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Novel Cellular Delivery Methods

TECHNICAL FIELD

[0001] The present disclosure generally 1s directed to cell penetrating peptides and related

compositions.

BACKGROUND ART

[0002] Peptides are attractive diagnostic and therapeutic agents due to their high potency and
target specificity. However, one of the challenges to more widespread adoption of peptides as
therapeutics is the inability of most peptides to access different tissues within organs (such as
the eye), as the various tissue layers generally acts as a barrier to intracellular entry of peptides.
Further, existing peptides and any associated cargo typically become entrapped in the cellular

endosomal and lysosomal compartments.

[0003] Cell-penetrating peptides (CPPs) are a class of peptides that facilitate cellular
intake/uptake of various molecular cargoes (from nanosize particles to small chemical
molecules, other peptides, proteins, oligonucleotides and fragments of DNA). The "cargo” Is
assoclated with the peptides either through chemical linkage via covalent bonds or through non-
covalent interactions. The function of the CPPs is to deliver the cargo into cells, a process that
commonly occurs through endocytosis. Current use is limited by a lack of cell specificity in CPP-

mediated cargo delivery.

[0004] The failure of most in vitro validated CPP modalities in vivo, is evidenced by the lack of
CPP-delivered drugs in the clinic. The problem is that stepping from single cell entry in vitro into
the in vivo setting significantly increases the complexity of the problem of CPP-mediated
delivery. Canonical CPPs such as R8, Tat and Penetratin show uptake in vitro, and in vivo as
evidenced by fluorescently labelled CPP tracking. However, when coupled to therapeutic
cargoes, none of these examples has translated to meaningful functional changes In
pathologies. It appears that the utility of CPP-mediated cargo delivery is limited by existing
peptides and any associated cargo typically become entrapped In the cellular endosomal and
lysosomal compartments, combined with a lack of cell specificity.

[0005] In vivo, linear CPPs comprising charge dense cationic peptides with contiguous
positively charged amino acids are known to be sequestered by carbohydrate-binding,
entrapped In endosomes/lysosomes, and have been demonstrated to bind phospholipid head
groups causing membrane deformation. Enhancement of CPP activity by increasing their
amphipathic character, a known design strateqy for increasing /in vitro uptake, does not improve
in vivo delivery, perhaps due to the toxicity caused by increased membrane deformation and

disruption.
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[0006] Furthermore, the ubiquitous presence of trypsin and serine endopeptidases, and other
proteases in vivo causes rapid degradation of cationic-rich peptides.

[0007] Thus, In order to fully exploit the advantages of cell-penetrating peptide delivered
therapeutics, there i1s an ongoing need to develop compositions and methods for delivery of
peptides and associated payloads to tissues in vivo, and specific tissues within organs.

[0008] The present invention seeks to provide improved or alternative cell penetrating peptides.

[0009] The previous discussion of the background art is intended to facilitate an understanding
of the present invention only. The discussion is not an acknowledgement or admission that any
of the material referred to is or was part of the common general knowledge as at the priority

date of the application.
SUMMARY OF INVENTION

[0010] The present invention provides an isolated, non-naturally occurring cell-penetrating
peptide (CPP) comprising the amino acid sequence:

RRSRTARAGRPGRNSSRPSAPR [SEQ ID NO: 1]
and sequences which have at least 60% similarity to SEQ 1D NO: 1.

[0011] The sequences of the invention may have at least 65%, 70%, 75%, 80%, or 85%
similarity and preferably at least about 90, 95% or 98% similarity at the amino acid level to SEQ
ID NO: 1.

[0012] Preferably, the CPP is modified by one or more of the following: use of non-canonical
amino acids, fatty acids, detectable labels, oligonucleotides, cholesterol, and reactive groups.

[0013] Preferably, the CPP is conjugated to a molecule of interest. The molecule of interest
may be chosen from the following: a therapeutic agent, an oligonucleotide, a further peptide or
protein, a reactive group, a fatty acid, cholesterol, or a detectable label. Preferably, the
conjugation is carried out using: a covalent link, or a non-covalent interaction.

[0014] The present invention further provides a modified cell comprising the CPP of SEQ ID
NO: 1 and sequences which have at least 60% similarity to SEQ ID NO: 1 or the CPP of SEQ ID
NQO: 1 and sequences which have at least 60% similarity to SEQ |ID NO: 1 conjugated to a

molecule of interest.

[0015] The present invention further provides for use of the CPP of SEQ ID NO: 1 and
sequences which have at least 60% similarity to SEQ ID NO: 1, the CPP of SEQ ID NO: 1 and
sequences which have at least 60% similarity to SEQ ID NO: 1 conjugated to a molecule of
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interest or a modified cell comprising either of these In the manufacture of a medicament or

diagnostic agent.

[0016] Use of the CPP of SEQ ID NO: 1 and sequences which have at least 60% similarity to
SEQ ID NO: 1, the CPP of SEQ ID NO: 1 and sequences which have at least 60% similarity to
SEQ ID NO: 1 conjugated to a molecule of interest or a modified cell comprising either of these

as a medicament or diagnostic agent.

[0017] A kit comprising (i) the CPP of SEQ ID NO: 1 and sequences which have at least 60%
similarity to SEQ ID NQO: 1, the CPP of SEQ ID NO: 1 and sequences which have at least 60%
similarity to SEQ ID NO: 1 conjugated to a molecule of interest or a modified cell comprising
either of these; and (i1) instructions for use.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Further features of the present invention are more fully described in the following
description of several non-limiting embodiments thereof. This description is included solely for
the purposes of exemplifying the present invention. It should not be understood as a restriction
on the broad summary, disclosure or description of the invention as set out above. The
description will be made with reference to the accompanying drawings in which:

Figure 1 is a graph of the efficacy of SMN1 exon 7-skipping 48 h post-treatment with peptide-
SMN1 conjugate and SMN1 only.

Figure 2 1s a graph of the cell viability 48 h post-treatment with peptide-SMN1 conjugate and
SMN1 only.

Figure 3 Is graph of the efficacy of Smn exon/-skipping produced by the CPP of SEQ ID NO: 1
conjugated to Smn PMO in vivo in RPE/choroid cells.

Figure 4 is graph of the efficacy of Smn exon7/-skipping produced by the CPP of SEQ ID NO: 1
conjugated to Smn PMO in vivo in retinal cells.

-igure 5 1s a graph of the GFAP in vivo toxicity of the CPP of SEQ ID NO: 1 conjugated to Smn
PMO five days post-injection.
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DESCRIPTION OF INVENTION
Detailed Description of the Invention

Cell penetrating peptides

[0019] Cell penetrating peptide (CPP) characteristics, e.g. linear CPPs comprising charge
dense cationic peptides with contiguous positively charged amino acids, responsible for
enhanced /n vitro performance, often does not translate to /in vivo outcomes. CPP efficacy is
closely associated with toxicity, and a fine balance is required between efficacy and toxicity for
both successful in vitro and in vivo CPPs. One of the key hurdles to overcome is the entrapment
of the CPP-cargo moiety within endosomes and lysosomes. Here we present an assay which
requires localisation of the CPP-cargo to the nucleus to effect a functional readout, and thus if
effective, demonstrates endosomal/ lysosomal escape and/or nuclear delivery. We have
identified CPPs that provide successful delivery of a cargo to the nucleus of the cell, such as an

amino acid sequence including an antisense oligonucleotide.

[0020] Accordingly, there Is provided an isolated, non-naturally occurring cell-penetrating

peptide (CPP) comprising the amino acid sequence:
RRSRTARAGRPGRNSSRPSAPR [SEQ ID NO: 1]
and sequences which have at least 60% similarity to SEQ ID NO: 1.

[0021] Preferably, the CPP comprises between 10 and 100 residues. For example, the CPP
may comprise between 10 and 50 residues, 20 to 30 residues, 20 to 40 residues, 30 to 70

residues, 40 to 60 residues or 25 to 50 residues.

[0022] The SEQ ID NO: 1 amino acid sequence analogues include those having an amino acid
sequence wherein one or more of the amino acids is substituted with another amino acid, which
substitutions do not substantially alter the biological activity (cell penetrating ability) of the
molecule. These amino acid sequence analogues preferably have conservative amino acid

substitutions when compared to SEQ ID NO: 1.

