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COMPOSITIONS AND METHODS FOR SKIPPING EXON 45 IN BUCHENRNE
MUSCULAR BYSTROPHY

{68611 This application claims benefit of priority to the filing dates of U.S. Provisional Application
Ser. Nos. 637244915 filed Sep 16, 2021, U.S. Provisional Application Ser. No. 63/337,574 filed
May 2, 2022, U.S. Provisional Application Ser. No. 63/354,454 filed Jun 22, 2022, US.
Provisional Application Ser. No. 63/239,671 filed September 1, 2021, U.S. Provisional
Application Ser. No. 63/280,960 filed December 17, 2021, U.S. Provisional Application Ser. No.

3/298,565 filed January 11, 2022, and U.5. 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

(68021 Duchenne Muscular Dystrophy (BMD) is a genetic disorder characterized by progressive
muscle degeneration and weakness due to alterations of the protein dystrophin. (Genetic
modifications in DM, the gene that encodes dystrophin, canse DMD. These genetic modifications
shift the reading frame of 234D leading to a nonfunctional 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
internal 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 is lost in the disease state.

(66031 DMD is caused by mutations in one or more of several exons. For example, 8.1 % of DMD
patients have a mutation in exon 45 of DMD. Aartsma-Rus. Human Mutation, Vo. 30, No. 3, 293-
299 (2009, The antisense oligonucleotide casimersen has been approved for skipping of exon 45,
but this drug has low efficacy, likely due to low intracellular delivery of the therapeutic.

[0604] The houted ability to gain access to the intracellular compartioent is a sigoificant problem
for antisense oligonucleotide therapeutics such as casimersen. Attempts have been made to
improve intracellular delivery of antisense corpounds, for example using carrier systems such as
polymers, cationic fiposomes 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 delivery systems to increase the potency of these
antisense compounds.
{68051 There is an unmet need for effective compositions to deliver antisense compounds to

intracellular compartments to treat BMD.
5 SUMMARY

{68861 Compositions for delivering vucleic acids are described herein. In embodiments, the
nucleic acids are antisense compounds {AC). In embodiments, the antisense compounds target
exon 45 in a subject with Duchenne muscular dystrophy (DMD).

{60871  In embodiments, a compound is provided that comprises:

10 {a) a cyclic peptide (also referred to herein as a cell pepentrating peptide or “CPP”); and
{b) an antisense compound {AC) that is complementary o a target sequence of a DMD
gene in a pre-mRNA sequence, wherein the target sequence comprises at least a portion of
the 5° flanking intron of exon 45, at least a portion of exon 45, at least a portion of the 3’
flanking intron of exon 45, or a combination thereof.

15 [8808] Inembodiments, the AC comprises at least one modified nucleotide or nucleic acid selected
from a phosphorothioate (PS) nucleotide, a phosphorodiamidate morpholino (PMO) nucleotide, a
locked nucleic acid (LNA), a peptide nucleic acid (PNA), a nucleotide comprising a 2'-O-methyl
{27-OMe) modified backbone, a 2'G-methoxy-cthyl (2°-MOE) nucleotide, a 2,4 constrained ethyl
(cEty oucleotide, and a 2-deoxy-2-fluoro-beta-D-arabinonucleic  acid (Z'F-ANA). In

20 embodiments, the AC comprises at least one 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, 3§, 39, 40,
41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 PMO, inclusive of all ranges therein). In embodiments,
each nucleotide in the AC i3 a PMO.

(66091  Inembodiments, the AC comprises the sequence: ST-ATGUCATCCTGGAGTTCCTGTA-

25 3. In embodiments, the AC comprises the sequence: ¥ -CCCAATGCCATCCTGGAGTTOOT-
3.

[6818]  In embodiments, the cyclic peptide is FGFGRGRQ. In emhodiments, the cyclic peptide is
GIFGrGr(Q. In embodiments, the cyclic peptide 1s FIQGRGRQ.

{68111 I embodiments, the EEV is: Ac-PKKERKV-AEEA-Lys-{cyclolFGFGRGRQH-PEGI2-

30 OH.
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(68121 Inembodiments, provided herein is a pharmaceutical composition comprising a compound
described herein.

[6913] In embodiments, provided herein is a cell comprising a compound described herein.

{68141  In embodiments, provided herein is a wethod of treating DMD comprising administering
a compound described herein to a patient in need thereof.
BRIEYF BDESCRIPTION OF THE DRAWINGS

[6815] FiGs 1A and 1B shows a conjugation chemistry for connecting an antisense compound
{AC) with a cell penetrating peptide (CPP).

[0816] FiGs, 2A-2B shows a conjugation chemistry for connecting a cell penetrating peptide

N
N
N
N
N
N
3

{CPP), shown as , and an antisense compound (AC), wherein the CPP includes a PEG4
linker and the AC is shown without (FIG. ZA) and with (FIG. 2B) a linker containing a
polvethylene glycol (PEGZ or miniPEG) moiety. “R” in the figure represents a palmitoyl group.

(06171 FIG. 3 shows examples of endosomal escape vehicle (BEEV) design using a representative
CPP. It is understood that the CPP can include any of the CPP disclosed herein.

[6018] FIG. 4 shows the exon 45 skipping efficiencies of select ACs from Table 8 at 5 uM and
10 ML

(66181 FIGs. 5A-5D show exon skipping assessment in the triceps (FIG. 5A), tbialis anterior
(FIG. 3B), diaphragm (FIG. 3C), and heart (FIG. 51) 1 week post administration (intravenous)
with EEV-PMO-MIDX23-1 as assessed by 2-Step RT-PCR.

(662867 ¥TIG.s 6A-6D show the duration of effect (1 week, 2 weeks, 4 weeks and 8 weeks) in the
triceps (FIG. 6A), tbialis anterior (FIG. 6B), diaphragm (FIG. 6(), and heart (FIG. 61 after
intravenous administration of 80 mpk EEV-PMO-MDX23-1.

[6621] FIG. 7 depicts resulis after intravenous dosing of 40 mpk EEV-PMO-MDX23-1 (4 weekly
doses).

{66221 FIG. 8 shows D2.mdx wire hang data. After 12 weeks of treatment, animals treated with
EEV-PMO-MBPX23-1 &0mpk Q2W had a wire hang time that was statistically indistinguishable
from the W animals. DBA WT Vehicle (saline); D2.mdx Vehicle (saline); D2.mdx EEV-PMO-
MBIX23-1; D2y BEV-PMO-MDX23-2; D2.mdx PMO-MDX23 {5-
GGCCAAACCTCGGCTTACCTGAAAT-3Y)
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[6023] FiGs, 9A-98 show creatine kinase activity in D2 MDX mouse pre-dosing (FEG. 84) and
4 weeks post-dosing (FIG. 9B).

{0624] FIGs, 10A-108B show creatine kinase activity in D2 MDX mouse serum 8 weeks (FIG,
18A) and 12 weeks (FIG. 18B) post-dosing.

(68251 FiGs 11A-11B grip strength of D2MDX treated with EEV-PMO-MDX23-3 pre-dosing
(FIG. 11A) and 12 weeks post-dosing (FI1G. 11B).

{66261 FiIGs, 12A-12D show exon skipping efficiency in the diaphragm (FEG. 12A) heart (FIG,
12B), biceps (FIG. 120), and tibialis anterior (FIG, 12D of hDMD mice injected with 40, 60 or
80 mpk of positive control.

(68271 FiGs. 13A-13C show exon skipping in the tibialis anterior (FIG. 13A), diaphragm (FIG.
138), and heart (FEG., 13C) as detected by {-STEP RT-PCR.

(68281 ¥FiGs. 14A-14C show exon skipping in the tibialis anterior (FIG. 14A), diaphragm (FIG.
148), and heart (FIG. 14C) of hDMD mice 1-week post-injection with 60 mpk of positive control
{(EEVY-PMO-DMD45-1) or candidate PMO conjugated to EEV-2.

{6829]  ¥iGs, 15A-15B show assesstoent of DMD4S skipping i DMDA46-48 iPSC-derived
myoblasts treated with 30 uM Casimersen conjugated to EEV-2 (EEV-PMO-DMD45-1) or one of
10 EEV-PMO compounds.

(66381 TIGS. 15C15E show assessment of DMD43 skipping in human cardiac cells treated with
three BEEV-PMO compounds.

(68311 FIG. 16 shows CTGlo cell Viability Assay results for EEV PMOs BEV-PMO-DMI4S-2,
EEV-PMO-DMD43-3, EEV-PMO-DMD45-4, EEV-PMO-DMD45-5. Normalized to Melittin
Positive Control.

(68321 ¥IG. 17 shows CTGlo Cell Viability Assay for EEYV PMOs EEV-PMO-DMD45-6, EEV-
PMO-DMD4S-7, EEV-PMO-DMD45-8, EEV-PMO-DMD45-9. Normalized to Melittin Positive
Control.

{68331 FIG. 18 shows CTGo Cell Viability Assay results for BEV PMOs EEV-PMO-DMD45-
10, EEV-PMO-DMD45-11 and positive control. Normalized to Melittin Positive Control.

{6834] FIG. 19 shows the structure for EEV-PMO-DMD-45-5.

{68351  FIG. 28 shows the structore for BEEV-PMO-DMID-45-7.

[6836] FIG. 21A-21D show the synthetic schemes for exemplary EEV-PMO.
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(60371 FIGS. 22A.22C 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. 22A); subeellular localization (FIG.

2285 and nuclear uptake (FIG. 22C).
DETAILED DESCRIPTION

Compounds

{68381 Disclosed herein, in various embodiments, are compounds for treating Duchenne Muscular

Dystrophy (BMD). In embodiments, DMD is caused by a mutation in exon 45. In embodiments,
the compounds are designed to deliver an antisense compound (AC) that is complementary to a
target sequence of a2 DMD gene in a pre-mRNA sequence, wherein the target sequence comprises
at least a portion of the 5" flanking intron of exon 45, at least a portion of exon 45, at least a portion
of the 3’ flanking intron of exon 45, or a combination thereof In embodiments, the compound is
delivered intracellularly to a subject in need thereof. In embodiments, the compound delivers an
AL that s complementary to a target sequence comprising an intron-exon function of exon 45 of
the DM gene. In embodiments, the compound delivers an AC that is complementary to a targst
sequence oomywising an intronic sucleotide sequence upstream (ot 3 ) of exon 45 of the DMD

gene.

{083%] In embodiments, the compounds alter the splicing pattern of the target pre-mRNA to which

the A{” binds, resulting in the formation of re-spliced target protein. In embodiments, the re-spliced
target protein has increased function as compared to the target protein produced by the splicing of
the target pre-mRNA in the absence of the AC. In embodiments, the re-spliced target protein
increases target protein function by about 1%, 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 83%, about 83%, about 90%, about 895%, about 99%, about
100%, about 150%, about 200%, about 250%, about 300%, about 350%, about 400%, about 450%,
about S00%, or more, corapared to the function of the target protein produced by splicing, inclusive
of all values and ranges therehetween. In ernbodiments, the re-spliced target protein restores
fenction to about 1%, about 5%, about 13%, about 15%, about 20%, about 25%, about 30%, about
35%, about 40%, about 453%, about 30%, about 55%, about 0%, about 65%, about 70%, about
75%, about 0%, about 85%, about 90%, about 95%, abount 99%, or about 100% of the function

of a wild-type target protein, inclusive of all values and ranges therebetween.
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{68401 In embodiments, the compounds disclosed herein comprise an AC moiety and cyclic

peptide moiety (also referred to as cell pencirating peptide (CPP) mwoiety) which facilitates
intracellular delivery of the AC. In embodiments, the compounds are able to traverse the cell
membrane and bind to target pre-mRNA ir vivo. In embodients, the compounds comprise: a) at
feast one cyclic peptide; and b) at least one AC, wherein the cyclic peptide is coupled, directly or
indirectly, 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, §, 9, 10, or more cyclic
peptides. In embodiments, the compounds comprise one AC moiety. In embodiments, the
compounds comprise two AC moieties. As used herein, “coupled” can refer to a covalent or non-
covalent association between the cyclic peptide to the AC, including fusion of the cyclic peptide
to the AC and chemical conjugation of the cyclic peptide to the AC. A non-limiting example of a
means 0 non-covalently attach the cyclic peptide to the AC is through the streptavidin/biotin
interaction, e.g., by conjugating biotin to a cyclic peptide and fusing streptavidin to the AC. In the
resulting compound, the CPF is coupled to the AC via non-covalent association between biotin

and streptavidin.

(68411 In embodiments, the cyclic peptide is conjugated, directly or indirectly, to the AC to

thereby form a cyclic peptide-AC conjugate. Conjugation of the AC to the CPP may occur at any
appropriate site on these moieties. For example, the 5" or the 3" end of the AC can be conjugated

to the C-terroinus, the N-terminus, or a stde chain of an aroino acid in the CPP.

[6042] In embodiments, the AC is covalently linked to the cyclic peptide. Covalent Hunkage, as

used herein, refer to constructs where a CPP moiety is covalently hinked to the 5" and/or 3' end of
the AC moiety. Such conjugates may alternatively be described as having a cell penetrating motety
and an oligonucleotide moiety. Methods of covalent linkage are well-known in the art. A
covalently-linked AC-cyclic peptide conjugate, in accordance with certain embodiments of the

disclosure, includes the AC component and cyclic peptide component associated with one another

by a linker.

[6843] In embodiments, the AC may be chemically conjugated to the cyclic peptide through 2

moiety on the 5" or 3" end of the AC. In still other embodiments, the AC may be conjugated to the
cyclic peptide through a side chain of an amino acid on the cyclic peptide. Any amino acid side
chain on the cyclic peptide which is capable of forming a covalent bond, or which may be so

modified, can be used to link AC to the cyclic peptide. The amino acid on the cyclic peptide can
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be a natural or non-natural amino acid. In embodiments, the amino acid on the cyclic peptide used
to conjugate the AC is aspartic acid, glotamic acid, glutarnine, asparagine, lysine, ornithine, 2,3-
diaminopropionic acid, or analogs thereof, wherein the side chain is substituted with a bond o the
AC or linker. In embodiments, the amino acid is lysine, or an analog thereof. In erobodiments, the
amino acid is glutamic acid, or an analog thereof. In embodiments, the amine acid is aspartic acid,

or an analog thereof.
Endosomal Kscape Vehicles (EEVs)

[6844] Anendosomal escape vehicle (EEV) is provided herein that can be used to transport an AC
across a cellular membrane, for example, to deliver the AC to the cytosol or nucleus of a cell. The
EEV can comprise a cell penetrating peptide (CPP), for example, a cyclic cell penetrating peptide
(cCPP), which is conjugated to an exocyclic peptide (EP). The EP can be referred to
interchangeably as a modulatory peptide (MP). The EP can comprise a sequence of a nuclear
iocalization signal (NLS). The EP can be coupled to the AC. The EP can be coupled to the cCPP.
The EP can be coupled to the AC and the cCPP. Coupling 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-terminus of the ¢CPP. The EP can be attached through a peptide bond to the C-
terminus of the ¢cCPP. The EP can be attached to the ¢CPP through a side chain of an amino acid
in the cCPP. The EP can be attached to the cCPP through a side chain of a lysine which can be
conjugated to the side chain of a glutarnine in the ¢cCPP. The EP can be conjugated tothe " ot 3’
end of an AC. The EP can be coupled to a linker. The exocyclic peptide can be conjugated to an
amino group of the linker. The EP can be coupled to a linker via the C-terminus of an EP and a
cCPP through a side chain on the ¢CPP and/or EP. For example, an EP may coroprise a terrainal
fysine which can then be coupled to a ¢CPP containing a glutamine through an amide bond. When
the EP contains a terminal lysine, and the side chain of the lysine can be used 1o attach the ¢CPP,

the - or N-termious may be attached to a hinker on the AC.
Exocyclic Peptides

[68458] 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 amino acid residues, inclusive of all ranges and values therebetween. The EP can

comprise & to 9 amino acid residues. The EP can comprise from 4 to 8 amino acid residues.
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{88461 Each amino acid in the exocyclic peptide may be a natural or non-natural amino acid. The
term “non-natural amino acid” refers to an organic compound that is a congener of a natural amino
acid in that it has a structure similar to a 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
patural amino acids selenocysteine or pyrrolysine. Non-patural amino acids can also be the D-
isomer of the natiwral amino acids. Examples of suitable amino acids include, but are not limited

glutamine,

L~

to, alanine, allosoleucine, arginine, citrulline, asparagine, aspartic acid, cysteine
glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, napthylalanine,
phenylalanine, proline, pyroglutamic acid, serine, threonine, tryptophan, tyrosine, valine, a
derivative thereof, or combinations thereof. These, and others amino acids, are listed in the Table
1 along with their abbreviations used herein. For eamnple, the amino acidscan be A, G, P, K, R, V,
F, H, Nal, or citruiline.

(68471 The EP can cormprise at least one positively charged amino acid residue, e.g., at least one
Iysine residue and/or at least one amine acid residue comprising a side chain comprising a
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 amino
acid residhie comprising a side chain comprising a goanidine group can be an arginine residue.
Protounated forms can mean salt thereof throughout the disclosure.

[6048] The EP can comprise at least two, at least three or at least four or more lysine residaes. The
EP can coroprise 2, 3, or 4 lysine residoes. The amdvo group on the side chain of each lysive residue
can be substituted with a protecting group, including, for example, trifluoroacetyl (-COCFs),
allyloxycarbonyl (Aloc), 1-(4,4-dimethyl-2,6-dioxocyelohexylidenelethyl (Dde), or (44-
dimethyl-2,6-dioxocyclohex-1 -yhdene-3-methyibutyl (vDde) group. The amigo group on the
side chain of each lysine residue can be substituted with a trifluorcacetyl (-<COCH;) group. The
protecting group can be inchided to enable amide conjugation. The protecting group can be
removed after the EP is conjugated to a ¢CPP.

[684%] The EP can comprise at least 2 amino acid residues with a hydrophobic side chain. The
amino acid residae with a hydrophobic side chain can be selected from valine, proline, alanine,
leucine, iscleucine, and methionine. The amino acid residue with a hydrophobic side chain can be

valine or proline.
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[6858] The EP can comprise at least one positively charged amino acid residue, e.g., at least one

iysine 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.

{68511 The EP can comprise KK, KR, RR, HH, HK, HR, RH, KKK, KGK, KBK, KBR, KRK,

KRR, RKK, RRR, KKH, KHK, HKK, HRR, HRH, HHR, HBH, HHH, HHHH, KHKK, KKHK,
KKKH, KHKH, HKHK, KKKK, KKRK, KRKK, KRRK, RKKR, RRRR, KGKK, KKGK,
HBHBH, HBKBH, RRRRR, KKKKK, KKKRK, RKKKK, KRKKK, KKRKK, KKKKR,
KBKBK, RKKKKG, KRKKKG, KKRKKG, KKKKRG, RKKKKE, KRKKKB, KKRKKE,
KKKKRB, KKKRKY, RRRRRR, HHHHHH, RHRHRH, HRHRHR, KRKRKR, RKRKRK,
RBRBRB, KBKBKE., PKKKRKY, PGKKRKY, PKGKRKV, PKKGRKY, PKKKGKVY,
PKKEKRGV or PKKKREKG, wherein B is beta-alanine. The amino acids in the EP can have D or

L stereochemistry.

{08521 The EP can comprise KK, KR, RR, KKK, KGK, KBK, KBR, KRK, KRR, RKK, RRR,

KKEKK, KKRK, KRKK, KRREK, RKKR, RRRR, KGKK, KKGK, KKKKK, KKKRK, KBKBK,
KKKREV, PKEKKRKY, PGKEKRKVY, PKGKRKY, PKKGRKY, PKKKGKY, PKKKRGV or
PKEKKRKG. The EP can comprise PKKKRKY, RR, RRR, RHR, RER, RBRBER, RBHBR, or

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

{68831 The EP can consist of KX, KR, RR, KKK, KGK, KBK, KBR, KRK, KRR, RKK, RRE,

KKKE, KKRK, KRKK, KRRK, RKKR, RRRR, KGKK, KKGK, KKKKK, KKKRK, KBKBEK,
KKERKYV, PEKKRKV, PGKKREV, PKGKRKYV, PKEGRKY, PKKEKGKY, PKKKRGY or
PEKEKRKG. The EP can consist of PKKKRKY, RR, RRR, RHR, RBR, RBRBR, RBHBR, or
HBREH, wherein B is beta-alanine. The arnino acids 1o the EP can have D or L stereocchemustry.
{68541 The EP can comprise an amino acid sequence identified in the art as a vuclear 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
PKREKRKY. The EP can consist of an NLS comprising the amino acid sequence PKKKRKV. The

EP can comprise an NLS comprising an  amino acid seguence selected from

NLSKRPAAIKKAGQAKKKK, PAAKRVKLD, RORRNELKRSF,
RMRKFENKGKDTAELRRRRVEVSVELR, KAKKDEQILKRRNYVY, VSRKRPRP,

PPKKARED, PQPKKKPL, SALIKKKKKMAP, DRLRR, PKQKKRK, RKLKKKIKKL,
REKKKFLKRR, KRKGDEVDGVDEVAKKKSKK and RKCLQAGMNLEARKTKK. The EP
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can consist of an NLS comprising an amino acid sequence selected from

NELSKRPAAIKKAGQAKKKK, PAAKRVEKLD, RQRRNELKRSF,
RMRKFKNKGKDTAELRRRRVEVSVELR, KAKKDEQILKRRNY, VSRKRPRP,

PPKKARED, PQPKKKPL, SALIKKEKKEKMAP, DRLRR, PKQKKREK, RKLKEKIKKL,
5 REKKKFLKRR, KRKGDEVDGVDEVAKKKSKK and RKCLOAGMNLEARKTKK
(68551 All exccyclic sequences can also contain an N-terminal acetyl group. Hence, for example,

the EP can have the structure: Ac-PKKKRKYV.
Cell Penetrating Peptides {CPP)

[0856] The cell penetrating peptide (UPP) can comprise 6 to 20 amino acid residues. The cell

10  penetrating peptide can be a cyclic cell penetrating peptide (cCPP). The cCPP is capable of

penetrating a cell membrane. An exocyclic peptide (EP) can be conjugated to the cCPP, and the

resulting construct can be referred to as an endosomal escape vehicle {EEV). The ¢CPP can direct

an AL to penetrate the membrane of a cell. The cCPP can deliver the AC to the cytosol of the cell.

The c¢CPP can deliver the AC to a cellular location where a target (e.g., pre-mRNA) is located. To

1S conjugate the ¢cCPP to an AC at least one bond or lone pair of electrons on the ¢CPP can be
replaced.

{6657} The total number of amino acid residues in the ¢CPP is in the range of from 6 to 20 amino
acid residues, e.g., 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 14, 17, 18, 19, or 20 amino acid residues,
inclusive of all ranges and subranges therebetween. The ¢CPP can comprise 6 to 13 amino acid

20 residues. The cCPP 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 to any of Formula I-A to I-E:

-
Ay Afg—AA, A AAL
LAA ARG AR L AN s e
Nk iT‘Az A4, ) | e Jle e
6 Al ‘
AAi /AA3 \ / AAU\ AR AQZ /AA4
AA4 AA5"""—AA4 AA5_AA4 AASMAAS
I-A I-B i-C D
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or B , wherein AAs, Ada, AAs, AAs, AAs, AAg, AA7, Adg, Ad, and
AAyp are amino acid residues.
[6858] The c¢CPP can comprise 6 to § amino acids. The ¢CPP can comprise 8 amino acids.
{66591 Each amino acid in the ¢CPP may be a natural or non-natural amino acid. The term “non-
5 nataral amino acid” refers to an organic compound that is a congener of a natural amino acid in
that it has a strecture similar to a natral amino acid so that it minics 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 natural
amino acids selenocysteine or pyrrolysine. Non-natural amine acids can also be a D-isomer of a
10 natural amino acid. Examples of suitable amino acids include, but are not limited to, alanine,
allosoleucine, argining, citrulline, asparagine, aspartic acid, cysteine, ghutamine, glutamic acid,
glycine, histidine, isoleucine, leucine, lysine, methiconine, napthylalanine, phenylalanine, proline,
pyroglutamic acid, serine, threonine, tryptophan, tyrosine, valine, a derivative thereof, or
combinations thereof. These, and others amino acids, are listed in the Table 1 along with their

15 abbreviations used herein.

Table 1. Amino Acid Abbreviations

Aming Acid Abbreviations®* | Abbreviations®
f-amine acid D-amine acid
Alanine Ala {A) ala {a)
Allo-isoleucine Aldle Aldle
Arginine Arg (R} arg (1)
Asparagine Asn (N) asn {n)
Aspartic acid Asp (I asp {d)
Cysteine Cys (C) cys {C)
Citrulline Cit Cit
Cyclohexylalamne Cha cha
2,3-diaminopropicnic acid Dap dap
4-fluorophenylalanine Fpa (3D pfa

11
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Amino Acid Abbreviations® | Abbreviations®
L-~amino acid D-amino acid
Ghitamic acid Gha (B elu (g}
Ghitamine Glo () ln {g)
Glycine Gly (G) gly (g)
Histidine His (H) his (h)
Homoproline {aka pipecolic acid) Pip (&) pip (8)
Isoleucine e (O ile (i)
Leucine Leu (L) len (1}
Lysine Lys {K)} Iyvs (k)
Methionine Met (M) met {m)
3-(2-naphthyi-alanine Nal {®) nal ($)
3-(1-naphthyl)-alanine i-Nal i-nal
Norleucine Nle (03) nle
Phenylalanine Phe (F) phe ()
Phenylglvcine Phe (1) phg
4-(phosphonodifluoromethylphenylalanine | FoPmp (A) fHrpmp
Proline Pro {P) pro {p)
Sarcosine Sar (&) SaT
Selenocysteine Sec (U) sec (1)
Serine Ser (S) ser (8)
Threonine Thr (T) thr {y)
Tyrosine Tyr (Y) tyr (V)
Tryptophan Trp (W) trp (W)
Valine Val (V) val (v}
Tert-butyl-alanine Tie tle
Penicillamine Pen Pen
Homoarginine HomoArg homoarg
Nicotinyl-lysine Lys{NIC) lys(INIC)H
Triflourcacetyl-lysine Lys{TFA} Iys{TFA)
Methyl-leucine MeLeu 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.
[68666] 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; (ii) at least one amino acid has

HZN‘E‘NX Hzmﬁfmﬁ‘;‘ gﬁ\r&}\ L;\'ENL"NX
Mo H OHOH Ho

5 no side chain or a side chain comprising
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HN |

N?é

-~

, , of a protonated form thereof, and (iii) at least two amino acids independently
have a side chain comprising an aromatic or heteroaromatic group.

0]

HQN’ELN}\

{68611 At least two amino acids can have ne side chain or a side chain comprising H

NH O N #UN HN
oy {ﬁ}i‘u)ﬁ @ku** O\f Ay

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

, or a protonated form therecf. As

atom(s) {e.g., -CHs-) linking the amine and carboxylic acid.

[8062] The amino acid having no side chain can be glycine or B-alanine.

{68631 The ¢CUPP can comprise from 6 to 20 amino acid residues which form the cCPP, wherein:
(i) at least one amino acid can be glycine, B-alanine, or 4-aminobutyric acid residues; (ii) at least

10 one amino acid can have a side chain comprising an aryl ot heteroary] group: and (i) at least one

0 NH O
HBN”ﬂ\ﬁ'}\ HZN’JL“ﬁ"LL}/

aminc acid has a side chain comprising a guanidine group,
N &N HN
L SO,
N"N NTN N
H O H | o Y

[8064] The cCPP can comprise from 6 10 20 amino acid residues which form the ¢CPP, wherein:

, or a protonated form thereof.

(i) at least two amino acids can independently beglycine, B-alanine, or 4-amincbutyric acid

15 residues; (ii) at lcast one amino acid can have a side chain comprising an aryl or heteroary! group;

HzN}E\N'X

and (iii) at least one amino acid has a side chain comprising a guanidine group, H

NH © N N HN
WA QN CIAT, L,

[6865] The ¢CUPP can comprise from & to 20 amino acid residues which form the ¢CPP, wherein:

, or a protonated form thergof.

(i) at Jeast three amino acids can independently be glycine, B-alanine, or 4-aminobutyric acid

20 residues: (ii) at least ome amino acid can have a side chain comprising an aromatic or
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hetercaromatic group; and (1i1) at least one amino acid can have a side chain comprising a

O NH O N N HN
HQN)L”&'}\‘ HQN'JE\E& gfﬂ\ﬁ;\ E’y\:\’ﬁ\ﬁ}\ % /?i)j

a protonated form thereof.

guanidine group, » OF

Glycine and Related Amino Acid Residues

(60667 The cCPP can comprise (i) 1, 2, 3, 4, 5, or 6 glycine, B-alanine, 4-aminobutyric acid
residues, or combinations thereof. The cCPP can comprise (i) 2 glycine, 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 ¢CPP can comprise (i) 4 glycine, B-
alanine, 4-aminobutyric acid residues, or combinations thereof. The ¢CPP can comprise () 5
glycine, B-alanine, 4-aminobutyric acid residues, or combinations thereof. The ¢CPP can comprise
(i) 6 glycine, B-alanine, 4-aminobutyric acid residues, or combinations thereof. The ¢CPP can
comprise (i) 3, 4, or § glycine, B-alanine, 4-aminobutyric acid residues, or combinations thereof.
The c¢CPP can comprise (i) 3 or 4 glycine, P-alanine, 4-amincbutyric acid residues, or
corobinations thereof.

(68671 The oCPP can comprise (i) 1, 2, 3, 4, 3, or 6 glycine residues. The cCPP can cormprise (i)
2 glycine residues. The cCPP can comprise (1) 3 glycine residues. The cCPP can comprise (1) 4
glycine residues. The ¢CPP can comprise (1) 5 glycine residaes. The ¢CPP can comprise (1) 6
glycine residues. The cCPP can comprise (1) 3, 4, or 5 glycine residues. The cCPP can comprise
(1) 3 or 4 glycive residues. The ¢CPP can comprise (i) 2 or 3 glycine residues. The ¢cCPP can
coraprise (i) 1 or 2 glycine residues.

[6068] The cCPP can comprise (i) 3, 4, 5, or 6 glycine, B-alanine, 4-aminobutyric acid residues,
or combinations thereof. The ¢CPP can comprise () 3 glycine, B-alanine, 4-amdnobutyric acid
residues, or combinations thereof. The ¢CPP can comprise (i) 4 glycine, B-alanine, 4-aminobutyric
acid residues, or combinations thereof. The cCPP can comprise (i) 5 glycine, B-alanine, 4-
aminobutyric acid residues, or combinations thereof. The ¢CPP can comprise (1) 6 glycine, B-
alanine, 4-aminobutyric acid residues, or combinations thereof. The ¢CPP can comprise (1) 3, 4,
or 3 glycine, B-alanine, 4-aminobutyric acid residues, or combinations thereof. The ¢CPP can

comprise (i) 3 or 4 glycine, B-alanine, 4-amincbutyric acid residues, or combinations thereof.

14
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[686%] The cCPP can comprise at least three glycine residues. The ¢CPP can comprise (i) 3, 4, 53,
or 6 glycine residues. The ¢CPP can comprise (i) 3 glycine residaes. The ¢cCPP can comprise (i} 4
glycine residues. The cCPP can comprise (i) 5 glycine residues. The cCPP can comprise (i) 6
glycine residues. The cCPP can comprise (1) 3, 4, or 5 glycine residues. The cCPP can comprise
5 (i) 3 or 4 glycine residues

[8078] In embodiments, none of the glycine, P-alanine, or 4-amincbutyric acid residues in the
cCPP are contiguous. Two or three glycine, B-alanine, 4-or aminobutyric acid residues can be

contiguous. Two glycine, B-alanine, or 4-amincbutyric acid residues can be contigaous.
{66711 In embodiments, none of the glycine residues in the ¢CPP are contiguous. Each glyeine
10 residues in the cCPP 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
(68721 The cCPP can comprise (ii} 2, 3, 4, 5 or 6 amino acid residues independently having a side
chain comprising an aromatic or heteroaromatic group. The ¢CPP can comprise (i) 2 amine acid

15 residues independently having a side chain comprising an aromatic or heteroaromatic group. The
cCPP can comprise (i} 3 amino acid residues independently having a side chain comprising an
aromatic or heteroaromatic group. The cCPP can comprise (ii} 4 amino acid residues
independently having a side chain comprising an aromatic or heteroaromatic group. The ¢cCPP can
comprise (i) 5 amino acid residues independently having a side chain comprising an aromatic or

20 heteroaromatic group. The cCPP can comprise (i) 6 amino acid residues independently having a
side chain commprising an aromatic or hetercaromatic group. The cCPP can comprise (i) 2, 3, or 4
amino acid residues independently having a side chain comprising an aromatic or heteroaromatic
group. The ¢CPP can coraprise (i1} 2 or 3 amino acid residues independently having a side chain
COMPprising an aromatic or heteroaromatic group.

25 [6873] The ¢CPP can coroprise (31 2, 3, 4, § or 6 amino acid residues independently haviog a side
chain comprising an aromatic group. The ¢CPP can comprise (i) 2 amino acid residues
independently having a side chain comprising an aromatic group. The ¢CPP can comprise (i) 3
amino acid residues independently having 2 side chain comprising an aromatic group. The cCPP

can cornprise (it} 4 amino acid residues independently having a side chain coroprising an aromatic

5
s
o

group. The cCPP can comprise (i) 5 amino acid residues independently having a side chain

15



WO 2023/034818 PCT/US2022/075693

comprising an aromatic group. The cCPP can comprise (1) 6 amino acid residues independently
having a side chain comprising an aromatic group. The ¢CPP can comprise (i) 2, 3, or 4 amino
acid residues independently having a side chain comprising an aromatic group. The ¢CPP can

comprise (it) 2 or 3 amino acid residues independently having a side chain comprising an aromatic

9%

Zroup.

{68741 The aromatic group can be a 6- to {4-membered aryl. Aryl can be phenyl, naphthyl or
anthracenyl, each of which is opticnally substituted. Arvl can be phenyl or naphthyl, each of which
is optionally substituted. The heteroaromatic group can be a 6- to 14-membered hetercaryl having
1, 2, or 3 heteroatoms selected from N, O, and §S. Hetercaryl can be pyridyl, quinolyl, or

10 isoquinolyl.

[6875] The amino acid residue having a side chain comprising an aromatic or hetercaromatic
group can  each independently be bis(thomonaphthylalanine), homonaphthylalanine,
naphthylalanine, phenyiglycine, bisthomophenylalanine), homophenylalanine, phenylalanine,
tryptophan,  3-(3-bepzothienylj-alanine,  3-(2-quinolyD-alapine, O-benzylserine,  3-(4-

1S (benzyloxyiphenyl)-alanine, S-{4-moethylbenzybhcysteine, N-(naphthalen-2-yhghatamine, 3-(1,1'-
biphenyl-4-yi}-alanine, 3-(3-benzothienyl)-alanine or tyrosine, each of which is optionally
substituted with one or more substituents. The amino acid having a side chain comprising an

aromatic or heteroaromatic group can each independently be selected from:

Lo .0 p‘”v*/

HoNT T COLH HoN COZH HNT COH

3-(2-quinolyl)-alanine  (-benzylserine  3-(4-(benzyloxy)phenyl}-alanine

3

ST T

COH HNT CO,H

HoN (“OZH
o S-(4-methyibenzyljcysteine N-(naphthalen-2-yhglutamine  3-(1,1'-biphenyl-4-y1)-alanine

and
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HaN™ COoH

2.3 khanvathi vh-alamne . . . : ~
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.

[0876] The amino acid residue having a side chain comprising an aromatic or hetercaromatic

group can each be independently a residue of phenylalanine, naphthylalanine, phenylglycine,
homophenylalanine, homonaphthylaianine, bisthomophenylalanine), bis-Chomonaphthylalanine),
tryptophan, or tyrosine, each of which is optionally sabstituted with one or more substituents. The
amino acid residue having a side chain comprising an aromatic group can each independently be
a residue of tyrosine, phenylalanine, 1l-paphthylalanine, 2-naphthylalanise, tryptophan, 3

benzothienylalanine, 4-phenylphenylalanine, 3,4-difluorophenylalanine, 4-
trifluoromethylphenylalanine,  2,3.,4,5,6-pentafluorophenylalanine, homophenylalanine, [-
homophenylalanine, 4-tert-butyl-phenylalanine, 4-pyridinylalavine, 3-pyridinylalanive, 4-
methylphenylalanine, 4-fluorophenylalanine, 4-chlorophenylalanine, 3-(S-anthryl-alanine. The
aroino acid residue having a side chain comprising an aromatic group can each independently be
a residue of phenylalanine, wvaphthylalanive, phenviglycine, homophenylalanine, or
homonaphthylalanine, each of which is optionally substituted with one or more sabstituents. The
amino acid residue having a side chain comprising an aromatic group can each be independently
a vesidue of phenylalanine, naphthylalanine, homophenylalanine, homonaphthylalanine,
bisthomonaphthylalaning), or bisthomonaphthylalanineg), each of which is optionally substituted
with one or more substituents. The amino acid residue having a side chain cormprising an aromatic
group can each be independently a residue of phenylalanine or naphthylalanine, each of which is
optionally substitoted with one or more substituents. At least one amino acid residue having a side
chain comprising an aromatic group can be a residue of phenylalapine. At least two amino acid
residues having a side chain comprising an aromatic group can be residues of phenylalanine. Each
amino acid residue having a side chain comprising an aromatic group can be a residue of

phenylalanine.

{86677] In embodiments, none of the amino acids having the side chain comprising the aromatic or

heteroaromatic group are contiguous. Two amino acids baving the side chain comprising the
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aromatic or hetercaromatic group can be contiguous. Two contiguous amino acids can have
opposite stereochemistry. The two contiguous amino acids can have the same stereochemistry.
Three amino acids having the side chain comprising the aromatic or heteroaromatic group can be
contiguous. Three contiguous amino acids can have the same stereochemistry. Three contiguous
amino acids can have alternating stereochemistry.

{68781 The amino acid residues comprising aromatic or heteroaromatic groups can be L-amino
acids. The amino acid residues comprising aromatic or hetercaromatic groups can be D-amino
acids. The amino acid residues comprising aromatic or hetersaromatic groups can be a mixture of
D- and L-amino acids.

(60791 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 ¢cCPP, e.g., compared to an
otherwise identical seguence which does not have the substituent. The optional substituent can be
a hydrophobic substituent or a hydrophilic substituent. The optional substituent can be a
hydrophobic 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,
alkynyl, cvcloalkyl, cvcloalkenyl, cycloalkynyl, heterocyelyl, aryl, heteroaryl, alkoxy, aryloxy,
acyl, alkylcarbamoyl, alkylcarboxamidyl, alkoxycarbonyl, alkylthio, or arvithio. The substituent
can be halogen.

[6886] While not wishing to be bound by theory, it is believed that arsino acids having an aromatic
or heteroaromatic group having higher hydrophobicity values (i.e., amino acids having side chains
coroprising aroroatic or heteroarorpatic groups) can improve cytosolic delivery efficiency of a
cCPP relative to amino acids having a lower hydrophobicity value. Each hydrophobic amino acid
can independently have a hydrophobicity value greater than that of glycine. Each hydrophobic
amino acid can independently be a hydrophobic amino acid having a hydrophobicity value greater
than that of alanine. Hach hydrophobic amino acid can independently have a hydrophobicity value
greater or egual to phenvlalanine. Hydrophobicity may be measured using hydrophobicity scales
known in the art. Table 2 lists hydrophobicity values for various amino acids as reported by
Eisenberg and Weiss (Proc. Natl. Acad. Sci. U. S. A, 1984;81(1):140-144), Engleman, et al. (Ann.
Rev. of Biophys. Biophys. Chem.. 1986;1986(15):321-53), Kyte and Doolittle (J. Mol
Biol. 1982;157(1):105-132), Hoop and Woods (Proc. Natl. Acad. Sci. U. S. AL 1981;78(6):3824-
3828y, and Janin (Nature. 1979:277(5696%:.491--492), the entirety of each of which is herein
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incorporated by reference. Hydrophobicity can be measured using the hydrophobicity scale

reported in Engleman, et al.

Table 2. Amino Acid Hydrophobicity

Awmino Group Fisenberg | Engleman | Kyrie and | Hoop and Janin
Acid and Weiss et al Doolittle Woods
fle Nonpolar 0.73 3.1 4.5 -1.8 37
Phe Noupolar 0.61 3.7 18 -2.5 0.5
Val Nonpolar .54 2.6 4.2 -1.5 0.6
Leu Nonpolar 0.53 2.8 3R -1.8 0.5
Trp Nonpolar 0.37 1.9 -0.9 -3.4 0.3
Met Nounpolar 0.26 3.4 1.9 -1.3 0.4
Ala Nonpolar .25 1.6 1.8 (.5 0.3
3ly Nonpolar 0.16 1.0 -(.4 0.0 0.3
Cys Unch/Polar (.04 2.0 2.5 -1.0 (.9
Tyr Unch/Polar (.02 .7 -1.3 -2.3 -(.4
Pro Nonpolar -0.07 -0.2 -1.6 0.0 -0.3
Thr Unch/Polar -3.18 1.2 (.7 -0.4 3.2
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
Glu Charged -0.62 -8.2 -3.5 3.0 -0.7
Asn Unch/Polar -3.64 -4.8 -3.5 0.2 3.3
Gin Unch/Polar -3.69 -4.1 -3.5 0.2 -0.7
Asp Charged -.72 9.2 -3.5 3.0 0.6
Lys Charged -1.10 -8.8 -3.9 3.0 -1.8
Arg Charged -1.80 -12.3 -4.5 3.0 -1.4

5 {0881} The size of the aromatic or heteroaromatic groups may be selected to improve cytosolic
delivery efficiency of the ¢cCPP. While not wishing to be bound by theory, it is believed that a
iarger aromatic or hetercaromatic group on the side chain of amino acid may improve cytosolic
delivery efficiency compared to an otherwise identical sequence having a smaller hydrophobic
armino acid. The size of the hydrophobic amino acid can be measured in terms of molecular weight

18 of the hydrophobic amino acid, the steric effects of the hydrophobic amino acid, the solvent-
accessible surface area (SASA) of the side chain, or combinations thereof. The size of the
hydrophobic amino acid can be measured in terms of the molecular weight of the hydrophobic
aroino acid, and the larger hydrophobic amino acid has a side chain with a molecular weight of at
feast about 90 g/mol, or at least about 130 gfrool, or at least about 141 g/mol. The size of the amino

15 acid can be measured in terms of the SAS A of the hydrophobic side chain. The hydrophobic amino
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acid can have a side chain with a SASA of greater than or equal to alanine, or greater than or equal
to glycine. Larger hydrophobic amino 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,
greater than or equal to about tryptophan, greater than or equal to about phenylalanine, or greater
than or equal to about naphthylalanine. 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 [’0\2, at least
about 240 A”, at least about 250 A2, at least about 260 A2, at least about 270 A2, at least about 280
AZ, 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 amine acid (AAm) can have a side chain with a SASA
of at least about 200 1—%\2, at least about 210 [&2., at least about 220 Az, at least about 240 A*, at feast
about 250 [g‘z’ at least about 260 f(;\"’", at least about 270 ,&2, at feast about 280 A% at least about 250
A2 at least about 300 A% at least about 310 A2, at least about 320 AZ or at least about 330 A, The
side chains of AAm and AAm can have a corbined SASA of at least about 350 A%, at least about
360 A2 at least about 370 A2, at least about 380 A2 at least about 390 A2, at least about 400 A2, at
least about 410 fxz, at least about 420 ,ZXZ, at least about 430 1&2, at least about 440 A2, at least about
450 AZ, at least about 460 AZ at least about 470 A"', at least about 480 AZ at least about 490 [’05;2,
greater than about 500 A2, at least about 510 A% at least about 520 A2, at least about 530 A2 at
ieast about 540 A2, at least about 550 A‘, at least about 560 5\3, at least about 570 /i\?‘, at least about
580 A2, at least about 590 A2, at least about 600 A2, at least about 610 A2 at least about 620 A2,
at teast about 630 Azg at least about 640 L\z greater than about 650 13;2, at least about 660 L\Z at
feast about 670 A2, at least about 680 A2 at least about 690 A2, or at least about 700 A% A A can
be a hydrophobic amino acid residue with a side chain having a SASA that is less than or equal to
the SASA of the hydrophobic side chain of AAw:. By way of exarople, and not by limitation, a
c¢CPP having a Nal-Arg motif may exhibit improved cytosolic delivery efficiency compared to an
otherwise tdentical cCPP having a 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 a phe-Nal-Arg motif may exhibit improved cytosolic delivery efficiency
compared to an otherwise identical ¢cCPP having a nal-Phe-Arg motif.

