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PEPTIDES ARD RANOPARTICLES FOR INTRACELLULAR DELEVERY OF
GENOME-EDITING MOLECULLES

{CROSS-REFERENCE TO RELATED APPLICATIONS
THHIEY This application claims prionty to U.S. Provisional Application No. 62/342,823, filed
on Mav 27, 2016, U.S. Provisional Application No. 62/394 140, filed on September 13, 2016,
and U.S. Provisional Application No. 62/477. 357, filed on March 27, 2017, all of which are
hereby incorporated by reference in their entireties.
FIELD OF THE INVENTION
G002 The present invention pertains {o peplide-containing complexes/nanoparticles that are
useful for stabilizing and/or dehivering into a cell one or more moiecuies of a genome-editing
system, such as CRISPR-associated proteins and nucleic acids.
SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FILE
LHHIXY The content of the foliowing submussion on ASCII text file 1s incorporated herein by
reference in its enfirety: a computer readable form (CRYF) of the Sequence Listing {file name:
7373720008408 eqlast.ixt, date recorded: May 26, 2017, size: 48 KB).
BACKGROUND
{3304 The CRISPR inferference fechmque has enormous potential application, including
altering the germiine of humans, animals, and other organisms, and modifving the genes of food
crops. By delivering a CRISPR-associated nuclease, such as Cas9 or Cpil, and appropriate
ouide RNAs into a cell, the organism's genome can be cut at almost any desired location
(Ledford, H. {2015}, Nature. S22(7554);, Zetsche eral., (2015). Cell. 163{3).759-771). CRISPRs
have been used in concert with specific endonuclease enzymes for genome editing and gene
regulation in many different species (Mal ef al., (2013). Nature Methods. 10{10).957-63).
CRISPR tools have been used for various genome modifications, imncluding double-strand break
formation with non-homologous end ioming (NHEJ-mediated mutagenesis (Wang ef /.,
(2013). Cell. 153:910-918), mick formation with NHEJ-mediated mutagenesis (Cheng ef al.
(2014 FEBS Lett. 5388:3954-3958}, knock-1n with homology-dependent repair (HDR) (Inui e/
al. (2014}, Sci. Rep. 4:5396), and genome-rearrangement (Maddalo ef af. (2014} Nature.
516:423-427), and are suitable {or use 1 methods of repressing or activating gene expression.
Nuclease-deficient Cas nucieases can be used to block the binding of transcriptional activators in

order 10 block expression of specific genes, to deliver transcrniptional activaiors to stimulate
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expression of specific genes, or to deliver epigenetic modifiers (o targel sequences to alter
histone methvlation or acetviation (Ledford, H. (2016). Nature. 531:156~1359)
LHELRY The disclosures of all publications, patents, patent applications and published paient

applications referred 1o heremn are hereby incorporated herein by reference in their entirety.
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BRIEF SUMMARY OF THE INVENTION
HHEY The present application provides complexes and nanoparticles comprising cell-
penetrating peptide that are useful for stabilizing and/or delivering into a cell one or more
molecules of a genome-editing system, such as CRINPR-associated proteins and nucleic acids.
130071 In some embodiments, there 1s provided a genome-ediing compiex for modifyving a
target polvnucleoiide comprising a cell-penetrating peptide associated with an RGEN/gRNA
complex comprising an RNA-guided endonuciease (RGEN) and a guide RNA (gRNA}, wherein
the eRNA comprises a guide sequence complementary to a target sequence in the target
polynucleotide.
[GOOR] in some embodiments, there i1s provided a genome-edifing complex for moditving a
target polynucleotide comprising a cell-penetrating peptide and one or more molecules of a
cenome-editing svstem targeting the target polvnucleotide, wherein the cell-penetrating peplide
is seiected from the group consisting of YEPEP-3 peptides, VEPEP-6 peptides, VEPEP-9
peplides, and ADGN-100 peptides. In some embodiments, the one or more genome-editing
svstem molecules are selected from the group consisting of: a) an RNA-guided endonuciease
(RGEN) and a gunde RNA {(¢RNA), wheremn the gRNA comprises a guide sequence
complementary {0 a target sequence in the target polvnuciectide; b a DNA-gwmded endonuciease
{DGEN) and a gande DNA {(¢DNA), wheremn the gDINA comprises a guide sequence
complementary to g target sequence in the target polynucleotide: ¢} a zinc finger protemn (ZFP),
wherein the ZFP recognizes a target sequence in the target polynucieotide; d} a transcription
activator-like effector nuclease (TALEN), wherein the TALEN recognizes a target sequence in
the target polynucleotide; e) a homung endonuclease, wherein the homing endonuclease
recognizes g target sequence in the target polynucleotide; and ) an infegrase, wheremn the
imntegrase recognizes a recombination site in the target polynucieotide.
tHERS In some embodiments, according to any of the genome-edifing complexes described
above, the cell-penetrating peptide 1s a VEPEP-3 peptide. In some embodiments, the cell-
penetrating peplide comprises an amino acid sequence selected from the group consisting of
SEQ ID NOs: 1-14. In some embodiments, the cell-penetrating peptide comprises the amino acid
sequence of SNEQ IDNO: 75 or 76.
[{(G310] fn some embodiments, the cell-penetrating peptide 1s a VEPEP-6 peptide. In some

embodiments, the cell-penetrating peptide comprises an amino acid sequence selected from the
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group consisting of SEQ ID NOs: 15-40. In some embodimenis, the cell-peneirating peptide
comprises the anuno acid sequence of SEQ 1D NG: 77,

