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MODIFIED ADENO-ASSOCIATED VIRAL CAPSID PROTEINS FOR OCULAR GENE
THERAPY AND METHODS OF USE THEREQCF

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefil of U.S Provisional Application No.:
62/967 418, filed January 28, 2020, the disclosure of which is hereby incorporated by

reference in its entirety.

SEQUENCE LISTING
[002] This application contains a sequence listing which has besn submitied
glectronically in ASCH format and is hereby incorporated by reference in its entirety (said
ASCH copy, created on January 27, 2021, is named "SAS-285PC_SL_ST25 and is 47,5968

bytes in size).

BACKGROUND

[003] Gene therapy provides the promise of curative treatment of human diseases
using genetic methods, which can include either introducing a healthy copy of agene (e.g., &
mutated gene), or correcting a gene to restore its biclogical function. Adenc-associated viral
{AAVY vectors derived from non-pathogenic and non-enveloped  replication-defective
parvovirus represent an ideal vehicle for human gene delivery. One advaniage to the AAY
vector system is the availability of mulliple naturally occurring serotypes that provide seleclive
tropisms Tor various target celis.

[004] While gene therapy is being pursusd as a strategy for ireating a rangse of
genetic diseases, ocular disorders are particularly attractive indications for gene therapy. The
genetic nature and mechanisms responsible for various ocular disegses have been identified.
Post-mitotic cells of the eye, for example, retinal cells and corneal endothelial cells, allow for
sustained gene expression without the need for fransgenic integration.  Coupled with well-
defined anatomical features, the eye provides a directly visible and accessible tissue that
provides advantages Tor local delivery. Further, the blood-ccular barrier gives rise to immune
privilege and limits immune responses against gene therapy products delivered into the eye.
Numerous on-going clinical and preclinical studies of ccular gene therapy undsrscore the
utility of AAY vectors as an effective tool {o correct various ocular conditions.

[0058] One disadvantage to the use of naturally occurring AAV serotypes, in the
context of posterior retinal gene therapy, is that their delivery reguires an invasive sub retinal
surgery. Thus, to address the need for a less invasive delivery route, there is a nesd in the art

to develop AAV vectors that can transduce outer retina {.e., photoreceptors / Retinal Pigment
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Epithelium (RPE) following intravitreal injection. Moreover, there is a need in the arl ©
develop a less invasive surgical procedure than intracameral delivery or comeal puncture for

the delivery of genes o the anterior chamber of the eye, specifically cormneal endothelial cells.

SUMMARY

[0068] Provided herein are modified adeno-associated viral {AAV) capsid proteins,
compositions {e.q., rAAV) comprising the capsid proteins, and nucleic acids encoding the
capsid proteins. The AAV capsids provided herein confer retinal cell tropism and/or corneal
call tropism, and mediate improved transduction efficiency in clinically relevant occular cell
types such as photorsceplors and/or corneal endothelial cells. rAAV comprising the AAY
capsid proteins provided herein are useful for non-invasive ocular delivery roules, such as
intravitreal administration, and il is believed that they will be well iolerated when administerad
to human subjects. As such, the provided compositions are particularly useful for gene therapy
applications {(e.q., ocular gene therapy).

[007] Accordingly, in cerlain aspects, a modified adenc-associated virus {AAV)
capsid protein comprising an amino acid substitution at one or more positions corresponding
to amino acids $184, G474, N564, and/or N573, wherein numbering of the positions is based
on VP1 numbering of AAVS, is provided.

[008] In certain exemplary embodiments, numbering of the positions is based on the
aming acid seguence of the wild-type AAVE VP11 as set forth in SEQ 1D NOG: 1.

[008] In ceriain exemplary embodiments, the modified capsid protein is a mogdified
capsid protein of an AAV serctype selecled from the group consisting of AAV1, AAVZ, AAVY,
AAVE, AAVE, AAVTY, AAVE, AAVE, AAVET, AAVANCEO, AAVTmMSE, AAVIhIO, AAV2({Y444F),
AAV2(Y 444+500+730), AAV2{Y252+272+444+ 500+ 700+ 704+ 730F), AAVB(Y733F), and any
variant thereof. in certain exemplary embodiments, the modified capsid protein is a modified
capsid protein of AAVS.

[010] In cerlain exemplary embodiments, the modified capsid protein comprises an
amino acid sequence having at least 80%, at least 85%, at least 80%, al least 81%, at least
G2%, al least 93%, ot least 84%, at least §5%, at least 86%, at least B7%, at least 98%, at
least 99% sequence identity with the amine acid sequence set forth in SEQ 1D NG: 1. In certain
exemplary embodiments, the modified capsid profein comprises an amino acid sequence
having at least 95% sequence identity with the amine acid sequence set forth in SEQ (D NO: 1.
in certain exemplary embodiments, the modified capsid profein comprises an aminc acid
saquence having at least 88% sequence identity with the amino acid seguence set forth in
SEQ 1D NO:.

[011] In certain exemplary embodiments, the amino acid in the capsid protein

corresponding to amine acid 194 is G. In certain exemplary embodiments, the modified capsid
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protein comprises an amino acid sequence having atl least 80%, at lsast 85%, at least 80%,
at least 91%, at least 92%, at ieast 83%, at least 84%, at least 85%, at least 96%, at least
97%, al least 88%, at least 88% sequence identity with the amino acid seguence set forth in
SEQ 1D NG:3, wherein the amino acid in the capsid protein corresponding to amino acid 194
of SEQID NO:3is G,

[012] In certain exempliary embodiments, the amino acid in the capsid protein
corresponding o amino acid 474 is R, In certain exemplary embodimenis, the modified capsid
protein comprises an aminoe acid sequence having at least 80%, at least 85%, al least B0%,
at least 81%, at ieast 82%, at ieast 83%, at ieast B4%, at ieast 85%, at least 86%, at least
97%, af least 88%, ai least 98% sequence identity with the aminge acid seguence set forth in
SEQ 1D NO:5, wherein the amino acid in the capsid protein corresponding to amino acid 474
of SEQID NO:Sis R,

[013] In certain exemplary embodiments, the amino acid in the capsid protein
corresponding {0 amino acid 564 is K. In certain exemplary embodiments, the modified capsid
protein comprises an amino acid sequence having at least 30%, at least 85%, ai least 80%,
at least 91%, at least 92%, at ivast 83%, at least 84%, at ieast 95%, at least 96%, at least
97%, at least 88%, at least 89% sequence identily with the amino acid sequence set forth in
SEQ D NO7, wherein the amino acid in the capsid protein corresponding to amino acid 564
of SEQID NO:7is R,

[014] In certain exemplary embodiments, the amino acid in the capsid protein
corresponding to amino acid 573 is R, In cerlain exemplary embodiments, the modified capsid
protein comprises an amino acid seqguence having at least 80%, at least 85%, at least 80%,
at least 91%, at least 92%, at ieast 3%, at least 84%, at least 95%, at least 968%, at least
97%, at least 98%, at least 89% sequence identity with the amino acid sequence set forth in
SEQ D NO:8, wherein the amine acid in the capsid protein corresponding to amino acid 573
of SEQID NO:@is R,

[018] In certain aspects, a modified adenc-associated virus (AAV) capsid protein
comprising: a G at the position corresponding to amino acid 184; an R at the position
corresponding 1o aming acid 474, an R at the position corresponding to amino acid 564, and/or
an R at the position corresponding to amine acid 573, wherein numbering of the position is
hased on VP11 numbering of AAVS, is provided.

[016] In certain aspects, a modified adeno-associated virus (AAY) capsid protein
comprising a G at the position corresponding to amino acid 194, wherein numbering of the
position is based on VP1 numbering of AAVE, is provided.

[017] In certain aspects, a modified adenc-associated virus (AAV) capsid protein
comprising an R at the position corresponding to amino acid 474, wherein numbering of the

position is based on VP 1 numbering of AAVS, is provided.
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[318] In ceriain aspects, a modified adeno-associated virus (AAY) capsid protein
comprising an R at the position corresponding to amino acid 564, whersin numbering of the
position is based on VP 1 numbering of AAVS, is provided.

[018] In certain aspects, a modified adenc-agssociated virus (AAV) capsid protein
comprising an R at the position corresponding to amino acid 573, wherein numbering of the
position is based on VP11 numbering of AAVS, is provided.

[020] In cerlain aspecls, a modified adeno-associated virus (AAV) capsid protein
comprising the amino acid sequence set forth in SEQ 1D NOs:3, 5, 7, or 9, is provided.

[021] In ceriain aspects, an isclaled nucleic acid encoding the capsid protein
described herein, is provided.

[022] Incerain aspects, an isolated nucleic acid comprising the nucleotide seguence
set forth in SEGQ 1D NQCsi4, 8, 8, or 10, is provided.

[023] In cerlain aspects, a vector comprising the nucleic acid described herein, is
provided.

[024] In cerlain exemplary embodiments, the vector is a plasmid or 8 helper viral
vector. In certain exemplary embodiments, the helper viral vecior is a retrovirus vector, a
herpes virus vector, a baculovirus vector, or an adenovirus vector. In certain exemplary
embodiments, the vecior is an expression vecior.

[0258] In certain aspecls, a recombinant cell comprising the nucleic acid described
herain, or the vector described herein, is provided.

[026] In certain aspects, a method of producing an AAY capsid protein, the method
comprising culturing the recombinant cell described herein under conditions wheraeby the
nucleic acid is expressed and the capsid protein is produced, is provided.

[027] In certain aspecls, a recombinant adeno-associated viral {FAAV) particle
comprising: (&) an rAAV capsid comprising a modified capsid protein, wherein the modified
capsid protein comprises an amino acid substitution at one or more positions corresponding
to amino acids 184, 474, 584, and/or 573, wherein numbering of the positions is based on
VP11 numbering of AAVD; and (b) an rAAY vector comprising a heterclogous nucleic acid, is
provided.

[028] In certain exemplary embodiments, numbering of the positions is based on the
amine acid sequence of the wild-type AAVS VP11 as set forth in SEQ 1D NO:1.

[028] In certain exemplary embodiments, the modified capsid protein is a moedified
capsid protein of an AAV serotype selected from the group consisting of ARV, AAVZ, AAV4Y,
AAVE AAVE, AAVT, AAVE, AAVEO, AAVET AAVANCBO, AAVTMS, AAVINI0, AAVZY444F),
AAV2{Y444+500+730), AAV2{Y252+272+444+500+700+704+730F), AAVB(Y733F), and any
variant thereof. in certain exemplary embodiments, the modified capsid protein is a modified

capsid protein of AAVS.
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[336] In certain exemplary embodiments, the moedified capsid protein comprises an
amino acid sequence having al least 80%, at least 85%, at ieast B0%, at least 81%, at ieast
02%, at least 3%, at least 94%, at least 85%, at least 98%, at least 87%, at least 98%, at
least 89% sequence identity with the amine acid sequence set forth in SEQ 1D NG: 1. In certain
exemplary embodiments, the modified capsid protein comprises an amine acid seguence
having at least 85% sequence identity with the amino acid sequence set forth in SEQ 1D NO: 1.
In certain exemplary embodiments, the modified capsid protein comprises an amino acid
saguence having at ieast 99% sequence identity with the amino acid sequence set forth in
SEQ D NO:.

[031] In certain exemplary embodiments, the amino acid in the capsid protein
corresponding to amino acid 194 is G. In certain exemplary embodiments, the modified capsid
protein comprises an amino acid sequence having at least 80%, ai least 85%, at least 90%,
at least 91%, sl least 92%, gt least 93%, gt least 894%, gt least 5%, gt ieast 96%, &l least
97%, at least 98%, at least 99% sequence identity with the amino acid sequence set forth in
SEQ 1D NQO:3, wherein the amino acid in the capsid protein corresponding {o amino acid 194
of SEQID NO3is G,

[032] In certain exemplary embodiments, the amino acid in the capsid protein
corresponding to amino acid 474 is R, In certain exemplary embodiments, the modified capsid
protein comprises an amino acid seguence having at least 80%, at least 85%, at least 90%,
at least 91%, ot least 82%, gt least 83%, ol least 84%, al least 95%, al least 96%, al least
97%, at least 98%, at least 989% sequence identity with the amino acid sequence set forth in
SEQ 1D NO:5, wherein the amine acid in the capsid protein corresponding 1o amino acid 474
of SEQGID NOSis R

[033] In certain exemplary embodiments, the amino acid in the capsid protein
corresponding to aminge acid 564 is R. In certain exemplary embodiments, the modified capsid
protein comprises an amino acid sequence having at least 80%, at least 85%, at least 90%,
at least 91%, at least 2%, at least 83%, at least 84%, at least 85%, at least 96%, at least
87%, at least 98%, at least B8% sequence identity with the amino acid seguence set forth in
SEQ 1D NO7, whersin the amino acid in the capsid protein corresponding {o amino acid 564
of SEG D NO.7 is R,

[034] In cerfain exemplary embodimentis, the amino acid in the capsid protein
corresponding o aminoe acid 573 is R. In certain exemplary embodiments, the modified capsid
protein comprises an amino acid sequence having atl least 80%, at least 85%, at least 80%,
at least 91%, at least 92%, at ieast 83%, at least 84%, at least 85%, at least 96%, at least
97%, al least 88%, at least 88% sequence identity with the amino acid seguence set forth in
SEQ 1D NGB, wherein the amino acid in the capsid protein corresponding to amino acid 573
of SEQID NO:Sis R.
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[335] In certain aspecls, a recombinant adenoc-associated viral (rAAV) particle
comprising: (@) an rAAV capsid comprising a modified capsid protein, wherein the modified
capsid protein comprises: a G at the position corresponding to amino acid 194, an R at the
position corresponding o aming acid 474, an R at the position corresponding 10 amino acid
564, and/or an R at the position corresponding t© amino acid §73, wherein numbering of the
position is based on VP11 numbering of AAVE; and (b} an rAAY  vector comprising &
heterologous nucleic acid, is provided.

[036] In certain aspects, a recombinant adenc-associated viral {FAAV) particle
comprising: (8} an rAAY capsid comprising a G at the position corresponding 0 amino acid
184, wherein numbering of the position is based on VP1 numbering of AAVS; and (b) an
rAAV vector comprising a heterologous nucleic acid, is provided.

[037] In certain aspects, a recombinant adeno-associated viral {fAAV) particle
comprising: (@) an rAAV capsid comprising an R at the position corresponding 1o amino acid
474, wherein numbering of the position is based on VF1 numbering of AAVS, and (b} an
rAAY vector comprising a heterologous nucleic acid, is provided.

[038] In certain aspects, a recombinant adenc-associated viral {rAAV) particle
comprising: {8} an rAAV capsid comprising an R &t the position corresponding {6 amino acid
564, wherein numbering of the position is based on VP1 numbering of AAVS, and (b)) an
rAAV vector comprising a heterologous nucleic acid, is provided.

[038] In certain aspects, a recombinant adeno-associated viral {fAAV) particle
comprising: {(a) an rAAV capsid comprising an R at the position corresponding to amino acid
573, wherein numbering of the position is based on VP11 numbering of AAVS; and (b} an
rAAY vector comprising & heterologous nucleic acid, is provided.

[040] In certain exemplary embodiments, the heterclogous nucleic acid encodes a
therapeutic polypeptide or therapeutic nucleic acid. In cerlain exemplary embodiments, the
heterologous nucleic acid encodes a polypeptide selected from the group consisting of an
antioxidant, an enzyme, a neurolrophic factor, an anti~apoptotic factor, an anti-angiogenic
factor, and an anti-inflammatory factor. In certain exemplary embodiments, the heterologous
nucieic acid encodes a therapeutic nucleic acid. In certain exemplary embodiments, the
therapeutic nucleic acid is an siRNA, an shRNA, an RNAI, an miRNA, an antisense RNA, a
ribozyme or & DNAzyme.

[041] In certain exemplary embodiments, the heterclogous nucleic acid is operably
finked tc a constitutive promoter. In certain exemplary embodiments, the heterologous nucleic
acid is operably linked {0 a promoter suitable for expression of the therapeutic polypeptide or
therapeutic nucleic acid in an ocular tissue. In certain exemplary embodiments, the ocular
tissue is aretina, and the promoter is suilable for expression of the therapeutic polypeptide or

therapeutic nucieic acid in a retinal cell selected from the group consisting of a photorecepior
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call, a retinal pigmented spithelial cell, a bipolar cell, a horizontal cell, an amacrine cell, a
mulier cell, a ganglion cell, and any combination thereof. In certain exemplary embodiments,
the ocular tissue is a cormnea, and the promoter is suilable for expression of the therapeutic
polypeptide or therapeutic nucleic acid in a comneal cell selected from the group consisting of
an epithehal cell, @ keratocyte, an endothelial cell, and any combination thereof.

(0421 In certain exemplary embodiments, the AAV veclor further comprises inverted
terminal repeais (ITRs).

[043] In certain exemplary embodiments, the rAAV veclor is g self-complementary
rAAY vecior (SCAAV). In certain exaemplary embodiments, the scAAV comprises a first nucleic
acid encoding the heterologous nucieic acid, and a second nucleic acid encoding a
complement of the first nucleic acid, wherein the first nucleic acid can form infrastrand base
pairs with the second nucleic acid along most or all of ils length. In cerlain exemplary
embodiments, the first nucleic acid and the second nucieic acid are linked by a mutated AAV
ITR, wherein the mutated AAV ITR comprises a delgtion of the D region and comprises a
mutation of the terminal resolution sequence.

[044] In certain aspects, a pharmaceutical composition comprising & rAAV particle
described herein, is provided.

[048] In certain aspects, g method for delivering a heterciogous nucleic acid to an
ocular tissue of a subject in need thereof, comprising adminisiering a recombinant adeno-
associated virus (fAAV) particie to the subject, wherein the rAAV particle comprises: {8) an
rAAY capsid comprising a modified capsid protein, wherein the modified capsid protein
comprises an amino acid substitution at one or more positions coresponding 1o amino acids
194, 474, 584, and/or 573, wherein numbering of the positions is based on VF1 numbering of
AAVE; and (b) an rAAVY vector comprising a heterclogous nucleic acid, is provided.

[046] In certain aspects, a method for delivering a heterologous nucleic acid o the
retina of a subject in need thereof, comprising administering a recombinant adenc-associated
virus {rAAV) particle to the subiject, wheregin the rAAV parlicle comprises: (&) an rAAY capsid
comprising a modified capsid protein, wherein the modified capsid protein comprises an amine
acid substitution at a position corresponding to amino acid 194, wherein numbering of the
positions is based on V1 numbering of AAVS, and (blan  rAAY  vector comprising &
heterologous nucleic acid, is provided.

[047] In certain aspecis, g method for delivering a heterologous nucleic acid o the
cornea of a subject in need thereof, comprising administering a recombinant adeno-
associated virus (fAAY) particle to the subject, wherein the rAAV particle comprises: (& an
rAAV capsid comprising a modified capsid protein, wherein the modified capsid protein

comprises an amino acid substitulion at one or more positions corresponding (o amino acids

~
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474, 564, and/or 573, wherein numbering of the positions is based on VP11 numbering of
AAVE; and (b) an rAAY vector comprising a heterclogous nucleic acid, is provided.

[048] In certain aspects, a method for improving rAAY transduction of cells in an
ocular tissue of a subject in need thereof, the method comprising administering a recombinant
adenc-gssocialed virus {rAAVY)} particle to the subject, wherein the rAAV particle comprises:
{a) an rAAY capsid comprising a modified capsid protein, wherein the modified
capsid protein comprises an amino acid subsiifution at one or more positions corresponding
to amino acids 194, 474, 564, and/or 573, wherein numbering of the positions is based on
VP1 numbering of AAYS; and (k) an rAAY vector comprising a heterclogous nucleic acid, is
provided.

(048] In certain aspecls, a method for improving rAAY fransduction of celis in the
retina of a subject in need thereof, the method comprising administering a recombinant adeno-
asscciated virus (rAAV) particle 1o the subject, wherein the rAAY particle comprises: (8) an
rAAV capsid comprising a modified capsid protein, wherein the modified capsid protein
comprises an amino acid substitution at a position corresponding to amino acid 184, wherein
numbering of the positions is based on VP 1 numbering of AAVS; and (bYan  rAAV  vector
comprising a heterclogous nucleic acid, is provided.

[05G] In certain aspects, a method for improving rAAY fransduction of celis in the
cornea of a subject in need thereof, the method comprising administering a recombinant
adenc-associated virus {FAAVY) particle to the subject, wherein the rAAV parlicle comprises:
{(a) an rAAY capsid comprising a modified capsid protein, wherein the modified
capsid protein comprises an amino acid substifution at one or more positions corresponding
to amino acids 474, 564, and/or 573, wherein numbering of the positions is based on VP1
numbering of AAVS; and (b} an rAAY vector comprising a heterologous nucleic acid, is
provided.

[051] Incertain aspects, a method for improving expression of a heterologous nucleic
acid in an ocular tissue of a subject in need thereof, the method comprising administering a
recombinant adeno-associated virus (tAAV) particie {0 the subject, wherein the rAAV particle
comprises: (a) an rAAVY capsid comprising a modified capsid protein, wherein the modified
capsid prolein comprises an amino acid substitution at one or more positions corresponding
to amino acids 194, 474, 564, and/or 573, wherein numbering of the positions is based on
VP1 numbering of AAVS; and (b} an rAAY vector comprising a heterologous nucleic acid, is
provided.

[052] Incertain aspects, a method for improving expression of a heterologous nucleic
acid in the retina of a subjecl in need thereof, the method comprising administering a
recombinant adeno-associated virus (tAAV) particie {0 the subject, wherein the rAAV particle

comprises: (&) an rAAV capsid comprising a modified capsid protein, whersin the modified
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capsid protein comprises an amine acid substitution at a position corresponding to amino acid
184, wherein numbering of the positions is based on VF1 numbering of AAVS; and (b} an
rAAV vector comprising a heterologous nucleic acid, is provided.

[083] Incertain aspects, a method for improving expression of a heterologous nucleic
acid in the comea of a subiect in need thereof, the method comprising administering a
recombinant adenc-associated virus (FAAVY) particle 10 the subject, wherein the rAAV particle
comprises: (a)an rAAV capsid comprising a modified capsid protein, wherein the modified
capsid protein comprises an amino acid substitution at one or more positions corresponding
to amino acids 474, 5684, and/or 573, wherein numbering of the positions is based on VP1
numbering of AAVE; and (blan rAAY vector comiprising a hetercologous nucleic acid, is
provided.

[054] In certain aspects, a method {0 treat a condition or a disorder of the eye in a
subject in need thereof, the method comprising administering an sffective amount of a
compaosition comprising an rAAV particie to the subject, wherein the rAAV particle comprises:
{a) an rAAV capsid comprising a modified capsid protein, wherein the modified capsid protein
comprises an amino acid substitution at one or more positions corresponding to amino acids
194, 474, 564, and/or 573, whersin numbering of the positions is based on VP 1 numbering of
AAVE; and (b) an rAAY vector comprising a heterclogous nucleic acid, is provided.

[088] In certain exemplary embodiments, the composilion is formulated for
intravitreal administration.

[056] In certain sxemplary embodiments, the heterologous nucleic acid is expressad
at an increased level of expression, as compared 1o the level of expression of a heterologous
nucleic acid of an rAAV particle comprising a wiid-lype rAAV capsid.

(0571 In certain exemplary embodiments, the administering comprises intravitreal

adminisiration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0588] The foregoing and other features and advantages of the present invention wiil
be more fully understood from the following detalled description of Hllustrative embodiments
taken in conjunclion with the accompanying drawings.

[0588] Fig. 14 — Fig. 18 depict AAVZ-HBKO mediated GFP Expression in NHP retina
following 8 Weeks of post-subretingl injection. Fig. 1A shows a schematic representation of
sections collected for GFP expression. The blue lines represent the areas on the sections that
were analyzed for native GFP expression {before, through and after fovea). Only the section
that passed through the fovea and the bleb were analyzed. Fig. 1B shows an image of
photoreceptor layer at the border of the subretinal bleb transduced with AAVS hOPS-eGFP.
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Note the non-transduced celis on the left compared to the transduced celis on the right. ONL:
Quter Nuclear Layer, OPL: outer plexiform layer.

[080] Fig. 24~ Fig. 2B depict AAV mediated GFP expression in NHP eyes by fundus
auto fluorescence (FAF). FAF showing the GFP fluorescence in the bleb area (circled) treated
with AAVS hOPS-eGFP (Fig. 24) or AAV2-HBKO-hOPS-eGFP (Fig. 2B). An increase in GFP
expression was observed at 4 weeks following AAV treatment (Fig. 24 and Fig. 2B). AAVZ-
HEBKO-2GFP vector spread bevond the margins of the subretinal bleb, whereas the AAVS
vector staved within the margins of the subretinal bleb (Fig. 2A and Fig. 2B).

[081] Fig. 34 —~ Fig. 3B depict subretinal injections in NHP showing superior
fransduction ability of AAVZ2-HBKO over the AAVS in retina. Relative fransduction efficiencies
of AAVE and AAVZ-HBKO in rod pholorecepiors werg compared following subretinal injection.
Paraffin embedded retinal sections were immunolabelled with anti-GFP antibody and anti-
rhodopsin antibedy for the dstection of oGFP {(brown) as well as rhodopsin {red).
Immunchistochemistry analysis around the bleb region showed that the transduction of the
AAVE vector does not appear to spread from the margin of the subrelinal bleb, the transition
at the margin is abrupt (Fig. 3A). AAVZHBKO-eGFP was highly efficient at transducing
photorecepiors and displayed ability to spread from the bleb and tapers off in areas not lifted
by the injection process (Fig. 3B). The AAV transduction was resiricted (o rod photorecepliors.
ONL-outer nuclear layer, INL-inner nuclear layer RGL-retinal ganglion cell layer.

