number of Gaps in Alignment)

[6445]  In embodiments, sequence identity may be deternuned using the Snuth-Waterman
algorithm, in the version that exists as of the date of filing.

[0446]  As used herein, “sequence homology” refers to the percentage of amino acids between two
polvpeptide sequences that are homologous and in the same relative position. As such one
polypeptide sequence has a certain percentage of sequence homology compared to another
polypeptide sequence. As will be appreciated by those of ordinary skill in the art, two sequences
are generally considered to be “substantially homologous” if they contain homologous residues in
corresponding  positions. Homologous residues may be wdentical residues. Alternatively,
homologous residues may be non-identical residues with appropriately similar structural and/or
functional characteristics. For example, as 13 well known by those of ordinary skill in the art,
certain anuno acids are typically classified as “hydrophobie” or “hydrophilic” amino acids, and/or
as having “polar” or “non-polar” side chamns, and substitution of one amino acid for another of the
same type may often be considered a “homologous” substitution.

(84471 As s well known in this art, amino acid sequences may be compared using any of a variety
of algorithms, mcluding those avaidable in commercial computer programs such as BLASTP,
gapped BLAST, and PSE-BLAST, in existence as of the date of filing. Exemplary such programs
are described in Altschud, et al,, Basic local alignment search tool, J Mol Biol, 215(3): 403-410,
1990; Alischul, etal., Methods in Enzymology, Alischul, etal ) “Gapped BLAST and PSI-BLAST:
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a new generation of protein database search programs”, Nucleic Acids Res. 25:3389-3402, 1997,

Baxevanis, et al., Bioinformatics A Practical Guide 1o the Analysis of Genes and Profeins, Wiley,
1998; and Misener, et al., (eds.), Bioinformatics Methods and Protocols (Metheds in Molecular
Biology, Vol 132}, Humana Press, 1999 In addition to identifying homologous sequences, the
programs mentioned above typically provide an indication of the degree of homology.

[3448]  As used herein, the terms "antisense compound” and "AC" are used nterchangeably to
refer 1o a polymeric nucleic acid structure {(which can also be referred to as an oligonucleotide or
polynucleotide) which is at least partially complementary to a target nucleic acid molecule to
which it {the AC) hybridizes. The AC may be a short (In embodiments, less than 50 base pair)
polynucieotide or polynucleotide homologue comprising a sequence complimentary to a target
sequence in a target pre-mRNA strand. The AC may be formed of natural nucleic acids, synthetic
nucleic acids, nucleic acid homologues, or any combination thereof. In embodiments, the AC
comprises oligonucleosides. In embodiments, AC comprises antisense oligonucleotides. In
embodiments, the AC comprises conjugate groups. Nonlimiting examples of ACs include, but are
not limited to, primers, probes, antisense oligonucleotides, external guide sequence (EGS)
oligonucleotides, aliernate splicers, siRNAs, oligonucleotides, oligonucleosides, oligonucieotide
analogs, oligonucleotide mimetics, and chimeric combinations of these. As such, these compounds
can be miroduced in the form of single-stranded, double-stranded, circular, branched or hairping
and can contain structural elerments such as internal or terminal bulges or loops. Oligomeric
double-stranded compounds can be two strands hybridized to form double-stranded cormpounds or
a single strand with sufficient self complementarity to allow for hybridization and formation of a
fully or partially double-stranded compound. Tn embodiments, an AC modulates (increases,
decreases, or changes) expression of a target nucleic acid. Various modifications may be made to
the polymeric nucleic acid structure, such as phosphorodiamidate morpholino (PMO). Therefore,
AC as used herein encompasses any modification described herein, such as a PMO.

[0449] The terms "pre-mRNA" and "primary transcript” as used herein refer 10 a newly
synthesized eukaryotic mRNA molecule directly after DNA transcription. A pre-mRNA must be
capped with a 5' cap, modified with a 3' poly-A tail, and sphiced to produce a mature mRNA
sequence.

[8458] As used herein, the terms “targeting” or “targeted t0” refer to the association of an antisense

compound {AC) with a target nucleic acid molecule or a region of a target nucleic acid molecule.
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In embodiments, the AC 1s capable of hybridizing to a target nucleic acid under physiological

conditions. }

(4

[3451]  As used herein, the terms "target nucletc acid” and "target sequence” refer to a nucleic acid
molecule having a nucleic acid sequence to which the antisense compound binds or hybridizes.
Target nucleic acids include, but are not limited to, RNA (including, but not imited to pre-mRNA
and mRNA or portions thereof}, cDNA derived from such RNA, as well as non-translated RNA,

10 such as miRNA. For example, In embodiments, a target nucleic acid can be a cellular gene {or
mRNA transcribed from such gene} whose expression is associated with a particular disorder or
disease state, or a nucleic acid molecule from an infectious agent. In embodiments, the target
nucleic acid is a target RNA. In embodiments, the target nucleic acid is a target mRNA. In
embodiments, the target nucleic acid is a target pre-mRNA.

IS [8452] As used heremn, the terms “splicing” and “processing” refer to the modification of a pre-
mRNA following transcription, in which introns are removed and exons are joined. Splicing occurs
in a series of reactions that are catalyzed by a large RNA-protein complex composed of five small
nuclear ribonucleoproteins (suRNPs) referred to as a spliceosome. Within an intron, a 3" splhice
stie, a 3 splice site, and a branch site are required for splicing. The RNA components of snRNPs

20 mteract with the intron and may be involved in catalysis

[8453]  As used herein, the term “exon” refers 1o a portion of a pre-mRNA which, after sphaing,
is typically included tn the mature mRNA.

[0454]  As used herein, the term “intron” refers to a portion of a pre-mRNA which, after sphcing,
1s typically excluded from the mature mRNA.

25 [0458] As used herein, the term “flanking” refers to an intron located immediately upstream (57)
or immediately downstream (37) of an associated exon. For example, the §” flanking intron of exon
44 refers to the infron that 1s mmmediately upstream of (1.e., directly coupled to the 37 end of} exon
44, For example, the 37 flanking intron of exon 44 refers to the intron that 15 immediately
downsiream of {1.e, directly coupled to the 57 end of) exon 44,

30 {0456] The "target pre-mRNA" 15 the pre-mRINA comprising the target sequence to which the AC

hybridizes.
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[8457] The "target mRNA" 15 the mRNA sequence resulting from splicing of the target pre-mRNA
sequence. In embodiments, the target mRNA does not encode a functional protein In
embodiments, the target mRNA retains one or more intron sequences.

[B458] As used herein, the term "gene” refers to a nucleic acid molecule having a nucleic acid
sequence that encompasses a 5' promoter region associated with the expression of the gene product,
and any intron and exon regions and 3' unitranslated regions ("UTR"} associated with the
expression of the gene product.

[3459]  The "target gene" of the present disclosure refers to the gene that encodes the target pre-
mRNA.

[0460] The "target protein” refers to the amino acid sequence encoded by the target mRNA. In
embodiments, the target protein may not be a functional protein.

{6461]  "Wild type target protein” refers to a native, functional protein isomer produced by a wild
type, normal, or unmutated version of the target gene. The wild type target protein also refers to
the protein resulting from a target pre-mRNA that has been properly sphiced.

[8462]  As used herein, the term “transeript” refers an RNA molecule transcribed from DBNA and
mcludes, but 15 not limited to mRNA, mature mRNA, pre -mRNA, and partially processed RNA.

[8463] A "re-spliced target protein”, as used herein, refers to the protein encoded by the mRNA
resulting from the splicing of the target pre-mRNA to which the AC hybridizes. Re-spliced target
protein may be wdentical to a wild type target protein, may be homologous to a wild type target
protein, may be a functional vaniant of a wild type target protein, or may be an active fragment of
a wild type target proten,

[6464] As used herewn, "functional fragment" or "active fragment” refers to a portion of a
eukaryotic wild type target protein that exiubits an activity, such as one or more activities of a full-
length wild type target protetn, or that possesses another activity. In embodiments, a re-spliced
target protein that shares at least one biclogical activity of wild type target protein s considered to
be an active fragment of the wild type target protein. Activity can be any percentage of activity
{i.e., more or less) of the full-length wild type target proten, ncluding but not imted to, about
1% of the activity, about 2%, about 3%, about 4%, about 5%, about 10%, about 20%, about 30%,
about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about 95%, about 96%,
about 97%, about 98%, about 99%, about 100%, about 200%, about 300%, about 400%, about

500%, or more (including all values and ranges inbetween these values) activity compared to the
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wild type target protein. Thus, In embodiments, the active fragment may retain af feast a portion
of one or more biological activities of wild type target protein. In embodiments, the active fragment
may enhance one or more biological activities of wild type target protein.

[8465]  As used herem, the term "nucleoside” means a glvcosylamine comprising a nucleobase and
a sugar. Nucleosides includes, but are not hmited to, natural nucleosides, abasic nucleosides,
modified nucleosides, and nucleosides having mimetic bases and/or sugar groups. A "natural
nucleoside” or "unmodified nucleoside” is a nucleoside comprising a natural nucleobase and a
natural sugar. Natural nucleosides include RNA and DNA nucleosides.

[8466] As used herein, the term "natural sugar” refers to a sugar of a nucleoside that is unmodified
from #s naturally occurring form in RNA (2'-OH) or DNA (2'-H).

{04677 As used herein, the term "nucleotide” refers to a nucleoside having a phosphate group
covalently linked to the sugar. Nucleotides may be modified with any of a variety of substituents.

[0468] As used herein, the term "nucleobase” refers to the base portion of a nucleoside or
nucleotide. A nuclechase may comprise any atom or group of atoms capable of hydrogen honding
to a base of another nucleic acid. A natural nuclecbase 1s a nuclecbase that 1s unmodified from s
naturally cecurring form 1n RNA or DNA

[6469] As used herein, the term "heterocyclic base moiety® refers to a nucleobase comprising a
heterocycle.