{08821 As used herein, “hydrophobic surface area” or “SASA” refers o the surface area (reported

as square Angstroms; A°) of an amino acid side chain that is accessible to a solvent., SASA can
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be calculated using the rolling ball’ algorithm developed by Shrake & Rupley (J Mol Biol. 78 (2):
351-71), which is 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
vahie of the sphere is 1.4 A, which approximates to the radius of a water molecule.

{6083] 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): e800335. hittps://doi.org/10.1371/journal. pone.0080635), which is herein

incorporated by reference in its entirvety for ali purposes.

Table 3. Amino Acid SASA Values

Residue Theoretical | Empirical ?f;if;) . Rose ¢f al. (1985)
Alanine 129.0 121.0 113.0 118.1
Arginine 274.0 263.0 241.0 256.0
Asparagine 195.0 187.0 158.0 165.5
Aspartate 193.0 187.0 151.0 158.7
Cysteine 167.0 148.0 140.0 146.1
Glutamate 2230 214.0 183.0 186.2
Glutamine 225.0 214.0 189.0 1932
Glycine 104.0 Q7.0 85.0 8&.1
Histidine 224.0 216.0 194.0 202.5
Isoleucine 197.0 195.0 182.0 181.0
Leucine 201.0 191.0 180.0 1931
Lysine 236.0 230.0 211.0 2258
Methionine 2246 203.0 204.0 203.4
Phenylalanine | 240.0 228.0 218.0 222.8
Proline 139.0 154.0 {43.0 146.8
Serine 155.0 143.0 122.0 1298
Threonine 172.0 163.0 146.0 152.5
Tryptophan 285.0 264.0 259.0 266.3
Tyrosine 263.0 255.0 2290 236.8
Yaline 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
{60841 As used herein, guanidine refers to the structure:

NH,
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[BO85]  As used herein, a protonated form of guanidine refers to the structure:
NH;
ol 2
HpN N
Ho

[6886] Guanidine replacement groups refer to functional groups on the side chain of amino acids

that will be positively charged at or above physiological pH or those that can recapitulate the
5  hydrogen bond donating and accepting activity of guanidiniom groups.

{68871 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 amino acid having a side chain comprising a guanidine or
guanidininm replacement group. The ¢CPP can comprise at least two amino acids having a side

10 chain comprising a guanidive or guanidinium replacement group. The ¢CPP can comprise at least
three amino acids baving a side chain comprising a guanidine ot guanidiniui replaceroent group

[B088] The guanidine or guanidinium group can be an isostere of goeanidine or guanidivium. The
guanidine or guanidiniom replacement group can be less basic than geanidine.

O NH O

H;_.N’]Lﬁ}x! HZN’JLﬁ’LS/ 7

{6889]  As used herein, a guandine replacement group refers to

ﬁ"iak\ qﬁi\g’}\ H?O\;/ xi\iLf

{68981 The disclosure relates to a ¢cCPP 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; (ii) at least one amino acid residoe has no side chain or a side chain comprising

o NH O <’“’N =N HN
s CI |
HQN"H\N"\ HZN‘}L"N'JL}’ N"’J\N’\ A Ay
Ho H , HooH o Ho , ., OF a protonated
20 form thereof, and (iii) at least two amino acids residues independently have a side chain comprising
an aromatic or heteroaromatic group.

(68911 At least two amino acids residues can have no side chain or a side chain comprising

) NH O <“‘5N f"’\iw HN E
IS ¢ VRS NG )

N?I
s , Or a protonated
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form thereof. As used herein, when no side chain is present, the amino acid residue have two
hydrogen atoms on the carbon atora{s) {e.g., -CHz-} linking the amine and carboxylic acid.

(06921 The cCPP can comprise at least one amino acid having a side chain comprising one of the

G NHOO N N HIN
S iy Ga A,

5 or a protonated form thereof.

following moieties:

[66893] The cCPP can comprise at least two amino acids each independently having one of the

o) NH O N # N HN
el iy GA Q“ﬁ‘x

My

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

o NH O N N HN
Hzm)l\g}\ Hzm’ikﬁ’u‘;/ gﬁ\g}\ q&m»}\ @

following moieties

moiety selected fromu:

fN*}f
1) , or a protonated form thereof At least one amino acid can have a side chain comprising

HQN”!L’N}%

M, or a protonated form thereof At least two amino acids can have a side chain

o
HQN”ﬂ‘"ﬁ}\

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

HzN}LN'\

have a side chain compuising H | oraprotonated form thereof. One amino acid can have

HﬁN’E\N;\

a side chain comprising H | or a protonated form thereof Two amino acids can have a

X I LA
o . HN WA HN A HN N”u\f
side chain comprising H Ho H i

@;xf\ik“@g
o SR LAy oy

—
j ]

, or a protonated form thereof.

, or a protonated form thereof, can be attached to the
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O

A A
terminus of the amino acid side chain. it ﬁ can be attached to the terminus of the amino
acid side chain.

{6894]  The cCPP can comprise (111} 2, 3, 4, 5 or 6 amino acid residues independently having a side
chain comprising a guanidine group, guanidine replacement group, or a protonated form thereof.
The ¢CPP can comprise (iii) 2 amino acid residues independently having a side chain comprising
a guanidine group, guanidine replacement group, or a protonated form thereof. The c¢CPP can
comprise (iii) 3 amino acid residaes independently having a side chain comprising 8 guanidine
group, guanidine replacement group, or a protonated form thereof. The cCPP can comprise (i) 4
amino acid residues independently having a side chain comprising a guanidine group, guanidine
replacement group, or a protopated form thereof. The ¢CPP can comprise {(ili} 5 amino acid
residues independently having a side chain comprising a guanidine group, guanidine replacement
group, or a protonated form thereof. The c¢CPP can comprise (iit) 6 amino acid residues
independently having a side chain comprising a guanidine group, guanidine replacement group, or
a protonated form thereof. The ¢CPP can comprise (i) 2, 3, 4, or 5 amino acid residues
independently having a side chain comprising a guanidine group, guanidine replacement group, or
a protonated form thereof. The c¢CPP can comprise (iii) 2, 3, or 4 amino acid residues
independently having a side chain comprising a guanidine group, gnanidine replacement group, or
having a side chain comprising a guanidine group, guanidine replacement group, or a protonated
form thereof. The cCPP can cormprise (iii) at least one amino acid residue having a side chain
comprising a guanidine group or protonated forra thereof. The ¢CPP can comprise (ii1) two amino
acid residues having a side chajn comprising a guanidine group or protovated form thereof. The
cCPP can comprise (it1) three amino acid residues having a side chain comprising a guanidine
group or protonated form thereof.

(689581 The arino 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 coroprising the guanidine group,
guanidine replacement group, or the protonated form thereof can be contiguous. Three amino acid
residues can independently have the side chain comprising the guanidine group, guanidine

replacerent group, or the protonated form thereof can be contiguous. Four amino acid residaes
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can independently have the side chain comprising the guanidine group, guanidine replacement
group, or the protonated form thereof can be contigoous. The contiguous amino acid residaes can
have the same stereochemistry. The contiguous amino acids can have alternating stereochemistry.
{68961 The amino acid residues independently having the side chain comprising the guanidine
5  group, guanidine replacement group, or the protonated form thereof, can be L-amine acids. The
amino acid residues independently having the side chain comprising the guanidine group,
guanidine replacement group, or the protonated form thereof, can be D-amino acids. The amino
acid residues independently having the side chain comprising the guanidine group, guanidine
replacement group, or the protonated form thereof, can be a mixture of L- or D-amine acids.

10 {60971 FEach amino acid residue having the side chain comprising the guanidine group, or the
protonated form thereof, can independently be a residue of arginine, hormoarginine, 2-amino-3-
propionic acid, 2-amino-4-guanidinobutyric acid or a protonated form thereof. Each amino acid
residue having the side chain comprising the guanidine group, or the protonated form thereof, can
independently be a residue of arginine or a protonated form thereof.

1S [6898] Each amino acid baving the side chain comprising a guanidive replacement group, or

L HE, O
_ , HoN N’\ HoN N’B\}j N N‘k\
protonated form thereof, can independently be H o, H , H H

N
HN
i |
g;;i\i\i’x O\;f /N\?/’
H , or a protonated form thereof.

{68991 Without being bound by theory, it is hypothesized that guanidive replacement groups have
reduced basicity, relative to arginine and in soroe cases are uncharged at physiological pH (e.g., a
20 -NH)HC(O)), and are capable of maintaining the bidentate hydrogen bouding interactions with
phospholipids on the plasma mwembrane that is believed to facilitate effective membrane
association and subsequent internalization. The removal of positive charge iz also believed to
reduce toxicity of the cCPP.
{61881  Those skilled in the art will appreciate that the N- and/or C-termind of the above non-natural
25  aromatic hydrophobic amino acids, apon incorporation into the peptides disclosed herein, form
amide bonds.
[6161] The cCPP 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

25



10

5

20

30

WO 2023/034818 PCT/US2022/075693

hetercaromatic 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 heteroaromatic group, and a (-
terminus of the first glycine forms a peptide bond with the second aminc acid having the side chain
comprising the aromatic or heteroaromatic group. Although by convention, the term “first amino
acid” often refers to the N-terminal amino acid of a peptide seguence, as used herein “first amine
acid” is used to distinguish the referent amino acid from another amino acid (e.g., a “second amino
acid”} in the cCPP such that the term “first amino acid” may or may refer to an amino acid located
at the N-terminus of the peptide sequence.

[0162] The cCPP can comprise an N-terminus of a second glycine forms a peptide bond with an
amino acid having a side 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
guanidine group, or a protonated form thereof.

[0183] The oCPP can comprise a first aminoe acid having a side chain comprising a guanidine
group, or a protonated form thereof, and a second amino acid having a side chain comprising a
goanidine group, ot a protovated form thereof, wherein an MN-terroinus of a third glycine forms a
peptide bond with a first amino acid having a side chain comprising a guanidine group, or a
protonated form thereof, and a C-terminus of the third glvcine forms a peptide bond with a second
amino acid having a side chain comprising a guanidine group, or a protonated form thereof.

{6164] The cCPP can comprise a residue of asparagine, aspartic acid, glutamine, glutamine acid,
or homoglutamsine. The ¢cCPP can comprise a tesidae of asparagine. The ¢CPP can comprise a
residue of ghitamise.

[6185] The cCPP can comprise a residue of tyrosine, phenylalanine, [-naphthylalanine, 2-
naphthylalanine, tryptophan, 3-benzothienylalanine, 4-phenylphenyialanine, 3.4-
difleorophenylalanine,  d-trifluorornethylphenylalanine,  2,3,4,53,6-pentafluorophenylalanive,
homophenylalanine, PB-homophenylalanine, 4-tert-butyl-phenyialanine, 4-pyndinylalanine, 3-
pyridinylalanine, 4-methylphenvialanine, 4-fluorophenylalanine, 4-chlorophenvlalanine, 3-(9-
anthryl}-alanine.

[6186] While not wishing to be bound by theory, it is believed that the chirality of the amino acids
in the cCPPs may tmpact cytosolic uptake efficiency. The ¢CPP can comprise at least one D amino
acid. The cCPP can comprise one to fifteen D amino acids. The cCPP can comprise one to ten D

amine acids. The ¢CPP can comprise 1, 2, 3, or 4 D amino acids. The ¢cCPP can comprise 2, 3, 4,

26



9%

10

5

20

25

WO 2023/034818 PCT/US2022/075693

5, 6,7, or 8 contiguous amino acids having alternating D and L chirality. The cCPP can comprise
three contiguous amino acids having the same chirality. The ¢CPP can comprise two contiguous
amino acids having the same chirality. At least two of the amino acids can have the opposite
chirality. The at least two amino acids having the opposite chirality can be adjacent to each other.
At least three amino acids can have alternating stereochemistry relative to each other. The at least
three amino acids having the alternating chirality relative to each other can be adjacent to each
other. At least four amino acids have alternating stereochemistry relative to each other. The at least
four amino acids having the alternating chirality relative to each other can be adjacent to each
other. At feast 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 aniino acids have the same chirality
and at least two amino acids have the opposite chirality. The at least two amino acids having the
opposite chirality can be adjacent to the at least two amine acids having the same chirality.
Accordingly, adjacent amino acids in 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-D. The amino acid
residues that form the ¢CPP can all be L-amino acids. The amino acid residues that forro the ¢CPP
can all be D-amino acids.

(6187} 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
different chirality relative to an adjacent amino acid. At least four amino acids can have different
chirality relative to an adjacent aroino acid. At least two amino acids have the sarne chirality and
at least two amino acids have a different chirality. One or more amino acid residues that form the
cCPP can be achiral. The ¢CPP can comprise a moiif of 3, 4, or 5 amino acids, wherein two amino
acids having the same chirality can be separated by an achiral amino 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-1,
wherein X is an achiral amino acid. The achiral amino acid can be glycine.

[6168] An amino acid having a side chain comprising:

o NH O N =N HIN
o iy S Q“ﬁ}‘* Sy y

protenated form thereof, can be adjacent t¢ an amino acid having a side chain comprising an

,Or a
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aromatic or heteroaromatic ETOUP. An amino acid h!wm x4 side chain CO]‘H}’}‘H ‘ﬂﬂg

JL,UYCJ\)\[\J\A\ le

can be adjacent to at least one amineo acid having a side chain comprising a guanidine or

, of a protonated form thereof,

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

argmatic or heteroaromatic group. Two amino acids having a side chain comprising:

0 NH O N N HN
AN oy A Q\ﬁ SVSY

can be adjacent to each other. Two amino acids having a side chain comprising a guanidine or

or protonated forms there,

protonated form thereof are adjacent to each other. The ¢CPPs can comprise at least two
16 contiguous amino acids having a side chain can comprise an aromatic or heteroarormatic group

O

H;JN”LLN:}\

and at least two non-adjacent amino acids having a side chain comprising: H

N’K{N’ﬁy giN}\ E:‘it\r}\ H?O\?/ N
H CH OH Ho ,

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

s

, or a protonated form thereof.

aromatic or heteroaromatic group and at least two non-adjacent amino acids having a side chain

N’ﬁ“\r}\

COMprising M, or a protonated form thereof. The adjacent amino acids can have the

o
(¥4

same chirality. The adjacent amino acids can have the opposite chirality. Other combinations of
amino acids can have any arrangerent of D and L amdno acids, e.g., any of the sequences
described in the preceding paragraph.

(61691 At least two amino acids having a side chain comprising:

)LM &(Axfl;\ Qy

,0ra
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protonated form thereof, are alternating with at least two amino acids having a side chain
comprising a guanidine group or protonated form thereof.

{0118} The cCPP can comprise the structure of Formula (A):

R 7 Ry
o X |
Ahgr

| HN_ R
N e 3

o~
. /,L\NH HN

T N
o N

7N\

O Rs

Fs
{A)

5 or a protonated form thereof,
wherein:
Ri, Ro, and R;s are each independently H or an aromatic or heteroarcmatic side
chain of an amino acid,;
at least ove of Ry, Rz, and Ry 1s an aromatic or heteroaromatic side chain of an anmdno
10 acid;
R4, Rs, Rs, Ry are independently H or an amino acid side chain;
at least one of Ry, Rs, Re, Ry is the side chain of 3-guanidino-2-arinopropionic acid, 4-
guanidino-2-aminobutanoic acid, arginine, homoarginine, N-methylarginine, N,N-
dimethylarginine, 2,3-diaminopropionic acid, 2,4-diaminobutanoic acid, lysine, N-methyllysine,
15 NN-dimethyllysine, N-ethyllysive,, N,N,N-trimethylysine, 4-guanidinophenylalanine,
citrulline, N N-dimethyllysine, p-homoarginine, 3-(1-piperidinyDalanine;
AAsc is an amino acid side chain and
gisl,2,3ord
[6111] Inembodiments, at least one of Ry, Rs, Re, Ry are independently a uncharged, non-aromatic
20 side chain of an amino acid. In embodiments, at least one of R4, Rs, Re, Ry are independently H
or a side chain of citrulline.
{61321 In embodiments, compounds are provided that include a cyclic peptide having 6 to 12
amino acids, wherein at least two amino acids of the cyclic peptide are charged amino acids, at

ieast two amino acids of the cyclic peptide are aromatic hydrophobic amino acids and at least two
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amino acids of the cyclic peptide are uncharged, non-aromatic amino acids. In embodiments, at
ieast two charged amino acids of the cyclic peptide are arginine. In embodiments, at least two
aromatic, hydrophobic amine acids of the cyclic peptide are phenylalanine, naphtha alanine (3-
Naphth-2-yl-alanine) or a combination thereof. In embuodiments, at least two uncharged, non-
5  aromatic amino acids of the cyclic peptide are citrulline, glycine or a combination thereof. In
embodiments, the compound is a cyclic peptide having 6 to 12 amino acids wherein two amino
acids of the cyclic peptide are arginine, at least two amino acids are aromatic, hydrophobic amino
acids selected from phenvylalanine, naphtha alanine and combinations thereof, and at least two
amino acids are uncharged, non-aromatic amino acids selected from citrulline, glycine and
10 combinations thereof,

{0113} Inembodiments, the cyclic peptide of Formula (A} is not a cyclic peptide having a sequence

of:

CPP seguences
F®RRR( RRFR®RQ | FBERRRROK
F&RRRC FRRRR®(} | FERRRRQC
FORRRU rRFR®RG fERRIRQ
RRRE®F( RR®TFRRQ | FBRRRRRQ
RRRR®F CRRRRFW(} | RRRROFDOQC
F®RRRR FfBRrRr(Q FOHRRR
Fé¢rRrRg FF@RRRRQ | FWRRR
ForRrRO RFRFR®R(Q | RRR®F
F&RRRRQ URRRRFW(Q | RRRWF
fORRQ CRRRRFWQ

where F is L-phenylalanine, { is D-phenylalanine, ® is L-3-(Z-naphthyl-alanine, € is D-3-(2-
naphthyij)-alanine, R is L-arginine, r is D-arginine, Q is L-glutamine, q is D-glutamine, € is L-

1S cysteine, U is L-selenocysteine, W is L-tryptophan, K is L-lysine, D is L-aspartic acid, and Q is
L-norleucine.

{6114] The cCPP can comprise the stracture of Formula (Ix
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NH o Os L
HN L
HoN N/\W\NH |
H m o " Ry Na
o o HN
{ o
s 4 }m
NH
HN#
NH; M

or a protonated form thereof,
wherein:

Ry, R, and Rs can each independently be H or an amino acid residue having a

side chain coroprising an aromatic group;

at Teast ove of Ri, Rz, and Rj is an aromatic or hetercaromatic side chain of an amino

actd;

R4 and Re are independently H or an amino acid side chain;
AAse 1s an amino actd side chain;
gisl, 2, 3or4; and

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

[B115] Ry, Ry, and Rs can each independently be H, -alkylene-aryl, or -alkylene-heteroaryl. Ry,

Ro, and Rz can each independently be H, -Ciialkylene-arvl, or -Cysalkylene-heteroaryl. Ry, Ro,
and R can each independently be H or -alkylene-aryl. Ry, Ro, and Rs can each independently be
H or -Cysalkylene-arvi. Cisalkylene can be methylene. Aryl can be a 6- to 14-membered aryl.
Hetercaryl can be 2 6- to 14-membered hetercaryl having one or more heteroatoms selected from
N, O, and 5. Aryl can be selected from phenyl, naphthyl, or anthracenyl. Aryl can be phenyl or
naphthyl. Aryl can be phenvl. Hetercaryl can be pyridyl, quinolyl, and isogquinolyl. Ry, R», and Rs
can each independently be H, -Cysalkylene-Ph or -Cy.aalkylene-Naphthyl. Ry, Ro, and Rs can each
independently be H, -CHPh, or -CHyNaphthyl. Ry, Ro, and Rs can each independently be H or -
CH:Ph.
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{B116] R., Ry, and Ry can each independently be the side chain of tyrosine, phenylalanine, 1-
naphthyialanine, 2-naphthylalanine, tryptophan, 3-benzothienylalanine, 4-phenylphenylalanine,
3,4-diflnorophenylalanine, 4-trifluoromethylphenylalanine, 2,3,4,5,6-pentafluorophenylalanine,
homophenylalanine, PB-homophenylalanine, 4-tert-butyl-phenvialanine, 4-pyridinylalanine, 3-
pyridinylalanine, 4-methylphenylaianine, 4-fluorophenylalanine, 4-chlorophenylalanine, 3-(9-
anthryl)-alanine.

{6817} R can be the side chain of tyrosine. Ri can be the side chain of phenylalanine. R: can be
the side chain of |-naphthylalanine. R, can be the side chain of 2-naphthylalanine. Ry can be the
side chain of typtophan. Ry can be the side chain of 3-benzothienvlalanine. Ry can be the side
chain of 4-phenviphenylalanine. R; can be the side chain of 3,4-difluorophenylalanine. Ry can be
the side chain of 4-triflucromethylphenylalanine. Ry can be the side cham of 2,3.4,5.6-
pentafluorophenylalanine. Ry can be the side chain of homophenylalanine. Ry can be the side chain
of f-homophenylalanine. R1 can be the side chain of 4-tert-butyl-phenylalanine. Ry can be the side
chain of 4-pyridinylalanine. R; can be the side chain of 3-pyridinylalanine. R; can be the side chain
of 4-methylphenylalanine. Rq can be the side chain of 4-fluorophenylalanine. R; can be the side
chain of 4-chlorophenylalanine. Ry can be the side chain of 3-(9-anthryl}-alanine.

{0118] R can be the side chain of tyrosine. Ra can be the side chain of phenylalanine. Rz can be
the side chain of 1-naphthylalanine. Ry can be the side chain of Z-naphthylalanine. Ry can be the
side chain of tryptophan. Rz can be the side chain of 3-henzothienylalanine. Ry can be the side
chain of 4-phenylphenvialanine. Ry can be the side chain of 3,4-difluorophenylalanine. Ra can he
the side chain of d-trifluoromethyiphenylalanine. R can be the side chain of 2,3,4,5.6-
pentafluorophenylalanine. R; can be the side chain of homophenylalanine. Rz can be the side chain
of p-hormophenylalanine. Ry can be the side chain of 4-tert-butyl-phenvylalanine. Ro can be the side
chain of 4-pyridinylalanive. Rz can be the side chain of 3-pyridinylalanive. Rz can be the side chain
of 4-methylphenylalanine. R can be the side chain of 4-fluorophenylalanine. R can be the side
chain of 4-chlorophenylalanine. Ry can be the side chain of 3-(8-anthryl)-alanine.

[6189] Rs can be the side chain of tyrosine. Rs can be the side chain of phenylalamine. R3 can be
the side chain of -naphthylalanine. Ry can be the side chain of 2Z-naphthylalanine. Rs can be the
side chain of tryptophan. Rs can be the side chain of 3-benzothienylalanine. Ra can be the side
chain of 4-phenylphenylalanine. Rs can be the side chain of 3,4-difluorophenylalanine. Rs can be

the side chain of 4-trifluoromethylphenylalanine. Rs can be the side chain of 2,3,4,5,6-
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pentatluorophenylalanine. Rz can be the side chain of homophenylalanine. Rz can be the side chain
of B-homophenylalanine. Ra can be the side chain of 4-tert-butyl-phenvlalanine. Rs can be the side
chain of 4-pyridinylalanine. Rs can be the side chain of 3-pyridinylalanine. Rs can be the side chain
of 4-methylphenylalanine. Rz can be the side chain of 4-fluorophenylalanine. Ra can be the side
chain of 4-chlorophenylalanine. Rs can be the side chain of 3-(%-anthryl)-alanine.

[6128] Ry can be H, -alkylene-aryl, -alkvlene-hetercaryl. Ry can be H, -Cyaalkylene-aryl, or -C.
salkyiene-heteroaryl. Ry can be H or -alkylene-aryl. R4 can be H or -Cisalkylene-aryl. Cisalkylene
can be a methylene. Aryl can be a 6- to 14-membered aryl. Hetercaryl can be a 6- to 14-membered
heteroary! having one or more heterpatoms selected from N, O, and S. Aryl can be selected from
phenyl, naphthyl, or anthracenvl. Aryl can be phenyl or naphthvl. Arvl can phenyl. Heteroaryi can
be pyridyl, quinolyl, and isoguinolyl. Ry can be H, -Cisalkylene-Ph or -Cisalkylene-Naphthyl. Ry
can be H or the side chain of an amino acid in Table 1 or Table 3. R4 can be H or an amino acid
residue having a side chain comprising an aromatic group. Ry can be H, -CHoPh, or -CH>Naphthyl.
R4 can be H or -CHzPh.

{61211 Rs can be H, -alkylene-aryl, -alkvlene-heteroaryl. Rs can be H, -Cizalkylene-aryl, or -Ci.
salkylene-heteroarvl. Rs can be H or -alkviene-aryl. Rs can be H or -Cisalkylene-aryl. Ciaalkyiene
can be a methylene. Aryl can be a &- to 14d-membered arvl. Heteroarvl can be a 6- to [4-membered
heteroaryl having one or more hetercatoms selected from N, O, and S. Arvl can be selected from
phenyl, naphthyl, or anthracenyl. Aryl can be pheny! or naphthyl. Aryl can phenyl. Heteroaryl can
be pyridyl, quinolyl, and 1soquinolyl. Rs can be H, -Cisalkylene-Ph or -Ciaalkylene-Naphthyl Rs
can be H or the side chain of an amino acid in Table 1 or Table 3. Ry can be H or an anino acid
residue having a side chain comprising an aromatic group. Rs cau be H, -CH2Ph, or -CHaNaphthyl.
Ry can be H or -CH,Ph.

{61221 Re can be H, -alkylene-aryl, -alkylene-heteroaryl. Rs can be H, -Craalkylene-aryl, or -Ci.
salkylene-heteroaryl. Re can be H or -alkylene-aryl. Rs can be H or -Ciaalkylene-aryl. Ciaalkylene
can be a methylene. Aryl can be 2 6- to [4-membered aryl. Hetersaryl can be a 6- to 14-membered
heteroaryl having one or more heteroatoms selected from N, O3, and 8. Aryl can be selected from
phenyl, naphthyl, or anthracenyl. Aryl can be phenyl or naphthyl. Aryl can phenyl. Heteroaryl can
be pyridyl, quinolyl, and isoquinolyl. Rg can be H, -Cisalkylene-Ph or -Czalkylene-Naphthyl Re

can be H or the side chain of an amino acid in Table 1 or Table 3. R¢ can be H or an amino acid
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residue having a side chain comprising an aromatic group. Rs can be H, -CHuPh, or -CHNaphthyl.

Rs can be H or -CHzPh.

{6123} Ry can be H, -alkylene-aryl, -alkylene-heteroaryl. Ry can be H, -Cisalkylene-aryl, or -Cy.

salkylene-heteroaryl. Ry can be H or -alkylene-aryl. Ry can be H or -Ciasalkylene-aryl. Ciaalkylene
can be a methylene. Aryl can be a 6- to [4-membered aryl. Heterparyl can be a 6- to 14-membered
heteroaryl having one or more hetercatoms selected from N, O3, and 5. Aryl can be selected from
phenyl, naphthyl, or anthracenyl. Arvl can be phenyl or naphthyl. Aryl can phenyl. Heteroaryl can
be pyridyl, quinolyl, and isoguinolyl. Ry can be H, -C: salkylene-Ph or -Cysalkylene-Naphthyl. Ry
can be H or the side chain of an amino acid in 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, -CHoPh, or -CH;Naphthyl.

R7 can be H or -CH>Ph.

{6124} One, two or three of Ri, Ro, Ra, R4, Rs, Rs, and Ry can be -CHoPh. One of Ry, Rz, B3, Ry,

Rs, R, and Ry can be -CH:Ph. Two of Ry, Ra, Rz, Ry, Rs, Re, and Ry can be -CH;Ph. Three of Ry,
Ry, Ra, Ry, Rs, Re, and Ry can be -CHPh. At least one of Ry, Ry, Rz, Ry, Rs, Re, and Ry can be -
CHPh. No more than four of Ry, Ra, Rz, Ba, Rs, Re, and Ry can be -CH:Ph.

{61251 One, two or three of Ry, Ry, Rs, and Ry are -CHPh. One of Ry, Ry, Rs, and Ry is -CHoPh.
Two of Ry, Ry, Rz, and Ry are -CHzPh., Three of Ry, Ry, Ra, and Rs are -CHoPh. At least one of
R, Ry, Rs, and Ry is -CHLPh.

{61261 One, two or three of Ry, Ry, Rs, Ry, Rs, Rg, and Ry can be H. One of Ry, Ry, R3, Rs, Rs, Ry,
and Ry can be H. Two of Ry, Ra, Ra, R4, Rs, Re, and Ry are H. Three of Ry, Ra, R3, B, Re, and Ry
can be H. At least one of Ry, Rz, Rs, Ry, Rs, Re, and Ry can be H. No more than three of Ry, Rz, Ra,
Ra, Rs, Re, and Ry can be -CHPh.

{61277 Omne, two or three of Ry, Ry, Ra, and Ry are H. One of Ry, Ry, Rs, and Ry is H. Two of Ry,
Ro, Ry, and Raare H. Three of Ry, Ry, Rz, and Ry are H. Atleast one of Ry, Ry, Rz, and Ry is H.
[0128] At least one of R4, Rs, Re, and Ry can be side chain of 3-guanidino-2Z-aminopropiounic acid.
At least one of Ry, Rs, Re, and Ry can be side chain of 4-guanidino-2-aminobutanoic acid. At least
one of Ry, Rs, Rs, and Ry can be side chain of arginine. At least one of Ry, Rs, Ry, and Rycan be
side chain of homoarginine. At least one of R4, Rs, Re, and Ry can be side chain of N-
methylarginine. At least one of Ry, Rs, Re, aud Ry can be side chain of N ,N-dimethylarginine. At
least one of Ry, Rs, Re, and Ry can be side chain of 2,3-diaminopropionic acid. At least one of Ry,

Rs, Re, and Ry can be side chain of 2,4-diaminobutancic acid, lysine. At least one of Ry, Rs, R,
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and Ry can be side chain of N-methyllysine. At least one of R4, Rs, Rg, and Rycan be side chain of
N N-dimethyllysine. At least one of Ry, Rs, Re, and Ry can be side chain of N-ethyllysine. At Jeast
one of R4, Rs, Re, and Rycan be side chain of NN, N-trimethyllysing, 4-guanidinophenylalanine.
At least one of R4, Rs, Rg, and Ry can be side chain of citruiline. At least one of Ry, Rs, R, and Ry
can be side chain of N.N-dimethyllysine, B-homoarginine. At least one of Ry, Rs, Ry, and Rycan

be side chain of 3-(1-piperidinyllalanine.

{61281 At least two of R4, Rs, Rs, and Ry can be side chain of 3-guanidino-2-aminopropionic acid.

At least two of Ry, Rs, Re, and Ry can be side chain of 4-guanidino-2-aminobutaneic acid. At least
two of Ry, Rs, R, and Ry can be side chain of arginine. At least two of Ry, Rs, Re, and Ry can 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 R4, Rs, Re, and Ry can be side chain of N, N-dimethylarginine. At
least two of R4, Rs, Re, and Ry can be side chain of 2,3-diaminopropionic acid. At least two of Ry,
Rs, Rg, and Ry can be side chain of 2,4-diaminchutanoic acid, lysine. At least two of Ry, Rs, Ry,
and Ry can be side chain of N-methyllysine. At least two of Ry, Rs, Re, and Ry can be side chain of
N N-dimethyllysine. At least two of Rs, Rs, Rs, and Ry can be side chain of N-ethyllysine. At least
two of Ry, Rs, Rs, and Ry can be side chain of NN, N-trimethyllysine, 4-guanidinophenylalanine.
At least two of R4, Rs, Rs, and Ry can be side chain of citrulline. At least two of R4, Rs, Rs, and Ry
can be side chain of N,N-dimethyllvsine, f-homoarginine. At least two of Ry, Rs, R, and Rrcan

be side chain of 3-(1-pipenidinyljalanine.

(81301 At least three of R4, Rs, Re, and R7 can be side chain of 3-guanidino-2-arvinopropionic acid.

At least three of R4, Rs, Rs, and R7 can be side chain of 4-gonanidino-2-arvinobutanoic acid. At Jeast
three of R4, Rs, Re, and Ry can be side chain of arginine. At least three of Ry, Rs, R, and Rycan be
side chain of homoarginine. At least three of R4, Rs, Re, and Ry can be side chain of N-
methylarginine. At least three of R4, Rs, Re, and Ry can be side chain of N, N-dirnethylarginine. At
ieast three of Ra, Rs, Re, 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-dianyinobutanoic acid, Jysine. At least three of Ry, Rs,
Rs, and Ry can be side chain of N-methyllysine. At feast three of Ry, Rs, Rs, and Ry can be side
chain of N,N-dimethylysine. At least three of Ru, Rs, Re, and Ry can be side chain of N-ethyllysine.
At least three of R4, Rs, Rs, and Ry can be side chain of NN N-rimethyllysine, 4-

guanidinophenylalanine. At least three of Ry, Rs, Re, and Ry can be side chain of citrulline. At least
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three of Ra, Rs, Re, and Ry can be side chain of N,N-dimethylysine, f-homoarginine. At Jeast three

of R4, Rs, Re, and Ry can be side chain of 3-(1-piperidinyl)alanine.
{01311 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.2., the residue of asparagine, glutamine, or homogluatamine. 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.

{6832} qcanbel,2,0r3.gcanlor2. qcanbe l.gcanbe 2. gcanbe 3. gcan be 4.

[6133]
10 [0134] The

mcanbe I-3. mcanbe { or 2. mcanbe 0. m can be 1. m can be 2. m1 can be 3.

cCPP of Formula (A) can comprise the structure of Formmla (0)

R £ R,
o }"JK -

N— o]
~NH
A/‘\sc) H j\(
i HMN

HN=(
{1} or protonated form thereof, wherein AAsc,

Ry, Ry, Rs, Ry, Ry, m and q are as defined herein.
The c¢CPP of Formula {A) can comprise the structure of Formula (I-3) or Formula (3-b):

[6135]
INEe] Ry o
Q \ O )
P D W
Al ﬁ M-~ .'-‘..’-\SHY I;_\;' HN\QP
N o UNH =0 NEC o N PO
¥ O !

I
;—M\r“( :
2 -Rx N
Nk & HIR ST
NH S o [N L;N/é\\‘b

e
7 0 et
© { )m = 5 )m
A A
L oy NH
2 _ N
NH {1-a), N (I-b),
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or protonated form thereof, wherein AAsc, Ri, Ro, Rz, Ry, and o are as defined herein.

{31361 The cCPP of Formula (A) can comprise the structore of Formula (I-1), (1-2), (3-3) or (1-4):

2
o Y7 Y \(h mﬁN_ \“; \_4

Al \)L‘N

HN— ; T =0
H INH .
NE ! =0 : e N i
U ox \; HoN—e - HN
Hy N N HN ? N- \}
/\(\v""( ) Ho Ny, LY
H m // AN A e Ry
NH A HNT O QL
P HNT O A O,/—l\ . =
o { ~NH H
NH O H N-
N { Y
) 4y ©
[ )n : im
. NH
N o
NH (I-1), NH (}'_2),

or protonated form thereof, wherein AAscand m are as defined herein.

{6137}  The ¢CPP of Formula (A) can comprise the structure of Formula (1-5) or (I-6):
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(1-5), ot ) (I-6)
or protonated form thereof, wherein AAscis as defined berein.

[6138] The cCPP of Formmula (A) can comprise the structure of Formmla (I-1):

HEN\(NH
NH (I-1), or a protonated form thereof,

wherein AAscand m are as defined herein.

{61391 The ¢CPP of Formula {(A) can comprise the structure of Formula (1-2):
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AASO N i = b/
NH . =
i O NH
o b HN
2 N~ . L% .
fal U N TN
o i HNT O N
; H
NH
/}_\/N
=, O
[») é; )m
N N
\
NH (1-2), or a protonated form thereot,

wherein AAscand m are as defined herein.

{68481  The cCPP of Formula {(A) can comprise the structure of Formula (3-3):

NH
B-NH,
m r /
l‘: H\
N
o) N W,
NH H {
?f HN. €T
NH =)

H i
Q
= - (g
) i
e
== (I-3), or a protonated form thereot,

wherein AAscand m are as defined herein.

{68411 The cCPP of Formula {A) can comprise the structure of Formula (1-4):

AASC ==
N N P s //\:?:
Jron /\ N HN{; -
74 H
HN j .0
O NH ]
HN

SN N-
Vo
s
NH
HN

(1-43, or a protonated form thereof,
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wherein AAscand m are as defined herein.

{38421 The cCPP of Formula {A) can comprise the structure of Formmula (3-5):

(1-5), or a protonated form thereof,
wherein AAsc and m are as defined herein.

S [68143] The ¢CPP of Formula (A) can comprise the structure of Formula (1-6):

My

N

{(1-6}, or a protonated form thereof, whergin
AAscand m are as defined herein.
[6144] The cCPP can comprise one of the following sequences: FGFGRGR,; GIFGrGr,
FIOPGRGR; FIFGRGR; or FI@GrGr. The ¢CPP can have one of the following sequences:
19 FGFGRGRQ; GIFGrGrQ, FIOGRGRY: FIFGRGRQ; or FIOGrGrQ.

[B145] The disclosure also relates to a ¢CPP having the stracture of Formula (II):
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sz ‘ O 2
RZa\ O l (/’);KR
) N
( ;’ NH o O |
N S AL
/§Q
(ﬁ;&\NH HN

A (I

wherein:

AAscis an amino acid side chain;

R R and R are each independently a 6- to [4-membered aryl or a 6- to 14-
5  membered heteroaryl;

R™ R® R¥ and R™ are independently an amino acid side chain;

NH O N

O
A X s
HoN NX FHoN N)L)i N7 N
at least one of R R? R™and R¥is Ho, H , H H

N ;
HN
| |
QN‘X Q\}, Ay
Ho , , or a protonated form thereof,;

at least one of R*, R*", R* and R* is guanidine or a protonated form thereof;

2

10 each n” is independently an integer G, 1, 2, 3, 4, o1 5;
each n’ is independently an integer from 0, 1, 2, o13; and

if i’ is O then R%, R R? or R* i3 absent.

0 NH O <'\EN
H: N’ELN:\ H,N N}L\?/ N 'X
H H H )

[8146] At least two of R™ R®, R and R™ can be : . ,

N
HN
| |
E:;l\i\i;\ /N‘?f”
Ho , , or a protonated form thereof Two or three of R%, R?® R* and

O NH O N =N N

1S R™ can be , , Of 3
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protonated form thereof. ose of R, R? R™ and R can be . R
N F N N
| E:\i E
N’L“N‘k\ N"L\N}\ /N\};‘
H H bl H k] K

,ﬁ.,

HoN N’\
H

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

o)
H;N”E\ﬁ'}\

be gnanidine, or a protonated form thereof.

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

R?® R and R™ canbe , or a protonated form thereof, and the remaining of R™ R™,

5  canbe , or a protonated form thereof, and the remaining of R*%, R? R and R™ can

o NH O <’\EN
H?N”ELN‘X HN N’u‘y’ NN
H H H

(81471 Al of R R® R* and R can be , . ,

P .
HN
{ !
QN;\ /’N?f
Ho , , or a protonated form thereof. At Jeast ot R?, R? R™ and R™ can

HZN"'LL“N)\

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

10 guaninide or a protonated form thereof. At least two R™ R®, R¥ and R® groups can be
X
HoN ﬁ’x

guanidine, or a protonated form thereof.

o~ o v o~ 2. a2 o 2
, or a protonated form thereof, and the remaining of R™ R R* and R™ are

{61481 TBach of R*™ R® R™ and R¥ can independently be 2,3-diaminopropionic acid, 2,4-
diaminobutyric  acid, the side chains of ornithine, lysine, methyllysine, dimethyHysine,

i

(¥4

trimethyllysing, homo-lysine, serine, homo-sering, threonine, allo-threonine, histidine, I-

methylhistidine, 2-aminobutanedioic acid, aspartic acid, ghitamic acid, or homo-glutamic acid.
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R .
Sy NS SRy COH
| v 1,
{61497 AAsccanbe or
@y 1. COsH

t

, wherein t can be an integer from 0 to 5. AAsc
can be , wherein t can be an integer from 0 to 5. tcanbe 1 t0 5. tis 2or 3. tcan be 2.
t can be 3.
[61806] The AC described herein can be coupled to AAsc. In embodiments, a linker (L) couples
S the AC to AAsc. In embodiments, a linker (L) is covalently bound to the backbone of the AC.
{#151] The AAsc can be a side chain of a residoe of asparagine, glotamine, or homoghitamine.
The AAsc can be a side chain of a residue of glutamine. The cyclic peptide can comprise a hinker

conjugated to the AAsc, e.g., the residue of asparagine, glutamine, or homoglutamine.

{61521 R R'™ and R can each independently be 6- to 14-membered aryl. R'™ R'", and R can
1&¢  be each independently 3 6- to 14-membered heteroaryl having one or more hetercatoms selected
from N, O, or S. R", R', and R" can each be independently selected from phenyl, naphthyl,
anthracenyl, pyridyl, quinolyl, or isoguinolyl. R'®, R', and R'° can each be independently selected
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.
I5 [6153] Each n’ can independently be 1 or 2. Each n’ can be 1. Each n’ can be 2. At least one n’
can be 0. At least one n’ can be 1. At least one n’ can be 2. At least one n° can be 3. At least one
i’ can be 4. At least one n’ can be 5.
{6154} Each n” can independently be an integer from 1 t0 3. Each n” can independently be 2 or 3.
Eachn” can be 2. BEach n” can be 3. At least one "' can be . At least one v can be 1. At least one
20 n”canbe 2. At least one v’ can be 3.
{6185] Eachn” can independently be 1 or 2 and each n” can independently be 2 or 3. Each n” can
be | and each n’ can independently be 2 or 3. Each n” can be | and each n’ can be 2. Bachn” is |
and each n’ is 3.

[4156] The cCPP of Formula (II) can have the structare of Formuola (11-1):
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A
(ﬁﬁ\NH ©

R‘-aO )\H HN w(‘MA
R &

n (T-1),
wherein R R R, R% R, R% R¥, AAse.n” and n” are as defined herein.

{81871 The cCPP of Formula (II) can have the structure of Formmila (Ha):

{ia),
wherein R, R¥ R™ R? R™, R*, R™, AAsc and v are as defined herein.
[4158] The cCPP of formuila (1) can have the structure of Formuda (IIb):

(b},
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(61591

{8168}

wherein R™, R™, AAge. and w’ are as defined herein.

The cCPF can have the structure of Formula (Iib):

NH
ol
2 o)
< ~NH,

o HN\(\?’n E\?}:;

(Ilc), or a protonated form thereof,
wherein;
AlAscand n” are as defined herein.

The ¢CPP of Formula (11a) has one of the following structures:

(]
HolNw g™
:f \-—-?\Hg
S o
QNH \Hg
Y
= ; R\ N' Nt
N /!-LV,)\ x'%o H
M HIN

“)\_“Q RF<INAAGC
O ™N—p HN
o5
] = o

&
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HZN\\&O " HQN\{{/NH
~ANHo ' NH-
HN Y H: o  HN ,
3‘& N \Hn P (i NH jk ; \h'é,n’ 2 (- NH
~NH A o . “NH Y D A
HoNT NH o NTRLo HoN Yt N o
{ - H j o { _ b : o
f HN, 1y n N oY ]
" NH ok - NH Nt /‘{
YN © CON ZYFE N C VYN YNH,
4 ] NN, /\T/\? N7 e
AN . o] Ny . o}
NH HN NH HN
hg\_ﬂ% HN—(‘AASC o’)\_i\f HN—(‘A Asc
$ - o N ©
; Xy D/ g ;’/\\T/ &
- - C
\_/ ’ \_/ or
HoNw ™ o
kY
. HN NN
hN\ o \é\'zn‘ ,7-) NH
NH !
HoN -~ N i
2 (\*(\ NH N o
al HN_ g
2 ,f“\r o );\H“N’H\NH’,
H r4
\/k\\\wj\i , O
NH HIN
e ﬂ HNu-\g\' Ahsc
N o
YT S
! /' P
&"/ , wherein AAgsc and o are as defined herein.
{6863] The cCPP of Formula (Ila) has one of the following structures:
NH ; O
HQN\\\// o Hg\;\{ i
A HN . NH; HN ~NHz2
i ’) L2, NH 2 \(\’) ; ‘
)X\ a Ly }X\ e S/ { )—=NH
NH : A NH . Ty
HoN NH o N—ALOo HoN >——NH NS0
{ H { H i
" HN rfﬁH m HN i
2 h I " NH S
’\7’;\? oM AN N /\7’;\? = N ﬁ’J‘NHz
SN _ xLo, Ay _ fgc
NH HN NH HIN
ol Ahsc u)\_ﬂ HN—&AASC
= o g - o
7 O i’ = o
! > oo /' Vo
\ W
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; o)
HN g HaN~g HIN
HN H%@\H N o PNy g Do
i o g (e e e ) NH
~NH g 4 '
Hy ( NH E_V; ¥e} HN NH {\; e
; e} VS ' o)

" AL o HN. (30 0
N N N/Lk!\m YN O‘\*(Nh Ny NH,
. ! J,L H “ E' H /L\ H )

N A o) Ny o)
NH Fn NH HN
o7 ?\f HN«‘A Asc n)\_:} ;»amw)“*‘*sc
E }wg o) EE = o]
7N o fl’/\\\"“’/ &
R - O
v/
\_ ,or \_
wherein AAsc and n are as defined herein
[6162] The cCPP of Formula (I1a) has one of the following structures:
i . C’
HoNa gV i HaN~g? N
{ R NH
HF\'\(\E 0 \{H <~
}\“N A

wherein AAgc and n are as defined herein.