[062] Fig. 44 -~ Fig. 48 depict comparison of retinal and corneal transduction
gfficiency between AAVS and AAVS arginine variants. Fig. 4A shows that wildtype mice were
injected subretinally with similar doses of AAVS, AAVEG474R, AAVONSE4AR and AAVENDST3R.
Cryosections were analyzed for AAV mediated native GFP expression under fluorescence
microscope. Subretinal injections showed similar transduction efficiency between AAVS and
AAVSE arginine variants. Fig. 4B shows transduction efficiency of AAVS and AAVS arginine
variants in the mouse comea. AAVs were delivered by infravitrea! injections and analyzed 4
weeks of post fransduction. Histological sections showed the intense GFP expression in
corneal endothelial cells following transduction of AAVS arginine variants. Barely detectable
GFP was observed from AAVS fransduction. ONL-cuter nuclear layer, INL-inner nuclear layer,
RGL- retinal ganglion cell layer.

[063] Fig. 5 depict AAVS acetylation mutants maintaining wild type levels of capsid
protein expression and vector yields. Fig. 5 shows SDS-FPAGE gel analysis of 1x10'% AAVS
acetylation capsid mutant vector genomes, followed by SYPRQO Red staining; lanes 1-8
represent AAVS 852G, S2F, 81840, 3194P, 32G/3184G (co-purified with empty particles),
S[2P/G184P; VP11, VP2, and V3 AAV capsid proteins are labeled. Lane & shows co-

purification of empty AAV pariicles.
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{084] Fig 84 — Fig 8C depict effect of AAVS deacetylation on photoreceptor
transduction. Fig. 6A shows comparison of photoreceptor transduction efficiency between
AAVE and AAVS acetylation vanianis (AAVES20, AAVEST104G, AAVEE2G/S1940G, AAVESZP,
AAVES104P, and AAVESZP/S184P). Wild type mice were injected with the same copies of
AAYS and AAVS acetyigtion varianis and eves were collected 4 weeks after injection and
processed for coryosectioning. Fluorescence microscopy analysis showed strong eGFF
expression in the ONL of AAVES104G injected retinas as compared to its parental AAVS and
other varianis. ONL: outer nuclear laver, INL: inner nudlear layer, RGL: retinal ganglion cell
fayer. Fig. 6B shows quantification of GFP by ELISA of retinas from C57BL/E mice 4 weeks
following subretinal injection of AAVS and AAVE acetylation variants vectors encoding for
EGFP. Fig. 6C shows gPCR analysis of AAV genome copies in transduced retinas following
subretinal injections and expressed as viral genomes/ug protein.

[065] Fig. 74 ~ Fig. 7C depict comparison of GFF expression after subretinal
delivery of AAVS deacetylation variants in a dose dependent manner. Fig. 7A shows
representative fluorescent images of relinal cryosections at 4 weeks of post-injection showing
transduction comparison (native GFP expression shown in grean) in eves injected with AAVS,
AAVS 5194G, AAVE S194PF at different doses (low 1x10% medium 5x10° and high 1x10%).
Nuclei were stained with DAP! (blug). ONL outer nuclear layer, INL: inner nuclear laver, RGL
retingl ganglion cell layer. Fig. 78 shows quantification of GFF by ELISA of retinas from
C57BL/6 mice 4 weeks following subretinal injection of AAVS and AAVS deacetylation variants
vectors enceoding for EGFP. Fig. 7C shows gPCR analysis of AAV genome copies in
transduced retinas following subretinal injections and expressed as viral genomes/ ug protein.

[068] Fig. 8A - Fig. 8C depict sltering deamidation levels within the PLAZ domain of
AAVZ VP11 not impacting capsid protein expression or vector yields but potentially impacting
potency. Fig. 8A shows protein sequence motifs located within the VP1 N terminus of AAVZ.
A35 is the N terminal amino acid for tVP1. S'NG* is a canonical deamidation motif located
within the PLA2 domain. Fig. 8B shows SDS-PAGE analysis of 1x10'% AAV2 vector generated
by either triple transfection production method (TTX) or producer cell Line production method
(PCL). Fig. BC shows SDS-PAGE ge! analysis of 1x10'° AAV2 deamidation capsid mutant
vector genomaes, followed by SYPRO Red staining.

[067] Fig. 84 — 8C depict effect of AAVZ capsid deamidation on retinal transduction.
Fig. 9A shows quantification of GFP by ELISA of retinas from wildiype mice 4 weeks following
intravitreal injection of AAVZ and AAVZ deamination variants encoding for EGFP. Fig. 9B
shows gPCR analysis of AAV genome copies in transduced retinas following intravitrea
injections and expressed as viral genomes/ug protein. Fig. 9C shows fluorescence analysis

showing native GFP Expression Fatterns in wildtype mice afier infravitreal injection of AAV2
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and AAVZ deamination mutants. ONL: outer nuclear layer, INL: inner nuclear layer, RGL
retinal ganglion cell layer.

[068] Fig. 104~ 10B depict comparison of native GFP flucrescence following ex vivo
administration of AAVS and AAVS acetylation varianis in NHP retinal tissue. Fig. 10A shows
neural retinal tissue obtained from postmortem NHP eyes. Biopsy punches were made and
were cultured on membranes in S-well plates and transduced with different AAY variants
encoding GFP. The lissues were harvested after § days of post fransduction and fixed and
imaged for native GFP expression. The potency of AAV serotypes was compared by
analyzing transduction of cell types in each of the ONL, INL, and RGL. Fig. 10B shows that
AAVS variant AAVSS1840G showed higher potency in transduction of photoreceptors than
native AAVS.The GFP expression was predominantly observed in ONL with AAVS §1940
while GFP expression was observed in all layers with AAVS {a and b). ONL: cuter nuclear

laver, INL: inner nuciear layer, RGL: retinal ganglion cell layer.

DETAILED DESCRIPTION

[088] Provided herein are modified AAV capsid proteins conferring improved
transduction efficiencies in ocular tissues. Also provided are compositions {g.g., rAAV)
comprising the AAVY capsid proteins, and nucleic acids encoding the AAY capsid proteins.
Also provided are methods of using the compositions described herein for delivering a
heterclogous nucleic acid into ocular tissues, and methods of improving transduction inlo
ocular tissues, and methods of improving expression of a heterologous nucleic acid in ocular
tissues. Also provided herein are methods of treating ocular disorders and conditions.

[070] Generally, nomenclature used in connection with cell and tissue culfure,
molecular biclogy, biophysics, immunology, microbiology, genetics, and protein and nucleic
acid chemistry described hersin is weli-known and commonly used in the art. The methods
and technigues provided herein are generally performed according to conventional methods
well known in the art and as described in various general and more specific references that
are cited and discussad throughout the present specification unless cotherwise indicated.
Enzymatic reactions and purification techniques are performed according o manufacturer's
specifications, as commonly accomplished in the art or as described herein.  The
nomenclature used in connection with, and the laboratory procedures and techniques of,
analytical chemistry, synthetic organic chemistry, and medicinal and pharmaceutical chemistry
described herein is well-known and commonly used in the art. Standard technigues are used
for chemical syntheses, chemical analyses, pharmaceutical preparation, formulation, and
delivery, and treatment of patients.

[071] The technigues and procedures described or referenced herein are generally

well understood and commonly employed using convertional methodology by those skilled in
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the art, such as, for example, the widely ulilized methodologies described in Molecular
Cloning: A Laboratory Manual (Sambrook ef al., 4™ ed., Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y., 2012); Current Protocols in Molecular Biology (F .M. Ausubel, ef al,
ads., 2003); the series Methods in Enzymology {(Academic Press, Inc.); PCR 2. A Practical
Approach {(M.J. MacPherson, B.D. Hames and G.R. Tayior eds., 1995} Antibodies, A
Laboratory Manual (Harlow and Lane, eds., 1888); Culture of Animal Cells: A Manual of Basic
Technigue and Specialized Applications (R.I. Freshney, 6" ed., [} Wiley and Sons, 2010);
Oligonucleotide Synthesis (M.J. Gait, ed., 1984); Methods in Molecular Biclogy, Humana
Press; Celi Biology: A Laboratory Notebook (J.E. Cellis, ed., Academic Press, 1898);
intfroduction o Cell and Tissue Culture (J.P. Mather and P.E. Roberis, Plenum Press, 1098}
Ceil and Tissue Culture: Laboratory Procedures (A, Doyle, J.B. Griffiths, and D.G. Newell,
ads., J. Wiley and Sons, 1993-8); Handbook of Experimental immunology (DM, Weirand C.C.
Biackwell, eds., 1998}, Gene Transfer Veclors for Mammalian Cells {J.M. Milier and M.P.
Caios, eds., 1987); PCR: The Polymerase Chain Reaction, (Mullis ef &/, eds., 1994); Current
Frotocols in immunology (JLE. Coligan ef /|, eds., 1891); Short Frotocols in Molecular Biology
(Ausubel ef al, eds., J. Wiley and Sons, 2002); immunobiclogy (C.A. Janeway ef &/, 2004),
Antibodies (P. Finch, 1997); Antibedies: A Practical Approach (D Catty., ed., IRL Press, 1988-
1888); Monoclonal Antibodies: A Practical Approach (P. Shepherd and C. Dean, eds., Oxdord
University Press, 2000); Using Antibodies: A Laboratory Manual (E. Harlow and D. Lane, Cold
Spring Harbor Laboratory Press, 1889), The Antibodies (M. Zanetti and J. D. Capra, eds,,
Harwood Academic Publishers, 1995}, and Cancer: Principles and Practice of Oncology (V. T.
DeVita ef &/, eds., J.B. Lippincott Company, 2011).

[0672] Unless otherwise defined herein, scientific and technical terms used herein
have the meanings that are commeonly understood by those of ordinary skill in the art. In the
gvent of any latent ambiguity, definitions provided herein take precedence over any dictionary
or extrinsic definition. Unless otherwise required by contexd, singular terms shall include
pluraiities and plural terms shall include the singular. The use of "o’ means “and/or” unless
stated otherwise. The use of the term “including,” as well as other forms, such as “includes”
and “included,” is not limiting.

[073] So that the invention may be more readily understood, certain terms are first
defined,

[074] As used herein, the term “vector” refers {0 any vehicle for the cloning of andior
transfer of a nucleic acid into a host cell. A vector can be a replicon to which another nucleic
acid segment can be attachad so as o bring about the replication of the attached segment. A
"replicon” refers {o any genelic element (e.g., plasmid, phage, cosmid, chromosome, virus)
that functions as an autonomous unit of replication in vive, i.e., capable of replication under its

own control, The term "vector” includes both viral and nonviral vehicles for infreducing the
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nucleic acid info a cell in vitre, ex vivo or in vivo. A large number of vectors are known and
used in the art including, for example, plasmids, modified eukaryolic viruses, or modified
bacterial viruses. Insertion of a polynuciectide into a suitable vector can be accomplished by
ligating the appropriate polynucieotide fragments into a chosen vector that has complementary
cohesive termini.

[075] As used herein, the term "polynucleotide” or "nucleic acid” refers to a polymeric
form of nucleotides of any length, sither ribonuclectides or deoxyribonuciectides. Thus, this
term includes, but is not limited to, single-, double- or mulli- stranded DNA or RNA, genomic
DNA, cDNA, DNA-RNA hybrids, or @ polymer comprising purine and pyrimidine bases, or other
natural, chemically or biochemically modified, non-natural, or derivatized nuclectide bases.
The backbone of the polynucieotlide can comprise sugars and phosphate groups {as may
typically be found in RNA or DNA), or modified or substituted sugar or phosphate groups.
Alternatively, the backbone of the polynucieotide can comprise a polymer of synthsetic subunits
such as phosphoramidates and thus can be an oligodeoxynucieoside phosphoramidate (-
NH2) or a mixed phosphoramidate- phosphodiester oligomer. In addition, a double- stranded
polynucieotide can be obtained from the single stranded polynucieotide product of chemical
synthesis either by synthesizing the complementary strand and annealing the strands under
appropriate conditions, or by synthesizing the complementary strand de novo using a DNA
polymerase with an appropriale primer.

[078] The terms "polypeptide” and "protein” are used interchangeably o refer o a
polymer of amino acid residuss, and are not limited to a minimum length. Such polymers of
amino acid residues may contain natural or non-natural amine acid residues, and include, but
are not limiled fo, peptides, oligopeptides, dimers, trimers, and multimers of amino acid
residues. Both full-length proleins and fragments thereof are encompassed by the definition.
The terms also include post-expression modifications of the polypeptide, for example,
givcosylation, sialylation, acetyiation, phosphorylation, and the like. Furthermore, for purposes
of the present invention, a "pelypeptide” refers 1o a protein which includes modifications, such
as deletions, additions, and substitutions {generally conservative in nature), o the native
saguence, as long as the protein maintains the desired activity. These modifications may be
deliberate, as through site-directed mutagenesis, or may be accidental, such as through
mutations of hosts which produce the proteins or errors due to PCR amplification.

[077] As used herein, the term "recombinant viral vector” refers (o a recombinant
polynuclectide vector comprising one or more heterologous seguences (e, nucleic acid
saquence not of viral origin. In the case of recombinant AAY vectors, the recombinant nucleic
acid is flanked by at least one inveried terminal repeat sequence {ITR). In some embodiments,

the recombinant nucleic acid is flanked by two ITRs.
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[078] As used hsarein, the term a "recombinant AAV vecior rAAV vecton)" refers to a
polynucliectide vector comprising one or more heterologous sequences (e, nucleic acid
sequence not of AAV origin) that are flanked by at least one AAV inveried terminal repeat
sequence (ITR). Such rAAV vectors can be replicated and packaged info infectious viral
parlicles when present in a host csil that has been infected with a suitable helper virus (or that
is expressing suitable helper functions) and that is expressing AAV rep and cap gene producis
{fe. AAV Rep and Cap proleins). When a rAAV veclor is incorporated into a larger
polynucieotide {(g.¢., in a chromosome or in ancther vector such as a plasmid used for cloning
or transfection), then the rAAV vecior may be referred to as a "pro-vector” which can be
"rescued” by replicgtion and encapsidation in the presence of AAV packaging functions and
suitable helper functions. A rAAV vector can be in any of a number of forms, including, but not
limited {o, plasmids, linear artificial chromosomes, complexed with lipids, encapsulated within
lipecsomes, and encapsidated in a viral particle, £.g., an AAY parlicle. A rAAV vector can be
packaged into an AAV virus capsid {o generate a "recombinant adenc-associated viral particle
{rAAY particle)”.

[078] As used herein, the term an "rAAV virus” or "rAAV viral particle” refers 1o a viral
particle composed of al least one AAV capsid protein and an encapsidated rAAV vecior
genome.

[080] As used herein, the term "helerclogous” means derived from a genotypically
distinct entity from that of the rest of the entity to which it is compared or into which it is
introduced or incorporated. For example, a polynuclectide introduced by genstic enginesring
techniques into a different cell type is a heterclogous polynuclectide (and, when expressed,
can encode a heterclogous polypeptide). Similarly, a cellular sequence (e.g., a gene or portion
thereof) that is incorporated into a viral vector is a heterologous nucleotide sequence with
respect to the vecior.

[081] As used herein, the term "transgeneg” refers to a polynuciectide that is
introduced into a cell and is capable of being ranscribed into RNA and optionally, translated
andfor expressed under appropriate conditions. In aspects, it confers a desired property 10 a
cell into which it was introduced, or otherwise leads to a desired therapsutic or diagnostic
outcome. in ancther aspect, t may be transcribed into a molecule that mediates RNA
interference, such as miRNA, siRNA, or shRNA.

[082] As used herein, the terms "genome parlicies (gp),

genome equivalenis,” or
"genome copies” as used in reference to a viral titer, refer 1o the number of virions containing
the recombinant AAYV DNA genome, regardiess of infectivity or funclionality. The number of
genome particles in a particular vecior preparation can be measured by procedures such as
describad in the Examples herein, or for example, in Clark ef &/, (1989) Hum. Gene Ther,, 10
1031- 1038; Veldwijk ef /. (2002) Mol. Ther., 6:272-278.
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[083] As used herein, the term “vector genome {(vg)" may refer o one or more
polynucliectides comprising a set of the polynuciectide seguences of a vector, e.g., a viral
vactor. A vector genome may be encapsidated in a viral particle. Depending on the particular
viral vector, a vector genome may comprise single-stranded DNA, double- stranded DNA, or
single- stranded RNA, or double- stranded RNA. A vector genome may include endogenous
saguences associated with a particular viral vector and/or any helerclogous sequences
inserted into a particular viral vector through recombinant technigues. For example, a
recombinant AAV vector genome may include at leasi one ITR sequence flanking a promoter,
a stuffer, a sequence of interest (.g., an RNAI), and a polyadenyiation sequence. A compliste
vector genome may include a complste set of the polynuciectide sequences of a vector. In
some embodiments, the nucieic acid titer of a viral vector may be measured in terms of vg/mL.
Methods suitable for measuring this titer are known in the art {e.g., quantifative PCR).

[084] As used herein, the ferms “infection unit (iu)," "infeclious particle,” or
"replication unit," as used in reference to a viral titer, refer {o the number of infectious and
repiication-competent recombinant AAV vector pariicles as measured by the infechious center
assay, also known as replication center assay, as described, for example, in McLaughlin ef a/.
(1988) J. Virol., 62: 1863-1973,

[085] As used herein, the term "ransducing unit (tu)" as used in reference (o a virgl
fiter, refers to the number of infectious recombinant AAV vector particles that result in the
production of a funclional transgene product as measured in functional assays such as
described in Examples herein, or for example, in Xiao ef &l (1997) Exp. Neurcobiol., 144 113-
124; or in Fisher of &/ (1998} J. Virol, 70:520-532 (LFU assay).

[088] As used herein, the term "inveried ferminal repeat” or "ITR" sequence, a term
well undersicod in the art, refers (o relatively short sequences found st the termini of viral
genomes which are in opposite orientation.

[087] Asused herein, the term "AAV inverted terminal repeat (ITR)Y sequence, aterm
well-understood in the arl, refers (o an approximately 145-nuclectide sequence that is present
at both termini of the native single- stranded AAV genome. The sutarmost 125 nuclectides of
the ITR can be present in either of two alternative corientations, leading o helerogensity
between different AAV genomes and betweean the two ends of a single AAV genome. The
outermost 125 nucleotides also contains several shorter regions of self-complementarity
(designated A, A", B, B, C, C and D regions), allowing intrastrand base-pairing to occur within
this portion of the ITR.

[088] As used herein, the term "terminal resolution sequence” or "irs” refers to a
sequance in the D region of the AAV ITR that is cleaved by AAV rep proteins during viral DNA
replication. A muiant terminal resclution seguence is refractory o cleavage by AAV rep

proteins.
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[083] As usedherein, the term "helpser virus”™ for AAV refers to a virus that aliows AAY
(which is a defective parvovirus) 1o be replicated and packaged by a host cell. A number of
such helper viruses have been identified, including adenoviruses, herpesviruses and
poxviruses such as vaccinia. The adenoviruses encompass a number of different subgroups,
although Adenovirus type 5 of subgroup C (AdS) is most commonly used. Numerous
adenoviruses of human, non-human mammalian and avian origin are known and are available
from depositories such as the ATCC. Viruses of the herpes family, which are also available
from depositories such as ATCC, include, for example, herpes simplex viruses (HSV), Epstein-
Barr viruses (EBV), cytomegaloviruses (CMV) and pseudorabies viruses (PRV).

[08G] As used herein, the term "percent (%) sequence identity” with respect to a
reference polypeptide or nucleic acid seguence is defined as the percentage of amino acid
residues or nuclectides in a candidate sequence that are identical with the amino acid residues
or nuclectides in the reference polypeptide or nucieic acid sequence, after aligning the
saguences and introducing gaps, if necessary, 1o achisve the maximum percent sequence
identity, and not considering any conservative substitutions as part of the sequence identity.
Alignment for purposes of determining percent amino acid or nucleic acid sequence identity
can be achieved in varicus ways that are within the skili in the art, for instance, using publicly
available computer software programs, for example, those described in Current Protocols in
Molecular Biology (Ausubel ef al, eds., 1887), Supp. 30, section 7.7.18, Table 7.7.1, and
including BLAST, BLAET-2, ALIGN or Megalign (DNASTAR) software. An example of an
alignment program is ALIGN Plus (Scientific and Educational Software, Pennsylvania). Those
skilled in the art can determine appropriaie parameters for measuring alignment, including any
algorithms needed to achieve maximal alignment over the full length of the sequences being
compared. For purposes herein, the % amino acid sequence identily of a given amino acid
saquence A o, with, or against a given amino acid sequence B (which can alternatively be
phrased as a given amino acid sequence A that has or comprises a cerfain % amine acid
sequeance ideniity to, with, or against a given amino acid sequeance B) is calculated as follows:
100 times the fraction XY, where X is the number of aming acid residues scored as identical
matches by the sequence alignment program in that program’s alignment of A and B, and
where Y is the total number of aming acid residuss in B. It will be appreciated that where the
fength of amino acid sequence A is not equal to the length of amino acid sequence B, the %
amino acid sequence identity of A to B will not equal the % amino acid seguence identity of B
to A, For purposes herein, the % nucleic acid sequence identity of a given nucleic acid
sequence C to, with, or against a given nucleic acid sequence U (which can alternatively be
phrased as a given nucleic acid sequence C thal has or comprises a certain % nucleic acid
sequence identity to, with, or against a given nucleic acid sequence D) is calculated as follows:

100 times the fraction W/Z, where W is the number of nuclectides scored as identical maiches
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by the sequence alignment program in that program's alignment of C and D, and where Z is
the total number of nuclectides in I It will be appreciated that where the length of nucleic acid
sequence C is not equal to the length of nucleic acid sequence D, the % nucleic acid sequence
identity of C to D will not equal the % nucleic acid seguence identity of D to C.

[081] As used herein, the term "isclated” molecule (e g., nucleic acid or protein) or
cell means it has been identified and separated and/or recovered from a component of is
natural environment.

[082] As used herein, the term “effective amount” is an amount sufficient to effect
beneficial or desired resulls, including clinical resulls {(e.g., amelioration of symptoms,
achievement of clinical endpoints, and the like). An effective amount can be administered in
one or more administrations. In terms of a dissase state, an effective amount is an amount
sufficient o ameliorate, stabilize, or delay development of a disease.

[083] As used hersin, the term "individual" or "subject” is a mammal. Mammals
include, but are not limited o, domesiicated animals (s.g., cows, sheep, cats, dogs, and
horses), primates {e.¢., humans and non-human primates such as monkeys), rabbits, and
rodents {&.g., mice and rats). in certain embodiments, the individual or subject is a human.

[084] As used herein, the term "realment” refers {o an approach for obtaining
beneficial or desired clinical results. For purposes of this invention, beneficial or desired clinical
results include, but are not limited to, slleviation of symptoms, diminishment of extent of
disease, stabilized {e.g., not worsening) state of disease, preventing spread (e.g., metastasis)
of disease, delay or slowing of disease progression, amslioration or palliation of the disease
state, and remission (whether partial or total), whether delectable or undstectable. "Treatment”
can also mean prolonging survival as compared (o expected survival if not receiving treatment.
The term “treat” is the verb form of “reatment”.

[085] As used herein, the term "prophviactic treatment” refers {0 treatment, wherein
an individual is known or suspected to have or be al risk for having a disorder but has displayed
no symptoms or minimal symptoms of the disorder. An individual undergoing prophylactic
treatment may be treated prior to onset of symptoms.

[086] As used herein, a "therapsutic” agent (e.g., a therapeutic polypeptide, nucleic
acid, or transgene) is one that provides a beneficial or desired clinical result, such as the
exemplary clinical resulis described above. As such, a therapeutic agent may be used in a
treatment as describad above.

[087] As used hersin, the term "central reling” refers {0 the outer macula andfor
inner macula and/or the fovea. The term "central retina celi types” as used herein refers {o cell
types of the central retina, such as, for example, Retinal Pigment Epithelium (RPE) and

photoreceptor cells.
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[088] As used herein, the term "macula” refers to a region of the ceniral reting In
primates that contains a higher relative concentration of photoreceptor cellis, speacifically rods
and cones, compared o the peripheral retina. The term "ouler macula” as used herein may
also be referred to as the "peripheral macula”. The term "inner macula” as used herein may
also be referred to as the "central macula”.

(0881 As used herein, the term "foved” refers {0 a small region in the central retina of
primates of approximately equal to or less than 0.5 mm in diameter that confains a higher
relative concentration of photoreceptor celis, specifically cones, when compared to the
peripharal retina and the macula.

101007 As used herein, the term "subretinal space” as refers to the location in the retina
between the photoreceptor celis and the retinal pigment epithelium celis. The subretinal space
may be a potential space, such as prior to any subrelinal injection of fluid. The subretinal space
may also contain a fluid that is injected into the potential space. In this case, the fluid is "in
contact with the subretinal space.” Celis that are "in contact with the subretinal space” include
the cells that border the subretinal space, such as RPE and photoreceptor cells.

(01017 As used herein, the term "bleb” refers 1o s fluid space within the subretinal
space of an eye. A bleb of the invention may be created by a single injection of fluid into a
single space, by multiple injections of one or more fluids into the same space, or by multiple
injections into multiple spaces, which when reposilioned create a total fluid space useful Tor
achieving a therapeutic effect over the desired portion of the subretinal space.

(01027 As used herein, the term “corned’ refers to the transparent front part of the eve

that covers the iris, pupil, and anterior chamber.