G011} in some embodiments, according to any of the genome-editing complexes described
above, the cell-penetrating peptide 1s a VEPEP-9 peptide. In some embodiments, the cell-
penctrating peplide comprises an amino acid sequence selected from the group consisting of
SEQ 1D NQOs: 41-52. In some embodiments, the cell-peneirating peptide comprises the amino
actd sequence of SEQ 1D NG: 78,

3312} In some embodiments, according 10 any of the genome-ediling complexes described
above, the cell-penetrating peptide 15 an ADGN-100 peptide. In some embodiments, the cell-
penetraling peplide comprises an anuno acid sequence selecied from the group consisting of
SEQ ID NOs: 53-70. In some embodiments, the cell-penetrating peplide comprises the amino
acid sequence of SEQ 1D NG: 79 or 80,

LK) In some embodiments, according 1o any of the genome-ediling complexes described
above, the cell-penetrating peptide further comprises one or more moieties covalently linked to
the N-termimus of the cell-penetrating peptide, and wherein the one or more moieties are selected
from the group consisting of an acetvl, a fatty acid, a cholesterol, a polv-ethviene glvceol, a
nuciear localization signal, nuclear export signal, an anfibody, a polvsaccharide and a targeting
molecule. In some embodiments, the celi-penetrating peptide comprises an acetyl group
covalently linked to its N-terminus. In some embodiments, the cell-penetrating peptide further
comprises one or more moieties covalently linked to the C-terminus of the celi-penetrating
peplide, and whereimn the one or more moieties are selected from the group consisting of a
cysteammude, a cystemne, a thuol, an amide, a niintlotniacetic acid oplionally substituied, a carboxyvl,
a linear or ranufied C,-Cq alkvl optionally substituted, a primary or secondary amine, an osidic
derivative, a hipid, a phospholipid, a fatty acid, a cholesterol, a poly-ethyiene ghycol, a nuciear
localization signal, nuclear export signal, an antibody, a polysaccharide and a targeting molecule.
In some embodiments, the cell-penetraling peplide comprises a cysteamide group covalently
imked to 1ts C-ternunus.

THIEEY In some embodiments, according to any of the genome-ediling complexes described
above, at least some of the cell-penetrating peplides in the genome-~ediing complex are hnked {o
a targeting moiety by a hinkage. In some embodiments, the linkage 1s covalent.

(3015] in some embodiments, according to any of the genome-editing complexes described

above comprising a gRNA, the gRNA 15 a single-guide RNA (sgRNA). In some embodiments,
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the sgRNA comprises a specificity-determiming CRISPR RNA (crRNA) fused to an auxithary
trans-activaling crRNA {(fractRNA). In some embodiments, the gRNA 1s an sgRNA comprising
the puide sequence, a tracr mate sequence, a {racr sequence, and a tail sequence.

3316} In some embodiments, according to any of the genome-editing complexes described
above comprising an RGEN, the RGEN 1s Cas@.

(3317 In some embodiments, according to any of the genome-ediling complexes described
above comprising an RGEN and a gRNA, the molar ratio of RGEN to gRINA 1s between about
1210 and about 101

[{G318] in some embodiments, according to any of the genome-~editing complexes described
above comprising an RGEN, the molar ratio of the cell-penetrating pepiide to the RGEN 15
between about 1.1 and about 80:1 {such as about anv of 1:1, 5:1, 10:1, 20:1, 30:1, 40:1, 5G:1,
6O 1, 70:1, 801, mcluding any ranges between these ratios). In some embodiments, the molar
ratio of the cell-penetrating peptide to the RGEN is between about 5:1 and about 20:1 {such as
about any of 5:1, 6:1, 7:1, 8:1, 9.1, 10:1, 1101, 12:1, 13:1, 14:1, 15:1, 16:1, 17:1, 18:1, 19:1, and
2001, mcluding any ranges between these ratios).

[{(3319] in some embodiments, according to any of the genome-edifing complexes described
above comprising a gRNA, the genome-editing complex further COmprises one or more
additional gRNAg comprising different gude sequences. In some ermbodiments, the target
sequence 1s present 1n a target gene, and the one or more additional gRNAs mdivadually
comprise a guide sequence complementary 10 a sequence in the farget gene. In some
embodiments, the target sequence 1S present in a first target gene, and the one or more additional
gRNAs mdividually comprise a guide sequence complementary {0 a sequence present i one or
more additional target genes.

(G20} in some embodiments, according to any of the genome-editing compiexes described
above, the one or more genome-~-ediling systern molecules comprise a ZFP. In some
embodiments, according to any of the genome-editing complexes described above, the one or
more genome-editing svstem molecules comprise a TALEN. In some embodiments, according {0
any of the genome-editing complexes described above, the one or more genome-edifing svstem
molecules comprise a homang endonuclease.

(02 1] in some embodiments, according to any of the genome-~editing complexes described
above, the genome-edifing complex further comprises a donor nucieic acid for infroducing a

modification to the target polynucleotide comprising a sequence corresponding to a portion of
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the target polynucleotide modified to comprise the modification. In some embodiments, the
modification 1s addition, deletion, or subsiitution of one or more nucleotides in the target
poiynucieotide. In some embodiments, wherein the donor nucleic acid 15 a single-stranded DNA
oligonucleotide. In some embodiments, the modification i1s msertion of a heterologous nucleic
acid in the target polvnucieotide. In some embodiments, the donor nucleic acid 1s a double-
stranded DNA comprising the heterologous nucleic acid flanked by a 5" homologv arm and a 37
nomology arm, and wherein the 5" homology arm and the 3" homology arm are homoiogous {o
sequences flanking the region of the target polvnucieofide 10 be modified. In some embodiments,
the genome-editing complex further compnses one or more addiional donor nucleic acids for
imtroducing modiiications 1o one or more addifional farget polynucleotides. In some
embodiments, each of the one or more additional donor nucleic acids comprises a sequence
corresponding to a portion of one of the one or more additional target polynucleotides modified
to comprise the modification.