Q NH
EA\T'/\ O
\/\/
NH
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W
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N PN~y o

, o1
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{81631 The cCPP of Formula (I1) can have the structure:

oA
’ \( N
NH >:O
NH; & HN

)\, E S

_,_r!\H HN/}%O ﬁ NH
m‘iijc\‘”f\““f gﬁ\/
Q / d O “.©
4 \\ g}i'*

{6164] The cCPP of Formula (II) can have the structiure:

" HoN~g”
Lo
HaN~¢ ! P
b FH AN ¢ N
ok .,
No xR 2 \ \
o NH Sy Hing
BN e = Y i =G
== L == 4 ¢ : {
&7 Ny o NH i I/ Osyr
Qo T . M L e
St N A A N w
b O HoONH OJ\ HNT O H
e S HL AN ™ R
AWl s S R A AR -2
\/\"f\ OH i,: { OH
Syt Or ==/

3 {61651 The ¢CPP can have the structure of Formula (HI):

sz “'(" 0O
f R?.C
A NN

\7\2— Je

0%}&4 HNIHEM
{ F/};"\NH L
R1L A\_ﬂ e «"\AA%
Rm'{""l)n" A ( j—RT?
o (i,
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wherein:
AAscis an amino acid side chaing
R' R™ and R'® are each independently a 6- to 14-membered aryl or a 6- to 14-
membered heteroaryl;
Q NH O (‘EN
Y

* and R™ are each independently H,

Q\f , or a protonated form thereof;

R and R* are each independently guanidine or a protonated form thereof;
each 0" is independently an integer from | to 3;
each n’ is independently an integer from | to 5; and

10 each p’ is independently an integer from 0 to 5.

[0166] The AC described herein can be coupled to an AAge. A linker can couple the AC to AAsc.
The linker can be covalently bound to the backbone of the AC, the 57 end of the AC, or the 3" end
of the AC.

(81671 The ¢CPP of Formula (IID) can have the structure of Formula (JII-1):

2b 5
, S “{"“’i,n'j R2e
a e !
" {V“HS) ﬁu%o
\ ; i \
p n
OWNH HN]:‘\;RN
(R) O
("}’i NH HN

f

Ri? ) Y N Afsc
R"’b”f";)n“ & { pic
15 2 (H1-1),
wherein;
AAsc, R R RIS R* R* R™ R*¥ 1’ n”, and p’ are as defined herein.

{63681 The ¢CPP of Formula (I11) can have the strocture of Forroula (J1ia):
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{Il1a),
wherein:
AAsc, R R% R® R, n”, and p’ are as defined herein.
[616%] Tu Formulas (IID, (TH1-1), and (ITTa), R* and R can be H. R®* and R can be H and R and R?
5 caneach independently be gnanidine or protonated form thereof. R? can be H. R® can be H. p’ can
be (. R* and R® can be H and each p’ can be (b
{81761  In Formulas (JID, (JH-1), and (Illa), R® and R® can be H, R? and R can each independently
be guanidine or protonated form thereof, v” can be 2 or 3, and each p’ can be O
(81711 pcanl.pcanl.p can2.p can3. p’ can4d. p’ canbe 5.

10 {68721 The ¢CPP can have the structure:

{88731 The ¢cCPP of Formula (A) can be selected from:
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CPP Sequence
(FEBRrRQ)
(FEOCi-r-Cit-r())
{(FIeGriGrQ)
(FIFGRGRO)
(FGFGRGR)
{(GIFGrGr()
{(FGFGRRRQ)
(FGFRRRRO)

{6174] The cCPP of Formula {A) can be selected from:

CPP Sequence
FORRRROQ
TORR(}
FfORRr()
FIQCit-r-Cit-rQ
FIpGrGr(Q
FIPRGRGO
FIFGRGRQ
FGFGRGRQ
GIFGrGrQ
FGFGRRR{}
FGFRRRRQ

{B175] In embodiruents, the cCPP is selected from:

CPP sequence | CPP sequence CPP sequence
F®RRR( RRFR®RQ F®BRRRRK
F®RRRC FRRER®( FORRRRQC
F@®RRRU rRFR®RQ fPBRRRQ
RRR®FQ RR®FRRQ FRRRRRRQ
RRRROF CRRRRFWG RRRREFDOC
F®RRRR FIBRRe(Q F®RRR
ForRrRg FFORRRRG FWRRR
FgrRrRQ RFRFR®RQ RRR®F
FORRRRQ URRRRFW(} RRRWF
fRRrRQ CRRRRFWQ

@ = L-naphthylalanine:; ¢ = D-naphthylalanine; Q = L-norleucine

{81767 In embodiments, the ¢cCPP is not selected from:
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CPP sequence | CPP sequence | CPP seguence
F®RRRQ RRFR®RQ FERRRROK
FRRRRC FRRRR®Q FORRRROQC
F®RRRUJ TRFR®RQ fBRRRO
RRRPFQ RRBFRRQ FE&RRRRRQ
RRRRGF CRRRRFWQ | RRRRPFDQC
FRRRRR FIPRRrQ FORRR
FérRiRq FFRRRRRQ | FWRRR
ForRrROQ RFRFRPR(Q | RRRPF
FBRRRRQ URRRRFWQ | RRRWF
fBRR(} CRRRRFW(
@ = L-naphthylalanine: ¢ = D-naphthylaianine; Q = L-norleucine

{61771 The cCPP can comprise the structure of
z"
N N
NH
HaN O
o L Y
HN Q N- o
W_ Q—NH 4
(
CNH N Ao
Ox |
4 Y

R‘;‘/ \/
-
G'd\)‘
- H
Rs N;\(’ N‘ix/\&i
o 3

Ra (D)
or a protonated form thereof,

wherein:

[

Formula

()

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

COMPIising an aromatic group;

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

acid;
10 R4 and R are independently H or an amino acid side chain;

AAsc is an amino acid side chaing
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-
Q 7] s
Y s o : : m Ho "o

3
S o)
2 Ny
/( o A INA)
. TV S NN o 5
B NH, 4 WL M
H

oo

gis1,2,3ordy
each m is independently an integer 0, 1, 2, or 3, and
5 each n is independently an integer 0, 1, 2, or 3.

{68781 The cCPP of Formula (I3} can have the structure of Formula (D-1):

,NH
»4
>J<

~NH

Hzm\gf

Ra (D-1)
or a protonated form thereof,
wherein:
10 Ri, Ry, and Rz can each independently be H or an amino acid residue having a side chain

comprising an aromatic group;

at least one of Ry, Ra, and Ry s an aromatic or heteroaromatic side chain of an amino
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acid;
R4 and R are independently H or an amino acid side chain;
AAgc is an amino acid side chain;
gisl, 2,3 0r4

5 each m is independently an integer 0, 1, 2, or 3, and
Q
HNA§

§\NLrNH2

H
Y is aQ .
{31791 The cCPP of Formula (D) can have the structure of Formula (D-1I):
NH

HoN
2 NH

NH
HoN R, ©

° R (D1
or g protonated form thereof,
10 wherein:
Ri, Rg, and Rs can each independently be H or an amino acid residue having a side chain
COMPrising an aromatic group;
at least one of Ry, Ry, and R3 is an aromatic or heteroaromatic side chain of an amino
acid;
IS R4 and R are independently H or an amino acid side chain;
AAsc is an amino acid side chain;

gisl, 2,3 0r4
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each m is independently an integer 0, 1, 2, or 3,

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

'3\?’/0
E HoN O
NN, T2
2
o 2 N
Y is m H

5 [§%88] The ¢cCPP of Formuia (D) can have the structure of Forroula (D-11):
NH

(D-111

or a protonated form thereof,

wherein:

R, Rs, and Rz can each independently be H or an amino acid residue having a side chain
10 comprising an aromatic group;

at Teast one of Ri, Rz, and Rj is an aromatic or hetercaromatic side chain of an amdno

acid;
R4 and Re are independently H or an amino acid side chain;
A Ase 1s an amidno acid side chain;

gisl,2,3ord;

o
(¥4

each m is independently an integer §, 1, 2, or 3,

each n is independently an integer 0, 1, 2, or 3, and
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o
A @S\"Q HQN\/«-O
N7 =D g ”
"L (\t:\NH
Y is Mo

{6181} The ¢CPP of Formula (D) can have the structure of Fornmla (D-1V):

!:EJH
HN N
NH
HoN~¢ Rs O
5 N
HN\\ 0 Ngﬂﬂ‘w» ”O
H

R (D-IV)
5 or a protonated form thereof,
wherein:
R, Ry, and Rz can each independently be H or an amino acid residue having a side chain
comprising an aromatic group,;
at Teast ove of Ri, Rz, and Rj is an aromatic or hetercaromatic side chain of an amino
10 acid;
R4 and Rs are independently H or an amino acid side chain;
AAse 1s an amino actd side chain;
gisl, 2, 3ord;

each m is independently an integer G, |, 2, or 3, and
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Y is
{6182} The cCPP of Formula (D) can have the structure of Fornmmla (D-V):
xZ
N
HaN N
NH
HoN Re 'O J

2 (D-¥)
or a protonated form thereof,
5 wherein:
R, Rz, and Ra can each independently be H or an amino acid residue having a side chain
comprising an aromatic grougy,
at least one of Ry, Ro, and Ra is an aromatic or heteroaromatic side chain of an amino
acid;
10 Ry and R are independently H or an amino acid side chain;
AAsc 18 an amino acid side chain;
qisl,2,30r4
each m is independently an integer 0, 1, 2, or 3, and
S e
e S{‘;N?}L
Y is moH

[5 [8183] AAsc can he conjugated to a lnker.
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Linker

[6184] The cCPP 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.

{01851 The linker can be any appropriate moiety which can conjugate a cCPP o one or more
additional moteties, e.g., an exocyclic peptide (EP) and/or an AC. Prior to conjugation to the cCPP
and one or more additional moieties, the linker has two or more functional groups, each of which
are independently capable of forming a covalent bond to the cCPP and one or more additional
moieties. 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 moiety which conjugates a cCPP described
herein to an AC.

[6186] The linker can comprise hydrocarbon linker.

(61871 The linker can comprise a cleavage site. The cleavage site can be a disulfide, or caspase-
cleavage site {(e.g, Val-Cit-PABC).

{6188} The linker can comprise: (i) one or more D or L amino acids, each of which is optionally
substituted; (i1} optionally substituted alkviene; (i1} optionally substituted alkenviene; (iv)
optionally sabstinited alkynylene; (v) optionally substitnted carbocyelyly (vi) optionally
substituted heterocyelyl; (vil) one or more ~(RVI-R%2”- subunits, wherein each of R! and R?, at
each instance, are independently selected from alkylene, alkenylene, alkynylene, carbocyclyl, and
heterocyclyl, each J is independently C, NR?, -NR?C(O)-, 5, and O, wherein R’ is independently
selected from H, alkyl, alkenyl, alkynyl, carbocyclyl, and heterocyclyl, each of which 1s optionally
each instance, is independently alkylene, alkenvlene, alkynylene, carbocyclyl, or heterocycelyl,
each J is independently C| NR3, -NR3C(O)-, S, or O, wherein R is H, alkyl, alkenyl, alkynyl,
carbocyclyl, or heterocyelyl, each of which is optionally substituted, and 27 is an integer from | to
50; or (ix) the linker can comprise one or more of (i) through (x).

[B189] The linker can comprise one or more D or L amino acids and/or (RYJ R%yz7-, wherein
each of R' and R®, at each instance, are independently alkylene, each J is independently C, NR?, -
NR*C(O)-, 8, and O, wherein R*is independently selected from H and alkyl, and z” is an integer

from 1 to 50; or combinations thereof.
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[6198] The linker can comprise a -(OCHCHy ).~ (2.g., as a spacer), wherein 2’ is an integer from
1to23, eg,2 3, 4,5 6,7, 8 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23. “-
{OCHCHp) z° can also be referred to as polysthylene glveol (PEG).

{31911 The linker can comprise one or more amino acids. The Hnker can comprise a peptide. The

5  linker can comprise a -(OCH>CH:), -, wherein 2’ is an integer from 1 to 23, and a peptide . The
peptide can comprise from 2 to 10 amino acids. The linker can further comprise a functional group
(F() capable of reacting through click chemistry. FG can be an azide or alkyne, and a triazole is
formed when the AC is conjugated to the linker.

[6192] The linker can comprise (i) a B alanine residue and lysine residue; (ii) -(J-R)z”; or (iii) a

{0 combination thereof. Each R can independently be alkylene, alkenylene, alkynylene, carbocyclyl,
or heterocyclyl, each J is independently C, NR?, -NR*C(O)-, 8, or O, wherein R® is H, alkyl,
alkenyl, altkynyl, carbocyclyl, or heterocyclyl, each of which is optionally substituted, and z” can
be an integer from | to 50. Bach R' can be alkylene and each J can be O.

[6193] The linker can cormprise (i) residues of B-alanine, glycine, lysine, 4-aminobutyric acid, 5-

1S aminopentanoic acid, 6-arinohexanoic acid or combinations thereof: and (i) RV Dz"- or -(J-
RY7”. Fach R' can independently be alkylene, alkenylene, alkynylene, carbocyclyl, or
heterocyelyl, each J is independently €, NR®, -NR’C(O}-, S, or O, wherein R® is H, alkyl, alkenyl,
alkynyl, carbocyelyl, or heterocyelyl, each of which is optionally substitated, and 27 can be an
integer from | to 50. Each R can be alkylene and each J can be . The linker can comprise glycine,

23 beta-alanine, 4-aminobuiyric acid, S-aminopentanoic acid, 6-ammohexanoic acid, or a

corobination thereofl.
Aq
‘%{Bi E/\ 1/51}?;
{6194} The linker can be a trivalent linker. The linker can have the structure: G

wnane R puey

1 n
Ay Ay Ay
- e Ci s 0By /K{oz )\roz
ZHN v RPN ZHNT Y
/\T/ N H H i
O . G or o

be a hydrocarbon linker {e.g., NRH-{CH,),-COOH), a PEG linker {e.g., NRH-{CH.0),-COOH,

, wherein Ay, By, and Cy, can independently
25  wherein R is H, methyl or ethyl} or one or more amino acid residue, and 7 is independently a

protecting group. The linker can also incorporate a cleavage site, including a disulfide [NHo-

{CH20)-5-8-(CH203,-COOH], or caspase-cleavage site (Val-Cit-PABC).
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[6188] The hydrocarbon can be a residue of glycine or beta-alanine.

{61961 The linker can be bivalent and link the ¢cCPP to an AC. The linker can be bivalent and link
the c¢CPP to an exocyclic peptide (EP).

{61971 The linker can be trivalent and link the ¢CPP to an AC and o an EP.

5 [8198] The linker can be a bivalent or trivalent C-Usp alkylene, wherein 1-25 methylene groups
are optionally and independently replaced by -N(H)-, -N(Ci-Cy alkyly-, -N(eycloalkyl)-, -0O-, -
C(O)-, -C(H0-, -§-, -5(0)-, -S{Oz-, -S{OMN(C1-Cy alkyl)-, -S{O):MN(cycloalkyl)-, -NADC(O)-, -
N(Ci-Ca alkyHC(O)-, -Nicycloalky3C(O)-,  -COMNEH)-,  -CONC-Cy alkyl), -
C(O)N{cycloalkyl), aryl, heterocyelyl, hetervaryl, cycloalkyl, or cycloalkenyl. The linker can be

10 a bivalent or trivalent C;-Cso alkylene, wherein 1-23 methylene groups are optionally and
independently replaced by -N(H)-, -O-, -C(OYN({H)-, or a combination thereof.
(61991 The AC can be coupled to the glutamic acid of the cyclic peptide, which converts the
glutamic acid to glutamine. The linker (L} can couple the AC to the ghitamine/glutamic acid of
the cyclic peptide. In embodiments, a linker (L.} is covalently bound to the backbone of the AC.

1S [§288] The linker can have the structure:

2

. N Cou
i N ," N e }-‘\. i3
%“‘-;;-s‘l\f’i L z L T3

, wherein: each AA is independently an amino acid residue; *
1s 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 is an integer from [-5; and 7 is an integer from 1-10. x can be
an integer from 1-5. X can be an integer from 1-3. x can be 1. y can be an integer from 2-4. y can

20 be 4. zcan be an integer from 1-5. 7 can be an integer from -3, z can be 1. Bach AA can
independently be selected from glveine, B-alanine, 4-aminobutyric acid, S-aminopentanoic acid,
and f-aminohexanoic acid.

{62811 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}

25 [08282] The linker can have the structure:
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g(\:i E{gr ‘

, wherein: x is an integer from 1-10; v is an integer from 1-
5; z is an integer from 1-10; each AA is independently an amino acid residue; * is the point of
attachment o the AAsc, and AAsc is side chain of an amino acid residue of the cCPPand M isa
bonding group defined herein.

5 [6283] The linker can have the structure:

éss (’ O\A\ E:E\/j'i “,QO \ M._s
X O (CHy ¢

AN
*

2
wherein: %’ is an integer from 1-23: y is an integer from 1-5; 27 is an integer from 1-23; *
is the point of attachment o the AAsc, and AAsc is a side chain of an amino acid residue of the
cCPP; and M is a bonding group defined herein.

1O [8284] The hinker can bave the structure:

/ HoF / '
f\ﬁﬁo\/)?f\gm;ig/\ko\/}gm%g
CHzy

e
*

wherein: X’ is an integer from 1-23; y is an integer from 1-3; and 2” is an integer from 1-

23; * is the point of attachment to the AAsc, and AAsc is a side chain of an amino acid residue of
the cCPP.

15 [6285] x can be an integer from 1-10,eg.,1,2,3,4,5,6,7, 8, 9, or 10, inclasive of all ranges and
subranges therebetween.

{62861 x’ can be an integer from 1-23,e.2., 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 3-15. x* can be an integer from 9-13. xX* can be an integer from 1-5. X’ can be 1.

20 {8287] vy can be an integer from 1-5, e.g., 1, 2, 3, 4, or §, inclusive of all ranges and subranges
therebetween. y can be an integer from 2-3. v can be an integer from 3-5. ycanbe 3 or 4. y can be

dor5 yveanbe 3. ycanbe 4. ycanbe 5.
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[6208] =z canbeaninteger from 1-10,e.g..1,2,3,4, 5,6, 7, § 9, or 10, inclusive of all ranges and
subranges therebetween.

[020%] 2’ can be an integer from 1-23,e.2., 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. 27 can be an integer

5  from 5-15. 7" can be an integer from 9-13. 2" can be 11.

{62181 As discussed above, the linker 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 1s part of the linker)
can be covalently bound to the 3’ end of the AC or the 5" end of the AC. The linker or M (wherein
M is part of the linker) can be covalently bound to the backbone of an AC.

10 [6211] The linker can be bound to the side chain of aspartic acid, glutamic acid, glutamine,
asparagine, or lysine, or a modified side chain of glutamine or asparagine {e.g., a reduced side
chain having an amino group), on the cCPP. The linker can be bound to the side chain of lysine
on the cCPP.

{6212} The linker can have a structure:

HN,E\V":}‘?;
F—Aa—(A), NH,
S X. \ﬁ /\[r

5 o
wherein
M is a group that conjugates L to an AC;
AAis a side chain or terminus of an amino acid on the cCPP;
each A A, is independently an amino acid residue;
20 ¢ is an integer from 0 to 10; and
p is an integer from O to 5.

{82331 The linker can have a structure:

wherein
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M is a group that conjugates L to an AC;
AAsis aside chain or terminus of an amino acid on the ¢CPP;
each AA is independently an amino acid residue;
o is an jnteger from O to [ and
p is an integer from O to 5.
{6214} M can comprise an alkylene, alkenylene, alkynylene, carbocyclyl, or heterocyelyl, each of

which is optionally substituted. M can be selected from:

0
= f\\\ il = : HN
N :A% AN ,E/;v/h\f % }M/
O ‘ S O 0 ,

f%fn #e Poe # i AP

s Rw Ouse

O and
=
ar
N N o
a) Hf\ls\ez
R , wherein R is alkyl, alkenyl, alkynyl, carbocyclyl, or heterocyelyl.

{62857 M can be selected from:
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O

, and

Ou_20
<
HO &

§“" N>\\t 19 S 9
P Ay Jy
{62867 Mcanbe Q LR can be # ,andais Oto 10 Mcan be .

O
G

N
5 {82171 M can be a heterobifunctional crosslinker, e.g., O . which is
disclosed in Williams et al. Curr. Profoc Nucleic Acid Chem. 2838, 42, 4.41.1-4.41.20,
incorporated herein by reference its entirety.
(62881 M can be -C{(O)-.
[021%] AA;can be a side chain or terminus of an amino acid on the cCPP. Non-limiting examples
10 of AA; include aspartic acid, glutamic acid, glutamine, asparagine, or lysine, or a modified side
chain of glutamine or asparagine (e.g., a reduced side chain having an amino group). AAs can be
an AAsc as defined herein.
{62281 Each AAq is independently a natural or non-patural amino acid. One or more AAx can be
a natural amino acid. One or more AA, can be a non-npatural amino acid. One or more AAx can be

I35  a B-aroino acid. The B-amino acid can be B-alavine.
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{62211 ocanbeaninteger fromOto 10,eg.,0,1,2,3,4,5,6,7,8,%,and 0. ocanbe §, 1, 2, or
3.ocanbe . ocanbe l.ocanbe 2. o canbe 3.

{6222} pcanbeftoS,eg,0,1,2,3, 4 orS.pcanbe. pcanbe . pcanbe 2. pcanbe 3. pcan
be 4. p can be 5.

5 {6223} The linker can have the structure:

o
H
HNJ‘{RLJ*R%N—M%
y I
s o
S AAg NH,
2 s §\§ s 2
{D OF
HoN 20 o

_é
b
E

s H L
TARSNTNY ’N{RhJMRzT M—$
i a/r\\‘iﬂ‘) z" .

wherein M, AA,, each (RVI-R%)27-, 0 and 27 are defined herein: r can be J or 1.
{6224} rcanbel.rcanbe l.
1O [8228] The hinker can bave the structure:
G " ]

j.”H
z

M~}

OoF

HN 0
IV § P ow
s N
ﬁw {\/\D}H\ﬂ/ £
G " QO
wherein each of M, AA, 0, p, g, v and 27 can be as defined herein.
{6226} 27 canbe aninteger from 1 t050,e.g., 1, 2,3,4.5,6,7,8,9, 10, L1, 12, 13, 14, 15, 1§, 17,

I 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,

L

44, 45, 46, 47, 48, 49, and 50, inclusive of all ranges and values therebetween. 27 can be an integer
frorn 5-20. 27 can be an integer from 10-15.

{62271 The linker can have the strocture:
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wherein:
M, AA and o are as defined hereln.

{62281 Other non-limiting examples of suitable linkers inclade:
O
W

AAS~, 4/’\ﬂ,NHz
H
O

O

-

AT’M o]
! ?f | AAS\}}\::/’\\,/U\M/‘\, | AAS\;TE{/\/'O . \m ,I‘\,’E\f,'
Q

5
Q
i o ~
HIN Y a
AAS Jk LY E i
j a | A \i:/\J M/“",, | Az\‘s\ﬁ,{/\\/(} ~ ’\ﬁ)\\/\ﬂ/w?j
. O
AAS\N/E NH
Y
3 H S P
A,ﬁ\s\ﬁ {/\/QWN\/\H, M?, AA\N vﬁvoﬁ/\fm\f
' o ) ’ H o)
>
AAs O i M
’ \N,N/O«V/\On\/o\/'\o/\/h\m/\\/O\/\O/\\/O\V/\D/*\/JLNMO
H H H
o N
AAS\N/\/O\«A@/’\/O\/\O/\/L\N/\\/\\O
H H
’ o .
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AAs .,
N

AA
S\EWOWO\M,E H M
5 7 Y

Aks
HN- o ?
“\Lm{ HN/i\//\M;%

NH., : \Nr 2
dfmﬁ - H

HN/Q\/”\M;K HNXMig

and

wherein M aod AA, are as defined herein.
{6229} Provided herein is a compound coraprising a ¢cCPP and an AC that is complementary 1o a
target in a pre-mRNA sequence further comprising L, wherein the linker is conjugated to the AC

-

g~R
. , . . o y
through a bonding group (M), wherein M is .
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{62361 Provided herein is a compound comprising a ¢cCPP and an antisense compound (AC), for
example, an antisense oligonucleotide, that is complementary to a target in a pre-mRNA sequence,
wherein the compound further comprises L, wherein the linker is conjugated to the AC through a

bonding group (M), wherein M is selected from:

o) o} G
§~N ;,”N §~N 1 0 o
5 8] .0 3)\’ & SfRyﬁﬁugi}L\/sy
=N
SN
Py
i
} IZ\H,O
Y i |
NS

1 S

, and : wherein: R! is alkylene, cycloalkyl, or
wherein ¢ 15 0 to 10 wherein each R is independently an alkyl, alkenyl, alkynyl, carbocyelyl, or
0
§ ]

o~

heterocyclyl, wherein R is d

,and t” is 2.

16 [8231] The linker can have the structure:
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wherein AA, is as defined herein, and m’ 15 0-10.

{62321 The linker can be of the formula:

;\NH
o L mgo
0 o

O s
Base P o] N
ageY’\N«K 'A\C}({/\/‘\ 'E?E//"\N»"\\O
o
{62331 The linker can be of the formula: > , wherein
5 “base” corresponds to a nuclecbase at the 3’ end of a phosphorodiamidate morpholino oligomer.

[6234] The linker can be of the formula;

Base
9"
Os
\O
Neyg
N o 1
R O
S )k/\g{/\/ ﬁAN -
HoN
2 Q , wherein

“base” corresponds to a nucleobase at the 37 end of a phosphorodiamidate morpholino oligomer.

10 [62351 The linker can be of the formuuda:
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’;z‘\NH b
H N~

O , wherein

“base” corresponds to a nuclechase at the 3’ end of a phosphorodiamidate morpholino cligomer.

s

O i
3 ’
Base \r/\»N )\/\O{/‘\/O‘\ﬂ‘:f\“/‘&\s@
"H
o

J
{62361 The linker can be of the formula: 2 , wherein
“base” corresponds to a nucleobase at the 3" end of a phosphorodiamidate morpholino oligomer.
5 {62371 The linker can be of the {formula:

Base,

[6238] The linker can be covalently bound at any suitable location on the AC. The linker is
covalently bound to the 3' end of an AC or the 5 end of an AC. The linker can be covalently bound

10 to the backbone of an AC.
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[623%] The hinker can be bound to the side chain of aspartic acid, glutamic acid, ghitamine,
asparagine, or lysine, or a modified side chain of glatamine or asparagine {e.g., a reduced side
chain having an amino group), on the cCPP. The linker can be bound to the side chain of fysine on

the ¢cCPP.

5 cCPP-linker corjugates
{62481 The cCPP can be conjngated to a linker defined herein. The linker can be conjugated (o an
AAsc of the ¢CPP as defined herein.
[6241] The linker can comprise a -(QOCHCH:),- subunit {e.g., as a spacer), wherein 2’ is an integer
from1t023,eg,1,2,3,4,5,6,7,8 9,10, i1, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22 or 23. -
10 (OCHCHo). is also referred to as PEG. The cCPP-linker conjugate can have a structure selected

from Table 4:

Table 4: ¢CPP-linker conjugdtes
e

cyclo(Fi®-dgp-r-dgprQ)-PEG-K-NH,
cyclo{ FEB-Cit-r-Cit-1(3)-PEG4-K-NH»
cyclo{ Ff®-Pia-r-Pla-1Q)-PEG-K-NH>
cyelo{ FI@-Dml-r-Dml -1())-PEGy-K-NH»
cvelo(FE@-Cit-r-Cit-rQ)-PEG12-OH
cvelo{FOR-Cit-R-Cit-(Q)-PEG1»-0OH
{62421 The linker can comprise a -(OCH>CHb), - subunit, wherein 2z’ is an integer from 1 to 23,

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

15 lnker conjugate can have a structure selected from Table 5

Table 5: Endosomal Escape Vehicle (cCPP-linker conjugate)

Ac-PEKKREV-Lys(cyclo[FfR-R-r-Cit-r(Q])-PEG12-K{N3)-NH»
Ac-PKKKREV-Lys{cyclo[Ff®-Cit-r-R-rQ)-PEGi2-K{N3)-NH:
Ac-PRKKREV-K{cyclo(FFBR-cit-R-cit-(Q))-PEG12-K(N3)-NH»
AC-PRKKREKV-PEGZ-Lys{cyclo[FIB-Cit-r-Cit-rQD-B-k{(N3)-NH»
Ac-PKKKREV-PEGZ-Lys{cyclo{Ff®-Cit-r-Cit-rQ])-PEG2-k(N3)-NH»
Ac-PRKKKREV-PEGZ-Lvs{cyclofFf®-Cit-r-Cit-rQ])-PEG4-k{N3)-NH»
Ac-PKKKRKY-Lys{cyclo[Ff®-Cit-r-Cit-rQP-PEG 1 2-k{(N3)-NH>
Ac-pikkrkv-PEG2-Lys{cyclo{FT®-Cit-r-CitrQ)-PEG 1 2-k{N3)-NH,
Ac-rrv-PEG2-Lys{cyclo{ FtD-Cit-r-Cit-rQ)-PEG12-0OH
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Ac-PKEKKRKV-PEG2-Lys(cyclof Ff®-Cit-r-Cit-r-Q]D-PEG1 2-k(MN3)-NH2
Ac-PKKK-Cit-KV-PEG2-Lys{cyclo FfO-Cit-r-Cit-r-QD-PEG1 2-k(N3)-NH»
Ac-PEKKKRKV-PEG2Z-Lys{cyclol FI®-Citr-Cit-r-G]-PEG12-K (Nz)-NH2

[8243] The cCPP-linker conjugate can be Ac-PKKKRKVE(cyclofFfOGrGrQ]-PEGI2-K(N3)-
NH:.
{6244] EEVs comprising a cyclic cell penetrating peptide {cCPP), linker and exocyclic peptide

(EP) are provided. An EEV can comprise the structure of Formula (B):
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(B}, or a protonated form thereof,

wherein:

Ri, Rz, and Rs are each independently H or an aromatic or heteroaromatic side chain of
an amino acid;
5 R4 and R are independently H or an amino acid side chain;
EP i3 an exocyclic peptide as defined herein;
each m is independently an mteger from 0-3;
n is an joteger from 0-2;
X’ 1s an integer from 1-20;
1) y is an integer from 1-5;

gis 1-4; and
2’ 1% an integer fromo 1-23.

(62451 Ry, Ry, Rs, R4, Rg, EP, m, g, v, ¥7, 2" are as described herein.

{6246] ncanbeQ.ncanbe 1. ncanbe 2.

15 162471 The EEV can comprise the structure of Formula (B-a) or (B-b):
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(B-b}, or a protonated form

- 2 ] B - TN
ereof, wherein EP, R, R? R?, BR*, m and 2 are as defined above in Formula (B).
thereof, wherein EP, R!, R R?, R*, m and 7 are as defined above in Formula (B

162481

The EEVY can comprises the structure of Formula (B-¢):
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{B-c},

or a protonated form thereof, wherein FP, RY, R, R®, R, and m are as defined above in
Formula (B); AA is an amino acid as defined herein; M is as defined herein; n is an integer from
0-2; x is an integer from 1-10; vy is an integer from 1-5; and z is an integer from 1-10.

{62497 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 protonated form thereof, wherein EP is as defined above in Formula (B).
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{62561 The EEV can comprise Formuila (B) and can have the structure: Ac-PKKKRKV-AEEA-
K{cyelolFGFOGRGROD-PEG-OH or Ac-PKKKRKVY-AEEA-K{cyclo[GIFGrGrQ)-PEGH-OH.
{6251} The EEV can comprise a cCPP of formula:

5 {6252] The EEV can comprise formula: Ac-PKEKRKV-roiniPEG2-Lys(cyclo(FIFGRGRQ)-
o PEG2-K(N3).
[6253] The EEV can be:

e}
I 5ol K "
T ‘N\/' T N I o e O N 0\’/\0/\/6\’/\0/\\‘)0\/\‘-/“\(s;’\'/\/m
¢ N & 4
L 0% it
N @
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N o Py 7y
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\/\L AR ~L -
; )
Pt ”
N B 0\\?/
.~

The EEV can be: Ac-PKKKRKV-K{cyclo{Ff-Nal-GrGrQ)-PEG12-K{N3)-NH..
10 [6254] The EEV can be
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{62851 The EEV can be Ac-P-K(Tfa)-K{Tfa)-K{Tfa)-R-K{Tfa)-V-AEEA-K(cyclo(Ff-Nal-
GrGrQ)-PEG1:-0OH or Ac-P-K{Tfa)-K{Ta)-K{Tfa)-R-K(Tfa)-V- AEEA -K{cyelo(FGFGRGRQ)-
PEG»-OH.

5 {6256] The EEV canbe
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{6257} The EEV can be Ac-PKKKREV-miniPEG-K{(cyclo(Ff-Nal-GrGr(Q)-PEG12-OH.

[6§258] The EEV can be

{62597 The EEV can be
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{62601 The EEV can be
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{62631 The BEEV can be

NH,
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{62621 The EEV can be
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{62631 The EEV can be
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{62647 The EEV can be:
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The EEVY can be
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{62671 The EEV can be

5 {6268] The EEV canbe
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{62691 The EEV can be selected from

Ac-r-miniPEG2-Daplcyclot FB-Cit-r-Cit-r()}-PEG1 2-0H
Ac-frr-PEGZ-Dap(cyclo(Ff@-Cit-r-Cit-rQN-PEG12-OH
Acrfr-PEG2-Dap(cyclo(FI@-Citr-Cit-r(3))-PEGL2-OH
Ac-1tbfor-PEG2-Dap{cyclo( FI@-Cit-r-Cit-r(}))-PEG12-0OH
Ac-rrr-PEG2-Dapieyclo{ FiP-Cit-r-Citr(Q)3)-PEG12-0OH
Ac-rbr-PEG2-Bap(cyclo(FI@-Cit-r-Cit-r(Q))-PEG 1 2-CH
Ac-rbrbr-PEG2-Dap(cyclo(FI@-Cit-r-Citr(Q))-PEG 1 2-0OH
Ac-hh-PEG2-Dap{cyclo{ FI®-Cit-r-Citr ()3 -PEG12-0OH
Ac-hbh-PEG2-Dap(cyclo(Ff@®-Cit-r-Cit-rQ))-PEG 1 2-0H
Ac-hbhbh-PEG2-Dap(cyclo(FI@-Cit-r-Cit-rQ)-PEG12-0OH
Ac-rbhbh-PEG2-Dap(cvelo(F{@-Citr-CitrQ))-PEGI2-OH
Ac-hbrbh-PEG2-Dap{cyclo{ FI®-Citr-Cit-r Q))-PEG12-OH
Ac-tr-Dap{cyclo(FEO-Citr-Cit-r(3))-b-OH
Ac-frr-Dap(cyclo(F{D-Cit-r-Cit-r(3) }-b-OH
Acrfr-Bap{cyclo(Rf®-Citr-Cit-rQ))-b-OH
Ac-1bfbr-Dap{cyclo( Ff@-Cit-r-Citr(Q))-b-OH
Ac-rre-Dap{cyclo(FEQ-Cit-r-Cit-1(3))-b-OH
Ac-rbr-Dap{cyclo{ Ff®-Cit-r-Cit-r(3) - b-CH
Ac-thrbr-Dap{cyclo(Ff®-Cit-r-Cit-rQ)-b-OH
Ac-hh-Dap{cyclo(Ff@-Cit-r-Cit-r(3))-b-OH
Ac-hbh-Dap(cyclo(F{@®-Citr-Cit-r(Q))-h-0H
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Ac-hbhbh-Dap(cvelo(F{@-Cit-r-Cit-r(Q))-b-OH

Ac-rbhbh-Dap{cyclo{ F{®-Cit-r-Cit-r(3))-b-OH
Ac-hbrbh-Dap(cyclo(Ff@-Cit-r-Cit-rQ))-b-OH
Ac-KKKK-miniPEG2-Lys(cyclo(Ff-Nal-GrGrQ))-mini PEG2-K(N3)-NH2
Ac-KGKEK-roniPEG2-Lys(cyclo{FI-Nal-GrGrQ))-mini PEG2-K(N3)-NH2
Ac-KKGK-miniPEG2-Lys{cyclo(Ff-Nal-GrGr(3-miniPEG2-K(N3 - NHZ
Ac-KKK-miniPEG2-Lys{cyclo(Ff-Nal-GrGrQ))-mini PEG2-K{N3)-NH2
Ac-KK-mimtPEG2-Lys{cyclo(Ff-Nal-GrGrQ) -mini PEG2-K(N3)-NH2
Ac-KGK-miniPEG2-Lys{eyelo(Ff-Nal-GrGr(3))-mimi PEG2-K(N3)-NH2
Ac-KBK-miniPEG2-Lys{cyclo(Ff-Nal-GrGrQ))-miniPEG2-K({IN3)-NH2
Ac-KBKBK-miniPEG2-Lys{cyclo(Ff-Nal-GrGrQ))-miniPEG2-K{N3)-NH2
Ac-KR-miniPEG2Z-Lys(cyclo(Ff-Nal-GrGrQ))-miniPEG2-K{N3)-NH2
Ac-KBR-momiPEG2-Lys(cyclo{Ff-Nal-GrGrQ))-mini PEG2-K(N3)-NH2
AC-PKKKREV-mimPEG2-Lys{cyclo(Ff-Nal-GrGr(d))-miniPEG2-K(N3)-NH2
Ac-PEEKREV-mimPEG2-Lys{cyclo(Ff-Nal-GrGr(Q))-roiniPEG2-K(N3)-NH2
Ac-PGKEKRKV-wminiPEG2-Lys{cyclo(FENal-GrGrQ))-miniPEG2-K(N3)-NH2
Ac-PKGKRKV-miniPEG2-Lys(cyclo(FE-Nal-GrGrQ))-miniPEG2-K(N3)-NH2
AC-PKKGRKV-miniPEG2-Lys{cyclo(Ff-Nal-GrGr))-miniPEG2-K(N3)-NH2
Ac-PKKKGKY-miniPEG2-Lys(cyclo(Ff-Nal-GrGr(}) -mini PEG2-K(N3)-NH2
Ac-PKKKRGV-miniPEG2-Lys{cyclo(Ff-Nal-GrGrQ))-mimPEG2-K(N3)-NH2
Ac-PKKERKG-miniPEG2-Lys(cyclo(FENal-GrGrQ))-oiniPEG2-K(N3)-NH2
Ac-KKKRK-miniPEG2-Lys{cyclo(Ff-Nal-GrGr(Q)-miniPEGZ-K(N3)-NH2
Ac-KKRK-miniPEG2-Lys{cyclo(Ff-Nal-GrGrQ))-mini PEG2-K(N3)-NH2 and
Ac-KRK-mimPEG2-Lys{cyclofFf-Nal-GrGr(Q) -miniPEG2-K(N3)-NH2.

{62767 The EEY can be selected from:

Ac-PKKKRK V-Lys(cyclol FIOGrGrQ)-PEG1,-K(Na)-NH,
Ac-PKKKRKV-miniPEG,-Lys(cyclo[FFRGrGrQ])-miniPEG-K(N3)-NH,
Ac-PKKKRK V-miniPEG,-Ly s(evelof FGFGRGROQD-miniPEG,-K(N3)-NH,
Ac-KR-PEG-K(cyelo] FGFGRGROQ]-PEG-K(N3)-NH:

Ac-PKKKGKV -PBGK(cyclo[ FGFGRGRQ-PEG,-K(Ns)-NH;
Ac-PKKKRKG-PEG-K{cyelofFGFGRGROD-PEG-K(N2)-NH;
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Ac-PKKERKV-mini PEGe-Lys{eyclo[FFOGRGR QD -miniPEG-K(N3)-NH:

Ac-PKKKRKV-miniPEG:-Lys(cvclol BrFfOGrGrQ | -mini PEG: -K{Nz}-NH» and

Ac-PKKERKV-mini PEG-Ly s{cycloFEBSrSrQD-mini PEG-K (N3 )}-NH,.

{6271} The EEV can be
Ac-PREKKRKV-miniPEG-Lys{cyclo{GIFGrGrQ)-PEG-CH
AC-PEKKKRKV-miniPEG:-Lys(cvelol FGFKRKRQDH-PEG12-OH
Ac-PKKKRKV-miniPEG)-Lys{cyclo] FGFRGRGO-PEG»-0OH
Ac-PKKKRKV-miniPEG:-Lys{cvelol FGFGRGRGRO-PEG »-OH
Ac-PKKKRKV-mintPEG-Lys{cyclof FGFGRIRQ])-PEG:-OH
Ac-PKKKRKV-miniPEG:-Lys(cyclof FGFGRRRQY-PEGH-OH
Ac-PKKKRKV-miniPEGy-Lys{cyclof FGFRRRRQ])-PEG12-OH.

{62721 The EEV can be
Ac-K-K-K-R-K-G-miniPEG:-K{eyelo[ FGFGRGROD-PEG1»-OH
Ac-K-K-K-R-K-moiniPEG:-K{cyclo] FGFGRGRQD-PEGH»-OH
Ac-K-K-R-K-K-PEG-Kleyclol FGEGRGRQD-PEG:-OH
AC-K-R-K-K-K-PEGy-K{cyclo| FGFGRGRG])-PEG1-OH
Ac-K-K-K-K-R-PEGy-K{cyclo FGFGRGRQD-PEG:2-OH
Ac-R-K-K-K-K-PEG4-K{cvelo| FGFGRGR})-PEG1,-OH
Ac-K-K-K-R-K-PEG4-K{cyclo FGFGRGRQD-PEG»-OH.

{62731 The BEEY can be
Ac-PKEKRKV-PEG-K{cvelof FGFGRGRQD-PEG:-K(N3)-NH»
Ac-PKKKERKV-PEG-K{cyelof FGFGRGR)-PEG,»-0OH
Ac-PKEKRKV-PHG-Kiovelof GIFGrGr(3])-PEG-K{(N3)-NH:
Ac- PKEKREV-PEG:-K{cvelol GIFGrGr(Q])-PEG2-0OH.