MODIFIED ALY CAPSID PROTEINS

{0103] Gene therapy protocols for disorders of the eye require the localized delivery
of the vector to the cells inthe eve (8.¢., cells of the reting). The cells that will be the treatment
target in these diseases may include, inter alia, one or more cells of the eye (e.g.,
photoreceptors, corneal endothelial cells, efc)). The methods described herein are based, at
least in part, on the discovery of specific modifications {0 AAV capsid proteins (e.g., AAV
capsid proteins comprising ong or more amino acid substitutions at one or more positions)
allow for widespread vector distribution among ocular cells. As such, these capsids may be
particularly advantageocus for delivering a heterciogous nucleic acid to the eye of an individual,
improving rAAY transduction of cells following delivery of a rAAV particle o the eye of an
individual, improving expression of a heterologous nudleic acid following delivery of rAAV
particles to the eye of an individual, and/or treating a disorder of the eye of an individual using

rAAV particles.
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[0104] The AAV capsid (8.g., AAV1, AAVZ, AAVS, AAVS, AAVE, AAVT, AAVE, AAVS,
gfc) is compoesed of the three structural proteins VF1, VP2 and VP3, which are expressed
from the same open reading frame in an approximale stoichiometry of 1:1:10, with an
alternative start codon for VP2 and VP3. The capsid proteins share most of their aming acid
saguence; VP1 and VP2 differ from VP3 by a shared N-terminal exiension of approximately
65 amino acids, depending on the serotype, with VP11 containing an additional ~ 135 unique
amino acids (McPherson & Rose. J Virol (1983) 46: 523-529). VP1 is required for viral
infectivity, in part due o the presence of a highly conservad, N terminal phospholipase AZ
{sPLAZ) hompoiogy domain, (amino acid 52-97}, that is buried within the capsid interior but
becomes externalized through pores found al the 5-fold symmelry axis following a
conformational change in the acidic endosomal compartment. While VP2 is dispensable for
capsid assembly and infectivity of the virus, any deletion or mutation in VP 1 that resuiis in loss
of the phospholipase AZ (PLAZ) catalvtic domain and its activily, results in a significantly
reduced AAV infectivity (Girod et al. Journal of Gensral Virology (2002), 83: 973-9).

{01057 In addition, it has been postulated that other signals affecting infectivily might
be iocated on the VP1-unigue region of AAV-Z, which has been reported for seversl
autonomous parvovirus capsid proteins. A direct liquid chromatography/mass specirometry
(LC/MS) intact protein analysis to characterize viral capsid proteins has been developed.
Using this method, the complete characterization of the constituent viral capsid proteins of
several AAV vectors, including their sequences and posi-transiational modifications (PTMs)
can be determined. The N termini of all VPs of six serolypes analyzed (AAV1, 2, 5, 7, 8 &
rh10), was confirmed o start at one residue after the predicted N termini based on DNA
saguences, with one exception the VP3 of AAVY. Additionally, the VP and VP3 of AAV
sarotypes 1, 2, B, 7, 8 & rhi(, were shown to contain an N terminal acelylation. Although N
terminal acetylation of proteins is a widely known phenomenon, the biological significance of
N-terminal acetylation of viral capsid proteins is not well understood. See, PCT publication ne.
WO2018/035059, the disclosure of which is herein incorporated by reference in its entirety.

{01086} In one aspect, provided herein are modified AAV capsid proteins comprising
substitutions that confer improved transduction in retinal cells. For exampile, substitutions that
preserve V1 N terminal acetylation and reduce VP3 N {erminal acelylation result in a
significant improvement in retinal transduction compared o a parental AAV capsid protein.
Accordingly, without being bound {o any theory, it is believed that such subslitutions {e.g., that
preserve VP1 N ferminal acetviation and reduce VP3 N terminal acetylation) will confer
significant improvement in retinal fransduction of AAV capsid proteins compared {o the
parental AAV capsid protein

[01077 In certain embodiments, substitutions in an AAVS capsid protein that preserve

VP1 N terminal acetylation and reduce VP3 N terminal acetviation result in a significant
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improvement in relinal transduction compared to a parental AAVS capsid protein. In cerfain
embodiments, the modified AAVS capsid protein comprises an amino acid substitution at
position S194 according to VP11 numbering. In certain embodiments, provided herein is a
maodified AAVS capsid protein comprising a glycine (G) substituting the serine (8) at amino
acid position 194 (S§194G) according to VP11 numbering. it is readily appreciated by those of
skill in the art that such a substitution can be transferred to a capsid protein of any AAV
serotype, and the conferred transduction gualities would be expected io fransfer {o capsid
proteins of other AAY serotypes. The skilled artisan will be able o identify corresponding
amino acid positions in other AAY serotypes using methods known in the art, e.¢g., by
saquence alignment.

[0108] Modifications to, e.g., AAV receplor binding, surface charge, and capsid protein
posi-transiational modifications can confer novel tropism and transduction of certain cell types.
For example, improved transduction performance of the AAV2ZHBKO variant in the context of
the mouse retina and CNS has been shown. See, Sullivan et al. {(2018) Gen. Ther. 25: 205-
219, The AAVZHBKO variant has Key surface arginines mutated in regions of the capsid that
facilitate the binding of AAVZ 10 its cognate receptor, heparin sulfate protecglycan. This
heparin binding knock out variant demonstrated novel transduction patterns in the mouse CNS
and retina. See, PCT publication no. W(O2015/168668, the disclosure of which is hereby
incorporated herein by reference in its entirety. Thus, the AAVZHBKQO variant revealed the
importance of arginines, and by extension capsid surface charge, on transduction activity in
the retina.

(01091 In one aspect, provided herein are moedified AAV capsid proteins comprising
substitulions  that confer novel tropism and improved transduction activity in cormeal
endothelial cells. For example, it was shown that the addition of arginine (R} residues
impactad the tropism and transduction activity of AAYS, which has relatively few surface
arginines compared 10 AAVZ. Accordingly, without being bound 1o any theory, it is believed
that introduction of arginines at key surface residues will confer significant improvement in
corneal endothelial cell transduction of AAV capsid proteins compared (o the parental AAV
capsid protein

01107 In certain embodiments, substitutions in an AAVS capsid protein that introduce
arginines at key surface residues resull in a significant improvement in comeal endothelial call
transduction compared o a parental AAVS capsid protein. In cerfain embediments, the
modified AAVE capsid protein comprises an amino acid substitution at positions (G474, N564,
and/or N573 according to V1 numbering. In certain embodiments, provided herein is a
maodified AAVE capsid protein comprising an argining (R) substituling the ghycine (G) at amino
acid position 474 (G5474R) according to VP1 numbering. In certain embodiments, provided

hersin is a modified AAVS capsid protein comprising an arginine (R} substituling the
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asparagine (N} at amino acid position 584 (N&64R)} according to VP11 numbering. In certain
embodiments, provided herein is a modified AAVS capsid protein comprising an arginine (R)
subsiifuting the asparagine (N} at amino acid position 573 (N573R) according o VP1
numbering. it is readily appreciated by those of skill in the art that such a substifution can be
transfarred {0 a capsid protein of any AAY serotype, and the conferred transduction qualities
would be expected (o ransfer to capsid proteins of other AAV serotypes. The skilied artisan
will be able to identify corresponding amino acid positions in other AAV serotypes using
methods known in the art, e.g., by sequence alignment.

{31111 Accordingly, in one aspect, provided herein is a polypeptide (8.g., an AAY
capsid pretein} comprising an amino acid substitution at one or more positions corresponding
fo amino acids S184, G474, N564, and/or N573, wherein numbering of the posilions is based
on VP1 numbering of AAVS. In certain embodiments, numbering of the positions is based on
the amino acid seguence of the wild-type AAYS VP1 as set forth in SEQ 1D NO:1. As such,
in certain embodiments, provided herein is a polypeptide {(e.g., an AAV capsid protein)
comprising an amino acid substifution at one or more positions corresponding to amino acids
5184, G474, NBEB4, and/or N&73, wherain numbering of the positions is based on the aming
acid sequence of the wild-type AAVS VP1 as set forth in SEQ ID NO1. In certain
embodiments, provided herein is a modified capsid profein comprising an amino acid
substitution at one or more positions corresponding to amino acids 5194, G474, N564, and/or
N573, wherein numbering of the positions is based on VP1 numbering of AAVS. In certain
embodiments, numbering of the positions is based on the amino acid sequence of the wild-
type AAVE VP11 as set forth in SEQ ID NO:1. As such, in certain embodiments, provided
herein is a modified capsid protein comprising an amino acid substilution at one or more
positions corresponding to amino acids $184, G474, N564, and/or N&73, wherein numbering
of the positions is based on the amino acid sequence of the wild-type AAVS VP1 as set forth
in SEQ 1D NO:1.

(0112} In cerfain embodiments, the modified capsid protein comprises an amino acid
sequance having at least 80%, al least 81%, at leasi 82%, al least 82%, sl least 84%, at least
85%, al least 86%, at least 87%, at least 88%, at least BS%, at ieast 90%, at isast 91%, at
least 92%, al least 893%. at least 94%, at least 95%, at least 986%, at least 97%, at least 98%,
at least 99% sequence identity with the amino acid sequence set forth in SEQ D NO:1. iIn
certain embodiments, the modified capsid protein comprises an amino acid sequence having
at least 95% sequence identity with the amino acid sequence set forth in SEQ 1D NG:1. iIn
certain embodiments, the modified capsid protein comprises an amino acid sequence having
at least 88% segquence identity with the amino acid sequence set forth in SEQ ID NO:1.

0113} In certain embodiments, provided herein is a modified capsid protein

comprising an amino acid substitution at the position corresponding {o amino acid 81984,
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wherein numbering of the position is based on the amine acid sequence of the wild-type AAVE
VP11 as set forth in SEQ 1D NO:1. In cerfain embodiments, the amino acid in the modified
capsid protein corresponding to amino acid 194 is G. In certain embodiments, the modified
capsid protein comprises an amino acid sequence having at least 80%, at least 81%, at least
82%, al least 83%, gt least 84%, at least 85%, at least B6%, at least B7%, at least 88%, at
least 89%, al least 0%, at least 91%, at least 92%, at least 83%, atl least 94%, at least 95%,
at least 98%, al least 87%, al least 98%, at least 98% sequence identity with the amino acid
sequence set forth in SEQ ID NO:3, wherein the amino acid in the capsid protein
corresponding to amino acid 194 of SEQ 1D NO:3 is G. In certain embodiments, the medified
capsid protein comprises the amino acid sequence set forth in SEQ 1D NGB, In certain
embodiments, the amino acid sequence of the modified capsid protein consists of the amino
acid sequence set forth in SEQ (D NO:3.

(01141 In certain embodiments, provided herein is a modified capsid protein
comprising an amino acid substitution at the position corresponding to amino acid G474,
wherein numbering of the position is based on the amino acid seguence of the wild-type AAVS
VP1 as set forth in SEQ ID NG 1. In certain embodiments, the amino acid in the modified
capsid protein corresponding to amino acid 474 is R, In certain embodiments, the modified
capsid protein comprises an aming acid segquence having at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 88%, at ieast 87%, at least 88%, at
least 88%, at least 0%, at least 91%, at least 82%, at least 93%, at least 84%, at ieast 85%,
at least 96%, al least 97%, at lsast 98%, at least 98% sequence identily with the amino acid
sequence set forth in SEQ 1D NO5 wherein the amino acid in the capsid protein
corresponding to amino acid 474 of SEQ 1D NO:S is R, In certain embodiments, the modified
capsid protein comprises the amino acid sequence set forth in SEQ 1D NG5, In certain
embodiments, the amino acid sequence of the modified capsid protein consists of the amino
acid sequence set forth in SEQ 1D NO:5.

[0115] In certain embodiments, provided herein is a modified capsid protein
comprising an amine acid substitution at the position corresponding (o amino acid NHG4,
whersin numbering of the position is based on the amino acid sequence of the wild-type AAVS
VP1 as set forth in SEQ 1D NO:1. in certain embodiments, the amino acid in the maodified
capsid protein corresponding to amino acid 564 is R, In certain embodiments, the modified
capsid protein comprises an amino acid sequence having at least 80%, at least 81%, al ieast
B2%, at ieast B3%, at ieast 84%, at least 85%, al least 868%, &l least 87%, at least 88%, at
least 88%, at least 90%, at least 91%, at least 82%, at least 83%, at least 84%, al least 85%,
at least 868%, at least 87%, at least 98%, at least 98% sequence identity with the amino acid
sequance set forth in SEQ D NO7, wherein the amino acid in the capsid protein

corresponding to amine acid 564 of SEQ 1D NO:7 is R, In certain embodiments, the modified
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capsid protein comprises the amine acid sequence set forth in SEQ 1D NG.7. In certain
embodiments, the amino acid sequence of the modified capsid protein consists of the amino
acid sequence set forth in SEQ (D NO:7.

[0116] In certain embodiments, provided herein is a modified capsid protein
comprising an amine acid substitution at the position corresponding o amino acid N573,
whersin numbering of the position is based on the amino acid sequence of the wild-type AAVS
VP11 as set forth in SEQ 1D NG:1. In certain embodiments, the amino acid in the modified
capsid protein corresponding to amino acid 573 is R, In certain embodiments, the modified
capsid protein comprises an amine acid sequence having at least 80%, at least 81%, at ieast
B82%, at least B3%, at least 84%, at least 85%, at least 868%, at least 87%, at least 88%, at
least 89%, at least B0%, at least 91%, at least 92%, at least 3%, at least 94%, at ieast 85%,
at least 86%, at least 97%, at least 88%, at least 88% sequence identity with the aming acid
sequence set forth in BSEQ 1D NO9, wherein the amine acid in the capsid protsin
corresponding to amino acid 573 of SEG 1D NO:8 is R, In certain embodiments, the modified
capsid profein comprises the amino acid sequence set forth in SEQ 1D NO:B. In certain
embodiments, the amino acid sequence of the modified capsid protein consists of the amino
acid seguence set forth in SEQ 1D NOC:S.

101177 Accordingly, in certain embodiments, provided herein is g modified adeno-
associated virus (AAV) capsid protein comprising a & at the position corresponding to amino
acid 124; an R at the position coresponding 1o amino acid 474, an R at the position
corresponding to amine acid 564, and/or an R at the position corresponding 1o aming acid
573, whersin numbering of the position is based on VP11 numbering of AAVS (e.g., basad on
VP11 number of the amino acid sequence set forth in SEQ 1D NO:1). In certain embodiments,
the modified capsid protein comprises a G at the position corresponding to amino acid 194,
wherein numbering of the position is based on VP11 numbering of AAVS (&.¢., based on VP1
number of the amino acid sequence set forth in SEQ 1D NO: 1), In certain embodiments, the
modified capsid protein comprises a R at the position corresponding to amino acid 474,
wherein numbering of the position is based on VP1 numbering of AAVS {e.g., based on VP1
number of the amino acid sequence set forth in SEQ D NO:1). In certain embodiments, the
modified capsid protein comprises a R at the position corresponding to amino acid 564,
wherein numbering of the position is based on VP 1 numbering of AAVS (e.q., based on VP1
number of the amino acid sequance set forth in SEQ 1D NG 1)L In certain embodiments, the
modified capsid protein comprises a R at the position corresponding {o amingo acid 573,
wherein numbering of the position is based on VP11 numbering of AAVS (a.¢., based on VPP1
number of the amino acid sequence set forth in SEQ 1D NO:1).

[0118] In certain embodiments, provided herein is a polypeptide (e.¢., a modified

adenc-associated virus capsid protein) comprising the aming acid seguence st forth in SEQ
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I NC:3. iIn certain embodiments, provided herein is a polypeptide {(e.g., 2 modified adeno-
associated virus capsid protein) consisting of the amine acid sequence set forth in SEQ 1D
NO:3. in cerfain embodiments, provided herein is a polypeptide (8.9, a modified adeno-
associated virus capsid protein) comprising the amino acid sequence set forth in SEQ ID
NO5 In certain embodiments, provided hersin is a polypeplide {(e.g., @ modified adeno-
associated virus capsid protein) consisting of the amino acid sequence set forth in SEQ ID
NO:5 in certain embodiments, provided herein is a polypeptide {e.g., a modified adeno-
associated virus capsid protein) comprising the amino acid sequence set forth in SEQ D
NO:7. in ceriain embodiments, provided herein is a polypeptide {e.g., a modified adeno-
associated virus capsid protein) consisting of the amino acid sequence set forth in SEQ 1D
NO:7. in cerlain embodiments, provided herein is a polypeptide (.9, a modified adeno-
associated virus capsid protein) comprising the amino acid seguence set forth in SEQ ID
NO:8. In certain embodiments, provided hersin is a polypeplide (s.g., @ modified adeno-

associated virus capsid protein) consisting of the amino acid sequence set forth in SEQ ID

NO:Q.

Table 1: AAV Capsid Protein Sequences

AAVH

AR

MSFVDHPPDWLEEVGEGLREFLGLEAGPPKPKPNQOHODOARGLVLPGYNYLGPGN
GLORGEPVNRADEVAREHDISYNEGQLEAGDNPYLKYNHADAEFQEKLADDTSFGGNLG
KAVFQAKKRVLEPFGLVEEGAKTAPTGKRIDDHFPKRKKARTEEDSKPSTSSDAEAGPS
GSQQLQIPAQPASSLGADTMSAGGGGPLGDNNGQGADGVEGNASGDWHCDSTWMGDR
VVTKSTRTWVLPSYNNHQYREIKSGEVDGENANAYFGYSTPWGYFDFNRFHEHWSPR
DWQRLINNYWGFRPRELRVKIFNIQVKEVTVQDSTTTIANNLTSTVQVFTRDDYQLPYY
VGNGTEGCLPAFPPQVFTLPQYGYATLNRDNTENPTERSSFFCLEYFPSKMLRTGNNF
EFTYNFEEVPFHSSFAPSQNLFKLANPLVDQYLYRFVSTNNTGGVQFNKNLAGRYANT
YKNWFPGPMGRTOGWNLGSGYNRASYSAFAT TNRMELEGASYQVPPQPNGMTNNL
QGENTYALENTMIFNSQPANPGTTATYLEGNMLITSESETQPVNRVAYNVGGOMATNN
QESTTAPATGTYNLOQEWVPGSVWMERDVYLQGPIWAKIPETGAHFHPSPAMGGFGLKH
PPPMMLIKNTPVPGNITSFSDVPVESHTQYSTGOQVTVEMEWELKKENSKRWNPEIQYT
NNYNDPQFVDFAPDSTGEYRTTRPIGTRYLTRPL (SEQ 1D NO:1)

NA

ATGTOCTTTTGTTGATCACCCTCCAGATTGGTTGGAAGAAGTTGETGAAGGETCTTCGC
CAGTTTTTGGGCCTTGAAGCGGGCCCACTGAAACCAAAACCCAATCAGCAGCATCA
AGATCAAGCCCGTGGTCTTETGCTGCOTGETTATAACTATCTCGGACCCGGAAACG
GTCTCGATCGAGBAGAGCCTGTCAACAGGECAGACGAGGTCGUECGAGAGBCACS
ACATOTOGTACAACGAGCAGCTTCAGGCGGGAGACAADCCCTACCTCAAGTACAAC
CACGCGGACGCOGAGTTTCAGGAGAAGCTCGCCGACGACACATCCTTCGGEGGAA
ACCTCGEAAAGGCAGTCTTTCAGGUCAAGAARAGGETTCTCGAACCTTTTGGCCTG
GTTGAAGAGGGETGCTAAGACGGCCCCTACCORBAAAGCGGATAGACGACCACTITC
CAAAAAGAAAGAAGGCTCGGACCGAAGAGGACTCCAAGCCTTCCACCTCGTCAGAC
GCCGAAGCTGGACCCAGCGGATCCCAGCAGCTGCAAATCCCAGCCCAACCAGLCT
CAAGTTTGGGAGCTGATACAATGTCTGCGGGAGGTGGCGGLUCCATTGGGCGACAA
TAACCAAGGTGCCGATGGAGTGGGCAATGCCTCGGGAGATTGGCATTGLGATICC
ACGTGGATGGGGGACAGAGTCGTCACCAAGTCCACCCGAACCTGEGTGCTGCCCA
GCTACAACAACCACCAGTACCGAGAGATCAAAAGCGGCTCCGTCGACGGAAGCAA
CGCCAACGCCTACTTTGGATACAGCACCCCCTGGGGGTACTTTGACTTTAACCGCT
TCCACAGCCACTGGAGCCCCCGAGACTGGUAAAGACTCATCAACAACTACTGGGE
CTTCAGACCCCGGTCCCTCAGAGTCAAAATCTTCAACATTCAAGTCAAAGAGGTCAC
GGTGCAGGACTCCACCACCACCATCGCCAACAACCTCACCTCCACCGTCCAAGTGT
TTACGGACGACGACTACCAGCTGCCCTACGTCGTCGGCAACGGGACCGAGGGATG
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COTGCCGGCCTTCCOCTCCGCAGGTOTTTACGCTGCCGUAGTACGGTTACGCGACG
CTGAACCGCGACAACACACAAAATCCCACCGAGAGGAGCAGCTTCTTCTGCCTAGA
GTACTTITCOCAGCAAGATGCTGAGAACGGGCAACAACTTTGAGTTTACCTACAACTT
TCAGGAGGTGCCCTTCCACTCCAGCTTCGCTCCCAGTCAGAACTTGTTCAAGCTGEG
COAACCUGCTOETGRACCAGTACTTGTACCGCTTCGTGAGCACAAATAACACTGGC
GGAGTCCAGTTCAADAAGAACCTGGCCGEGAGATACGCCAACACCTACAAAAACTG
GTTCCCGEEEUCCATEEECOGAACCCAGGGLTGGAACCTGGECTCUGGGETCAA
COGCGCCAGTGTCAGCGCCTTCGCCACGADCAATAGGATGRAGCTCGAGGGLGC
GAGTTACCAGGTGUCCCCGCAGCCGAACGGCATGACCAACAACCTCCAGGGCAGC
AACACCTATGCCCTGGAGAACACTATGATCTTCAACAGCCAGCCGGCGAACCCGGG
CACCACCGCCACGTACCTCGAGGGCAACATGCTCATCACCAGCGAGAGUGAGACG
CAGCCGGTGAACCGCGTGGUGTACAACGTCGGUGGRCAGATGBCCACCAACAAL
CAGAGCTCCACCACTGRCCCCLUGCGACCGGCACGTACAACCTCCAGGAAATCGTGC
CCGGCAGCGETGTGGATGGAGAGGEGACGTGTACCTCCAAGGACCCATCTGGGCCAA
GATCCCAGAGACGGGGGCGCACTTTCACCCCTCTCCGGUCATGGGCGGATTCGGA
CTCAAACACCCACCGCCCATGATGCTCATCAAGAACACGCCTGTGCCOGGAAATAT
CACCAGCTTCTCGGACGTGUCCGTCAGCAGCTTCATCACCCAGTACAGCACCGGEG
CAGGTCACCGTGGAGATCGAGTGGGAGCTCAAGAAGGAAAACTCCAAGAGGETGGA
ACCCAGAGATCCAGTACACAAACAACTACAACGACCCCCAGTTTGTGGACTTTGLC
CCGGACAGCACCGGGGAATACAGAACCACCAGACCTATCGGAACCCGATACCTTA
CCCGACCCCTT (SEQ ID NOG:Z)

AAVS-
S194G

MSFVDHPPDWLEEVGEGLREFLGLEAGPPKPKPNQOHODOARGLVLPGYNYLGPGN
GLORGEPVNRADEVAREHDISYNEGQLEAGDNPYLKYNHADAEFQEKLADDTSFGGNLG
KAVFQAKKRVLEPFGLVEEGAKTAPTGKRIDDHFPKRKKARTEEDSKPSTSSDAEAGPS
GCSQQLAIPAQPASSLGAD TMGAGGGGPLGDNNQGADGVGNASGDWHCDSTWMGDR
VYTKSTRTWVLPSYNNHQYREIKSGESVDGSNANAYFGYSTPWGEYFDFNRFHSHWSEPR
DWQRLINNYWGFRPRSLRVKIFNIQVKEVTVQDSTTTIANNLTSTVQVFTRDDYQLPYY
VGNGTEGCLPAFPPQVFTLPQYGYATLNRDNTENPTERSSFFCLEYFPSKMLRTGNNF
EFTYNFEEVPFHSSFAPSQNLFKLANPLVDQYLYRFVSTNNTGGVQFNKNLAGRYANT
YKNWFPGPMGRTOGWNLGSGYNRASYSAFATTNRMELEGASYQVPPQPNGMTNNL
QGENTYALENTMIFNSQPANPGTTATYLEGNMLITSESETQPVNRVAYNVGGOMATNN
QSSTTAPATGTYNLGEIVPGSVWMERDVYLQGPIWAKIPETGAHFHPSPAMGGFGLKH
PRPMMLIKNTPVPGNITSFSDVPVSSHTQYSTGQVTVEMEWELKKENSKRWNPEIQYT
NNYNDPQFVDFAPDSTGEYRTTRPIGTRYLTRPL {(SEQ 1D NQO:3)