[8478]  As used herewn "oligonucleoside” refers to an oligonucieotide in which the mternucleoside
finkages do not contain a phosphorus atom,

[8471] As used herein, the term "oligonucleotide” refers to an oligomeric compound comprising
a plurality of linked nucleotides or nucleosides. Yo certain embodiment, one or more nucleotides
of an ohgonucleotide 15 modified. In embodiments, an ohgonucleotide comprises nbonucleic acid
(RNA) or deoxynbonucleic acid (DNA). In embodiments, oligonucleotides are composed of
natural and/or modified nucleobases, sugars and covalent internucleoside linkages, and may
further include non-nucleic acid conjugates.

[8472] As used herein "internucleoside linkage” refers to a covalent linkage between adjacent
nucleosides.

[8473]  As used herein "natural internucleotide linkage” refers to a 3' to §' phosphodiester hinkage.

[8474] As used herein, the term "modified internucleoside linkage" refers to any linkage between

nucleosides or nuclestides other than a naturally occurring mternucleoside linkage.
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[8475] As used herein the term "chimeric antisense compound” or “chimeric AT refers to an
antisense compound, having at least one sugar, nucleobase and/or internucleoside linkage that s
differentially modified as compared to the other sugars, nuclesbases and internucleoside linkages
within the same oligomeric compound The remainder of the sugars, nucleobases and
mternucleoside linkages can be independently modified or unmodified. In general a chimeric
oligomeric compound will have modified nucleosides that can be in 1solated posttions or grouped
together in regions that will define a particular motif. Any combination of medifications and or
mimetic groups can comprise a chimeric oligomeric compound as described herein.

[8476] As used herein, the term "mixed-backbone antisense oligonuclestide” refers to an antisense
oligonucleotide wherein at least one internucleoside linkage of the antisense oligonucleotide is
different from at least one other internucleotide linkage of the antisense oligonucleotide.

{64771 As used herein, the term "nucleobase complementarity” refers to a nucleobase that is
capable of base pairing with another nucleobase. For example, in DNA, adenine {A) is
complementary to thymine {T). For example, in RNA, adenine (A) is complementary to uracil ().
In embodiments, complementary nucleobase refers to a nucleobase of an antisense compound that
is capable of base pairing with a nucleobase of its target nucleic acid For example, if a nuclecbase
at a certain position of an antisense compound is capable of hydrogen bonding with a nucleobase
at a certain position of a target nucleic acid, then the position of hydrogen bonding between the
oligonucleotide and the target nucleic acid 1s considered to be complementary at that nucleobase
pair.

[8478]  As used herein, the term "non~complementary nucleobase” refers to a pair of nucleobases
that do not form hydrogen bonds with one another or otherwise support hybridization,

[#8479]  As used heremn, the term "complementary” refers to the capacity of an ohgomeric
compound to hybridize to another ohigomeric compound or nucleic acid through nucleobase
complementarity. In embodiments, an antisense compound and its target are complementary to
gach other when a sufficient number of corresponding positions in each molecule are occupied by
nucleobases that can bond with each other to allow stable association between the antisense
compound and the target. One skilled n the art recognizes that the mclusion of mismatches 1s
possible without eliminating the ability of the oligomeric compounds to remain in association.
Therefore, described herein are antisense compounds that may comprise up to about 20%

nucleotides that are mismatched {Le., are not nucleobase complementary to the corresponding
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nucleotides of the target). Preferably the antisense compounds contain no more than about 15%,
more preferably not more than about 10%, most preferably not more than 3% or no mismaiches.
The remaining nucleotides are nuclecbase complementary or otherwise do not disrupt

hybridization {e.g., universal bases}. One of ordinary skill in the art would recognize the

(4

compounds provided herein are at leasi 80%, at least 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% nucleobase complementary to a target nucleic
acid.
[3488] As used herein, "hybrnidization” means the pairing of complementary oligomeric
compounds {e.g., an antisense compound and its target nucleic acid}. While not limited to a
19 particular mechanism, the most common mechanism of pairing nvolves hydrogen bonding, which
may be Watson-Crick, Hoogsteen or reversed Hoogsteen hydrogen bonding, between
complementary nucleoside or nucleotide bases (nucleobases). For example, the natural base
adenine is nucleobase complementary to the natural nucleobases thymidine and uracil which pair
through the formation of hvdrogen bonds. The natural base guanine is nucleobase complementary
IS to the natural bases cytosine and S-methyl cytosine. Hybridization can occur under varying
circurnstances.

[0481] As used herein, the term "specifically hybridizes” refers to the ability of an oligomeric
compound to hybridize to one nucleic acid site with greater affimity than it hybridizes to another
nucleic acid site. In embodiments, an antisense oligonucleotide specifically hybridizes to more

20 than oue target site. In embodiments, an oligomeric compound specifically hybnidizes with its
target under stringent hybridization conditions.

64821 The terms “modulate”, “modulating” and “modulation” refer to a perturbation of
expression, function or activity when compared to the level of expression, function or activity prior
to modulation. Modulation can mclude an wncrease {(stiroulation or mnduction) or a decrease

25 {imhibition or reduction) m expression, function or activity. In one embodiment, modulation can
mehude perturbation of splice site selection during pre-mRNA processing,

[8483] The terms “inhibit”, “intubiting” or “inhibition” refer to a decrease i an activity,
expression, function or other biological parameter and can include, bui does not require complete
ablation of the activity, expression, function or other biological parameter. Intubition can inclade,

30 for example, at least about a 10% reduction in the activity, response, condition, or disease as
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[0484] As used herein, the term "expression” refers to all the functions and steps by which a gene's

coded mformation 13 converted inlo struciures present and operating in a cell. Such structures
5 nclude, but are not limited to the products of transcription and translation.

[(3485]  As used herein, the term "2-modified" or "2-substituted” means a sugar comprising
subsiituent at the 2' position other than H or OH. 2-medified monomers, include, bui are not
fimited to, BNA's and monomers {e.g., nucleosides and nucleotides) with 2'- substituents, such as
allyl, amino, azido, thio, O-allyl, G-Ci-Cypo alkyl, ~OCF3, O«(CH: »-O-CHz, 2-O(CH, ) SCHG, O-

19 (CHRB-O-N{Ru} Ry}, or O-CH-C(=0-N{Ru Ry, where each Rm and Rn 1s, independently, H
or substituted or unsubstitited C1-Cio alkyl.

[6486]  As used herein, the term "MOE" refers to a 2'-O-methoxyethy] substituent.

{04871 As used herein, the term "high-affinity modified nucleotide” refers to a nucleotide having
at least one modified nucleobase, internuclecside linkage or sugar moiety, such that the

1S modification increases the affinity of an antisense compound comprising the modified nucleotide
to a target nucleic acid. High-affinity modifications include, but are not limited to, BNAs, LNAs
and 2'-MOE.

[0488] As used herein the term "mumetic” refers to groups that are substituted for a sugar, a
nucleobase, and/ or 1nternucleoside linkage 1n an AC. Generally, a mimetic is used n place of the

20 sugar or sugar-internucleoside linkage combination, and the nucleobase s maintained for
hybridization 1o a selected target. Representative examples of a sugar mimetic include, but are not
funited to, cvclohexenyl or morpholive. Representative examples of a numetic for a sugar-
mternucieoside linkage combination include, but are not imited to, peptide nucleic acids (PNA}
and morpholino groups linked by uncharged achiral hinkages. In some instances, a mimetic 15 used

25  m place of the nuclecbase. Representative nuclechase mumetics are well known in the art and
mchude, but are not limited to, iricyclic phenoxazine analogs and universal bases (Berger et al,

Nue Acid Res. 2000, 28:2911-14, incorporated herein by reference). Methods of synthesis of
sugar, nucieoside and nucleobase mimetics are well known to those skilled in the art.

[8489]  As used herem, the term "bicychic nucleoside” or "BNA” refers to a nucleoside wherein the

30 furanose portion of the nucleoside includes a bridge connecting two atoms on the furanose ring,
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thereby forning a bicychic ring system. BNAS include, but are not hmited to, a-L-LNA, B-D-LNA,
ENA, Oxyamino BNA (2-0-N{CH;)-CHz-4") and Aminooxy BNA (2-N(CH:}-O-CHz-4').

[8498] As used herein, the term "4' to 2’ bicyclic nucleoside” refers to a BNA wherin the bridge
connecting two atoms of the furanose ring bridges the 4' carbon atom and the 2' carbon atom of
the furanose ring, thereby forming a bicyclic ring system.

{8491]  As used herein, a "locked nucleic acid” or "LNA" refers to a nuclestide modified such that
the 2'-hydroxyl group of the ribosyl sugar ring is linked to the 4' carbon atom of the sugar ring via
a methylene groups, thereby forming a 2-C 4'-C-oxymethyiene linkage. LNAs include, but are not
limited to, a-L-LNA, and B-D-LNA.

{64921  As used herein, the term "cap structure” or "terminal cap moiety" refers to chemical
maodifications, which have been incorporated at either end of an AC.

{6493]  As used herein, the term "dosage unit" refers to a form in which a pharmaceutical agent is
provided. In embodiments, a dosage unit is a vial comprising lyophilized antisense
oligonucleotide. In embodimenis, a dosage unit is a vial comprising reconstituted antisense
oligonucleotide.

[6494] A number of embodiments of the invention have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and scope of
the mvention, Other embodiments are within the scope of the following claims.

[8495] Al publications, patents and patent applications mentioved in the specification are
mdicative of the level of skill of those skilled in the art to which this invention pertains. All
publications, patents and patent applications are herein incorporated by reference to the same
extent as if each individual publication or patent application was specifically and mdividually

mdicated 1o be incorporated by reference.
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EXAMPLES

Example 1. Conjugation of oliconucleotide with cell penctrating peptide,

[0496] Conjugation of oligonucleotides to cell peneirating peptides. As shown mn FIG, 1A,

oligonucleotide with a (NH2-(CH2)5-CH2-) hinker on the 57 phosphorothioate end is conjugated
to a CPP via a carboxylate or an N-hydroxysuccinimide ester (NHS ester} functional group on the
pepiide. As shown in FEG. 1B, oligonucleotide 1s conjugated to cell penetrating peptide (CPP) via
either amide bond formation (feft) or click chemistry. The linker/CPP is instalied either on the &

end, or on the 37 end of the oligonucieoiide.