(33221 In some embodiments, according to any of the genome-ediling complexes described
above, the one or more genome-editing svstem molecules comprise an miegrase. In some
cmbodiments, the genome-editing complex further comprises a donor nucleic acid for mseriion
into the farget polynucieotide. wherein the integrase recognizes a recombination site in the donor
nuclerc acid and 1s capable of mediaiing recombination between the recombmation siie m the
target polynucieohide and the recombimation site 1n the donor nucleic acid to msert the donor
nucleic acid ito the target polvnucieotide.

(G023 In some embodiments, according to any of the genome-ediling complexes described
above, the average diameter of the genome-editing complex 1s between about 10 nm and about
30U nm.

(G024 ] in some embodiments, there 1s provided a nanopartiicle comprising a core comprising
a genome-editing complex according to any of the embodiments described above. In some
embodiments, the core further comprises one or more additional genome-editing complexes
according to anv of the embodiments described above. In some embodiments, the core further
comprises a donor nucleic acid for introducing a modification {o the target polvnucleotide
comprising a sequence correspondmg to a portion of the target polynucieotide modified to
comprise the modification, wherem the donor nucleic acid 15 complexed with a second cell-

penetrating pepide. In some embodiments, the second cell-penetrating peptide is selected from

the group consisting of VEPEP-3 peptides, VEPEP-6 peptides, VEPEP-9 peptides, and ADGN-
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100 pepides. In some embodiments, the second cell-penetrating peptide comprises an amino
acid sequence selected from the group consisting of SEQ 1D NOs: 1-70 and 75-80. In some
embodiments, the modification i1s addition, deletion, or substitution of one or more nucieotfides
in the target polynuclectide. In some embodiments, the donor nucleic acid 1s a single-stranded
DNA oligonucleotide. In some embodiments, the modification 1s mserfion of a heterologous
nucieic acid m the target polvnucieotide. In some embodiments, the donor nucleic acid is a
double-stranded DNA comprnising the heterologous nucleic acid flanked by a 53" homology arm
and a 3" homology arm, and wherein the 5™ homology arm and the 3” homology arm are
homaologous 1o sequences flanking the region of the target polynucieotide to be modified. In
some embodiments, the core turther comprises one or more addifional donor nucieic acids for
mtroducing modifications o one or more additional {arget polvnucleotides, wherein each of the
one or more additional donor nucleic acids comprises a sequence corresponding {0 a portion of
one of the one or more additional farget polvnucieofides modified to comprise the modification,
and wherein each of the one or more additional donor nucleic acids 1s complexed with a celi-
penetrating peptide. In some embodiments, at least some of the cell-penetrating peptides o the
nanoparficle are linked 1o a targeting moiety by a linkage. In some embodiments, the core 1s
coated by a shell comprising pernipheral cell-penecirating peptides. In some embodiments. at least
some of the peripheral cell-penetrating peptides n the shell are inked to a targeting motety by a
Iinkage. In some embodiments, the linkage 1s covalent. in some embodiments, the peripheral
cell-penetfrating pepiide 1s selected from the group consisting of VEPEP-3 peplides, VEPEP-6
peptides, VEPEP-9 peptides, and ADGN-100 peptides. In some embodiments, the pernipheral
cell-penetrating peplide compnses an amino acid sequence selecied from the group consisiing of
SEQ ID NOs: 1-70 and 75-80. In some embodiments, the average diameter of the nanoparticle 1s
between about 10 nm and about 400 nm. In some embodiments, the average diameter of the
nanoparticie s between about 50 i and about 300 nm. In some embodiments, the average
diameter of the nanoparticle 1s between about 80 nim and about 200 nim.

(G025 In some embodiments, there 1s provided a pharmaceutical composifion Comprising a
genome-ediling complex according 1o any of the embodiments described above or a nanoparticie
according 1o any of the ernbodiments described above, and a pharmaceutically acceptable
carrier. In some embodiments. the pharmaceutical composition 1s formulated for intravenous.
itratumoral, mntraarienal, topical, intraocular, ophthalmic, infraportal, intracramal, intracerebral,

intracerebroventricular, intrathecal, intravesicular, intradermal, subcutaneous, intramuscular,
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mitranasal, intratracheal, pulmonary, miracavily, or oral admuanssiration. In some embodiments,
the pharmaceufical composition 1s lvophilized. In some embodiments, the pharmaceutical
composition further comprises an expression complex comprising a third cell-penetrating
peptide and a nucleic acid molecule encoding an exogenous protem. In some embodiments, the
exogenous profein 1§ a recombinant recepior capable of being expressed on the surface of a cell.
In some embodiments, the recombinant receptor 1s a chimeric antigen receptor {CAR). In some
embodiments, the third cell-penetrating peptide 15 selected from the group consisting of VEPEP-
3 pepltides, VEPEP-6 pepiides, VEPEP-9 peptides, and ADGN-100 peplides. In some
cmbodiments, the third cell-penefrating peplide comprises an amino acid sequence selected from
the group consisting of SEQ ID NOs: 1-70 and 75-30.