NA

ATGTOCTTTTGTTGATCACCCTCCAGATTGGTTGGAAGAAGTTGETGAAGGETCTTCGC
CAGTTTTTGGGCCTTGAAGCGGGCCCACTGAAACCAAAACCCAATCAGCAGCATCA
AGATCAAGCCCGTGGTCTTETGCTGCOTEETTATAACTATCTCGGACCCGRAAACG
GTCTCGATCGAGBAGAGCCTGTCAACAGGECAGACGAGGTCGUECGAGAGBCACS
ACATOCTOGTACAACGAGCAGCTTGAGGCGGGAGACAACCCCTACCTCAAGTACAAC
CACGCGGACGCOGAGTTTCAGGAGAAGCTCGCCGACGACACATCCTTCGGEGGAA
ACCTCGEAAAGGCAGTCTTTCAGGUCAAGAAAAGGGTTCTCGAACCTTTTGGCCTG
GTTGAAGAGGGETGCTAAGACGGCCCCTACCORBAAAGCGGATAGACGACCACTITC
CAAAAAGAAAGAAGGCTCGGALCGAAGAGBACTCCAAGCCTTCCACCTCGTCAGAC
GUCGAAGCTGGACCCAGCGGBATCCOCAGCAGCTGCAAATCCCAGCCCAACCAGDCT
CAAGTTTGGGAGCTGATACAATGGGTGCGGGAGGTGGCGGUCCATTGGGCGACAA
TAACCAAGGTGCCGATGGAGTGGGCAATGCCTCGGGAGATTGGCATTGLGATICC
ACGTGGATGGGGGACAGAGTCGTCACCAAGTCCACCCGAACCTGEGTGCTGCCCA
GCTACAACAACCACCAGTACCGAGAGATCAAAAGCGGCTCCGTCGACGGAAGCAA
CGCCAACGCCTACTTTGGATACAGCACCCCCTGGGGGTACTTTGACTTTAACCGCT
TCCACAGCCACTGGAGCCCCCGAGACTGGUAAAGACTCATCAACAACTACTGGGE
CTTCAGACCCCGGTCCCTCAGAGTCAAAATCTTCAACATTCAAGTCAAAGAGGTCAC
GGTGCAGGACTCCACCACCACCATCGCCAACAACCTCACCTCCACCGTCCAAGTGT
TTACGGACGACGACTACCAGCTGCCCTACGTCGTCGGUAACGGGACCGAGGGATG
CCTGLCGGCCTICCCTCCGCAGGTCTTTACGCTGCCGCAGTACGGTTACGCGACG
CTGAACCGCGACAACACAGAAAATCCCACCGAGAGGAGCAGCTTCTTCTGCCTAGA
GTACTTTCCCAGCAAGATGCTGAGAACGGGCAACAACTTIGAGTTTACCTACAACTT
TCGAGGAGGTGCCCTTCCACTCCAGCTTICGCTCCCAGTCAGAACCTGTTCAAGETGG
CCAACCCGCTGGTGGACCAGTACTTGTACCGCTTCGTGAGCACAAATAACACTGGC
GGAGTCCAGTTCAACAAGAACCTGGUCGGGAGATACGCCAACACCTACAAAAACTG
GTTCCCGGGGCCCATGGGCLCGAACCCAGGECTGGAACCTGGGCTCCGGGGTCAA
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COGCGCCAGTGTCAGCGCCTTCGCCACGADCAATAGGATGRAGCTCGAGGGLGC
GAGTTACCAGGTGUCCCCGCAGCCGAACGGCATGACCAACAACCTCCAGGGCAGC
AACACCTATGCCCTGGAGAACACTATGATCTTCAACAGCCAGCCGGOGAACCCEGE
CACCACCGCCACGTACCTCCAGGGCAACATGCTCATCACCAGU CGAGAGUGAGACG
CAGCCGETGAACCGCGTGGUGTACAALGTOGGUGGGBCAGATGGBCCACCAACAAL
CAGAGCTCCACCACTGCCCCOGCGACCGGCACGTACAACCTCCAGGAAATCETGC
COGGCAGUGTCTGGATGCAGAGGEGACGTGTACCTOCAAGGADCCATOTGEGOCAA
GATCCCAGAGACGGGGGCGCACTTTCACCCCTCTCCGGUCATGGGLGGATTOGGA
CTCAAACACCCACCGCCCATGATGCTCATCAAGAACACGCCTGTGCCCGGAAATAT
CACCAGCTTCTCGGACGTGUCCGTCAGCAGCTTCATCACCCAGTACAGCACCGGEG
CAGGTCACCGTGGAGATCGAGTGGGAGCTCAAGAAGGAAAACTCCAAGAGGETGGA
ACCCAGAGATCCAGTACACAAACAACTACAACGACCCCCAGTTTGTGGACTTTGLC
CCGGACAGCACCGGGGAATACAGAACCACCAGACCTATCGGAACCCGATACCTTA
CCCGACCCCTT (SEQ ID NO:4)

AAVE-
G474R

Al

MSFVDHPPDWLEEVGEGLREFLGLEAGPPKPKPNQQHQDQARGLVLPGYNYLGPGN
CLDRGEPVNRADEVAREHDISYNEQLEAGDNPYLKYNHADAEFQEKLADDTSFGGNLG
KAVFQAKKRVLEPFGLVEEGAKTAPTGKRIDDHFPKRKKARTEEDSKPSTSSDAEAGPS
GSQQLAIPAQPASSLGADTMEAGGGGPLGDNNQGADGVENASGDWHCDSTWMGDR
VYTKSTRTWVLPSYNNHQYREIKSGESVDGSNANAYFGYSTPWGYFDFNRFHSHWSEPR
DWQRLINNYWGFRPRSLRVKIFNIQVKEVTVQDSTTTIANNLTSTVQVFTRDDYQLPYY
VGNGTEGULPAFPPQVFTLPQYGYATLNRDNTENPTERSSFFCLEYFPSKMLRTGNNF
EFTYNFEEVPFHSSFAPSQNLFKLANPLVDQYLYRFVSTNNTGGVQFNKNLAGRYANT
YKNWFPGPMGRTORWNLGEGVNRASVSAFATTNRMELEGASYQVPPOPNGMTNNL
QGSNTYALENTMIFNSQPANPGTTATYLEGNMLITSESETQPVNRVAYNVYGGQMATNN
QSSTTAPATGTYNLOENPGSVWMERDVYLOQGFIWAKIPETGAHFHPSPAMGGFGLKH
PRPMMLIKNTPVYPGNITSFSDVPVSSHTQYSTCOQVTVEMEWELKKENSKRWNPEIQYT
NNYNDPQFVEFAPDESTGEYRTTRPIGTRYLTRPL (SEQ 1D NO:5)

NA

ATGTCTTTIGTTGATCACCCTCCAGATTGGTTGGAAGAAGTTGGTGAAGGTCTTCGC
SAGTTTTTGGGCCTTGAAGCGGGCCCACCGAAACCAAAACCOAATCAGCAGCATCA
AGATCAAGCCCGTGGTCTTETGCTGCCTEGETTATAACTATCTCGGACCCGGAAACG
STCTCOATCGAGCBAGAGCCTETCAACAGGECAGACGAGETCGUGUGAGABCACG
ACATCTCOGTACAACGAGCAGCTTGAGGCGGGAGACAACCCCTACCTCAACGTACAAC
CACGUGGACGCOGAGTTTCAGGAGAAGCTCGCCEGACGACACATCCTTCGGGGGAA
ACCTCGGAAAGGCAGTCTTTCAGGOCAAGAAAAGGGTTCTCGAACCTTTTGGCCTG
STTGAAGAGGGTGCTAAGACGGCCCCTACCGEAAAGCGGATAGACGACCACTTTC
CAAAAAGAAAGAAGGCTCGGACCGAAGAGCACTCCAAGCCTTCCACCTCGTCAGAL
SCCGAAGCTGGACCCAGUGBATCCCAGCAGCTGCAAATCCCAGCCUAACCAGTCT
CAAGTTTGGGAGCTCATACAATETCTGCRGGAGGTGEUGEOCCATTGOGUGACAA
TAACCAAGOGTGOCGATGCGAGTGGGLCAATGCOTCGGBBAGATTGGCATTGUGATTICC
ACGTGGATGGGGGACAGAGTCGTCACCAAGTCCACCOCGAACDCTGGETGCTGCOCA
GUTACAACAACCACCAGTACCGAGAGATCAAAAGCGGCTCCETCCACGGAAGCAA
COCCAACGUCTACTTTGGATACAGCACCCCCTGGGGGTACTTTGACTTTAACCGOT
TCCACAGCCACTGGAGCCCCCGAGACTGGUAAAGACTCATCAACAACTACTGGEGE
CTTCAGADCCCGETCOCTCAGAGTCAAMATCTTCAACATTCAAGTCAAAGAGGTOAL
GGTGCAGGACTCCACCACCADCATCOUCAACAACCTCACCTCCACCGTCCAAGTGT
TTACGGACGACGACTACCAGCTGCCCTACGTCGTCGGUAACGGGACCGAGGGATG
CCTGLCGGCCTICCCTCCGCAGGTCTTTACGCTGCCGCAGTACGGTTACGCGACG
CTGAACCGCGACAACACAGAAAATCCCACCGAGAGGAGCAGCTTCTTCTGCCTAGA
GTACTTTCCCAGCAAGATGCTGAGAACGGGCAACAACTTIGAGTTTACCTACAACTT
TCGAGGAGGTGCCCTTCCACTCCAGCTTICGCTCCCAGTCAGAACCTGTTCAAGETGG
CCAACCCGCTGGTGGACCAGTACTTGTACCGCTTCGTGAGCACAAATAACACTGGC
GGAGTCCAGTTCAACAAGAACCTGGCCGGGAGATACGCCAACACCTACAAAAACTG
GTTCCOGHGEECCCATGGGRLUGAACCCAGCGCTGGAACCTGGGCTCCGGEGGTCAA
CCGCGCCAGTGTCAGCGCCTTCGRCCACGACCAATAGGATGGAGCTCGAGGGLGC
GAGTTACCAGGTGUCCCCGCAGCCGAACGGCATGACCAACAACCTCCAGGGCAGC
AACACCTATGCCCTGGAGAACACTATGATCTTCAACAGCCAGCCGGECGAACCCGGG
CACCACCGCCACGTACCTCGAGGGCAACATGCTCATCACCAGCGAGAGUGAGACG
CAGCCGGTGAACCGUGTGGCGTACAACGTCGGCGGGCAGATGGCCACCAACAAC
CAGAGCTCCACCACTGCCCCLCGCGACCGGCACGTACAACCTCCAGGAAATCGTGC
CCGGCAGCGTGTGGATGGAGAGGGACGTGTACCTCCAAGGACCCATCTGGGCCAA
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GATCCCAGAGACGGGGGCGCACTTTCACCCCTCTCCGGUCATGGGLGGATTOGGA
CTCAAACACCCACCGCCCATGATGCTCATCAAGAACACGCCTGTGCCUGGAAATAT
CACCAGCTTCTCGGACGTGUCCGTCAGCAGCTTCATCACCCAGTACAGCACCGEEG

CAGGTCACCGTGGAGATCCAGTGGGAGCTCAAGAAGGAAAACTCCAAGAGETGGA
ACCOAGAGATCCAGTACACAAACAACTACAACGACCCOCAGTTTGTGRACTTITGCC

COGGACAGCACCGEGGAATADAGAACCACCAGACCTATCGGAACCCGATACCTTA

COCGACCCOTT (SEQ ID NO:5)

AAVE-
NSB4R

AA

MSFVDHPPDWLEEVGEGLREFLGLEAGPPKPKPNQQHQDQARGLVLPGYNYLGPGN
GLDRGEPVNRADEVAREHDISYNEQLEAGDNPYLKYNHADAEFQEKLADDTEFGGNLG
KAVEFQAKKRVLEPFGLVEEGAKTAPTGKRIDDHFPKRKKARTEEDSKPSTSSDAEAGRS
GSQOQLOIPAQPASSLGADTMSEAGGGGPLGDNNQGADGVENASGDWHCDSTWMGDR
VWTKESTRTWVLPSYNNHQYREIKSGSVDGSNANAYFGYSTPWGYFDFNRFHSHWSEPR
DWORLINNYWGFRPRSLRVKIFNIQVKEVTVQDSTTTIANNLTSTVQVFTDDDYQLPYY
VONGTEGCLPAFPPQVFTLPQYGYATLNRDNTENPTERSSFFCLEYFPSKMLRTGNNF
EFTYNFEEVPFHSSFAPSQNLFKLANPLVDOQYLYRFVSTNNTGGVQFNKNLAGRYANT
YRKNWFPGPMGRTOGWNLGSGVYNRASVSAFATTNRMELEGASYQVPPQPNGMTNNL
QGSNTYALENTMIFNSQPANPGTTATYLEGNMLITSESETQPVNRVAYRVGGOMATNN
QSSTTAPATGTYNLOENPGSVWMERDVYLOQGFIWAKIPETGAHFHPSPAMGGFGLKH
PRPMMLIKNTPVYPGNITSFSDVPVSSHTQYSTCOQVTVEMEWELKKENSKRWNPEIQYT
NNYNDPQFVDFAPDETGEYRTTRPIGTRYLTRPL (SEQ D NO7)

NA

ATGTCTTTIGTTGATCACCCTCCAGATTGGTTGGAAGAAGTTGGTGAAGGTCTTCGC
GAGTTTTTGGGCCTTGAAGCGGGCCCACCGAAACCAAAACCCAATCAGCAGCATCA
AGATCAAGCCCGTGGTCTTGTGCTGCCTGGTTATAACTATCTCGGACCCGGAAACG
GTCTCGATCGAGGAGAGCCTGTCAACAGGGCAGACGAGGTCGUGCGAGAGCACSG

ACATCTCGTACAACGAGCAGCTTGAGGCGGGAGACAACCCCTACCTCAAGTACAAC
CACGCGGACGCCGAGTTTCAGGAGAAGCTCGCCGACGACACATCCTTCGGGGGAA
ACCTCGGAAAGGCAGTCTTTCAGGCCAAGAAAAGGGTTICTCGAACCTTTTIGGCCTG
GTTGAAGAGGGTGCTAAGACGGCCCCTACCGGAAAGCGGATAGACGACCACTTTC

CAAAAAGAAAGAAGGCTCGGACCGAAGAGCACTCCAAGCCTTCCACCTCGTCAGAL
SCCGAAGCTGGACCCAGUGBATCCCAGCAGCTGCAAATCCCAGCCUAACCAGECT
CAAGTTTGGGAGCTCATACAATGTCTGCRGGAGGTEEUGEOCCATTGOGUGACAA
TAACCAAGGTGUCGATGCAGTCRGCAATCCUTCGGGAGATTGGCATTGOGATTCC

ACGTGGATGGGGGACAGAGTCGTCACCAAGTCCACCCEAACCTGGETGCTACOCA
SUTACAACAACCACCAGTACCGAGAGATCAAAAGCGGCTCCETCBACGGAAGTAA

COOCAACGUCTACTTTGGATACAGCACCCCCTGGGGGTACTTTGACTTTAACCGCT
TCCACAGCCACTGGAGCUCCOGAGACTGEUAAAGACTCATCAACAACTACTGEGEE

CTTCAGACCCCGOTCOCTCAGAGTCAAMATCTTCAACATTCAAGTCAAACGAGGTOAL
GCTGCAGGACTCCACCACCACCATCOUCAACAADTTCACCTCCACCGTCCAAGTGT
TTACGGACCACGACTACCAGCTOCOCTACGTCGTCGEUAACGGGACCGAGGGATE
COTECCGGCCTTCOCTCCGLCAGGTOTTTACGCTGCCGUAGTACGGTTACGCGACG
CTGAACCGCGACAACACACAAAATCCCACCGAGAGGAGCAGCTTCTTCTGCCTAGA
GTACTTTCOCAGCAAGATGCTGAGAACGGGCAACAADTTTGAGTTTACCTACAACTT
TCAGGAGGTGCCCTTCCACTCCAGCTTCGCTCCCAGTCAGAACTTGTTCAAGCTGEG
COAACCUGCTOETGRACCAGTACTTGTACCGCTTCGTGAGCACAAATAACACTGGC
GGAGTCCAGTTCAADAAGAACCTGGCCGEGAGATACGCCAACACCTACAAAAACTG
GTTCCCGEEEUCCATEEECOGAACCCAGGGLTGGAACCTGGECTCUGGGETCAA
COGCGCCAGTGTCAGCGCCTTCGCCACGADCAATAGGATGRAGCTCGAGGGLGC

GAGTTACCAGGTGCCCOCGCAGCCGAACGGCATGACCAACAACCTCCAGGGCAGC
AACACCTATGCCCTGGAGAACACTATGATCTTCAACAGCCAGCCGGOGAACCCEGE
CACCACCGCCACGTACCTCCAGGGCAACATGCTCATCACCAGU CGAGAGUGAGACG
CAGCCGGTGAACCGCGTGGUGTACCGUGTCGGCGGGCAGATGGCCACCAACAAC
CAGAGCTCCACCACTGRCCCCLUGCGACCGGCACGTACAACCTCCAGGAAATCGTGC
CCGGCAGCGETGTGGATGGAGAGGEGACGTGTACCTCCAAGGACCCATCTGGGCCAA
GATCCCAGAGACGGGGGCGCACTTTCACCCCTCTCCGGUCATGGGCGGATTCGGA
CTCAAACACCCACCGCCCATGATGCTCATCAAGAACACGCCTGTGCCOGGAAATAT
CACCAGCTTCTCGGACGTGUCCGTCAGCAGCTTCATCACCCAGTACAGCACCGGEG

CAGGTCACCGTGGAGATCGAGTGGGAGCTCAAGAAGGAAAACTCCAAGAGGETGGA
ACCCAGAGATCCAGTACACAAACAACTACAACGACCCCCAGTTTGTGGACTTTGCC

CCGGACAGCACCGGGGAATACAGAACCACCAGACCTATCGGAACCCGATACCTTA

CCCGACCCCTT (SEQ ID NQ:B)
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AAVS-
N573R

AR

MSFVDHPPDWLEEVGEGLREFLGLEAGPPKPKPNQOHODOARGLVLPGYNYLGPGN
GLORGEPVNRADEVAREHDISYNEGQLEAGDNPYLKYNHADAEFQEKLADDTSFGGNLG
KAVFQAKKRVLEPFGLVEEGAKTAPTGKRIDDHFPKRKKARTEEDSKPSTSSDAEAGPS
GSQQLAIPAQPASSLGADTMEAGGGGPLGDNNQGADGVENASGDWHCDSTWMGDR
VYTKSTRTWVLPSYNNHQYREIKSGESVDGSNANAYFGYSTPWGEYFDFNRFHSHWSEPR
DWQRLINNYWGFRPRSLRVKIFNIQVKEVTVQDSTTTIANNLTSTVQVFTRDDYQLPYY
VGNGTEGULPAFPPQVFTLPQYGYATLNRDNTENPTERSSFFCLEYFPSKMLRTGNNF
EFTYNFEEVPFHSSFAPSQNLFKLANPLVDQYLYRFVSTNNTGGVQFNKNLAGRYANT
YKNWFPGPMGRTOGWNLGSGYNRASYSAFATTNRMELEGASYQVPPQPNGMTNNL
QGENTYALENTMIFNSQPANPGTTATYLEGNMLITSESETQPVNRVAYNVGGOMATANR
QSSTTAPATGTYNLGEIVPGSVWMERDVYLQGPIWAKIPETGAHFHPSPAMGGFGLKH
PRPMMLIKNTPVPGNITSFSDVPVSSHTQYSTGQVTVEMEWELKKENSKRWNPEIQYT
NNYNDPQFVEFAPDSTGEYRTTRPIGTRYLTRPL (SEQ 1D NO:9)

NA

ATGTCTTTTGTTCGATCACCCTCCAGATTGGTTGGAAGAAGTTGETGAAGGTCTTCGC
SAGTTTTTGGGCCTTGAAGCGGGCCCACCGAAACCAAAACCOAATCAGCAGCATCA
AGATCAAGCCCGTGGTCTTETGCTECOTEGETTATAACTATCTCGGACCCGRAAACG
GTCTCGATCGAGBAGAGCCTGTCAACAGGECAGACGAGGTCGUECGAGAGBCACS
ACATOCTOGTACAACGAGCAGCTTGAGGCGGGAGACAACCCCTACCTCAAGTACAAC
CACGCGGACGCOGAGTTTCAGGAGAAGCTCGCCGACGACACATCCTTCGGEGGAA
ACCTCGEAAAGGCAGTCTTTCAGGUCAAGAAAAGGGTTCTCGAACCTTTTGGCCTG
GTTGAAGAGGGETGCTAAGACGGCCCCTACCORBAAAGCGGATAGACGACCACTITC
CAAAAAGAAAGAAGGCTCGGALCGAAGAGBACTCCAAGCCTTCCACCTCGTCAGAC
GUCGAAGCTGGACCCAGCGGBATCCOCAGCAGCTGCAAATCCCAGCCCAACCAGDCT
CAAGTTTGGGAGCTCGATACAATETCTGCGGGAGGTGEUGGEUCCATTGGGUBACAA
TAACCAAGOGTGOCGATGGAGTGGGLCAATGCOTCGGBGAGATTGGCATTGUGATTICC
ACGTGGATGGGGGACAGAGTCGTCACCAAGTCCACCOCGAACDCTGGETGCTGCOCA
GUTACAACAACCACCAGTACCGAGAGATCAAAAGCGGCTCCETCCACGGAAGCAA
CGCCAACGCCTACTTTGGATACAGCACCCCCTGGGGGTACTTTGACTTTAACCGCT
TCCACAGCCACTGGAGCCCCCGAGACTGGUAAAGACTCATCAACAACTACTGGGE
CTTCAGACCCCGGTCCCTCAGAGTCAAAATCTTCAACATTCAAGTCAAAGAGGTCAC
GGTGCAGGACTCCACCACCACCATCGCCAACAACCTCACCTCCACCGTCCAAGTGT
TTACGGACGACGACTACCAGCTGCCCTACGTCGTCGGUAACGGGACCGAGGGATG
CCTGLCGGCCTICCCTCCGCAGGTCTTTACGCTGCCGCAGTACGGTTACGCGACG
CTGAACCGCGACAACACAGAAAATCCCACCGAGAGGAGCAGCTTCTTCTGCCTAGA
GTACTTTCCCAGCAAGATGCTGAGAACGGGCAACAACTTIGAGTTTACCTACAACTT
TCGAGGAGGTGCCCTTCCACTCCAGCTTICGCTCCCAGTCAGAACCTGTTCAAGETGG
CCAACCCGCTOGTGGACCAGTACTTGTACCGCTTCGTGAGCACAAATAACACTGGC
GGAGTCCAGTTCAACAAGAACCTGGCCGGGAGATACGCCAACACCTACAAAAACTG
GTTCCCGHGECCCATGGGRCLGAACCCAGGGLTGGAACCTGGECTCOGEGETCAA
CCGCGCCAGTGTCAGCGCCTTCGCCACGACCAATAGGATGGAGCTCGAGGGLGT
GAGTTACCAGGTGCCCCCGCAGCCGAACGGCATGACCAACAACCTCCAGGGCAGT
AACACCTATGCCCTGGAGAACACTATGATCTTCAACAGCCAGCCGGCGAACCCGGG
CACCACCGCCACGTACCTCGAGGGUAACATGCTCATCACCAGCGAGAGCGAGACG
CAGCCGGTGAACCGCGTGGLGTACAACGTCGGLGGGCAGATGGUCACCAACAGA
CAGAGCTCCACCACTGCCCCLCGCGACCGGCACGTACAACCTCCAGGAAATCGTGC
CCGGCAGCGTGTGGATGGAGAGGGACGTGTACCTCCAAGGACCCATCTGGGCCAA
GATCCCAGAGACGGGGGCGCACTTTCACCCCTCTCCGGCCATGGGCGGATTICGGA
CTCAAACACCCACCGCCCATGATGCTCATCAAGAACACGCCTGTGCCCGGAAATAT
CACCAGCTTCTCGGACGTGCCCGTCAGCAGCTTCATCACCCAGTACAGCACCGGG
CAGGTCACCGTGGAGATGGAGTGGGAGCTCAAGAAGGAAAACTCCAAGAGGTGGA
ACCCAGAGATCCAGTACACAAACAACTACAACGACCCCCAGTTTGTGGACTTTGCO
CCGGACAGCACCGGGGAATACAGAACCACCAGACCTATCGGAACCCGATACCTTA
CCOGACCCOCTT (SEQ ID NO:i0)

in Table 1, AA refers {0 the amine adid segquence and NA refers 10 the nucleic acid sequence

of the AAY capsid protein as indicated.
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(3119} In certain embodiments, the modified capsid protein provided hereinis a
modified capsid protein of an AAV serotype selected from the group consisting of AAV1T,
AAVZ AAV4, AAVE, AAVE, AAVT, AAVE, AAVE, AAVE1T AAVANCED, AAVTMSE, AAVIh10,
AAV2(Y444F), AAVZ(Y444+500+730), AAVZ(Y252+272+444+500+700+704+730F),
AAVB(YT33F), and any variant thereof. The capsid protein of any AAV serotype may be
modified according o the substitutions described herein. The skilled artisan will readily be
able 1o identify any other AAV serotype suitable for introducing the amino acid substiiufions
described hersin {(e.q., substitutions at 184, G474, N564, and/or N5732, whearain numbering
of the positions is based on VP1 numbering of AAVE). In certain embodiments, the modified
capsid protein is a modified capsid protein of AAVS. In certain embodiments, the modified
capsid protein is a modified capsid protein of AAV1. In certain embodiments, the modified
capsid protein is a modified capsid protein of AAVZ. In certain embodiments, the modified
capsid protein is @ modified capsid protein of AAV4. In certain embodiments, the modified
capsid protein is a modified capsid protein of AAVE. In certain embodiments, the modified
capsid protein is a modified capsid protein of AAV7Y. In certain embodiments, the modified
capsid protein is a modified capsid protein of AAVE. In certain embodiments, the modified
capsid protein is a modified capsid protein of AAVS. In certain embodiments, the modified
capsid protein is a modified capsid protein of AAVB1. See, Choudhury et al. (2018) Mol
Ther., 24(7). 1247-1257, the disclosure of which is incorporated herein by reference in its
entirety. In cerlain embodiments, the modified capsid protein is a modified capsid protein of
AAVANCBD, including AncB0LSS, AncB0L27, and AncB0L121. Bee, Carvalho et al. (2018)
Human Gene Therapy, 28(7). 771-784, the disclosure of which is incorporated herein by
reference in its entirely. In certain embodiments, the modified capsid protein is @ modified
capsid protein of AAVTmMSB. See, Dalkara et al. (2013) Sci. Transh. Med., 5{(188). 18%ra78, the
disclosure of which is incorporated herein by reference in its entirsty. In cerfain
embediments, the modified capsid protein is a modified capsid protein of AAVrh10. See,
Gaoe et al. (2002) Proc. Natl. Acad. Sci. USA, 98(18); 11854-11858, the disclosure of which
is incorporated herein by reference in its entirety. In certain embodiments, the modified
capsid protein is @ modified capsid protein of AAVZ(Y444F), &.¢., a modified capsid protein
of AAVZE comprising a phenvialanine (F) at position 444, In certain embodiments, the
modified capsid protein is a modified capsid protein of AAV2(Y444+500+730), .., &
modified capsid protein of AAVZ comprising a phenvialanine (F) at positions 444, 500, and
730. In certain embodiments, the modified capsid protein is a modified capsid protein of
AAVZ(Y252+272+444+500+700+704+730F), e.g., a modified capsid protein of AAV2
comprising a phenvialanine (F) at positions 252, 272, 444, 500, 700, 704 and 730. In certain
embodiments, the maodified capsid protein is a modified capsid protein of AAVB{Y733F).
See, Bogner et al. (2015) PLoS One, 10(8): 0128759 (1-16), and U.&. Patent No.
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8,445 267, the disclosures of which are incorporated herein by reference in their entirety. In
certain embodiments, the modified capsid protein is a modified capsid protein of a variant of

any of the AAV serolypes described herein.