[8497] Synthesis of oligonucleotide-peptide conjugate with PEG spacer. As shown in FEG. 2ZA

and 2B, an oligonucleotide-peptide conjugate is synthesized without {FIG. 2A} and with (FIG.
2B} a PEG {polyethyiene glycol) linker inserted between sligonucleotide motety and peptide. “R”
m the figure represents a palmitoy!l group.

Synthesis of oligonuciestide-peptide conjugate for various gene {argets. Exemplary antisense
compounds (AC), for example, those in Tables 6A-6M, or the reverse complement thereof, that
target exon 44 of DMD or AC shown in Table 7 are conjugated to a CPP or EEV disclosed herein.
In embodimenis, the AT 1s conjugated to a cyclic peptide having the amino acid sequence of
FRORyRrQ (EEV-1). In embodiments, the AC is conjugated to a cyclic peptide having the amino
acid sequence FIORReQ conjugated to a lipid group (R1) (EEV-1(R1)). In embodiments, the AC
i3 conjugated to an Endosomal Hscape Vehicle (EEV) having the sequence cyclo(Ff@RR:Q)-
PEGI12-0OH. In embodiments, the AC is conjugated to a cyclic peptide having the amino acid
sequence FGFGRGRQ. In embodiments, the AC is conjugated to an EEV having the sequence

Ac-PKEKRKV-AEEA-Lys-{cyclo[ FGFGRGROD-PEGIZ-OR

Table 7: AC that wrget exon 44 of DMD

Ohigo Dresign
chemistry

PMO-1 F-GGCCAAACCTCGGCTTACTG AAAT-Y

PMO-2 5-GGCCAAACCTCGOCTTACCTGAAAT-Y
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PMO-3 57 -XGAAAACGCCGCCAXKXKCXCAACAGAXCXG-3, wherem XisUor T

PMO-4 S-TGAAAACGCCGCCATTTCTCAACAGATOTGS

PMO-5 F-TGAAAACGCCGCCATTTCTCAACAG-Y

PMO-6 S-AAACGCCGCCATTITCTCAACAGATC-Y

PMO-7 5-AACGCCGCCATTTCTCAACAGATCT-Y

Example 2. Use of cell-penetrating peptides conjugated to oligonucicotides for exon 23

splicing correction of dystrophin in mouse model of BMD,

[8498] Mice. This study used MDX mice (Sicinske et al. (1989) “The molecular basis of muscular
dystrophy in the mdx mouse: a point mutation. Science. 244{4912):1578-80), which contamn a €
to T mutation resulting 1u a termination codon at position 2983 within exon 23 of the dystrophin
muscular dystrophy gene (Dmd) on the X chromosome. Mice expressing this mutant allele produce
a truncated dystrophin protein and are thus a model of Duchenne’s muscular dystrophy (“DMD”}.

[8499] Study design. MDX mice were used to to evaluate the ability of compositions to skip exon

23 and thus treat DMD. The AC used in this study was a phosphorodiary

{PMO)} with the following sequence: 5'-GCTATTACCTTAACCCA-3 (PMO-MDX-23}, which

late morpholine ol

targets exen 23. PMO-MDX-23 was conjugated to an Endosomal Escape Vehicle (EEV) with a
sequence: cyclo(FIBRRIQ)-PEGI2-0OH (EEV-1) to form an EEV-PMO conjugate (EEV-PMO-
MDX-23}. The PMO without the FEV is referred to as PMO-MDX-23. A schematic of preparation
of BEV-PMO-MIDX-23 is shown in FIG.4A.

[0508] EEV-PMO-MDX-23 and PMO-MDX-23 were adminstered intramuscularly (M) or
mtravenously IV} to MDX mice at the following doses: 1 mpk, 3 mpk, 10 mpk, 30 mpk; {(mpk:
mg of compound / kg of body weight). Total RNA were extracted from tissue samples and
analyzed by RT-PCR to visualize the efficiency of splicing correction.

[8501] Detection of splicing correction by RT-PCR and Western Blot. As shown in FIG, 4B,
MD¥X mice treated with EEV-PMO-MDX-23 (1 mpk, IM or 3 mpk, IM) produced dystrophin
lacking exon 23, whereas MDX mice treated with PMO-MIDX-23 alone produced only dystrophin

containing exon 23 (sinilar to untreated control}.
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[6502] MDX mice were administered 10 mpk PMO-MDX-23 and EEV-PMO-MDX-23
mtravenously {IV). The dystrophin products in various muscle groups (e.g, the quadriceps, tibralis
anterior, diaphragm, and heart) shown in FIG. 4C demonstrate that, in contrast to delivery of
PMO-MDX-23, alone, delivery of EEV-PMO-MDX-23 to MDX mice resulted in corrected
dystrophin splicing {e.g., dystrophin with excised exon 23) in the guadriceps, tibialis anterior,
diaphragm, and heart.

[8503] FIGS, SA-5D show the effect of the following IV dosage regimens on exon skipping
efficacy: 10 mpk or 30 mpk dosed once, 1 week. Notably, 30 mpk EEV-PMO-MDX-23 dosed
once, 1 week, resulted in the highest percentage of exon skipping in all four tissues: quadriceps
(FEG, 5A), tibialis anterior (FIG, 8B}, diaphragm (FI1G. 8C) and heart (FI1G, 5D).

[8504] FIG. 6A-6D show the percentage of exon 23 splice corr3eection (as determuned by RT-
PCR) in the tibialis anterior (FIG. 6A), quadriceps (FIG., 68), diaphragm (FIG. 6C}, and heart
{FIG. 6B after dosing with EEV-PMO-MDX-23 at 10 mpk twice per week, 10 mpk once per
week, 10 mpk once per two week, and 30 mpk once per week.

[8505] FIGS. TA-TD show the amount of exon-23 corrected dystrophin detected by Western blot
m the quadriceps (FIG. 7A), tibialis anterior (TA) (FIG. 78), diaphragm (FIG. 7C), and heart
(FEG. 7)) after delivery of PMO-MDX-23 or EEV-PMO-MDX-23.

[8506] FIGS. 8A-8D show Western Blots of exon 23 corrected dystrophin and g-actinin n the
diaphragm (FIG. 8A), heart (FIG. 8B), quadriceps (FIG, 8C), and tibialis anterior (FIG. 8D) after
mtravenous delivery of 10 mpk or 30 wapk EEV-PMO-MDX-23-1.

{38071 FIGS. 8A-9B show the dystrophin levels in MDX nuce two weeks (FIG. 94) and fouwr
weeks (FIG. 9B) atter treatment with 30 mpk EEV-PMO-MDX-23 or 30 mpk PMO-MDX-23.

[0508] FIGS. 10A-10D show the percentage of exon 23 correction in tibialis anterior (FIG. 104),
quadriceps (FIG. 18B), diaphragm (FIG. 180), and heart (FIG. 18D) 10 MDX mice that were
administered either 30 mpk of PMO-MDX-23 or 30 mpk of EEV-PMO-MDX-23. Mice
admnistered EEV-PMO-MDX-23 exhibited enhanced splicing correction, compared to mice
admnistered PMO-MBX-23 alone.

[8509] FIGS. 11A-11C shows high and persistent levels of exon 23 skipping and dystrophin
correction in heart (FEG. 114}, tibialis anterior (FIG. 118) and diaphram (FI1G. 11C) observed up
to 8 weeks after a single IV dose (40 mg/kg) of EEV-PMO-MDX-23 in mdx mice.
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Example 3. Use of cell-penetrating peptides conjugated to oligonucleotides for exon 23

splicing correction of dystrophin in the D2-mdx mouse modsl of BDMD,

[0518] Mice. This study used the D2-mdx mouse model (Fukada et al (2010} “Genstic
background affects properties of satellite cells and mdx phenotypes. Am. 1 Path. 176(5).2414-24).

[8511] Rrobust exon 23 skipping was observed in different muscle groups (n=0) after monthly
repeat 20 mg/kg doses of EEV-PMO-MDX-23-2 (EEV = Ac-PKKKRKV-mmiPEG-
K{cyclo{ GIFCGrGrQN-PEG1:-OH; PMO = 5-GGUCAAACCTCGGUTTACCTGAAAT-3) or
PMO-MDX-23-2 (§-GGCCAAACCTCOGCTTACCTGAAAT-3). FIG. 12A-120 show the
D2-mdx mice exhibited broad dystrophin expression and restoration of muscle integrity in the heart
{FIG, 124), diaphragm (FEG, 12B), tibialis anterior {FiG. 12C} and Triceps (F1G. 12D).

[6512] Sarcoglveans interact with dystrophin and other dystrophin-associated proteins to form a
dystrophin-associated glycoprotein complex (BAGC). The DAGC protects the sarcolemma from
contraction-induced iyury. In the D2-mdy mouse model, loss of dystrophin leads to loss of alpha-
sarcoglycan. D2-mdx mice were freated 4xQ4W (20 mg/kg) IV mjections of PMO-MDX-23-2 or
EEV-PMO-MDX-23-2. EEV-PMO-MDX-23-2 treated muscle demonstrated almost complete
restoration of both dystrophin and alpha-sarcoglycan in contrast to PMO-MDX-23-2 treated mice,
which showed limited restoration of dystrophin or alpha-sarcoglycan {data not shown}.

[8513] D2-mdy mice were administered 20 mg/'kg of PMO-MDX-23-2 or EEV-PMO-MDIX-23-2
{(monthly). Creatine Kinase {CK) levels (FIG. 13A) and functional readouts {wire hang tiroe
{FIG, 13B) and normalized grip strength (FIG. 13C)) were compared to the wild-type (DBA/2J)
and the vehicle (salineltreated mice, Treatment with EEV-PMO-MDX-23 normalized serum CK
fevels and significantly mmproved muscle function when compared to PMO-MDX-23-2 alone
{FIGS. 134-130)

Exaruple 4: Duration and repeated dose effect on D2MBX mice after EEV-PMO-MDX.-23-
2 administration

[6514] Method: D2/MDX mice were dosed with 20, 40 or 80 mpk of EEV-PMO-MIDX-23-2
{(FEV =  Ac-PKKKREV-miniPEG-K{cvelo{GIFGrGrO)-PEG1-CH;, PMOC = 5.
GGCCAAACCTCGGCTTACCTGAAAT-3) or PMO-MDX-23-2
(57-GGCCAAACCTCGGCTTACCTGAAAT-3") that induces Exon 23 skipping in the D2/MDX

mouse model. Tissues were harvested at 1, 2, 4 and 8 weeks to test for single dose duration effects
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and single dose range finding. D2/MDX mice were dosed with 40 mpk weekly for 4 weeks and
sacrificed 1 week after the final dose to test for the repeated dose effect.