[G326] In some embodiments, there 1s provided a method of preparing a genome-editing
complex according to any of the embodiments described above, comprising combining the cell-
penetrating peptide with the RGEN/gRNA complex, thereby forming the genome-editing
complex. In some embodiments, the cell-penetrating peptide 1s combined with the RGEN/gRNA
complex at a ratio from about 1.1 to about 80: 1. In some embodiments, the cell-penetrating
pephide 15 combined with the RGEN/gRNA complex at a ratio from about 5:1 {0 about 20: 1.
{30271 In some embodiments, there 1s provided a method of preparing a genome-editing
complex according to any of the embodiments described above, comprising combining the cell-
penetrating peplide with the one or more genome-editing system maolecules, thereby fornung the
genome-cdifing complex. In some embodiments, the genome-ediiing system molecules comprise
an RGEN and a gRNA, and the cell-penetrating peptide and the RGEN are combined at a ratio
from about 1:1 {o about 80:1, respectively, and the RGEN and the gRNA are combined at a ratio
from about 10:1 to about 1:10, respectivelv. In some embodiments, the cell-penetrating peptide
and the RGEN are combined at a ratio from about 5:1 {0 about 20: 1, respectively. In some
ernbodiments, the RGEN and the gRNA are combined at a ratio of about 1:1.

130281 In some embodiments, there 1s provided a method of delivering one or more
molecuies of a genome-editing system into a cell, comprising contacting the cell with a genome-
editing complex according to any of the embodiments described above or a nanoparticle
according to any of the embodiments described above, wherein the genome-editing complex or
the nanoparticle comprises the one or more genome-~-editing systerm molecules. In some
embodiments, the contacting of the cell with the genome-editing complex nanoparticle 1s carned

out in vive. In some embodiments, the contacting of the cell with the genome-editing complex
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nanoparticie 18 camed out ex vivo. In some embodiments, the contacting of the cell with the
genome-~editing complex nanoparticle 1s carnied out iz virro. In some embodiments, the cell 1s a
oranuiocyie, a mast cell. a monocvie, a dendritic cell. a B cell. a T cell, a natural kaller cell, a
fibroblast, or a hepatocyte. In some embodiments, the cell 1s a T cell. In some embodiments, the
cell 1s a fibroblast. In some embodiments, the cell 15 a hepatocyie. In some embodiments, the cell
is a lung progenitor cell. In some embodiments, the cell is a neuronal cell. in some
embodiments, the genome-editing system fargets a sequence in a gene selected from the group
consisting of PD-1, PD-L1, PD-L2, TIM-3, BTLA, VISTA, LAG-3, CTLA-4, TIGIT, 4-1BEB,
OX40, CD27, TIM-1, CD28, HVEM, GITR, and ICOS. In some embodiments. the method
further comprises contacting the cell with an expression complex comprising a fourth cell-
penetrating peptide and a nucleic acid molecule encoding an exogenous protein. in some
embodiments, the exogenous protein 1s a recombinant receptor capable of being expressed on
the surface of a cell. In some embodiments, the recombinant receptor 1S a chimeric antigen
receptor {CAR). In some embodiments, the fourth cell-penetraling peplide 1s selected from the
group consisting of VEPEP-3 peptides, VEPEP-6 peptides, VEPEP-9 peptides, and ADGN-100
pephides. In some embodiments, the fourth cell-penelrating peptide comprises an anmino acid
sequence selected from the group consisting of SEQ 1D NOs: 1-70 and 73-80.

[GG29] In some embodiments, there 1s provided a method of modifying a target
polyvnucieotide in a cell, comprising contacting the cell with a genome-editing complex
according to anv of the embodiments described above or a nanoparticle according to any of the
embodiments described above, wherein the genome-editing complex or the nanoparticle
comprises one or more moelecules of a genome-~editing system that targets a sequence mn the
target polvnucleotide.

(G030 in some embodiments, there is provided a method of {reating a disease in an
mcividual comprising admansterimg (o the mndividual an effective amount of a pharmaceutical
compaosifion according to any of the embodiments described above. In some embodiments. the
disease 1s selected from the group consisting of cancer, diabetes, inflammatory diseases, fibrosis.
viral infectious diseases, hereditary diseases, ocular diseases, liver diseases, lung disease, kidney
diseases, and aging and degenerative diseases. In some ermmbodiments, the disease 1s cancer. In
some embodiments, the cancer 1s a sohid tumor, and the pharmaceutical composition comprises a
oenome-editing compiex or nanoparticie comprising one or more molecules of a genome-editing

svstem that modulates the expression of one or more proteins selecied from the group consisting
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of growth factors and cytokines, cell surface receptors, signaling molecules and kinases,
transcription factors and other modulators of transcription, regulators of profem expression and
modification, and regulators of apoptosis and metastasis. In some embodiments, the cancer 1s
cancer of the hiver, lung, or kidney. In some embodiments, the cancer 15 a hematological
malignancy, and the pharmaceutical composifion comprises a genome-cditing complex or
nanoparticle comprising one or more maoleculies of a genome-editing system that modulates the
expression of one or more proteins selected from the group consisting of growth factors and
cytokines, cell surface receptors, signaling molecules and Kinases, transcription factors and other
modulators of transcription, regulators of protein expression and modification, and regulators of
apopiosis and metastasis.

(G031} In some embodiments, according to any of the methods of treating a disease
described above, the disease 15 a viral infection disease, and the pharmaceutical composition
comprises a genome-editing complex or nanopariicie comprising one or more molecules of a
genome-editing system that moduiates the expression of one or more proteins mvolved in the
viral infectious disease development and/or progression.