{62741 The cargo can be an AC and the EEV can be selected from:
Ac-PKEKKRKVY-PEG-K{cyelo{ FIOGrGr3])-PEG -OH
Ac-PEKKKREYV-PEGy-K{cyclof Ff@Cit-r-Cit-rQ})-PEG;-OH
Ac-PKKKRKV-PEG-K(cyclo{ FIFGRGROD-PEG)»-CH
Ac-PEKKKRKV-PEG:-K{cyclo] FGFGRGRQ])-PEG»-OH
Ac-PKKKRKV-PEGrK(cyclo| GIFGrGr}-PEG1-OH
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Ac-PEKKKRKV-PEG-K{cyclo] FGFGRRRQD-PEG1:-OH
Ac-PKEKKRKV-PEG-K{¢cyclo{ FGFRRRRQD-PEG12-OH

10
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30

Acrr-PECH-K(evclo] FFOGrGrQ])-PEG 1--OH
Ac-11-PEG-K{ cyclof FIECitr-CitrQ)-PEG-OH
Ac-rr-PEC)-K(evclo] FIF-GRGROD-PEG1»-OH
Ac-r-PEG-K{eyclo FGFGRGRQD-PEG 1»-OH
Ac-rr-PEG-Kloyclol GEFGrGrQ])-PEG-0OH
Ac-rr-PEG:-K{cyclof FGFGRRRQD-PEG12-OH
Ac-rr-PEG-Klevelof FGFRRRR (G 3-PEG»-OH

Ac-rrr-PEG-K{cvelo[FIOGrGrQ)-PEGH-OH
Ac-111-PEG2-K{ cyclo[FIBCit-r-Cit-r(3]3-PEG 12-OH
Ac-1rr-PEG-K{cvelo[FIFGRGRQN-PEG--OH
Ac-1rr-PEG:-K{cyclo[FGFGRGRQ1)-PEG»-OH
Ac-1tt-PEG-K{cvelo[GIFGrGrQ)-PEGH-0OH
Acsrr-PEG2-K{cyclo[ FGFGRRRGH-PEG1:-OH
Ac-rre-PEG-K{(cvelo FGFRRRRQ]-PEG12-OH

Acthr-PEG:-K{cvelo[FIBGrGrQ)-FEG:-OH
Ac-rhr-PEG-K{oyclof FIOCit-r-Citr(3])-PEG:-OH
Ac-thr-PEG:-K{cvelo[ FIFGRGRQD-PEG:»-OH
Ac-rhr-PEG-K{cyclof FGFGRGRQ])-PEG1:-OH
Ac-thr-PEG-K{cyelo[GIFGrGrQD-PEG1:-OH
Ac-thr-PEG2-K{evelo[ FGFGRRRGD-PEGH»-OH
Ac-rhr-PEG:-K{cyclof FGFRRRRQ}-PEG1:-OH

Ac-tbr-PEG-K{cyclof FIBGrGrQ-PEG12-OH
Ac-rbr-PEG:-K{evelo| FIOCitr-Cit-r(3])-PEG1:-OH
Ac-tbr-PEG-K{cyclo[FIFGRGRQD-PEG:»-OH
Acrbr-PEG-K{eyelol FGFGRGRQD-PEG12-OH
Ac-tbr-PEG-K{cyclof GIFGrGrQ)-PEG1:-OH
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(6275}

Acrbr-PEG-K{evelol FGFGRRROQD-PEGH-0OH
Ac-tbr-PEG:-K{cyclo[ FGFRRRRQ])-PEG1:-OH

Ac-tbrbr-PEG-K{cyelo[FIOGrGr(3])-PEG»-OH
Ac-rbrbr-PEG - K{cyelol FFOCit-r-Cit-rQ-PEG12-OH
Ac-tbrbr-PEG-K{cyclo[ FIFGRGRQ-PEG»-CH
Ac-rbrbe-PEG-K{cvelo| FGFGRGRQD-PEG2-OH
Ac-thrbr-PEG-K{cyelo{ GIFGrGe(3])-PEG -OH
Ac-rbrbr-PEG:-K{cvelo] FGFGRRROD-PEG»-OH
Ac-thrbr-PEG-K{cyclo{ FGFRRRRQ|)-PEG;2-OH

Ac-rbhbr-PEG:-K{cyclo FIOGrGr(-PEG2-OH
Ac-tbhbr-PEG:-K{cvelo[ FIOCit-r-Cit-rQ}-PEG12-OH
Ac-rbhbr-PEG;-K{cyclo[ FIFGRGRQ])-PEG:-OH
Ac-rbhbr-PEG-K{(cvelol FGFGRGRG-PEG»-OH
Ac-tbhbr-PEG:-Kicvelo GIFGrGr(3])-PEG1>-OH
Ac-1bhbr-PEG:-K{cvelol FGFGRRRQ)-PEG::-OH
Ac-rbhbr-PEG:-K{(cyclo] FGFRRRRQD-PEG2-OH

Ac-hbrbh-PEG:-K{cvclo[FIOGrGr(Q])-PEGH-OH
Ac-hbrbbh-PEG:-K{cvelo[FIOCu-r-Cit-rQ-PEG»-OH
Ac-hbrbh-PEG:-K{cvclo[FIFGRGROD-PEG:-OH
Ac-hbrbb-PEG-K{cyelo[FGFGRGRQD-PEG1»-0OH

Ac-hbrbh-PEG-K{(cyclo] GIFGrGr(Q])-PEG12-OH
Ac-hbrbh-PEG:-K{cyclo[FGFGRRRQD-PEG2-OH and

Ac- bbb -PEG-K{cyelo[ FGFRRRRQD-PEG»-OH,

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

In embodiments, compounds comprising a cyclic peptide and an AC have improved

cytosolic uptake efficiency compared to compounds comprising an AC alone. Cytosolic uptake

efficiency can be measured by comparing the cytosolic delivery efficiency of the compound

comprising the cyclic peptide and the AC to the cytosolic delivery efficiency of an AC alone.
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Antisense Compound

{62761 In various embodiments, the compounds disclosed herein comprise a CPP (e.g., cyclic

peptide) conjugated to an antisense compound (AC). In embodiments, the AC comprises an
antisense oligonucleotide directed to a target polynucleotide. The term "antisense oligonucleotide”
or simnply "antisense” is meant to inchide oligonucleotides that are complerentary to a targeted
polynucieotide sequence. Antisense oligonucleotides are single strands of DNA or RNA that are

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

&

{62771 The antisense oligonucleotides may modulate one or more aspects of protein transcription,

transiation, and expression. In embodiments, the antisense oligonuclectide 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 transcript such
that the spliced mRNA 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 in the spliced mRNA (e.g., an intron sequence). In embodiments,
antisense oligonucleotides hybridization to a target sequence in a pre-mRNA molecule restores
native splicing to a mutated pre-mRNA sequence. In embodiments, antisense oligonucleotides
hybridization results in alternative splicing of the target pre-mRNA. In embodiments, antisense
oligonucleotides hybridization resalts in exon inclusion or exon skipping of one or more exons. In
erobodiments, the skipped exon sequence comprises a frarpeshift routation, a nonsense mutation,
or a missense mutation. In embodiments, the skipped exon sequence comprises a nucleic acid
deletion, substitotion, or insertion. In embodiments, the skipped exon itself does not comprise a
sequence mutation, but a seighboring exon comprises a routation leading to a frameshift mutation
or a nonsense mutation. In embodiments, antisense oligonucleotides hybridization to a target
sequence within a target pre-ruRNA prevents inclusion of an exon sequence in the mature mRNA
molecule. In embodiments, antisense oligonucleotides hybridization to a target sequence within a
target pre-mRNA results in preferential expression of a wild type target protein isomer. In
embodiments, antisense oligonucleotides 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.

3¢ [6278] The antisense mechanism functions via hybridization of an antisense oligonucleotide

compound with a target nucleic acid. In embodiments, the antisense oligonucleotide hybridizing
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to its target sequence suppresses expression of the target protein. In embodiments, hybridization
of the antisense oligonucleotide to its target sequence suppresses expression of one or more wild
type target protein isomers. In embodiments, hybridization of the antisense oligonucleotide to its
target sequence upregulates expression of the target protein. In embodiments, hybridization of the
antisense oligonucieotide to its target sequence increases expression of one or more wild type
target protein isomers.

{627%} In embodiments, the antisense compound can inhibit gene expression by binding to a
complementary mRNA. Binding to the target mRNA can lead to inhibition of gene expression
either by preventing translation of complementary mRNA strands by sterically blocking RNA
binding proteins involved in {ransiation or by leading to degradation of the target mRNA.
Antisense DNA can be used to 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
embodiments, antisense oligonucieotides contain from about 10 to about 50 nucleotides, or about
15 to about 30 nucleotides. In embodiments, antisense oligonucleotides may not be fully
coroplementary to the target nucleotide seguence.

[6286] Antisense oligonucleotides have been demonstrated to be effective and targeted inhibitors
of protein synthesis, and, consequently, can be used to specifically inhibit protein synthesis by a
targeted gene. The efficacy of antisense oligonucleotides for inhibiting protein synthesis is well
established. For example, the synthesis of polygalactauronase and the muscarine type 2
acetylcholine receptor are inhibited by antisense oligonucleotides directed to their respective
mRNA sequences (U. 5. Patent 5,739,119 and U. S. Patent 5,759,829). Fuorther, examples of
antisense inhibition have been demonsirated with the nuclear protein cyclin, the multiple drug
resistance gene (MDGH1), ICAM-1, E-~selectin, STK-1, striatal GABAA receptor and human EGF
(Jaskalski et ai, Science. 1988 Jun 10:240(4838): 1544-6; Vasanthakomar and Ahmed, Cancer
Commun. 1989:1(4):225-32; Peris et a1, Brain Res Mol Brain Res. 1998 Jun 15;57(2):310-20; 1L
5. Patent 5,801,154, U.8. Patent 5,789,573, U. 8. Patent 5,718,709 and U.5. Patent 5,610,2R8).
Furthermore, antisense constructs have also been described that inhibit and can be used to treat a
variety of abnormal cellular proliferations, e.g., cancer (). 8. Patent 5,747,470; U. S. Patent
5,591,317 and V. 5. Patent 5,783,683).

[6281] Methods of producing antisense oligonucleotides are known in the art and can be readily

adapted to produce an antisense oligonucleotide that targets any polynucleotide sequence.
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Selection of antisense oligonnucleotide sequences specific for a given target sequence is based upon
analysis of the chosen target sequence and determination of secondary structure, Tm, binding
energy, and relative stability. Antisense oligonucleotides may be selected based upon their relative
inability to form dimers, hairpins, or other secondary structures that would reduce 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 5' regions of the mRNMNA. These secondary structure analyses and target site
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, NMucleic Acids Res. 1997, 25(17):3388-402).

[0282] 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
a eukaryotic target pre-mRNA. The AC according o the disclosure comprises a nucleic acid
sequence that is complementary o a sequence found within a target pre-mRNA sequence, for
example, at sequence that inclhudes 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 principle behind antisense technology is that an
antisense compound, which hybridizes to a target nucleic acid, modulates gene expression
activities such as splicing or translation through one of a nurnber of antisense mechanisms. The
sequence-specificity of the AC makes this technique extremely attractive as a therapeutic to
selectively modulate the splicing of pre-mRNA iovolved in the pathogenesis of any one of a variety
of diseases. Antisense technology is an effective means for changing the expression of one or more
specific gene products and can therefore prove to be useful in a number of therapeutic, diagnostic,
and research applications.

{62831 The compounds described herein may contain oue or more asymmetric centers and thus
give rise to enantiomers, diastercomers, and other sterecisomeric configurations that may be
defined, in terms of absolute stereochemistry, as (R) or (8), o or §, or as (D) or (L). Included in
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 kybridization site

[6284] 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 to a target nucleic acid. In embodiments, the target nucleic acid sequence is present
in a pre-mRNA molecule. In embodiments, the target nucleic acid sequence is 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.

[6285] Pre-mRNA molecules are made in the nucleus and are processed before or during transpost

to the cytoplasm for translation. Processing of the pre-mRNAs includes addition of a 5’ methylated
cap and an approximately 200-250 base poly{A) tail to the 3’ end of the transcript. The next step
in mRNA processing is splicing of the pre-mRNA, which occurs in the maturation of 90-95% of
marnmalian mRNAs. Introns (or intervening sequences) are regions of a primary transcript {or the
DINA 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 “Y splice site,” or “splice
donor site” and the 3' side called the “3' splice site” or “splice acceptor site.” In splicing, the 3’ end
of an upstream exon is joined to the 53 end of the downstream exon. Thas, the unsphiced RNA (or
pre-roRNA) has an exon/intron junction at the 5’ 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 1s sometirnes
referred to as the exon/exon junction or boundary in the mature mRNA. Cryptic splice sites are
those which are less often ased but roay be used when the wsual splice site is blocked or
unavailable. Alternative splicing, defined as the splicing together of different combinations of

exons, often results in multiple mRMNA transeripts from a single gene.

[6286] In embodiments, the AC hybridizes with a sequence in a splice site. In embodiments, the

AL hybridizes with a sequence comprising part of a splice site. In embodiments, the AC hybridizes
with a sequence comprising part or all of a splice 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 cryptic splice site. In embodiments, the AC hybridizes with

a sequence comprising an exon/intron junction.
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(62871 Pre-mRNA splicing involves two sequential biochemical reactions. Both reactions involve
the spliceosomal transesterification between RNA nucleotides. In a first reaction, the 2-OH of a
specific branch-point nucleotide within an intron, which is defined during spliceosome assembly,
performs a nucleophilic attack on the first nucleotide of the intron at the 5" splice site forming a

5  lariat intermediate. In a second reaction, the 3'-OH of the released 5' exon performs a nucleophilic

¢

attack at the last nucieotide 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 (ISS) and terminal
stem loop (TSL) sequences. As used herein, the terms “intronic silencer sequences (ISS)” and
“terminal stem loop (TSL)” refer to sequence elements within introns and exons, respectively, that

10 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 pucleotide

IS sequence.

[6288] In embodiments, the AC hybridizes with a sequence comprising part or all of an intronic
silencer sequence. In embodiments, the AC hybridizes with a sequence comprising part or all of a
terminal stem loop.

162891 Up to 50% of homan genetic diseases resulting from a point routation are caused by

20 aberrant splicing. Sach point routations cawn etther distupt a current splice site or create a new splice
site, resulting in roRNA transcripts coroprised of a different combination of exons or with deletions
i exons. Point mutations also can result in activation of a cryptic splice site or disrupt regulatory
cis elements {i.e., splicing enhancers or silencers).

16296]  In embodiments, the AC hybridizes with a sequence comprising part or all of an aberrant

25 splice 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 is in an exon. In
embodiments, the regulatory element is in an intron.

{62911 Ip ewbodiments, the AC may be specifically hybridizable with a translation initiation

30 codonregion, a5’ cap region, an intron/exon junction, a coding sequence, a translation termination

o X}

codon region or sequences in the 5'- or 3'-untranslated 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 IRron-exon
junction. In embodiments, the AC may hybridize with an aberrant fusion junction due to a
rearrangement or a deletion. In embodiments, the AC may hybridize with particular exons in

alternatively spliced aRNAs.

5 {82921 In embodiments, the AC hybridizes with a sequence between 5 and 50 nucleotides in

10

5

20

30

iength, which can also be referred to as the length of the AC. In embodiments, the AC is between
5 and 50 nucleotides 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 pucleotides in length. In embodiments,
the AC is about 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, 48, or 30 nucleotides
in length. In embodiments, the AC is at least about 3, 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 1§, 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 29, about 30, about 31, about 32, about 33, about 34, about 33, 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 49,0r about 30 nucleotides in length. In embodiments, the AC
is about 10 nucleotides in length. In embodiments, the AC is about 15 nucleotides in length. In
embodiments, the AC is about 16 vucleotides in length. In ernbodiments, the AC is about 17
nucleotides in length. In erobodiments, the AC 1s about 18 nucleotides in length. Tn ernbodiments,
the AC 1s about 19 nucleotides in length. In embodiments, the AC 18 about 20 nucleotides in length.
In erobodiments, the AC is about 21 nucleotides in length. In embodiments, the AC is about 22
nucleotides io length. In embodiments, the AC is about 23 vucleotides in length. In embodirments,
the AC is about 24 nucleotides in length. In embodiments, the AC is about 25 nucleotides in length.
In embodiments, the AC is about 26 nucleotides in length. Tn embodiments, the AC is about 27
nucleotides in length. In embodiments, the AC 1s about 28 nucleotides in length. In embodiments,

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

[6293] In embodiments, the AC may be less than 100 percent complementary to a target nucleic

acid seguence. As used herein, the term "percent complementary” refers to the number of
nuclechases of an AC that have nucleobase complementarity with a corresponding mucleobase 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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eliminating the activity of the autisense compound. In embodiments, an AC may contain up to
about 20% nucleotides that disrapt base pairing of the AC to the target nucleic acid. In
embodiments, the ACSs contain no more than about 15%, no more than about 10%, no more than
5%, or no mismatches. In embodiemins, 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
nuclechases by the total number of nucleobases of the oligomucleotide. Percent complementarity
of a region of an oligonuclectide is calculated by dividing the number of complementary

nuclecbases in the region by the total number of nucleobases region.

{6294} In embodiments, incorporation of nucleotide affinity maodifications allows for a greater

number of mismatches compared to an unmodified compound. Similarly, certain cligonucieotide
sequences may be more tolerant to mismatches than other oligonucleotide sequences. One of
ordinary skill in the art is capable of determining an appropriate number of mismatches between
oligonucleotides, ot between au oligonucleotide and a target nucleic acid, such as by deterroining
melting temperatire (Tm). Tm or ATm can be calenlated by technigues that are familiar to one of
ordinary skill in the art. For example, technigues described in Freier et al. (Nucleic Acids Research,
18997, 25, 22: 4429-4443) allow one of ordinary skill in the art to evaluate mucleotide modifications

for their ability to increase the melting temperature of an RNADNA duplex.

Antisense mechanisms

(62951 The ACs according to the present disclosure may modulate one or more aspects of protein

transcription, trauslation, and expression. In embodiments, the AC hybridizing to a target sequence
within a target pre-mRNA modulates one or roore aspects of pre-mRNA splicing. As used herein,
modulation of splicing refers to altering the processing of a pre-mRNA transcript such that the
spliced oRNA molecule contains either a different combination of exons as a result of exon
skipping or exon inclusion, a deletion in ove or more exons, or the deletion or addition of a
sequence not normally found in the sphiced mRNA (e.g., an intron sequence). In embodiments,
AC hybridization to a target sequence within a pre-mRNA 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 results 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, a4 nonsense wmutation, or a missense mutation. In embodiments, the skipped exon
sequence comprises a mucleic acid deletion, substitution, or insertion. In emnbodiments, 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 seguence within a target pre-mRNA results in
preferential expression of a wild type target protein isomer. In embodiments, AC hybridization o
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.

10 [6296] The antisense mechanism functions via hybridization of an antisense compound with a

5

20

53
&

target nucleic acid. In embodiments, the AC hybridizing to its target sequence suppresses
expression of the target protein. In embodiments, the AC hybridizing to its target sequence
suppresses expression of one or more wild type target protein isomers. In embodiments, the AC
hybridizing to its target seqguence 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
isormers.

{02971 The efficacy of the ACs of the present disclosure may be assessed by evaluating the
antisense activity effected by their adroinistration. As used herein, the term "antisense activity”
refers to any detectable and/or measarable activity attributable to the hybridization of an antisense
compound fo its target mucleic acid. Such detection and or measuring moay be direct or indirect. Tn
erobodiments, antisense activity is assessed by detecting and ot measuring the aroount of target
protein. In embodimuents, antisense activity 1s assessed by detecting and or measuring the amount
of re-spliced target protein. In ersbodiments, antisense activity is assessed by detecting andfor
measuring the amount of target nucleic acids andfor cleaved target nucleic acids andior

alternatively spliced target nucleic acids

Antisense compound design

[6298] Design of ACs according to the present disclosure will depend upon the sequence heing
targeted. Targeting an AC to a particular target nocleic acid molecule can be a multistep process.
The process usually begins with the identification of a target nucleic acid whose expression is to
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 (incloding pre-mRNA and mRNA)
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transcribed from such DNA, and also ¢cDNA derived from such RNA. For example, the target
nucleic acid can be a cellular gene (or mRNA transcribed from the gene) whose expression is
associated with a particular disorder or disease state, or a nucleic acid molecule from an infectious
agent.

5 [628%]  One of skill in the art will be able to design, synthesize, and screen antisense compounds
of different nucleobase sequences to identify a sequence that results in antisense activity. For
example, one may design an antisense compound that alters splicing of a target pre-mRNA or
inhibits 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” Edited by
Stanley T. Crooke, CRC Press, Boca Raton, Florida, which is incorporated by reference in its
entirety for any purpose.

[6308] In embodiments, the antisense compounds comprise modified nucleosides, modified
internucleoside linkages and/or conjugate groups.

1S [8361] In embodiments, the antisense compound is a “tricyclo-DNA (tc-DNA)”, 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-containing tc-DNAs

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

20 Nucleosides
{6302} In embodiments, antisense compounds are provided comprising linked nucleosides. In
enthodirpents, some or all of the nucleosides are modified nucieosides. In embodiments, one or
more nacleosides comprise a modified nuclechase. In embodiments, one or more nucleosides
comprises a modified sugar. Chemically modified nucleosides are routinely used for incorporation
25  into antisense corapounds to enhance one or more properties, such as nuclease resistance,
pharmacokinetics or affinity for a target RNA.
[6383] Ip general, a nuclecbase is any group that contains one or more atom or groups of atoms
capable of hydrogen bonding to a base of another nucleic acid. Tn addition to "unmodified” or

"natural” mucleobases such as the purine nucleobases adenine (A) and guanine {(3), and the

[
o

} pyrimidine nucleobases thymine (T), cytosine (C) and uracil (1), many modified nuclecbases or

nuclechase mimetics known to those skilled in the art are amenable with the compounds described
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herein. The terrs mwodified nucleobase and muclecbase mimetic can overlap but generally a
modified nucleobase refers to a nuclechase that is similar in stracture to the parent nucleobase,
such as for example a 7-deaza purine, a 5-methyl cytosine, or a G-clamp, whereas a nucleobase
mimetic would inchide more complicated structures, such as for example a tricyclic phenoxazine
nucleobase mimetic. Methods for preparation of the above noted modified nucleobases are well
known to those skilled in the art.

{6364] In embodiments, ACs provided herein comprise one or more nucleosides having a modified
sugar moiety. 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-gentinal ring atoms to form a bicyclic mucleic acid (BNA) and sabstitution of an atom or group
such as -5, -N{R}- or -C{R)Ro) for the ring oxygen at the 4-position. Modified sugar moieties
are well known and can be used to alter, typically increase, the affinity of the antisense compound
for its target and/or increase nuclease resistance. A representative list of modified sugars includes
but is not lmited to non-bicyclic substituted sugars, especially non-bicyclic 2'-substituted sugars
having a 2'-F, 2-OCH;3 or a 2-0(CH2)2-OCH: sabstituent group; and 4'-thio wodified sugars.
Sugars can also be replaced with sugar mirnetic 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 pubhications that teach the
preparation of such modified sugars include, but are not liroited to, U.S. Patents: 4,981,957,
5,118,800, S5319080; 5355044, 5393,878. 5446,137; 3,466,786; 5,514,785; 5,319,134,
5,567,811 5,576,427, 5,591,727, 5,597,909; §5,610,300; 5,627053; 5639873, 5,646,265;
5,658,873; 5,670,633; 5,792,747, 5,700,920; and 6,600,032 and WO 2005/12137 1.

{63651  Ip erobodiments, nucleosides coraprise bicyclic roodified sugars (BNA's), including LNA
{(4'-(CH2)-0-2" bridge), 2-thio-LNA (4'-(CH2)-85-2' bridge),, 2-amino-LNA (4'-(CHy)-NR-2
bridge),, ENA (4'-(CH)2-0-2' bridge), 4-(CH2)3-2' bridged BNA, 4'-(CHCH(CH3))-2' bridged
BNA" cBEt (4'-(CH{CH»)-0-2" bridge), and cMOE BNAs (4'-(CH(CHOCH)-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. I. Am. Chem. Soc. 2007, ACS Advanced online publication,
10.10214a071106y, Alback et al. 1. 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.,, Bioorg. Med. Chem. Lett.,, 1998, §, 2219-2222; WO 94/14226;, WO
2005/021570; Singh et al., I. Org. Chem., 199§, 63, 10035-10039, WO 2007/090071; Examples
of issued US patents and published applications that disclose BNAs include, for example, U.S.
Patent Nos. 7,053,207, 6,268,498, 6,770,748, 6,794,499, 7,034,133; and 6,525,191; and U.5. Pre-
Grant Publication Nos. 2004-0171570; 2004-0219565; 2004-0014959, 2003-0207841; 2004-
(143114 and 20030082807.

{03661 Also provided herein are "Locked Nucleic Acids" (LNASs) in which the 2'-hydroxyl group
of the ribosyl sugar ring is linked to the 4' carbon atom of the sugar ring thereby forming a 2'-C,4'-
C-oxymethylene linkage to form the bicyclic sugar moiety {(reviewed in Elayadi et al, Cusr.
Opinion Invens. Drugs, 2001, 2, 558-561; Braasch et al.,, Chem. Biol,, 2001, § 1-7; and Orum et
al., Corr. Opinion 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' carbon atom,
for which the term LNA is used for the bicyclic motety; in the case of an ethylene group in this
position, the term ENA™ igused (Singh et al., Chem. Commun., 199§, 4, 455-456; ENA™; Morita
et al., Bioorganic Medicipal Chemistry, 2003, 11, 2211-2226). LNA and other bicyclic sugar
analogs display very high duplex thermal stabilities with complerentary DNA and RNA (Tm =
+3 to +10° ), stability towards 3'-exonucleolytic degradation and good solubility properties.
Potent and nontoxic antisense oligonacleotides containing LNAs have been described (Wahlestedt
et al., Proc. Natl. Acad. Sci. U.S.A ., 2000, 97, 5633-3638).

(63071  An isomer of LNA that has also been stadied is alpha-L-LNA which has been shown to
have improved stability against a 3-exomuclease. 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).

[6308] The synthesis and preparation of the LNA monomers adenine, cytosine, guanine, S-roethyl-
cytosine, 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 described in WO 98/39352 and WO 99/14226.

[630%] Analogs of LNA, phosphorothioate-LNA and 2'-thio-LNAs, have also been prepared
{Kumar et al., Bicorg. Med. Chem. Lett., 199§, 8, 2219-2222). Preparation of locked nucleoside
analogs containing oligodeoxyribonucleotide 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-affinity oligonucleotide analog has been described in the art
{Stngh et al., J. Org. Chem., 1998, 63, 10035-10039). In addition, 2'-Amino- and 2'-methylamino-
LNA's have been prepared and the thermal stability of their duplexes with complementary RNA

and DNA strands has been previously reported.

5 Imternucieoside Linkages
[6318] Described herein are internucleoside Huking groups that link the nucleosides or otherwise
modified monomer units together thereby forming an antisense compound. The two main classes
of internucleoside linking groups are defined by the presence or absence of a phosphorus atom.
Representative phosphorus containing intermucleoside linkages include, but are not limited to,
10 phosphodiesters,  phosphotriesters, methyiphosphonates, phosphoramidate  (including
phosphorodiamidate), and phosphorothioates. Representative npon-phosphorus  containing
internucleoside linking groups include, but are not limited to, methylenemethylimino (-CHz-
N{CH;33-0-CHy-), thiodiester (-O-C{0)-5-), thionocarbamate (-O-C{O)NH)-8-); siloxane (-O-
SH{H)2-O-); and N N'-dimethythydrazine (-CH>-N(CHz)3-MN{CHa}-). Antisense compounds having
15 non-phosphorus internucleoside linking groups are referred to as oligonucleosides. Modified
internucleoside 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 inchide, but are not hmited to, alkylphosphonates and phosphorothioates. Methods of
20 preparation of phosphorous-containing and non-phosphorous-containing linkages are well known
to those skilled in the art.

(63111 Inemboditoents, a phosphate group can be linked to the 2', 3" or 5" hydroxyl moiety of the
sugar. In forming oligonucleotides, the phosphate groups covalently link adjacent nucleosides to
one another to form a linear polymeric compound. Within oligonucieotides, the phosphate groups

25 are commonly referred to as forming the internucleoside backbone of the oligonucleotide. The

norral linkage or backbone of RNA and DNA i3 a 3" to 5 phosphodiester linkage.

Conjugate Groups
193121 In embodimoents, ACs are modified by covalent attachment of one or more conjugate
groups. In general, conjugate groups roodify one or more properties of the attached AC including

30 but not Timited to pharmacodynamic, pharmacokinetic, binding, absorption, cellnlar 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 moiety or linking group to a parent compound such
as an AC. Conjugate groups include without limitation, intercalators, reporter molecules,
polyarpines, polyamides, polyethylene glycols, thioethers, polyethers, cholesterols,
thiocholesterols, cholic acid moieties, folate, lipids., phospholipids, bioctin, phenazine,
phenanthridine, anthraguinone, adamantane, acridine, fluoresceins, rhodamines, coumarins and
dyes. In embodiments, the conjugate group is a polyethylene glycol (PEG), and the PEG is

conjugated to either the AC or the cyclic peptide.

16313] Conjugate groups include lipid moieties such as a cholesterel moiety {Letsinger et al., Proc.

Natl. Acad. Sci. USA, 1989, 86, 6553); cholic acid (Manoharan et al., Bioorg. Med. Chem. Lett,,
1994, 4, 1053); a thioether, e.g., hexyl-S-tritylthiol (Mancharan et al., Ann. NUY. 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, 533); 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.,, Biochimie, 1993, 75, 49): a phospholipid, e.g., di-hexadecyl-
rac-glycerol or triethylamimonium-1,2-di-O-hexadecyl-rac-glycern-3-H-phosphonate (Manocharan
et al., Tetrahedron Lett., 1995, 36, 3651; Shea et al., Nucl. Acids Res., 1990, 18, 3777, a
polvamine or a polyethvlene glyeol chain (Manocharan et al., Nucleosides & Nucleotides, 1995,
14, 969); adarnantane acetic acid (Mancharan et al, Tetrahedron Lett., 1995, 36, 3651); a palmityl
moiety {(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).

{63141 Linking groups or bifunctional linking moieties such as those known in the art can be

included with the compounds provided herein. Linking groups are useful for attachment of
chemical functional groups, conjugate groups, reporter groups and other groups to selective sites
iy a parent compound such as for example an AC. In embodiments, a bifunctional Hnking moiety
comprises a hydrocarbyl moiety having two functional groups. In embodiments, one of the
functional groups is selected to bind to a parent molecutle or compound of interest and the other is
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 linker 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 linking moiety include, but are not
Iimited to, electrophiles for reacting with nacleophilic groups and mucleophiles for reacting with
electrophilic groups. In embodiments, bifunctional linking moieties include amino, hydroxyl,

carboxylic acid, thiol, unsaturations {e.g., double or triple bonds), and the like. Some nonlimiting

9%

examples of bifunctional linking moieties include 8-amino-3,6-dioxaoctanoic acid (ADQO),
succinimidyl 4-(N-maletmidomethyl} cyclohexane-i-carboxylate (SMCC) and 6-aminchexanoic
acid (AHEX or AHA). Other linking groups include, but are not limited to, substituted C:i-Cio
alkyl, substituted or unsubstituted -Co alkenyl or substituted or unsubstituted Cr-Cio alkynyl,
wherein a nonlimiting list of substituent groups inclades hydroxyl, amino, alkoxy, carboxy, benzyl,
10 phenvl, nitro, thiol, thioalkoxy, halogen, alkyl, aryl, alkenyl and alkyvnyl.

[0313] In embodiments, the AC may be linked to a 10 arginine-serine dipeptide repeat. ACs Hinked
to 10 arginine-serine dipeptide repeats for the artificial recruitment of splicing enhancer factors
have been applied in vitro to induce inclusion of mutated BRCAT and SMINZ exons that otherwise
would be skipped. See Cartegni and Krainer 2003, incorporated by reference herein.

1S [6316] v ervbodiments, the AC may be frorn 3 to 50 nucleotides in 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, 43, 46, 47, 48, 49, or 530, inclusive of all values and ranges therein).
In embodirents, the AC may be 5-10 nucleotides in length. To erobodiments, the AC may be 10-
15 nucleotides in length. Tn embodiments, the AC may be 15-20 nucleotides in length. In

20 embodirents, the AC may be 20-25 nucleotides ju length. Tu embodiments, the AC may be 25-30
nucleotides in length. To embodiments, the AC may be 30-35 nucleotides in length. In
embodiments, the AC may be 33-40 mucleotides in length. In embodiments, the AC may be 40-435
nucleotides in length. In embodiments, the AC may be 45-50 nucleotides in length.

(63171  In embodiments, the AC hybridizes to a nucleic acid sequence of the hursan DMD gene,

25  which encodes dystrophin. In embodiments, the AC binds to exon 45 of DMD. In embodiments,
the AC that binds to exon 43 of DMD is from about 18 to about 30 pucleic acids in length, for
example, about 18, about 19, about 20, about 21, about 22, about 23, about 24, abowt 25, about 26,
about 27, about 28, about 29, or about 30 nucleic acids in length.

{6318] In embodiments, the antinsense compound hybridizes to a nucleic acid sequence within an

30 intron of exon 45 of DMD. In embodiments, the antinsense compound hybridizes to a nucleic acid
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sequence within exon 45 of DMD. In embodiments, the antisense compound hybridizes to a

nucleic acid sequence that spans an intron-exon or exon-intron junction of exon 45 of DMD.

[031%] The antisense nomenclature system proposed Mann et al., (2002) “Improved antisense

oligonucleotide induced exon skipping in the mdx mouse model of muscular dystrophy,” J Gen
Med. 4:644-654 can be used to describe the target region of a gene seqeunce to which an antisense

[IRLR

compound can hybridize. According to this nomenclature system, a negative sign (*-") indicates

PY

an intronmic sequence and a positive sign (“+7) indicates an exonic sequence. The letter “A”

indicates that the antisense compound binds to an acceptor splice site at the beginning of the exon
and the letter “D” indicates that the antisense compound binds to a donor splice site at the end of
the exon. For example, A(-5+15) represents an antinsense oligonucleotide that hybridizes to the
the last 5 bases of the intron preceding the target exon (e.g., exon 45) and the first 15 bases of the
target exon. Similarly, D(+15-53) represents an antisense oligonucleotide that hybridizes to the last
5 exonic bases of the target exon {e.g., exon 43) and the first 15 intronic bases following the target
exon, correspond to the annealing site of the antisense molecule. An antisense oligonucleotide that
hybridizes to a nucleic acid sequence fully within an exoun can be represented by A(+5425), e.g.,
the antisense oligonucleotide hybridizes to a nucleic acid sequence starting at the 5™ nucleotide
from the start of the exon and to the 25" nucleotide from the start of the same exon. The absence
of a “+” or a *-” sign generally means that the antisense oligonucleotide binds to a nucleic acid
sequence within an exon of the target nacleic acid, unless judicated otherwise. Lower case
micleotides are used to indicate intronic sequences, and apper case nucleotides are used to indicate

X0 SeUenCes.

[6328] In embodiments, the nucleic acid sequence of exon 45 of DMD is shown as SEQ 1D NGO: 1

below (from 5 to 3’, including the flanking apstream (57) and downstream (3°) introns):

taaaa agaca tgggg cttca thttt gtttt gecktt tttgg tatcect tacag
GAACT CCAGG ATGGEC ATTGE GCAGC GGCAA ACTGT TGTCA GAACA TTGAA
TGCAA CTGEG GAAGA AATAA TTCAG CAATC CTCAA ABACA GATGEC CAGTA
TICTA CAGGA AAAAT TEGGEA AGCCT GAATC TGCGEE TGGECA GGAGGE TCTGC
ARACA GUTGT CAGAC AGAAA ABAAGBA Ggtag ggcyga cagat ctaat aggaa

tgaaan acatt ttagc agact tttta (SEQ ID NO: 1)

{6321} The upstream (5"} intronic sequence (residues -30 to -1} and downstream (3"} intronic

sequence {(residues -1 to -44) are shown in lowercase and italics; the exonic sequence {residaes +1

to +176) is shown in uppercase in bold and underlining. In embodiments, the nucleic acid sequence
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for human duchenne muscle dystrophy (DMD) gene for dystrophin exon 45 comprises 176
nucleotides.

{6322} In embodiments, the AC that binds to exon 45 of DMD is selected from any one of the
nucleic acid sequences shown in Tables 6A-6F, Tables TA-7(, or Tables BA-BC, the reverse
complement thereof, or a sequence with at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 88%, 90%, 31%, 92%, 93%, 94%, 95%, 96%, $7%, 38%. or 99% nucleic acid sequence
identity thereto.

{63231  In embodiments, the AC comprises 15, 16, 17, 18,19, 20, 21, 22,23, 24, 25,26, 27, 28, 29
or 30 consecutive nucleotides (e.g., the AC is a 15-mer, 16-mer, 17-mer, 18-mer, 19-mer, 20-mer,
21-mer, 22-mer, 23-mer, 24-mer, 25-mer, 26-mer, 27-mer, 28-mer, 29-mer or 30-mer) that are
complementary to consecutive nucleotides of SEQ ID NOG: 1, wherein the first nucleotide of the
AC hybridizes to a nucleotide of exon 45 of DM at position +1, +2, +3, +4, +5, +6, +7, +8, +9,
+10, +11, +12, +13, +14, +15, +16, +17, +18, +19, 420, +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, +33, +54, +35, +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, +81, +92, +93, +94, +95, +96, +97, +88, +99, +100, +101, +102, +103,
+104, +105, +106, +107, +108, +109, +110, +111, +112, +113, +114, 115, +116, +117, +11§,
+119, +120, +121, +122, +123, +124, +123, +126, +127, +128, +129, +130, +131, +132, +133,
+134, +135, +136, +137, +138, +139, +140, +141, +142, +143, +144, +145, +146, +147, +148§,
+1d49, +150, +151, +152, +133, +154, +153, +156, +157, +158, +159, +160, +161, +162, +163,
w164, +165, +1616, +167, +168, +169, +170, +171, +172, +173, +174, +175, or +176 of SEQ
1D NO: 1. In embodiments, the AC comprises nucleotides that are complementary to consecutive
nucleotides of the 37 intronic sequence following exon 45 (3’ intronic sequence not shown). As
used herein, the “first nucleotide” refers 1o the 5" mucleotide of the AC.

{63241 In embodiments, the AC binds to a sequence of exon 45 of DMD selected from a nucleic
acid sequence consisting of a sequence shown in Tables 6A-6P, Tables 7A-7(0, or Tables 8A-
8C. In embodiments, the AC that binds to exon 45 of DMD i3 selected from any one of the nucleic
acid sequences within Tables 6A-6FP, Tables 7A-7(}, and Tables 8A-B(, or the revesse
complement thereof. In embodiments, the AC that binds to exon 45 of DMD is selected from any

one of the nucleic acid sequences shown in Tables 6A-6F, Tables 7TA-70, and Tables 8A-8C, the
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reverse complement thereof, or a sequence with at least 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 919%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, or 99% nucleic acid sequence
identity thereto. In embodiments, the AC that binds to exon 45 of DM comprises one or more
modified nucleic acids, one or more modified internucleotide linkages, or a combination thereof.
In embodiments, the AC that binds to exon 45 comprises one or more morpholing rings, one or

more phosphorodiamidate linkages, or a combination thereof. In embodiments, the AC that binds

to exon 45 of DMD is an antisense phosphorodiamidate morph

Se]

nce selected from any one of the nucleic acid sequences within Tables 6A-6F, the reverse

complement thereof, or a sequence with at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 31%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% nucleic acid sequence

identity thereto.