[0515] Results: Exon skipping was cbserved in all 4 tissues after a single dose (FIGs, 14A-14D),
as well as dystrophin production. Exon skipping peaked at 2 weeks post mjection and was
maintained for at least 8 weeks in skeletal muscle: ¥IG. 15A (triceps) and FIG, 1SB (tibabs
anterior). A drop in exon skipping was observed after 4 and & weeks in diaphragm (FIG. 15C)
and heart (FI1G, 150). After 4 weekly doses, a cumulative exon skipping was observed m all 4

tissues, particularly in heart muscle (FI1G. 16) (tissue was collected 1 week after last dose).
Example 5: Functional Assays in D2MDX

[#516] Methed: 6 groups of male D2/MDX and DBA/ZI {wild-type} mice (n=¥ per group) were
dosed intravenously every 2 weeks for a total of 6 doses with vehicle {saline), PMO-MDX.2 (57~
GGCCAAACCTCGGCTTACCTGAAAT-3") or one of two EEV-PMO constructs that target
Exon 23 (EEV-PMO-MDX23-2: EEV = Ac-PKKKRKY-miniPEG-K{cyclo{ GIFGrGrQ)-PEG-
OH; PMO = $'-GGCCAAACCTCGGCTTACCTGAAAT-3; and EEV-PMO-MDX-23-3: EEV
= Ac-PKEKKRKV-Lys(FIOGrGrQ)-PEG:-K{N3}-NH;; PMO =

5-GGUCCAAACCTCGGCTTACCTGAAAT-37-C4COT). C4C0T = cyelooct-Zyn-1-O{TH e

Q-0 The dosages are listed 11 the Figures. Creatine kinase levels, grip strength and wire-hang

time were determined every 4 weeks for a total of 4 times.

{0517] Results: Hang time for BEV-PMO-MDX-23-2 80mpk Q2W treatment 15 a little higher
than the rest of the groups by 2 weeks post first injection and continues to show statistically
significant improvement that increases at both 4 and 8 weeks post first injection vs. the vehicle
D2 mdx group (FIG. 17). After 12 weeks of treatment, EEV-PMO-MDX-23-2 80mpk Q2W was
statistically indistinguishable from the WT ammals (FIG, 17). EEV-PMO-MDX-23-2 40pmk
Q2W and BEEV-PMO-MDX-23-3 1 Smpk Q2W treatment with a loading dose (80 mpk and 30 mpk,
respectively) showed significantly higher wire hang times vs. the vehicle D2 mdx group starting
at 8 weeks post first treatment and plateauing until 12 weeks of treatment where signs of phenotype
mprovement first become evident (FIG. 17). PMO-MDX-23-2 treatment alone appeared to follow
the same trends as the vehicle D2 mdx group and the vehicle control groups.

[6518] Serum creatine kinase {CK) levels were determined at 4 time poiuts: pre-dose, and at 4, 3

and 12 weeks. Mice treated with EEV-PMO-MDX-23-2 or EEV-PMO-MDX-23-3 showed a

205



WO 2023/034817 PCT/US2022/075691

significant reduction in serum CK| close to wild-type. Mice treated with PMO-MDX-23-2 showed
no significant decrease for all time ponts post-treatment (FIG. 18A-18C).

[8519] Grip strength was measured pre-dose (FHG, 19A) and at 12 weeks (FIG, 19B). A dose
dependent increase m grip strength was observed for treated mice. Vehicle and PMO ireated nuce

5 showed no significant improvement.

Example 6. Use of cell-pengirating peptides conjugated o sligonuciestides for splicing

correction of exon 44 of hDMD

[8528]  Purpose: This study employs hDMD and CI mouse models and 3 NHP model to study
the effect of compounds comprising an antisense compound and a cell penetrating peptide. Each

16 of the compounds contained the exocychic sequence PKKKRKY.
[6521] Compounds Evaluated: EEV-PMO-DMD44-1, EEV-PMO-DMD44-2 and EEV-PMO-
DMD44-3 were evaluated in this study. Sequence information for these compounds s shown in

Table &,
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[6523] Compound Synthesis and Purification: The compounds were synthesized according to
the followmng procedure. TFA-lysme protected ¢CPPs were reacted with the AT of Table 8 and
subsequently deprotected to furnish a cCPP-AC conjugate. Briefly, the cCPP was pre-activated by
reacting it with HATU (2.0 equiv) and DIPEA (2.0 equiv} in DMSC (10 mM, 1.8 mL). After 10
min at room temperature, the pre-activated solution was combined with a solution of AC in DMSO
{10 mM, 1.8 mL} and mixed thoroughly. The reaction was incubated for 2 hours at room
temperature. The reaction was monitored by LCMS (Q-TOF), using BEH C18 column (1304, 1.7
pum, 2. 1mmx350 mum), buffer A: water (0.1% FA), buffer B: acetonitrile (0. 1% FA), flow rate: 0.4
mb/min, starting with 2% buffer B and ramping up to 98% over 3.4 min. Upon completion, in situ
deprotection of TFA-protected lysines was mitiated by duution of the reaction mixture with 0.2 M
KCI (aq) pH 12 (36 mL). The reaction was monitored by LCMS (Q-TOF), using the analysis
method noted above. The crude mixture was loaded directly ontoa (18 reverse-phase
column {Oligo clarity column, 130mm® 21.2 mm). The crude product was then purified using a
eradient of 5-20% over 60 min using water with 0.1% FA and acetonitrile as solvents and a flow
rate of 20 mL/min. Fractions containing the desired product were pooled, and the pH of the
solution was adjusted to 7 using 0.5 M NaOH. The solution was frozen and lyophilized, affording
white powder. Formate salts were exchanged with chloride by reconstitution of the ¢CPP-AC
conjugate 1M NaCl in water and repeated washes through a 3-kD MW-cutoff amicon tbe
{centrifuged at 3500 rpm for 20-40 mun). This process was performed three times with 1 M NaCl
and three times with saline {0.9% NaCl, sterile, endotoxin-free). Conductivity of the last filtrate
was assessed to confirm appropriate salt concentration. The solution was further diluted with saline
to the desired formulation concentration and sterile filtered in a biosafety cabinet. The
concentration of each formulation was remeasured post filtration.

[65824] EEV-PMO-DMD44-1 was obtained with 74% vield. The punity and udentity of each
formulation was assessed by hgud chromatography-mass spectrometry quadrepole time-of-fhight
mass spectrometry {QTOF-LCMS). EEV-PMO-DMD44-1 was determined to be 99% pure by RP-
FA and 78% pure by CEX. The MW caled for CaiHeaNimOhizoPos, 10849.26. The MW identified
by QTOF-LUMS was 10850.95. Formulations were further assayed for therr endotoxin amount,
residual free peptide, FA content and pH.

(85251 EEV-PMO-DMD44-2 was obiained with 70% yield. The purity and identity of each
formulation was assessed by QTOF-LCMS. EEV-PMO-DMD44-2 was 99% pure by RP-FA and
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78% pure by CEX. The A3 caled for CanHesi N173Or30P2, was 10849.26. The MW identified by
QTOF-LCMS was 10850.88.

[6526] EEV-PMO-DMD44-3 was obiained with 68% yield The purity and identity of each
formulation was assessed by QTOF-LCMS. EEV-PMO-DMD44-3 was 86.3% pure by RP-FA
{The impurity was unreacted AC). The M caled for CapnHeasNinGizoPr, was 10989.45. The MW
identified by QTOF-LCMS was 10990.07.

ROMED  mouse model: hDMD mice were ordered from the Jackson Lab (STOCK
Te(DMDY72Thoen/}; Stock No: 018900 ) and bred in-house. The hemizygous mice were further
genotyped at Transnetyx. All groups were dosed 5 mL/kg per animal by intravenous {iv} injection
and sacrificed after 5 days post injection. Al animals were euthanized by O, asphyxiation
followed by terminal blood collection via cardiac puncture. Maximum obtainable volume of whole
blood was collected into lithium heparin fubes and processed to plasma. A portion of plasma was
analyzed for clinical chemistries by the Testing Facility (IDEXX) and the rest stored frozen at
nominally -70°C. Tissues {Triceps, TA, diaphragm, heart, kidney, liver, Brain) were harvested and
flash frozen in liguid rutrogen and stored at ~-80°C for further evaluation of exon skipping and drug
concentration measurements. Animals were age matched and assigned into eight (8) treatment
groups according to Table 8 Group 1-1 (3 homo hDMD mice, 6 weeks old), 1-2 (3 homo hDMD
mice, 6 weeks old), 1-3 (1 male, 1 female, herot hDMID, 11 weeks old), 1-4 {1 male, 1 female,
herot DMD, 11 weeks old) received EEV-PMO-DMI44-1 at 10, 20, 40 and 80 mitligrams per
kilogram of body weight (rapk), respectively. Group 2-1 (3 homo hIDMD mice, 6 weeks old), 2-2
(3 homo hDMD roice, 6 weeks), 2-3 (1 male, 1 female, herot hDMD, 11 weeks), 2-4 {1 male, 1
female, hemi DMD, 11 weeks) received EEV-PMO-DMD44-2 st 10, 20, 40 and 80 mpk,
respectively. All animals survived until their scheduled euthanasia fime. Tissues were collected
per protocol. The amount of AC and a ¢CPP-AC 1n various tissue samples was quantified by LC-
MS. Exon skipping in different tissues were analyzed by RT-PCR and the quantification of exon

44 correction.