(G032 in some embodiments, according to any of the methods of treating a disease
described above, the disease 1s a genetic disease, and the pharmaceuiical composiion comprises
a genome-cditing complex or nanoparticle comprising one or more molecules of a genome-
editing system that modulates the expression of one or more protemns involved mn the hereditary
disease development and/or progression.

THIRRY In some embodiments, according to any of the methods of {reating a disease
described above, the disease 1s an aging or degenerative disease, and the pharmaceutical
composifion comprises a genome-editing complex or nanoparficle comprising one or more
molecuies of a genome-editing system that modulates the expression of one or more proteins
mvolved m the aging or degenerative disease development and/or progression.

160341 In some embodiments, according to any of the methods of treating a disease
described above, the disease is a fibrotic or inflammmatorv disease, and the pharmaceutical
composition comprises a genome-editing complex or nanoparticle comprising one or more
moleculies of a genome-editing sysiem that modulates the expression of two or more proteins
mvolved m the fibrotic or mflanumatory disease development and/or progression.

(3035] in some embodiments, according to any of the methods of treating a diseasa

described above, the individual 1s human.

PO
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THERTY in some embodiments, there 18 provided a kit comprising a compostiion comprising a
genome-ediing complex accordmng to any of the embodiments described above and/or a
nanoparticle according to any of the embodiments described above.

BRIEF DESCRIPTION OF THE FIGURES
G337 FI(. 1 A shows binding titration curve of CAS9 to CPPs as momiored by CY-5

Huorescence. A fixed concentration of 5 nM of flucrescently labeled CAS9 was fifrated by
increasing concentration of VEPEP-3b (SEQ 1D NO: 763, VEPEP-6 (§EQ ID NO: 773, VEPEP-
O(SEQ IDNQO: 73), CADY (SEQ ID NO: 81) and ADGN-100b (SEQ 1D NO: 80} peptides.

Dissociation constants were calculated from data fitting using a guadatric equation.

(G338 Fi(G. 1B shows binding titration curve of CAS9:gRNA {0 UPPs as monitored by CY -
5 fluorescence. A fixed conceniration of 5 nM of fluorescently labeled CAS9:gRNA was titrated
by mcreasing concentration of VEPEP-3b (SEQ 1D NO: 76}, VEPEP-6 (SEQ 1D NOG: 77).
VEPEP-9 (SEQ ID NG: 78), CADY (SEQ ID NQO: 81} and ADGN-100b (SEQ ID NG: 80)
peptides. Dissociation constants were caiculated from data fiting using a guadatric equation.
THERS FI1(4, 2A shows gene disruption frequency of an EGEP reportier gene in UZOS cells
from delivery of CASY9:sgRNA as guantified by flow cytometry. 10 nM, 25 nM and 50 nM of
{CASY oRNA complexes were associated with different peptides at molar ratio 1:5, respectively.
and to hpolectamme 2000 and RNAIMAX.

G340 Fi(s. 2B shows gene disruption frequency of an EGFP reporter gene in U208 cells
irom delivery of CAS9:5gRINA as quantified by flow cviometry. 10 nM, 25 nM and 50 nM of
CAS9. gRNA complexes were associated with different peptides at molar ratio 1: 10, respectively,
and to hpofectamane 2000 and RNAIMAX.

(04 1] F1G. 2C shows gene disruption {requency of an EGEFP reporter gene in UZOS cells
from deliverv of CAS9:sgRNA as quantified by fiow cvtometry. 10 M, 25 nM and 50 nM of
CASY gRNA complexes were associated with dillerent peptides at molar ratio 1:20, respectively,
and to hipofectamine 2000 and RNAIMAX.

(3342 ] FI(. 2D shows a dose response of gene disruption {requency of an EGFP reporter
gene m U208 using different peptides. Lipofectamine 2000 and RNAIMAX were used as
controls. Values in parentheses indicated molar ratio of peptide o CASY. gRNA complex.

(3043} F1G. 3A shows gene disruption frequency of an EGFP reporter gene in HEK cells

from deliverv of CAS9:sgRNA as quantified by fiow cvtometry. 10 M, 25 nM and 50 nM of

b1
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CAS9:. gRNA complexes were associated with different peptides at molar ratio 1:3, respectively,
and to lipofectanmune 2000 and RNAIMAX.

(G044 ] F1(G. 3B shows gene disruption frequency of an EGFP reporter gene in HEK celis
from delivery of CAS9:5gRNA as quantified by flow cviometry. 10 nM, 25 nM and 50 nM of
CASY ¢cRNA complexes were associated with different peptides at molar ratio 110, respectively,
and to hipofectamine 2000 and RNAIMAX.

THIEIY FI( 3¢ shows gene disruption frequency of an EGEFP reporter gene in HEK celis
from dehvery of CAS9:sgRNA as guantified by How cviometry. 10 oM, 25 nM and 50 nM of
CAS9.gRNA complexes were associated with different peptides at molar ratio 1:20, respectively,
and to lipofectamine 2000 and RNAIMAX

[G346] FI(. 3D shows a dose response of gene disruption frequency of an EGFP reporter
cene m HEK cells using different peptides. Lipofectanune 2000 and RNAIMAX were used as
controls. Values in parentheses indicated molar ratio of peptide to CASY oRNA complex.