[0023] In the context of the invention, an analogous sequence is taken to include a CCP amino
acid sequence which has at least 60%, 65%, 70%, 75%, 80%, or 85% similarity and preferably
at least about 90, 95% or 98% similarity at the amino acid level over at least 20, 21, 22, 23, 24,
29, 26, 27, 28, 29, 30, 35, 40, 45, 50, 100 or 200 amino acids, with the amino acid sequence set
out in SEQ ID NO: 1. In particular, similarity should typically be considered with respect to those
regions of the sequence known to be essential for the function of the CPP encoded by SEQ ID

NO: 1, rather than non-essential neighbouring sequences.
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10024] The analogous sequences may have a sequence that has at least about 60%, 65%,
/0%, 75%, 80%, 85% Iidentity and preferably at least about 90%, 95% or 98% identity to SEQ
ID NO: 1 (i.e. identical residues). The analogous sequences may have a sequence that has at
least about 60%, 65%, 70%, 75%, 80%, 85% similarity and preferably at least about 90%, 95%
or 98% similarity to SEQ ID NO: 1 (i.e. residues conserved with similar physicochemical
properties

[0025] Similarty comparisons can be conducted by eye, or maore usually, with the aid of readily
avallable sequence comparison programs. These commercially available computer programs
can calculate % similarity between two or more sequences. The % similarity may be calculated
over contiguous seguences, I.e. one sequence 1s aligned with the other sequence and each
amino acid In one sequence directly compared with the corresponding amino acid in the other
sequence, one residue at a time. This I1s called an “"ungapped” alignment. Typically, such
ungapped alignments are performed only over a relatively short number of residues (for
example less than 50 contiguous amino acids).

[0026] Although this is a very simple and consistent method, it fails to take into consideration
that, for example, in an otherwise almost identical pair of sequences, one insertion or deletion
will cause the following amino acid residues to be put out of alignment, thus potentially resulting
in a large reduction in % similarity and identity when a global alignment is performed.
Consequently, most sequence comparison methods are designed to produce optimal
alignments that take Iinto consideration possible insertions and deletions without penalising
unduly the overall similarity score. This Is achieved by inserting “gaps” In the seguence

alignment to try to maximise local homology.

[0027] Amino acid sequence identity and similarity may be determined using the EMBOSS
Pairwise Alignment Algorithms tool available from The European Bioinformatics Institute (EMBL-

EBI), which is part of the European Molecular Biology Laboratory. This tool is accessible at the
website located at www.ebl.ac.uk/Tools/emboss/align/. This tool utilizes the Needleman-
Wunsch global alignment algorithm (Needleman and Wunsch, 1970). Default settings are
utilized which include Gap Open: 10.0 and Gap Extend 0.5. The default matrix “Blosum62” is

utilized for amino acid sequences and the default matrix.

[0028] The term “cell penetrating peptide” (CPP) refers to a peptide that is capable of crossing
a cellular membrane. In one example, a CPP is capable of translocating across a mammalian
cell membrane and entering into a cell. In another example, a CPP may direct a conjugate to a
desired subcellular compartment. Thus, a CPP may direct or facilitate penetration of a molecule
of interest across a phospholipid, cellular, mitochondrial, endosomal, lysosomal, vesicular, or
nuclear membrane. A CPP may be translocated across the membrane with its amino acid

sequence complete and intact, or alternatively partially degraded.
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[0029] A CPP may direct a molecule of interest from outside a cell through the plasma
membrane, and Into the cytoplasm or a desired subcellular compartment. Alternatively, or In
addition, a CPP may direct a molecule of interest across the blood-brain, trans-mucosal,

hematoretinal, skin, gastrointestinal and/or pulmonary barriers.

[0030] The ability of a CPP to translocate across membranes may be energy dependent or
independent, and/or receptor dependent or independent. In some examples, the CPP is a
peptide which I1s demonstrated to translocate across a plasma membrane as determined by the
methods described herein. CPPs encompass: (i) peptides that become internalized by cells but
subsequently entrapped within endosomes or lysosomes; and (ii) peptides that not only become
iInternalized by cells, but also are able to escape endosomal and/or lysosomal compartments
once Internalized by cells, and In addition are able to mediate intracellular delivery, into the

cytosol and nucleus, mitochondria, Golgi-apparatus, and other intracellular compartments.

[0031] In some examples, a peptide will comprise between one and two, one and five, or ten
conservative amino acid substitutions relative to any sequence described herein, e.g, 1, 2, 3, 4,
,0,7,8,9,10, 11,12, 13, 14, 15, 10, 17, 18 19 or 20 conservative amino acid substitutions. A
conservative replacement (also called a conservative mutation or a conservative substitution) Is
an amino acid replacement in which an amino acid residue Is replaced with another amino acid
residue having a side chain with similar physicochemical properties resulting in a protein with a
different amino acid sequences but that has similar biochemical properties (e.g. charge,
hydrophobicity and size).

[0032] Amino acid residues having side chains with similar physiochemical properties are
known In the art, and include amino acids with basic side chains (e.qg, lysine, arginine, histidine),
acidic side chains (e.g, aspartic acid, glutamic acid), uncharged polar side chains (e.g, glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine, tryptophan), nonpolar side chains
(e.g, alanine, valine, leucine, iIsoleucine, proline, phenylalanine, methionine), beta-branched
side 10 chains (e.g, threonine, valine, isoleucine) and aromatic side chains (e.g, tyrosine,
phenylalanine, tryptophan, histidine). Conservative amino acid substitutions include those with
amino acids, which have been substituted with non-naturally occurring amino acids and non-
proteogenic amino acids, which are therefore not among the regular amino acids encoded by
the genetic code. Conservative amino acid substitutions further include D-amino acids.

[0033] The term "basic amino acid” relates to any amino acid, including natural and non-natural
amino acids, that has an isoelectric point above 6.3, as measured according to Kice & Marvell
"Modern Principles of organic Chemistry" (Macmillan, 1974) or Matthews and van Holde
"Biochemistry" Cummings Publishing Company, 1996. Included within this definition are
arginine, lysine, histidine and homoarginine (Har), as well as derivatives thereof. Suitable non-

natural basic amino acids are described in US 6,858,396.
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[0034] In some examples the amino acid sequence of any of the CPP peptides consists of 20 to
100 residues, e.qg, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, or another number of residues from 20 to 100. In other examples the amino acid
sequence of any of the foregoing peptides consists of 30 to 70 residues, e.g, 35, 40, 45, 48, 50,
52, 60, 65, or another number of residues from 30 to 70 residues. In other examples the amino
acid sequence of any of the foregoing peptides consists of 40 to 60 residues, e.g, 42, 43, 45,
48, 50, 52, 54, 57, 58, or another number of residues from 40 to 60 residues. In some
examples, the amino acid sequence of any of the foregoing peptides consists of 35 to 50
residues, e.g, 36, 38, 40, 42, 43, 45, 57, 58, or another number of residues from 35 to 50
residues. In yet other examples the amino acid sequence of any of the foregoing peptides
consists of 20 to 50 residues, e.g, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 32, 35, 37, 38, 40,

42, 46, 48, or another number of residues from 20 to 50.

[0035] In one example the amino acid sequence of the peptide consists of an amino acid
sequence corresponding to SEQ ID NO: 1. For the avoidance of doubt, it is to be understood
that in such examples, while the amino acid sequence of the peptide consists of an amino acid
sequence corresponding to SEQ ID NO: 1, the peptide may, nevertheless, comprise chemical
modifications that do not alter the amino acid sequence. Such modifications include, but are not
imited to: use of non-canonical amino acids, fatty acids, detectable labels, polynucleotides,
cholesterol, and reactive groups; conjugation of the CPP with non-peptide linkers; conjugation of
the CPP with molecules of Interest (including therapeutic agents, oligonucleotides and
detectable labels). In other examples the CPP consists of an amino acid seguence
corresponding to SEQ 1D NO: 1.

[0036] In one embodiment, the CCP comprises multiple copies of an amino acid sequence
corresponding to SEQ ID NO: 1 and sequences which have at least 60% similarity to SEQ ID
NQO: 1, referred to herein as a multimeric peptides. In some examples, a multimeric peptide
comprises between two and ten copies of an amino acid sequence corresponding to SEQ 1D
NO:1,e.q, 2, 3,4,5,6, 7,8, 9, or 10 copies of an amino acid sequence corresponding to SEQ
ID NO: 1. In one embodiment, the CCP comprises multiple copies of an amino acid sequence
corresponding to SEQ ID NO: 1 and sequences which have at least 60% similarity to SEQ D
NO: 1.