NUCLEIC ACIDS, VECTORS, AND METHODS OF PRODUCTION

{01207 Provided herein are nucleic acids {e.q., isolated nucleic acids) encoding a
polypeptide (e.4., an AAY capsid protein) as described hersin.

{01217 Accordingly, in one aspect, provided herein is a nucleic acid comprising a
nuclectide seguence that encodes a poiypeptide {e.g., an AAV capsid protein} comprising an
amino acid substifution al one or more positions corresponding 1o amine acids $194, G474,
NB564, and/or N573, wherein numbering of the positions is based on VP 1 numbering of AAVS,
in certain embodiments, numbering of the positions is based on the amino acid sequence of
the wild-type AAVS VP1 as set forth in SEQ ID NO:1. As such, in certain embodiments,
provided herein is a nucleic acid comprising a nuclectide sequences that encodes a polypeptide
{e.g., an AAV capsid protein) comprising an amino acid substitution at one or more positions
corresponding {0 amino acids 8104, G474, N5684, and/or N573, wherein numbering of the
positions is based on the aming acid seguence of the wild-type AAVE VP1 as set forth in SEQ
0 NO:L

10122} Incertain embodiments, the nucleic acid comprises a nucleotide seguence that
encodes for a modified capsid protein comprising an amino acid sequence having ai ieast
80%, sl least 81%, at least 82%, at least 83%, at least 84%, at isast 85%, at least 88%, at
least 87%, at least B8%, at least 88%, at least 80%, at least 01%, al least 92%, at ieast 83%,
at least 94%, al least 85%, at least 96%, at least 97%, at least 98%, at least 88% sequence
identity with the amino acid sequence sef forth in SEQ 1D NO:1. In certain embodiments, the
nucleic acid comprises a nuclectide sequence that encodes for & modified capsid protein
comprising an amino acid sequence having at least 95% sequence identity with the amino
acid sequence set forth in SEQ 1D NG 1. In certain embodiments, the nucleic acid comprises
a nucleotide sequence that encodes for a modified capsid prolein comprising an amino acid
sequence having at least 99% sequence identily with the aming acid sequence set forth in
SEQ D NO1. in certain embodiments, the modified capsid protein comprising an amino acid
saguence having at least 80%, at least 81%, atleast 82%, at least 83%, at least 84%, at least
85%, at least 88%, at ieast 87%, st least 88%, at least 89%, at least 20%, at least 91%, at
foast 92%, at ieast 93%, at least 94%, at least 85%, at least 98%, at least 97%, at least 88%,
at least 99% sequence identity with the amino acid sequence set forth in 3EQ ID NG, is
gncoded by a nucleic acid comprising a nuclieotide sequence having at least 80%, at ieast

81%, at least 82%, at icast 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
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least BB%, at isast 88%, at lsast 80%, al least 81%, at least 92%, at isast 93%, at least 84%,
at least 95%, at least 86%, atleast §7%, at least 88%, at least 99% seqguence identity with the
nucleotide sequence set forth in SEQ 1D NO:2Z.

[0123] In certain embodiments, provided herein is a nucleic acid comprising a
nuciectide sequence that encodes for a modified capsid protein comprising an amine acid
substitution at the position corresponding to amino acid 8184, wherein numbering of the
position is based on the amino acid sequence of the wild-type AAVS VP11 as set forth in SEQ
D NO:. In certain embodiments, the amino acid in the modified capsid protein corresponding
to amino acid 184 is G. In cerfain embodiments, the nucisic acid comprises a nuclectide
sequence that encodes for a modified capsid protein comprising an amino acid seguence
having at ieast 80%, al least 81%, at least 82%, at least 83%, at least 84%, al least 85%, at
least 88%, at least 87%, at [east 88%, at least 88%, at least 80%, & least 91%, at ieast 829%,
at least 93%, ot least 894%, ol least 5%, ol least 86%, al least 97%, al least 98%, al least
99% sequence identity with the amine acid sequence set forth in SEQ 1D NO:3, wherein the
amine acid in the capsid profein corresponding 1o amino acid 194 of SEQ ID NO3 is G, In
cartain embodiments, the nucleic acid comprises a nuclectide seguence that encodes for g
modified capsid protein comprising the amino acid sequence set forth in SEQ D NO:3. In
certain embodiments, the nucleic acid comprises a nucleotide sequence that encodes for a
modified capsid protein, wherein the amino acid sequence of the modified capsid protein
consists of the amino acid sequence set forth in SEQ 1D NO:2. In cerfain embodiments, the
modified capsid protein comprising an amino acid sequence having at least 80%, at least 81%,
at least 82%, at least 83%, at ieast 84%, at least 85Y%, at ieast 86%, at ieast 87%, at least
88%, at least 88%, at ieast 30%, st least 91%, at lcast 92%, at least 3%, at least 94%, at
least 95%, at least 96%, at least 87%, al least 88%, at least 98% sequence identily with the
amino acid sequance set forth in SEQ ID NO:3, whersin the aminoe acid in the capsid protein
corresponding to amino acid 184 of SEQ 1D NGB is G, is encoded by a nucieic acid comprising
a nucleotide sequence having at least 80%, at least 81%, al least 82%, al least 83%, at least
84%, al least 85%, ot least 88%, at least 87%, at least B8%, at isast 88%, at least 90%, at
least 91%, at least 92%, at {east 93%, at ieast 84%, at least 05%, al least 98%, at least 87%,
at least 98%, atf least 99% sequence identity with the nucleotide sequence set forth in SEQ 1D
NO:4. In certain embodiments, provided herein is an isolated nucieic acid comprising the
nuclectide sequence st forth in SEQ 1D NO:4. In certain embodiments, provided hergin is an
isclated nucleic acid consisting of the nuclectide sequence sat forth in SEQ 1D NC4.

[0124] In certain embodiments, provided herein is a nucleic acid comprising a
nucieotide seguence that encodes for a modified capsid protein comprising an aming acid
substitution at the position corresponding to amino acid G474, wherein numbering of the

position is basad on the amino acid sequence of the wild-type AAVS V1 as set forth in SEQ
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2 NGO In certain embodiments, the amino acid in the modified capsid protein corresponding
to amino acid 474 is R. In certain embodiments, the nucleic acid comprises a nucleotide
sequence that encodes for a modified capsid protein comprising an amino acid seguence
having at ieast 80%, al least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least B7%, al least 88%, at isast 88%, at least 00%, al least 91%, at ieast 82%,
at least 93%, at least 94%, at least 95Y%, at least 896%, at least 97%, at least 98%, at least
99% sequence identify with the amino acid sequence set forth in SEQ 1D NO:5B, wherein the
amine acid in the capsid profein corresponding t© aming acid 474 of SEQ ID NG5 is R, In
certain embodiments, the nucleic acid comprises a nucleclide sequence that encodes for a
modified capsid protein comprising the amino acid seguence set forth in SEQ ID NG5, In
certain embodiments, the nucleic acid comprises a nucleotide sequence that encodes for a
modified capsid protein, wherein the amino acid sequence of the modified capsid protein
consists of the amino acid sequence set forth in SEQ 1D NO:5. In certain embodiments, the
modified capsid protein comprising an amine acid sequence having at least 80%, at least 81%,
at least 82%, at least 83%, at least B4%, at least B5%, at least 88%, at least 87%, at least
B8%, at least BS%, at ivast 90%, at least 91%, al least 92%, al least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, al least 98% sequence identily with the
amino acid sequence set forth in SEQ 1D NO:5, wherein the amino acid in the capsid protein
corresponding to amino acid 474 of SEQ 1D NG5 is R, is encoded by a nucleic acid comprising
a nucleotide sequence having at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, al least 85%, gt least 868%, at least 87%, at least B8%, at least 88%, at least 90%, at
least 91%, al least 82%. at least 93%, at least 94%, at least 95%, atl least 98%, at least 97%,
at least 98%, at least 99% seaquence identity with the nuclectide sequence set forth in SEQ 1D
NO:8. In certain embodiments, provided herein is an isolated nucleic acid comprising the
nuclectide sequence set forth in SEQ D NO:6. In certain embodiments, provided hersin is an
isolated nucleic acid consisting of the nucleotide sequence sef forth in SEQ 1D NCE.

[0125] In certain embodiments, provided herein is a nucleic acid comprising a
nuciectide seguence that encodes for a modified capsid protein comprising an amino acid
substitution at the position corresponding 1o aming acid N564, wherein numbering of the
position is hased on the amino acid sequence of the wild-type AAVS V1 as set forth in SEQ
1D NO:1. In cerfain embodiments, the amino acid in the modified capsid protein corresponding
to amino acid 564 is R. In certain embodiments, the nucleic acid comprises a nucleciide
saquence that encodes for a modified capsid profein comprising an aming acid sequence
having at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 88%, at least B7%, at least 88%, at lzast 89%, at least 80%, at least 91%, at least 92%,
at least 93%, ol least 94%, ot least 85%, ot least 86%, at least 97%, st [east 98%, sl {east

99% sequence identity with the amino acid sequence set forth in SEQ 1D NG:7, wherein the
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amine acid in the capsid profein corresponding © amino acid 584 of SEQ 1D NG is R, In
certain embodiments, the nucleic acid comprises a nucleotide sequence that encodes for a
maodified capsid protein comprising the amino acid seguence set forth in SEQ 1D NO7. In
certain embodiments, the nucleic acid comprises a nuclectide sequence that encodes for a
modified capsid protein, wherein the amino acid sequence of the modified capsid protein
consists of the amino acid sequence set forth in SEQ 1D NG:7. In certain embodiments, the
modified capsid protein comprising an amino acid seguence having at least 80%, atleast 81%,
at least B2%, at least B83%, at least 84%, at least B5%, at least 86%, at least 87%, at least
B8%, at least BS%, at ieast 90%, at least 91%, al least 92%, al least 83%, st least 84%, at
least 95%, at least 86%, atleast 97%, at least 88%, al least 88% sequence identity with the
amino acid sequence sei forth in SEQ D NO.7, wherein the amino acid in the capsid protein
corresponding to amino acid 564 of SEQ 1D NG:7 is R, is encoded by & nucleic acid comprising
a nucleotide sequence having at least 80%, al least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
joast 91%, at ieast 92%, at least 83%, st least 84%, at least 95%, at least 88%, at least 87%,
at least 98%, at least 99% sseguence identity with the nuclectide sequance set forth in SEQ D
NO:8. in certain embodiments, provided herein is an isolated nucieic acid comprising the
nuclectide sequence set forth in SEQ {D NO:8. In certain embodiments, provided herein is an
isolated nucleic acid consisting of the nucleotide sequence sef forth in SEQ 1D NG:8.

[0126] In certain embodiments, provided herein is a nucleic acid comprising a
nuciectide sequence that encodes for a modified capsid protein comprising an amine acid
substitution at the position corresponding 1o amino acid N573, wherein numbering of the
position is based on the amino acid sequence of the wild-type AAVS VP11 as set forth in SEQ
D NO:. In certain embodiments, the amino acid in the modified capsid protein corresponding
to amino acid 573 is R, In certain embodiments, the nuclsic acid comprises a nuclectide
sequence that encodes for a modified capsid protein comprising an amino acid seguence
having at least 80%, al least 81%, at least 82%, at least 83%, at least 84%, al least 85%, at
least 868%, at least 87%, at least 88%, at Isast 88%, at least 80%, &t least 91%, at least 82%,
at least 93%, ol least 94%, gt least 85%, ot least 96%, gt least 7%, &t least 98%, &l least
99% sequence identity with the amine acid sequence set forth in SEQ 1D NO:8, wherein the
amine acid in the capsid protein corresponding o amino acid 573 of SEQ ID NO: 8 is R. In
cartain embodiments, the nucleic acid comprises a nuclectide seguence that encodes for &
modified capsid protein comprising the amino acid sequence set forth in SEQ ID NO:S. In
certain embodiments, the nucleic acid comprises a nucleotide sequence that encodes for a
modified capsid protein, wherein the amino acid sequence of the modified capsid protein
consists of the amino acid sequence set forth in SEQ 1D NO:Q. In cerfain embodiments, the

modified capsid protein comprising an amino acid sequence having at least 80%, at least 81%,
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at least B2%, at least B3%, at ieast B4%, at least B5%, at least 86%, at least 87%, at least
88%, at least B8%, at ieast 90%, at least 91%, at least 92%, at least 93%, at least 84%, at
least 95%, al least 96%, atleast 97%, at least 98%, al least 88% sequence identity with the
amino acid sequence sef forth in SEQH D NO:8, wherein the amino acid in the capsid protein
corresponding to amine acid 573 of SEQID NO:8 is R, is encoded by a nucleic acid comprising
a nucleoctide sequence having at least 80%, al least 81%, at least 82%, at least 83%, al least
84%, at least 85%, at least BE%, at least 87%, at lcast 88%, at least 89%, at least 80%, at
least 91%, at least 82%, at least 83%, &t least 84%, at least 85%, at least 86%, at least 87%,
at least 98%, at least 98% sequence identity with the nucleclide sequence set forth in SEQ D
NO:10. In certain embodiments, provided herein is an isolated nucleic acid comprising the
nucieotide sequence set forth in SEG 1D NO:10. In certain embodiments, provided herein is
an isclated nucleic acid consisting of the nuclestide saguence set forth in SEQ 1D NO10.

(01271 In certain embodiments, the nucleic acid may be oplimized, e.g., using codon
optimization, replacement and/or removal of certain elements, o improve, 8.¢. expraession of
the capsid protein. Various methods {o optimize nucleic acid sequences are Known in the art
by those of ordinary skill in the art. For example, cerfain nuclectides in the nucleic acid can
be mutaled without altering the amino acid seguence encoeded by the nucleic acid sequence,
utilizing the degeneracy of the genetic code. For example, a nucleic acid can be optimized by
using an allernative codon for an identical amino acid. In certain embodiments, optimization
methods can increase expression of the encoded capsid protein relative to the expression of
the capsid encoded by nuclsic acid sequences that have not been oplimized.

(0128} Numerous methods are known in the art for production of rAAV vectors,
including transfection, stable cell line production, and infectious hvbrid virus production
systems which include adenovirus- AAV hybrids, herpesvirus- AAV hybrids (Conway, JE ef
al., {1897). Virology 71(11).8780-8789) and baculovirus-AAY hybrids. rAAV production
cufltures for the production of rAAV virus particles all require; 1) suitable host cells, including,
for example, human-derived cell lines such as Hela, A549, or 283 cells, or insect-derived cell
fines such as 3F-Q, in the case of baculovirus production systems,; 2) suilable helper virus
function, provided by wild-lype or mutant adenovirus (such as temperature sensitive
adencvirus), herpes virus, baculovirus, or a plasmid construct providing helper functions {(e.q.,
a helper viral vector selected from the group consisting of a retrovirus veclor, a herpes virus
vector, a baculovirus vector, or an adenovirus vector expression vector, wherein the vector is
an exprassion vector); 3} AAV rep and cap genes and gene products; 4) a transgene {(such as
a therapeutic transgene) flanked by at least one AAV ITR sequences ;| and 5) suilable media
and media components to support rAAY production. Suitable media known in the art may be
used for the production of rAAV vectors. These media include, without limitation, media

produced by Hyclone Laboratories and JRH including Modified Eagle Medium (MEM),
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Dulbecco's Modified Eagle Medium (DMEM), custom formulations such as those described in
U.S. Patent No. 8,568,118, and Sf- 300 1| SFM media as described in U.S. Patent No.
6,723,551, each of which is incorporated hersin by reference in its entirety, particularly with
respect to custom media formulations for use in production of recombinant AAV vectors.

{01291 The rAAV particles can be produced using methods known in the art. See, 6.9,
LS. Pat Nos. 6,566,118; 6,988,264, and 8,995,008, In practicing the invention, host calls for
producing rAAY particles include mammalian cells, insect cells, plant celis, microorganisms
and veasi. Host cells can also be packaging cells in which the AAV rep and cap genes are
stably maintained in the host cell or producer calis in which the AAV vector genome is stably
maintained. Exempiary packaging and producer celis are derived from 283, AbB49 or Hela
celis. AAV vectors are purified and formulated using standard technigues known in the arl.

(01307 In some embodiments, rAAV particles may be produced by a triple transfection
method, such as the exemplary triple transfection method provided infra. Brisfly, a plasmid
cortaining a rep gene and a capsid gene, along with a helper adenoviral plasmid, may be
transfected {e.g., using the calcium phosphate method) into a cell line {e.q., HEK-253 cells),
and virus may be collected and oplionally purified.

(31311 In some embodiments, rAAY parlicles may be produced by a producer cell line
method, such as the exemplary producer cell line method provided infra (see also (referenced
in Martin ef &/, (2013) Human Gene Therapy Methods 24:253-268). Briefly, acellline (e.g., a
Hel.a cell line} may be stably transfected with a plasmid containing a rep gene, a capsid gene,
and a promoter-transgene sequence. Cell lines may be screened {o select a lead clone for
rAAY production, which may then be expanded 1o a production bioreacior and infected with
an adenovirus (2.¢., a wild-lype adenovirus) as helper to iniliate rAAV production. Virus may
subsequently be harvested, adenovirus may be inactivated {e.g., by heat) and/or removed,
and the rAAV particles may be purified.

[0132] Suitable rAAV production culture media of the present invention may be
supplemented with serum or serum-derived recombinant proteins at a level of 0.5 -20 (viv or
wiv). Alternatively, as is known in the art, rAAY vectors may be produced in serum- free
conditions which may aiso be referred to as media with no animal-derived products. One of
ordinary skill in the art may appreciate that commercial or custom media designed to support
production of rAAV vectors may also be supplemented with one or more cell culture
components know in the arl, including without imitation glucose, vitamins, amino acids, and
or growth factors, in order {0 increase the titer of rAAV in production cultures.

[01331 rAAY production cultures can be grown under a variety of conditions {over a
wide lemperaiure range, for varving lengths of time, and the like) suilable {o the particular host
cell being utilized. As is known in the art, rAAV production cultures include atiachment-

dependent cultures which can be culiured in suitable attachment-dependent vessels such as,
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for example, roller botiles, hollow fiber filters, microcarriers, and packed-bed or fluidized-bed
bioreactors. rAAY vector production cultures may also include suspension-adapted host cealls
such as Hela, 293, and 5F-8 cells which can be cultured in a variely of ways including, for
example, spinner flasks, stirred tank bioreactors, and disposabie systems such as the Wave
bag system.

(01341 rAAV vector particles as described herein may be harvested from rAAV
production cultures by lysis of the host cells of the production culture or by harvest of the spent
media from the production culture, provided the cells are cultured under conditions known in
the arl to cause release of rAAY particles into the media from intact celis, as described more
fully in U.S. Patent No. 6,566,118). In certain embodiments, rAAV vector particles as described
herein are produced by a method comprising culluring the recombinant host cell under
conditions whereby the nucleic acid is expressed and the capsid protein is produced. Suitable
methods of lysing cells are also known in the art and include for example multiple fresze/thaw
cycles, sonication, microfluidization, and reatment with chemicals, such as detergents and/or
proteases.

{01357 In a further embodiment, the rAAVY particles are purified. The term "purified” as
used herein includes a preparation of rAAY particles devoid of at least some of the other
components that may also be present where the rAAV particles naturally occur or are initially
prepared from. Thus, for example, isolated rAAV particles may be prepared using a purification
technigue to enrich i from a source mixture, such as a culture lysate or production cullure
supernatant. Enrichment can be measurad in a variety of ways, such as, for example, by the
proportion of DNase -resistant particies (DRFs) or genome coples {(go) present in a solution,
or by infectivity, or it can be measured in relation 0 8 second, potentially interfering substance
present in the source mixture, such as contaminants, including production culture
contaminants or in-process contaminants, inciuding helper virus, media componants, and the
like.

[0138] In some embodiments, the rAAV production culture harvest is clarified to
remove host cell debris. In some embodiments, the production culture harvest is clarified by
filtration through a series of depth filters including, for example, a grade DOHC Millipore
Millistak+ HC Pod Filter, a grade ATHC Millipore Millistak+ HC Pod Filter, and a 0.2 un Filter
Opticap XL 10 Millipore Express SHC Hydrophilic Membrane filter. Clarification can also be
achieved by a variety of other standard technigues known in the art, such as, centrifugation or
filtration through any cellulose acetlate filer of 0.2 win or greater pore size known in the art.

[01377 In some embodiments, the rAAY production culture harvest is further treated
with Benzonase® to digest any high molecular weight DNA present in the production culture.

in some embodiments, the Benzonase® digestion is performed under standard conditions
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known in the art including, for example, a final concentration of 1-2.5 units/mi of Benzonase® at
a temperature ranging from ambient {o 37°C for a period of 30 minuies to several hours.

[0138] rAAV particles may be isolated or purified using one or more of the following
purification steps: equilibrium  centrifugation;, flow-through  anionic exchange  filtration;
tangential flow filtration (TFF) for concentrating the rAAV pariicles; rAAY capture by apalite
chromatography, heat inactivation of helper virus; rAAY capture by hydrophobic interaction
chromatography; buffer exchange by size exclusion chromatography (SEC); nanofiliration;
and rAAV capture by anionic exchange chromatography, cationic exchange chromatography,
or affinity chromatography. These steps may be used alone, In various combinations, or in
different orders. In some embodiments, the method comprises all the steps in the order as
described below. Methods to purify rAAY particles are found, for example, in Xiao ef &/, (1808)
Joumnal of Virclogy 72:2224-2232; US Patent Numbers 6,988,264 and 8,137,848; and WO
2010/148143.

(01391 In some embodiments, the pharmaceutical compositions comprising a rAAY
described herein and a pharmaceutically acceptable carrier is suitable for administration to
human. Such carriers are well known in the art (see, e.¢g., Remingion's Pharmaceutical
Scisnces, 15th Edition, pp. 1035-1038 and 1570-1580). In some embodiments, the
pharmaceutical compositions comprising a rAAV described herein and a pharmaceutically
acceptable carrier is suilable for ocular injection. Such pharmaceutically acceptable carriers
can be sterile liquids, such as water and oil, including those of petroleum, animal, vegetable
or synthetic origin, such as peanut cil, soybean oil, mineral oil, and the like. Saline solutions
and agueous dextrose, polyethylene glycol (PEG) and glycerol solutions can also be employed
as liguid carriers, particularly for injectable solutions. The pharmaceutical composition may
further comprise additional ingredients, for example preservatives, buffers, tonicity agents,
antioxdidants and stabilizers, nonionic wetling or clarifying agents, viscosity- increasing agents,
and the like. The pharmaceutical compositions described herein can be packaged in single
unit dosages or in multidosage forms. The compositions are generally formulated as sterile

and substantiaily isotonic solution.

AAY COMPOSITIONS AND METHODS OF USE

(01407 In one aspech, provided herein is an rAAV particle comprising an rAAY capsid
comprising a polypeptide (e.g., a modified capsid protein) described herein, and an rdAY
vector comprising @ heterologous nucleic acid.

[01411 The rAAY may comprise a heterologous nucleic acid encoding a polypeptide
{e.g., a therapeutic or diagnostic polypeptide) andior a therapeutic nucleic acid. A
heterclogous nucleic acid which encodes therapeutic or diagnostic polypeplides and/or

therapeutic nucleic acid can be generated using methods known in the art, using standard
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synthesis and recombinant methods. In some embodiments, the heterologous nucieic acid
encodes a therapeutic polypeptide. In some embodiments, the heterologous nucleic acid
encodes a diagnostic polypeptide. Non-limiting examples of nucleic acid encoding therapeutic
polypeptides include: nucleic acids for replacement of a missing or mutated gene known o
cause retinal disease, for example Prph2Z, RPESS, MERTK, RPGR, RP2, RPGRIP, CNGAS,
CNGB3, and GNAT2. Cther non-limiting exampies of nucleic acids encoding therapeutic
polypeptides include those encoding neurotrophic factors {(such as GDNF, CNTF, FGF2,
PEDF, EPO), anti-apoptotic genes (such as BCL2, BCL-X, NFKR), anti-angiogenic factors
{such as tndostatin, Angiostalin, sFit), and anti-inflammatory factors (such as IL10, iLira,
TGFf, 1L4). Cther therapeutic polypeptides for ccular disorders include but are not limited {o
Myo7a, ABCA4, REP1, GUCY2D, PDESC, RSI, RPGRIP, Lpcati, AIPLY, RDH12, CHM. In
some embodiments, the encoded polypeptide is the human variant of the polypeptide.