(3347 FIG. 4A shows gene disruption frequency of an EGEP reporter gene in JURKAT T
cells from dehivery of CAMN9:5gRNA as quaniiied by flow cyviometry. 10 oM, 25 nM and 50 nM
of CASY gRNA complexes were associated with different peptides at molar ratio 1:50,
respectively, and to lipofectamine 2000 and RNAIMAX

133481 FIG. 4B shows gene disruption frequency of an EGFP reporter gene m JURKAT T
cells from delivery of CASY:sgRNA gs quaniified by flow cyiometry. 10 nM, 25 oM and 50 nM
of CAS9: gRNA complexes were associated with different peptides at molar ratio 1:10,
respectively, and to lipofectamine 2000 and RNAIMAX.

(303491 FI1G, 40 shows gene disruption frequency of an EGEP reporter gene in JURKAT T
cells from delivery of CASY9:sgRNA as quantified by flow cviometrv. 10 oM, 25 nM and 50 nM
of CAS9:¢RNA complexes were associated with different peptides at molar ratio 1:20,
respectively, and to hpoleciamime 2000 and RNAIMAX

|GO50] FI(G. 4D shows a dose response of gene disruption {requency of an EGFP reporter
gene m JURKAT T cells using difierent peptides. Lipofectamine 2000 and RNAIMAX were
used as controls. Values i parentheses indicated molar ratio of peptide to CAS9:gRNA complex.
THESEE FI1(4 5A shows gene distuption frequency of an EGEP reporier gene i UZOS cells
from delivery of CASY9:sgRNA as guantified by flow cytometfry. 10 nM, 25 nM and 50 nM of
CASY:. oRNA complexes were associated with variant sequences of VEPEP-3 and ADGN-100 at

molar ratio 1:20, respectively. RNAIMAX was used as control deliverv system.
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THESYE FI1(G, 5B shows gene disruption frequency of an EGEP reporter gene in JURKAT T
cells from delivery of CASY9:sgRNA as quantified by flow cviometrv. 10 oM, 25 nM and 50 nM
of CAS9:gRNA complexes were associated with vanant sequences of YVEPEP-3 and ADGN-100
at molar ratio 1:20, respectively. RNAIMAX was used as control delivery system.

(G053 FI(. 6 A shows toxucity evaluation of ADGN-100a/CASY9/¢RNA and VEPEP-

3/ CASY/oRNA complexes on U205 cells as measured by MTT assav. Peptides were compared
to CAS9/gRNA complexed to Lipofectanune 2000 and RNAIMAX. Values in parentheses
mdicated molar ratio of peptide to CASY: gRNA complex.

(G054 ] F1(G. 6B shows toxicity evaluation of ADGN-100a/CASY/gRNA and VEPEP-
3b/CASS9/gRNA complexes on HEK cells as measured by MTT assay. Pepiides were compared
to Lipofectamine 2000 and RNAIMAX. Values in parentheses indicated molar ratio of peptide {o
CASY: gRNA complex.

LHISS) FI(5. 6 shows toxicity evaluation of ADGN-100a/C ASY9/¢RNA and VEPEP-

3/ CASYoRNA complexes on JURKAT cells as measured by MTT assay. Peptides were
compared to Lipofectamine 2000 and RNAIMAX. Values 1in parentheses mdicaied molar ratio of
pepiide 1o CAS9:gRNA complex.

LHIREY F1G. 7A shows EMX1 gene editing i UZOS cells. Cell were fransfected with 25 nM
CASY/eRNA associated with either VEPEP-3b, ADGN-100a, VEPEP-9, or RNAIMAX. Cell
samples were analysed by T7Ef methods and indel resulis were deternuned by guantifving the
amount of uncut vs cut DNA using Fragment Analyvzer Sysiem and reported in {able 3.

7 FI{s. 7B shows EMX1 gene editing tn K562 cells. Cell were transtected with 25 nM

(53

THE
CASY9/gRNA associated with either VEPEP-b3, ADGN-100a, VEPEP-9, or RNAIMAX. Cell
samples were analyvsed by T7E methods and indel results were determined by guantifying the
amount of uncut vs cut DNA using Fragment Analyzer System and reporied in Table 3.

(G358 FIG. 7C shows EMX] gene editing i JURKAT cells. Cell were transfected with 25
nM CASY/gRNA associated with either VEPEP-3b, ADGN-100a, VEPEP-9, or RNAIMAX.
Cell sanmiples were analyvsed by T7El methods and indel results were deternuned by quaniiiving
the amount of uncut vs cut DNA using Fragment Analyvzer System and reported m Table 3.
THESY FI1G, 8A shows EMXT gene editing in EGFP-UZ0S cells. Cell were transtected with
25 nM CAS9/gRNA associated with etther VEPEP-3b, ADGN-100a, VEPEP-9, or RNAIMAX.
{Cell samples were analysed by T7EI methods and indel resulis were determaned by quaniilying

the amount of uncut vs cut DNA using Fragment Analvzer System and reported in Table 4.
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THESY FI1G 8B shows EMXT gene editimg in EGFP-JURKAT cells. Cell were transtected
with 25 nM CASY/gRNA associated with either VEPEP-3b, ADGN-100a, VEPEP-9, or
RNAIMAX. Cell samples were analvzed by T7EI methods and indel results were deternuned by
quantifving the amount of uncut vs cut BNA using Fragment Analvzer Svstem and reported in
Table 4.

(G061 ] FI(. 8( shows gene disruption frequency of an EGFP reporter gene in both UZOS
and JURKAT T cells from delivery of CAS9:50RNA as quantified by flow cytometry. 25 nM of
CAS9:gRNA complexes were associated with VEPEP-3b, VEPEP-Y and ADGN-100a at molar
ratio 1:20, respectively, and to hipofectamine 2000 and RNAIMAX.