Modified CPPs

[0037] The CPP may be modified by the use of non-canonical amino acids, fatty acids,
detectable labels, polynucleotides, cholesterol, and reactive groups. Such modified peptides
may confer additional functionalities to a CPP, such as facilitating detection of peptide entry,
localisation within cells, enhanced cell entry, and/or reduced peptide degradation in vitro or in

VIVO.
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Non-canonical amino acids

[0038] In some examples the CPP is a modified peptide comprising a non-canonical amino
acid. Suitable non-canonical amino acids include, but are not limited to, a-amino-n-butyric acid,
norvaline, norleucine, alloisoleucine, t-leucine, ornithine, allothreonine, B-alanine, B-amino-n-
butyric acid, n-isopropyl glycine, Isoserine, sarcosine, 6-aminohexanoic acid, gamma-

aminobutyric acid and 5-aminovaleric acid.

Reactive groups

[0039] In other examples the modified CPP may comprise a reactive group. Suitable reactive
groups Include, but are not limited to, azide groups, amine-reactive groups, thiol-reactive
groups, and carbonyl-reactive groups. In some examples the reactive groups are part of a
chemical tag. Suitable chemical tags include, but are not limited to, a SNAP tag, a CLIP tag, a
HaloTag or a TMP-tag. In one example, the chemical tag is a SNAP-tag or a CLIP-tag. SNAP
and CLIP fusion proteins enable the specific, covalent attachment of virtually any molecule to a
protein or peptide of interest as described, for example, in Corréa 2015 (Methods Mol Biol,
1260:55-79). In another example, the chemical tag i1s a HaloTag. HaloTag involves a modular
protein tagging system that allows different molecules to be covalently linked, either in solution,
in living cells, or in chemically fixed cells. In another example, the chemical tag i1s a TMP-tag.
TMP-tags are able to label intracellular, as opposed to cell-surface, proteins with high

selectivity.

Fatty acids

[0040] In some examples the modified CPP may comprise a fatty acid. Suitable fatty acids for
modified peptides include, but are not limited to, palmitic acid, myristic acid, caprylic acid, lauric
acid, n-octanoic acid, and n-decanoic acid.

Cholesterol
[0041] In other examples the modified CPP may comprise cholesterol.
Oligonucleotides

[0042] In some examples the modified CPP may comprise an oligonucleotide. In such cases,
the oligonucleotide may be an antisense oligonucleotide, siRNA, microRNA, an RNAI, a single
stranded DNA or RNA oligonucleotide, a double stranded DNA oligonucleotide, an mRBNA, or a

plasmid.
Detectable labels

[0043] In some examples the modified CPP may comprise a detectable label. The term

“detectable label” refers to any type of molecule which can be detected by optical, fluorescent,
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isotopic iImaging or by mass spectroscopic techniques, or by performing simple enzymatic
assays. Any detectable label known Iin the art may be used. In some examples the detectable
label is selected from among: a reporter protein, a fluorophore, a fluorogenic substrate, a

luminogenic substrate, and a biotin.

[0044] The detectable label may be a reporter protein. Suitable reporter proteins include a
fluorescent protein as described herein, a B lactamase as described Iin Qureshi (2007),
Biotechniques, 42(1):91-95, a haloalkane dehalogenase, or a luciferase. In some examples the

reporter protein comprises the amino acid sequence of a B-lactamase.

[0045] The detectable label may be a fluorescent tag. For example, the fluorescent tag may be
a fluorophore such as fluorescein isothiocyanate, fluorescein thiosemicarbazide, rhodamine,
Texas Red, a CyDye such as Cy3, Cy5 and Cy5.5, a Alexa Fluor such as Alexa488, Alexab5b,
Alexa594 and Alexab4/) or a near Infrared fluorescent dye. The fluorescent tag may be a
fluorescent protein such as green fluorescent protein (GFP), enhanced green fluorescent
protein (EGFP), AcGFP or TurboGFP, Emerald, Azami Green, ZsGreen, EBFP, Sapphire, T-
Sapphire, ECFP, mCFP, Cerulean, CyPet, AmCyanl, Midori-Ishi Cyan, mTFPI| (Teal), enhanced
yellow fluorescent protein (EYFP), Topaz, Venus, mCitrine, YPet, PhiYFP, ZsYellowl, mBanana,
Kusabira,ange, mOrange, dTomato, dlomato-Tandem, AsRed2, mRFPIl, Jred, mCherry,
HcRedl, mRaspberry, HcRedl, HcCRed-Tandem, mPlum, AQ 143. The fluorescent tag may be a
gquantum dot. The fluorescent tag may a pH-sensitive fluorophore such as naphthofluorescein,
pHrodo™ Green (ThermoFisher), and pHrodo™ Red (ThermoFisher). Fluorescent tags may be
detected using fluorescent microscopes such as epifluorescence or confocal microscopes,
fluorescence scanners such as microarray readers, spectrofluorometers, microplate readers
and/or flow cytometers.

[0046] The detectable label may be a luminogenic substrate. Suitable luminogenic substrates

include, but are not limited to, D-Luciferin, L-Luciferin, Coelenterazine,

[0047] The detectable label may be an epitope tag. For example, the epitope tag may be a
poly-histidine tag such as a hexahistidine tag or a dodecahistidine, a FLAG tag, a Myc tag, a HA
tag, a GST tag or a V5 tag. Epitope tags are routinely detected with commercially available
antibodies. A person skilled in the art will be aware that an epitope tag may facilitate purification
and/or detection. For example, a CPP comprising a hexahistidine tag may be purified using
methods known in the art, such as, by contacting a sample comprising the protein with nickel-
nitrilotriacetic acid (Ni-NTA) that specifically binds a hexahistidine tag immabilized on a solid or
semi-solid support, washing the sample to remove unbound protein, and subsequently eluting
the bound protein. Alternatively, or in addition a ligand or antibody that binds to an epitope tag

may be used in an affinity purification method.
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[0048] The detectable label may be a mass tag or an isobaric tag. Such tags may be used for
relative absolute quantification (ITRAQ). A mass tag is a chemical label used for mass
spectrometry-based quantification of proteins and peptides. In such methods mass
spectrometers recognise the mass difference between the labelled and unlabelled forms of a
protein or peptide, and quantification is achieved by comparing their respective signal intensities
as described, for example, in Bantscheff et al. 2007. Examples of mass tags include TMTzero,
TMTduplex, TMTsixplex and TMT 10-plex. An isobaric tag for relative absolute guantification
(ITRAQ) is a chemical tag used in quantitative proteomics by tandem mass spectrometry to
determine the amount of proteins from different sources in a single experiment as described, for
example, in Wiese et al. 2007.

Conjugated cargoes

[0049] A CPP may be conjugated to a molecule of interest (i.e. a “cargo”) to increase the
delivery of the molecule of interest into a cell. Molecules of interest include: a therapeutic agent,
an oligonucleotide, a further peptide or protein, a reactive group, a fatty acid, cholesterol, or a
detectable label. The conjugation may be through a covalent bond or non-covalent interactions.
For example, a CPP may be conjugated to an oligonucleotide via a “peptide linker’. The moiety
may be designed to act upon a particular intracellular target or to direct its transport to a
particular subcellular compartment.

[0050] The molecule of interest may be covalently linked to an amino acid in the CPP peptide.
In one example the covalently linked molecule of interest is covalently linked to the N-terminal of
the CPP amino acid sequence. In another example the covalently linked molecule of interest is
covalently linked to the C-terminal of the CPP amino acid sequence. In other examples, the
covalently linked molecule of interest is covalently linked through an amino acid residue side
chain of the CPP (e.g, at an internal lysine or cysteine residue). Those skilled in the art,
recognise that this can be achieved through a variety of chemical reactions, including but not
imited to, peptide bond formation, amide bond formation, linkage via reactive amines,
hydrazone formation, disulphide formation, ether bonds, click chemistries (both copper-
catalysed and strain promoted), Staudinger reactions, native chemical ligation and conjugation

chemistries such as SpyCatcher/ SpyTag isopeptide bond formation .