(0142} The heterologous nucleic acids may encode polypeptides that are intraceliular
proteins, anchored in the cell membrane, remain within the celi, or are secreled by the celi
transduced with the veciors as described herein. For polypeptides secreied by the cell that
receives the vector; the polvpeptide can be soluble (i e., not atlached to the celh). For example,
soluble polypeptides are devoid of a ransmembrane region and are secretad from the csll
Technigues o identify and remove nucleic acid sequences which encode fransmembrans
domains are known in the art.

(01437 Also provided herein are vectors comprising a heterologous nucleic acid which
encodes a RNA {s.g., RNAJ ribozymes, miRNA, siRNA, antisense RNA) that when transcribed
from the nucleic acids of the vector can treat an ocular disorder by interfering with fransiation
or transcription of an abnormal or excess protein associated with a disease state of the
invention. For example, the heterologous nucleic acid described herein may encode for an
RNA which treats a disease by highly specific elimination or reduction of mRNA encoding the
abnormal and/or excess proteins. Therapeutic RNA sequences include RNAI small inhibitory
RNA (siRNA), micro RNA (miRNA), and/or ribozymes (such as hammerhead and hairpin
ribozymes) that can treat diseases by highly specific dlimination or reduction of mRNA
encoding the abnormal and/or excess proteins, such as those ocowrring in various forms of
inherited retinal degeneration. Non-limiting examples of ccular disorders which may be treated
by therapeutic RNA sequences include, for exampile, aulosomal dominant retinitis pigmentosa
{ADRP) and diabetic retinopathy. Examples of therapeutic RNA seguences and nucleic acids
encoeding these segusnces which may be used in the invention include those described in, for
example, 1.8, Pat No. 6,225 291, the disclosure of which is herein incorporated by reference
in iis entirely. In some embodiments, the therapeutic RNA sequence is miR-708. In some
embodiments, the miR- 708 is used in combination with a nucleic acid encoding a wild-type

rhodopsin, either as part of the same rAAY vector or as part of a second rAAVY vector. In some
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embodiments, the nucleic acid sncoding the wild-type rhodopsin lacks the miR-708 target
sequence located in 3' untranslated region of the rhodopsin gene. rAAY vectors encoding miR-
708 and/or rhodopsin are provided by US Provisional Patent Application Ser. No. 61/869, 027,
incorporated herein by reference in its entirety.

[01447 The heterologous nucleic acid may encode polypeptides that are intraceilular
proteins, anchored in the cell membrane, remain within the celi, or are secreted by the cell
transduced with the veciors as described herein. For polypeptides secreied by the cell that
receives the vector; the polypeplide can be soluble (i.e., not stlached to the celh). For example,
soluble polypeptides are devoid of a ransmembrane region and are secretad from the csll.
Technigues o identify and remove nucleic acid sequences which encode fransmembrans
domains are known in the art.

[0145] In some embodiments, the heterciogous nucleic acid is operably linked {0 a
promoter. Exemplary promoters include, but are not limited to, the cytomegalovirus (CMV)
immediate early promoter, the RSV LTR, the MoMLY LTR, the phosphoglycerate kinase- 1
(PGK) promoter, a simian virus 40 (SV40) promoter and a CKE& promoter, a fransthyretin
promoter {TTR), a TK promoter, a telracycling responsive promoter (TRE), an HBY promoter,
an hAAT promoter, a LSP promoter, chimeric liver- specific promoters (L&Ps), the E2F
promoter, the telomerase (WTERT) promoter; the cylomegalovirus enhancer/chicken beta-
actin/Rabbit B-globin promoter (CAG promoter; Niwa et al, Gene, 1891, 108(2): 193-8) and
the elongation factor 1 -alpha promoter (EFl-alpha) promoter (Kim et al, Gene, 1980,
91(2):217-23 and Guo st al, Gene Ther,, 1888, 3(8):802-10). In some embodiments, the
promoter comprises a human B-glucuronidase promoter or a cytomegalovirus enhancer linked
to a chicken B-actin {CBA) promoter. The promoter can be a constitutive, inducible or
repressible promoter. in some embodiments, provided herein is & recombinant vector
comprising nucleic acid encoding a heterologous transgene of the present disclosure operably
finked to a CBA promoter. Exemplary promoters and descriptions may be found, 8.g., in U.S.
PG Pub. 20140335054,

{01487 Examples of constitutive promoters include, without limitation, the retroviral
Rous sarcoma virus (RSY) LTR promoter (optionally with the REV enhancer), the
cytomegalovirus (CMV) promoter (optionally with the CMV enhancer) [see, e.g., Boshart ef
al., Cell, 41:521-530 (1985)], the SV40 promoter, the dihydrofolate reduciase promoter, the
13-actin promoter, the phosphoglycerol kinase (PGK) promoter, and the EFla promoter
{Invitrogen].

101477 Inducible promoters allow regulation of gene exprassion and can be regulated
by exogenously supplied compounds, environmental Taclors such as temperature, or the
presence of a specific physiciogical siate, e.g., acute phase, a particular differentiation stale

of the cell, or in replicating cells only. Inducible promoters and inducible systems are available
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from a variety of commercial sources, including, without fimitation, invitroegen, Clontech and
Ariad. Many other sysiems have been described and can be readily selecied by one of skill in
the art. BExamples of inducible promoters regulaited by exogenously supplied promoters
include the zinc-inducible sheep metallothionine (MT) promoter, the dexamethasone (Dex) -
inducible mouse mammary tumor virus (MMTV) promoler, the T7 polymerase promoter
system (WO 98/10088); the ecdysone insect promoter (No et al, Proc. Natl. Acad. Sci. USA,
093:3348~ 3351 (1908}, the tetracycline-repressible system (Gossen of al., Proc. Natl. Acad.
Sci. USA, 89:5547-5551 (1982)), the telracycline-inducible system (Gossen ef &/, Science,
268: 1766~ 1769 (1985), see also Harvey ef &, Curr. Opin. Chem. Biol., 2:512-518 (1888)},
the RU486- inducible system (Wang ef &/, Nat Biotech,, 15:238-243 (18897) and Wang ef &/,
Gene Ther, 4.432-441 (1997)) and the rapamycin-inducible system (Magari ef &/, J. Clin.
invest., 100:2865-2872 (1997)). Still other types of inducible promoters which may be useful
in this contexd are those which are reguiated by a specific physiciogical stale, eq.,
temperature, acute phase, a particular differentiation state of the cell, or in replicating cells
only.

{0148} In certain embodiments, the helerclogous nucleic acid is operably linked to &
promoter suitable for expression in an ccular tissue. In certain embodiments, the heterologous
nucieic acid is operably linked to a promoter suitable for expression in a retina. In certain
embodiments, the heterclogous nucleic acid is operably linked 10 a promoter suilable for
expression in a retinal cell selected from the group consisting of a photoreceptor cell, a retinal
pigmentad epithelial cell, a bipolar cell, a horizontal cell, an amacrine cell, a muller cell, a
ganglion call, and any combination thereof. In certain embediments, the heterclogous nucleic
acid is operably linked {0 a promoter suilable for expression in a cormnea. In certain
embodiments, the helerciogous nucleic acid is operably linked to a promoter suitable for
gxpression in a comeal cell selecied from the group consisting of an epithelial cell, a
keratocyte, an endothelial cell, and any combination thereof. Other refinal and comeal cell
types are known in the art and a skilled artisan would be able to determine the promoter
suitable for expression in those cell types.

(01491 Provided herein are methods of using the rAAY compositions described herein.
In certain embodiments, provided is a method for delivering a heterclogous nucleic acid to an
ocular tissue of a subject, comprising administering an rAAV particle to the subject. In certain
embodiments, the rAAV parlicle comprises: an rAAV capsid comprising 8 modified capsid
protein, wherein the modified capsid protein comprises an amine acid substitution at one or
more positions corresponding to amino acids 194, 474 564, and/or 573, wherein numbering
of the positions is based on VP11 numbering of AAVS, and an rAAV vector comprising a
heterclpgous nucleic acid. In certain embodiments, the method is for delivering a helerclogous

nucieic acid to the retina of a sublect. In such embodiments, the rAAY pariicle comprises: an

41



10

20

25

35

WO 2021/155137 PCT/US2021/015695

rAAV capsid comprising a modified capsid protein, wherein the modified capsid protein
comprises an amine acid substifution at 3 position corresponding to amine acid 184, wherein
numbering of the positions is based on VP11 numbering of AAVS, and an rAAV veclor
comprising a heterclogous nucleic acid. in certain embodiments, the method is for delivering
a heterologous nucieic acid to the cornea of a subject. In such embodiments, the rAAY particle
comprises: an rAAY capsid comprising a modified capsid protein, wherein the modified capsid
protein comprises an amino acid substitution at one or more positions corresponding to amino
acids 474, 564, and/or 573, wherein numbering of the positions is based on VP1 numbering
of AAVS;, and an rAAV vector comprising a heterclogous nucleic acid.

101807 In certain embodiments, provided is a method for improving rAAV fransduction
of cells in an ocular lissue of a subject, comprising administering an rAAV particle to the
subject. in certain embodiments, the rAAV particle comprises: an rAAV capsid comprising a
modified capsid protein, wherein the modified capsid prolein comprises an amine acid
substitution at one or more positions corresponding to amino acids 184, 474, 564, and/or 573,
wherein numbering of the positions is based on VP1 numbering of AAVS; and an rAAV vector
comprising a heterologous nucieic acid. In certain embodiments, the method is for improving
rAAY transduction of celis in the retina of a subject. In such embodiments, the rAAY particle
comprises: an rAAV capsid comprising a modified capsid protein, wherein the modified capsid
protein comprises an amino acid substitulion at a position corresponding to amino acid 184,
wherein numbering of the positions is based on VP1 numbering of AAVS; and an rAAV veclor
comprising a heterclogous nucleic acid. In certain embodiments, the method is for improving
rAAY transduction of cells in the cornea of a subject. In such embodiments, the rAAY particle
comprises: an rAAV capsid comprising a modified capsid protein, wherein the modified capsid
protein comprises an amine acid substitution at one or more positions corresponding 0 amino
acids 474, 564, and/or 573, wherein numbering of the positions is based on VP1 numbering
of AAVS; and an rAAY veclor comprising a heterologous nucleic acid.

{01517 In certain embodiments, provided is a method for improving expression of a
heterclogous nucleic acid in an ocular tissue of a subject, comprising administering an rAAV
parlicle to the subject. In certain embodiments, the rAAY particle comprises: an rAAV capsid
comprising a modified capsid protein, wherein the modified capsid protein comprises an amino
acid substitulion at one or more positions corresponding 10 amino acids 194, 474, 584, and/or
573, wherein numbering of the positions is based on VP11 numbering of AAVS; and an rAAV
vector comprising a heterologous nucleic acid. In certain embodiments, the method is for
improving expression of a heterclogous nucleic acid in the retina of a subject. In such
embodiments, the rAAV particle comprises: an rAAY capsid comprising a modified capsid
protein, wherein the modified capsid protein comprigses an amino acid substitution at a position

corresponding to amino acid 194, wherein numbering of the positions is based on VP1
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numbering of AAVS, and an rAAV vector comprising a heterologous nuclsic acid. In cerfain
embodiments, the mathod is for improving expression of a heterologous nucieic acid in the
cornea of a subject. In such embodiments, the rAAY particle comprises: an rAAY capsid
comprising a modified capsid protein, wherein the modified capsid protein comprises an aminoe
acid substitution at one or more positions corresponding o amino acids 474, 584, and/or 573,
wherein numbering of the positions is based on VP 1 numbering of AAVS; and an rAAV vector
comprising a heterologous nucleic acid.

(0152} Also provided herein is a method to treat a condition or a disorder of the eye in
a subject comprising administering an effective amount of a composition comprising an rAAY
particle 1o the subject, whersin the rAAV particle comprises an rAAV capsid comprising a
modified capsid protein, wherein the modified capsid prolein comprises an aming acid
substitution at one or more positions corresponding to amino acids 194, 474, 584, andior 573,
whersin numbering of the positions is based on VP1 numbering of AAVS; and an rAAV veclor
comprising a heterologous nucleic acid.

(01537 In the various methods described herein, the heterologous nucleic acid is
expressed al an increased level of expression, as compared to the level of expression of &

heterologous nucleic acid of an rAAY particle comprising a wild-type rAAV capsid.

METHODS OF ADMINISTRATION

{01584] Methods of subretinal delivery are known in the arl. For example, see WO
2009/105690, incorporated hersin by reference. Briefly, the general msthod for delivering
rAAY particles {(e.g., modified rAAV particles as described herein) o the subreting of the
macula and fovea may be illustrated by the Toliowing brief outline. This example is merely
meant (o illustrate certain features of the method, and is in no way meant o be limiting.

[0155] Generally, the rAAV vector can be delivered in the form of a composition
injected intraccularly (subretinaily) under direct observation using an operating microscops. In
some embodiments the vecior is encapsidated in a rAAV particie wherein the rAAV particle
comprises a rAAV capsid as described herein, and the rAAV vector comprising a heterclogous
nuckeic acid and at least one AAV inverted terminal repeat. This procedure may involve
vitrectomy followed by injection of rAAV vector suspension using a fine cannula through one
or more small refinctomies into the subretinal space.

(01567 Briefly, an infusion cannula can be sutured in place {0 maintain a normail globe
volume by infusion (of e.g., saling) throughout the operation. A vitrectomy is performed using
a cannula of appropriate bore size (for example 20 1o 27 gauge), wherein the volume of
vitfreous gel that is removed is replaced by infusion of saline or other isotonic solution from the
infusion cannula. The vilrectomy is advaniageously performed because (1) the removal of its

cortex (the posterior hyaloid membrane) facilitates penetration of the retina by the cannulg;
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{2) #ts removal and replacement with fluid {(e.¢., saline) creates space to accommaodate the
intraccular injection of vector, and (3) its controlled removal reduces the possibility of retinal
tears and unplanned retinal detachment.

[01587] In some embodiments, the rAAV composition is directly injected info the
subretinal space outside the central reting, by utilizing a cannula of the appropriate bore size
{e.¢., 27-45 gauge), thus creating a bieb in the subrelinal space. In other embodiments, the
subretinal injection of rAAY composition is preceded by subretinal injeclion of a small volume
{e.q., about C.1 to about 0.5 mi} of an appropriate fluid (such as saline or Ringer' s solution)
into the subretinal space outside the central retina. This initial injection inte the subreting
space establishes an initial fiuid bleb within the subretinal space, causing localized retinagl
detachment at the location of the initial bleb. This inifial fluid bleb can facilitate targeied delivery
of rAAY composition to the subretinal space {by defining the plane of injection prior {0 rAAV
delivery}, and minimize possible rAAV administration into the choroid and the possibility of
rAAY injection or reflux into the vitreous cavity. In some embodiments, this initial fluid bileb can
be further injected with fluids comprising one or more rAAV compositions and/or one or more
additional therapeutic agenis by administration of these fluids directly to the initial fiuid bleb
with sither the same or additional fine bore cannulas.

[0158] Intraccular administration of the rAAV compositions and/or the initial small
volume of fluid can be performed using a fine bore cannula {e.g., 27-45 gauge) attached o a
syringe. in some embodiments, the plunger of this syringe may be driven by a mechanized
device, such as by depression of a foot pedal. The fine bore cannula is advanced through the
sclerotomy, across the vilreous cavity and into the retina at a sile pre-determined in each
subject according to the area of retina to be targetad {bul cuiside the ceniral reting). Under
direct visualization the vector suspension is injected mechanically under the neurcsensory
retina causing a localized retinal detachment with a self-sealing non-expanding retinofomy. As
noted above, the rAAY composition can be egither directly injected into the subretinal space
creating a bleb outside the central retina or the vecior can be injecied into an initial bleb outside
the central retina, causing it to expand {(and expanding the area of retinal detachmeant). In
some embodiments, the injection of rAAY composition is followed by injection of ancther fluid
into the bieb.

(01591 Without wishing (o be bound by theory, the rate and location of the subretinal
injection(s) can result in localized shear forces that can damage the macula, fovea andior
underiving RPE cells. The subretinal injections may be performed at a rate that minimizes or
avoids shear forces. One of ordinary skill in the art would recognize that the rate and time of
injection of the bleb may be directed by, Tor example, the volume of the rAAV composition or

size of the bleb necessary io create sufficient retinal detachment to access the cells of central
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retina, the size of the cannuia used to deliver the rAAV composition, and the ability to safely
maintain the position of the cannula.

{01807 In some embodiments, the methods comprise administration to the eye {(e.g.,
by subretinal and/or intravitreal administration) an effective amount of recombinant viral
parlicles comprising a vector encoding a helerciogous nuclsic acid. In certain embodiments,
methods as described herein resull in rAAV transduction of the retina.  In cerlain
ambodiments, methods as described herein result in rAAY transduction of a retinal ¢sll. In
cartain embodiments, methods as described herein result in rAAVY transduction of the comea.
in certain embodiments, mathods as described herein resull in tAAV fransduction of g corneal
cell.

[0181] In order to safely and efficiently transduce areas of fargel retina {(8.g., the
cenitral retina) outside the edge of the original location of the bleb, the bleb may be manipulated
to reposition the bleb to the target area for transduction. Manipulation of the bleb can ocour by
the dependency of the bleb that is created by the volume of the bleb, repositioning of the eye
containing the bleb, repositioning of the head of the human with an eve or eyes containing one
or more blebs, and/or by means of a fluid-air exchange. This is particularly relevant to the
central refina since this area typically resists detachment by subretinal injection. in some
embodiments fluid-air exchange is ulilized to reposition the bleb; fluid from the infusion
cannula is temporarily replaced by air, e.g., from blowing air onto the surface of the retina. As
the volume of the air displaces vilreous cavily fluid from the surface of the retina, the fluid in
the vitrecus cavity may flow out of a cannuia. The temporary lack of pressure from the vitreous
cavity fluid causes the bleb to move and gravilate to a dependent part of the aye. By
positioning the eye globe appropriately, the bleb of subretinal rAAV composition is
manipulated (o involve adjacent areas {&.g., the macula and/or fovea). in some cases, the
mass of the bleb is sufficient {o cause i to gravitale, even without use of the fluid-air exchange.
Movement of the bleb to the desired location may further be facilitated by altering the position
of the subject’ s head, so as to allow the bleb to gravitate o the desired location in the eye.
Once the desired configuration of the bleb is achieved, fluid is returned to the vilreous cavity.
The fluid is an appropriate fluid, e.g., fresh saline. Generally, the subretinal rAAV composition
may be left in situ without retinopexy to the refinctomy and without intraccular tamponade, and
the reting will spontaneousiy reattach within about 438 hours.

(0162} By safely and eflectively transducing ocular cells {eg., RPE andior
photorecepior celis of e.g., the macula and/or fovea) with a vector comprising @ therapeutic
polypeptide or RNA seguence, the methods described herein may be used 1o ireal an
individual, e.¢., a human, having an ocular disorder, wherein the fransduced cells produce the
therapeutic polypeptide or RNA seguence in an amount sufficient {o treat the ocular disorder.

in some embodiments, transduction of ccular cells is improved by using rAAV particles {e.q.,
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modified rAAY particles as described herein) comprising AAY capsid proteins described
herein.

[0183] An effective amount of rAAV (in some embodiments in the form of particles) is
administered, depending on the objectives of trealtment. For example, where a low percentage
of ransduction can achieve the desired therapeutic effect, then the objective of treatment is
generzlly o meet or exceed this level of transduction. In some instances, this level of
transduction can be achieved by transduction of only about 1 1o 5% of the larget cells, in some
embodiments at least about 20% of the cells of the desired tissue type, in some embodimenis
at least about 50%, in some embodiments at least about 80%, in some embodiments al least
about 85%, in some embodiments at least about 98% of the celis of the desired tissue type.
As discussed above, substitution of one or more amine acids of the rAAV capsid as described
herein improves rAAY transduction. The rAAV compaosition may be administered by one or
more subretinal or intravitreal injections, sither during the same procedure or spaced apart by
days, weeks, months, or years. In some embodiments, muitiple vectors may be used to treat
the human.

(0164} In some embodiments, the administration to the retina of an effective amount
of rAAY viral particles comprising a rAAY capsid described herein transduces photoreceptor
celis at or near the sile of administration. In some embodiments, more than about any of 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75% or 100% of
photoreceptor cells are transduced. In some embodiments, about 5% to about 100%, about
10% 1o about 50%, about 10% o about 30%, about 25% to about 75%, about 25% to about
50%, or about 30% to about 50% of the photoreceptor calls are transduced. Methods o
identify photoreceptor cells transduced by AAV viral particles comprising a rAAV capsid as
described herein are known in the art; for example, immunchistochemistry or the use of &
marker such as enhanced green fluorescent protein can be used to detect ransduction of viral
particles comprising a rAAV capsid as described herein.

[0185] In some embodiments, the methods comprise administration o the subretina
{e.q., the subratinal space) of a mammal an effective amount of AAV viral particles viral
parlicles comprising a rAAV capsid as described herein for treating an individual with an ocular
disorder; &.9., a human with an ocular disorder. In some embodiments, the composition is
injected to one or more iocations in the subretina to allow expression of a heterclogous nucisic
acid in photoreceptor celis. In some embodiments, the composition is injected into any one of
one, two, three, four, five, six, seven, eight, ning, ten or more than ten locations in the
subreting.

[0168] In some embodiments the rAAV viral particles comprising a rAAV capsid as
described herein are adminisiered {0 more than one location simultanecusly or sequentially.

In some embodiment, muitiple injections of rAAV viral particles are no more than one hour,
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fwo hours, three hours, four hours, five hours, six hours, nine hours, twelve hours or 24 hours
apart.

[0187] The general method Tor infravitreal injection may be illustraled by the following
brief outline. This example is merely meant (o lllustrate certain features of the method, and is
in no way meant to be limiting. Procedures for infravitreal injection are known in the art {see,
e.g., Peyman, G.A., ef al (2008 Retina 28(7):875-812 and Fagan, X.J. and Al-Qureshi, 5.
(2013} Clin. Experiment. Ophthaimol. 41(5):500-7).

{0168} Briefly, a subject for infravitreal inieclion may be prepared for the procedure by
pupifary dilation, sterilization of the eye, and administration of anesthetic. Any suitable
mydriatic agent known in the art may be used for pupiilary dilation. Adeguate pupillary dilation
may be confirmed before treatment. Sterilization may be achieved by applying a sterilizing eye
freatment, e.¢., an iodide-containing solution such as Povidoneg-lodine (BETADINER). A
sirmilar solution may alse be used 1o clean the eyelid, eyslashes, and any other nearby lissues
{e.¢., skin). Any suilable anesthetlic may be used, such as lidocaine or proparacaine, at any
suitable concentration. Anesthetic may be administered by any method known in the art,
including without Hmitation topical drops, gels or jellies, and subconjuctival application of
anesthetic.

101691 Frior 1o injection, a sierilized eyelid speculum may be used to clear the
gyelashes from the area. The site of the injeclion may be marked with a syringe. The site of
the injection may be chosen based on the lens of the patient. For example, the injection site
may be 3-3.5 mm from the limus in pseudophakic or aphakic patients, and 3.5-4 mm from the
limbus in phakic patients. The patient may ook in a direction opposite the injection site.

{01707 During injection, the needle may be inserted perpendicular to the sclera and
pointed to the center of the eve. The needle may be inserfed such thai the tip ends in the
vitreous, rather than the subretingl space. Any suitable volume known in the art for injection
may be used. After injection, the eye may be treated with a sterilizing agent such as an
antibiotic. The eye may also be rinsed {0 remove excess sierilizing agent.

{0171] The retina is kKnown to contain multiple layers. Cell layers in the retina may
include the inner imiting membrane, nerve fiber, ganglion call, inner plexiform, inner nuclear,
outer plexiform, outer nuclear, external imiting membrane, photoreceptor, and retinal pigment
epithelium layers. The layer most proximal 1o the vilreous is the inner limiting membrane. This
faver may contain Mueller celis {or Muller celis), a class of glia. The nerve fiber layer may
contain axons from ganglion cells that form the optic nerve. The ganglion cell laver may include
ganglion cells and amacrine cells. The inner plexiform layer may contain synapses betweean
dendrites of the ganglion and amacrine cells and axons of the bipolar celis. The inner nuclear
layer may contain cell nuclei of amacring, bipolar, and horizontal cells. The outer plexiform

layer may contain synapses between horizontal cell dendrites and photoreceptor cell
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proiections. The outer nuclear layer may contain photoreceptor cell bodies. The external or
outer limiting membrane may include cell connections, such as adherens junctions and
desmosomes, among Mueller cell apical processes and between these processes and
photoreceptor cell inner segments. The photoreceptor layer, also known as the layer of rod
and cones and Jacob's membrane, may contain photoreceptor cells includs rods and cones.
The retinal layer most distal to the vilreous is the retinal pigment epithelium (RPE), which may
include a layer of hexagonal epithelial cells containing pigment granules.