(G362 F1G. 9A shows analysis of the efficiency of HDR msertion of a Hindlll and Nhel
restriction enzyme site in the EMX1 gene i UZ0OS cells. The percent HDR editing were
calculated using an RFLP assay with Nhel digestion of EMXI PCR amplicons.

30631 Fi(z. 9B shows analvsis of the efficiency of HDR insertion of a Hindlll and Nhel
resiriction enzyme site in the EMX1 gene in JURKAT cells. The percent HDR editing were
calculated usmg an RFLP assay with Nhel digestion of EMXI PCR amplicons.

(3064 ] F1G. 10 shows gene distuption frequency of an EGEFP reporter gene in U205 cells
from co deliverv of CASY9-expresson plasnud and sgRNA using ADGN-100a peptide. CASO
expression plasmud and sgRNA were associaled with ADGN-100a at molar ratio 10:1 or 201
(indicated by values m parentheses) of ADGN-100a to each of the CASY expression plasmd and
the sgRNA, and to hpolectamine 2000,

|3065] FI(s. 11 shows the fransfection efficiency of ADGN-100a/plasmud complexes.
Primary T cells were transfected with ADGN-100a particles containing an anti-CD19 CAR-
encodmg plasnmud at 2 concenfrations (2ug and Sug). At Day 4, expression of the anfi-Ci319-
CAR was evaluated by flow cytometry using a Protein L assay. Data were normalized {o
untransiected cells and compared o cells mncubated with free plasmid.

G066 Fi(5. 12 shows the viability of pnimary T celis following transfection with ADGN-
100a/plasmid complexes. Primary T cells were transfected with ADGN-100a particies
contaming an anti-CE19 CAR-encoding plasnud at 2 concentrations {(2ug and 5ug}. At Day 4,
cell viability was guantified by flow cvtomelry using 7-AAD. Data were normalized 10
uniransfected cells and compared to T cells incubated with free plasmud.

(G367 ] F1(G. 13 shows the transfection efficiency of ADGN-100a/plasnud complexes used in

combination with peptide/RGEN/gRNA complexes. Primary T cells were transfected with
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ADGN-100a particles containmg an anti-CD19 CAR-encoding plasymd (Sug) and peptide
parficies confamning gRNA/CASY complexes. At Day 6, expression of the anti-CD19-CAR was
evaluated by flow cvtometry using a Protein L assay. Data were normaiized to untransfected
celis and compared to cells mcubated with free plasmud.

G068 FI(G. 14 shows toxicity evaluation of ADGN-100a/CASY9/¢RNA and VEPEP-
3a/CASY/sRNA complexes on JURKAT and K562 celis as measured by MTT assay. Delivery of
CAS9/gRNA complexes by RNAIMAX was included for comparison.

THHSY FIG. 15 shows the vagbility of primary T cells [oliowing transfection with ADGN-
100a or VEPEP-3a particies containing CASY9/gRNA complexes. T cells were {ransiected with
ADGN-100a or VEPEP-3a particles containing CAS9/gRNA particles at 2 concentrations
{(Sug/10ug CAS9/gRNA and 2.5ug/5up CASY/eRNA). Afler 48h, cell viability was quantified
by iow cviomelry using 7-AAD. Data were normalized to untranstected cells and compared to
T cells incubated with free CASY/gRNA.

{370 FI(GS. 16A and 168 show the gene disruption frequency of AMXT and HFPRT
endogenous genes 1 primary human fibroblasts (FIG. 16A) or privnary human hepatocyites (FI1G.
168) mediated bv CASY/gRINA, as quantified by T7E] assay. CASY/gRNA complexes (10 nM,
20 nM, or 50 nM) were delivered either by ADGN-100a (molar ratio of 20:1 for peptide to
complex) or by RNAIMAX.

G371 FIGS. 17A and 178 show the toxacity evaluation of ADGN-100a/CASS/gRNA
complexes on human primary fibroblasts (FIG. 17 A} or hwman primary hepatocytes (FIG. 178)
as measured by MTT assay. Peptide-mediated delivery was compared to delivery by
RNAIMAX.

(G372} F1G. 18 shows western blot analysis and quantification for CASY protein expression
in U208 cells transfected with CSA9 mBRNA (0.2 ug or 0.5 ug) using etther ADGN-100a or
Lipofectamime 2000

G373 FI(G. 19 shows the gene distuption frequency of an EGFP reporter gene m UZOS
celis by ADGN-100a-mediated dehivery of CASY/gRNA or CASY mRNA/gRNA, as guantified
by fiow cvtometry. CASY/gRNA (2.5 uM/5 uMj} or CAS9 mRNA/gRNA (0.5 ng/5 ug)
complexes were associated with ADGN-100a at a molar ratio of 20:1 {(pepirde to complex) for
pephide-mediated delivery, and compared (o delivery by lipofectanune 2000 or RNAIMAX.
(G374} FI1GS. 20A and 208 show quantification of CASY protein expression by western blot
{(F1(3. 20A) or ELISA {(FI(. 20B) in different tissues after in vivo admumistration of CAS9 mRNA

£S5



CA 03025523 2018-11-23

WO 2017/205846 PCT/US2017/034862

(10 ug) associated with ADGN-100a pepiide at a 20:1 molar ratio of peptide to mRNA. Tissues
were homogenized and CASY expression was analvzed by western blot or ELISA on protein
exiract using anfibody agamnst CRISPR/Cas9.