Table 9: Experimentad design of RDMD Experiments

Bose
. Anbeal | o . § e e . o Terminal
Group Ne. Test Article | Level | Dose Volume Smi/kg) | Dosing Regimen Time Point
mg/ke
11 - EEV-PMO- 10 3 v 5 days post
- DMD44-1 ) mjection
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Animal . Bose . . Terminal
Group Ne. Test Article | Level | Dose Volume Sml/kg) Dosing Regimen Time Point
mg/kg
TRV TeS
202 ovpug | B
RN
RN

(8527] (D7 mouse model: Tolerabulity of EEV-PMO-DMD44-1 and EEV-PMO-DMD44-2 were
gvahuated using CD1 male-mice at 7 weeks age. They were ordered from the Charles River Lab
and upon receiving, they were acchimated for 5 days prior to the injections. Amimals were aged
matched and assigned into nine (9} treatment groups according to Table 10, Group 1 (3 mice,
saling); Group 2-1 (3 mice}, 2-2 (2 mice}, 2-3 (2 nuce), 2-4 (2 mice), 2-5 (3 mice), 2-6 (3 mice)
received EEV-PMO-DMD44-1 at 80, 100, 120, 160, 200 and 300 mpk, respectively. Group 3-1 (3
mice), 3-2 {2 mice}, 3-3 (2 mice}, 3-4 {2 mice}, 3-5 {3 mice}, 3-6 (3 mice} received EEV-PMQ-

DMI44-2 at 80, 100, 120, 160, 200 and 300 mpk, respectively.

7.

Table 10: Experimental design of Tolerability Study in CDI Mice

Animal Dose Terminal
Group I;:zf‘l Test Article ri;;;; Dose Vohese Smi/ke) | Dosing Regimen 'Efi;?;i:;a "
i 3 Saline
EEV-PMO-
-
2 3 DMD44-1 80
EEV-PMO- .
2.
2 1 2 | pvpsl | 1Y
EEV-PMO- -
e 7 7 Aavra Q
2.3 2 DMBPA4-1 128 5 Iy lia:«;t i?;t
7.4 5 EEV-PMO- 160 echo
- DMD44-1 ’
, EEV-PMO- .
2.5 ) 2
3 pvpagy |
] . EEV-PMO-
2 3
2-6 3 OMBagL | 300
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. Animal | . Bose , , . . Terminal
Group Ne. Test Article j;ijf; Bose Volume (Smi/kg) | Dosing Regimen Time Point
U DA
CEVIPNMO-
CEV.PMO.
4 2 %&S?ﬁ? 160
NNV ISR
33 5| Dubesg | 200
| o = w

[0528] NHP models: One female animal per compound (EEV-PMO-DMD44-1 and EEV-PMO-
DMI»44-2} was administered a 6C-minute IV infusion with dosing volume of 10 mU/kg according
to FTable 11. Each testing article was formulated in saline at 4 mg/mL. Bloods and urine were taken
at times indicated mn Table 12 for further PK analysis. Biopsy at 2 days post injection was
performed on biceps. Animals were sacrificed at day 7 post injection and skeletal muscles
{quadriceps, diaphragmm, biceps, deltoid, tibialis anterior {T1A}, smooth muscles {(esophagus, aorta,
colon} and cardiac muscles (veniricle, atrium} were taken, pulverized, and stored at -80°C for

evaluation of exon skipping and biodistribution in tissues.

"

Table 11: Experimenicl design of NHP Study

Gender Test Bose Terminal
ar - 7 ' < 7, 5 Wi <5 = <
Group of Animal Article ;;:‘; Ei Dose Volome Gmb/ky) | Bosing Regimen Time Point
, EEVPMO- |,
by Female | g | W ) o 7 days post
EV-PMO 1Y IV infusion iniccti
2 Female EEV-PMQO- 40 injection
DMD44-2
Table 12: NHP Study Timepoints
- . " X Blood Sample Sampling time points post
Group | matrix Detect factor volume volnme dose

(o Cytokine Panel 1L~ 0.5 pre~dose (O hy, 1.5h
© | Serum | 24/5/6/10/13/TNFWIFN- | 0| 5 00 | (30min post full
v ST infusion), 24h and Day

/
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Group | matrix Detect factor \iﬁ?jﬁ fﬁﬁﬁi Sampling tf;:::ep{}ims post
pre-dose {0 h), Smun
. , 0.5 - {0.083h) durning
g 3
Blood Hematology mL 0.5 mk, infusion, 24h and Day
7
pre-dose {0 h), Smin
o Clinical Chemistry {0.083h) during
Serum mcluding magnesium 1 mb 400 uL wfusion, 24h and Day
7
pre~dose {0 h), Sromn
s 1.8 {0.083h) during
Blood Coagulation ol 1.8 mL infusion, 24h and Day
7
«. | Urmalysis including pre-dose {0 h), and
Unne | o ootinine 4 ml 25~2%h and Day 7
[;gﬁ" Additional collection to Al pre~dose {0}, 0-6h, 6-
Cocest SponsoT ’ 12h, 12-24h, 24- 48h
O
2 cores per biopsy site 2x {30-50)
Muscle® | = €ores per bmpsy §1tc at 2x {30-503 Day 2
biceps brachu me ’
pre~dose {0 hj, 30min
{0.5h) darmg mfusion,
, 5Spun (0.92h) during
2K VSIS 84 ’-\ ) . ) ; . 7 =
Plasma* ! i\‘a;i?iybi‘b S:?iieb’ fné 2X 100 ul | infusion, 65min
M {1.083h), 1.5h, 3h, 9h,
25h, 39h, 97h, and
169h (Day 7)
1. Timer from the start point of the infusion. 2. Pre-dose tests of hematology, clinical
chenustry, coagulation and urinalysis are conducted one week before dosing,

(6529]  Bivanalytical Sample Analysis: Tissues were thawed, weighed, and homogenized (w/v,
1/5} with RIPA buffer spiked with Ix protease mhibitor cocktail {ThermoFisher Scientific, Ref#
1860932}, The homogeneates cenirifuged at 5000 rpm for 5 minutes at 4°C. The supernatants were
precipitated with a mixture of H:O, acetonitrile and MeQOH, and centrifuged at 15000 rpm for 15
minmutes at 4°C. The supernatants were transferred to an injection plate for LU-MS/MS analysis
using Shimadzu UPLC integrated with Triple Quad Sciex 4500 instrument. The dynamic range of
the LOC-MS/MS assay was 25 to 50,000 ng/g tissue. The details of the LC-MS/MS method are
outlined here and in Table 13 Briefly, the UPLC was operated using Waters Acquity UPLC BEH
C4, 300A, 1.7 um, 2. 1x150mm, buffer A: HyO, 0.2% FA, buffer B: 95% acetonutrile in HhO, 0.2%

FA, flow rate {0.3 mbL/min} and column temperature at 50 °C. The 10 min run started with 2%
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buffer B and rarping up to 35% for 3.5 min followed by 90% for 1 mun, staying at 90% gradient
for 2.5 mun and finally running at 2% gradient for 2 nun. The MRM method was established fora
duration of 7.5 min with positive polarity; Turbso Spray ion source; Curtain Gas: 25, Collision Gas:
6; ton spray voltage: SS00; temperature: 500, jon source gasl: 60; ion source gas2: 60. The
underlined rows of Table 13 are used for quantifications of intact and corresponding metabolite

{235-PEGI2).

Fable 13: LC-MSMS Assay

Analyte Q1 Charge | Q3 Time by EP CE CXpP
Mass state Mass {msec) | {volts) | (volts} |({volts) |({volis}
{Da) {m/z) {Da)

EEV-PMO- | 8356 13 112.0 50.0 80.0 8.0 8.0 16.0

DBMD44-

1/EEY-

PMO-

DMD44-2

EEV-PMO- | 776.0 14 112.0 {300.0 80.0 8.0 %0.0 10.0

DMD44-

1VEEV-

PMO-

DMID44-2

EEV-PMO- | 7243 15 112.0 50.0 80.0 R0 30.0 10.0

DMD44-1/

EEV-PMO-

DMID44-2

Mt 879.0 10 112.0 50.0 80.0 3.0 80.6 10.0

Ml 799.2 11 112.0 50.0 80.0 R0 30.0 10.0

M1/245- 7327 12 1iz.¢ 360.0 80.0 8.0 30.0 16.0

PEGIZ

Is 863.8 12 1i12.6 1060.0 &0.0 8.0 3G.0 10.0

216



5

15

20

30

WO 2023/034817 PCT/US2022/075691

[8538] Fxon Skipping Analvsis by RT-PCR; hDMD mice and NHP express full-length human

dystrophimnt mBNA. The delivery of AU can alter the splicing and result in a shortened dystrophin
mRNA after exon 44 skipping. The tissues were homogenized using ImbL of RUT lysis buffer
{(tagen, Catd 79216}, The detection of sphicing correction process was measured by RT-PCR
where extracted RNAs from tissues were first reverse-transcribed into cDNA and further analyvzed
by one step RT-PCR  using the following primer sett forward primer S'-
GUTCAGGTCGGATTGACATT-3 and reverse primer §-GGGCAACTCTTCCACCAGTALS.
The RT-PCR readout of tissues without splicing correction resulted in a 641 bp gene fragment and
a new 493 bp gene fragment that showed up after splicing correction. Quantification of the relative
mtensity of the bands corresponding to skipped and unskipped transcripts were performed to assess
AC-induced exon-44-skipping efficacy. The degree {percentage) of splicing correction detected
by RT-PCR was calculated using the following equation: % correction = (intensity of 493 bp

fragment band) / {intensity of 493 bp fragment band + intensity of 641 bp fragment band).

[6531] Results: Efficacy of EEV-PMO-DMD44-1, EEV-PMO-DMDB44-2, and EEV-PMO-

DMD44-3 in Patient Myotubes (FIG. 21): EEV-PMO-DMD44-1, EEV-PMO-DMD44-2, and
EEV-PMO-DMD44-3, which each target human dysirophin {(DMD) exon 44 were assessed for
DMD exon 44 skipping in DMD patient derived muscle cells. Briefly, patient-derived myoblasts
harboring an exoun 45 deletion {DMDA4S) were treated with EEV-PMO-DMD44-1, EEV-PMO-
DMD44-2, and EEV-PMO-DMD44-3 at 1 uM, 3 pM, and 10 uM for 24 hours 1 PromoCell
Skeletal Muscle Celi Growth Mediom supplemented with 2% horse serum and 1% chick erabryo
extract. After 24 hours, the compound-contaning growth medium was replaced with DMEM/2%
horse serum and incobated for § days to promote myoblast fusion and differentiation nto
myotubes. Cells were washed and harvested for RNA extraction to assess exon 44 skipping, or in
RIPA buffer containing protease inhibitors for protein extraction and Sirople Western analysis of
dystrophin protein restoration. Dystrophin levels were normalized to HSP90 and expressed refative
to untreated healthy samples. Data are expressed as mean £8D, n=3-4. Untreated DM A4S patient
derived cells express ~10% spontancous BMD exon 44 skipping and ~4% dystrophin protein at
baseline. Al three compounds resulted in robust exon skipping and dystrophin protemn restoration

m a dose dependent manner.