(8172} The retina is also known o contain many different cell types. Retinal neurons
may include photoreceptor cells, bipolar celis, ganglion cells, amacrine cells, and horizontal
cells. Photoreceptor cells are sensitive to light. They may sense light and respond by
fransmitting signals to the oplic nerve through the bipolar cells and the ganglion cells.
Photoreceptor cells may include rod cells, which generaily sense light in low-light conditions,
and cone cells, which generally sense color and brighter light perception. Bipoiar cells may
receive inputs from pholoreceptor cells and synapse onto amacrine or ganglion cells. Ganglion
cells may receive information from amacrine cells or horizontal cells, and their axons form the
optic nerve. Horizontal cells may integrate inputs from multiple photoreceptors and aid in
adjustment to light levels. Amacrine celis are intemesurons that help reguiate bipolar cells and
provide inputs to ganglion celis. Glial cells of the retina may include Muslier cells, astroglia,
and microglia.

{01731 The cornea is known {o contain multiple layers. Cell layers in the cornea may
include the comeal epithelium layer, the Bowman's layer, the corneal stroma layer, the
Descemetl’s membrane layver, and the comeal endothelium layer. The cormneal epithelium is a
non-keratinized stratified sguamous epithelium making up a thin multiceliular epithelial tissue
laver comprising rapidly and easily regenerated cells. The anterior limiting membrane, or
Bowman's layer, is a layer composed of collagen {e.q., type | collagen fibrils), perlecan,
nidogen, laminin, and other heparin sulfate proleoglycans that serve to protect the cornesdl
stroma. Bowman's layer is known to be an acellular region of the apical stroma. The corneal
stroma layer, or subsiantia propria, is & layer comprising regularly arranged collagen fibrils
and interconnected keratocytes distributed throughout, Descemet’'s membranse, also known
as the posterior limiting membrane, is composed mainly of collagen {e.g., collagen type IV
fibrils). The comeal endothelium is a simple squamous or low cuboidal monolayer comprising
mitochondria-rich cormneal endothelium cells.

(3174} The effectiveness of rAAY delivery by subretinal or intravitreal injection can be
monitored by several criteria as described herein. For example, after freatment in a subject
using methods as described herein, the subject may be assessed for e.g., an improvement
and/or stabilization and/or delay in the progression of one or more signs or sympioms of the

disease state by one or more clinical parameters including those described herein. Examplas
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of such tests are known in the art, and include obiective as well as subjective (a.¢., subject
reported) measures. For example, o measure the effectiveness of a reatment on a subject' s
visual function, one or more of the following may be evaluated: the subject’ 5 subjective guality
of vision or improved central vision funclion {e.g., an improvement in the subject’s ability io
read fluently and recognize faces), the subject's visual mobility (e.g., a decreass in time
nesded 1o navigate a maze), visual acuity {e.g., an improvement in the subject’s LogMAR
score), microperimetry {e.g., an improvement in the subject’s dB score), dark- adapted
perimeiry (e.g., an improvement in the subjecl’s dB score), fine matrix mapping {(e.¢., an
improvement in the subject's dB score), Goldmann perimelry {(e.g., a reduced size of
scotomatous area {{ e areas of blindness) and improvement of the ability to resolve smaller
targeis), flicker sensitivities {(e.g., an improvement in Heriz), aulofluorescence, and
glectrophysiology measurements (e.g., improvement in ERG). In some embodiments, the
visual function is measured by the subject's visual mobility. In some embodiments, the visual
function is measured by the subject's visual acuity. in some embodiments, the visual funclion
is measured by microperimetry. In some embodiments, the visual function is measured by
dark-adapted perimetry. In some embodiments, the visual function is measured by ERG. In
some embodiments, the visual function is measured by the sublect s subjective quality of
vision.

[0175] In the case of diseases resulling in progressive degenerative visual funclion,
treating the subject at an early age may not only result in a slowing or halting of the progression
of the disease, it may also ameliorale or prevent visual funclion loss due to acquired
ambiyopia. Amblyopia may be of two types. In studies in nonhuman primates and kittens that
are kept in total darkness from birth until even a few months of age, the animals even when
subsequently exposed to light are funclionally irreversibly blind despite having functional
signals sent by the retina. This blindness occurs because the newral connections and
"education” of the cortex is developmentally arrested from birth due {o stimulus arrest. s
urtknown if this function could ever be restored. In the case of diseases of retinal degeneration,
normal visual cortex circuitry was initially "learned” or developmentally appropriate until the
point at which the degensration created significant dysfunction. The loss of visual stimulus in
terms of signaling in the dysfunclional eve creates "acquired” or "leamed” dysfunction
{"acquired ambilyopia™), resulling in the brain's inability {0 interpret signals, or {o "use” that eye.
It is unknown in these cases of "acquired amblyopia" whether with improved signaling from
the retina as a result of gene therapy of the ambiyopic eye could ever result in a gain of more
normal function in addition to a slowing of the progression or a stabilization of the disease
state. In some embodiments, the human irealed is less than 30 years of age. In some
embodiments, the human treated is less than 20 vears of age. In some embodiments, the

human treated is less than 18 years of age. In some smbodiments, the human treated is less
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than 15 vears of age. in some embodiments, the human treated is less than 14 years of age.
in some embodiments, the human freated is less than 13 years of age. In some embodiments,
the human treated is less than 12 years of age. In some embodiments, the human trealed is
less than 10 vears of age. In some embodiments, the human treated is less than 8 years of
age. In some embodiments, the human treated is less than 6 years of age.

(01761 In some ocular disorders, there is a "nurse cell’ phenomenon, in which
improving the function of one fype of cell improves the function of another. For example,
transduction of the RPE of the central retina by a rAAV as described herein may then improve
the function of the rods, and in turn, improved rod function resulls in improved cone function.
Accordingly, freatment of one type of cell may resull in improved funclion in ancther.

[0177] The seleclion of a particular rAAV vector and composition depend on a number
of different factors, including, but not limited 1o, the individual human's medical history and
features of the condition and the individual being treated. The assessment of such fealures
and the design of an appropriate therapeutic regimen is ullimately the respensibility of the
prescribing physician. In some embodiments, the human {o be trealed has a genetic ocular
disorder, but has not vet manifested clinical signs or symptoms. In some embodiments, the
human o be frealed has an ccular disorder. in some embodiments, the human © be treated
has manifested one or more signs or symptoms of an ocular disorder.

[0178] Non-limiting examples of ocular disorders which may be {realed by the systems
and methods described herein include: autosomal recessive severe early-onset retinal
degeneration (Leber's Congenital Amaurosis), congenital achromatopsia, Stargardt's disease,
Best' s disease, Doyne' s disease, cone dystrophy, cone-rod dystrophy, retinitis pigmentosa,
X-iinked retinoschisis, Usher's syndrome, age related macular degeneration, macular
dystrophy, alrophic age related macular degeneration, neovascular AMD, diabetic
maculopathy, proliferative diaghstic retinopathy (PDR), cystoid macular oedema, central serous
retinopathy, retinal detachment, intra-ccular inflammation, glaucoma, posterior uveitis,
choroideremia, Leber hereditary oplic neuropathy, glaucoma (including open-angle glaucoma,
angle-closure glaucoma, normal-tension glaucoma, and pigmentary glaucoma), and Fuch's

Cormeal Dystrophy (also known as Fuch’s dystrophy).
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EXAMPLES

Example 1~ Materials and Methods
AAV vector production and purification

(01791 AAV vectors were produced using the transient triple transfection method as
previously described. See, Nass ot al. (2017) Mol Ther. Methods Clin. Dev., 8:33-46, the
disclosure of which is herein incorporated by reference in iis entirety. Briefly, HEKE283 cells
were transfected using polyethvienimine, PELL and a 1:1:1 ratio of three plasmids (ITR vecior,
AAV rep/cap and Ad helper plasmid). The vector plasmid contained the vector genome CBA-
EGFP and ITR sequences from AAVZ., EGFP expression was driven by the CMV enhancer,
chicken beta actin hybrid promoter (CBA) as described. See, Mivazaki et al (1889) Geng,
79(2y.268-277, the disclosure of which is herein incorporated by reference in its entirety. The
AAY rep / cap helpers contained rep sequences from AAVZ and serotype specific capsid
saguences with the nomenclature, rep2 / cap2, rep2 / capd, rep? /cap? efc. The pAd helper
used was pHelper (Stratagene / Agllent Technologies, Santa Clara, CA). AAV vectors were
purified by affinity column chromatography (AVE Sepharose High Performance medium, GE
Healthcare) as previcusly described (Nass et al. (2017) Mol Ther. Methods Clin. Dev., 8:33-
46).

Analyzing rAAV vector purity using SYPRO Ruby Protein Gel Stain

{01801 Samples from purified vector were loaded onfo a NuPage 4-12 % Bis -Tris gel
{Invitrogen). Typically, 1-5 x 10'%vgs of purified vector was analyzed. The gel was stained with
SYPRO Ruby Protein Gel Stain (Life Technologies).

LC/MS intact protein analysis

{0181] As previously described, (Jin et &l (2017) Hum. Gene Ther. Methods, 28(5):
255-267, the disclosure of which is herein incorporated by reference in s entirety) AAV virions
were first concentraled with an Amicon ultra centrifugal filter (0.5 mL, 10 kDa MWCQO) and
then washed with 25 mM Tris pH 7.1 three times. The concentrated AAV virions were
denatured with 10 % acetic acid vortexed and further diluted with an equal volume of HPLC
water. The final acetic acid concentration was 5%. 50 yl of AAV solution (~ 2-5 ug of proteins)
was injected fo Acquity UPLC coupled with a Xevo G2-X8 QTOF MS instrument (Waters,
Milford, MA). The separations were performed on a BEH C8 column (2.1 x 100 mm) at a flow
rate at 250 pl/min. Mobile phase A and mobile phase B were 0.1% formic acid in water and
acetonitrile, respectively. The final gradient for the €8 column was as follows: from 10% B to
20% B over 8 min, from 20% B to 30% B over 10 min, then from 30% to 38% B over 40 min.

The capillary voliage and sampling cone voltage of the mass spectrometer ware set at 3.5 kv
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and 45 V, respectively. The mass spectra were acquiraed in positive sensitivity mode over m/z

500-4000. MaxEnt1 in MassbLynx software version 4.1 was used for protein deconvolution.

Enzymatic digestions of AAVT and AAVZ VPs

[0182] AAVZ-EGFP generated from triple transfection as well as producer cell line
process {(~10 yg capsid protein} was first concentrated using Amicon Ullra centrifugal fillers
(10 kDa MWCQO), denalured with 6 M Guanidine-HCI, 50 mM Tris at pH 8.5, The proteins were
reduced with 5 mM DTT at 60 °C for 230 minutes in darkness and then alkylated with 15 mM
iodoacsetamide at room temperature for 30 minutes. The samples were buffer exchangsd into
25 mM Tris pH 7.1 for digestion using a Bio-Spin® 30 Tris column. After buffer exchange, the
samples were split into two aliquots. Each aliquot was digesied with trypsin at 1.25 or Asp-N

at 1:50 enzyme: protein ratio {(wi/wl) for 2 hours at 37 °C, respeciively.

UPLCMS/MS peptide mapping

{0183] The protein digests were analyzed by UPLC/MS/MSE using an Acquity UPLC-
Kevo G2-XS gTOF mass spectrometer system (Waters, Milford, MA). The separation was
achieved using a BEH300 C18 column (2.1 x 150 mm) with a linear gradient from 2% o 40%
B (0.1% formic acid in acefonitrile) over 88 min at a flow rate of 250 ul/min. For M, the
capiliary voltage and sampling cone voltage were set 3.0 KV and 30 V, respectively. The mass

spectra were acquired in the positive sensitivity MSF mode in the m/z range of 300-2000.

Determination of deamidation levels in AAV VPs
{0184] The exiracted ion chromatograms (XIC) of peptides and their corresponding

deamidated species were used for calculation of deamidation levals.

Generation of AAV Capsid Varianis

{0185] Deamidation variants N57D and G58D were based on pim4SBD-cap2, an AAV
helper plasmid that contained both rep and cap sequences from AAVZ. Fragments containing
the designated mutations were synthesized (Genscript) and subcloned into pim45BD-cap2.
Mutations were verified by DNA sequencing (Genewiz). Acetyiation variants were constructed
as above, using pHLP1%-cap5.2, a helper plasmid that contained rep from AAVZ and cap from
AAVS, as the parental plasmid. AAVZ-HBKO and AAVS arginine mutant capsid plasmids were
generated by site-directed mutagenesis using the QuikChange Lightning Site-Direcied
Mutagenesis kit (Agilent Technologies, Santa Clara, CA), according to the manufacturer's
protocol. The piM4SED plasmid was used to generate AAVZ-HBKO using a PCR mutagenesis
primer designed to aller the codons encoding argining 585 and 588 on V3 o alanine. The

saguence of the mulagenic primer used o generate the R585A and R5884 mutations was:
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TATCTACCAACCTCCAGGCAGGUAACGCACAAGCAGCTACCGLAG (BEQ 1D NO:11).
The AAVE-G474R, AAVE-NBB4R and AAVE-NST3R mutants were generated using the AAVS
repicap plasmid (pHLPcap5b.2) as a template and PCR mutagenic primers designed to change
the respeclive arginines to alanines. The sequence of the mutagenesis primer used 0
infroduce the G474R mutation was CCAGGTTCCAGCGCTEGETTCEGECL (SEQ D NOH2).
The sequence of the mutagenesis primer used to infroduce the N5B4R mutation was
CCGCGTOGCOTACCGUGTCGGUGEGLAG (BSEQ 1D NO:3). The sequence of the
mutagenesis primer used to introduce the NS73R mutation Wwas
CAGTGGTGCAGCTCTGTCTGTTGGTGGCCATCTG (SEQ D NO:14). All mutations were

confirmed by DNA seguencing.

NHP Studies

[01867 Four adult male cynomolgus monkeys (Macaca fascicularis) were screened for
neutralizing antibodies against AAVS and AAVZ prior o surgery as previously described.
Animals considerad seronegative (serum titers < 1:4) were included in the study. Cynomolgus
monkeys were assigned o fwo groups and were administered either AAVZ-HBRKOEGFF or
AAVEGEFP, Animals were dosed via subretinal injection to both eyes once on Day 1 of the
dosing phase at a volume of 120 ul/eye. The diluent was Alcon® BSS® with 0.014%
polysorbate 20. Dosing syringes (1.0 ml Luer Lok™ Becton Dickinson Product 309828 or
squivalent} wers filled and affixed to @ DORC 23-gauge needle with an extendible 41-gauge
subretinal injection needie on the day of dosing using aseptic procedures under a laminar flow
hood. Injections were administered within 30 minutes of filling the DORC injector. Dosing was
performed in both eyes (OU) of each animal. Animals were anesthelized with intramuscular
injections of atropine (0.01 mg/kg), ketamine (2 0 10 mg/kg), and dexmedetomidine {0.25
mg/kg). Following the procedure, the anesthesia was reversad with atipamezole (0.25 mg/kg).
The anesthesia regimen was adjusted based on the responsiveness of animais and according
to Covance veterinary staff. Eyes were cleanad with an approximate 1% povidone iodine
solution {prepared with steriie saline and 5% povidone ioding) and rinsed with slerile saline.
An approximate 2.5% povidone iodine solution was used at the dose site prior to injsction.
The injection was performed following a study-specific procedure, briefly described as follows.
Fupils were dilated with a topical mydriatic agent. The DORC Disposable Dual bore injection
needie (23-gauge) was introduced directly through the sclera in the superior temporal
guadrant of the globe approximately 2 mm posterior to the corneal limbus and moved through
the vitrecus under visual control using a surgical microscope viewing through a dilated pupil,
with a modified fundus viewing lens placed on the comea. The 41-gauge cannula tip was
advanced from the 23-gauge needie and gently touched the retinal surface. The dose was

injectad through the neural retina into the subretinal space, resulling in a subretinal bleb. The
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41-gauge cannula tip was retracted, and the 23-gauge needle was withdrawn. A topical
antibiotic and steroid ointment (Neo-poly-dex) was instilled in each aye following all other post-
dose ocular procedures. The injection occurred in a small portion of the reting in the mid-

arcade region.

Fundus Aulofiuorescence Imaging

{01871 The Fundus Autoflucrescence imaging was done once during the pre-dose
phase and during Weeks 2, 4, and 6 of the dosing phase. Animals were anesthelized
{remained under anesthesia used for dosing) for fundus autoflucrescence imaging. Eyes were
dilated with a mydriatic agent (1% tropicamide). Fundus autoflucrescence images were {aken
of each eye 1o include the subretinal dose sites and the fovea. Images were taken with a
Heidelberg SPECTRALIS® instrument.

Tissue FProcessing of NHP retina

{0188] On Day 43 of the dosing phase, ail animals, having been fasted overnight, were
anesthetized with sodium pentobarbital, exsanguinated, and necropsied. The eyes from each
animal were injected with and submerged in chilled 4% paraformaldehyde and stored in a
refrigerator, set to maintain 2 1o 8°C, for 48 to 72 hours. The eyes were then embedded in
paraffin, sectioned, and slides were prepared for IHC analysis. From the temporal calotie, 20
serial sections were taken from the fovea. In addition, 20 serial seclions were laken every
250 um for a total of eight steps from the remaining temporai calotie. One slide from the foves
and one slide from each of the eight steps of the temporal calolle were stained with

hematoxylin and eosin.

immunohistochemisiry Analysis

(01891 A single slide through the fovea of each eye was examined by bright field
microscopy. The presence or absence of GFP expressing photoreceptors was noted at the
time of observation. The antibody that identified GFP was tagged with a chromogen that
produced a brown precipitate. The antibodies that identified rhodopsin were tagged with &
chromogen that produced a red precipitate. The presence or absence of rod photoreceptors
that expressed GFP was noted. Selected representative images were recorded. In order to
assess the GFP expression, immunchistochemistry was performed. Brigfly, seclions were
washed with xylene three times for 5 min each. Seclions were rehydrated by washing in
graded series of alcohol, rehydrated in distilled water. Following antigen retrisval, endogenous
peroxidase activity was blacked with hydrogen peroxide and nonspecific protein binding with
normal goat serum. Seclions were incubaled with GFP and Rhodopsin antibodies. After

washing, sections were incubated with ChromoPiex 1 Dual Detection for bond {Lsica, Wetzlar,
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Germany) were usad for the visualization of dual histochemical staining, according fo the
manufacturer's instructions. Seclions were counterstained with hematoxylin, and then
dehydrated with ethanol before mounting. Paraffin embedded sections were deparaffinized
and rehydrated in a graded ethanol. Antigen retrieval was performed, and sections were
blocked with protein block serum free reagent (Dako). Seclions were then incubated with
mouse anti GFP and were incubated over night at 4°C and then washed incubated with anti-
mouse Alexa Fluor 488 secondary antibody. The sections were washed in PBS, and cover

slipped using mounting solution and imaged using a microscope.

fmmunofivorescence
{01901 The remaining slide was labsled for GFF and DAPI {mmunofiuorescence).
The slides were stained for the immunofiuorescence detection of GFP and co-stained with

DA to visualize the nuchei.

Photoreceptor Cell Counting and Quantification of Transduction

(01811 The step sectioned slide set from each eye was reviewed and the slide that
contained the fovea was selected for analysis. The photoreceptor layer was imaged from one
border of the subrelinal bleb to the other. Morphometric analysis was performed using NIH
imaged (version 1.48% to determine the percentage of photoreceptors expressing the GFP

transgens within the borders of the subretinal bleb.

Subretinal and intravitreal injections

(01821 At posinatal day P45, mice were placed under general anesthesia with
intraperitoneal injection of ketamine (80 mo/kg)/xylazine (8 mo/kg). Pupils were dilated with
topical application of 1% tropicamide (Akorn Pharmaceuticals, Lake Forest, [L). To perform
Subretingl Injections, aliquots of AAY were thawad on ice, Fluorescein (AK-FLUOR, 10% -
Akomn Pharmaceuticals, Lake Forest, L) was added o the viral preparation o aid in visibility
of AAV delivery. Under visualization with an operating surgical microscope (PSMTSN, World
Precision Instruments, Sarascta, FL, USA), an incision was made through the sclera
immediately posterior 0 the nasal limbus using a beveled 30-gauge neesdie. Through this
incision, a 35- gauge blunt needie (NF35BL, World FPrecision instruments, Sarasota, FL, USA)
which is mounted in o the SilFlex tubing connected to NanoFil syringe was introduced into
the subretinal space. Viral suspension was injected over 20 seconds into the subretinal space
using a programmable micro syringe pump with foot pedal control (UMP3, UltraMicroPump,
World Precision instruments, Sarasota, FL, USA). The neadle was held in place for at least
20 sec after completion of the injection. Fundus and OCT examination was performed

following injection to visualize the location of injection and thus ensure that AAV vactors were
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injected inte the subretinal space. A 3.5% Akten (Lidocaine hydrochioride ophthalmic gsl,
Akron Pharmaceuticals, Lake Forest, iL) Ophthalmic gel was applied to the cornea as a topical
anesthetic. A small amount of neomycin/polymyxin B/dexamethasone ophthalmic ointment
(Alcon Laboratories Inc., Fort Worth, TX, USA) was spread over the eye before placing the
animal in a 37 °C incubator {o recover from anesthesia. For intravitreal injections, mice were
anesthetized and eyes were dilaled same as described above. 1ul of AAV suspension was
injected in to the vitreous through sclera which is 1mm from the limbus using 35G beveled-tip
needle attached to a 10-pl Nanofil syringe through SilFlex tubing (World Precision
instruments, Sarasota, FL, USA). OCT was performed immediately to check for any retinal
damage following injections. A small amount of Aklen and triple antibictic ophthalmic ointment

was applied on the eye before placing at 37 °C.

Quantification of rAAV fransduction in mouse retinal fysates

(0193} Following suthanasia, eves were collected, frozen immediately on dry ice and
stored at ~80 °C for future dissection. All dissection steps were performed under a dissecting
microscope using oold instruments, while maintaining the eye in a frozen state during
dissection. The amterior segment was removad using a razor, excess tissue was removed
from the back of the eye if needed, and the lens was then removed. Relinal lysates were
generated by placing the frozen vitreous humor, retina, and eye cup in 200 ul of cell lysis buffer
from the EGFP ELIBA Kit and homogenized for at 4°C (Fisher Bead Mill). EGFP protein was
guantified using an EGFP ELISA kit {Abcam catalog #ab171581). Total protein levels were
guantified using the BCA Protein Assay Kit (Pierce). The levels of eGFF were normalized to
total protein. Genome titers were delermined by gRT-PCR (7500 Real-Time PCR System;
Applied Biosystermns) using TagMan Universal Master Mix {Thermo Fisher) with primers
specific for the polyadenviation signal. Vector levels were expressed as genomes per ug

protein.

NHF Retinal Explants

[01847 All animal procedures were conducted in compliance with the Animal Welfare
Act, the Guide for the Care and Use of Laboratory Animals, the Office of Laboratory Animal
Welfare and in accordance with the ARVO Statement for the Use of Animals in Ophthalmic
and Vision Research. Fresh monkey eyes withoul known ocular diseases were obtained from
Biomere (Biomere, Worcester, MA) where they were enucleated 15min afier animals were
sacrificed. The eyss were placed in Neurcbasal medium and transported immediately on ice.
Under aseptic conditions, all extra-ccular connective tissues were removed, and the eves were
disinfected with 70% ethanol followed by washing with PBS. Before starting the experiment,

six-well transwsil culture plates were pre-incubated with 2m of complete Neurobasal medium
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(Neurcbasal Medium (Therme Fisher Scientific, Waltham, MA; cal no. 21103049},
supplemented with 1% N-2 Supplement (Thermo Fisher Scientific; cat. no. 17502048}, 2% B-
27 Supplement (Thermo Fisher Scientific; cat. no. 17504044}, 1% GlutaMAX Supplement
(Thermo Fisher Scientific; cat. no. 35050-0681), 0.2 ug/mib. of recombinant human bela-NGF
(R&D Systems, Minneapolis, MN; cat. no. 256-GF-100}, and 0.4 ug/ml recombinant human
EGF (R&D Systems,; cat no. 238-£EG-200)) beneath the transwell insert and 0.5m! in the
transwell insert in humidified cell culture incubatlors at 37°C and in 5% CO.. An incision was
made with an 18G neeadie around Smm below the limbus. By using this incision as an entry
point for the scissors, the anterior part of the eye, comesa, lens and vitreous, were removed
from each eye leaving posterior evecups consisting of intact neural reting, chorold, and sclera.
Nexi, 3 flaps were made 10 open the eve cup by making three cuts towards optic nerve head.
While the whole eye cup is submerged in the complete Neurobasal complete medium, an
8mm biopsy punch was used to cut equatorial, full-thickness posterior segment explants. The
retina was subsequently pesled off by gently applving a pisce of dry sterile filler paper onto
the ganglion cell layer, lifting off the neural retina, and placing the filter paper with aitached
retina onto the culture insert, photoreceptors facing down and fiiter paper was gently removed
with fine forceps. After 24 hours, media was repiaced with fresh complets Neurobasal media
and half of the AAV was injected directly beneath each retinal explant, creating a bleb similar
to that formed in vivo when performing therapeutic sub-retinal injections. An additional half of
virus was added to the culture medium that was placed beneath the ranswell insert. Finally,
the explants are incubated at 37 °C and 5% CO0, AAV vectors at a dose of 1.8x10" total
genome copies was used for each explant. Media was changed every other day and cultures
were maintained for 6 days post transduction. After 7 days of culiure, retinal explants were
rinsed in 1X phosphate-buffered saline (PBS) and fixed for 3 h in 4% paraformaldehyde (FFA).
Explants were washed 3 times with PBS o remove the residual PFA and cryoprotected in
graded sucrose 10-30%, afler which they were frozen in oplimum culling temperature
compound at -80°C. 13um thick sections were cut using a cryostat (CryoStar NX70 cryostat,
Thermo Fisher Scientific, Waltham, MA) and mounted with vecior shield DAPI (Vecior Lab,
Peterborough, UK). The native EGFP expression was observed and images were captured
using an inverted fluorescence microscope (Axio Qbserver Z1; Carl Zeiss, Ing., Qberkochen,

Germany) using appropriate excitation and detection settings.