Table 6A. {5-mer ACs that bind to exon 45 of DMD

Nucleic Acid Sequence (57— 37}

ACTCCAGGATGGCAT

GATGGCATTGGGCAG

GATGGCATTGGGCAG

CAGATGCCAGTATTC

CAAAAACTCCTAACG

AGGAAAAATTGGGAA

ACATCTTATGACCGY

TCTGCGGTGGCAGGA

TAAGTCCGAAGGGTT

GCOGTGGCAGGAGOGT

GTCTAAGTCCGAAGG

GTCTAAGTCCGAAGGG

GTGGCAGGAGGTCTG

GGCGTCTAAGTCCGA

CAGACTGTCGACAAA

AGAAAAAAGACAGAC

TCCTAACGACTTAAT

AACTGGGGAAGAAAT

COTAGACAAAAACTC

ATAATTCAGCAATCC

AGGACATCTTATGAC

TCAAAAACAGATGCC

AAAAAGGACATCTTA
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Nucleic Acid Sequence (57— 37}

AAACAGATGCCAGTA

TAAAAAGGACATCTT

AACAGATGCCAGTAT

GGAGGACGGTGGOGT

GGGAAGCCTGAATCT

AAGACAGACTGTCGA

GGAGGTCTGCAAACA

AAAGACAGACTGTCG

GAGGTCTGCAAACAG

AAAAAMAGACAGACTG

GTCTGCAAACAGCTG

AGAAAAAAGACAGAC

CTGCAAACAGCTGTC

TGCAAACAGCTGTCA

AAACAGCTGTCAGAC

TGTCAGACAGAAAAA

Table 68. 16-merACs that bind to exon 45 of DMD

Nucleic Acid Sequence (57~ 37}

ACTCCAGGATGGCATT

GATGGCATTCGGGCAGC

GATGGCATTGGGCAGC

CAGATGCCAGTATTCT

CAAAAACTCCTAACGA

AGGAAAAATTGGGAAG

ACATCTTATGACCGTA

TCTGCGGTGGCAGGAG

TAAGTCCGAAGGGTTA

GCGGTGGCAGGAGGTC

GTCTAAGTCCGAAGGG

STGGCAGGAGGTCTGO

GOGCGTCTAAGTCCGAA

CAGACTGTCGACAAAC

AGAAAAAAGACAGACT

CTCCTAACGACTTAAT

CAACTGGGGAAGAAAT

CCGTAGACAAAAACTC

AATAATTCAGCAATCC

AAGGACATCTTATGAC
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Nucleic Acid Sequence (57— 37}

CTCAAAAACAGATGCC

TAAAAAGGACATCTTA

AAAACAGATGCCAGTA

TTAAAAAGGACATCTT

AAACAGATGCCAGTAT

TGGAGGACGGTGGLGT

TGGGAAGCCTGAATCT

AAAGACAGACTGTCGA

AGGAGGTCTGCAAACA

AAAAGACAGACTGTCG

GUGAGOTCTGCAAACAG

GAAAAAAGACAGACTG

GGTCTGCAAACAGCTG

TCTGCAAACAGCTGTC

CTGCAAACAGCTGTCA

CAAACAGCTGTCAGAC

TTGTCAGACAGAAAAA

Table 6C. 17-merACs that bind to exon 45 of DMD

Nucleic Acid Sequence (57— 3°)

ACTCCAGGATGGCATIG

GATGGCATTGGGCAGCG

GATGGCATTGGGCAGCG

CAGATGCCAGTATTICTA

CAAAAACTCCTAACGAC

AGGAAAAATTGGGAAGC

ACATCTTATGACCGTAG

TCTGCGOGTGGCAGGAGG

TAAGTCCGAAGGGTTAA

CGOGTGOCAGGAGOGTCT

GTCTAAGTCCGAAGGGT

GTGGCAGGAGOGTCTGCA

GGCGTCTAAGTCCGAAG

CAGACTGTCGACAAACG

AGAAAAAAGACAGACTG

ACTCCTAACGACTTAAT

GCAACTGGOGAAGAAAT

ACCGTAGACAAAAACTC

AAATAATTCAGCAATCC

AAAGGACATCTTATGAC
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200

Nucleic Acid Sequence (57— 3}

CCTCAAAAACAGATGCC

TTAAAAAGGACATCTTA

AAAAACAGATGCCAGTA

GTTAAAAAGGACATCIT

AAAACAGATGCCAGTAT

CTOGAGGACGGTGGCGY

TTGGGAAGCCTGAATCT

AAAAGACAGACTGTCGA

CAGGAGGTCTGCAAACA

AAAAAGACAGACTGTCG

AGGAGGTCTGCAAACAG

AGAAAAAAGACAGACTG

AGGTCTGCAAACAGCTG

GTCTGCAAACAGCTGTC

TCTGCAAACAGCTGTCA

GCAAACAGCTGTCAGAC

GCTGTCAGACAGAAAAA

Table 6D. 18-mer ACs that bind to exon 45 of DMD

Nucleic Acid Sequence (57— 3}

ACTCCAGGATGGCATTGG

CATGGCATTGGGCAGCGEH

GATCGGCATTGGGCAGCGG

CAGATGCCAGTATTCTAC

CAAAAACTCCTAACGACT

AGGAAAAATTGGGAAGCC

ACATCTTATGACCGTAGA

TCTGCGGTGGCAGGAGGT

TAAGTCCCGAAGGGTTAAA

GCGGTGGCAGGAGGTCTG

GTCTAAGTCCGAAGGGTT

GTGGCAGGAGGTCTGCAA

GGCGTCTAAGTCCGAAGG

CAGACTGTCGACAAACGT

AGAAAAAAGACAGACTGY

AACTCCTAACGACTTAAT

TGCAACTGGGGAAGAAAT

GACCGTAGACAAAAACTC

GAAATAATTCAGCAATCC

AAAAGGACATCTTATGAC

TCCTCAAAAACAGATGCC
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Nucleic Acid Sequence (57— 3}

GTTAAAAAGGACATCTTA

CAAAAACAGATGCCAGTA

GGTTAAAAAGGACATCTET

AAAAACAGATGCCAGTAT

TCTGGAGGACGGTGGCOT

ATTGGGAAGCCTGAATCT

AAAAAGACAGACTGTCGA

GCAGGAGGTCTGCAAACA

AAAAAAGACAGACTGTCG

CAGGAGGTCTGCAAACAG

GAGGTCTGCAAACAGCTG

GGTCTGCAAACAGCTGTC

GTCTGCAAACAGCTGTCA

TGCAAACAGCTGTCAGAC

AGCTGTCAGACAGAAAAA

Table 6F. 19-mer ACs that bind io exon 45 of DMD

Nucleic Acid Sequence (57~ 3}

ACTCCAGGATGGCATTGGG

GATGGCATTGGGCAGCGGC

GATGGCATTGGGCAGCGGC

CAGATGCCAGTATTCTACA

CAAAAACTCCTAACGACTT

AGGAAAAATTGGGAAGCCT

ACATCTTATGACCGTAGAC

TCTGCGGTGGCAGGAGGTC

TAAGTCCGAAGGGTTAAAA

GCGGTGGCAGGAGGTICTIGC

GTCTAAGTCCGAAGGGTTA

JTGGCAGGAGGTCTGCAAA

GGCGTCTAAGTCCGAAGGE

CAGACTGTCGACAAACGTC

AGAAAAAAGACAGACTGTC

AAACTCCTAACGACTTAAT

ATGCAACTGGGGAAGAAAT

TGACCGTAGACAAAAACTC

AGAAATAATTCAGCAATCC

AAAAAGGACATCTITATGAC

ATCCTCAAAAACAGATGCC

GGTTAAAAAGGACATCTITA

TCAAAAACAGATGCCAGTA
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Nucleic Acid Sequence (57— 3}

GGGTTAAAAAGGACATCTT

CAAAAACAGATGCCAGTAT

GTCTGGAGOGACGGTGGCGT

AATTGGCGAAGCCTGAATCT

AAAAAAGACAGACTOTCGA

GOCAGGAGGTCTGCAAACA

GAAAAAAGACAGACTGTCG

GCAGGAGGTCTGCAAACAG

GGAGGTCTGCAAACAGCTIG

AGGTCTGCAAACAGCTGTIC

GOTCTGCAAACAGCTGTCA

CTGCAAACAGCTGTCAGAC

CAGCTGTCAGACAGAAAAA

Table 6F. 20-mer ACs that bind io exon 45 of DMD

Nucleic Acid Sequence (57— 37)

ACTCCAGGATGGCATTGGGC

GATGGCATTGGGCAGCGGCA

GATGGCATTGGGCAGCOGCA

CAGATGCCAGTATTCTACAG

CAAAAACTCCTAACGACTTA

AGGAAAAATTGGGAAGCCTIC

ACATCTTATGACCGTAGACA

TCTGCGOTGGCAGGAGOTCT

TAAGTCCGAAGGGTTAAAAA

GCGGTGGCAGGAGGTCTGCA

GTCTAAGTCCGAAGGGTTAA

GTGGCAGGAGGTCTGCAAAC

GGCGTCTAAGTCCGAAGGGT

CAGACTGTCGACAAACGTCT

AGAAAAAAGACAGACTGTCG

AAAACTCCTAACGACTTAAT

AATGCAACTGGGGAAGAAAT

ATCGACCGTAGACAAAAACTC

AAGAAATAATTCAGCAATCC

TAAAAAGGACATCTTATGAC

AATCCTCAAAAACAGATGCC

GGGTTAAAAAGGACATCTTA

CTCAAAAACAGATGCCAGTA

AGGOTTAAAAAGCACATCET

TCAAAAACAGATGCCAGTAT
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Nucleic Acid Sequence (57— 3}

COTCTGGAGGACGGTGGCGT

AAATTGGGAAGCCTGAATCY

GAAAAAAGACAGACTGTCGA

TGGCAGGAGOTCTGCAAACA

AGAAAAAAGACAGACTGTCG

GGCAGGAGGTCTGCAAACAG

AGGAGGTCTGCAAACAGCTG

GAGGTCTGCAAACAGCTGTC

AGGTCTGCAAACAGCTGTCA

TCTGCAAACAGCTGTCAGAC

ACAGCTGTCAGACAGAAAAA

Table 6G. 21-mer ACs that bind to exon 45 of DMD

Nucleic Acid Sequence (57— 37}

ACTCCAGGATGGCATTGGGCA

GATGGCATTGGGCAGCGGCAA

GATGGCATTGGGCAGCGGCAA

CAGATCGCCAGTATTCTACAGG

CAAAAACTCCTAACGACTTAA

AGGAAAAATTGGGAAGCCTGA

ACATCTTATGACCGTAGACAA

TCTGCGOTGGCAGGAGGTCTG

TAAGTCCGAAGGGTTAAAAAG

GCGGTGGCAGGAGGTCTGCAA

GTCTAAGTCCGAAGGGTTAAA

GTGGCAGGAGGTCTGCAAACA

GGCGTCTAAGTCCGAAGGGTT

CAGACTGTCGACAAACGICTG

AGAAAAAAGACAGACTGTCGA

AAAAACTCCTAACGACTTAAT

JAATGCAACTGGGGAAGAAAT

TATGACCGTAGACAAAAACTC

GAAGAAATAATTCAGCAATCC

TTAAAAAGGACATCTTATGAC

CAATCCTCAAAAACAGATGCC

AGGGTTAAAAAGGACATCTTA

CCTCAAAAACAGATGCCAGTA

AAGGGTTAAAAAGGACATCTT

CTCAAAAACAGATGCCAGTAT

ACCGTCTGGAGGACGGTGGCGT

AAAATTGGGAAGCCTGAATCT
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Nucleic Acid Sequence (57— 3}

AGAAAAAAGACAGACTGTCGA

GTGGCAGGAGOGTCTGCAAACA

TGGCAGGAGGTCTGCAAACAG

CAGGAGGTCTGCAAACAGCTG

GOAGOTCTOCAAACAGCTGTC

GAGGTCTGCAAACAGCTGTCA

GTCTGCAAACAGCTGTCAGAC

AACAGCTGTCAGACAGAAAAA

Table 6H. 22-mer ACs that bind to exon 45 of DM}

Nucleic Acid Sequence (57— 37)

ACTCCAGGATGGCATTGGGCAG

GATGGCATTGGGCAGCGGLAAA

GATGGCATTOGGCAGCGGCAAA

CAGATGCCAGTATTCTACAGGA

CAAAAACTCCTAACGACTTAAT

AGGAAAAATTGGGAAGCCTGAA

ACATCTTATGACCGTAGACAAA

TCTGCGGTGGCAGGAGGTCTGC

TAAGTCCGAAGGGTTAAAAAGG

GCGGTGGCAGGAGGTCTGCAAA

GTCTAAGTCCGAAGGGTTAAAA

GTGGCAGGAGGTCTGCAAACAG

GOCGTCTAAGTCCGAAGGOTTA

CAGACTGTCGACAAACGTCTOG

AGAAAAAAGACAGACTGTCGAC

CAAAAACTCCTAACGACTTAAT

TOGAATGCAACTGGGGAAGAAAT

TTATGACCGTAGACAAAAACTC

GGAAGAAATAATTCAGCAATCC

STTAAAAAGGACATCTTATGAC

GCAATCCTCAAAAACAGATGCC

AAGGGTTAAAAAGGACATCITA

TCCTCAAAAACAGATGCCAGTA

GAAGGGTTAAAAAGGACATCTT

CCTCAAAAACAGATGCCAGTAT

AACGTCTGGAGGACGGTGGCGT

AAAAATTGGOAAGCCTGAATCT

GGTGGCAGGAGOGTCTGCAAACA

GTGGCAGGAGOTCTGCAAACAG
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Nucleic Acid Sequence (57— 3}

GCAGGAGGTCTGCAAACAGCTG

AGGAGGTCTGCAAACAGCTGTIC

GGAGGTCTGCAAACAGCTGTCA

GOTCTGCAAACAGCTGTCAGAC

AAACAGCTGTCAGACAGAAAAA

Table 6i. 23-mer ACs that bind to exon 45 of DMD

Nucleic Acid Sequence (5 3}

ACTCCAGUATGGCATTGGGCAGC

GATGGCATTGGGCAGCGGCAAAL

GATGGCATTGGGCAGCGGCAAAC

CAGATGCCAGTATTICTACAGGAA

CAAAAACTCCTAACGACTTAATA

AGGAAAAATTGGGAAGCCTGAAT

ACATCTTATGACCGTAGACAAAA

TCTGCGGTGGCAGGAGGTCTGCA

TAAGTCCGAAGGGTTAAAAAGGA

GCGOTGGCAGGAGGTCTGCAAAC

GTCTAAGTCCGAAGGGTTAAAAA

GTGGCAGGAGOTCTGCAAACAGC

GGCOTCTAAGTCCGAAGGGTTAA

CAGACTGTCGACAAACGTICTGGA

AGAAAAAAGACAGACTGTCGACA

ACAAAAACTCCTAACGACTTAAT

TTGAATGCAACTGGGOAAGAAAT

CTTATGACCGTAGACAAAAACTC

GGGAAGAAATAATTCAGCAATCC

GGTTAAAAAGGACATCTTATGAC

AGCAATCCTCAAAAACAGATGCC

GAAGGGTTAAAAAGGACATCTTA

ATCCTCAAAAACAGATGCCAGTA

CGAAGGGTTAAAAAGGACATCTT

TCCTCAAAAACAGATGCCAGTAT

AAACCGTCTOCAGGACGGTGOCGT

GAAAAATTGGGAAGCCTGAATCY

CGOTGGCAGGAGGTCTGCAAACA

GGTGGCAGGAGGTCTGCAAACAG

GGCAGGAGGTCTGCAAACAGCTG

CAGGAGGTCTGCAAACAGCTGIC

AGCGAGGTCTGCAAACAGCTGTICA

AGGTCTGCAAACAGCTOTCAGAC
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Nucleic Acid Sequence (57— 3}

CAAACAGCTGTCAGACAGAAAAA

Table 67. 24-mer ACs that bind 1o exon 45 of DMD

an

Nucleic Acid Sequence (57— 3}

ACTCCAGGATGGCATTGGGCAGCG

GATGGCATTGGGCAGCGGCAAACT

GATGGCATTGGGCAGCGGCAAACT

CAGATGCCAGTATTCTACAGGAAA

CAAAAACTCCTAACGACTTAATAA

AGGAAAAATTGGGAAGCCTGAATC

ACATCTTATGACCGTAGACAAAAA

TCTGCGGTGGCAGGAGGTCTGCAA

TAAGTCCGAAGGGTTAAAAAGGAC

GCOGTGGCAGGAGOGTCTGCAAACA

GTCTAAGTCCGAAGGGTTAAAAAG

GTGGCAGGAGCGTCTGCAAACAGCT

GGCOTCTAAGTCCGAAGGGTTAAA

CAGACTGTCGACAAACGTCTGGAG

AGAAAAAAGACAGACTGTCGACAA

GACAAAAACTCCTAACGACTTAAT

ATTGAATGCAACTGGGGAAGAAAT

TCTTATGACCGTAGACAAAAACTC

GGGGAAGAAATAATTCAGCAATCC

GGOGTTAAAAAGGACATCTTATGAC

CAGCAATCCTCAAAAACAGATGCC

CGAAGGGTTAAAAAGGACATCTTA

AATCCTCAAAAACAGATGCCAGTA

CCGAAGGGTTAAAAAGGACATCTT

ATCCTCAAAAACAGATGCCAGTAT

CAAACGTCTGGAGGACGGTGGCGT

GGAAAAATTGGGAAGCCTGAATCT

GCGGTGGCAGGAGGTCTGCAAACA

COGOTGOCAGGAGGTCTGCAAACAG

TGOCAGGAGGTCTGCAAACAGCTIG

GCAGGAGOTCTGCAAACAGCTGTC

CAGGAGUTCTGCAAACAGCTGTCA

GAGGTCTGCAAACAGCTGTCAGAL

GCAAACAGCTGTCAGACAGAAAAA
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Nucleic Acid Sequence (5~ 3}

ACTCCAGGATGGCATTGGGCAGCG

GATGGCATTGGGCAGCGGCAAACTG

GATGGCATTGGGCAGCGGCAAACTG

CAGATGCCAGTATTCTACAGGAAAA

CAAAAACTCCTAACGACTTAATAAA

AGGAAAAATTGGGAAGCCTGAATCT

ACATCTTATGACCGTAGACAAAAAC

TCTGCGOTGCCAGGAGGTCTGCAAA

TAAGTCCOAAGGGTTAAAAAGGACA

GCGGTGGCAGGAGGTCTGCAAACAG

JTCTAAGTCCGAAGGGTTAAAAAGG

GTGGCAGGAGGTCTGCAAACAGCTG

GGCOTCTAAGTCCGAAGGGTTAAAA

CAGACTGTCGACAAACGTCTGGAGG

AGAAAAAAGCACAGACTGTCGACAAA

AGACAAAAACTCCTAACGACTTAAT

CATTGAATGCAACTGGGGAAGAAAT

ATCTTATGACCGTAGACAAAAACTC

TGGGGAAGAAATAATTCAGCAATCC

AGGGTTAAAAAGGACATCTTATGAC

TCAGCAATCCTCAAAAACAGATOCC

CCGAAGGGTTAAAAAGGACATCTTA

CAATCCTCAAAAACAGATGCCAGTA

TCCGAAGGGTTAAAAAGGACATCTT

AATCCTCAAAAACAGATGCCAGTAT

ACAAACGTCTGCGAGGACGOTGGCGT

AGGAAAAATTGGGAAGCCTGAATCT

TGCGGTGGCAGGAGGTCTGCAAACA

GCGGTGGCAGGAGGTCTGCAAACAG

GTGGCAGOAGOTCTGCAAACAGCTG

GGCAGCGAGGTCTGCAAACAGCTIGTC

GCAGGAGGTCTGCAAACAGCTGTCA

GGAGGTCTGCAAACAGCTGTCAGAC

TOGCAAACAGCTGTCAGACAGAAAAA

Table 6L. 26-mer ACs thar bind to exon 45 of DMD

Nucleic Acid Sequence (57— 37)

ACTCCAGGATGGCATTGGGCAGCGGL

GATGGCATTGGGCAGCGGCAAACTGT
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Nucleic Acid Sequence (57— 3}

GATGGCATTGGGCAGCGGCAAACTGT

CAGATGCCAGTATTICTACAGGAAAAA

CAAAAACTCCTAACGACTTAATAAAG

AGGAAAAATTGGOAAGCCTGAATCTO

ACATCTTATGACCGTAGACAAAAACT

TCTGCGOTGGCAGCGAGGTCTGCAAAC

TAAGTCCGAAGGGTTAAAAAGGACAT

CCGGTGGCAGGAGGTCTGCAAACAGC

GTCTAAGTCCGAAGGGTTAAAAAGGA

GTGGCAGGAGGTCTGCAAACAGCTGT

GGCOGTCTAAGTCCGAAGGGTTAAAAA

CAGACTGTCGACAAACGTCTGGAGGA

AGAAAAAAGACAGACTGTCGACAAAC

TAGACAAAAACTCCTAACGACTTAAT

ACATTGAATGCAACTGGGGAAGAAAT

CATCTTATGACCGTAGACAAAAACTC

CTGGOOAAGAAATAATTCAGCAATCC

AAGGGTTAAAAAGGACATCTTATGALC

TTCAGCAATCCTCAAAAACAGATOCC

TCCOAAGGGTTAAAAAGGACATCITA

GCAATCCTCAAAAACAGATGCCAGTA

GTCCGAAGGGTTAAAAAGGACATCTT

CAATCCTCAAAAACAGATGCCAGTAT

GACAAACGTCTGGAGGACGGTGGCGT

CAGGAAAAATTGGGAAGCCTGAATCY

CTOCGGTGGCAGGAGGTCTGCAAACA

TGCGOGTGGCAGCGAGGTCTGCAAACAG

GGTGGCAGGAGGTCTGCAAACAGCTG

TGGCAGGAGGTCTGCAAACAGCTGTC

GGCAGGAGGTCTGCAAACAGCTGTICA

AGGAGGTCTGCAAACAGCTGTCAGAC

CTGCAAACAGCTGTCAGACAGAAAAA

Table 6. 27-mer ACs that bind to exon 45 of DMD

Nucleic Acid Sequence (5~ 3}

ACTCCAGGATGGCATTGGGCAGCGGCA

GATGGCATTGGGCAGCGGCAAACTGIT

CATGCGCATTGGGCAGCGGCAAACTGTT

CAGATGCCAGTATTCTACAGGAAAAAT

CAAAAACTCCTAACGACTTAATAAAGA

AGGAAAAATTGGGAAGCCTGAATCTGE
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200

Nucleic Acid Sequence (57— 3}

ACATCTTATGACCGTAGACAAAAACTC

TCTGCGGTGGCAGGAGGTCTGCAAACA

TAAGTCCGAAGGOTTAAAAAGGACATC

GCGOTGOCAGCGAGGTCTGCAAACAGCT

STCTAAGTCCGAAGGGTTAAAAAGGAC

GTGGCAGGAGGTCTGCAAACAGLCTGTC

GCGCGTCTAAGTCCGAAGGGTTAAAAAG

CAGACTGTCGACAAACGTCTGGAGGAC

AGAAAAAAGACAGACTGTCGACAAACG

OTAGACAAAAACTCCTAACGACTTAAT

AACATTGAATGCAACTGGGOAAGAAAT

ACATCTTATGACCGTAGACAAAAACTC

ACTGGGGAAGAAATAATTCAGCAATCC

GAAGGGTTAAAAAGGACATCTTATGAC

ATTCAGCAATCCTCAAAAACAGATGCC

GTCCGAAGGGTTAAAAAGGACATCTTA

AGCAATCCTCAAAAACAGATGCCAGTA

AGTCCGAAGGGTTAAAAAGGACATCTT

GCAATCCTCAAAAACAGATOCCAGTAT

COACAAACGTCTGGAGCGACGOTGGLIGT

ACAGGAAAAATTOGGGAAGCCTGAATCT

TCTGCGGTGGCAGGAGGTCTGCAAACA

CTGCGGTGGCAGGAGGTCTGCAAACAG

CGGTGGCAGGAGGTCTGCAAACAGCTG

GTGGCAGGAGGTCTGCAAACAGCTGTC

TGGCAGGAGGTCTGCAAACAGCTGTCA

CAGGAGGTCTGCAAACAGCTGTCAGAC

TCTGCAAACAGCTGTCAGACAGAAAAA

Table 6N. 28-mer ACs that bind to exon 45 of DMD

Nucleic Acid Sequence (57— 3}

ACTCCAGGATGCGCATTGGGCAGCGGCAA

GATGGCATTGGGCAGCGGCAAACTGTTG

GATGGCATTGGGCAGCGGCAAACTGTTIG

CAGATGCCAGTATTCTACAGGAAAAATT

CAAAAACTCCTAACGACTTAATAAAGAA

AGGAAAAATTGGGAAGCCTGAATCTGLG

ACATCTTATGACCGTAGACAAAAACTCC

TCTGCGOTGGCAGGAGGTCTGCAAACAG

TAAGTCCGAAGOGTTAAAAAGGACATCT

GCGOGTGGCAGGAGGTCTGCAAACAGCTG
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200

Nucleic Acid Sequence (57— 3}

GTCTAAGTCCGAAGGGTTAAAAAGGACA

GTGGCAGGAGOTCTGCAAACAGCTGTCA

GGCGTCTAAGTCCOAAGGGTTAAAAAGG

CAGACTOTCGACAAACGTCTGGAGGACG

AGAAAAAAGACAGACTGTCGACAAACGT

CGTAGACAAAAACTCCTAACGACTTAAT

GAACATTGAATGCAACTGGGGAAGAAAT

CACATCTTATGACCGTAGACAAAAACTC

AACTGGGGAAGAAATAATTCAGCAATCC

CGAAGGGTTAAAAAGGACATCTTATGALC

AATTCAGCAATCCTCAAAAACAGATGCC

AGTCCGAAGGGTTAAAAAGGACATCTTA

CAGCAATCCTCAAAAACAGATGCCAGTA

AAGTCCGAAGGGTTAAAAAGGACATCTT

AGCAATCCTCAAAAACAGATGCCAGTAT

TCCGACAAACGTCTGGAGGACGGTGGCGT

TACAGGAAAAATTGGGAAGCCTGAATCT

ATCTGCGGTGGCAGCGAGGTCTGCAAACA

TCTGCOGCGTGGCAGCAGUTCTGCAAACAG

GCGOTGGCAGGAGGTCTGCAAACAGCTO

GGTGGCAGGAGGTCTGCAAACAGCTGTIC

GTGGCAGGAGGTCTGCAAACAGCTGTCA

GCAGGAGGTCTGCAAACAGCTGTCAGAC

GTCTGCAAACAGCTGTCAGACAGAAAAA

Table 60. 29-mer ACs that bind to exon 45 of DMD

Nucleic Acid Sequence (57— 3’}

ACTCCAGGATGGCATTGGGCAGCGGCAAA

GATCGCATTGGGCAGCGCGCAAACTGTTIGT

GATGGCATTGGGCAGCGGCAAACTGTTGT

CAGATGCCAGTATTCTACAGGAAAAATTG

CAAAAACTCCTAACGACTTAATAAAGAAG

AGGAAAAATTGGGAAGCCTGAATCTGCGG

ACATCTTATGACCGTAGACAAAAACTCCY

TCTGCOGOTGOCAGOAGGTCTOGCAAACAGC

TAAGTCCGAAGGGTTAAAAAGGACATCTT

GCGGTGGCAGGAGGTCTGCAAACAGCTGT

GTCTAAGTCCGAAGGGTTAAAAAGGACAT

GTGOGCAGGAGGTCTGCAAACAGCTGTICAG

GGCCGTICTAAGTCCOAAGCGGTTAAAAAGGA

CAGACTGTCGACAAACGTCTGGAGGACGO
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Nucleic Acid Sequence (57— 3}

AGAAAAAAGACAGACTGTCGACAAACGTC

CCOGTAGACAAAAACTCCTAACGACTTAAT

AGAACATTGAATGCAACTGGGGAAGAAAT

GOGACATCTTATGACCGTAGACAAAAACTC

CAACTGOGGAAGAAATAATTCAGCAATCC

CCGAAGGGTTAAAAAGGACATCTTATGAC

TAATTCAGCAATCCTCAAAAACAGATGCC

AAGTCCGAAGGGTTAAAAAGGACATCTITA

TCAGCAATCCTCAAAAACAGATGCCAGTA

TAAGTCCGAAGGUGTTAAAAAGGACATCYET

CAGCAATCCTCAAAAACAGATGCCAGTAT

GTCCGACAAACGTCTGGAGGACGGTGGOGT

CTACAGGAAAAATTGGGAAGCCTGAATCT

AATCTGCGGTGGCAGGAGGTCTGCAAACA

ATCTGCGGTGGCAGGAGGTCTGCAAACAG

TGCGGTGGCAGGAGGTCTGCAAACAGCTG

CGOTGGCAGGAGGTCTGCAAACAGCTGTC

GGTOGCCAGGAGGTICTGUCAAACAGCTGTICA

GGCAGGAGGTCTGCAAACAGCTGTCAGAL

GGTCTGCAAACAGCTGTCAGACAGAAAAA

Table 6P. 30-mer ACs that bind to exon 45 of DMD

Nucleic Acid Sequence (57~ 3}

ACTCCAGOATGGCATTGGGCAGCGGCAAAC

GATGCGCATTGGGCAGCGOCAAACTGTTGIC

GATGGCATTGGGCAGCGGCAAACTGTTGIC

CAGATGCCAGTATTCTACAGGAAAAATIGE

CAAAAACTCCTAACGACTTAATAAAGAAGG

AGGAAAAATTGGGAAGCCTGAATCTGCGGT

ACATCTTATGACCGTAGACAAAAACTCCTA

TCTGCGOGTOGCAGGAGGTCTGCAAACAGCT

TAAGTCCGAAGGGTTAAAAAGGACATCTITA

GCGGTGCCAGGAGGTCTGCAAACAGCTGTC

GTCTAAGTCCGAAGGGTTAAAAAGGACATC

GTOGCAGCAGGTICTGCAAACAGCTGTCAGA

GGCGTCTAAGTCCGAAGGGTTAAAAAGGAC

CAGACTGTCCGACAAACGTCTGGAGGACGGT

AGAAAAAAGACAGACTGTCGACAAACGICT

ACCGTAGACAAAAACTCCTAACGACTTAAT

CAGAACATTGAATGCAACTGOGGAAGAAAT

AGCGACATCTTATGACCGTAGACAAAAACTC
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Nucleic Acid Sequence (57— 3}
GCAACTGGGGAAGAAATAATTCAGCAATCC
TCCGAAGGGTTAAAAAGGACATCTTATGALC
ATAATTCAGCAATCCTCAAAAACAGATGCC
TAAGTCCGAAGGGTTAAAAAGGACATCTITA
TTCAGCAATCCTCAAAAACAGATGCCAGTA
CTAAGTCCGAAGGGTTAAAAAGGACATCTT
TCAGCAATCCTCAAAAACAGATGCCAGTAT
TGTCGACAAACGTCTGGAGGACGGTGGCGT
TCTACAGGAAAAATTGGGAAGUCCTGAATCT
GAATCTGCGGTGGCAGGAGGTCTGCAAACA
AATCTGCGGTGGCAGGAGGTCTGCAAACAG
CTGCGGTGGCAGGAGGTCTGCAAACAGCTG
GCGGTGGCAGGAGGTCTGCAAACAGCTGTC
CGOTGGCAGGAGGTCTGCAAACAGCTGTICA
TGGCAGGAGGTCTGCAAACAGCTGTCAGAC
AGGTCTGCAAACAGCTGTCAGACAGAAAAA

[6325] In embodiments, the AC hybridizes to a nucleic acid sequence that spans an intron-exon or
exon-intron junction of exon 45 of DMD. In embodiments, the AC is complementary o a target
nucleic acid sequence that includes at least 1 nucleotide of the upstream (5"} intron preceding exon
45 (i.e., starting at position -1). In embodiments, the AC is cornplementary to a target nucleic acid
sequence that includes at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at
least 8, at least ©, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16,
at least 17, at least 18, at least 19 and up to 20 consecutive nucleotides of the upstream (57 intron
preceding exon 43 (i.e., starting at position -20, -19, -18§, -17, -16, -15, -14, -13, -12, -11, -10, -9,
-8, -7, -6, -5, -4, -3, -2, or -1). In embodiments, the AC is complementary to a target nucleic acid
sequence that includes at least the first nucleotide at the 57 end of exon 45 (1.e, position +1). In
embodiments, the AC is complementary to a target nucleic acid sequence that includes at least 1,
at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least §, at least 9, at least 10, at
least 11, at Jeast 12, at least 13, at least 14, at feast 15, at least 16, at least 17, at least 1§, at least
19, at least 20, at least 21, at least 22, at least 23, at least 24 and up to 25 consecutive nucleotides
of exon 45, starting from the first nucleotide at the 5° end of exon 45 (i.e., starting from position
+1).

{63261 In embodiments, the AC hybridizes to a nacleic acid sequence that spans an intron-exon

junction of exon 45 of DMD comprising position -20 to +25 of SEQ ID NO: 1. The intron-exon
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junction of exon 45 of DMD that comprises positions -20 to +25 is represented by SEQ ID NO: 2:

geett tttgg tatcet taca GAACT CCAGGE ATGEC ATTGEGE GCAGC (SEQ ID NO:
2}

(63271 The opstream (57} intronic sequence of SEQ ID NO: 2 is shown in italics (residues -20 to
-1) and the exonic sequence of SEQ ID NO: 2 is shown in bold and underlining (residues +1 to
+25).

{6328] v embodiments, the AC comprises 15, 16, 17, 1§, 19, 20, 21, 22, 23, 24, 25, 26,27, 28, 29
or 30 consecutive nucleotides {e.g., the AC is a 15-mer, 16-mer, 17-mer, 18-mer, 19-mer, 20-mer,
21-mer, 22-mer, 23-mer, 24-mer, 25-mer, 26-mer, 27-mer, 28-mer, 29-mer or 30-mer) that are
complementary to consecutive nucleotides of SEQ ID NQG: 2, wherein the first nucleotide of the
AC hyhridizes to a nacleotide of exon 45 or a2 5 flanking intron of exon 45 of DAMD at position -
20, -19, -18, -17, -16, -15, -14, -13, -12, -11, -10, -9, -8, -7, -6, -5, -4, -3, -2, -1, +1, +2, +3, +4, +5,
+6, +7, +&, +9, +10, +11, +12, +13, +14, +15, +16, +17, +18, +19, +20, +21, +22, +23, +24, or

+25 of SEQ D NO: 2.

15 {63291 In embodiments, the AC that binds to exon 45 of DMD is selected from any one of the

20

nucleic acid sequences shown in Tables 7TA-70. In embodiments, the AC that binds to exon 45 of
DMD comprises one or more modified nucleic acids, one or more modified internucleotide
iinkages, or a combination thereof. In embodiments, the AC that binds to exon 45 comprises one
or mare meorphofine rings, one or more phosphorediamidate linkages, or a combination thereof. In

ernbodiments, the AC that binds to exon 45 of DMD is an antisense phosphorodiamidate

{3 with a sequence selected from any one of the nucleic acid sequences
within Tables 7TA-7(, the reverse complement thereof, or a sequence with at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

or 99% nucleic acid sequence identity thereto.

Table 7A. 20- to 30-mer ACs that bind to the intron-exon junction of exon 45 starting from position

-15

20~ 10 30-mers starting from -15:

TTTGG TATCT TACAG GAACT CCAGG ATGGC
TITGG TATCT TACAG GAACT CCAGG ATGG
TTTGG TATCT TACAG GAACT CCAGG ATG
TTTGG TATCT TACAG GAACT CCAGG AT
TTTGG TATCT TACAG GAACT CCAGG A
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TTTGG TATCT TACAG GAACT CCAGG
TTTGG TATCT TACAG GAACT CCAG
TTTGG TATCT TACAG GAACT CCA
TTTGG TATCT TACAG GAACT CC
TTTGG TATCT TACAG GAACT C
TITGG TATCT TACAG GAACT

Table 78. 20- to 30-mer ACs that bind 1o the intron-exon junction of exon 45 starting from position
4 d &

-14

20- to 30-mers starting from -14:

TTGG TATCT TACAG GAACT CCAGG ATGGC A
TTGG TATCT TACAG GAACT CCAGG ATGGC
TTGG TATCT TACAG GAACT CCAGG ATGG
TTGG TATCT TACAG GAACT CCAGG ATG
TTGG TATCT TACAG GAACT CCAGG AT
TTOG TATCT TACAG GAACT CCAGG A
TTGG TATCT TACAG GAACT CCAGG

TTGG TATCT TACAG GAACT CCAG

TTGG TATCT TACAG GAACT CCA

TTGG TATCT TACAG GAACT CC

TTGG TATCT TACAG GAACT C

Table 7C. 20- to 30-mer ACs that bind to the intron-exon junction of exon 45 starting from position
J Y 8J

-13

20- 1o 30-mers starting from -13:

TGO TATCT TACAG GAACT CCAGG ATGGC AT
TGO TATCT TACAG GAACT CCAGG ATGGC A
TGG TATCT TACAG GAACT CCAGG ATGGC
TG TATCT TACAG GAACT CCAGG ATGG
TGG TATCT TACAG GAACT CCAGG ATG

TGO TATCT TACAG GAACT CCAGG AT

TGG TATCT TACAG GAACT CCAGG A

TG TATCT TACAG GAACT CCAGG

TGG TATCT TACAG GAACT CCAG

TGO TATCT TACAG GAACT CCA

TGO TATCT TACAG GAACT CC

Table 7D. 20- to 30-mer ACs that bind to the intron-exon junction of exon 45 starting from position

-i2

20- to 30-mers starting fromm -12
GG TATCT TACAG GAACT CCAGG ATGGC ATT
GG TATCT TACAG GAACT CCAGG ATGGC AT
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GG TATCT TACAG GAACT CCAGG ATGGC A
GG TATCT TACAG GAACT CCAGG ATGGC
GG TATCT TACAG GAACT CCAGG ATGG
GG TATCT TACAG GAACT CCAGG ATG

GG TATCT TACAG GAACT CCAGG AT

GG TATCT TACAG GAACT CCAGG A

GG TATCT TACAG GAACT CCAGG

GG TATCY TACAG GAACT CCAG

GG TATCT TACAG GAACT CCA

Table 7E. 20- to 30-mer ACs that bind to the intron-exon junction of exon 45 starting from position

-1

25~ to 30-mers starting from -11:

G TATCT TACAG GAACT CCAGG ATGGC ATTG
G TATCT TACAG GAACT CCAGG ATGGC ATT
G TATCT TACAG GAACT CCAGG ATGGC AT
G TATCT TACAG GAACT CCAGG ATGGC A

3 TATCT TACAG GAACT CCAGG ATGGC

G TATCT TACAG GAACT CCAGG ATGG

G TATCT TACAG GAACT CCAGG ATG

G TATCT TACAG GAACT CCAGG AT

2 TATCT TACAG GAACT CCAGG A

G TATCT TACAG GAACT CCAGG

G TATCT TACAG GAACT CCAG

Table 7F. 20- to 30-mer ACs that bind 1o the intron-exon junction of exon 45 starting from position

-0

20- to 30-mers starting from -10:

TATCT TACAG GAACT CCAGG ATGGC ATTGG
TATCT TACAG GAACT CCAGG ATGGC ATTG
TATCT TACAG GAACT CCAGG ATGGC ATT
TATCT TACAG GAACT CCAGG ATGGC AT
TATCT TACAG GAACT CCAGG ATGGC A
TATCT TACAG GAACT CCAGG ATGGC
TATCT TACAG GAACT CCAGG ATGG

TATCT TACAG GAACT CCAGG ATG

TATCT TACAG GAACT CCAGG AT

TATCT TACAG GAACT CCAGG A

TATCT TACAG GAACT CCAGG
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Table 7G. 20- to 30-mer ACs that bind to the intron-exon junction of exon 43 starting from position
-9

20- to 30-roers starting fromw -9;

ATCT TACAG GAACT CCAGG ATGGC ATTGG G
ATCT TACAG GAACT CCAGG ATGGC ATTGG
ATCT TACAG GAACT CCAGG ATGGC ATTG
ATCT TACAG GAACT CCAGG ATGGL ATT
ATCT TACAG GAACT CCAGG ATGGC AT
ATCT TACAG GAACT CCAGG ATGGC A
ATCT TACAG GAACT CCAGG ATGGC

ATCT TACAG GAACT CCAGG ATGG

ATCT TACAG GAACT CCAGG ATG

ATCT TACAG GAACT CCAGG AT

ATCT TACAG GAACT CCAGG A

Table 7H. 20- to 30-mer ACs that bind to the intron-exon junciion of exon 45 starting from position
-8

20- to 30-mers starting from -8:

TCT TACAG GAACT CCAGG ATGGC ATTGG GC
TCT TACAG GAACT CCAGG ATGGC ATTGG G
TCT TACAG GAACT CCAGG ATGGC ATTGG
TCT TACAG GAACT CCAGG ATGGC ATTG
TCT TACAG GAACT CCAGG ATGGC ATT

TCT TACAG GAACT CCAGG ATGGC AT

TCT TACAG GAACT CCAGG ATCGGC A

TCT TACAG GAACT CCAGG ATGGC

TCT TACAG GAACT CCAGG ATGG

TCT TACAG GAACT CCAGG ATG

TCT TACAG GAACT CCAGG AT

Table 71 20- io 3G-mer ACs that bind to the intron-exon junction of exon 45 stariing from position

20- to 30-mers starting from -7:

CT TACAG GAACT CCAGG ATGGC ATTGG GCA
T TACAG GAACT CCAGG ATGGC ATTGG GO
CT TACAG GAACT CCAGG ATGGC ATTGG G
CT TACAG GAACT CCAGG ATGGC ATTGG

CT TACAG GAACT CCAGG ATGGC ATTG

CT TACAG GAACT CCAGG ATGGC ATT

CT TACAG GAACT CCAGG ATGGC AT

CT TACAG GAACT CCAGG ATGGC A

CT TACAG GAACT CCAGG ATGGC
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CT TACAG GAACT CCAGG ATGG
CT TACAG GAACT CCAGG ATG

Table 7. 20- to 30-mer ACs that bind to the intron-exon junction of exon 45 starting from position

6

20- to 30-mers starting from -O:

T TACAG GAACT CCAGG ATGGC ATTGG GCAG
T TACAG CAACT CCAGG ATGGC ATTGG GCA
T TACAG GAACT CCAGG ATGGC ATTGG GC
T TACAG GAACT CCAGG ATGCC ATTGG G

T TACAG GAACT CCAGG ATGGC ATTGG

T TACAG GAACT CCAGG ATGGC ATTG

T TACAG GAACT CCAGG ATGGC ATT

T TACAG GAACT CCAGG ATGGC AT

T TACAG GAACT CCAGG ATGGC A

T TACAG GAACT CCAGG ATGGC

T TACAG GAACT CCAGG ATGO

Table 7K. 20~ to 30-mer ACs that bind 1o the intron-exon junction of exon 45 starting from position

-5

20- to 30-mers starting from -5:

TACAG GAACT CCAGG ATGGC ATTGG GCAGC
TACAG GAACT CCAGG ATGGC ATTGG GCAG
TACAG GAACT CCAGG ATGGC ATTGG GCA
TACAG GAACT CCAGG ATGGC ATTGG GO
TACAG GAACT CCAGG ATGGC ATTGG G
TACAG GAACT CCAGG ATGGC ATTGG
TACAG GAACT CCAGG ATGGC ATTG

TACAG GAACT CCAGG ATGGC ATT

TACAG GAACT CCAGG ATGGC AT

TACAG GAACT CCAGG ATGGC A

TACAG GAACT CCAGG ATGGC

Table 7L. 20~ 1o 30-mer ACs that bind 1o the intron-exon junction of exon 45 starting from position

20- to 29-mers starting from -4

ACAG GAACT CCAGG ATGGC ATTGG GCAGC
ACAG GAACT CCAGG ATGGC ATTGG GCAG
ACAG GAACT CCAGG ATGGC ATTGG GCA
ACAG GAACT CCAGG ATGGC ATTGG GC
ACAG GAACT CCAGG ATGGC ATTGG G
ACAG GAACT CCAGG ATGGC ATTGG
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ACAG GAACT CCAGG ATGGC ATTG
ACAG GAACT CCAGO ATGGC ATT
ACAG GAACT CCAGG ATGGC AT
ACAG GAACT CCAGG ATGGC A

Table 78. 20- to 30-mer ACs that bind to the intron-exon junction of exon 45 starting from position

.3

20~ to 28-mers starting from -3:

CAG GAACT CCAGG ATGGC ATTGG GCAGC
CAG GAACT CCAGG ATGGC ATTGG GCAG
CAG GAACT CCAGG ATGGC ATTGG GCA
CAG GAACT CCAGG ATGGC ATTGG GC
CAG GAACT CCAGG ATGGC ATTGG G
CAG GAACT CCAGG ATGGC ATTGG

CAG GAACT CCAGG ATGGC ATTG

CAG GAACT CCAGG ATGGC ATT

CAG GAACT CCAGG ATGGC ATT

CAG GAACT CCAGG ATGGC AT

Table 7N. 20~ to 30-mer ACs that bind to the intron-exon junction of exon 45 starting from position

2

20- to 27-mers starting from -2:

AG GAACT CCAGG ATGGC ATTGG GCAGC
AG GAACT CCAGG ATGGC ATTGG GCAG
AG GAACT CCAGG ATGGC ATTGG GCA
AG GAACT CCAGG ATGGC ATTGG GC

AG GAACT CCAGG ATGGC ATTGG G

AG GAACT CCAGG ATGGC ATTGG

AG GAACT CCAGG ATGGC ATTG

AG GAACT CCAGG ATGGC ATT

Table 70. 20- t0 30-mer ACs that bind to the intron-exon junction of exon 45 starting from position

-{

20- to 26-mers starting from -1:

G GAACT CCAGG ATGGE ATTGG GCAGC
G GAACT CCAGG ATGGC ATTGG GCAG
G GAACT CCAGG ATGGC ATTGG GCA

G GAACT CCAGG ATGGC ATTGG GC

G GAACT CCAGG ATGGL ATTGG G

G GAACT CCAGG ATGGC ATTGG

G GAACT CCAGG ATGGC ATTG
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{63361 In embodiments, the AC that binds to exon 45 of DMD is selected from any one of the

nucleic acid sequences shown in Table 8A-8C. In embodiments, the AC that binds to exon 45 of
DM comprises one or more modified nucleic acids, one or more modified internuclectide
linkages, or a combination thereof. In embodiments, the AC that binds to exon 45 comprises one
or more morpholine rings, one or more phosphorodiamidate Hnkages, or a combination thereot. In

5

embodiments, the AC that binds to exon 45 of DMD is an antisense ph

R LY R, e
MOTPRoHNe GHEoMe

O with a sequence selected from any one of the nucleic acid sequences
within Tables 8A-8C, the reverse complement thereof, or a sequence with at least 80%, 81%,
82%, 83%, 849, 85%, 8690, 87%, 88%, 88%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

or 99% nucleic acid sequence identity thereto,

Table 8A. Additional ACs for Exon 45 Skipping

Sequence

5 -CAATGCCATCCTGGAGTTCCTG-3

S TCCTOCGAGTTCCTGTAAGATAYY

S-ATCCTGCGAGTTCCTGTAAGAT-S

5 -CATCCTGGAGTTCCTGTAAGA-Y

5 -CCATCCTGGAGTTICCTGTAAG-Y

5-ATCGCCATCCTGGAGTTICCTGT-3

S-AATGCCATCCTGGAGTTCCTG-3

5 -GCTGCCCAATOGCCATCCTGGA-Y

5 -CGCTGCCCAATCGCCATCCTGG-Y

S-LCGCTGCCCAATGCCATCCTG-Y

5-GCCGC TGOC CAAT GCCA TCCT-3

5-TTTGC CGCT GCCC AATG CCAT-3

§-GTTTG CCGC TGCC CAAT GCCA-Y

5-AGTTT GCCG CTGC CCAA TGCC-3

S-CAGTT TGCC GCTG CCCA ATGC-Y

5-ACAGT TTGC CGCT GOCT AATG-3

S-AACAGTTTGCCGCTGCCCAAT-Y

5 -CAACAGTTTGCCGCTGCCCAA-S

S-GACAACAGTTTGCCGCTGCCE-Y

5" TGACAACAGTTTGCCGCTGCC-3

S -CTGACAACAGTTTOCCGLTGE -3

S -TCTGACAACAGTTTIGCCGCTG-3

S-TTCTGACAACAGTTITGCCGCT-3

S"GTTCTGACAACAGTTTGCCGL-3

S-ATGTTCTGACAACAGTTITGCC-3

S-AATGTTCTGACAACAGTTTIGC-Y

S -CAATGTTCTGACAACAGTTTG-3
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Sequence