[8532] FIG. 22A and 228 show exon skipping in h(DMD mice administered EEV-PMO-DMD44-

1 {FIG, 224} and EEV-PMO-DMD44-2 (FI{. 228) via IV injection. No severe adverse effect
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was observed. The mice were all normal post injection, 24 hours post injection and prior to sac
date. Clinical chemistries measuring liver and kidoney toxicity (Alkaline Phosphatase (ALP),
Aspartate transaminase (AST), Alanine Aminotransferase (ALT), Albumin, Blood Urea nitrogen
{BUN}, Creatinine, Calcium, Phosphorous, Chloride, Potassium, Sodiom, BUN/Creatinine,
Magnesium) as well as Hemolysis and Lipemia index are evaluated 5 days post IV injection. No
EEV-PMO-DMD44-2 treated mice. Tissue concentrations and exon skipping in various muscle
groups have been assessed 3-days post 10, 20, 40, and 80 mpk IV dosage. The following exon
skipping was achieved for each dose of EEV-PMO-DMBM4-1 in heart/Triceps/TiA/Diaphragm
tissues, respectively: 10 mpk (0%, 6%, 12%, 6%); 20 mpk (0%, 22, 36%, 33%); 40 mpk (20%,
94%, 99%, 82%); 80 mpk (79%, 97%, 99%, 98%). The following exon skipping was achieved for
each dose of EEV-PMO-DMDA4-2 in heart/Triceps/T1A/Diaphragm tissues, respectively: 10 mpk
(0%, 17%, 22%, 14%); 20 mapk (2%, 44, S8%, 33%); 40 mpk {17%, 92%, 95%, §3%); 80 mpk
(79%, 98%, 99%, 99%). Strong dose-dependent accumulation and potent exon skipping was
observed for both EEV-PMO-DMD44-1 and EEV-PMO-DMD44-2 in cardiac and skelotal
muscles in the transgenic murine model carrying the full-size human DMD gene. At lower doses,
10 and 20 mpk, EEV-PMO-DMD44-2 drug exposure and efficacy were slightly higher than EEV-
PMOG-DMID44-1. However, this effect was started to dimirush at 40 mpk dose, where both
coropounds resulted n same hugh level of exon skipping (above 80%) in all skeletal muscles, The
corresponding tissue concentrations for EEV-PMO-DMD44-1 was m 100-300 ng/g tissue range
while for EEV-PMO-DMD44-2 this range shifted to shightly higher number, 300-500 ng/g tissue
concentration. Interestingly, the mimmum efficacious dose for both EEV-PMG-DMD44-1 and
EEV-PMQO-DMD44-2 i the heart was achieved with 40 mpk corresponding to 170 and 350 ng
per gram tissue concentration, respectively.

[8533] EEREV-PMO-DMD44-1 was very well tolerated in all doses administered to CD1 mice at 80,
100, 160, 200 and 300 mpk doses. Only transient symptoms were observed which were completely
resolved 1 hour post injection. No biomarker abnormalities were observed at 1- and 7-days post
mjection. BEV-PMO-DMD44-2 was less tolerated. At the lughest dose of EEV-PMO-DMDI44-2,
300 mpk, one out of three mice died within 1-3h post injection. At lower dose of EEV-PMO-
DMI44-2, 200 mpk, one out of three mice had severe symptoms {non-reactive to stimulation, ears

are drawn back, slow respiration, struggles to right self). These symptoms progressively worsened,
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and they combined with muscle twitches. No symptoms were observed for lower doses at 160 and
&0 mpk. Surprisingly, at 100 mpk, one out of three mice showed delayed symptoms 2 hours post
njection; but they were completely normal 1- and 7-days post injection.

[8534] To further demonstrate the efficacy of exon skipping of cUPP-AC conjugates, NHP were
utilized. Specifically, cynomolgus monkeys having intact muscle tissues were administered a 60-
minute [V infusion of EEV-PMO-DMD44-1 or EEV-PMO-DMD44-2 at 40 mg/kg which were
well-tolerated. More specifically, animals experienced nausea starting 45 minute of the treatment
which was significantly resolved approximately 3 hours post treatment and the animal was more
alert, less hunched and ate offered produce. Approximately 20 hours post dose the animal was
{bright, alert, and responsive such that the animal was phenotypically “normal”} (BAR) and had
zero biscuits left in the cage and was observed eating produce.

{6535]  No abnormality in clinical chemistry panel at 2-d and 7-d post injection was observed.
Exon 44 skipping percentage in different tissues were analyzed following by the standard protocol.
FEGS, 23A-23B depict exon skipping (F¥G. 23A) and drug exposure (FIG, 238) for EEV-PMO-
DMD44-1. FIGS. 24A-248 depict exon skipping (FEG. 24A) and drug exposure {(FIG. 248) for
EEV-PMO-DMD44-2. Both compounds demonstrated an excellent exon skipping levels across
different muscle groups with 40 mpk by IV at 7-d post mjection EEV-PMO-DMD44-1
outperformed in TiA, diaphragm, and less promnengly in ventricle and atrium from efficacy
standpoit. In all skeletal muscles more than 78% exon skipping achieved with maximum 98.4%
m diaphragm. In cardiac tissues, EEV-PMO-DMD44-1 at 40 mpk resuited in 31.9% and 23.4% in
ventricle and atrium, respectively. In smooth muscles, esophagus showed highest efficacy of
57.1%. Both EEV-PMO-DMD44-1 and BEEV-PMO-DMD44-2 distributed at pharmacologically
relevant concentrations to various tissues. In some cases, such as ventricle and atrium m cardiac
tissues and more promimently in esophagus and colon, the same tissue concentration dudn’t turn
mto same functional delivery. This may indicate that the endosomal scape level in different fissues
might be different. Nevertheless, i skeletal muscles, approximately 200 ng per gram tissue
concentration correlated to a robust exon skipping of above 80%, while in cardiac tissues, 800-
1000 ng per gram iissue concentration, correlated to roughly combined 50% exon skipping in
atrium and veniricle. The 50% exon skipping with only single dose, 40 mpk of the ¢CPP-AC
conjugates is very encouraging as the cardiac tissues are more challenging tissue for delivery and

one that 15 crucial for treatment of neuromuscular disorders, such as DMD.
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[0536] Patient-derived nmscle cells: A compound for exon 44 skipping (EEV-PMG-DMD44-1}
was added to DMD patient-derived muscle cells and admuustered to hDMD transgenic mice that
express full-length human dystrophin gene to test for human sequence-specific PMO for DMD
transcript correction.  FIG. 28A shows robust dose-dependent exon skipping and restoration of

dystyrophin in DM patieni-derived muscle cells treated with EEV-PMO-DMD44-1.  Dose-

(4

dependent exon 44 skipping and dystrophin protein restoration was observed (up to 100% and
43.7% respectively) in DM patieni-derived muscle cells treated with EEV-PMG-DMD44-1
compared with both untreated patient derived cells and healthy cells. FiG. 25B shows dose-
dependent tissue exposure and exon skipping in cardiac and skeletal muscles in a transgenic mouse

19 carrying an integrated copy of the full-length human DM gene after adnumnistering ascending IV
doses of EEV-PMO-DMI44-1 at various levels ranging from 10 myg/kg to 80 mg'kg Exon
skipping and tissue exposure were each assessed five days after dosing. Dose dependent levels of
tissue exposure of up to 80% and exon skipping up to 100% with translationally relevant doses
were observed.

IS {85371 Dose-dependent tissue exposure and exon skipping was observed in the heart (FIG. 26A),
tibialis anterior (FiG, 268} and the diaphragm (FIG. 26C) of hDMD transgenic mice after
mtravenous (1V) administration of EEV-PMO-DMD44-1 at 10, 20, 40 and 80 mg/kg,.

[6538] A sigle 30 mg/kg IV dose (1 hour infusion) of EEV-PMO-DMD44-1 was admimistered to
NHP and an extended circulating haif-life for EEV-PMO-DMD44-1 was observed in the plasma

20 of the NHP for up to 50 hours {data not shown). This pharmacokinetic profile suggests an
opportunity for extended tissue exposure, target engagement and pharmacodynamic effects. At 7
days post IV mfusion, robust exon 44 skipping was observed across different muscle groups

isolated from the EEV-PMO-DMD44-1 treated NHP (FIG. 11B). Thus, extended half-life and

25  DMD44-1 have been observed.
[8539] FIG.27 shows that an exiended curculating half-life for EEV-PMO-DMD44-1 was
observed in the NHP.
[6548] FIG 28 shows that a single 30 mg/kg IV dose of EEV-PMO-DMD44-1 resulted in
meaningful levels of exon skipping in both skeletal muscies and the heart of the NHP which

30 provides confidence in translational potential. At 7 days post 1 hour IV infusion at 30 mg/ke,
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oo

DMD44-1 treated NHP,

[0541] These results represent a robust set of translational data. Exon skipping translates to

promising dystrophmn production i heart and skeletal muscles. Dystrophin production is sufficient
5 to result in functional improvement. The dystrophin production was durable over 4+ weeks after
a single injection.