[0051] In some examples the molecule of interest is non-covalently linked to the CPP, e.qg, via
non-covalent interactions between one or more charged amino acid residues in the CPP and
one or more functional groups in the molecule of interest that are of opposite charge to the one
or more CPP amino acid residues. The non-covalent interaction may be electro-static
interactions, van der Waals forces, pi-bond interactions and hydrophobic interactions.
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I herapeutic agent

[0052] In some examples, the conjugated molecule of interest may be a therapeutic agent,
preferably a small molecule compound (generally less than about 900 daltons in size). In some
examples the small molecule therapeutic agent is a chemotherapeutic agent, a cytotoxic

molecule, or a cytostatic molecule.
Oligonucleotides

[0053] In some examples, the conjugated molecule of interest may be an oligonucleotide. The
oligonucleotide may be an antisense oligonucleotide, siRNA, microBRNA, an RNAI, a single
stranded DNA or RNA oligonucleotide, a double stranded DNA oligonucleotide, an mRNA, or a
plasmid. The oligonucleotide may include morpholino oligonucleotides (PMOs), peptide nucleic
acids (PNAs), locked nucleic acids (LNAs), and 2-O-Methyl oligonucleotides. The
oligonucleotides may have (i) a modified backbone structure, e.g., a backbone other than the
standard phosphodiester linkage found in naturally occurring oligo- and polynucleotides, and/or
(i) modified sugar moieties, e.g., morpholino moieties rather than ribose or deoxyribose

moleties.
Peptides or proleins

[0054] In some examples, the conjugated molecule of interest may be a protein or peptide. The
protein or peptide may be: a pro-apoptotic peptide, a targeting protein, a cytotoxic protein, an
enzymatic protein, a reporter protein, a peptide-based protein-protein interaction inhibitor, a
proteolytic targeting chimera (PROTAC) peptide, and a dominant-negative peptide.

[0055] In some examples the enzymatic protein may be ASS-1 (Quinonez and Thoene 2004) or
Beta-Lactamase (Stone et al 2018); the peptide interaction inhibitor may be a KRAS/ SOS-1
protein Interaction blocking peptide (e.g. Leshchiner et al 2015); the proteolytic targeting
chimera (PROTAC) peptide sequence may be one from Sakamoto et al 2001 or Gu et al. 2018.

[0056] In some examples the protein or peptide may be a pro-apoptotic peptide.

[0057] In some examples the protein or peptide may be a targeting protein. The targeting
protein may provide increased specificity to peptide conjugates by binding to a specific cell
surface antigen (e.g, a receptor), which is then internalized into endosomes. Examples of
targeting proteins include, but are not limited to, affibodies, scFvs, single chain antibodies, and
other selective binding proteins using alternative scaffolds (e.q, peptide aptamers). Alternatively,
the targeting protein may be a genomic targeting protein (e.g, a Cas9 genomic targeting protein

or a Cpf1 genomic targeting protein).

10058] In other examples the protein or peptide may be a cytotoxic protein (e.g, Bouganin or

diphtheria toxin) that induces rapid cell death upon internalization and escape from endosomes.
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[0059] In some examples the protein or peptide may be a dominant negative peptide. Dominant
negative peptides generally act to interfere with one or more functions of a protein from which
they are derived and/or with that of an interacting partner of the full-length protein. Typically,
they act by interfering with the interaction of a protein and one or more of its binding partners. In
some examples the dominant negative transcription factor peptide is an anti-cancer peptide.
Suitable anti-cancer peptides include, but are not limited to: Omomyc, an Activating
Transcription Factor 5 (ATF5) dominant negative peptide d/n-ATF5-S1 as described in Massler
et al (2016), Clin Cancer Res, 22(18):4698-4711, anti-Ras-p21 dominant negative peptides
such as ras-p21 96-110 (PNC-2) and ras-p21 35-47 as described in Adler et al (2008), Cancer
Chemother Pharmacol, 62(3):491-498.

Reactive groups

[0060] In some examples, the conjugated molecule of Interest may be a reactive group.
Suitable reactive groups include, but are not limited to, azide groups, amine-reactive groups,
thiol-reactive groups, and carbonyl-reactive groups. In some examples the reactive groups are
part of a chemical tag. Suitable chemical tags include, but are not limited to, a SNAP tag, a
CLIP tag, a HaloTag or a TMP-tag. In one example, the chemical tag is a SNAP-tag or a CLIP-
tag. SNAP and CLIP fusion proteins enable the specific, covalent attachment of virtually any
molecule to a protein or peptide of interest as described, for example, in Corréa 2015 (Methods
Mol Biol, 1266:55-79). In another example, the chemical tag is a HaloTag. HaloTag involves a
modular protein tagging system that allows different molecules to be covalently linked, either in
solution, in living cells, or in chemically fixed cells. In another example, the chemical tag is a
TMP-tag. TMP-tags are able to label intracellular, as opposed to cell-surface, proteins with high
selectivity.

Fatty acids

[0061] In some examples, the conjugated molecule of interest may be a fatty acid. Suitable fatty
acids for modified peptides include, but are not limited to, palmitic acid, myristic acid, caprylic
acid, lauric acid, n-octanoic acid, and n-decanoic acid.

Cholesterol
[0062] In some examples, the conjugated molecule of interest may be cholesterol.
Detectable labels

[0063] In some examples the conjugated molecule of interest a detectable label. The detectable
label may be any type of molecule which can be detected by optical, fluorescent, isotopic
imaging or by mass spectroscopic techniques, or by performing simple enzymatic assays. Any
detectable label known In the art may be used. In some examples the detectable label Is
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selected from among: a reporter protein, a fluorophore, a fluorogenic substrate, a luminogenic

substrate, and a biotin.

[0064] The detectable label may be a reporter protein. Suitable reporter proteins include a
fluorescent protein as described herein, a B lactamase as described In Qureshi (2007),
Biotechniques, 42(1):91-95, a haloalkane dehalogenase, or a luciferase. In some examples the

reporter protein comprises the amino acid sequence of a B-lactamase.

[0065] The detectable label may be a fluorescent tag. For example, the fluorescent tag may be
a fluorophore such as fluorescein isothiocyanate, fluorescein thiosemicarbazide, rhodamine,
Texas Red, a CyDye such as Cy3, Cy5 and Cy3.5, a Alexa Fluor such as Alexa488, Alexa555,
Alexab94 and Alexab4/) or a near Infrared fluorescent dye. The fluorescent tag may be a
fluorescent protein such as green fluorescent protein (GFP), enhanced green fluorescent
protein (EGFP), AcGFP or TurboGFP, Emerald, Azami Green, ZsGreen, EBFP, Sapphire, T-
Sapphire, ECFP, mCFP, Cerulean, CyPet, AmCyanl, Midori-Ishi Cyan, mTFPI (Teal), enhanced
yellow fluorescent protein (EYFP), Topaz, Venus, mCitrine, YPet, PhiYFP, ZsYellowl, mBanana,
Kusabira,ange, mOrange, dTomato, dTomato-Tandem, AsRed2, mRFPIl, Jred, mCherry,
HcRedl, mRaspberry, HcRedl, HcRed-Tandem, mPlum, AQ 143. The fluorescent tag may be a
gquantum dot. The fluorescent tag may a pH-sensitive fluorophore such as naphthofluorescein,
pHrodo™ Green (ThermoFisher), and pHrodo™ Red (ThermoFisher). Fluorescent tags may be
detected using fluorescent microscopes such as epifluorescence or confocal microscopes,
fluorescence scanners such as microarray readers, spectrofluorometers, microplate readers
and/or flow cytometers.

[0066] The detectable label may be a luminogenic substrate. Suitable luminogenic substrates

include, but are not limited to, D-Luciferin, L-Luciferin, Coelenterazine,

10067] The detectable label may be an epitope tag. For example, the epitope tag may be a
poly-histidine tag such as a hexahistidine tag or a dodecahistidine, a FLAG tag, a Myc tag, a HA
tag, a GST tag or a V5 tag. Epitope tags are routinely detected with commercially available
antibodies. A person skilled in the art will be aware that an epitope tag may facilitate purification
and/or detection. For example, a CPP comprising a hexahistidine tag may be purified using
methods known in the art, such as, by contacting a sample comprising the protein with nickel-
nitrilotriacetic acid (Ni-NTA) that specifically binds a hexahistidine tag immobilized on a solid or
semi-solid support, washing the sample to remove unbound protein, and subsequently eluting
the bound protein. Alternatively, or in addition a ligand or antibody that binds to an epitope tag
may be used in an affinity purification method.

[0068] The detectable label may be a mass tag or an isobaric tag. Such tags may be used for
relative absolute quantification (iTRAQ). A mass tag is a chemical label used for mass
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spectrometry-based quantification of proteins and peptides. In such methods mass
spectrometers recognise the mass difference between the labelled and unlabelled forms of a
protein or peptide, and quantification is achieved by comparing their respective signal intensities
as described, for example, in Bantscheff et al. 2007. Examples of mass tags include TMTzero,
TMTduplex, TMTsixplex and TMT 10-plex. An isobaric tag for relative absolute guantification
(ITRAQ) is a chemical tag used in quantitative proteomics by tandem mass spectrometry to
determine the amount of proteins from different sources in a single experiment as described, for
example, in Wiese et al. 2007.