5ST-TCAATGTTCTGACAACAGTTT-®

S-TTCAATGTTCTGACAACAGTT-S

5 -ATTCAATGTTCTCGACAACAGT-Y

S-ATCCTGGAGTTCCTGTAAGATA-3

5S-CATCCTGGAGTTCCTGTAAGAT-3

5 -CCATCCTGGAGTTCCTGTAAGA-Y

§-ATGCCATCCTGCAGTTCCTGTA-3

S-CCCAATGCCATCCTGCGAGTTCC-3

5"-GCCCAATGCCATCCTGGAGTTC-3

S -TGCCCAATGCCATCCTGGAGTT-3

5 -CTGCCCAATGCCATCCTGGAGT -3

S -GCTGCCCAATGCCATCCTGGAG-Y

5"-CGCTGCCCAATGCCATCCTIGGA-Y

S -GTTTGCCOCTGCCCAATCGCCAT-S

5 -AGTTTGCCGCTGCCCAATGCCA-Y

5 -CAGTTTGCCOGCTGCCCAATGCC-Y

S"-ACAGTTTGCCGCTGCCCAATGE-3

5T-AACAGTTTGCCGCTGCCCAATG-Y

S-CAACAGTTTGCCGCTGCCCAAT-Y

S-CACAACAGTTTGCCGCTGCCCA-Y

S-TCTGACAACAGTTTGCCGCTGC-3

S-TTCTCGACAACAGTTITGCCGCTG-3

S -GTTCTGACAACAGTTTGCCGET-3

5 -ATGTTCTCACAACAGTTITGCCG-Y

S TCAATGTTCTGACAACAGTTTG-Y

STTCAATOTTCTGACAACAGTTT 3

S-ATTCAATGTTCTGACAACAGTT-3

5 -CATCCTGGAGTTCCTGTAAGATA-3

3 -GCCATCCTGGAGTTICCTGTAAGA-Y

ST-ATGCCATCCTGGAGTTICCTGTAA-S

S-AATGCCATCCTGGAGTTCCTGTA-Y

S -CAATGCCATCCTGGAGTTCCTGT-3

S-LCCCAATGCCATCCTGGAGTTCCT-Y

5" -GCCCAATGCCATCCTGGAGTTCC-3

S-CTGCCCAATGCCATCCTGGAGTT-Y

5 -GCTGCCCAATGOCATCCTGGAGT-37

S TTGCCGCTGCCCAATGCCATCCT-3

5T-AGTTTGCCGCTGCCCAATGCCAT-S

S-CAGTTTGCCGCTGCCCAATGCCAY

S -ACAGTTTGCCGCTGCCCAATGCC-3

S-AACAGTTTGCCGCTGCCCAATGE-3

S-CAACAGTTTGCCGCTGCCCAATG-Y

S-GACAACAGTTTIGCCGCTGCCCAA-S

5 TGACAACAGTTTGCCGCTGCCCA-S
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Sequence

5 -CTGACAACAGTTTGCCGITGCCC-Y

S-TCTGACAACAGTTTIGCCGCTGCC-Y

5 -TTCTGACAACAGTTTGCCGCTGE-S

S-GTTCTGACAACAGTTTGCCGCTG-3

S-ATOTTCTGACAACAGTTITGCCGE-3

S-AATGTTCTGACAACAGTTTGCCG-3

5 -CAATGTTCTGACAACAGTTTGCC.Y

S-TCAATGTTICTGACAACAGTTTGC-Y

S"TTCAATGTTCTGACAACAGTTTIG-Y

ST-ATTCAATGTTCTGACAACAGTTT-S

5 -CATTCAATGTTCTGACAACAGTT-¥

S-GCATTCAATGTTCTGACAACAGT-3

5-CCATCCTGGAGTTCCTGTAAGATAY

S -GCCATCCTGGAGTTCCTGTAAGAT-Y

5 -ATGCCATCCTGGAGTTCCTGTAAG-Y

5 -CAATGCCATCCTGGAGTTCCTGTAY

5"-CCCAATGCCATCCTGGAGTTCCTG-3”

5" -GCCCAATOGCCATCCTGGAGTTCCT-3”

S -TGCCCAATGCCATCCTGGAGTTCCY

S-GCTGCCCAATGCCATCCTGGAGTT-3

5 -CGCTGCCCAATGCCATCCTGGAGT-3

5 -CCOCTGCCCAATGCCATCCTGGAG-3

§-GCCGCTGCCCAATGCCATCCTGGA-Y

5 -CAGTTTGCCOGCTGCCCAATGCCAT-Y

S-AACAGTTTGCCGCTGCCCAATGCC-Y

5-CAACAGTTTGCCGCTGCCCAATGC-3”

S-GACAACAGTTTGCCGCTGCCCAAT-Y

S-TGACAACAGTTTGCCGCTGCCCAAY

S-CTGACAACAGTTTGCCGCTGCCCA-Y

ST TCTGACAACAGTTTGCCGCTGUCC-3

S-TTCTGACAACAGTTITGCCGCTGCC-Y

S -GTTCTCGACAACAGTTTGCCGCTGC-3

S-ATGTTCTGACAACAGTTTGCCGOT-Y

5-AATGTTCTGACAACAGTTTGCCGC-Y

S-CAATGTTCTGACAACAGTTTGCCG-Y

S-TCAATGTTCTGACAACAGTTTGCC-3

S TTCAATGTTCTGACAACAGTTTIGCE-Y

ST-ATTCAATGTTCTGACAACAGTTTG-3

S-CATTCAATGTTCTGACAACAGTTT-

5 -GCATTCAATGTTCTGACAACAGTT-3

S-TGCATTCAATGTTCTGACAACAGT-S

S-ATGCCATCCTGGAGTTCCTGTAAGA-Y

ST-AATGCCATCCTGGAGTTCCTGTAAG-3]

5 -CAATGCCATCCTGGAGTTCCTGTAA-S
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Sequence

5 -CCCAATGCCATCCTGGAGTTCCTGT-S
5 -TGCCCAATGCCATCCTGGAGTTOCT-3
5 -CTTCCCCAGTTGCATTCAATGTTICT-3
5 -TCTTCCCCAGTTGCATTCAATGTTC-3
STTCTTCCCCAGTTGCATTICAATGTT-Y
S -AGGATTGCTGAATTATITCTTCCCC-3
§-TGAGGATTGCTGAATTATTTCTTCC-®
5 -AGAATACTGGCATCTGTITTTTIGAGG-Y
5 -TCCYGTAGAATACTGGCATCTGTTT-
S -TTCCTGTAGAATACTGGCATCTGTT-¥

Table 8B. Additional ACs for Exon 45 Skipping

Segquence

5 -AATGCCATCCTGGAGTTCCTG-3

5 -ATGCCATCCTGGAGTTCCTGT-3

5 -CCCAATGCCATCCTGOAGTTCC-Y
5-ATGCCATCCTGGAGTTCCTGTA-Y

5 -GCCCAATGCCATCCTGGAGTTCC-3

5 -CCCAATGCCATCCTGGAGTTCCT-3

5 CCCAATGCCATCCTGCAGTTCCTG-3
5 -TGCCCAATGCCATCCTGCGAGTTCCT-3
5 -CCCAATGCCATCCTGGAGTYTCCIGT-Y
5 -CAATGCCATCCTGGAGTTCCTGT-3

Table 8C. Additional ACs for Exon 45 Skipping

Sequence
5"-ATGCCATCCTGGAGTTICCTGT-3
ST-ATGCCATCCTGGAGTTCCTGTA-S
5 -GCCCAATGCCATCCTGGAGTTCC.S
S -CCCAATGCCATCCTGGAGTTCCT-3
S-CAATGCCATCCTGGAGTTCCTG-3

{6331} v ernbodiments, any of the AC in Tables 6A-6P or Tables 7TA-70 or Tables 8A-8(, the

reverse complement thereof, or a sequence with at least 80%, 81%, 82%, 83%, 84%, 85%, 86%,
&7%, 8%, 88%, 90%, 919%, 2%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% nucleic acid sequence
dentity thereto comprise at least one modified mucleotide or nucleic acid selected from a
phosphorothioate (PS) nucleotide, a phosphorodiamidate morpholine (PMO) nucleotide, a Jocked
nucleic acid (LNA), a peptide nucleic acid (PNA), a nucleotide comprising a 2'-O-methyl (27-
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 (2F-ANA). In

ernbodiments, hybridization of the AC with the target sequence reduces or prevents splicing of
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exon 45. In embodiments, AC comprises at least one phosphorodiamidate morpholino {(FMO)
nucleotide. In embodiments, each neucletodie in the AC i3 a phosphorodiamidate morpholino
{(PMO) nucleotide.

{63321  In embodiments, the compound has the following the strocture:

<
\ f_ oo
MP“N N-—L-CPP

LU"

O"“P N
Q-»P"“N

O -"I

N

H
wherein:
CPP is a cell penetrating peptide;
L is a linker;
B is each independently a nucleobase that is complementary to a base in the target
sequence; and
n is an integer from 1 to 50.

{6333} In embodiments, the sum of B and n correspond to a sequence shown in Tables 6A-6P or
Tables 7A-70 or Tables 8A-8C, the reverse complement thereof, or a sequence with at least 80%,
81%, 829, 83%, 84%, 85%, 86%, 87%, 88%, 8§9%, 9%, 91%, 92%, 93%, 94%, 95%, 6%, 97%,
98%, or Y9% nucleic acid sequence identity thereto,

Cyclic cell penetrating peptides (cCPPs) conjugated to an AC

[8334] The cyclic cell penetrating peptide {cCPP) can be conjugated to an AC.
{6335] The AC can be conjugated to ¢CPP through a linker. The AC can comprise therapeutic

moiety. The therapeutic moiety can comprise an oligonucleotide, a peptide or a small molecule.
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The oligonucleotide can comprise an antisense oligonucleotide. The AC can be conjugated to the

linker at the terminal carbonyl group to provide the following structare:

8]
/ \ H { \
EP\N/\%O\/}O/\\[{N%NA\J{O\#O/\“M‘AC
H $ 3 Zyy 4 H z
X O (THy,
|

oy
*

, wherein:
EP is an exocychic peptide and M, AAsc, AC, X, v, and 27 are as defined above, * is the
5 point of attachroent to the AAsc. X" canbe 1. y can be 4. 27 can be 11. (OCH»CHaz)e- andfor -
(OCH,CHaz)e - can be independently replaced with one or more amino acids, including, for
example, glycine, beta-alanine, 4-aminobutyric acid, 3-aminopentanoic acid, 6-aminohexanoic
acid, or combinations thereof.
[6336] Anendosomal escape vehicle (EEV) can comprise a cyclic cell penetrating peptide (cCPP),
10 an exocyclic peptide {EP) and linker, and can be conjugated to an AC to form an EEV-conjugate

comprising the structare of Formula (C):

)

or a protonated form thereof,
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wherein:
Ri, Rz, and Rs can each independently be H or an amino acid residue having a side chain
COmprising an aromatic group;

Ry and R are independently H or an amino acid side chain;

9%

EP is an exocyclic peptide as defined herein;
AC is as defined herein;
each m is independently an integer from (-3;
1 is an integer from 0-2;
X' is an integer from 2-20;
10 v is an integer from 1-5;
q is an integer from 1-4; and
z' is an integer from 2-20.
{63377 Ri, R, B5 Ry, BEP, AC. m, n, X', v, g, and 7" are as defined herein.
[6338] The EEV can be conjugated to an AC and the EEV-conjugate can cornprise the structure
15 of Formmla {(C-a) or {C-b):

EP. .
\Mf \\»,O.
H

(C"a}#
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{C-b}, or a protonated form
thereof, wherein EP, m and 7z are as defined above in Formula (O).
(63391 The EEV can be conjugated to an AC and the EEV-conjugate can comprise the stracture

of Formula (C-¢):

H ‘L
. N : \
r—{-aa], YC DRATAC
- {Ghe)
! Y
i R
M0
(0]
O%UsN = R,
! H N o
NH —
A Py AN
vl r
H m
N
EAO
i
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or a protonated form thereof, wherein EP, R} R% RY R, and m are as defined above in
Formula (11); 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 integer from 1-5; and z can be an integer from 1-10

(63461 -

The EEV can be conjugated to an AC
5 .

and the EEV-oligonucleotide conjugate can
5 comprises a structure of Formula (C-1}, (C-2), (C-3), or (C4):
AC
£ ;_\ A H 9 fo )1 Aﬂ:
‘/\\/" \./’\‘C/\\r v N ’\,@\’L \.—f‘/ﬁol\\v
& i H
(Crd, 7
NH =
a
e O 7
° \“N %

(C-1),
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NH (C-3),
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(C-4).

{6341} In the formulae above, EP is an exocylic peptide and the AC can have a sequence of 15-30

nucleic acids that ts 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
oligomucleotide shown Tables 6A-6F, Tables 7A-7(, and Tables 8A-8C, the reverse complement
thereof, or a sequence with at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, §9%, 90%,

S51%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% nucleic acid sequence identity thereto.

{6342} In embodiments, the compounds described herein form a multimer. In embodiments,

multimerization occurs via non-covalent interactions, for example, through hydrophobic
interactions, ionic 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 cyclic peptides.

i

In embodiments, the compounds comprise 1, 2, 3,4, 5, 6,7, 8, 9, or 1§ ACs. In embodiments, the

compounds comprise |, 2, 3,4, 5,6,7, 8,9, or 10 EPs. In embodiments, the compounds comprise
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from 1 to 10 cyclic peptides and from 1 to 10 ACs. In In embodiments, the compounds comprise

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

[8343]

structures. The compounds below are illustrative only

In embodiments, the compounds of the disclosure comprise any one of the following

and any one of the cychic peptides, linkers,

and AC in any one of the structures below may be replaced with any one of the cyclic peptides,

linkers, or ACs described herein.
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Cytosolic Delivery Efficiency

16344] Modifications to a cychc cell penetrating peptide (¢CPPimay improve cytosolic delivery
5 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
sequence does not include a particular replacement amino acid residue in the modified sequence
(including, but vot limited to arginine, phenylalanine, and/or glycine), but is otherwise identical.
(83451 In embodiments, compounds comprising a cyclic peptide and an AC have improved
18 cytosolic uptake efficiency compared to compounds comprising an AC alone. Cytosolic uptake
efficiency can be measured by comparing the cytosolic delivery efficiency of the coropound
comprising the cyclic peptide and the AC to the cytosolic delivery efficiency of an AC alone.
[0346] As used herein cytosolic delivery efficiency refers to the ability of a ¢cCPP to traverse a cell
membrane and enter the cytosol of a cell. Cytosolic delivery efficiency of the cCPP is not

i

(4]

necessarily dependent on a receptor or a cell type. Cytosolic delivery efficiency can refer to
absolute cytosolic delivery efficiency or relative cytosolic delivery efficiency.

{63471 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 cytosolic delivery efficiency refers to the concentration of a ¢cCPP in the
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cytosol compared to the concentration of a control cCPP in the cytosol. Quantification can be
achieved by fluorescently labeling the cCPP (e.g., with a FITC dye) and measuring the
fluorescence intensity using techniques well-known in the art.

{63481 Relative cytosolic delivery efficiency is determined by comparing (1) the amount of a cCPP
of the invention internalized by a cell type {(e.g., HeLa cells) to (ii) the amount of a control cCPP
internalized by the same cell type. To measure relative cytosolic delivery efficiency, the cell type
may be incubated in the presence of a cCPP for a specified period of time (e.g., 30 minutes, { hour,
2 hours, etc.) after which the amount of the cCPP internalized by the cell is guantified using
methods known in the art, e.g., fluorescence microscopy. Separately, the same concentration of
the control ¢CPP is 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.

[6349] Relative cytosolic delivery efficiency can be determined by measuring the ICso of 3 ¢cCPP
having a modified sequence for an intracellular target and comparing the ICso of the ¢cCPP having
the modified sequence to a control sequence {as described herein).

{63561 The relative cytosolic delivery efficiency of the ¢CPPs can be in the range of from about

50% to about 450% corapared to cyclofFf@RIRr(Q), e.g., about 60%, about 70%, about 80%, about
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
240%, about 250%, about 260%, about 270%, about 280%, about 290%, about 300%, about 310%,
about 320%, about 330%, about 340%, about 350%, about 360%, about 370%, about 380%, about
390%, about 400%, about 410%, about 420%, about 430%, about 440%, about 450%, about 460%
about 470%, about 480%, about 490%, about 300%, about 310%, about 520%, about 330%, about
540%, about 350%, about 5609%, about 370%, about 5380%, or about 590%, inclusive of all values
and subragges therebetween. The relative cytosolic dehivery efficiency of the ¢CPPs can be
improved by greater than about 600% compared to a cyclic peptide comprising cyclo{FIBRRr Q).

[6351] The absolute cytosolic delivery efficacy of from about 40% to about 180%, e.g., about
45%, about 50%, about 55%, about 6%, about 653%, about 70%, about 73%, about 80%, about
85%, about 90%, about 1%, about 92%, about 93%, about 94%, about 95%, about 96%, about
97%, about 989%, about 99%, inclusive of all values and subranges therebetween.

{0352} The cCPPs of the present disclosure can improve the cytoselic 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,
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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 4.5, about 5.0, about 5.5, about 6.0, about 6.5, about 7.0, about 7.5,
about &.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, abont 16.0, about 16.5,
about 17.0, about 17.5, about 18.0, about 1&.5, about 19.0, about 19.5, about 20, about 20.5, about
21.0, 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 26.5, about 27.0, about 27.5, about 28.0, about 28.5, about 29.0, or

about 29.5 fold, inclusive of all values and subranges therebetween.

Re-spliced target proteins

10 [6353] The "target protein” is the amino acid sequence resulting from franscription and transiation

53
&

of the target gene. The "re-spliced target protein” as used herein refers to the protein encoded as a
result of binding of the AC to the target pre-mRNA transcribed from the target gene. 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 of more amino
acid substitutions, deletions, and/or insertions as compared to a wild-type target protein. In
embodiments, the re-spliced target protein retains some wild-type target protein activity. In
embodiments, the re-spliced target protein produced by administration of the present compounds
is homologous to a wild-type target protein. In embodiments, the re-spliced target protein has an
amino acid sequence that is at least about 50%, at least about 55%, at least about 60%, at least
about 653%, 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 953%, at feast about 96%, at least about 97%, at least about 98%, or at least about 99% and
up to 100% identical to a wild type target protein. In embodiments, the re-spliced target protein is
substantially identical to a wild-type target protein. In erobodiments, 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-sphiced target protein is at least
75% identical to the amino acid sequence of a wild-type target protein. In erubodiments, the amino
acid sequence of the re-spliced target protein is 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.

143



10

5

20

30

WO 2023/034818 PCT/US2022/075693

{6354] In embodiments, the re-spliced target protein can rescie one or more phenotypes or
symptoms of a disease associated with the transcription and translation 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 is an active fragment of a wild-type target protein. In embodiments, the re-spliced target
protein functions in 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 similar 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 resuls in 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 43%, 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%.

{3355] Iu 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 | or more amino acids, e.g., from about
5, about 10, about 15, about 20, about 25, about 30, about 33, about 40, about 45, about 30, about
55, about 60, about 63, about 70, about 75, about 80, about 80, about 93, about 100, about 105,
about 110, about 115, about (20, about 1253, about 130, about 135, about 140, about 143, about
150, about 155, about 160, about 165, about 170, about 175, or about 180 or more amino acids.

16356] Iu embodiments, the re-spliced target protein may bave one or more properties that are
mmproved relative to the target protein. In erobodiments, 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 farget protein may have a sequence identical or
substantially similar to a wild-type target protein isomer having improved properties compared 1o
another wild-type target protein isomer.

(63571 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

144



10

5

20

WO 2023/034818 PCT/US2022/075693

target protein. Non-limiting examples of properties that may be reduced or eliminated include
immunogenic, angiogenic, thrombogenic, aggregation, and ligand-binding activity.

[0358] Inembodiments, the re-spliced target protein contains one or more amino acid substitutions
compared to a wild-type target protein. In embodiments, the substitations may be conservative
substitutions or non-conservative substitutions. Examples of conservative amino acid substitutions
include substitution of one aminoc acid for another amino acid within one from one of the following
groups: basic amino acids {arginine, lysine and histidine), acidic amino acids {glutamic acid and
aspartic acid), polar amino acids {glutamine and asparagine), hydrophobic amino acids (leucine,
isoleucine and valine), aromatic amino acids {phenylalanine, tryptophan and tyrosine}, and small
amino acids {glycine, alanine, serine, threonine and methionine). In embodiments, structurally
similar amino acids are substituted to reverse the charge of a residue (e.g., glutamine for glutamic
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
substitutions are described, for example, by H. Neurath and R. L. Hill, 1979, In, The Proteins,
Academic Press, New York., Common sabstitutions are Ala/Ser, Val/lle, Asp/Gly, Thi/Ser,
AlafGly, Ala/Thr, Ser/Asn, Ala/Val, Ser/Gly, Tyi/Phe, Ala/Pro, Lys/Arg, Asp/Asn, Lewlle,
Lew/Val, Ala/Glu, and Asp/Gly.

(63881 Inembodiments, the re-spliced target protein may comprise a substitution, deletion, and/or
insertion at one or more {e.g., several} positions compared to a wild-type target protein. In
embodiments, the number of amino acid sabstitutions, deletions and/or insertions in the re-spliced
target protein amino acid sequence is not more than 200, not more than 150, vot more than 100,
not roore than 50, not roore than 40, not roore than 30, not more than 20, or not more than 10, e.g.,

1,2,3, 4,5 6,7, 8,9, or 10,

Methods of Treatment

25 [8368] In erbodiments, an AC of the disclosure is administered to a patient diagnosed with

53
&

Duchenoe muscular dystrophy (DMD) at a dose from about 0.1 rog/kg to about 1000 mg/kg, for
example, about 0.1 mg/kg, about 0.2 mgfkyg, about 0.3 mg/kg, about 0.4 mgikg, about 8.5 mg/kg,
about 0.6 mg/kg, about 0.7 mg/kg, about 0.8 mglkg, about 0.9 rogikg, about | wog/ks, about 2
mefkg, about 3 mg/kg, about 4 mg/kyg, about 5 mg/kg, about 6 mg/kg, about 7 mg/ke, about &
mg/kg, about 9 mg/kg, about 10 mg/kg, about 11 mg/kg, about 12 mg/kg, about 13 mg/kg, abont

14 mg/fkg, about 15 mg/kg, about 16 mg/kg, about 17 mg/kg, about 18 mg/kg, about 19 mg/ky,
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about 20 mg/kg, about 21 mg/kg, about 22 mg/ke, about 23 mg/kg, about 24 mg/kg, about 25
mg/kyg, about 26 mgfkg, about 27 mg/ky, about 28 mg/kg, about 29 mg/kg, about 30 mg/kyg, about
31 mg/kg, about 32 mg/kg, about 33 mg/kg, about 34 mg/kg, about 35 mg/kg, about 36 mg/ke,
about 37 mg/kg, about 38 mg/kg, about 389 mg/kyg, about 40 mg/ky, about 41 mg/kg, about 42
mg/kg, about 43 mg/kg, about 44 mg/kg, about 45 mg/kg, about 46 mg/kg, about 47 mg/kg, about
48 mg/kg, about 49 mg/kg, about 50 mg/kg, about 51 mg/kg, about 532 mg/kg, about 53 mg/kg,
about 54 mg/kg, about 55 mg/kg, about 56 mg/kg, about 57 mg/ke, about 58 mg/kg, about 59
mg/kg, about 60 mg/kg, about 61 mg/kg, about 62 mg/kg, about 63 mg/kg, about 64 mg/kg, about
65 mg/kg, about 66 mg/kg, about 67 mg/kg, about 68 mg/kg, about 69 mg/kg, about 70 mg/ke,
about 71 mg/kg, about 72 mg/kg, about 73 mg/kg, about 74 mg/kg, about 75 mg/kg, about 76
mgfkg, about 77 mg/kg, about 78 mg/kg, about 7% mg/kg, about 80 mg/kg, about 81 mg/kg, about
&2 mg/kg, about 83 mg/kg, about 84 myg/kg, about 85 mg/kg, about 86 mg/ke, about 87 mg/kg,
about 88 mg/kg, about 89 mg/kg, about 90 mg/kg, about 91 mg/kg, about 92 mg/kg, about 93
mg/kg, about 94 mg/kg, about 95 mg/kg, about 96 mg/kg, about 97 mg/kg, about 98 mg/kg, about
99 mg/kg, about 100 mg/kg, about 110 rog/kg, about 120 mg/kyg, about 130 mgikg, about 140
mg/kg, about 130 mg/kg, about 160 mg/kg, about 170 mg/kg, about 180 mg/kg, about 190 mg/kg,
about 200 mg/kg, about 210 mg/kg, about 220 mg/kg, about 230 mg/ke, about 240 mg/kg, about
250 rog/kg, about 260 mg/ke, about 270 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/kg, about 350 mg/kg,
about 360 mg/kg, about 370 mg/ke, about 380 meg/kyg, about 390 mug/kg, about 400 mg/kg, about
410 mg/kg, about 420 mg/kg, about 430 mg/kg, about 440 mg/kg, about 450 mg/kg, about 460
rog/kg, about 470 mg/kg, about 480 rog/ky, about 490 mg/kg, about 500 mg/kg, about 510 rog/kg,
about 520 mg/kg, about 330 ug/kg, about 540 mg/ke, about 5350 mg/ke, about 560 mg/lkyg, abowt
570 wog/kg, about 380 mg/ke, about 590 mg/kg, about 600 mg/kg, about 610 mg/kg, about 620
mg/kg, about 630 mg/kg, about 640 mg/kg, about 650 mg/kg, about 660 me/kg, about 670 mg/kg,
about 680 mg/kg, about 690 mgikg, about 700 mg/kg, about 710 mg/kg, about 720 mg/kg, abont
730 mg/kg, about 740 myg/kyg, about 750 mg/ike, about 760 meg/fkyg, about 770 mg/ke, about 780
mg/kg, about 790 mg/kg, about 800 mg/kg, about 810 mg/ke, about 820 mg/kg, about 830 mg/kg,
about 840 mg/kg, about 850 mg/kg, about 860 mg/ke, about 870 mg/ke, about 8§80 my/kyg, about

890 mg/kg, about 900 mg/kg, about 810 myg/kg, about 920 mg/ke, about 930 mg/ky, about 940
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mg/kg, about 950 mg/kg, about 960 mg/kg, about 970 mg/ke, about 980 mg/kg, about 990 myg/kg,
or about 1000 mg/kg, including all values and ranges therein and in between.

{6361} The present disclosure provides a method of treating Duchenne Muscular Dystrophy
(DMD) in a subject in need thereof, comprising administering a cormapound disclosed herein. In

5  embodiments, the target gene is DM, In embodiments, the target sequence includes at least a
portion of Exon 44 of DMD, at least a portion of a 37 intron flanking Exon 44 of 2MD, at least a
portion of a §” intron flanking Exon 44 of DM D, or a combination thereof.

{6362} In various embodiments, treatment refers to partial or complete alleviation, amelioration,
relief, inhibition, delaying onset, reducing severity and/or incidence of one or more symptoms in

10 asabject.

[6363] In embodiments, a method is provided for altering the expression of a target gene in a
subject in need thereof, comprising administering a compound disclosed herein. In embodiments,
the treatment results in the lowered expression of a target protein. In embodiments, the treatiment
results in the expression of a re-spliced target protein. In embodiments, the treatment results in the

1S preferential expression of a wild-type target protein isomer.

{63641 In cmbodiments, treatment according to the present disclosure results in 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

LA
A
=

about 60%, about 65%, about 70%, about 75%, about 80%, about 83%, about 90%, about

20

)
»}!

5%, and about 100%, as coropared to the average level of the target protein in the subject before
the treatroent or of one or more control individaals with similar disease without treatiment. 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 3%, about 15%,
about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%,

25  about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 93%, 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%,

30 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%
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about 903%, 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
treatiment

{63651 The terms, “improve,” “increase,” “reduce,” “decrease,” and the like, as used herein,
indicate values that are relative to a control. In embodiments, a suitable control is a baseline
measurement, such as a measurement in the same individual prior 1o initiation of the treatment
described herein, or a measurement in a control individual {or muitiple contro} individuals) in the
absence of the treatment described herein. A “control individual” is an individual afflicted with
the same disease, who is about the same age and/or gender as the individual being treated (to ensure
that the stages of the disease in the treated individual and the control individual(s) are comparable).

[6366] The individual (also referred to as “patient” or "subject™) being treated is an individual
{fetus, infant, child, adolescent, or adult human) having a disease or having the potential to develop
a disease. The individual may have a discase mediated by aberrant gene expression or aberrant
gene splicing. In various embodiments, the individual having the disease may have wild type target
protein expression or activity levels that are from about 1% to 99% of normal protein expression
or activity levels in an individual not afflicted with the disease. In embodiments, the range includes,
but is not limited to, about 80-849%, about 65-80%, about 50-65%, about 33-50%, about 25-30%,
about 20-25%, about 13-20%, about 10-15%, about 5-10%, or about 1-5% of normal thymidine
phosphorylase expression or activity levels. In embodiroents, the mdividual may have target
protein expression or activity levels that are from about 1% to about 500% higher than normal
wild type target protein expression or activity levels. In erobodiments, the range jnclades, but is
not lmited 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.

[6367] In embodiments, the individual is an individual who has been recently diagnosed with the
disease. Typically, early treatment (freatment commencing as soon as possible after diagnosis) is
important to minimize the effects of the disease and to maximize the benefits of treatment.

[0368] In embodiments, the efficacy of the compounds and ACs of the disclosure on DMD is
evaloated in an animal model of DMD. Animal models are valuable resources for studying the
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
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dystrophin negative (see, e.g., Collins & Morgan, Int | Exp Pathol 84: 165-172, 2003), are utilized
to evaluate the compounds of this disclosure. In embodiments, the CS7BL/105cSn-Dmdmdx/J
(Bl1/mdx) or the D2.BI10-Dmdmdx/] (D2/mdx) mouse model is utilized to evaluate the

compounds of this disclosure. In embodiments, a transgenic mouse harboring the human DMD

9%

gene and lacking the mouse Dmd gene (hDMD/Dmd-null mouse) is used to evalvate the
compounds of this disclosure. This mouse can be generated by cross-breeding male hDMD mice
{avatlable from Jackson Laboratory, Bar Harbor, ME) with female BMB-null mice, Hach of the
following references describe these models and are incorporated by reference in their entirety
herein: ] Neuromuscul Dis. 2018; 5(4): 407-417.; Proc Natl Acad Sci U § A, 1984;81(4):1189-
16 92 Am J Pathol. 2010;176(5):2414-24.; J Clin Invest. 2009:119(12):3703-12; International
Publication No. W02019014772. These and other animal models can be used to measure the
functional activity of various dystrophin proteins.
[636%] In embodiments, an in vitro model is used to evaluate the efficacy of the compositions of
the disclosure. In embodiments, the in vitro model is an immortalized muscle cell model. This
1S model is described iu the following articles which is incorporated by reference in s entivety

herein: Nguyen et al. J Pers Med. 2017 Dec; 7(43:13.
Methods of Making

{63701 The compounds described herein can be prepared in a variety of ways known to one skilled
in the art of organic synthesis or variations thereon as appreciated by those skilled 1o the art. The
20 compounds described herein can be prepared from readily available starting materials. Optimum
reaction conditions can vary with the particular reactants or solvents used, but such conditions can

be determined by one skilled in the art.
{6371} Variations on the compounds described herein include the addition, subtraction, or
movement of the various constituents as described for each compound. Stmilarly, when one or
25 more chiral centers are present in a molecule, the chirality of the molecale can be changed.
Additionally, compound syunthesis can involve the protection and deprotection of varions 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 chemistry of protecting groups can be found, for

example, in Wuts and Greene, Protective Groups in Organic Syanthesis, 4th Ed., Wiley & Sons,

[
sy
o

2006, which is incorporated herein by reference in its entirety.
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(6372} The starting materials and reagents used in preparing the disclosed compounds and
compositions are egither available from commercial suppliers such as Aldrich Chemical Co.,
{Milwaukee, WI), Acros Organics (Morris Plains, NI}, Fisher Scientific (Pittsburgh, PA), Sigma
(St. Louts, MO}, Phizer (New York, NY), GlaxoSmithKline (Raleigh, NC), Merck (Whitehouse
Station, NJ), Johnson & Johnson (New Brunswick, NI}, Aventis (Bridgewater, NI, AstraZeneca
{Wilmington, DE), Novartis {Basel, Switzerland), Wyeth (Madison, NJ), Bristol-Myers-Squibb
{(New York, NY), Roche (Basel, Switzeriand}, Lilly (Indianapolis, IN), Abbott (Abbott Park, IL),
Schering Plough (Kenilworth, NI), or Boehringer Ingelheim (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} Rodd’s Chemistry of Carbon Compounds, Volumes 1-5 and Supplementals (Elsevier
Science Publishers, 1989): Urganic Reactions, Volumes 1-40 (John Wiley and Sons, 1991);
March’'s Advanced Organic Chemistry, (John Wiley and Soms, 4th Edition); and Larock’s
Comprehensive Organic Transformations (VCH Publishers Inc., 1989). Other materials, such as
the pharmaceutical carriers disclosed herein can be obtained from comrnercial sources.

{63731 Reactions to produce the compounds described herein can be carried out in solvents, which
can be selected by one of skill in the art of organic synthesis. Solvents can be substantially
nonreactive with the starting materials (reactants), the intermediates, or products vnder the
conditions at which the reactions are carried out, i.e., teroperature and pressure. Reactions can be
carried out in one solvent or a mixtore of more than one solvent. Product or intermediate formation
can be monitored according to any suitable method known in the art. For example, product
forroation can be monitored by spectroscopic jueans, such as puclear magnetic resonance
spectroscopy {(e.g., 'Hor *C) infrared spectroscopy, spectrophotometry (e.g., UV-visible), or mass
spectrometry, or by chromatography such as high performance liguid chromatography (HPLC) or
thin layer chromatography.

{63741 The disclosed compounds can be prepared by solid phase peptide synthesis wherein the
amino acid o-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-

fluorenylmethyloxycarbonyl (Fmoc), tbutyloxycarbonyl (Boc), benzyloxycarbonyl (Chbz),
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biphenvlisopropyvloxycarbonyl, t-amyloxycarbonyl, iscbornyloxycarbonyl, o,0-dimethyl-3,5-
dimethoxybenzyloxycarbonyl, o-nitrophenvisulfenyl, 2-cyano-t-butyvloxycarbonyl, and the like.
The 9-fluorenyimethyloxycarbonyl (Fmoc) protecting group is particularly preferred for the
svuthesis of the disclosed compounds. Other preferred side chain protecting groups are, for side
chain amino groups like lysine and arginine, 2,2.5,7 8-pentamethylchroman-6-sulfonyl (pme),
nitro, p-ioluenesulfonyl, 4-methoxybenrzene- sulfonyl, Chz, Boc, and adamantyloxycarbonyl; for
tyrosine, benzyl, o-bromobenzyloxy-carbonyl, 2,6-dichiorobenzyl, isopropyl, t-butyl {t-Bu},
cyclohexyl, cvclopentyl and acetyl (Ac); for serine, t-buiyl, benzyl and tetrahydropyranyl; for
histidine, trityl, benzyl, Cbz, p-toluenesulfonyl and 2,4-dinitrophenyl; for tryptophan, formyl; for
asparticacid and glutamic acid, benzyl and t-butyl and for cysteine, triphenylmethyl (trityl). In the
solid phase peptide synthesis method, the o-C-terminal amino acid is attached to a suitable solid
support or resin. Suitable solid supports useful for the above synthesis are those materials which
are inert to the reagents and reaction conditions of the stepwise condensation-deprotection
reactions, as well as being insoluble in the media used. Solid supports for synthesis of a-C-terminal
carboxy peptides is 4-hydroxymethylphenoxyroethyl-copoly(styrene-1% divinylbenzene) or 4-
(2,4’ -dimethoxvphenyl-Fmoc-aminomethyl)phenoxyacetamidoethyl resin available from Applied
Biosystems (Foster City, Calif.). The ¢-C-terminal amino acid is coupled to the resin by means of
N N'-dicyclohexylcarbodiimide (DCCT), N, N'-diisopropylcarbodiimide (DIC) or O-benzotriazol-
1-vI-NO NN N -tetramethyvluroninohexafluorophosphate . (HBTU),  with  or without  4-
dimethylaminopyridine {(DMAP), [-hydroxybenzotriazole (HOBT), benzotriazol-1-yloxy-
tris{dimethylamino)phosphonumhexafluorophosphate (BOP) or bis(2-0x0-3-
oxazohidinyUphosphine chloride (BOPCH), mediated coupling for frorn about | to about 24 hours
at a ternperature of between 10°C and 50°C in a solvent such as dichloromethane or DMF. When
the solid support 1s 4-(2',4 -dimethoxyphenyl-Frooc-aminomethybphenoxy-acetamidoethyl resin,
the Fmoc group is cleaved with a secondary amine, preferably piperidine, prior to coupling with
the u-C-terminal amino acid as described above. One method for coupling to the deprotected 4
(2,4 -dimethoxyphenyl-Fruoc-aminomethyDphenoxy-acetamidoethyl resin is O-benzotriazol-1-
yI-N NN, N'-tetramethyluroniumhexafivorophosphate  (HBTU, i equiv.)  and i-
hydroxybenzotriazole {HOBT, | equiv.) in DMF. The coupling of successive protected amino
acids can be carried out in an automatic polypeptide synthesizer. In one example, the o-N-terminal

in the amino acids of the growing peptide chain are protected with Fmoc. The removal of the Fmoc
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protecting group from the o-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-yI-N, NN N'-tetramethyluroniumhexaftaorophosphate (HBTU, | 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 thioanisocle, water,
ethanedithiol and trifluoroacetic acid. In cases wherein the o-C-terminal of the polypeptide is an
alkviamide, the resin is cleaved by aminolysis with an alkylamine. Alternatively, the peptide can
be removed by transesterification, e.g., with methanol, followed by aminolysis or by direct
transamidation. The protected peptide can be purified at this point or taken 1o the next step directly.
The removal of the side chain protecting groups can be accomplished using the cleavage cocktail
described above. The fully deprotected peptide can be purified by a sequence of chromatographic
steps employing any or all of the following types: ion exchange on a weakly basic resin (acetate
form); hydrophobic adsorption chromatography on underivatized polystyrene-divinylbenzene (for
example, Amberlite XAD); silica gel adsorption chromatography; ion exchange chromatography
on carhoxymethyleelhulose;, partition chromatography, e.g, on Sephadex G-23, LH-20 or
countercurrent distribution; high performance liquid chromatography (HPLC), especially reverse-
phase HPLC on octyl- or octadecylsilyl-silica bonded phase column packing.

{63751 The above polymers, such as PEG groups, can be attached to the AC under any suitable
conditions used to react a protein with an activated polymer molecule. Any means known in the
art can be used, inchuding vian ACylation, reductive alkylation, Michael addition, thiol alkylation
or other chemoselective conjugation/ligation roethods through a reactive group on the PEG ruoiety
{e.g., an aldehyde, amino, ester, thiol, ®-haloacetyl, maleimido or hydrazino group) to a reactive
group on the AC {e.g., an aldehyde, amino, ester, thiol, g-haloacetyl, maleimido or hydrazino
group). Activating groups which can be used o link the water soluble polymer to one or more
proteins include without limitation sulfone, maleimide, sulfhydryl, thiol, wiflate, tresylate,
azidivine, oxirane, S-pyridyl, and alpha-halogenated acyl group (e.g., ¢-iodo acetic acid, o-
bromoacetic acid, a-chloroacetic acid). If attached to the AC by reductive alkylation, the polymer

selected should have a single reactive aldehyde so that the degree of polymerization is controlled.
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See, for example, Kinstler et al.,, Adv. Drug. Delivery Rev. 54: 477-485 (2002); Roberts et al,,
Adv. Drug Delivery Rev. 54: 455-476 (2002); and Zalipsky et al.,, Adv. Drug Delivery Rev. {6
157-182 (1995).

{63761 Iu order to direct covalently hink 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-termini of an amino acids. Reactive groups on the peptide or conjugate
moiety juclhude, e.g., an aldehyde, amino, ester, thiol, ®-haloacetyl, maleimido or hydrazino groop.
Derivatizing agents inclade, for example, maletimidobenzovl sulfosuccinimide ester {conjugation
through cysteine residues), N-hydroxysuccinimide (through lysine residues), glutaraldehyde,

succinic anhydride or other agents known in the art.

(63771 Methods of synthesizing oligomeric antisense compounds are known in the art. The present

disclosure is not limited by the method of synthesizing the AC. In embodiments, provided herein
are compounds having reactive phosphoras groups useful for forming internucleoside hinkages
including for example phosphodiester and phosphorothioate internucleoside linkages. Methods of
preparation and/or purification of precursors or antisense compounds are not a limitation of the
compositions or methods provided herein. Methods for synthesis and purification of DNA, RNA,
and the antisense compounds are well known to those skilled in the art.

{6378} Oligomerization of meodified 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.,
Applications of Chemically synthesized RINA in RNA: Protein Interactions, BEd. Smith (199§8), 1-
36. Gallo et al., Tetrahedron (2001), 57, 5707-5713).

{63791 Antisense compounds provided herein can be conveniently and routinely made through the
well-known technique of solid phase synthesis. Equipment for such synthesis is sold by several
vendors including, for example, Apphied Biosystems (Foster City, CA). Any other means for such
synthesis known in the art may additionally or alternatively be employed. It is well known to use
simpilar techniques to prepare oligonucleotides such as the phosphorothioates and alkylated
derivatives. The jovention s not Hmited by the method of antisense compound synthesis.

(63861 Methods of oligonucleotide purification and analysis are known to those skilled in the art.

Awnalysis methods include capillary electrophoresis (CE) and electrospray-roass spectroscopy.
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Such synthesis and analysis methods can be performed in multi-well plates. The method of the

invention is not Hmited by the method of oligomer purification.
Methods of Adminisiration

{63811 7n vivo application of the disclosed compounds, and compositions containing them, can be
accomplished by any suitable method and techuique 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
including, for example, oral and parenteral routes of administration. As used herein, the term
parenteral includes subcutaneous, intradermal, intravenous, intramuscular, intraperitoneal,
intrasternal, and intrathecal administration, such as by injection. 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.

{6382} The compounds disclosed herein, and compositions comprising them, can also be
administered utilizing liposome technology, slow-release capsules, implantable pumps, and
biodegradable containers. These delivery methods can, advantageously, provide a uniform dosage
over an extended period of time. The compounds can also be administered in their salt derivative
forms or crystalline forms.

[6383] The compounds disclosed herein can be formulated according to known methods for
preparing pharmaceutically acceptable corapositions. Formulations are described in detail in a
number of sources which are well known and readily available to those skilled in the ast. For
example, Remingion’s Pharmaceutical Science by BE.W. Martin (1995) describes formulations that
can be used in connection with the disclosed methods. In general, the coropounds disclosed herein
can be formulated such that an effective amount of the compound is 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 inclode, for example, solid, serni-solid, and liguid dosage
forros, such as tablets, pills, powders, Hauid solutions or suspension, suppositories, injectable and
infusible solutions, and sprays. The preferred form depends on the intended mode of administration
and therapestic application. The compositions also preferably nchude conventional
pharmaceutically-acceptable carriers and diluents which are known to those skilled in the art.
Examples of carriers or diluents for use with the compounds include ethanol, dimethyl sulfoxide,

glycerol, alumina, starch, saline, and equivalent carriers and diluents. To provide for the
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administration of such dosages for the desired therapeutic treatment, compositions disclosed herein
can advantageously comprise between about (.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.

{63841 Formulations suitable for administration include, for example, aqueous sterile igjection
solutions, which can contain antioxidants, buffers, bacteriostats, and solutes that render the
formulation isotonic with the blood of the intended recipient; and agueous and nonagueous sterile
suspensions, which can include suspending agents and thickening agents. The formulations can be
presented in unit-dose or multi-dose containers, for example sealed ampoules and vials, and can
be stored in a freere dried (lyophilized) condition requiring only the condition of the sterile liguid
carrier, for example, water for injections, prior to use. Extemporaneous injection solutions and
suspensions can be prepared from sterile powder, granules, tablets, efc. It should be understond
that in addition to the ingredients particularly mentioned above, the compositions disclesed herein
can include other agents conventional in the art having regard to the type of formulation in
guestion.

[6388] 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 exarmple, encapsulating
the composition in a liposome moiety. Another means for dehvery of compounds and
corpositions disclosed herein to a cell comprises attaching the compounds {o a protein or nucleic
acid that is targeted for delivery to the target cell. UL.S. Patent No. 6,960,648 and U.S. Application
Publication Nos. 20030032594 and 20020120100 disclose amino acid sequences that can be
coupled to another composition and that allows the composition to be translocated across
biological wembranes. U.S. Application Publication No. 20020035243 also describes
compositions for transporting biological moieties across cell membranes for intracelivlar delivery.
Compounds can also be incorporated into polymers, examples of which inclade poly (-1 lactide-
co-glyeolide) polymer for intracranial fumors; polyibis(p-carboxyphenoxy) propane:sebacic acid]
in a 20:80 molar ratio (as used in GLIADEL); chondroitin; chitin: and chitosan.

[6386] Compounds and compositions disclosed herein, juclnding pharmaceuntically acceptable
salts or prodrugs thereof, can be administered intravenously, intramuscolarly, or intraperitoneally
by infusion or injection. Solutions of the active agent or its salts can be prepared in water,

optionally mixed with a nontoxic surfactant. Dispersions can also be prepared in glycerol, liquid
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polyethylene glycols, triacetin, and mixtures thereof and in oils. Under ordinary conditions of

storage and use, these preparations can contain a preservative to prevent the growth of
MICTOO0Trganisms.