[8542] ABDMD mice: Homan dystrophic mice were IV dosed with 15 mg/kg of either EEV-PMO-
DMB44-1 or a R6 (polyarginine} linear peptide conjugated to the same exon 44 skipping PMO.
Exon skipping in the heart (FIG. 29A), diaphragm (FIG. 298} and triceps (FIG, 29C) was

10 between 60% to approximately 95% in nuce treated with EEV-PMO-DMD-44, compared to exon

skipping of less than 20% in the mice administered R6-PMO.
Example 7. Pharmacokinetic studies of EEV-PMO-DMD44-1 in CD1 mice

{85431 A CD1 mouse model was used to study the plasma, kidney, and tibialis anterior drug
exposure (AUC) to the EEV-PMO-DMD44-1 and PMO-DMD44-1, the major metabolite of EEV-
15 PMO-DMD44-1
[B544]  Five- to seven-week-old mice were treated with 80 mpk of the EEV-PMO-DMBDM4-1 or
PMO-DMD44-1 via intravenous mjection. Mice were bled and/or scarified at various time points,
[6545] Table 14, Table 15, and Table 16 show the pharmacokinetic properties observed in the
plasroa, kidoey, and tibialis anterior, respectively. For the tables: AUCus = area under the curve
206 from zero to last quantifiable concentration; D = dose; Caux = maximum serum or plasma
concentration; Tha = time to reach Cuax; CL = fotal plasma, serum, or blood clearance; tin =
elimnation half-hife; Vi = apparent volume of distribution at equilibriurg; Gy = hepatic blood flow
(ml/munkg).
[6546] The AUC values for the metabolite 1s ~1000-fold lower i the tibias anterior compared to
S5 the kidney. The metabolite mean residence time (MRT) values in plasma may be directly related

to tissue MRT values as a result of moving from fissues to plasma before urinary excrefion.

Table i4. Plasma pharmacokinetic propeities

EEV-PMO-DMD44-1 PMO-DMID44-1
AUCwsM*hr) 7768 522
AUCs/D 1033 71
Craxd 0V 9322 6
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Crad/D 1264 0.8
T bt} 0.1 48
CL {mL/min/kg} 16 -
Ou{%6) 1 -
tiulhr) 21 56
MR Trase( b 1.0 60.4
Ve{mb/ke) 983 -

Table 13. Kidney pharmacokinetic properties

EEV-PMO-DMD44-1 | PMO-DMD44-1
AUCk«{pmol/g*tu) 36171 8508417
AUCL/D 4905 1153875
Coa{pmol/g) 4805 347738
Couan/D 652 11497
Tmax(hf ) 4 72
t{hr) 6 102
MR Tiasi(hr) 9 75

FTable 16, Tibialis anierior pharmacokinetic properiies

FEV-PMO-DMD44-1 | PMO-DMD44-1

AUCh{pmol/g*hr} - 8126
AUChks/D - 1102
Cra{pmol/g) 10 118
Cine/D 1 io
Tiax(hr) 4 24
tu(hr) - 113
MR Tjaedhr} - 61

Example 8: Efficacy Stwdies on hDMD

5 105477 Method: 6 groups (=5} male hDMD mice were treated with EEV-PMO (EEV-PMO-
DMD44-1) at 80 mpk. Tissues were collected at 1-, 2-, and 4-weeks post-dose. Exon skipping
was determined by RT-PCR in S tissues: triceps, TA, diaphragm, heart and gastrocnemius.

[0548] Resulis: In diaphragm, TA, gastroc and triceps, exon skipping was maintained for at least
12 weeks (FI1G, 30B-30E). A drop in exon skipping was observed in the heart at 4 weeks (FIG,
10 30A).

222



WO 2023/034817 PCT/US2022/075691

Example 9: Doration Effect on NHP

[8549] Method: 6 NHP were dosed with a single dose of EEV-PMO-DMD44-1 at 45 mpk via |
hour IV infusion. Bicep biopsy was performed at the timepoints shown in FIG.31. Hxon skipping
was determined by RT-PCR

5 [8850] Resulis: As shown m FIG. 31, exon skipping was observed after 2 days and peaked
around 1 week. Exon skipping lasted up to 12 weeks after a single IV dose (with an apparent ti2=

14 days). Near peak efficacy was observed at 2 days post-dose.
Example 10: Localization

[8551] Subcellular localization of three constructs 3 PMO alone (PMO), a PMO conjugated to an
10 EEV (EEV-PMO) and a PMO conjugated to an EEV and a nuclear localization signal (EEV-NLS-

PMO} was determined. Sequence information for these constructs is shown in Table 17.

Table 17. Constructs

PMO: 5 -GGCCAAACCTCGGCTTACCTGAAA T-3°
EEV-PMO! cvclo(FFORRQ)-PEG:-NH-CH,-CH-C(O)-

PTAAAGTCCATTOGGCTCCAAACCGS
FEV-NLS-PMO | Ac-PKEKRKV-Lys[Cyola(FFPRIRrQ)]-PEG-

Lys{azide- cyclooct-2-yn-1-O~(CH 4-O-C(0))-
STAA AGT CCA TTC GGC TCC AAA CCG G

[0552] Brefly, THP-1 monocytes were contacted with 3 pM of either the PMO, EEV-PMO or
15 EEV-NLS-PMO and mcubated for 24 hours and exanmined by LC-MS.
[8553] FIG. 324 shows the whole cell uptake of PMO vs EEV-PMQO vs EEV-NLS-PMG. EEV-

PMOG and EEV-NLS-PMO both showed a significant increase in cellular update as compared to

PMO alone.
® FEV-PMO vs PMO: ~3 fold
20 @ FEV-NLS-PMO vs PMO: ~58 fold

* EEV-NLS-PMO vs EEV-PMO: ~19 fold
[8554] FI1G. 32B shows the subcellular focalization of PMO vs EEV-PFMO vs EEV-NLS-PMO
in THP cells as determined using LC-MS/MS. As shown in FIG. 32B, EEV-PMO demonsirate
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mproved cellular permeability as compared to PMQ-alone The addition of the NLS further

mproved cellular permeability. FIG. 32 shows the nuclear uptake of the three constructs.
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CLAIMS

1. A compound comprising:
{a) a cyclic peptide; and
{b) an antisense compound {AC) that 18 complementary {0 a farget sequence comprising

at least a portion of exon 44 of DMD gene in a pre-mRNA sequence.

2. The compound of claim 1, wherein the AC comprises at least one modified nucleotide or
nucleic actd comprising phosphorothioate (PS) nucleotide, a phosphorodiamidate morpholino
nucleotide (PMO), a locked nucleic acid (LNA}, a peptide nucleic acid (PNA), a nucleotide
comprising a 2"-O-methyl (27-0Me) modified backbone, a 2°0-methoxy-ethyt (27-MOE)
nucleotide, a 2',4' constrained ethyl (cEt) nucleotide, ora 2'-deoxy-2'-flucro-beta-D-

arabinonucleic acid {Z'F-ANA}.

3. The compound of claim 1, wherein the AC comprises 15-30 nucleic acids.

4. The compound of claim 1, wherein the cyclic peptide is conjugated to the 3' end of the
AC.

5. The compound of claim 4, wherein the cyclic peptide is conjugated to the 5" end of the
AC.

6. The compound of claim 4, wherein the cyclic peptide 15 conjugated to the backbone of
the AC.

7. The compound of any one of claims 4-6, further comprising a hinker that conjugates the

cychic peptide to the AC.

3. The compound of claim 7, wherein the linker 1s covalently bound to the 5" end of the AC.

9. The compound of claim 7, wheretn the linker 1s covalently bound to the 3' end of the AC.
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10. The compound of claims 7, wherein the linker 18 covalently bound to the backbone of the
AC.
11, The compound of any one of claims 7-10, wherein the hnker 1s covalently bound to the

side chain of an amino acid reside on the cyclic peptide.

12. The compound of any one of claims 7-11, wherein the linker 15 a bivalent or trivalent C1-
Cso alkylene, wherein 1-25 methylene groups are optionally and independently replaced by -
N{H)-, -N{C1-Cy alkyl}-, -N{eycloatkyly-, -O-, -C{O}-, -C(OYD-, -8-, -S{O}~, -S{(O)-, -
S{ORN(C1-Cy alkyly-, -S{OnN{eyeloalkyl)-, -NIDHC(O)-, -N(C1-Cy alkyD{O)-, -
N{cycloalkyhC{O)-, -C{ON(H)-, -CIOIN(C-Cy alkyl), -C{O)N{cycloalkyl), aryl, heteroaryl,

cycloalkyl, or cycloalkenyl.

13, The compound of any one of claims 7-12, wherein the linker comprises:

{1) one or more I3 or L amino acid residues, each of which 15 optionally substituted;

{11} optionally substituted alkylene;

{111} optionally substituted alkenylene;

{1v) optionally substituted alkynylene;

{v} optionally substituted carbocyelyl;

{v1) optionally substituted heterocyelvl;

{vii} one or more (R7I-R))Z7- subunits, wherein each of R and R?, at each instance, are
mdependently selected from alkylene, alkenylene, alkyuoylene, carbocyelyl, and heterocyelyl,
each J is independently C, NR® -NR'C{0}-, §, and O, wherein RY 15 independently selected from
H, alky], alkenyl, alkynvl, carbocyelyl, and heterocyelvl, each of which is optionally substituted,
and 27 15 an mteger from 1 to 50;

(viit) «(R¥ Dz~ or -(J-RN27-, wherein each of R, at each instance, is independently
alkylene, alkenylene, alkynylene, carboeyclyl, or heterocyclyl, each J is independently C, NR?, -
NR*C(O)-, 8, or O, wherein R” is H, alkyl

aikynyl, carbocyelyl, or heterocyclyl, each of

> PR

alkenyl

s

which 1s optionally substituted, and 27 13 an integer from 1 to 50; or (ix) combinations thereof.

14, The compound of claim 13, wherein the linker comprises:
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(i} B alanine and lysine residues;
(i) -(-R )z
(111} -(J-R%)x, or

{1v) combinations thereof

15. The compound of claim 13 or 14, wherein each R and R are independently alkylene,
each J is O, each x is independently an integer from 1 to 20, and each z 15 independently an

mteger from 1 to 20.

10 The compound of any one of claims 7-11, wherein the linker comprises:
{1} a -{OCHCH: )y~ subunit, wherein X is an integer from 1 to 20;
{11) one or more resudues of glveine, B-alanine, 4-ammnobutyric acid, S-aminopentoic acid
or G-amnopentanocic acid, or combinations thereof, or

(111} combinations of (1) and (11).