Synthesis

[0069] Any CPP of the present disclosure may be synthesized using a chemical method known
to the skilled artisan. For example, synthetic peptides are prepared using known techniques of
solid phase, liquid phase, or peptide condensation, or any combination thereof, and can include
natural and/or unnatural amino acids.

[0070] Any peptide of the present disclosure may be expressed by recombinant means. For
example, the nucleic acid encoding the peptide may be placed in operable connection with a
promoter or other regulatory sequence capable of regulating expression in cellular system or
organism. Typical promoters suitable for expression in bacterial cells include, for example, the
lacz promoter, the lpp promoter, temperature-sensitive AL or AR promoters, T/ promoter, T3
promoter, SP6 promoter or semi-artificial promoters such as the IPTG-inducible tac promoter or
lacUV5 promoter. A number of other gene construct systems for expressing the peptides of the
invention in bacterial cells are well-known in the art and are described, for example, in Ausubel
et al. (1988), and Sambrook et al. (2001).

[0071] Numerous expression vectors for expression of recombinant peptides in bacterial cells
have been described, and include, for example, PKC3, pKK173-3, pET28, the pCR vector suite
(Invitrogen), pGEM-T Easy vectors (Promega), the pL expression vector suite (Invitrogen) or
PBAD/thio—TOPO series of vectors containing an arabinose-inducible promoter (Invitrogen),
amongst others.

[0072] Typical promoters suitable for expression in yeast cells such as, for example, a yeast
cell selected from the group comprising Pichia pastoris, S. cerevisiae and S. pombe, include,
but are not limited to, the ADH1 promoter, the GAL1 promoter, the GAL4 promoter, the CUP1

promoter, the PHOS promoter, the nmt promoter, the RPR1 promoter, or the TEF1 promoter.

[0073] Expression vectors for expression in yeast cells are preferred and include, tor example,
the pACT vector (Clontech), the pDBleu-X vector, the pPI|C vector suite (Invitrogen), the pGAPZ
vector suite (Invitrogen), the pHYB vector (Invitrogen), the pYD 1 vector (Invitrogen), and the
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oNMT 1, pNMT41, pNMT81 TOPO vectors (Invitrogen), the pPC86-Y vector (Invitrogen), the

ORH series of vectors (Invitrogen), pYES Trp series of vectors (Invitrogen).

[0074] Preferred vectors for expression in mammalian cells include, for example, the pcDNA
vector suite (Invitrogen), the pTARGET series of vectors (Promega), and the pSV vector suite

(Promega).

[0075] Suitable methods for transforming and transfecting host cells can be found in Sambrook
et al. 2001 and other laboratory textbooks. In one example, nucleic acids may be introduced into
prokaryotic cells using for example, electroporation or calcium-chloride mediated transformation.
In another example, nucleic acids may be introduced into mammalian cells using, for example,
microinjection, calcium phosphate or calcium chloride co-precipitation, DEAE-dextran mediated
franstection, transtection mediated by liposomes such as by using Lipofectamine (Invitrogen)
and/or cellfectin (Invitrogen), PEG mediated DNA uptake, electroporation, transduction by
Adenoviuses, Herpesviruses, logaviruses or Retroviruses and microparticle bombardment such
as by using DNA-coated tungsten or gold particles. Alternatively, nucleic acids may be
introduced into yeast cells using conventional techniques such as, for example, electroporation,

and PEG mediated transformation.

[0076] Following production/expression/synthesis, any protein or peptide of the present
disclosure can be purified using a method known in the art such as HPLC See e.g, Scopes (In:

Protein purification: principles and practice, Third Edition, Springer Verlag, 1994).

Cell expression

[0077] Also described herein is a modified cell comprising any of the CPPs or CPPs conjugated
to a molecule of interest described herein.

[0078] The present invention therefore provides a modified cell comprising the CPP of SEQ ID
NQO: 1 and sequences which have at least 60% similarity to SEQ ID NO: 1 or the CPP of SEQ ID
NO: 1 and sequences which have at least 60% similarity to SEQ [ID NO: 1 conjugated to a

molecule of interest.

[0079] The present invention further provides for use of the CPP of SEQ ID NO: 1 and
sequences which have at least 60% similarity to SEQ ID NO: 1, the CPP of SEQ ID NO: 1 and
sequences which have at least 60% similarity to SEQ ID NO: 1 conjugated to a molecule of
interest or a modified cell comprising either of these in the manufacture of a medicament or
diagnostic agent.

[0080] In some examples a modified cell is a prokaryotic cell. In other examples the modified
cell is a eukaryotic cell. Suitable eukaryotic cells include yeast cells, and mammalian cells
including, but not limited to human cells. In some examples modified mammalian cells are from
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a cell line. Suitable cell lines include, but are not limited to, ARPE-19, CHO-K1, HEK-293,
COS7, HelLa, N2a, and NIH 3T3.

[0081] In some examples a modified cell expresses one or more genetically encoded CPPs or
CPPs conjugated to a molecule of interest. In other examples a modified cell is a primary

mammalian cell.

[0082] In other examples a modified cell does not comprise exogenous nucleic acids encoding
a CPP or CPP conjugated to a molecule of interest, but is modified by protein transduction of a

CPP or CPP conjugated to a molecule of interest.

[0083] Preferably the modified cells are eukaryotic cells. More preferably the eukaryotic cells
are mammalian cells. Most preferably the mammalian cells are human cells. In some examples
the human cells are human stem cells. Such human stem cells include, but are not limited to,
embryonic stem cells, induced pluripotent stem cells, and mesenchymal stem cells. In further
examples human cells include, but are not limited to, cardiomyocytes, neurons, hepatocytes,
and pancreatic islet cells. In other examples, the mammalian cells are cancer cells (e.g., human

cancer cells).
Use

[0084] The present disclosure also provides any one of the CPPs, CPPs conjugated to a
molecule of interest, or modified cells for use as a medicament or diagnostic agent. The present
disclosure also provides any one of the CPPs, CPPs conjugated to a molecule of interest, or
modified cells for use in the manufacture of a medicament or diagnostic agent.

[0085] The present invention therefore provides for use of the CPP of SEQ ID NO: 1 and
sequences which have at least 60% similarity to SEQ ID NO: 1, the CPP of SEQ ID NO: 1 and
sequences which have at least 60% similarity to SEQ ID NO: 1 conjugated to a molecule of
interest or a modified cell comprising either of these in the manufacture of a medicament or

diagnostic agent.

[0086] The present invention further provides for use of the CPP of SEQ ID NO: 1 and
sequences which have at least 60% similarity to SEQ ID NO: 1, the CPP of SEQ ID NO: 1 and
sequences which have at least 60% similarity to SEQ ID NO: 1 conjugated to a molecule of

interest or a modified cell comprising either of these as a medicament or diagnostic agent.

[0087] The seguences of the invention may have at least 65%, 70%, 75%, 80%, or 85%
similarity and preferably at least about 90, 95% or 98% similarity at the amino acid level to SEQ
ID NO: 1.

[0088] Preferably, the CPP is modified by one or more of the following: use of non-canonical

amino acids, fatty acids, detectable labels, oligonucleotides, cholesterol, and reactive groups.
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[0089] Preferably, the CPP Is conjugated to a molecule of interest. The molecule of interest
may be chosen from the following: a therapeutic agent, an oligonucleotide, a further peptide or
protein, a reactive group, a fatty acid, cholesterol, or a detectable label. Preferably, the

conjugation is carried out using: a covalent link, or a non-covalent interaction.
Kits

[0090] The present disclosure also provides a kit comprising a CPP of the present invention

and instructions for use.

[0091] The present invention therefore provides a kit comprising (i) the CPP of SEQ ID NO: T
and sequences which have at least 60% similarity to SEQ ID NO: 1, the CPP of SEQ ID NO: 1
and sequences which have at least 60% similarity to SEQ ID NO: 1 conjugated to a molecule of
interest or a modified cell comprising either of these; and (ii) instructions for use.

[0092] The seqguences of the invention may have at least 65%, 70%, 75%, 80%, or 85%
similarity and preferably at least about 90, 95% or 98% similarity at the amino acid level to SEQ
ID NO: 1.

[0093] Preferably, the CPP is modified by one or more of the following: use of non-canonical

amino acids, fatty acids, detectable labels, oligonucleotides, cholesterol, and reactive groups.

[0094] Preferably, the CPP is conjugated to a molecule of interest. The molecule of interest
may be chosen from the following: a therapeutic agent, an oligonucleotide, a turther peptide or
protein, a reactive group, a fatty acid, cholesterol, or a detectable label. Preferably, the

conjugation is carried out using: a covalent link, or a non-covalent interaction.
Definitions

[0095] The term “canonical amino acid” refers to an amino acid encoded directly by the codons
of the universal genetic code. The canonical amino acids are: Alanine, Arginine, Asparagine,
Aspartic acid, Cysteine, Glutamic acid, Glutamine, Glycine, Histidine, Isoleucine, Leucine,
Lysine, Methionine, Phenylalanine, Proline, Serine, Threonine, Tryptophan, Tyrosine, and

Valine.