{63871 The pharmaceutical dosage forms suitable for injection or infusion can include sterile

5  agqueous solutions or dispersions or sterile 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 liguid carrier or vehicle can

be a solvent or liquid dispersion medium comprising, for example, water, ethancl, a polyol (for

10 example, glycerol, propvlene glycol, liquid polyethvlene glycols, and the like), vegetable oils,
nontoxic glyceryl esters, and suitable mixtares thereof. The proper fluidity can be maintained, for
example, by the formation of liposomes, by the maintenance of the required particle size in 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

1S example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it
will be preferable to include isotonic agents, for example, sugars, buffers or sodinm chloride.
Prolonged absorption of the injectable compositions can be brought about by the inclusion of
agents that delay absorption, for exarople, aluminurn monostearate and gelatin,

[6388] Sterile injectable solutions are prepared by incorporating a compound andfor agent

20 disclosed herein in the requured amount in the appropriate solvent with varions other ingredients
enumerated above, as reqguired, followed by filter sterilization. In the case of sterile powders for
the preparation of sterile injectable solutions, the preferred methods of preparation are vacuuro
drying and the freeze drying techunigues, which yield a powder of the active ingredient plus any
additional desired ingredicut present in the previously sterile-filtered solations.

25 [6389] Usetul dosages of the compounds and agents and pharmaceutical compositions disclosed
herein can be determined by comparing their in vitro activity, and in vive activity in animal models.
Methods for the extrapolation of effective dosages in mice, and other anmimals, to humans are
known to the art.

[6398] The dosage ranges for the administration of the compositions are those large enough to

30 produce the desired effect in which the symptoms or disorder are affected. The dosage should not

be so large as to cause adverse side effects, such as unwanted cross-reactions, anaphylactic
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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.

{63911 Also disclosed are pharmaceutical compositions that comprise a compound disclosed

herein in combination with a pharmaceutically acceptable carrier. Pharmaceutical compositions
adapted for oral, topical or parenteral administration, 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 time frame, without
fethal toxicity, and preferably causing no more than an acceptable level of side effects or morbidity.
One skilled in 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 treatmuent, therapeutic ratio, as well as the severity and stage of the pathological

condition.

1S [8392] Also disclosed are Kits that comprise a compound disclosed herein in one or more

20

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 jocludes instructions or packaging
materials that describe how to administer a compound or composition of the kit. Containers of the
kit can be of any suitable material, e.g., glass, plastic, metal, efc., and of any suitable size, shape,
or configuration. In one embodiment, a compound and/or agent disclosed herein is provided in the
kit as a solid, such as a tablet, pill, or powder form. In another erabodiment, a compound and/or
agent disclosed herein s provided in the kit as a lguid or solution. In one embodiment, the kit
comprises an ampoule or syringe containing a compound and/or agent disclosed herein in hquid

or solution form.

{63931 A number of embodiments of the invention have been described. Nevertheless, it will be

understood that various modifications may be made withont departing {from the spirit and scope of

the invention. Accordingly, other embodiments are within the scope of the following claims.
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Certain Definitions

[6394]  As used in the description and the appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the context clearly dictates otherwise. Thus, for example, reference
to “a composition” includes mixtures of two or more such compositions, reference to “an agent”

5 includes mixtures of two or more such agents, reference to “the component” includes mixtures of
two or more such components, and the like.

{6395} The term “about” when innmediately preceding a numerical value means a range {e.g., plus
or minus 10% of that value). For example, “about 50" can mean 45 to 55, “about 25,000” can mean
22,500 to 27,500, etc., uniess the context of the disclosure indicates otherwise, or is inconsistent

10 with such an interpretation. For example, in a list of numerical values such as “about 49, about 50,
about 55, ...7, “about 50" means a range extending to less than half the interval(s) between the
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. Simtlarly, the term “about” when preceding a series

15 of numerical values or a range of values (e.g., “about 10, 20, 307 or “sbout 10-30") refers,
respectively to all values in the series, or the endpoints of the range.

{6396] The terms “moiniPEG”, “PEG2” and “AEEA” are used interchangeably herein to refer to 2-
[2-[2-aminoethoxyjethoxylacetic acid.

163971 As used herein, the term “cyclic cell penetrating peptide” or “cCPP” refers to a peptide that

20 facilitates the delivery of an AC into a cell.

[6398] As used herein, the term “endosomal escape vehicle” (EEV) refers to a ¢CPP that is
conjugated by a chemical linkage (i.e., a covalent bond or non-covalent interaction) to a linker
and/or an exocyclic peptide (EF) . The EEV can be an EEV of Formula (B).

[6399]  As used herein, the term “BEV-conjugate” refers to an endosomal escape vehicle defined

25 herein conjugated by a chemical linkage (i.e., a covalent bond or non-covalent inferaction) to an
AC. The AC can be delivered into a cell by the EEV. The EEV-counjugate can be an EEV-conjugate
of Formula (C).

[6408] As used herein, the term "exocyclic peptide” (EP) and “modulatory peptide” (MP) may be
used interchangeably to refer to two or more amino acid residues linked by a peptide bond that can

30 be conjugated to a cyclic cell penetrating peptide (cCPP) disclosed herein. The EP, when

conjugated to a cyclic peptide disclosed herein, may alter the tissue distribution and/or retention
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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 in the art as a “nuclear
localization sequence” {(NLS). Non-himiting examples of nuclear localization sequences include
5  the nuclear localization sequence of the SV40 virus large T-antigen, the minimal functional unit
of which is the seven amino acid sequence PKKKRKY, the nucleoplasmin bipartite NLS with the
sequence NLSKRPAAIKKAGQAKKKK, the c-myc nuclear localization sequence having the
amine  acid sequence PAAKRVKLD or  RQRRNELKRSF, the  sequence
RMRKFKNKGKDTAELRRRRVEVSVELRKAKKDECQILKRRNY of the IBB domain from

10 importin-alpha, the sequences VSRKRPRP and PPKKARED of the myoma T protein, the
sequence POQPKKKPL of human p53, the sequence SALIKKKKKMAP of mouse c-abl 1V, the
sequences DRLRR and PKQKKRK of the influenza virus NS1, the sequence RKLKKKIKKL of
the Hepatitis virus delta antigen and the sequence REKKKFLKRR of the mouse Mx! protein, the
sequence KRKGDEVDGVDEVAKKKSKK of the human poly(ADP-ribose) polymerase and the

1S sequence RKCLQAGMNLEARKTKE of the steroid hormone receptors (human) glucocorticoid.
International Publication No. 2001/038547 describes additional examples of NLSs and is
incorporated by reference herein in its entirety.

{64811 As vsed herein, “linker” or “L” refers to a motety that covalently bonds one or more
moieties {e.g., an exocyclic peptide (EP) and an AC) to the cyclic cell penetrating peptide (¢CPP).

23 The linker can comprise a natoral or non-natural amino acid or polypeptide. The linker can be a
syothetic compound containing two ot more appropriate fonctional groups suitable to bind the
cCPP an AC, to thereby form the compounds disclosed herein. The linker can comprise a
polyethylene glycol (PEG) moiety. The linker can comprise one or more amino acids. The ¢CPP
tnay be covalently bound to an AC via a Hnker.

25 84821 As used herein, the term "oligonucleotide” refers to an oligomeric compound comprising
a plurality of Hnked nucleotides or nucleosides. One or more nucleotides of an oligonuclestide can
be modified. An oligonucleotide can comprise ribonucleic acid (RNA) or deoxyribonucleic 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.

30 [0403] The terms “peptide,” “protein,” and “polypeptide” are used interchangeably to refer to a

natural or synthetic molecule comprising two or more amino acids linked by the carboxyl group
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of one amino acid to the alpha amino group of another. Two or more amino acid residues can be
linked 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 polypeptide can include a peptide

backbone modification in which two or more amino acids are covalently attached by a bond other

9%

than a peptide bond. The polypeptide can include one or more non-natural amino acids, amino acid

analogs, or other synthetic molecules that are capable of integrating into a polypeptide. The term

polvpeptide includes naturally occurring and artificially occurring amine acids. The term

polypeptide includes peptides, for example, that include from about 2 to about 100 amino acid

residues as well as proteins, that include more than about 100 amino acid residues, or more than

10 about 1000 amino acid residues, including, but not limited to therapeutic proteins such as
antibodies, enzymes, receptors, soluble proteins and the like.

{64841 The term ‘“therapeutic polypeptide”™ refers to a polypeptide that has therapeutic,
prophylactic or other biological activity. The therapeutic polypeptide can be produced in any
suitable manner. For example, the therapeutic polypeptide may isolated or purified from a naturally

IS occurring epvironment, may be chemically syuthesized, may be recornbinantly produced, or a
combination thereof.

{0465] 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 abont 500 Daltons. Small molecule therapeutics are typically manufactured by chemical

26 synthesis.
{64061  As used berein, the tetm “contiguous” refers to two amino acids, which are connected by

a covalent bond. For exaruple, in the context of a representative cyclic cell penetrating peptide

Alg
{cCPP) such as Ahg , AAVA A AAGIAA: AASIAAL and AASIAA: exemplify pairs of

configuous aminge acids.

25 [04867] A residue of a chemical species, as used herein, refers to a derivative of the chemical
species that is present in a particalar product. To form the product, at least one atom of the species
is replaced by a bond to another moiety, sach that the product contains a derivative, or residue, of

the chemical species. For example, the cyclic cell penetrating peptides (¢CPP) described herein
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have amino acids (e.g., arginine)} incorporated therein through formation of one or more peptide
bonds. The amino acids incorporated into the ¢CPP may be referred to residues, or simply as an

NH,

HN® TN a
H

NH

amine acid. Thus, arginine or an arginine residue refers to \<
[6408] The term “protonated form thereof” refers to a protonated form of an amino acid. For

5 example, the guanidine group on the side chain of arginine may be protonated to form a

NH»
@
HNT N &
H
\<NH
guanidinium group. The stracture of a protonated form of arginine is

{648%] As used herein, the term “chirality” refers to a molecule that has more than one
stereoisomer that differs in the three-dimensional spatial arrangeroent of atoms, ih which one
stereoisorner is a non-superimposable mirror image of the other. Amino acids, except for glycine,

10 have a chiral carbou atormn adjacent to the carboxyl group. The term “enantiomer” refers to
stereoisorners that are chiral. The chiral molecule can be an amino acid residue baving a “D” and
“1.” enantiomer. Molecules without a chiral center, such as glycine, can be referred to as “achiral”

[6418]  As used herein, the term “hydrophobic” refers to a moiety that is not sohuble in water or

has minimal solubility in water. Generally, neutral moieties and/or non-polar moieties, or moieties
15 that are predominately neutral and/or non-polar are hydrophobic. Hydrophobicity can be measured
by one of the methods disclosed herein below.

(64111  As used herein “aromatic” refers to an unsaturated cyclic molecule having 4o + 2 #
electrons, wherein n is any integer. The term “non-aromatic” refers to any unsaturated cyclic
molecule which does not fall within the definition of aromatic.

20 (04121 “Alkyl”, “alkyl chain” or “alkyl 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 | to 40 are

included. An alkyl comprising up to 40 carbon atoms is a C1-Cyo alkyl, an alkyl comprising up to
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10} carbon atoms is a Ci-Cyp alkyl, an alkyl comprising up to 6 carbon atoms is a {-Cs alkyl and
an alkyl comprising up to 5 carbon atoms 18 a Ci-Cs alkyl. A C-Cs alkyl includes Cs alkyls, Cs
alkyls, Cs alkyls, © alkyls and C; alkyl (e, methyl). A C1-Cs alkyl includes all moieties described
above for Cy-Cs alkyls but also includes Cq alkyls. A Ci-Cip alkyl includes all moteties described
above for C-Cs alkyls and Cy-Cs alkyls, but also includes Cy, Cs, Cs and Cyg alkyls. Similarly, a
-Cpp alkyl includes all the foregoing moieties, but also includes Cyy and Cys alkyls. Non-limiting
examples of C:i-Ciz alkyl include methyl, ethyl, n-propyl, i-propyl, sec-propyl, a-butyl, i-butyl,
sec-butyi, t-butyl, n-pentyl, t-amyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, n-undecyl, and n-
dodecyl. Unless stated otherwise specifically in the specification, an alkyl group can be optionally
substituted.

[0413] “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-limiting
examples of Cr-Cyo alkylene include ethylene, propviene, n-butylene, cthenylene, propenylene,
n-butenylene, propynylene, n-butynylene, and the like. Unless stated otherwise specifically in the
specification, an alkylene chain can be optionally substituted.

[6414] “Alkenyl”, “alkenyl chain” or “alkeny! group” refers to a straight or branched hydrocarbon
chain radical having from two to forty carbon atoms and having one or more carbon-carbon double
bonds. Each alkenyl groap is attached to the rest of the molecule by a single bond. Alkenyl groups
corprising any sumber of carbon atoros from 2 to 40 are included. An alkenyl group comprising
up to 40 carbon atoms 1s a C3-Cyp alkenyl, an alkenyl comprising up to 10 carbon atoms is a Co-
Cio alkenyl, an alkenyl group comprising up to & carbon atoms is a C3-Ce alkenyl and an alkenyl
comprising up to 5 carbon atoms is a C-Cs alkenyl. A Co-Cs alkenyl includes Cs alkenyls, Ca
alkenyls, Cs alkenyls, and C; alkenyls. A C3-Cy alkeny! includes all moieties described above for
(o-Cs atkenyls but also includes Cs alkenyls. A C-Cio alkenyl includes all moieties described
above for C;-Cs alkenyls and C3-Cs alkenyls, but also includes O, Cs, Co and Cip alkenyls.
Similarly, a C-Ciy alkenyl includes all the foregoing moieties, but also includes Ciy and Cio
alkenyls. Non-limiting examples of C2-Cyz alkenyl include ethenyl! (vinyl), I-propenyl, 2-propenyl
(allyl}, iso-propenyl, Z-methyl-i-propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 1-pentenvl, 2-
pentenyl, 3-pentenvl, 4-pentenyl, l-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, 1-
heptenyl, 2-heptenyl, 3-heptenyl, 4-heptenyl, 5-heptenyl, 6-heptenyl, l-octenyl, Z-octenyl, 3-

octenyl, 4-octenyl, S-octenyl, 6-octenyl, 7-octenyl, 1-nonenyl, 2-nonenyl, 3-nonenyl, 4-nonenyl,
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S-nonenyl, G-nonenyl, 7-nonenyl, 8-nonenyl, i-decenyl, 2-decenyl, 3-decenyl, 4-decenyl, 5-
decenyl, 6-decenyl, 7-decenyl, &-decenyl, 9-decenyl, l-undecenyl, 2-undecenyl, 3-undecenyl, 4-
undecenyl, 5-undecenyl, G-undecenyl, 7-undecenyl, 8-undecenyl, 9-undecenyl, 18-undecenyl, -
dodecenyl, 2-dodecenyl, 3-dodecenyl, 4-dodecenyl, S-dodecenyl, 6-dodecenyl, 7-dodecenyl, 8-
dodecenyl, 9-dodecenyl, 10-dodecenyl, and 11-dodecenyl. Unless stated otherwise specifically in
the specification, an alkyl group can be optionally substituted.

{6415} “Alkenylene”, “alkenylene chain” or “alkenylene group” refers to a straight or branched
divalent hydrocarbon chain radical, having from two o forty carbon atoms, and having one or
more carbon-carbon double bonds. Non-limiting examples of Co-Cyp alkenylens include ethene,
propene, butene, and the like. Unless stated otherwise specifically in the specification, an
alkenylene chain can be optionally.

{64161 “Alkoxy” or “alkoxy group” refers to the group -OR, where R is alkyl, alkenyl, alkynyl,
cycloalkyl, or heterocyclyl as defined herein. Unless stated otherwise specifically in the
specification, an alkoxy group can be optionally substituted.

{64171 “Acy!l” or “acyl group” refers to groups -C{OR, where R is hydrogen, alkyl, alkenyl,
alkynyl, carbocyelyl, or heterocyelyl, as defined herein. Unless stated otherwise specifically in the
specification, acyl can be optionally substituted.

[8418] “Alkylcarbamoyl” or “alkylcarbamoyl group” refers to the group -O-C{O)-NR.R,, where
R. and Ry are the same or different and are independently an alkyl, alkenyl, alkynyl, arvl,
heteroaryl, as defined herein, or RuRp can be taken together to form a cycloalkyl group or
heterocyclyl group, as defined herein. Unless stated otherwise specifically in the specification, an
alkylcarbamoyl group can be optionally substinuted.

{64191 “Alkylcarboxamidyl” or “alkylcarboxamidyl group” refers to the group —C(O)-NR.Ry,
where R, and Ry are the same or different and are independently an alkyl, alkenyl, alkyunyl, arvl,
heteroaryl, cycloalkyl, cycloalkenyl, cycloalkynyl, or heterocyclyl group, as defined herein, or
R.Ry can be taken together to form a cycloalky] group, as defined herein. Unless stated otherwise
specifically in the specification, an alkylcarboxamidyl group can be optionally substituted.

[6428] “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 aryl radical can be a
monecyclic, bicyelic, tricyelic or tetracyclic ring system, which can inclade fused or bridged ring

systems. Aryl radicals include, but are not limited to, aryl radicals derived from aceanthrylene,
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acenaphthylene, acephenanthrylene, anthracene, azulene, benzene, chrysene, f{luoranthene,
fluorene, as-indacene, s-indacene, indane, indene, naphthalene, phenalene, phenanthrene,
pleiadene, pyrene, and triphenylene. Unless stated otherwise specifically in the specification, the

term “aryl” is meant to include aryl radicals that are optionally substituted.

5 [8421] “Heteroaryl” refers to a 5- to 20-membered ring system radical comprising hydrogen
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atoms, one to thirteen carbon atoms, one to six hetercatoms selected from nitrogen, oxygen and
sulfur, and at least one aromatic ring. For purposes of this invention, the heteroaryi radical can be
a monocyclic, bicyclic, tricyelic or tetracyclic ring system, which can include fused or bridged ring
systems; and the nitrogen, carbon or sulfur atoms in the hetercaryl radical can be optionally
oxidized; the nitrogen atom can be optionally guaternized. Examples include, but are not limited
to, azepinyl, acridinyl, benzimidazolyl, benzothiazolyl, benzindolvl, benzodioxolyl, benzofuranyl,
benzooxazolyl, benzothiazolyl, benzothiadiazolyl, benzof[b]{1,4]dioxepinyl, 1,4-benzodioxanyl,
benzonaphthofuranyi, benzoxazolyl, benzodioxolyl, benzodioxinyl, benzopyranyl,
benzopyranonyl, benzofuranyl, benzofuranonyl, benzothienyl (benzothiophenyl), benzotriazolyl,
benzo{4,6]imidazol |, 2-alpyridinyl, carbazolyl, cinnolinyl, dibenzofuranyl, dibenzothiophenyl,
furanyl, foranonyl, isothiazolyl, imidazolyl, indazolyl, indolyl, indazolvl, isoindolyl, indolinyl,
isoindolinyl, isoguinolyl, indolizinyl, isoxazolyl, naphthyridinyl, oxadiazolyl, 2-oxoarzepinyl,
oxazolyl, oxiranyl, l-oxidopyridinyl, {-oxidopyrimidinyl, [-oxidopyrazinyl, L-oxidopyridazinyl,
{-phenyl-1 H-pyrrolvl, phenazinyl, phenothiazinyl, phenoxazinyl, phthalazinyl, pteridinyl, purinyl,
pyrrolyl, pyrazolyl, pyridinyvl, pyrazinyl, pyrimidinyl, pyridazinyl, quinazolinyl, quinoxalinvi,
guinolinyl, quinuclidinyl, isoquinolinyl, tetrahvdroquinolinyl, thiazolyl, thiadiazolyl, triazolyl,
tetrazolyl, triazinyl, and thiophenyl (i.e., thienyl). Unless stated otherwise specifically in the
specification, a heteroaryl group can be optionally substituted.

(64221 The term “substituted” used herein means any of the above groups (i.e., alkyl, alkenvl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, heterocycivl, aryl, heteroaryl, alkoxy, aryloxy,
acyl, alkyicarbamovl, alkylcarboxamidyl, alkoxycarbonyl, alkylthio, or aryithio) wherein at least
one atom is replaced by a non-hydrogen atoms such as, but not limited to: a halogen atom such as
F, (I, Br, and [; an oxygen atom in groups such as hydroxyl groups, alkoxy groups, and ester
groups; a sulfur atom in groups such as thiol groups, thicalkyl groups, sulfone groups, sulfonyl
groups, and sulfoxide groups; a nitrogen atom in groups such as amines, amides, alkylamines,

dialkylamines, arylamines, alkylarviamines, diarvlamines, N-oxides, imides, and enamines; a
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silicon atom iu groups such as trialkylsilyl groups, dialkylarylsilyl groups, alkyldiaryisilyl groups,
and triarvisilyl 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-boud) to a heteroatom such as oxygen in oxo, carbounyl, carboxyl, and ester
groups; and nitrogen in groups such as imines, oximes, hydrazones, and nitriles. For example,
“substituted” includes any of the above groups in which one or more atoms are replaced
with -NR R, -NRC{(=0)Rp, -NRL(=0INR R, -NRL(=030Rs, -NR SO Ry, -OC{=0)NR Ry, -
ORg, -8Ry, -SOR,, -ShR,, ~-OSMh:R,, -SC0R,, =NSO2R,, and -SONRRp. “Substituted also
means any of the above groups in which one or more hydrogen atoms are replaced
with -C{=0)R,, -C(=0)0R,, -C(=0)NRRy, -CH:SR,, -CH:SO-NR, Ry, In the foregoing, Rg and
Ry are the same or different and independently hydrogen, alkyl, alkenyl, alkynyl, alkoxy,
alkvlamino, thioalkyl, aryl, aralkyl, cycloalkyl, cycloalkenyl, cvcloalkynyl, cycloalkylalkyl,
haloalkyi, haloalkenyl, haloalkynyl, heterocyclyl, N-heterocyclyl, heterocyclylalkyl, heteroaryl,
N-heteroaryl and/or hetercarylalkyl. “Substituted” further means any of the above groups in which
one or more atoms are replaced by an amino, cyano, hydroxyl, isino, nitro, oxo, thioxo, halo,
alkyl, alkenvl, alkynyl, alkoxy, alkylamino, thicalkyl, aryl, aralkyl, cycloalkyl, cvcloalkenyl,
cycloalkynyl, cycloalkylalkyl, haloalkyl, haloalkenyl, haloalkynyl, heterocyclyl, N-heterocyclyl,
heterocyelylalkyl, heteroaryl, N-heteroaryl and/or heteroarylalkyl 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, alkvlcarboxamidyl, alkoxyearhonyl, carbocyclyl, heterocyelvl, aryl, or heteroaryl.
In addition, each of the foregoing substituents can also be optionally sabstituted with one or more
of the above substitoents.

{64231  As used herein, by a “subject” i3 meant an individual. Thus, the “subject” can include
domesticated animals (e.g., cats, dogs, ete.), bvestock {e.g., cattle, horses, pigs, sheep, goats, etc.},
laboratory animals {(e.g., mouse, rabbi, 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 veterinary patient.
The term “patient” refers to a subject under the treatment of a clinician, e.g., physician.

[6424] The term “inhibit” refers to a decrease in an activity, response, condition, disease, or other
biological parameter. This can inclhude but is not limited to the complete ablation of the activity,
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
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be a 10, 20, 30, 40, 530, 60, 70, 80, 90, 100%, or any amount of reduction in between as compared
to native or control levels.

[6425] By “reduce” or other forms of the word, such as “reducing” or “reduction,” is meant
lowering of an event or characteristic (e.g., tumor growth). It is understood that this is typically in

5 relation to some standard or expected value, in other words it 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 rate of growth of a tumor relative to a standard or a control {e.g., an untreated
tumor).

[0426] The term “treatment” refers to the medical management of a patient with the intent to cure,

10 ameliorate, stabilize, or prevent a disease, pathological condition, or disorder. This term includes
active treatment, that is, treatment directed specifically toward the improvement of a disease,
pathological condition, or disorder, and also includes causal treatment, that is, treatment directed
toward removal of the cause of the associated disease, pathological condition, or disorder. In
addition, this term includes palliative treatment, that is, treatment designed for the relief of

1S symptoms rather than the curing of the disease, pathological condition, or disorder; preveuntative
treatment, that is, treatment directed to minimizing or partially or completely inhibiting the
development of the associated disease, pathological condition, or disorder; and supportive
treatment, that is, treatment eroploved to supplement another specific therapy directed toward the
irnprovement of the associated disease, pathological condition, or disorder.

20 [08427] The term “therapeutically effective” refers to the amount of the composition used is of
sufficient guantity to ameliorate one or more canses or syrmptoms of a disease or disorder. Such
amelioration only requires a reduction or alteration, not necessarily elimination.

{64281 The term “pharmaceutically acceptable” refers to those compounds, materials,
composttions, and/or dosage forms which are, within the scope of sound medical judgroent,

25 suitable for use in contact with the tissues of buman beings and animals without excessive toxicity,
irritation, allergic response, or other problems or complications commensurate with a reasonable
benefit/risk ratio.

{64281 The term “carrier” means a compound, composition, substance, or structure that, when in
combination with a compound or composition, aids or facilitates preparation, storage,

30 administration, delivery, effectiveness, selectivity, or any other feature of the compound or
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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.

{04361 As used herein, the term "pharmaceutically acceptable carrier” refers to sterile agueous 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
agqueous and nonagueous carriers, diluents, solvents or vehicles include water, ethanol, polyols
{such as glycerol, propylene glycol, polyethylene glycol and the like), carboxymethylcellulose and
suitable mixtures thereof, vegetable oils (such as olive oil) and injectable 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
agents, emulsifying agents and dispersing agents. Prevention of the action of microorganisms can
be ensured by the inclusion of various antibacterial and antifungal agents such as paraben,
chlorobutanol, phenol, sorbic acid and the like. It can also be desirabie to include isotonic agents
such as sugars, sodium chloride and the like. The injectable formulations can be sterilized, for
example, by filtration through a bacterial-retaining filter or by incorporating sterilizing agents in
the form of sterile solid compositions which can be dissolved or dispersed in sterile water or other
sterile injectable media just prior to use. Suitable inert carriers can include sugars such as Jactose.
[G8G1] As used herein, the term “sequence identity” refers to the percentage of amino acids
between two polypeptide seqguences that are the same and in the same relative position. As such
one polypeptide sequence has a certain percentage of sequence identity cornpared 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 “substantially identical” if they contain identical
residues in corresponding positions. In emnbodiments, the sequence identity 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 Genet. 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 .5, and the EBLOSUMSG2 (EMBOSS version

of BLOSUMG62) substitution matrix. The output of Needie labeled “longest identity” (obtained
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using the —nobrief option) is used as the percent identity and is calculated as follows: {Identical

Residuesx G0y (Length of Alignment-Total Number of Gaps in Alignment)

(08021 In embodiments, sequence identity may be determined using the Smith-Waterman

algorithm, in the version that exists as of the date of filing.

{68031 As used herein, “sequence homology” refers to the percentage of amino acids between two

o

polypeptide sequences that are homologous and in the same relative position. As such one
polvpeptide 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. Homeologous residues may be identical residues. Alternatively,
homologous residues may be non-identical residues with appropriately similar structural and/or
functional characteristics. For example, as is well known by those of ordinary skiil in the art,
certain amino acids are typically classified as “hydrophobic” or “hydrophilic” amino acids, and/or
as having “polar” or “non-polar” side chains, and substitution of one amino acid for another of the

same type may often be considered a “homologous” substitation.

[6604]  Asis well known in this art, amino acid sequences may be compared using any of a variety

of algorithms, including those available in commercial computer programs such as BLASTP,
gapped BLAST, and PSI-BLAST, in existence as of the date of filing. Exemplary such programs
are described in Altschul, et al., Basic Tocal alignment search tool, J. Mal Biol, 215(3): 403-419,
19940; Altschul, et al., Methods in Enzymology; Altschul, et al., “Gapped BLAST and PSI-BLAST:
a new generation of protein database search programs”, Nucleic Acids Res. 25:3389-3402, 1997,
Baxevanis, et al., Bioinformatics A Practical Guide to the Analysis of Genes and Proteins, Wiley,
1998; and Misener, et al., (eds.), Bivinformarics Methods and Protocaels (Methods 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.

[680S] As used herein, the terms "antisense compound” and "AC" are used interchangeably to

refer to a polymeric nucleic acid structure (which can also be referred to as an oligonucleotide or
polynuclestide) which is at least partially complementary to a target nucleic acid molecule o
which it {the AC) hybridizes. The AC may be a short (in embodiments, less than 50 base pairs)
polymuclestide or polynucleotide homologue comprising a sequence complimentary o a target

sequence in a target pre-mRNA strand. The AC may be formed of natural nucleic acids, synthetic
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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, alternate splicers, siRNAs, oligonucleotides, oligonucleosides, oligonucleotide
analogs, oligonucleotide mimetics, and chimeric combinations of these. As such, these compounds
can be introduced in the form of single-stranded, double-stranded, circular, branched or hairpins
and can contain structural elements such as internal or terminal bulges or loops. Oligomeric
double-stranded compounds can be two strands hybridized to form double-stranded compounds or
a single strand with sufficient self complementarity to allow for hybridization and formation of a
fully or partially double-stranded compound. In embodiments, an AC modulates (increases,
decreases, or changes) expression of a target pucleic acid. Various modifications may be made to
the polymeric nucleic acid structure, such as phosphorodiamidate morpholino (PMQ). Therefore,

AC as used herein encompasses any modification described herein, such as a PMQO.

{6806] The terros "pre-moRNA" and "privoary transcript” as used herein refer to a vewly

synthesized eukaryotic mRNA molecule directly after DNA transcription. A pre-mRNA must be
capped with a §' cap, modified with a 3' poly-A tail, and spliced to produce a mature mRNA

SCRICnCe.

(68671 As used herein, the terms “targeting” or “targeted to” refer to the association of an antisense

compound (AC) with a target nucleic acid roolecule or a region of a target nucleic acid wolecule.
In embodiments, the AC is capable of hybridizing to a target nucleic acid under physiological
conditions. In embodiments, the AC targets a specific portion or site within the target nucleie acid,
for example, a portdon of the target pucleic acid having at least one identifiable structure, function,
or characterisiic such as a particular exon or intron, or selected nuclechases or motifs within an
exon and/or intron. In embodiments, the AC targets a region comprising the intron-exon junction
of a gene that associated with a disease or disorder. In embodiment, the AC targets exon 45 of the
dystrophin gene. In embodiments, the AC targets a region comprising the intron-exon junction of
exon 435 of the dystrophin gene. In embodiments, the AC targets a region that comprises an intronic
micleotide sequence upstream {or 57 of exon 45 of the dystrophin gene. In embodiments, the AC
targets a region that comprises an infromic nucleotide sequence upsiream {or 3 7 of exon 45 of the

dystrophin gene.
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[6068]  As used herein, the terrus "target nucleic acid” and “target sequence” refer to a nucleic acid

molecule comprising a nacleic acid sequence to which the antisense compound binds or
hybridizes. Target nucleic acids include, but are not limited to, RNA {including, but not limited to
pre-mRNA and mRNA or portions thereof), ¢DNA derived from sach RNA, as well as non-
transiated RNA, 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 specific
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. In embodiment, the target nucleic
acid cormprises a nucleotide seguence of exon 45 of the dystrophon gene. In embodiments, the
target nucleio acid comprises a nuclectide seguence that comprises the imron-exon junction of
exon 45 of the dystrophin gene. In embodiments, the target nucleic acid comprises an intronic

nuclectide sequence upstream {or 53 ) of exon 45 of the dystrophin gene.

{60691 As used herein, the term “mRNA" refers to an RNA molecule that encodes a protein and

coroprises pre-mRNA and roature mRNA. "Pre-mRNA" refers to a newly synthesized evkaryotic
mRNA molecule directly after DNA transcription. In embodiments, a pre-mRNA is capped with
a 5' cap, modified with a 3" poly-A tail, and/or spliced to produce a mature mRNA sequence. In
embodiments, pre-mRNA comprises one or more introns. In embodiments, the pre-mRNA
undergoes a process known as splicing to remove introns and join exons. In ernbodiments, pre-

mRNA comprises a polyvadenylation site..

{68181 As used herein, the terms “splicing” and “processing” refer to the modification of a pre-

mRNA following transcription, i which introns are rernoved 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 (suRINPs) referred to as a spliceosome. Within an intron, a 3’ splice
site, a 5' splice site, and a branch site are required {or splicing. The RNA components of snRNPs

interact with the intron and may be involved in catalysis

{68811  As nsed herein, the term “exon” refers to 2 portion of a pre-mRNA which, after splicing,

is typically included in the mature mRNA.

{68321 As used herein, the term “intron” refers to a portion of a pre-mRNA which, after splicing,

is typically excluded from the mature mRNA.
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[6813] 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 57 flanking intron of exon
44 refers to the intron that is immediately upstream of (i.e., directly coupled to the 5" end of) exon
44, For example, the 3° flanking intron of exon 44 refers to the intron that is immediately
downstream of (i.e., directly coupled to the 5 end of) exon 44.

[6834] The "target pre-mRNA" is the pre-mRNA comprising the target sequence to which the AC
hybridizes.

(68151 The "target mRNA" is 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.

[0816] 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 exom regions and 3’ untramslated regions ("UTR") associated with the
expression of the gene product.

{6817} The "target gene” of the present disclosure refers to the gene that encodes the target pre-
mRNA.

{0818] The "target protein” refers to the amino acid seguence encoded by the target mRNA. In
embodiments, the target protein may oot be a fanctional protein.

168191 "Wild type target protein” refers to a native, functional protein isomer produced by a wild
type, norroal, or unroutated version of the target gene. The wild type target protein also refers to
the protein resulting frorn a target pre-mRNA that has been propetly spliced.

(60201  As used herein, the term “transcript” refers an RNA molecule transcribed from DNA and
includes, but is not limited to mRNA, mature mRNA, pre -mRNA, and partially processed RNA.

(60211 A "re-sphced 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 identical to a wild type target protein, may be homologous to a wild type target
protein, may be a functional variant of a wild type target protein, or may be an active fragment of
a wild type target protein.

{68221  As wvsed herein, "functional fragmeunt” or "active fragment” refers to a portion of a
eukaryotic wild type target protein that exhibits an activity, such as one or more activities of a full-

length wild type target protein, or that possesses another activity. In embodiments, a re-spliced
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target protein that shares at least one biological activity of wild type target protein is 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 protein, including but not limited to, about
1% of the activity, about 2%, about 3%, about 4%, about 5%, about 10%, about 20%, about 30%,
5 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
wild type target protein. Thus, In embodiments, the active fragment may retain at least a portion
of one or more biclogical activities of wild type target protein. In embodiments, the active fragment
10 may enhance one or more biological activities of wild type target protein.
[0823]  As used herein, the term "nucleoside” means a glycosylamine comprising a nucleobase and
a sugar. Nucleosides includes, but are not limited 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
1S natural sugar. Natural nucleosides include RNA and DNA nacleosides.
[6624]  Asused herein, the term "natural sugar” refers to a sugar of a nucleoside that is unmodified
from its naturally occurring formn in RNA (2'-OH) or DNA (2'-H).
{66281  As used herein, the term "nucleotide” refers to a nucleoside having a phosphate group
covalently hinked to the sugar. Nucleotides may be wodified with any of a variety of sabstituents.
20 [8026]  As used herein, the term "nucleobase” refers to the base portion of a nucleoside or
nucleotide. A nucleobase may comprise any atoro or group of atorus capable of hydrogen bonding
to a base of another nucleic acid. A natural nucleobase is a nucieobase that is unmodified from its
naturally occurring form in RNA or DNA.
(60271 As used herein, the term "heterocychic base moiety” refers to a nucleobase comprising a
25  heterocycle.
[6828]  As used herein "oligonucleoside” refers to an oligonucleotide in which the internucleoside
linkages do not contain a phosphorus atom.
(68281  As used herein, the term "oligonucleotide” refers to an oligomeric compound comprising
a plurality of linked nucleotides or nucleosides. In certain embodiment, one or more nuclestides
30 of an oligonucleotide is modified. In embodiments, an oligonucleotide comprises ribonucleic acid

{RNA)} or deoxyribonucleic acid (DNA). In embodiments, oligonucleotides are composed of
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natural and/or modified nucleobases, sugars and covalent internucleoside linkages, and may
further include non-nucleic acid conjugates.

[8630¢] As used herein "internucleoside linkage" refers to a covalent linkage between adjacent
nucleosides.

5 {88311 As used herein "natural internuclectide linkage" refers to a 3' to 5" phosphodiester linkage.

(68321  As used herein, the term "modified internucleoside linkage" refers to any linkage between
nucleosides or nucleotides other than a naturally occurring internucleoside linkage.

{60331  As used herein the term "chimeric antisense compound"” or “chimeric AC” refers to an
antisense compound, having at least one sugar, nucleobase and/or internucleoside linkage that is

10 differentially modified as cormpared to the other sugars, nucleobases and internucleoside linkages
within the same oligomeric compound. The remainder of the sugars, mucleobases and
internucleoside linkages can be independently modified or unmodified. In general a chimeric
oligomeric compound will have modified nucleosides that can be in isclated positions or grouped
together in regions that will define a particular motif. Any combination of modifications and or

IS mimetic groups can comprise a chimeric oligomeric compound as described herein.

{60341 Asused herein, the term "mixed-backbone antisense oligonucieotide” refers to an antisense
oligonucleotide wherein at least one internucleoside linkage of the antisense oligonuclectide is
different from at least one other internucleotide linkage of the antisense oligonucleotide.

[6635]  As used herein, the term "nuclecbase complementarity” refers to a nucleohase that is

20 capable of base pairing with another nucleobase. For example, in DNA, adenine (A) is
coroplementary to thymive (). For example, in RNA, adenine (A) is complernentary to uracil (U
In ermvbodiments, coraplementary nuclechase 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 nucleobase
at a certain position of an antisense cornpound is capable of hydrogen bouding with a nucleobase

25  at a certain position of a target nucleic acid, then the position of hydrogen bonding between the
oligonucleotide and the target nucleic acid is considered to be complementary at that nucleobase
pair.

[6836] As used herein, the term "non-complementary nucleobase” refers to a pair of nuclecbases
that do not form hydrogen bonds with one another or otherwise support hybridization.

30 88371 As used herein, the term "complementary” refers to the capacity of an coligomeric

compound to hybridize to another oligomeric compound or nucleic acid through nucleobase
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complementarity. In embodiments, an auntisense compound and its target are complementary to
each other when a sufficient number of corresponding positions in each molecule are occupied by
nuicleobases that can bond with each other to allow stable association between the antisense
compound and the target. One skilled in the art recognizes that the inclusion of mismatches is
5  possible without eliminating the ability of the oligomeric compounds to remain in association.
Therefore, described herein are antisense compounds that may comprise up o about 20%
nucleotides that are mismatched (i.e., are not nucleobase complementary to the corresponding
nuclectides 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 5% or no mismatches.
10 The remaining nucleotides are nucleobase complementary or otherwise do not disrupt
hybridization (e.g., universal bases). One of ordinary skill in the art would recognize the
compounds provided herein are at least 80%, at least 85%, at least 0%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% nuclecbase complementary to a target nucleic
acid.
1S [6838] As used herein, "hybridization” means the paiting of cowplermentary oligomeric
compounds {e.g., an antisense compound and its target nucleic acid). While not limited to a
particular mechanism, the most common mechanism of pairing involves hydrogen bonding, which
may be Watson-Crick, Hoogsteen or reversed Hoogsteen hydrogen bonding, between
complementary nucleoside or mucleotide bases {(nuclechases). For example, the natural base
23 adenine is muclechase complementary to the natural nucleobases thymidine and wracil which pair
through the formation of hydrogen bonds. The natural base guanine is nucleobase coroplementary
to the patural bases cytosine and S-uethyl cytosine. Hybridization can occur under varying
circumstances.
(60391 As used herein, the term "specifically hybridizes” refers to the ability of an oligomeric
25  compound to hybridize to one nucleic acid site with greater affinity than it hybridizes to another
nucleic acid site. In embodiments, an antisense oligonucleotide specifically hybridizes to more
than one target site. In embodiments, an oligomeric compound specifically hybridizes with its
target under stringent hybridization conditions.
{68481 The terms “modulate”, “modulating” and “moduolation” refer to a perturbation of
30 expression, function or activity when compared to the level of expression, function or activity prior

to modulation. Modulation can include an increase (stimulation or induction) or a decrease
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(inhibition or reduction) in expression, function or activity. In embodiments, modolation can
include perturbation of splice site selection during pre-mRNA processing.

{08411 The terms “inhibit”, “inhibiting” or “inhibition” refer to a decrease in an activity,
expression, function or other biclogical parameter and can include, but does not reguire complete
ablation of the activity, expression, function or other biological parameter. Inhibition can include,
for example, at least about a 10% reduction in the activity, response, condition, or disease as
compared to a control. In embodiments, expwession, activity or function of a gene or profein is
decreased by a statistically significant amount.

{08421 As used herein, the term "expression” refers to all the functions and steps by which a gene's
coded information is converted into structures present and operating in a cell. Such structures
include, but are not Hmited to the products of transcription and transiation.

{68431 As used herein, the term "2-modified” or "2%-substituted” means a sugar comprising
substituent at the 2' position other than H or OH. 2'-modified monomers, include, but are not
limited to, BNA's and monomers {¢.g.. nucleosides and nucleotides) with 2'- substituents, such as
allyl, amino, azido, thio, O-allyvl, O-C-Ci alkyl, -OCFs, O-(CH2)-(3-CHa, 2-O(CH:18CH;, O-
{(CH2)2-0-N{Ru )Ry}, or O-CHo-C(=0)-N{Ru}R,), where cach Rm and Rn is, independently, H
or substituted or unsubstituted C1-Cio alkyl.

{60441 Asused herein, the term "MOE" refers to a 2'-O-methoxyethy] substituent.

(68431 As used berein, the term "high-affinity modified nucleotide” refers to a nucleotide having
at least one modified nucleobase, internucleoside linkage or sugar moiety, such that the
modification increases the affinity of an antisense cornpound comprising the modified nucleotide
to a target nucleic acid. High-affinity modifications include, but are not Hinited to, BNAs, LNAs
and 2-MOE.

[6046]  As used herein the terrn "mimetic” refers to groups that are substiteted for a sagar, a
nucleobase, and/ or internucleoside linkage 1u an AC. Generally, a mimetic is used in place of the
sugar or sugar-internucleoside linkage combination, and the nucleobase is maintained for
hybridization to a selected target. Representative examples of a sugar mimetic include, but are not
fimited to, cyclohexenyl or morpholino. Representative examples of a mimetic for a sugar-
internucleoside linkage combination include, but are not limited to, peptide nucleic acids (PNA)
and morpholine groups linked by uncharged achiral linkages. In some instances a mimetic is used

in place of the nuclecbase. Representative nuclechase mimetics are well known in the art and
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include, but are not limited to, tricyclic phenoxazine analogs and universal bases (Berger et al,,
Nuc Acid Res. 2000, 28:2911-14, incorporated herein by reference). Methods of synthesis of
sugar, pucieoside and nucleobase mimetics are well known to those skilled in the art.

{68471 As used herein, the term "bicyclic nucleoside” or "BNA" refers to a nucleoside wherein the
furanose portion of the nucleoside includes a bridge connecting two atoms on the furanose ring,
therebry forming a bicyclic ring system. BNAs include, but are not limited to, a-L-LNA, B-D-LNA,
ENA, Oxyamino BNA (2'-O-N(CH3}-CH>-4") and Amincoxy BNA (2'-N{CH;3)-0-CHz-4').

[6848] As used herein, the term "4 to 2’ bicyclic nucleoside” refers to a BNA wherin the bridge
connecting two atoms of the furancse ring bridges the 4’ carbon atom and the 2' carbon atom of
the furanose ring, thereby forming a bicyclic ring system.

{68491 As used herein, a "locked nucleic acid” or "LNA" refers {0 a nucleotide 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-oxymethylene linkage. LNAs include, but are not
timited to, o-L-LNA, and §-D-LNA.

[6838]  As used herein, the term "cap structure” or “terminal cap moiety” refers to chemical
modifications, which have been incorporated at either end of an AC.

{0851]  As used herein, the term "dosage unit” refers to a form in which a pharmaceutical agent is
provided. In embodiments, a dosage umit i3 a wvial comprising lyophilized antisense
oligonucleotide. In embodiroents, a dosage unif is a vial comprising reconstituted anotisense
oligonucleotide.