17. The compound of any one of claims 7-16, wherein the linker has the structure:
A N v
H H H
{ | ‘}y
Alge
wherein:

% 15 an integer from 1-20;

v 1s an nteger from 1-3;

z 18 an mteger from 1-20;
M 18 a bonding moiety; and

AAsc is an amino acid residue of the cyclic peptide.

1&. The compound of claim 17, wherein M is:
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KX

B
O
ope
HO” é)
R N YN
or
’ B
Q
s
HO” (3
RV N N
O
wherein: R is alkylene, cycloalkyl, or , wherein m is 0 to 10, wherein each R is
mdependently an allyl, alkenyl, alkynyl, carbocyclyl, or hetercevelyl, and wherein each B s
mdependently selected from a nucleobase.
19.  The compound of claim 18, wherein M 15 -C{O)-.
20 The compound of any one of claims 17-19, wherein z 15 11,
21 The compound of any one of claims 17-20, whereinx 1 1.
22, The compound of any one of claims 17-21, comprising an exocyclic peptide (EP)
conjugated to the linker at the amino group of the linker,
23, The compound of claim 22, wherein the EP comprises from 2 to 10 amino acid residues.
24, The compound of claim 22 or 23, wherein the EP comprises from 4 to 8 amino acid

residues.
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25, The compound of any one of claims 22-24, wherein the EP comprises 1 or 2 amino acids

comprising a side chain comprising a guanidine group, or a protonated form thereof.

26, The compound of any one of claims 22-25, wherein the EP comprises 1, 2, 3, or 4 lysine
5 residues.

27. The compound of claim 26, wherein the amino group on the side chain of each lysine
residue 15 substituted with a trifluoroacetyl (-COCF;3) group, allyloxycarbonyl {(Alloc), 1-
(4,4-dimethyl-2,6-dioxocyclohexylidene)ethyl {(Dde), or (4, 4-dimethyi-2,6-

10 dioxocyclohex-1-ylidene-3}-methylbutyl (ivDde)} group.

28, The compound of any of claims 22-27, wherein the exocyclic peptide (EP) comprises at

least 2 amino acid residues with a hydrophobic side chain.
1S 29 The compound of claim 28, wherein the amino acid residue with a hvdrophobic side

chain is selected from valine, proline, alanine, leucine, isoleucine, and methionine.

30. The compound of any one of claims 23-29, wherein the exocyclic peptide comprises one
of the following sequences:
20 PEKKREV; KR, RR; KEKK; KGR; KBK; KBR; KRK; KRR; REK; RRR; KKKK;
KERRK; KRKE; KRRE; RKKR; RRRR; KGKK; KKGK; KKKEK; KKKRE; KBKBK;
KKERKY, PGKKREY; PKGKRKY; PEKGRKY; PKEKGKY; PKEKRGVY; or
PKKEKRKG.

25 31 The compound of any one of claims 22-30, wherein the exocyclic peptide has the

structure: Ac-P-K-K-K-R-K-V-

]
£

The compound of any one of the preceding claims comprising the following structure:
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8] :
\’\4‘/}0’\3*{1”%’\4\/%%
My

Ahge

wheren:

X 1$ an integer from 1-20;

v s an integer from 1-5;

z s an mteger from 1-20;

EP 15 an exocyclic peptide;

M 15 a bonding motety,

AC is an antisense compound; and

AAgc s an amino acid residue of the cyclic peptide.

33. The compound of any one of claims 1-32, wherein the cyche peptide comprises from 4
to 20 amino acid residues, wherein at least two aminoe acid residues comprise a side chain
comprising guanidine group, or a protonated form thereof, and at least two amino acid residues

mdependently comprise hydrophobic side chains.

34. The compound of any one of claims 1-33 wherein the cyclic peptide comprises 1, 2, 3, or

4 acid acid residues comprising a guanidine group, or a protonated form thereof

35. The compound of claim 33 or 34, wherein the cyclic peptide comprises 2, 3, or 4 amino

acid residues comprising hydrophobic side chains.

36. The compound of any one of claims 33-35, wherein the cyclic peptide comprises at least

NH O

0 NH
A .0 M Jl\?;
H,N ﬁ«X’ HoN7 N \;/ HaN7N

one amine acid comprising a side chain comprising

G SN,
, H H ) H ) or

, or a protonated form thereof.
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The compound of any one of claims 33-36, wherem the cyclic peptide comprises 1, 2, 3,

0 NH
HZN"jLﬁ"}\ HQN‘”EL‘ﬁ"O‘?f |

or 4 ammo acds comprising a side chain selected from
NH O <;N f’\?i HN §
{
H?NJLN’H\}/ ’J\N’\. \N"E\N)\ ,N?f
“ H H H H )

5 3& The compound of any one of claims 33-37, wherein the cyclic peptide comprises at least

, of a protonated form thereof.

one glycine residue.

39. The compound of any one of claims 33-38, wherein the cyclic peptide comprises 1, 2, 3,

or 4 glycine residues.

10
40, The compound of any one of the preceding claims, wherein the cyclic peptide comprises
Formula (1)
(&)
or a protonated form thereof,
15 wherein:

Ry, Ry, and Ra can each independently be H or an amino acid residue having a side chain
COTOprising an aromatic group;

at least one of Ry, Ra, and Ry 1s an aromatic or hetercaromatic side chain of an amino
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acid;
R4 and Rs are independently H or an amino acid side chamn;
AAgc is an amino acid side chain;
qisl,2,30r4 and
5 each m is independently an integer 0, 1, 2, or 3.
41, The compound of claim 40, wherein Ry 1s H or a side chain comprising an arvi or
hetersary! group.
16 4z The compound of claim 40 or 41, wherein the side chain comprising an aryl group is a
side chain of phenylalanine.
43, The compound of any one of claims 40-42) wherein two of Ry, Rz, Ra, and Ry comprise a
side chain of phenylalanine.
15
44, The compound of any one of claims 40-43, wherein two of Ry, Ry, R3, and Ryare H.
45, The compound of any one of claims 40-44, wherein the cyclic peptide comprises the
structure of Formula (I-1), (B2), (1-3), or (-4}
)
3
v) 4
AL e
Y. ﬁﬁ‘ J,SN‘ 4.7)&“ HgN <“\
N A?QH j\fo N N ,
HzN“’liN V HN HoN-~ JQ /\\(\ AN
HMNH L‘“\ff\ H }'“\NH o & A
o %\- HNTTO b o'ﬁ\ ©
~NH E -'\5H NN v{/
Ty
fof } Y
N it
HoN ' HoN.
20 {1-1), (-2},
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=/ (£3),

or a protonated form thereof,

wherein:
5 AAsc 15 an amino acid side chain; and

each m s independently and integer from 0-3.

46, The compound of any one of claims 40-44, wherein the cyclic peptide comprises the

structure:

Ahgg S

HN
NHO H TN\0

E\IEH i

HENJ(N ,\Mj\/ HN
"N
9‘6\ o
R
B ©

it NH

10 N -1}
or a protonated form thereof,
wherein:

AAse is an amine acid side chain; and
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each m 15 independently an integer from 0-3.

47 The compound of any one of claims 40-46, wherein AAsc comprises a side chain of an
asparagine residue, aspartate residue, glutamine residue, a glutamate residuoe,

homoglutamate residue, or a homoglutamine residue.

48. The compound of any one of claims 40-47, wherein AAsc comprises a side chain of
glutamine.
49, The compound of any one of the preceeding claims, wherein the AC comprises a

sequence from Tables 6A-6M, the reverse complement thereof, or a sequence with at least 0%,
81%, 82%, 83%, 84%, 83%, 86%, 87%, 88%, 89%, 90%:, %1%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99% nucleic acid sequence identity thereto.

50. The compound of any one of claims 1-49, wherein the AC comprises the sequence: 57~

AAACGCCGCCATTTICTCAACAGATC-3 .

S1. The compound of any one of claims 1-30, wherein the cyclic peptide comprises
FGFGRGRQ.

52, The compound of any one of claims 1-50, wherein the cyclic peptide comprises
GIFGrGr(Q.

53 The compound of any one of claims 1-50, wherein the cychic peptide comprises
FFEGRGRQ.

54, The compound of any one of claims 1-53, having the structure of Formula (C):
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or a protonated form thereof,
wherein:

R, Ry, and Rs can each independently be H or an amino acid residue having a side chain
COMPrisSing an aromatic group;

Ry and Re are independently H or an anuno acid side chain;

EP 1s an exocyclic peptide as defined heren;

each m s mdependently an mnteger from G-3;

n1s an nteger from 0-2;

x” 15 an nteger from 2-20;

v is an integer from 1-5;

q 1s an integer from 1-4;

#’ 18 an imteger from 2-20;

wherem the AC comprises a sequence of 15-30 nucleic acids that 1s complementary to a

target sequence comprising at least a portion of exon 44 of MDD gene in a pre-mRNA sequence.
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58, The compound of any one of claims 1-53, comprising the structure of Formula (C-1},

Formula {(C-2}, Formula (€-3), or Formala {(C-4):

EP i
\N/«VO\/\Q/E N \/th’\véo\/”}O’A\A‘O
( "

H
q
NH

L\»w <

// }
HpN- ,\j HN
TN
,J\g HNA“ @
o ~NH L /

O
H i\L\v{NH
2
N o
(C*E}7
ep H AC
N /\V,O\/'\O/\I N v)j\ f\. ’.\L‘Q\«AO/\AO
H
(CH?)
N!"‘

@

\)& f“‘fﬂ'N_ @

4,[\/‘{\ ~ HN
T oo

(C-2),
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g O
o N o ]
H R 11

(C-4)

or a protonated form thereof,
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wherein comprises a sequence of 15-30 nucleic acids that 1s complementary {0 a target

sequence comprising at least a portion of exon 44 of DAMD gene in a pre-mRNA

sequence.

56. A pharmaceutical composition comprising a compound of any one of claims 1-55.

57. A cell comprising a compound of any one of claims 1-55.

58. A method of treating DMD comprising administering a compound of any one of claims

1-55 to a patient in need thereof
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