[0096] The term “endogenous” or “endogenously encoded” Iin reference to a nucleotide or
amino acid sequence indicates that sequence in question is native to a virus, cell, or organism
that has not been experimentally modified to encode or express the amino acid sequence In

guestion.

[0097] The term "non-naturally occurring” In reference to a peptide will be understood to
indicate that: (i) there is no endogenous gene or open reading frame that encodes an amino
acid sequence consisting of the amino acid sequence of the peptide in question; and (ii) there is
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no endogenous protein fragment the amino acid sequence of which consists of the peptide In
guestion. For example, a peptide consisting of the amino acid sequence of a fragment of an
endogenously expressed protein is considered a non-naturally occurring peptide if the protein
fragment itself is not naturally expressed or does not ordinarily occur as a byproduct of the
endogenously expressed protein.

[0098] The term “peptide” is intended to include compounds composed of amino acid residues
inked by amide bonds. A peptide may be natural or unnatural, ribosome encoded or
synthetically derived. Typically, a peptide will consist of between 2 and 200 amino acids. For
example, the peptide may have a length in the range of 10 to 20 amino acids or 10 to 30 amino
acids or 10 to 40 amino acids or 10 to 50 amino acids or 10 to 60 amino acids or 10 to 70 amino
acids or 10 to 80 amino acids or 10 to 90 amino acids or 10 to 100 amino acids, including any
length within said range(s). The peptide may comprise or consist of fewer than about 150 amino
acids or fewer than about 125 amino acids or fewer than about 100 amino acids or fewer than
about 90 amino acids or fewer than about 80 amino acids or fewer than about 70 amino acids or

fewer than about 60 amino acids or fewer than about 50 amino acids.

[0099] Peptides, as referred to herein, include "inverso” peptides in which all L-amino acids are
substituted with the corresponding D-amino acids, and "retro-inverso” peptides in which the
sequence of amino acids is reversed and all L-amino acids are replaced with D-amino acids.

[00100] Peptides may comprise amino acids in both L- and/or D-form. For example, both
L- and D-forms may be used for different amino acids within the same peptide sequence. In
some examples the amino acids within the peptide sequence are in L-form, such as natural
amino acids. In some examples the amino acids within the peptide sequence are a combination
of L- and D-form. In some examples the amino acids within the peptide sequence are all in D-

form.

[00101] Peptides may be synthesized using well known solid phase peptide synthesis
techniques, and purification technigues.

[00102] The term “protein” shall be taken to include a single polypeptide chain, 1.e., a
series of contiguous amino acids linked by peptide bonds or a series of polypeptide chains
cavalently or non-covalently linked to one another (i.e., a polypeptide complex). For example,
the series of polypeptide chains can be covalently linked using a suitable chemical bond or a
disulfide bond. Examples of non-covalent bonds include hydrogen bonds, ionic bonds, Van der

Waals forces, and hydrophobic interactions.

General

[00103] Those skilled Iin the art will appreciate that the Iinvention described herein is
susceptible to variations and modifications other than those specifically described. The invention
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includes all such variation and modifications. The invention also includes all of the steps,
features, formulations and compounds referred to or indicated in the specification, individually or
collectively and any and all combinations or any two or more of the steps or features.

[00104] Each document, reference, patent application or patent cited In this text is
expressly incorporated herein in their entirety by reference, which means that it should be read
and considered by the reader as part of this text. That the document, reference, patent
application or patent cited in this text is not repeated in this text is merely for reasons of

conciseness.

[00105] Any manufacturer’s instructions, descriptions, product specifications, and product
sheets for any products mentioned herein or in any document incorporated by reference herein,
are hereby Incorporated herein by reference, and may be employed In the practice of the
iInvention.

[00106] The present invention is not to be limited in scope by any of the specific
embodiments described herein. These embodiments are intended for the purpose of
exemplification only. Functionally equivalent products, formulations and methods are clearly

within the scope of the invention as described herein.

[00107] The invention described herein may include one or more range of values (eg.
Size, displacement and field strength etc). A range of values will be understood to include all
values within the range, including the values defining the range, and values adjacent to the
range which lead to the same or substantially the same outcome as the values immediately
adjacent to that value which defines the boundary to the range. Accordingly, unless indicated to
the contrary, the numerical parameters set forth In the specification and claims are
approximations that may vary depending upon the desired properties sought to be obtained by
the present invention. Hence "about 80 %" means "about 80 %" and also "80 %". At the very
least, each numerical parameter should be construed In light of the number of significant digits
and ordinary rounding approaches.

[00108] Throughout this specification, unless the context requires otherwise, the word
‘comprise” or variations such as “comprises” or “comprising”, will be understood to imply the
inclusion of a stated integer or group of integers but not the exclusion of any other integer or

group of integers. It i1s also noted that in this disclosure and particularly in the claims and/or

by 1!
?

paragraphs, terms such as “comprises”, “comprised”, “comprising” and the like can have the
meaning attributed to it in U.S. Patent law; e.g., they can mean ‘“includes”, ‘“included”,
‘Including”, and the like; and that terms such as “consisting essentially of’ and “consists

essentially of’ have the meaning ascribed to them in U.S. Patent law, e.g., they allow for
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elements not explicitly recited, but exclude elements that are found in the prior art or that affect

a basic or novel characteristic of the invention.

[00109] Other definitions for selected terms used herein may be found within the detailed
description of the invention and apply throughout. Unless otherwise defined, all other scientific
and technical terms used herein have the same meaning as commonly understood to one of

ordinary skill in the art to which the invention belongs. The term "active agent® may mean one

active agent, or may encompass two or more active agents.

[00110]  The following examples serve to more fully describe the manner of using the above-
described invention, as well as to set forth the best modes contemplated for carrying out various
aspects of the invention. It 1s understood that these methods Iin no way serve to limit the true
scope of this invention, but rather are presented for illustrative purposes.
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EXAMPLES

[00111] Further features of the present invention are more fully described in the following
non-limiting Examples. This description is included solely for the purposes of exemplifying the
present invention. It should not be understood as a restriction on the broad description of the

Invention as set out above.
Example 1

[00112] Potential CPP peptides were linked to a phosphorodiamidate oligonucleotide (PMO)
that targets exon 7 of the SMN1 gene (Flynn et al 2018), using strain-promoted (SPAAC) click
chemistry (Agard et al 2004, Dommerholt et al. 2016). Peptide-PMO conjugates were incubated
on ARPE-19 cells for 2 days in full media. Efficacy of internalization was measured by the
degree of exon7 skipping in the SMN1 gene RNA transcript through RNA extraction. Peptide-
PMOs with %d7 transcript higher than the PMO treatment alone were considered CPPs.

Introduction to the in vitro CPP-SMN1 assay

[00113] The survival motor neuron (SMN1) gene iIs ubiquitously expressed and plays
important roles in the assembly of the spliceosome and biogenesis of ribonucleoproteins. The
splicing regulation of the SMN1 gene has been elucidated (Singh et al 2012.). A splice variant of
SMN1, where exon-7 is skipped is a known isoform that results in a shorter SMN protein,
denoted D7-SMN1. Exon-skipping, using cell-penetrating peptide delivered phosphorodiamidate
morpholino oligomers (PMOs) has been established as a viable route to test CPP efficacy (Wu
et al. 2007).

[00114] Using the SMN1 gene, we built an exon-skipping assay targeting the SMN1 gene
(Flynn et al 2018) at exon-7 using a phosphorodiamidate morpholino oligonucleotide (PMO)
conjugated to different CPPs. This assay was used to identify CPPs that could efficiently deliver
PMO cargo to the nucleus and effect exon-skipping of SMN1. Efficiency of delivery and function
was determined by measuring the change in D/7-SMN1 RNA transcript, using RNA extraction,
cDNA generation and PCR using SMN1-specific primers. Efficiency was interpreted by the
higher the percentage D7-SMN1 transcript, the better the delivery to the nucleus by the CPP.