(G037 5] FI(. 21 shows whole animal fluorescence imaging for luciferase expression 72 hours
after igection of free ADGN-100a peplide (2 amimals/group). free CASY mRNA (2
animals/group}, or CAS9 mRNA/gRNA/ADGN-100a (3 animals per group).

[B376] FI{s. 22 shows the iz vivo gene disruption frequency of a Luciferase reporter gene in
the hiver resulting from ADGN-100a~-mediated dehvery of mRNA CAS9/sgRNA, as guantilied
by fluorescence mmagmg. Mice recerved a single miravenous mjection of free ADGN-~100g
pepiide, free CAS9 mBRNA, or CASY9 mBRNA/gRNA/ADGN-100a. 3 animals per group {labeled
M1, M2, and M3}

G377 Fi(5. 23 shows ELIS A analysis for CASY protem expression m different tissues alter
in vivo admanistiration of CAS9 mRNA/oRNA (10 ug) associated with ADGN-100a peptide at a
20:1 molar ratio of peptide to mRNA/gRINA. Tissues were homogenized and CAS9 expression
was analyzed by ELISA on profem extract usimng antibody agamst CRISPR/CasY.

G378 Fi(5. 24 shows FACS analysis of 32 microglobulin gene editing in T cells. T cells
were ransfected with CASY9/gRNA (5 ug/10 ug CASY/gRNA)} by association with esther
ADGN-100a or VEPEP-3a, or by electroporation. Free CASYgRNA and no treatment
condifions were mcluded as confrols. B2 microglobulin expression was evaluated by FACS after
72 hours.

(G379 FIGS. 25A and 25B show toxicity analysis of CPP/CASY/gRNA complexeson T
cells. PBMC-1solated T cells were treated with CASY/egRNA complexes assoctated with ADGN-
100a or VEPEPR-3b, or electroporated with CAS9/gRNA complexes, and {oxicily was assessed
after 48 hours by MTT assay (Fi(G. 25A) and by monitoring activation damage-induced cell
death (DICD) after 72 hours (KFIG. 258B). No treatment, free CASY/oRNA, free ADGN-1004a, and
free VEPEP-3b conditions were tnciuded as controis.

G380 FI(s. 26 shows gene disruption of the B-Catenin gene in undilferentiated and
differentiated mouse muscle myoblast cells (C2C12) by VEPEP-3b- and ADGN-100a~-mediated
dehivery of CAS9/gRNA as quantified by gel analysis of PCR. Cells were transtected with
CASY/gBRNA (2.5 uM/5 uM) complexes associated with CPP (+) or not (-} at a molar ratio of
20:1 {peptide to complex ) and compared {o delivery bv RNAIMAX for B-Catenin expression. PB-

actin expression was mcluded as a loading control.
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(3081 FI1(G, 27 shows the gene disruption efficiency of the HPRT gene in unditferentiated
and differentiated mouse muscle myoblast cells (C2C12) by VEPEP-3b- and ADGN-100a-
mediated delivery of CASY/gRNA. Cell samples were analvzed by T7EI methods and indel
results were determuned by quantifving the amount of uncut vs cut DNA using a Fragment
Analvzer Svstemn. Delivery by RNAIMAX was mcluded as a control.

(382 FI(GS. 28 A-28D0 show guantification of CASY9 protein expression bv ELISA n
different cell tvpes transfected with CASY mRNA (0.5 ug) using ADGN-100a, VEPEP-6,
VEPEP-9, or VEPEP-3a peptides or RNAIMAX. FIG. 28A shows results for UZOA cells, FIG.
288 shows resulis for HEPG2 cells. FIG. 28C shows resulis {or primary human fibroblasts. FI1G.
28D shows results for K362 celis.

LHIERY FIGS. 29A-29D show the gene disruption frequency of the endogenous FALXT gene
in U208 cells (FIG. 29A), HEPGZ cells (FIG. 298), prnimary human fibroblasts (FIG. 29C), or
K562 cells (FIG. 29D} mediated bv CASS? mRNA/gRNA, as quantified by T7E] assay. CASS
mRNA/GRNA (0.5 ug/2.5 ug) were delivered by ADGN-100a, VEPEP-6, VEPEP-9, or VEPEP-

3a pephides (molar ratio of 2001 for CPP {0 cargo) or by RNAIMAX,
(G084 ] F1(G. 30 shows the toxicity evaluation of CPP/CASY mRNA/gRNA complexes on
208, HEPG2, and K562 cell lines and human primary fibrobiasis as measured by MTT assay.
Peptide-mediated delivery was compared to delivery by RNAIMAX,
1G85 FIGS. 31 A-31D show the gene distuption {frequency of the endogenous FAZX gene
in U208 cells (FIG. 31A), HEPGZ cells (FIG. 31B), pnimary human fibroblasts (FIG. 31C), or
K562 cells (FIG. 310) mediated by CASY protein/gRIN A, as quantified bv T7E1 assay. The
preloaded CASY/eRNA complexes (2.5 ug/S ug CASY/gRNA) were maxed with CPP peptides at
a 20:1 molar ratio of CPP to CASY/gRNA complexes {or peplide-mediated delivery, and
compared to delivery by hipofectamine 2000 or RNAIMAX.
(30861 FIGS, 32A-320 show quantification of CAS9 protein expression by ELISA
difterent cell types transfected with a CASY-expressing plasnud (0.5 pg) using ADGN-100a,
VEPEP-6, VEPEP-9, or VEPEP-3a peptides, or using hipofectanune 2000, FIG. 32A shows
results for UZOS cells. FIG. 328 shows resulis for HEPG2 cells. FIG. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>