{68521 A number of embodiments of the invention have been described. Nevertheless, it will be
understood that various roodifications may be made without departing {rom the spirit and scope of
the invention. Other embodiments are within the scope of the following claims.

(60831 All publications, patents and patent applications meuntioned in the specification are
indicative of the level of skill of those skilled in the art to which this juvention 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 individually

indicated to be incorporated by reference.
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EXAMPLES
Example 1. Conjugation of oligonucliestide with cell penetrating peptide.

[6854] Conjugation of AC to a CPP. As shown in FIG. 1A, AC oligomicleotide with a (NH»-
{CH1)s-CHy-) linker on the 5° phosphorothioate end 1s conjugated to a CPP disclosed herein via a
5 carboxylate or an N-hydroxysuccinimide ester (NHS ester) functional group on the peptide. As
shown 1 FIG. 1B, AC oligonucleotide is conjugated to cell penetrating peptide (CPP) via either
amide bond formation (left) or click chemistry. The linker/CPP is be installed either on the 3° end,
or on the 37 end of the oligonucleotide.

[068655] Synthesis of oligonuclestide-peptide conjugate with PEG spacer. As shown in FiGs,
10 2A and 2B, an oligonucleotide-peptide conjugate is synthesized without (FIG. 2A) and with (FIG.
28) a PEG (polyethylene glycol) linker inserted between oligonucleotide motety and peptide. “R’

in the figure represents a palmitoyl group.
[6856] Exemplary antisense compounds bind to or consist of the sequences found in Tables 6A-
6P and Tables 7A-7C and Tables 8A-8C. Exemplary CPPs and EEVs are found throughout this

15 disclosure.

Example 2. Use of cell-penetrating peptides conjugated to oligonucieotides for splicing

correction of exon 45 of DMD in in vifre model.

(68571 Purpose. This study employs an in vifre model to study the effect of an antisense
compound of Tables 6A-6P, Tables 7A-70 or Tables 8A-8C the reverse complement thereof,
20 or a sequence with at least 80%, 81%, 82%, 83%, 84% ', 86%, 87%, 88%, 89%, 0%, 91 %,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% nucleic acid sequence identity thereto, alone or
an AC of Tables 6A-6P, Tables TA-70 or Tables 8A-8C, the reverse complement thereof, or a
sequence with at least 80%, 81%, 82%, 83%, 8§4%, 85%, 86%, 87%, 88%, 89%, 90%, B81%, 2%,
93%, 94%, 95%. B6%, 97%, 98%, or 99% nucleic acid sequence identity thereto, conjugated to a
25  cell pepetrating on expression of the dystrophin protein. The ACs of Tables 6A-6P, Tables 7A-
70 or Tables 8A-8C, the reverse complement thereof, or a sequence with at least 80%, 1%, 82%,
83%, 84%, §5%, B6%, 87%, 88%, §9%, 0%, 91%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, or

99% wnucleic acid sequence identity thereto, restore the reading frame of the DMD gene.
[6838] This study employs an in vitro model to study the effect of an antisense compound that

30 binds to or comprises a sequence of Tables 6A-6P or Tables TA-70O or Tables 8A-8C, or the
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reverse complement thereof, alone or an AC that biunds to or comprises a sequence of Tables 64~
&F or Tables 7TA-7( or Tables 8A-8C, or the reverse complement thereof, conjugated to a cell
penetrating peptide on expression of the dystrophin protein. The ACs that bind to or consist of a

sequence of Tables 6A-6F or Tables TA-70 or Tables B3A-8C, or the reverse complement thereof

9%

restore the reading frame of the DMD gene.

[6859] In Vitro Model: This study employs primary DMD muscle cells and muscle cells without
DM, This study alse employs an immortalized muscle cell model of DM, Muscle cells derived
from DMD patients are transduced with human telomerase reverse transcriptase (hTert) and
cyclin-dependent kinase 4 (CDK4)-expressing vectors to generate muscle stem cell lines with

10 enhanced proliferative capacity. These models are described in the following publication: Thorley

et al. Skelet Muscle. 2016; 6: 43. This study also employs the CRL-2061™ muscle celi line, which

is derived from a patient with rhabdomyosarcoma.
[0060] Study design: Compounds comprising an AC of Tables 6A-6P or Tables 7A-70 or
Tables 8A-8C, or the reverse corplement thereof, and a cyclic peptide are administered to cither
1S iromortalized muascle cells, primary DMD mascle cells, or to a muscle cell line (e.g., CRL-
2061™). Total RNA is extracted from the cells and analyzed by RT-PCR and Western Blot to
visualize the efficiency of splicing correction and to detect dystrophin products. The percentage of

exon 45 corrected products is evaluated.

Example 3. Use of cell-penetrating peptides conjugated {o oligonucieotides for splicing

20 correction of exon 45 of DMD in animal models

[0861] Purpose. This study employs a mouse model to study the effect of compositions
comprising an antisense cormmpound of Tables 6A-6F or Tables 7A-70 or Tables 8A-8C, ot the
reverse coroplernent thereof, alone or conjugated to a cell penetrating peptide ou expression of the
dystrophin protein. The ACs of Tables 6A-6P ot Tables TA-TO or Tables 8C, or the reverse

25 complement thereof, restore the reading frame of the DMD gene.

6062] Mouse Models: This study eroploys the delS2ZhDMD/midy roouse described in Veltrop et
al. PLoS One. 2018; 13(2): 0193289, This document is incorporated by reference herein in its
entirety. The delSZhDMD/mdx mouse carries both murine and human DMD genes. The model

contains a stop mutation in exon 23 to prevent expression of murine dystrophin. The model

[
sy
o

contains a deletion of exon 52 to prevent expression of human dystrophin. This study also employs

the madx52 mouse. The mdx52 mouse lacks exon 32 of murine dystrophin. This mouse model is
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described in the following documents which are incorporated by reference herein: Aoki et al.
(2012). PNAS USA. 109(34):1376-13768 and Araki et al. Biochem Biophys Res Commun. 1997
Sep 18;238(2):492-7. Humanized DMD (hDMD} mice are also used. hDMD mice contain the
entire human dystrophin gene. This model is described in U.S. Patent No. 9,078,911, which is

incorporated by reference herein in i entirety.

{68631 This study employs CDJ mice to evaluate the safety and tolerability of the compounds

described herein. The compounds are tested at concentrations ranging from | mg/kg of mouse

body weight — 1 g/kg of mouse body weight.

| 1 This study emplovs non-human primates (NHP) to evaluate the efficacy and safety of the
{60647 Th dv employ 1 p NHP I he efficacy and safety h

compounds described herein.

[0065] Study design. Compositions comprising an AC of Tables 6A-6P or Tables 7A-70 or

Tables 8A-B(, or the reverse complement thereof, and a CPP is applied to the mouse models
described above to evaluate the ability of the compounds and ACs to skip exon 45 and thus treat
DMD. The compounds and ACs are administered to the mice via either intramuscular (IM) or
intravenous (IV) injection at the following doses: 1 rog/kg, 3 mg/ke, 5 mglkg, 10 mg/ke, 15 mg/kg,

20 mg/ke, 25 mg/kg, and 30 mg/kg.

[68666] Total RNA is extracted from tissue samples and analyzed by RT-PCR and Western Blot to

visualize the efficiency of splicing correction and to detect dystrophin products. The percentage of

exon 45 corrected products is evaluated.

(66671 Compound Synthesis and Purification: The compounds were synthesized according to

the following procedure. TFA-lysine protected cCPPs were reacted with the AC of Table 8A-8C
and subsequently deprotected to furnish a ¢CPP-AC conjugate. Briefly, the ¢CPP was pre-
activated by reacting it with HATU (2.0 equiv) and DIPEA (2.0 equiv) v DMSO (10 mM, 1.8
mlb.). After 10 min at room teroperature, the pre-activated solotion 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 LOMS ((3-TOF), using BEH C18 column
(130A, 1.7 pm, 2. mmx30 mm), buffer A: water (§.1% FA), buffer B: acetonitrile (0.1% FA),
flow rate: 0.4 ml/min, starting with 2% buffer B and ramping up to 98% over 3.4 min. Upon
completion, in sifu deprotection of TFA-protected lysines was initiated by dilution of the reaction
mixture with 4.2 M KCI {ag) pH 12 (36 mL). The reaction was monitored by LCMS {(-

TOF), using the analysis method noted above. The crude mixture was loaded directly onto a
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C18 reverse-phase column (Oligo clarity column, 150mmw® 21.2 mm). The crude product was then

purified using a gradient 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 solation was frozen and

5 lyophilized, affording white powder. Formate salts were exchanged with chloride by reconstitution

of the cCPP-AC conjugate in 1M Na{'l in water and repeated washes through a 3-kib MW-cutoff

amicon tube {centrifuged at 3500 rpm for 20-40 min}. 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

10 diluted with saline to the desired formulation concentration and sterile filtered in a biosafety
cabinet. The concentration of each formulation was remeasured post filtration.

{6868] EEV-PMO-DMD45-5 (See, Table 18A) was obtained, and the purity and identity of each
formulation was assessed by liquid chromatography-mass spectrometry gquadrupole time-of-flight
mass spectrometry (QTOF-LCMS), EEV-PMO-DMDM45-5 was determined to be 99% pure by RP-

IS FA and 73.3% pure by CEX. The MW caled for CarsHeooN1520524P01, 9917.42. The MW identified
by QTOF-LCMS was 9917.29. Formulations were further assayed for their endotoxin amount,
residual free peptide, FA content and pH.

{30681 EEV-PMO-DMD4S-7 (See, Table 18A) was obtained, and the purity and identity of each
formmulation was assessed by QTOF-LCMS. EEV-PMQG-DMD45-7 was 99% pure by RP-FA and

26 T79.7% pure by CEX. The MW caled for CagyHaeNis6(3127P22, 18177.65. The MW identified by
QTOF-LCMS was 10177.60.

Example 4. In Vitro Screening of ACs that target exon 45

{60761  Purpose. The purpose of this study is to evaluate ACSs that target exon 435,
66711 Cell Cultvre and Treatment: This study employs homan rhabdomyosarcoma cells (RMS
25 cells, ATCC CRL-2061. RMS cells were coltured in T75 flasks in RPMII640 (ATCCO) medium
with addition of 10% FBS (VWR) and 1x Penicillin-Streptoroycin (VWR) under conditions of 37°
C and 5% CO,. 1x10° RMS cells were seeded per well in RPMI1640 full medium in 24-well plates
for overnight. The next day the cultore medium was replaced with | mL fresh medivm. 5 uM or
10 gM of an AC from Table 8 was added to the cell cultire and swirled to mix. Subsequently, 6
3¢ ul of Endo-Porter (Gene-tools) was added to the cell culture per well (1 mL of culture medinm)

and immediately swirled to mix. After 24 hr incubation, the cells were washed twice with PBS
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(VWR) and then 350 ul. RLT lysis buffer (QTAGEN) was added to each well. The cells were
allowed to stand at room temperature for 5 minutes for cell lysis and pipetted a few times for a
thorough mix. The lysates were collected in the Sample Tube RB (QIAGEN).

(68721 RNA Extraction: The RNA was extracted using QlAcube following the protocol from the

5  manufacture. The concentration of the total RNA was determined using a NanoDrop 8000
{Thermo Fisher Scientific).

{6873} Nested PCUR: Nested PCR was performed with 200 ng of the extracted total RNA and
QIAGEN OneStep RT-PCR Kits for the primary amplification. A reaction solution of 50 pL. was
prepared following manufacture’s protocol with DMD specific primers

10 Forward primer: 5 -CAATGCTCCTGACCTCYGTGC-3
Reverse primer: 5-GCTCTTTTCCAGGTTCAAGTGG-3").

{68741 The RT-PCR program used is as follows:

{66751 Reverse transcription 30° C, 30 min.

(68761 Initial PCR activation 95° € 13 min.

1S [68771 20 cycles: Devaturing 95° C 1 ming Avvealing 55° C 1 mim Extension 72° C | minuote.

{66781 Final extension 72° C 5 min.

[6879]  4° C overnight.

[B080] The secondary amplification PCR reaction was prepared nsing OneTag® Hot Start 2X
Master Mix following manufactare’s protocol

26 Forward primer: 5-GTCTACAACAAAGCTCAGGTCG-3,
Reverse primer: S-GCAATGTTATCTGCTTCCTCCAACC-3).

(66811 The RT-PCR program used 1s as follows:

(66821 95°C 1 wmin.

[B083] IS cycles: Denaturing 957 C 30 s, Annealing 55° C. | moin, Extension 72° C | min.

25 [6884] Final extension 72° € 5 min.

[6888] 4° C overnight

[6886] Gel Electrophoresis Analysis for Exon Skipping Efficiency: 4 pl of the PCR product
above was analyzed by 2% E-gel (Invitrogen™) and imaged with E-Gel™ Power Snap
Electrophoresis Svystern (Thermo Fisher Scientific). The intensities of the skipped and full-length

30 bands were analyzed. The polynucleotide level “A” of the band with exon 45 skipping and the

polynucieotide level “B” of the band without exon 45 skipping were measured using Imagel.

181



WO 2023/034818 PCT/US2022/075693

Based on these measurement valaes of “A” and “B”, the skipping efficiency was determined by
the following equation: Skipping efficiency (%) = A/{(A+B)x100.
{08871 Results: FIG. 4 shows the exon 45 skipping efficiencies of ACs of Table $A.

Table 9A. AC sequences that Skip Exon 45

Ohigo ID Sequence

Casimersen S

D45-21mer-nd | 57 ~ATGCCATCCTG i
D45-21mer-n3 | 5" -AATGCCATCCT Y:A(J TCCTG
D452 mer-4 5f -GCTGCCCAATGCCATCCTGGA~

D435-21mer-5 57 —CGCTGCCCAATGCCA ’”‘Tv\,
D452 mer-6 oM (‘CGC“G\,CCAAﬁC’”C‘ATCC

D45-21mer-7 ! —GCCGCTCUCCAATGCC! ,:SCZ'
D45-22mer-n3 ~ATGCCATCCTGGAGTTCCTGT
D45-22mer-nl f—CCCAATGCCATCCT
D45-22mer-0 3 -GCCCAATGCCAT

(
(

(
<

( 7

GAGTTCC

-3
GGAGTTC-3"

cryorgan
~

&y

D45-22mer-4 5’—(3(;”:1’7;1,@‘&7‘; L:'CC'"\iC(, GGA-3
D45-22mer-10 | 37 -GTTTGCCGCT CAATGCCAT-37

14

T -GCCATCCTGGAGTTCCTGTAAGA-

3
P -ATGCCATCCTGGAGTTCCTGTAA-3S
3

D45-23mer-n8
345-23mer-nd
D45-23mer-n5

i en

f~AATGCCATCCTGGAGTTICCTGTA-3
D45-23mernd | 5 —CAATGCCATCCTGGAGTTCCTGT -3
D45-23mern2 f~CCCAATGCCATCCTGGAGTTCCT 37
D45-23mer-nl | 57 ~GCCCAATGCCATCCTGGAGTTCC-3

ey

nranyn

£

(

Dds-24mer-nG | 5 ~GCCATCCTGGAGTTCCTGETAAGAT ~

D45 24mer-n7 | 57 —ATGCCATCCTGGAGTTCCTGTAAG-3
D45-24mer-n5 | 5 —CAATGCCATCCTGGAGTTCCTGT
D45-24mer-n3 | 5 ~CCCAATGCCATCCTGGAGTTCCTG —3
D45-24mer-n2 | 57 ~GCCCAATGCCATCCTGGAG -37
D45-24mer-nl | 57 -TGCCCAAT \;JCAT" CTGGAG -3
D45-24mer-3 57 ~CCGCTGCCCAATGCCATCCTGGAG-37
D45-285mer-nd | 5 —CCCAATGCCATCCTIGGAGTTCCTGT-37
D45-25mer-n? | 57 ~TGCCCAATGCCATCCTGGAG -3 !

{6888] The ACs of Table 9B are more effective at skipping exon 45 than the approved exon 45

antisense oligonucleotide casimersen.
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Table 9B, AC sequences that Skip Exon 45

Oligo 1D Sequence Exon HExon
Skipping Skipping
Efficacy Hfficacy
(%) with § | (%) with
uM AC 10 uM

AC

D45-23mer-nZ | 5 -CCCAATGCCATCCTGCGAGTTCCT- 46.4 582

D45-21mer-6 5 -LCCGCTGCCCAATGCCATCCTG-3 45.9 59.5

D45-22mer-nl | 5-CCCAATCCCATCCTGGAGTTCC-3 45.1 62.3

D45-24mer-n3 | 5S"-CCCAATGCCATCCTGCGAGTTCCTG-3 [ 44.2 523

D45-25mer-n2 | 5T-TGCCCAATGCCATCCTGGAGTTCCT- [ 440 48.8

¥

D4S5-2tmer-vd | S-ATGCCATCCTGGAGTTCCTGT-Y 42.6 52.0

D45-21mer-nd | 5’ -AATGCCATCCTGGAGTTCCTG-Y 41.8 327

D45-23mer-nl | 5-GCCCAATGCCATCCTGGAGTTCC-Y 39.6 54.4

D45-25mer-nd | 5-CCCAATGCCATCCTGGAGTTICCTGT- [ 37.6 42.6

3 5

D45-24mer-3 5 -CCGCTGLCCAATGLCATCCTGGAG-3™ | 37.2 40.8

D45-22mer-nS | 3"-ATGCCATCCTGGAGTTCCTGTA-Y 36.8 50.9

D45-23mer-nd | S-CAATGCCATCCTGGAGTTCCTGT-3 353 45.3

Example 5: Duration effect and repeated dose effect on DIMDX mice after EEV-PMO-

MDX23-1 adminisiration

5 [6089]
EEV (EEV-PMO-MDX23-1: BEV = Ac-PKKKRKVY-miniPEG-K{cvelo( GFFGrGrQ)-PEG:-
OH: PMO = 5-GGCCAAACCTCGGCTTACCTGAAAT-3) surrogate that induces Exon 23

Method: D2/MDX mice were dosed intravenously with 20, 40 or 80 mpk of a mouse PMO-

skipping in the D2/MDX mouse model. Tissues were harvested at 1, 2, 4 and 8 weeks to test for
single dose duration effects and single dose range findings. D2/MDX mice were dosed with 40
10 mpk weekly for 4 weeks and sacrificed | week after the final dose to test for the repeated dose

effectw.
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[6698] Results: Exon skipping was observed in all 4 tissnes after a single dose at 20, 40 or 80 mipk
at 1-week post-injection (FIG. 5). Exon skipping peaked at 2 weeks post injection and was
maintained for at least 8§ weeks in skeletal mmuscle (triceps and tibialis anterior) (FIG. 6). A drop
in exon skipping was observed after 4 and § weeks in diaphragm and heart (FIG. 6). After 4
weekly doses at 40 mpk, exon skipping was observed in all 4 tissues (FEG. 7) (tissue was collected

1 week after last dose).

Fxample 6: Functional Assays in D2DMX

(06911 Method: 6 groups of male DZ/MDX and DBA/2) (wild-type} mice (n=8 per group) were
dosed intravenously every 2 weeks for a total of 6 doses with: WT Vehicle {saline); D2.mdx
Vehicle (saline}; PMO only (PMO-MDX23: 3 -GGCCAAACCTCGGCT TACCTGAAAT-3 Y or
one of two EEV-PMO constructs that target Exon 23: (EEV-PMO-MDX23-1: EEV = Ac-
PKKKRKY-miniPEG-K{cvelo( GIFGrGrQ))-PEGR-OH; PMO = 5~
GGCCAAACCTCGGCTTACCTGAAAT-3", and EEV-PMO-MDX23-2 (EEV = Ac-
PKEKRKY-Lys(Ff®-GrGrQ)-PEGI2-K(N3)-NHZ; PMO =
§-GOCCAAACCTCGGCTTACCTGAAAT-Y CACOT). C4COT = cyciooct-2-yn-1-0-(CHo -
(-C{0). The dosages are listed above. Creatine kinase levels, grip strength and wire-hang time
were determined using known methods every 4 weeks for a total of 4 times.

(68921 Results: EEV-PMO-MDX23-1 80 mpk (Q2W treatment resulted in a higher hang time than
the rest of the groups after 2 weeks post first injection and continued to show statistically
significant improvement that increased at both 4 and 8 weeks post first injection vs. the vehicle
D2 mdx group (FIG. 8). After 12 weeks of treatment, animals treated with EEV-PMO-MDX23-1
&0mpk QZW had a wire hang time that was statistically indistinguishable from the WT animals
(F1G. 8). EEV-PMO-MDX23-1 40 opk Q2W and EEV-PMO-MDX23-2 15 mpk Q2W treatment
with a loading dose showed significantly higher wire hang times vs. the vehicle D2.mdx group
starting at 8 weeks post first treatment appearing to platean until 12 weeks of treatment where
signs of phenotype improvement first become evident (FIG. 8). PMO treatment alone appeared to
be following the same trends as the vehicle D2.mdx group and the vehicle control groups were
fow at 2 weeks, but they were consistent with published data for 4, 8, and 12 weeks indicating the

test is being performed correctly (FIG. 8).
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{66931 Serum CK was determined at 4 time points: pre-dose, and at 4, & and 12 weeks. EEV-
PMO treated groups showed significant reduction in serum CK, close to wild-type. PMO-only
treated groups showed no significant decrease for all time points post-treatment (Fis. $A-9B
and 18A-168).

[68694] Grip strength was measured at pre-dose (FIG. 11A) and at 12 weeks (FIG. 11B). Dose
dependent increase in grip strength was observed for PMO-EEY treated mice. Vehicle and PMO

treated mice showed no significant improvement.
Fxample 7: hDMD and exon 45 skipping

{06951 Method: Casimersin, a commercial  Hxon 45  skipping PMO  (5-
CAATGCCATCCTGGAGTTCCTG-3), was conjugated to an EEV (Ac-PKKKRKY-AEEA-
Lys-(cyclo|FGFGRGRQ)-PEGI2-CH; EEV-PMO-DMD45-1} and used as a positive control to
test an in vive system (hDMD).

[0896] 8-9 week-old hDMD mice were injected intravenocusly with 40, 60 or 80 mpk of EEV-
PMO-DMD45-1 positive control.  After | week, tissues were harvested and exon skipping was
determined by PCR (Labchip guantitation).

{68971 Results: Dose dependent Exon 45 skipping in muscle tissues was observed: Diaphragm
(FIG. 12A); Heart (F1G. 12B); Biceps (FIG. 12C); Tibialis Anterior (FIG. 12D).

Example 8: Library Screen

{6898] Method: 8-9 week-old hDMD mice were injected intravenously with 60 rapk of positive
control (EEV-conjugated casimersen; EEV-PMO-DMD45-1) or candidate PMO conjugated to an
EEV. The PMO sequences for each are shown in Table 18A. The EEV had the sequence Ac-
PKKKRKVY-AEEA-Lys-(cyclol FGFGRGRG)-PEGI2-OH.

{68991 After | week, tissues were harvested and exon skipping was determined by PCR and in
Tia, TA, diaphragm, and heart

{0108] Results: Exon 45 skipping at 60 mpk for each of the Exon 45 EEV-PMO was greater than
for positive control (BEEV-PMO-DMD45-1) (FIG. 13). Exoun 45 skipping was tested at 30 mpk to
further differentiate efficacy of the candidate Exon 45 EEV-PMO. Candidates EEV-PMO-
DMD45-10, EEV-PMO-DMD45-11, and EEV-PMOG-DMID45-3 showed lower efficacy than the
other EEV-PMO in TA and Diaphragm tissues (FI{x. 14). Low exon skipping outliers were

consistent across all tissues and were all females.
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Example 9: Patient derived cell data

{31811 Method: DMDA46-48 iPSC-derived myoblasts with a mutation amenable to Exon 45
skipping were treated with EEV-PMO-DMD45-1 (positive control} and 10 EEV-PMO compounds
{See, Table 10A) at 30 pM for 24 hours followed by 7 days of differentiation. Exon skipping was

5  determined by RT-PCR. Dystrophin protein expression was determined by Western blot.

(61621 Results: All 10 EEV-PMO demonstrated superior exon skipping and dystrophin
expression compared to a positive control (FIGs. 15 A-B).

[6163] DMDA46-48 iPSC-derived cardiomyocytes were treated with 30 M of positive control
(EEV-PMO-DMD45-1), EEV-PMO-DMD45-53 or EEV-PMO-DMD45-7 for 24 hours and

10 analyred after 72 hours. Robust Exon 45 skipping and dystrophin protein production was observed
for all three constructs (FiGs. 15 C-D).

[6104] DMDA46-48 iPSC-derived cardiomyocytes were treated with 20, 18, 5 or 1 uM of
positive control (EEV-PMO-DMD45-1), EEV-PMQO-DMD45-5 or EEV-PMO-DMD45-7 for 24
hours and analyzed after 72 hours. Robust Exon 45 skipping was observed for all three constructs

15 (FIG. 15E).

Table 10A: EEV-PMO

EEV®PMO PMO Sequence

EEV-PMO-DMD45-2 |\ AATGCCATCCTGGAGTTCCTG

EEV-PMO-DMD45-3 ATGCCATCCTGGAGTTCCTGT

EEV-PMO-DMD45-4  (CCCAATGCCATCCTGGAGTTCC

EEV-PMO-DMD45-5 ATGCCATCCTGGAGTTCCTGTA

EEV-PMO-DMD45-6  |GCCCAATGCCATCCTGGAGTTCC

EEV-PMO-DMD45-7  [CCCAATGCCATCCTGGAGTTCCT

EEV-PMO-DMD45-8 CCCAATGCCATCCTGGAGTTCCTG
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EEV-PMO-DMD45-9  [TGCCCAATGCCATCCTGOAGTTCLT

EEV-PMO-DMD45-10  (CCCAATGCCATCCTGCGAGTTCCTGT

EEV-PMO-DMD4S5-11  |CAATGCCATCCTGGAGTTCCTGT

EEV-PMO-DMD45-1 CAATGCCATCCTGGAGTTCCTG
{Positive Control) (Casimersin)
*EEV sequence = Ac-PKKKRKV-AEEA-Lys-{(cyclo{FGFGRGRQDH-PEGI2-OH

Example 10: Cell viability in human Human Primary Renal Proximal Tubular Epithelial

Cells (RPTECs)

5 {8185] Method: 10 Exon 45 PMO-EEVs (see Table 108, below) were screened for viahility in
RPTEC (Renal Proximal Tubular Epithelial Cells). The EEV for 10 PMO-EEV had the sequence
Ac-PKKERKV-AEEA-Lys-{cyclo FGFGRGRQD-PEGIZ2-0H. The PMO  sequences  and
concentration range tested for each constract are shown in Table 16B.

[6196] Two positive controls were used: (1) a positive control (EEV-PMO-Control: EEV = Ac-

16 PKEKREV-miniPEGZ-Lys{cyvclo(FIQGrGrQ)-AEEA-K(Ns); PMO = 5'-
TGAAAACGCCGCCATTTCTCAACAG-3-PEGACOT  (PEGACOT =  cyclooct-2-yn-1-0-
(PEGAH-0-C(O)) 3 and (2) Melittin (used at 16.6 aM). PBS was used as a vehicle (negative
control).

181671 EEV-PMOs were resuspended in saline (1:2 serial dilotion) to obtain the range of

15 concentrations shown in Table 18B. Data was normalized to Metlittin control.

{6188] Results: EEV-PMO-DMD45-2 showed some toxicity only at the two highest
concentrations. EEV-PMO-DMD4S5-3, EEV-PMO-DMD453-4, and EEV-PMO-DMD45-5 were
not substantially toxic at the concentrations tested but showed a downward trend 1n viability at the
highest concentration tested (FIG. 16). EEV-PMO-DMD45-6, EEV-PMO-DMD45-7, EEV-

26 PMO-DMD45-8, and EEV-PMO-DMD45-9 were not substantially toxic at the concentrations
tested (FIG. 17). EEV-PMOG-DMD45-10 showed toxicity at the highest two concentrations tested;
EEV-PMO-DMDP45-11 was not substantially toxic at the concentrations tested; EEV-PMO-

Control was used as a positive control for toxicity (FIG. 18).
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Example 11: Localization

(61891  Subcellular localization of 3 PMO alone (PMO), a PMO conjugated to an EEV (EEV-
PMO) and a PMO conjugated to an EEV and a nuclear localization signal (EEV-NLS-PMO) was

determined.
PMO: 5-GGCCAAACCTCGGCTTACCTGAAA TS
BEEV-PMO: cyclo{ FEORRr(}-PEG 12-NH-CH-CH:-C(O)-

STAAAGTCCATTCOGCTCCAAACCGE®
EEV-NLS-PMO | Ac-PKKKREV-Lys{Cvelo(FfORR1(})}-PEG2-

Lys{azide- cyclooct-2-yn-1-0-{CH)4-O-C{O))-
YTAA AGT CCA TTC GGC TCC AAACCG &

{0118] Briefly, THP-1 monocytes were contacted with 3 uM of either the PMO, EEV-PMO or
EEV-NLS-PMO and incubated for 24 hours and examined by LC-MS.
{6111} FIG. 22A shows the whole cell uptake of PMO vs EEV-PMO vs EEV-NLS-PMO. EEV-
PMO and EEV-NL5-PMO both showed a significant increase in cellular update as compared to
10 PMO alone.
* EEV-PMO vs PMO: ~3 fold
s EEV-NLS-PMO vs PMO: ~38 fold
e EEV-NLS-PMO vs EEV-PMO: ~19 fold
(83121 FIG. 228 shows the subcellular localization of PMO vs EEV-PMO vs EEV-NLS-PMO
15 in THP cells as determined using LC-MS/MS. As shown in FIG. 228, EEV-PMO demonstrate
improved cellular permeability as compared 0 PMO-alone. The addition of the NLS further

improved cellular permeability. Fi. 22 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 cornpound (AC) that is complementary to a target sequence of a DMD
gene in a pre-mRNA sequence, wherein the target sequence comprises at least a portion
of the 5" flanking intron of exon 45, at least a portion of exon 45, at least a portion of the

2

3" flanking intron of exon 45, or a combination thereof.

2. The compound of claim 1, wherein the AC comprises at least one modified nucleotide or
nucleic acid selected from a phosphorothioate {PS) nucleotide, a phosphorodiamidate
morpholino nucleotide (PMO), a locked nucleic acid (1L.NA), a peptide nucleic acid (PNA), a
nucleotide comprising a 2" -O-methyl (27-OMe) modified backbone, a 2'O-methoxy-ethyl (2°-
MOE) nucleotide, a 2,4’ constrained ethvl (cEt) nucleotide, and a 2'-deoxy-2'-fluorc-beta-D-

arabinonucleic acid (2F-ANA).

3. The compound of claim 1, wherein the AC comprises a nucleic acid sequence shown in
Tables 6A-6P or Tables 7TA-70 or Tables 8A-8C, or the reverse complement thereof, or a
sequence with at least 80%, 81%, 82%, 83%, 84%, 83%, §6%, 87%, 88%, 83%, 90%, 91%,

92%, 93%, B949%, 95%, 896%, 97%, 98%, or 89% micleic acid sequence identity thereto.

4. The compound of claim 1, wherein the cychic peptide is conjugated to:
{a} the 3" end of the AC;
(B} the 5" end of the AC; or
{¢) the backbone of the AC.

5. The compound of any one of claims 4-6, comprising a linker, which conjugates the cyclic
peptide to the AC, wherein the linker is covalently bound to:

{a) the 5" end of the AC;

(B} the 3" end of the AC; or

{¢} the backbone of the AC.
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6. The compound of claims 3, wherein the Hnker is covalently bound to the side chain of an

amino acid reside on the cyclic peptide.

7. The compound of claim 5 or 6, wherein the linker comprises:

(i} one or more D or L amino acid residues, each of which is optionally substituted;

(i1} optionally substituted alkylene;

{i11) optionally substituted alkenylene;

{iv) optionally substituted alkynylene;

{v) optionally substituted carbocyclyl;

{vi) optionally substitated heterocyclyl;

(vii) one or more -(R¥J-R%)z”- subunits, wherein each of R! and R?, at each instance, are
independently selected from alkvlene, alkenylene, alkynylene, carbocyelyl, and heterocychyl,
each I is independently C, NR?, -NR*C(O)-, 8, and O, wherein R* is independently selected from
H, alkyl, alkenyl, alkynyl, carbocyclyl, and heterocyclyl, each of which is optionally substituted,
and 27 is an integer from 1 to 50,

(viit) -(R'" Dz~ or -(J-RDz"-, wherein each of R}, at each instance, is independently
alkylene, alkenylene, alkynylene, carbocyelyl, or heterocyelyl, each J is independently C, NR?, -
NRIC(O)-, 5, or O, wherein R? is H, alkyl, alkenyl, alkynyl, carbocyelyl, or heterocyelvl, each of

which 1s optionally substituted, and 27 is an mteger from | to 50; ot (ix) combinations thereof.

8. The compound of claim 7, wherein the linker comprises:

{1} lysine, glycine, P-alanine, 4-aminobutyric acid, 3-aminopentoic acid, 6-
aminopentancic acid, or combinations thereof;

(ii) one or more -(RV"J-R%)z”- subunits

(i «(R'"Dz"- or -(J-RHz2”-,, or

{iv) combinations thereof.
9. The compound of claim & or 9, wherein each R and R? are independently alkylene, each

J1s O, each x is independently an integer from | to 20, and each 7 is independently an integer

from 1 to 20.
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10 The compound of claim 5, wherein the linker comprises:
{1) a -(OCH:CHa),- subunit, wherein z is an integer from 2 to 20;
{ii) one or more amino acid residues, cormprising a residue selected from glvcine, f-
alanine, 4-aminobutyric acid, 5-aminopentoic acid, 6-arvinopentanoic acid, and corobinations
5 thereof; or

{111} combinations of (1) and (i1).

1 The compound of any one of claims 5-10, wherein the linker has the structure:

10 wherein:
gach AA is independently glycine, B-alanine, 4-aminobutyric acid, 5-aminopentoic acid or
6-aminopentanoic acid;
AAsc is an amino acid side chain;
X is an integer from 1 to 10;
15 v is an integer from 1 t0 §; and

7 is an integer from 1 to 10.

12. The compound of any one of claims 5-10, wherein the linker has the structure:
A /\%G\/%\ /\Tr \E/ll\ /\éﬁ\/} ,,»\JM
20 ""ASG
wherein:

X is an integer from 2 to 20;
v is an integer from 1 to §;
z is an integer from 2 to 20;

25 M is a bonding moiety; and

192



WO 2023/034818 PCT/US2022/075693

AAge is an amino acid residue of the cyclic peptide.

13 The compound of claim 12, wherein M is selected from:
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and
O
wherein: R' is alkylene, cvcloalkyl, or m , wherein m is an integer from 0 to 1{}, wherein
each R is independently an alkyl, alkenyl, alkynyl, carbocycelyl, or heterocyclyl, and wherein
each B is independently selected from a mucleobase.
14. The compound of claim 12, wherein M 15 -C(O).
15. The compound of any one of claims 11-14, wherein z is 11.
16. The compound of any one of claims 11-13, wherein x is 1.
17 The compound of any one of the preceding claims, comprising an exocyclic peptide (EP)

conjugated to the cyclic peptide or linker.

18. The compound of any one of claims 5-17, comprising an exocychc peptide (EP)

conjugated to the aroino group of the linker.

9. The compound of claim 17 or 18, wherein the EP comprises from 2 to 10 amivo acid

residues.
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20. The compound of any oue of claims 17-19, wherein the EP comprises from 4 to 8 amino

acid residues.

21. The compound of any one of claims 17-20, wherein the EP comprises | or 2 amino acids

comprising a side chain comprising a guanidine group, or a protonated form thereof.

22. The compound of any one of claims 17-21, wherein the EP comprises 1, 2, 3, or 4 lysine
residues.
23. The compound of claim 22, wherein the amino group on the side chain of each lysine

residue is substituted with a triffucroacetyl (<COCFs) group, allyloxycarbonyi (Alloc), 1-(4,4-
dimethyl-2 6-dioxocyclohexylidene jethyl (Dde), or (4.4-dimethyl-2,6-dioxocyclohex-1-ylidene-

3)-methylbutyl (ivDde) group.

24, The compound of any of claims 17-23, wherein the EP comprises at least 2 amino acid

residues with a hydrophobic side chain.

25. The compound of claim 24, wherein the amino acid residue with a hydrophobic side

chain is selected from valine, proline, alanine, leucine, isolencine, and methionine.

26. The compound of any one of claims 17-23, wherein the exocyclic peptide comprises one
of the following sequences: PKKKRKY; KR; RR; KKK; KGK; KBK; KBR; KRK; KRR; RKK;
RRE; KKKK; KKRE; KRKK:; KRRK; RKKR; RRRR; KGKK; KKGK; KKEKKK; KKKRK;
KBKBK; KKKRKV; PGKKREYVY; PKGERKY; PRKKGRKV; PKKKGKVY; PKEKKRGY; or
PKEKRKG.

27. The compound of any one of claims 17-25, wherein the exocyclic peptide has the

structure: Ac-PKKKRKY-.

28. The compound of any one of the preceding claims comprising the following structure:
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O

E X H z
\N/\(}Q\/}O/\WN \(KN/\\QD\/}O»’\,«M\AG
H 8 H

szy

Z g:s

8¢
wherein:

X is an integer from 2 to 20;

y is an integer from 1 to 5;

7 is an integer from 2 to 20;

EP is an exocychc peptide;

M is a bonding moiety;

AL 35 an antisense compound that is complementary o a target sequence COTuprising exon

45 of DMD gene in a pre-mBNA sequence; and

AAsc 15 an aminoe acid residue of the cyclic peptide.

20, The compound of any one of claims 1-28, wherein the cyclic peptide comprises from 4 fo
20 amino acid residues in the cyclic peptide, wherein at least two arino acid residues comprise a
guanidine group, or a protonated forr thereof, and at least two amino acid residues

independently comprise hydrophobic side chains.

30. The compound of any one of claims 1-29 wherein the cyclic peptide comprises 2, 3, or 4

acid residues comprising a guanidine group, or a protonated form thereof.

31. The compound of claim 29 or 30, wherein the cyclic peptide comprises 2, 3, or 4 amino

acid residues comprising hydrophobic side chains.
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3
3

The compound of any one of claims 29-31, wherein the cyclic peptide comprises at least

O NH
HZN’E’L‘ﬁ‘}\’ Hzm’iﬁ“o‘}f7

one amino acid comprising a side chain selected from

NH O <““N f’\i\i HN
N LA S A A 3
HoNT TN N7 N NT N - «}f )
H HooH H o, , , or a protonated form thereof.

5

33. The compound of any one of claims 29-32, wherein the cyclic peptide comprises 1, 2, 3,

j}L NH
HoN E'\ HzNJLH’Q:}f’

or 4 amino acids comprising a side chain selected from
NH © N N HN
X5, s Tl |
HoNT N N7 TN NT TN - ?f
H ,oH R Ho ,

34, The compound of any one of claims 2%-33, wherein the cyclic peptide comprises at least

, or a protonated form thereof.

one ghycine residue.

35. The compound of any one of claims 28-34, wherein the cyclic peptide comprises 1, 2, 3,

or 4 glycine residues.

36. The compound of any one of the preceding claims, wherein the cyclic peptide has a

structure of Forrouda (T
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N o}
Re A \
@ m
NH
H=(
N @

or a protonated form thereof,

wherein:

Ri, Ro, and Rz can each independently be H or an amino acid residue having a side chain
COTOPYISING an aromatic group;

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

acid;
Ry and R are independently H or an amino acid side chain:
AAse 1s an amino acid side chain;
gis 1,2 3or4; and
each m is independently an integer 0, 1, 2, or 3.
37. The compound of claim 36, wherein Ry is H or an amino acid residue comprising a side

chain comprising an aromatic group.

38. The compound of claim 36 or 37, wherein the amino acid comprising a side chain

comprising an aromatic group is phenyialanine.

39, The compound of any one of claimns 36-38, wherein two of Ry, Ry, Rs, and Ry comprise

phenylalanine.

40. The compound of any one of claims 36-39, wherein two of By, R2, Ra, and Ry are H.
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41. The compound of any oue of claims 36-40, wherein the cyclic peptide has a structure of

Formula (3-1) or (I-2):

S S
C l)VT".
NH
HoN
NH (I"E)a
Lo )
o~ g /
AASV\T)&N‘{\M HN \ V.
NH . =0
j O NH i
HaN ™\ Al
TN
ALY AT
A RS TO S
o b
-NH R
g & ©
-
i
HoI
3 NH {1-2),

or a protonated form thereof,
wherein:
AAsc is an aming acid side chain; and
each m is independently and integer from O to 3.
10
42 The compound of any one of claims 36-41, wherein the cyclic peptide has a structure of

Formuda (V-1)
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#
0 5
Fe \L\fi * N*\Ff
’ o)
Jﬂ\ O\/NH i
HoN HI

NH (I-1)
or a protonated form thereof,
wherein:
AlAsc is an aroino acid side chain; and

S each m is independently an integer frorm O to 3.

43, The compound of any one of claims 36-42, wherein AAsc coraprises a side chain of an
asparagine residue, aspartate residue, glotarnine residue, a glutamate residoe, homoghitamate

residue, or a homoglatamine residoe.

44. The compound of any one of claims 36-42, wherein AAsc coroprises a side chainof a

glutamine residue.

45. The compound of any one of claims 1-44, wherein the AC comprises a sequence shown
15 inany of Tables 6A-6P or Tables 7A-70 or Table BA-8C, or the reverse complement thereof,

or a sequence with at least 80%, 81%, 82%, 83%, 84%, 85%, 8§6%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, $6%, 97%, 98%, or ¥9% nucleic acid sequence identity thereto..

46. The compound of any one of claims 1-45, wherein the cyclic peptide comprises

24 FGFGRGR.

47. The compound of any one of claims 1-45, comprising a structure of Formula (C):

200



10

N

WO 2023/034818 PCT/US2022/075693

O AL
ER [N AX ! i ~ z
™~ N ’\%V\/}O"A\{{ N \,/jk\ N /\,{gu \1‘/}0/’\\./&0
H . S
(G
| Y
NH

)

or a protonated form thereof,

wherein:

R:, Rz, and Rz can each independently be H or an amino acid residue having a side chain
comprising an aromatic grou;

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

EP is an exocyclic peptide as defined herein;

each m is independently an integer from 0-3;

n is an integer from 0-2;

%’ is an integer from 2-20;

v is an integer from 1-5;

q is an jnteger from 1-4;

7’ is an integer from 2-20;

wherein the AC is an oligonucleotide frorn any one of Tables 6A-6F or Tables TA-70 or

Tables 8A-8C, or the reverse complement thereof, or a sequence with at least 80%, 81%,

82%, 83%, 84%, 85%, 86%, §7%, 88Y%, 89%, 90%, 91%, 92%, 93%, B4%, 95%, 96%,

97%, 98%, or 99% nucleic acid sequence identity thereto.
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48. The compound of any one of claims 1-47, having the structure of Formula (C-1) or

Formula (C-2):

; C AC
Ho oy 11 i
EP , N M { -
\P\,Q\/NO/\Y'V\/“\{\»\;(O ) G/\v,&@r,
4 AL E -4
! R ’
((i,H;) P /f}
\j H Sy

:/' O
X
HzN;’k\N’,\\\ﬂ”J\ "
H NH ; \(:%?
/J\ HI O N\
MTN H
NH N_ng
g \
& ©
\
NH
H,N
\
NH (C-1),
o HoO§ w A
\g\i»\,O\/\G/\H,N\?)E\E\{/\éO O/\\,)%O
\r'_') N
(CHa),
N

NH A
/J }—,]‘I\j [@] \;.—::/
OF _ "
~NH e
g e
NiH

?ﬁN«T(
NH

(-2}, or a protonated fowrm
thereof;
wherein the AC is selected from an oligonucleotide shown in any one of Tables 6A-6F

or Tables TA-7( or Tables 8A-8C, or the reverse complement thereof, or a sequence
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with at least 80%, 81%, 2%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, S0%, 81%, 92%,

93%, 949%, 95%, 96%, 97%, 98%, or 99% nucleic acid sequence identity thereto.
The compound of any one of claims 1-48, wherein the AC is complementary to a portion

49.
of the 5" flanking intron of exon 45 and a portion of exon 45.s

A pharmaceutical composition comprising a compound of any one of claims 1-49.

50.
A cell comprising a compound of any one of claims 1-49.

51
A method of treating DMD comprising administering a compound or pharmaceutical

52.
composition of any one of claims 1-49 to a patient in need thereof.
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