[00115] Given the nature of this assay, the characteristics of natural L-peptides are
undesirable due to protease digestion in the presence of full-media. To adequately assess the
peptide CPP capacity, peptides were synthesized as either mixed-L/D amino acid containing
peptides, where all basic residues were D-amino acids, or as full-D amino acid containing
peptides. Both approaches protected peptides from proteoclytic degradation during incubation on

cells.
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Methods
Mammalian tissue culture
[00116] ARPE-19 cells were obtained from the ATCC (ATCC® CRL-2302). Cell lines

were maintained in a humidified incubator at 37 °C with 5% COQO> and cultured in complete
medium (DMEM/F12 1:1, 10% FCS; 10 mM HEPES, 1x GlutaMAX™, Pen/Strep 100 u/ml;
Gibco, Thermo Fisher Scientific, Waltham, MA, USA)

Peptide and PMQO synthesis, and PPMQO conjugation

00117 CHPs were synihesised using standard Fmoc SPFS based methods (Pepscan
GmbH, Lelystad, The Netherlands, and Mimotopes, Mulgrave, VIO, Australia). All sequences
coniained a C-lerminal Azidolysine residue (o aliow coupling o the PMO; ail N-termini were

aceiviaied and C-termini amidaied.

[00118] The SMN1 PMO (ACTTTCCTTCTTTTTTATTTTGTCT) [SEQ ID NO: 2], with a &
cyclooctyne handle was produced by Gene Tools (Gene Tools LLC, Philomath, OR, USA),
using the method developed by Summerton and Weller (1997).

[00119] CPP peptides with C-terminal Azidolysine were chemo-selectively conjugated
with 5’-cycloocytyne PMO using strain-promoted click chemistry (SPAAC; Agard et al. 2004;
Dommerholt et al. 2016). The cycloaddition reaction between the azido-functionalised peptide
and the cyclooctyne-functionalised PMO was carried out for 3-4 days at 37°C in Phosphate
Buffered Saline with 5% DMSO. Peptide-PMO (PPMO) conjugates were separated from
unreacted material by ion exchange chromatography (IEX) and desalted. Final fractions were
analysed by analytical reverse phase HPLC and LC/MS.

In vitro SMNT1 efficacy assay

[00120] Exon skipping assays and PCR detection were performed according to published
protocols (Mann et al 2002, Gene Med, 4, 644—654).

[00121] Retinal pigment epithelial cells (ARPE-19) immortalized cells were treated with
various concentrations (4 uM, 2 uM, 1 uM, in duplicate) of CPP-PMO conjugate and SMNT1
transcript levels assessed 48h post treatment by BRNA extraction and purification, followed by
cDNA generation and PCR.

[00122] Cells were seeded in 24-well plates (ARPE-19, 2.5x10* cells/well) in complete
medium (DMEM/F12 1:1, 10% FCS; 10 mM HEPES, 1x GlutaMAX™ Pen/Strep 100 u/ml;
Gibco, Thermo Fisher Scientific, Waltham, MA, USA). Cells were incubated overnight (37°C,
5% CO2) to allow for cell adherence. On the day of the assay, media was aspirated and
replaced with CPP-PMO or PMO only diluted in treatment media (DMEM/F12 1:1, 10% FCS; 10
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mM HEPES, 1x GlutaMAX™ Pen/Strep 100 u/ml; Gibco, Thermo Fisher Scientific, Waltham,
MA, USA), followed by incubation (37°C, 5% COy) for 24 h. Fresh media 1:1 was added the
following day and cells returned to the incubator for a further 24 h.

[00123] 48h post-treatment, the cell media was carefully aspirated, and cells rinsed with
PBS. RNA from the treated cells was obtained using commercial RNA extraction kits according
to manufacturer’'s protocol (Bio-Rad Aurum total RNA 96 kit; Quantify RNA yield; Quant-iT RNA
BR kit).

[00124] Extracted RNA was purified, quantified and then diluted to 10 ng/ul. cDNA was
produced using a commercial reverse transcription kit according to the manufacturers protocol
(BioRad 1Script). The produced cDNA was used as a template with primers designed to amplity
region of interest, to amplity the DNA. The efficacy of exon skipping was determined by
quantifying full length (FL SMN1) and exon-7 skipped fragment (D7-SMNT1) of the SMN1 gene
(LC-GX Nucleic Acid Analyzer) and calculating a percentage. The higher the percentage of D7-
SMN1 DNA, the greater the CPP delivery efficiency

In vitro SMN1 viability assay

(00125] Cells were seeded in 96-well plates (ARPE-19, 4x10° cells/well) in complete
medium (DMEM/F12 1:1, 10% FCS; 10 mM HEPES, 1x GlutaMAX™, Pen/Strep 100 u/mil;
Gibco, Thermo Fisher Scientific, Waltham, MA, USA). Cells were incubated overnight (37°C,
5% CQO) to allow for cell adherence. On the day of the assay, media was aspirated and
replaced with CPP-PMO or PMO only diluted in treatment media (DMEM/F12 1:1, 10% FCS; 10
mM HEPES, 1x GlutaMAX™ Pen/Strep 100 u/ml; Gibco, Thermo Fisher Scientific, Waltham,
MA, USA) at various concentrations (32, 16, 8, 4, 2, and 1 uM), followed by incubation (37°C,
5% CO3) for 24 h. Fresh media 1:1 was added the following day and cells returned to the
incubator for a further 24 h.

[00126] 48h post-treatment, viability of the cells was measured using the commercial
CellTiter-Glo® Luminescent Cell Viability Assay (Promega, Australia). In brief the CellTiter-Glo
reagent lyses the cells and generates a luminescent signal that is proportional to the amount of
ATP present, which in turn is directly proportional to the number of live cells present in culture.
All assays were conducted with a known cytotoxic agent, melittin (Renata et al. 2007), and cell
only control. Cell viability was used to determine the level of toxicity caused by the CPP-PMO
conjugates, where high viability equates to low toxicity, and low viability with high toxicity,

respectively.

Results

[00127] In Figure 1 and Table 1, at 4 uM, 2 uM and 1uM the CPP of SEQ ID NO: 1
conjugated to SMN1 PMO creates more truncated D7-SMN1 transcript than the SMN1 PMO
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alone. The efficacy of induced SMN1 exon-skipping follows a dose-response curve for applied
Peptide-PMO conjugate. The Peptide-PMO conjugate is more efficient (1.2-fold at 2uM) In
inducing SMN1 exon-skipping than the SMN1 PMO only treatment. Thus, the peptide described

N SEQ ID NO: 1 is an effective cell-penetrating and nuclear delivery agent.

[00128] In Figure 2 and Table 2, the viability of ARPE-19 cells treated with Peptide-PMO
conjugate versus PMO only at 32uM for 48 hours, clearly shows that the addition of the Peptide-
PMO conjugate is less deleterious (1.05-fold) to the cell viability than the PMO alone. This
indicates that the cell-penetrating and nuclear delivery actions of the peptide are not deleterious
to cell health, and do not cause the Inherent toxicity typically associated with cationic cell-
penetrating peptides.
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Example 2

[00129] The in vitro SMN1 efficacy assay described in Example 1 is equally applicable to
the in vivo setting, given the ubiquitous distribution of the Smn gene in the mouse body, Smn
being the mouse orthologue of the human SMN7T. The use of natural L-peptides is undesirable
in the in vivo setting, due to presence of a vast array of proteases in the body. To adequately
assess the peptide’s cell-penetrating capacity, peptides were synthesized as either mixed-L/D
amino acid containing peptides, where all basic residues were D-amino acids, or as full-D amino
acid containing peptides. Both approaches have been established to protect peptides from

proteolytic degradation during systemic administration into animals.

[00130] The ability of CPP-PMOs to deliver the Smn cargo in vivo to the RPE cell later in
the eye was assessed by administration into the vitreous humor of mice and measuring the
change in Smn transcript levels in the retina, RPE and choroid cell layers after 5, 7, 21 and 28
days. The CPP of the present invention (SEQ ID NO: 1) and control CPP Pip6a (SEQ ID NO: 3),
conjugated to an Smn PMO (SEQ ID NO: 2), were administered by intravitreal injection at 1.6ug
(0.5 ul volume) per eye. At the desired time point post treatment, the animals were culled and
eyes were dissected, tissue layers homogenised and BRNA extracted using the same protocol as

per Example 1.
[00131] The control CPP Pip6a contains non-natural amino acids (X and B):

RXRRBRRXRYQFLIRXRBRBBRXRBR B[SEQIDNO: 3]

Arg Ahx Arg Arg beta-Ala Arg Arg Ahx Arg Tyr GIn Phe Leu lle Arg Ahx Arg beta-Ala Arg
Ahx Arg beta-Ala

X = Ahx = Aminohexanoic acid; B = beta-Ala = beta-Alanine

[00132] The efficiency of delivery and function to the various organs was determined by
measuring the change in Smn BNA transcript from full-length to an exon-7 skipped fragment
(D7-Smn) RNA transcript, using RNA extraction, cDNA generation and PCR using Smn-specific
porimers. Efficiency was interpreted by the higher the percentage D7-Smn transcript, the better
the delivery to the tissue by the CPP.

[00133] Glial fibrillary acidic protein (GFAP) iIs an intermediate-filament cytoskeletal
protein. Levels of GFAP are strongly influenced by injury or stress in some cell types and GFAP
expression has become an important marker of injury in the central nervous system. In the eye,
Muller glia cells normally express low levels of GFAP which increases considerably following
retinal injury. Peptides which elicit relatively increased GFAP expression post intravitreal (IVT)

administration are deemed to be more toxic.
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Methods

Peptide and PMQO synthesis and Peptide-PMQO conjugation

100134 GPPs were synthesised using standard Fmoc SPPS based methods (Pepscan
GmbH, Lelystad, The Netherlands, and Mimotopes, Mulgrave, VIC, Australia). All seguences
contained a C-lerminal Azidolysine residue to allow coupling to the PMO; all N-terminl were

acetylated and C-termini amidated.

[00135] The Smn PMO (ACTTTCCTTCTTTTTTATTTTGTCT; SEQ ID NO: 2), with a 5’
cyclooctyne handle was produced by Gene Tools (Gene Tools LLC, Philomath, OR, USA)

[00136] CPP peptides with C-terminal Azidolysine were chemo-selectively conjugated
with &’-cycloocytyne PMO using strain-promote click chemistry (SPAAC; Agard et al. 2004;
Dommerholt et al. 2016) and purified by lon Exchange Chromatography and quantified by LC-
MS.

In vivo Smn efficacy assay (IVI administration)

[00137] Exon skipping assays and RT-PCR detection were performed according to
published protocols (Mann ef al 2002, Gene Med, 4, 644—654).

[00138] Mice (C57B/6; age 7 weeks) were sourced from Australian BioResources (ABR).
Selected CPP-PMOs were injected into the vitreous at 1.6 ug (0.5 ul) per eye, with one to three

mice per treatment group.

[00139] 48h post-treatment, mice were culled, and the following ocular tissues harvested;
retina, RPE layer or RPE/choroid combined. The tissues were homogenised, and RNA was
obtained using commercial RNA extraction kits according to manufacturer’'s protocol (Bio-Rad
Aurum total RNA 96 kit; Quantify RNA yield; Quant-iT RNA BR Kkit).

[00140] Extracted RNA was purified, quantified and then diluted to 10 ng/ul. cDNA was
produced using a commercial reverse transcription kit according to the manufacturers protocol
(BioRad iScript). The produced cDNA was used as a template with primers designed to amplify
region of Iinterest, to amplify the DNA. The efficacy of exon skipping was determined by
quantifying full length (FL Smn) and exon-7 skipped fragment (D7-Smn) of the Smn gene (LC-
GX Nucleic Acid Analyzer) and calculating a percentage. The higher the percentage of D7-Smn
DNA, the greater the CPP delivery efficiency

GFAP in vivo toxicity assay

[00141] Expression of GFAP mRNA was quantified via amplification of cDNA
obtained as part of the in vivo Smn efficacy assay described above. ddPCR was performed

using BioRad droplet generator and reader (QX200 DG8) and thermocyclers (T100), specific



WO 2021/119756 PCT/AU2020/051397

28

probes for murine Gfap (dMmuCPEb5116126) and housekeeping genes Gapdh, Eeflal and
Rpl27 (dMmuCPE5195283, dMmuCPE5101732 and dMmuCPE5197083) as well as ddPCR
Master mix for Probes (#1863024) and other ddPCR specific consumables from BioRad
(#1863005, 12001925, 1863004, 1864007).

(00142] Assay results were obtained by BioRad ddPCR software in copies/ulL.
This was then normalised to housekeeping genes for comparison across experiments. Peptides

which elicit relatively increased GFAP expression are deemed to be mare toxic.
Results

[00143] In Figures 3 and 4 and Tables 3 and 4, the CPP of SEQ ID NO: 1 conjugated to
Smn PMO creates more truncated D7-Smn transcript than the Smn PMO alone. The Peptide-
PMQO conjugate is more efficient in inducing Smn exon-skipping than the Smn PMO only
freatment, or a competitor CPP Pip6a (Betts et. al. 2012). Thus, the peptide described in SEQ
ID NO: 1 is an effective in vivo cell-penetrating and nuclear delivery agent.

[00144] In Figure 5 and Table 5, the CPP of SEQ ID NO: 1 conjugated to Smn PMO
elicits very little GFAP expression, no higher than PMO alone at 5 days and far lower than a
competitor CPP Pip6a. Thus, the peptide described in SEQ ID NO: 1 is deemed to be non-toxic

in vivo when administered intravitreally at clinically relevant concentrations.

Table 3: Efficacy results of CPP enhanced delivery of Smn antisense oligonucleotide in vivo
(RPE/choroid)

SEQ ID | Sequence Percent exon7-skipped SMN1 transcript (x SD)

NO: 5 days (x SD) 7 days (£ SD)
1[azk]2 | rrsrtaraGrpGrnssrpsapr[azk]ACTTTCC 13.05 12.22
TTCTTTTTTATTTTGTCT +5.14 + 3.61
ACTTTCCTTCTTTTTTATTTTIGTCT 0.00 0.00
+ (.00 + (.00

3[azk]2 | RXRRBRRXRYQFLIRXRBRXRB[azK] 9.94 6.70
ACTTTCCTTCTTTTTTATTTTGTCT +3.99 +6.35
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Table 4: Efficacy results of CPP enhanced delivery of Smn antisense oligonucleotide in vivo

(retina)
SEQ ID | Sequence Percent exon7-skipped SMN1 transcript (+ SD)
NO: 5 days (x SD) 28 days ( SD)
1[azKk]2 | rrsrtaraGrpGrnssrpsapr[azk]ACTTTCC 19.61 13.71
TTCTTTTTTATTTTGTCT +7.26 + 10.86
ACTTTCCTTCTTTTTTATTTTGTCT 0.00 0.77
+ 0.00 +1.33
3[azk]2 | RXRRBRRXRYQFLIRXRBRXRB[azk] 21.66 3.39
ACTTTCCTTCTTTTTTATTTITGTCT + 11.44 +2.94

Table 5: Viablility results of CPP enhanced delivery of Smn antisense oligonucleotide in vivo

(GFAP)
Sequence GFAP score (x SD)
5 days (x SD)
1lazk]2 | rrsrtaraGrpGrnssrpsapr[azK|ACTTTCCTTCTT 0.0324
TTTTATTTTGTCT + 0.0095
ACTTTCCTTCTTTTTTATTTTGTCT 0.0262
+ 0.0052
3[azk]2 | RXRRBRRXRYQFLIRXRBRXRB[azkK]ACTTTC 0.1637
CTTCTTTTTTATTTTGTCT + 0.0911
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CLAIMS

1.

10.

An isolated, non-naturally occurring cell-penetrating peptide (CPP) comprising the amino

acid seguence:

RRSRTARAGRPGRNSSRPSAPR [SEQ ID NO: 1]

and sequences which have at least 60% similarity to SEQ ID NO: 1.

The CPP of claim 1 that has at least 65%, 70%, 75%, 80%, 85%, 90%, 95% or 98%
similarity at the amino acid level to SEQ ID NO: 1

The CPP of clam 1 that is modified by one or more of the following: use of non-canonical
amino acids, fatty acids, detectable labels, oligonucleotides, cholesterol, and reactive

groups
The CPP of claim 1 that is conjugated to a molecule of interest.

The CPP of clam 4 wherein the molecule of interest is chosen from the following: a
therapeutic agent, an oligonucleotide, a further peptide or protein, a reactive group, a fatty
acid, cholesterol, or a detectable label.

The CPP of claim 4 wherein the conjugation is carried out using: a covalent link, or a non-

covalent interaction.

A modified cell comprising the CPP of claim 1 or CPP conjugated to a molecule of interest of

claim 4.

Use of a CPP of claim 1, CPP conjugated to a molecule of interest of claim 4 or modified cell

of claim 7 in the manufacture of a medicament or diagnostic agent.

Use of a CPP of claim 1, CPP conjugated to a molecule of interest of claim 4 or modified cell
of claim 7 as a medicament or diagnostic agent.

A kit comprising (i) a CPP of claim 1, CPP conjugated to a molecule of interest of claim 4 or
modified cell of claim 7; and (i) instructions for use.
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