Example 2 — Transiational fidelity of AAVZHBKO in the NHP retina

{3185} The transduction aclivity of a novel AAVZ capsid variant in the mouse reting,
was previously reported (Sullivan ef &/, 2018). The AAVZ variant had amino acids RE85A
and R588A mulated which are reguired for binding to iis receptor, heparin sulfale

protecglycans, to generate a variant referred to as AAVZ-HBKO. Compared to parental AAVZ,
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the AAVZ2-HBKO vector displayed low-transduction activity following intravitreal delivery {o the
mouse eye; however, following its subretinal delivery, AAVZ-HBKO resulted in significantly
greater photoreceptor transduction. Without being bound to any theory, the AAV transduction
profile in mouse is not always prediclive of transduction poiential in the NHP, thus the
performance of AAVZHBRO in the NHP retina was evaluated to determine if this novel variant
demonstrated a similar improvement in retinal ransduction in this species. The ohjective of
the sludy was 1o compare enhanced green fluorescent protein (eGFP) expression in
photoreceptors from an AAVS and an AAVZHBKO vector, when administered as a single dose
via subretinal injection o male cynomoigus monkeys. Male cynomolgus monkeys (Macaca
fascicularis) were assigned 1o two groups, and AAVS-eGFF or AAVZ-HBKGC-eGFP were
administered at a dose of 1x 10'%vg / eye as described in Table 2. The vector preparations

were analyzed using a series of oplimized assays to confirm qualily.

Table 2: List of NHPs and AAVY doses injected

Group | No. of Males | Eye | Treaiment Dose Level Dose
{vgieye)® Concentration
(vo/mb)®
1 2 QU | AAVS-eGFP 1.2 x 10" 1.0 x 10
2 2 OU | AAVZ HBKD-eGFP | 1.2 x 10" 1.0 x 10"

in Table 2, OU represents injection into both eves; @ Both eyes of each animal were dosed.
Animais were dosed at a volume of 120 pl/eye; ® Dose concentrations were based on the test

article as supplied.

{0196] Six weeks post-vector administration, the animals were euthanized and the
gyes were processed for histological sectioning. The section that passed through the fovea
was selected for analysis {(Fig. 1A). The assessment of eGFF expression in photorecepiors
was evaluated by FA (fundus auto fluorescence) and IHC following adminisiration of
AAVE-eGFP or AAVZ-HBKO-eGFP. Both vectors harbored a human rhodopsin promoter
driving expression of eGFP. The animals were suthanized approximately 6 weeks following
vector administration and the eyes processed for paraffin embedding and histological
sectioning. The slides were stained for the immunofluorescence detection of eGFP, (Fig. 1B)
and images were sequentially collected from one edge of the subretinal bleb 1o the other
Expression of the eGFP transgene appeared 1o be uniform across the subretinal bleb. Without
being bound to any theory, in areas where there were fewer rod pholorecepiors {adjacent to
and within the fovea) the transgene expression was diminished, confirming the fidslity of the
human rhodopsin promoter in restricting expression {0 the rod photoreceptors. Previously,

AAVS was shown (o transduce cone pholoreceptors when transgene expression was under
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the control of a ubiquitous promoter. Quantification of the percentage of pholoreceptor
fransduction under the bleb revealed that AAVS and AAVZ-HBKGO demonstrate equal

photoreceptor transduction activity in the NHPF retina,

(an average of 81% of the

photoreceptors were transduced by both AAVS and AAV2-HBKQO), Tabie 3.

Table 3: Percentage of transduced photoreceptors within the area of the subretinal

bieb

Group | Treatment Animal 1D | GFP positive PR {% GFP positive PR {%

{vg/eye) fransduced PR under fransduced PR under
bleby OD bleb) OS5

1 AAYE: FO001 41.7 50.1
1.2 x 10" FO002 774 76.1

2 AAVZ HBKO: PO101 59.8 59.1
1.2 x 10" P0102 50.9 75.9

in Table 3, PR represents photoreceptors; OD represenis right eve; O8 represents left eve.

{01977 Additionally, the expression of eGFF was monitored using sdOCT with
autofluorescence imaging capabilities. eGFF was observed two- and four-weeks following
vector administration. The intensity of eGFP signal increased with time and was confined to
the retina, within the margin of the subretinal bleb in the eyes freated with AAV52GFP, (Fig.
2A). BExpression of eGFP from the eyes treated with AAVZ-HBKOeGFF extended well past
the margin of the subretinal bieb, (Fig. 2B). Separate slides were co-stained with an anti-eGFP
antibody and anti-rhodopsin antibody for the immunohistochemical delection of eGFP as well
as rhodopsin, to confirm that only rod photoreceptors were transduced. Fig. 2 shows a
bieb.

immunohisctochemistry for rhodopsin (red) and eGFP (brown}, in paraffin embedded tissue,

histologic survey of the subretinal Without being bound by any theory,
revealed that the transduction of the AAVS vector did not appear (o spread from the margin of
the subretinal bieb; the transition at the margin is abrupt (Fig. 3A). Transduction spread from
the AAVZHBKC-eGFP bleb and tapered off in areas not lifted by the injection process (Fig.
3B). Colocalization of eGFF and rhodopsin indicated thal the transduced cells were rod
photoreceptors. The overall architecture of the retina was preserved although there were
changes io the RPE induding hypertrophy, displacement of pigment, and displacement of

cells.

Example 3 — Evaluation of the fransduction potential of AAVS arginine variants in the
retina
[0188] The AAVZHBKO variant revealed the importance of arginines, and by

exiension surface charge, on transduction activity in the relina. The effect of adding surface
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arginines was further explored with ancther capsid, AAVS, a serotype that has a high affinity
for photoreceptors when delivered subretinally. AAVS variants AAVEG474R, AAVENSE4R and
AAVENLET3R were generated and their tropism in the mouse retina following intravitreal and
subretinal delivery was evaluated. The surface map of AAVZ was compared to that of AAVS,
and this helped guide the choice of amino acids to mutale in the AAVS capsid, for the
genergtion of arginine rich AAVS variants. The AAVS variants were produced at yiglds that
were 2-3 Told less than vields achieved with parental AAVS, bul variants retained the same
capsid protein ratio as parental AAVS. First, subretinal delivery of the AAVS arginine varianis
was evaiuated in the wild type mouse retina and their transduction aclivity compared {o that
of the parental AAVS capsid.  Fig. 4A shows the performance of AAVE, AAVEG4AT4R,
AAVENSS4R and AAVENST3IR following subretinal delivery of 1 x 10° vgs of each vector
harboring the identical CBA-e(GFP expression cassetie. There was no significant difference in
the ability of the AAVS arginine variants {o transduce the retina when compared (o parental
AAVE Analysis of native eGFP fluorescence revealed that the AAVEG474R, AAVENSS4R and
AAVENS73R variants transduced the ONL and RPPE celis, {o the same level as parental AAVS-
eGFP, Fig. 4A. Additionally, the AAVS arginine variants were further evaluated following
intravitreal delivery to the mouse retina, at the same vector dose of 1 x 10°vgs per eye. EGFP
fluorescence analysis of the transduced retinae, Fig. 4B, confirmed that all of the AAVS
arginine variants, AAVEG474R, AAVONES4R and AAVENSY3R, had acquired a novel tropism
for comeal endothelium celis. Parental AAVS showed no transduction activity with intravitreal
delivery, (Fig. 4B). The AAVS varianis demonstrated no transduction in the outer retling,
including photoreceptors and RPE, following intravitreal delivery, with very low levels of eGFF

expression observed in the INL and Musller cells.

Example 4 — Probing the role of Acetylation on AAV transduction

{01891 The AAVZHBKO and AAVS arginine variants were generated using a rational
design approach, using knowiedge of receptor binding and surface charge respectively.
Additional variants were generated using knowledge gained from LC/MS analysis of the AAV
capsid, which identified novel post transiational maodifications, PTMs, (Jin ef af, 2017). N-
terminal acetylation on VP1 and VP3 capsid proteins was previously reported, (Uin ef af,
2017). To further explore this altribute a series of AAVS acetylation variants were generated
to elucidate the role PTMs on AAVS biology in the retina. The mutations that were infroduced
into the AAVS capsid sequence are described in Table 4, this included changing the aminc
acid affer the initisting methionine from one that has a high frequency of acetylation, (alanine
or serine), to an amino acid with a low frequency of acetylation, {glycine or proling). These
changes were performed separaiely on the AAVS VP11 and VP3 capsid proteins. In addition,

combinad changes were made in both AAY capsid proteins. The AAV capsid protein VP2,
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showed no evidence of acetylation in previcus studies, (Jin et al 2017}, so the VP2 sequance

remained unchanged from the parental sequence. AAVS deacetylation variants were analyzed

by LC/MS to confirm acetylation status and the results are shown in Table 4.

Table 4: LO/MS of AAVS deacetylation variants

L AAVE | Yield Theo | Experi | A Theo | Experi | A Theo | Experi { A Not
a | mutan | {(wg/mbl) { retica | menta | mass | retica | menta | mass | retica | menia | mass | e
nit f ! NP1 ! (VP2 |1 f (VP3
& ) } )
182G 1488+ | 8023 | nd 8528 | 85293 | 10 5948 | 58472 1 9 VP
13 4 3 3 not
dete
ctab
e
21 82P 110+ | 8031 | 80313 | 1 8528 | 65291 | 8 5948 | 58470 | 7 conf
13 4 3 3 irme
d
318184 | 1.00E+ | 8023 ind 8525 | 65261 { 8 5838 | 58388 {7 coni
G 13 4 3 1 irme
d
4 | 3184 | 1.80E+ | 8033 | 803458 | 10 5528 | 85292 {1 5943 | 58430 | 1 conf
P 13 8 3 1 rme
d
5 182G/ | 6.00E+ | 8023 {80243 | ¢ 5525 | 65261 | 8 5939 | 58388 {7 conf
S84 {12 4 3 i irme
G g
8 | Sz2p/ 1.00E+ | 8031 | 80324 | 10 8529 | 85300 7 5943 | 58438 | 7 conf
3184 |13 4 3 1 rme
P d

Table 4 shows LO/ME analysis to confirm the masses of VP11, VP2 and VP3 in AAVS
acetylation mutants (VP1 of AAVSES2G and AAVES184G was not detected by mass
specirometer due to incomplele chromatographic separation of the capsid proteins), nd refers

to not detectable. Lanes correspond o those as indicated in FIG. &

(02007 rrespective of the amino acid changse, ie. glycine or proline, all AAVS
deacetylation mutants were confirmed to have reduced acetylation. LC/MS analysis confirmed
the correct molecular weights for each AAVS capsid protein mutanis. No acetylation was
observed in the 3 o P mutants while 10% acetyiation was observed in S to G mutants. The
acetylation mutants showed esquivalent packaging efficiencies, compared o wild type AAVS,
suggesting that the novel amino acid changes had not adversely affected AAVY veclor
production, or capsid protein ratios, Fig. 5.

[02011 The transduction efficiencies of the AAVS acetviation variants were compared
to wild type AAVE, in vivo, following sub retinal injection o the mouse. Wild type mice were
injected with 1 x 10" vgs AAVS-CBA eGFP or one of each of the AAVS acetylation mutants,

harboring the same CBA-eGFP expression cassefte. As previously shown, (Fig. 44),
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subretinal injection of AAVS-eGFP resulted in robust eGFP expression in the cuter reting, (Fig
B8A). The acetylation mutants AAVES2G, AAVEE2ZP, AAVES194P, AAVES2G/5184G and
AAVESZP/S194P showed reduced levels of eGFP expression in the retina as evidenced by
eGFP fluorescence of injected retinas (Fig. 8A) and EGFP protein levels, (ELISA) (Fig. 8B).
The acetylation mutant AAVES184G-eGFP, showed a significant increase in eGFP exprassion
in photoreceptor celis compared to parental AAVS-eGFF, (Fig. 8A and Fig. 6B). This was
demonstrated at the protein level by eGFP ELISA and eGFP fluorescence of fransduced
retina.  Analysis of the vector genome copy number per ug retinal protein revealed that the
increase in retinal transduction was not a function of increased uptake of the AAVS51840G-
eGFP vector into retinal cells, the vector genome copy number / ug retinal protein for the
acetylation variants all trended lower than parental AAVS eGFP veclor in trealed retinas (Fig.
8C).

[0202] The transduction properties of the acetylation mutants AAVS-3184G-eGFP and
AAVE-B51894P-eGFP were further evaluated in a dose response study and their performance
comparad to AAVE-eGFP. Increasing doses, Tx10%1x10° vgs of AAVSE-8184G-eGFP, AAVS-
S194P-aGFP or AAVE-eGFP were administered subrelinaily to a wild type mouse. Al a dose
level of 1x10° vgs, the AAVS vector showed robust transduction of photoreceptor cells. The
acetyiated mutant AAVBS3184F, as seen in the previous result, showad a significantly reduced
gxpression compared (o AAVD, while the AAVE-S184CG variant, demonstrated a significant
increase in photoreceptor cell fransduction, Fig. 7A. Atlower doses of vector, 5x 10% and 1 x
10° vgs, there was a marked decrease in eGFP expression in the retinas that had received
the AAVS-eGFF vector, while the retinas transduced with AAVS-8184G-¢GFP had robust
aGFP exprassion in photoreceptors; even at doses as low as 1x108 vgs. AAVES194P-eGFF
showed little transduction of photoreceptors at all doses evaluated, (Fig. 7A). EGFP protein
tevels were confirmed to be higher in retinas treated with the AAVE5184G-eGFP compared to
AAVE-aGFP at all doses evaluated, with the difference being more significant at the lower
doses. Without being bound by any theory, this may be because of saturation of eGFP
expression at the higher vecior doses, (Fig. 7B). Analysis of vecior genome copy number per
ug retinal tissue revealed a dose response for all vectors evaluated; retinas transduced with
the AAVS-eGFP vector had similar vector genome copies / ug retinal protein, as those retinas
treated with either the AAVES104G-2GFP or AAVES104P-eGFP acetylation variants, (Fig.
7Cy. Without being bound by any theory, when VP1 N terminal acetylation was preserved and
VP3 N-terminal acetylation reduced, there was a significant improvement in retinal

transduction comparsad 10 parenial AAVS.

Example 5 — Evaluating the role of deamidation on AAVZ transduction in the retina
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{02037 Analysis of quality atiributes of AAV veclors generated using the producer cell
line production platform, including post translational medifications on the AAV capsid proteins,
revealed several observations. Specifically, the producer cell line process, in the context of
AAVZ vectors, resulted in AAV vector preparations that consistently had a prolein running
below V1, as compared o a similar AAVZ vector produced via the triple transfection
production platform, (Fig. 8B). LC/MS analysis revealed the protein {0 be a truncated form of
VP1 protein, (IVP1), lacking the first 34 amino acids, with acetylated A35 confirmed io be the
N terminal amino acid. Without being bound by any theory, it may be that (VP 1 was a result of
deamidation at a neighboring asparagine, N57, resulting in the proteclivtic cieavage of VP11 at
acetylated A35 {0 generate tVP1, (Fig. 8A). LC/MS analysis confirmed that the deamidation
status of NB7, in the context of the AAV2 PCL derived vector, was highar at 18.4%, comparad

to 8.7%, for a comparable AAV2 vector genersted by triple transfection, Table 5.

Table &: Percentages of deamidation in AAVZ determined by LC-MS

Production In vitro % of deamidation at 3 different N () sites

Platforms potency N&7 N511 N717
AAYVZ =

TTx 146 8.7 39.8 27 .4

PCL 340 18.4 42.3 28

in Table §, TTx represents the iriple transfection production platform; PCL represents the

producer cell line production platform.

[0204] There was no measured difference in deamidation at other potential NG
deamidation sites in the AAVZ capsid sequence, including N511 or N717. The infectivily of
the AAVZ2 PCL vector trended lower in an analytical in vitro assay, (Table §), thus deamidation
mutants were generated {o further explore the role of deamidation on AAVZ infectivity in the
reting. To this end, the N57 deamidation site was mutaled to aspartic acid, N57D, to generale
a capsid that would be totally deamidated. Additionally, variant G580 was generated to control
for the effects of introducing an aspartic acid in this region of the AAV2Z capsid sequence.
AAVZNSTD-eGFP and AAV2GEBD-eGFP variants were generated and produced using the
triple transfeclion production method, with variants having similar packaging efficiencies and
capsid protein profile (Fig. 8C and Table 8), as the parental AAVZ capsid. LC/MS analysis of
the deamidation variants confirmed that, at N57 site, AAV2GS8D-eGFP was 1.1% deamidated
(to become aspartic acid), wild type AAVZ-eGFP was 5.7% deamidated, while the AAVZNS7D-
eGFP was 100% mutated fo aspartic acid, Table 8.
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Table 8: Quantification of vector yislds by gPCR

AAVZ NETD G580
% Deamidation 857 100 1.1
Yield {vg/mi) 8.7 x 102 546 x 10 3.8 x 1072

[0205] The deamidation varianis were next evalualed in vivo to assess the role of this
post fransiational modification on AAVZ transduction activity. Intravitreal delivery of AAVZ
eGFP vecior to wild type mice, resulted in significant transduction of retinal ganglion cells, A
similar resuit was observed with the AAV2G58D-eGFP variant. Intravitreal delivery of
AAVZNSETD-eGFP resulted in poor retinal transduction as measured by EGFP flucrescence
(Fig 9C) or ELISA (Fig. 8A). The reduced transgene expression measured with the
AAVENSTD-eGFP variant, correlated with reduced cell entry; the vecior genome copies per
ug of retinal tissue transduced with the AAVZNS7D-eGFP variant, trended lower than the
levels measured with unmodified AAV2eGFP or AAV2G5E8DeGFP, Fig. 8B,

Example § — Evaluation of AAVZ and AAVS capsid variants in NHP Retinal Explants

(02067 The use of an ex vivo NHP organoctypic explant system was evaluated {o test
the transduction efficiency and the tropism of the novel variants and to assess transiational
fidelity of AAV varianis between species. Retinal explants from NHPs were established and
the fransduction efficiency of the deacetylation variants AAVES184G and AAVDS194F were
evaluated. Seven days after plating, the cultured retina retained normal architecture, including
intact rod and cone photoreceptor inner and outer segments, a full ONL, and outer to inner
retinal connectivity {(Fig. 10A).  The ftransduction efficiency of the AAVS and AAVS
deacetylation variants in the relinal explants mimicked the transduction efficiency observed in
the mouse reting, (Fig. 64) and for unmodified AAVS, mimickad the transduction activity also
seen in the NHP refina, Fig. 3A. Confirming what was observed in the mouse reting, (Fig. 7},
the AAVSES1840 variant showed superior transduction efficiency in the ONL compared {0
AAVS parental vector, Fig. 10A and Fig. 10B. Compared to parental AAVS, the AAVES104P
variant revealed decreased transduction efficiency in the NHP retinal explant, similar to its
performance in the mouse studies, Fig. 7 and Fig. 8. The authenticity of the organotypic culture
was confirmed by the performance of the AAVY5-eGFP parental vector, which demonstrated
robust fransduction of the ONL, Fig. 10A and Fig. 108, similar to the fransduction performance
seen with sub retinal delivery of AAVE-2GFP vector to the NHP retina, (Fig. 3A). Evaluation
of the deacstyiation mutants in the NHP retinal explant model revealed an additional benefit
to the AAVSES194G variant over unmodified AAVS: this capsid variant selectively transduces
photoreceptor cells, with little transduction observed in the retinal ganglion cell layer, (Fig. 10A
and Fig. 108).
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CLAIMS

What is claimed is;

1. A modified adenc-associated virus (AAY) capsid protein comprising an amino acid
substitution at one or more positions corresponding to amine acids 5194, 5474, N584, and/or

M573, wherein numbering of the positions is based on VP1 numbering of AAVS.

2. The modified capsid protein of claim 1, wherein numbering of the positions is based on
the amino acid sequence of the wild-type AAVE VP11 as set forth in SEQ 1D NO:1.

3. The modified capsid protein of claim 1 or 2, wherein the modified capsid prolein is a
modified capsid protein of an AAVY serotype selected from the group consisting of AAV1,
AAV2, AAV4, AAVE AAVE, AAVT, AAVE, AAVE, AAVB1, AAVARCBO, AAVTmMS, AAVIh1D,
AAV2(Y444F), AAV2(Y 444+500+730), AAVZUY252+272+444+500+700+704+730F),
AAVE(Y733F), and any variant thereof.

4. The modified capsid protein of claim 3, wherein the modified capsid protein is a modified

capsid protein of AAVS.

5. The modified capsid protein of any one of ciaims 1 1© 4, wherein the modified capsid
protein comprises an amino acid sequence having at least 80%, at least 85%, at least 80%,
at least 81%, at least 2%, at ieast 3%, at least 4%, at ieast 95%, at ieast 98%, at least
97%, at least 98%, at least 99% sequence identity with the amino acid sequence set forth in
SEQ D NO:.

&. The modified capsid protein of any one of claims 1 to 5, wherein the modified capsid
prolein comprises an amine acid sequence having at least 85% seguence identity with the

amino acid sequence set forth in SEQ 1D NO 1.

7. The modified capsid protein of any one of claims 1 to 8, wherein the modified capsid
protein comprises an aminc acid sequence having at least 88% sequence identity with the
amine acid sequance set forth in SEQ 1D NO: 1.

8. The modified capsid protein of any one of claims 1 to 3, wherein the amino acid in the

capsid protein corresponding to amine acid 184 is G.
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8 The modified capsid profein of claim 8, wherein the modified capsid protein comprises
an amino acid sequence having at least 80%, at least 85%, atleast 80%, at least 81%, at least
02%, at least 83%, at icast 94%, at least 85%, at least 98%, at least 87%, at least 98%, at
least 98% sequence identity with the amino acid sequence set forth in SEQ iD NO:3, wherein

the aminc acid in the capsid pretein corresponding to amino acid 184 of SEQ ID N3 s G

10. The modified capsid protein of any one of claims 1 1o 3, wherein the amino acid in the

capsid protein corresponding to aming acid 474 is R,

11. The modified capsid protein of claim 10, wherein the modified capsid protein comprises
an amino acid sequence having at least 80%, al least 85%, at least 80%, at least 81%, at least
02%, al least 83%, at least 84%., at least 85%, at least 96%, at ivast 87%, at least 98%, at
least 98% seguence identity with the amino acid sequence set forth in SEQ 1D NG:5, whersin

the amino acid in the capsid protein corresponding to amino acid 474 of SEQ 1D NG5 s R

12. The modified capsid protein of any one of claims 1 to 3, wherein the amino acid in the

capsid protein corresponding to aming acid 564 is R,

13. The modified capsid protein of claim 12, wherein the modified capsid protein comprises
an amino acid seguence having at least 80%, at least 85%, at least B0%, atleast 1%, at least
G2%, al least 93%, gt least 84%, at least §5%, at least 86%, at least 87%, at least 98%, at
least 989% sequence identity with the amino acid sequence set forth in SEQ 1D NO:7, whersin

the amino acid in the capsid protein corresponding o amino acid 584 of SEQ 1D NG:77 s R

14. The modified capsid protein of any one of claims 1 1o 3, wherein the amine acid in the

capsid protein corresponding o amino acid 573 is R.

15. The modified capsid protein of claim 14, wherein the modified capsid protein comprises
an aming acid sequence having at least 80%, at least 85%, at least 80%, atleast 91%, atleast
02%, at least 83%, at ieast 84%, at least 85%, at least 96%, at least 87%, at least 98%, at
least 98% sequence identity with the amino acid sequence set forth in SEQ iD NO: 8, wherein

the amino acid in the capsid protein comesponding 10 aming acid 573 of SEQ ID NOB s R.

16. A modified adenc-associated virus (AAY) capsid protein comprising:
a (3 at the position corresponding to amino acid 194,
an R at the position corresponding to amino acid 474,

an R at the position corresponding to amino acid 584, and/or
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an R at the position corresponding 1o amino acid 573, wherein numbering of the

position is based on VP 1 numbering of AAVS.

17. A medified adenc-associated virus {AAV) capsid protein comprising a G at the position
corresponding {o amine acid 184, wherein numbering of the position is based on VP1
numbering of AAVS.

18. A modified adenc-associated virus (AAY) capsid prolein comprising an R at the
position correspoending to aming acid 474, wherein numbering of the position is based on VP1

numbering of AAVS.

18. A modified adenc-associated virus (AAV) capsid protein comprising an R at the
position corresponding to amino acid 584, wherein numbering of the position is based on VP1
numbering of AAVS.

20. A modified adenc-associated virus (AAV) capsid protein comprising an R at the
position corresponding to amino acid 573, wherein numbering of the position is based on V1
numbering of AAVS.

21. A modified adenc-associated virus (AAY) capsid protein comprising the amino acid
sequence set forth in SEQ IDNOs:3, 5,7, or &

22. An isolated nucleic acid encoding the capsid protein of any one of claims 1 to 21.

23. An isolated nucleic acid comprising the nuclectide sequence sat forth in SEQ 1D
NOs:4, 8, 8, or 10.

24. A vector comprising the nucleic acid of claim 22 or 23

25. The vector of claim 24, wherein the vector is a plasmid or a helper viral vector.

26. The vector of claim 25, wherein the helper viral vector is a retrovirus vector, a herpes

virus vector, a baculovirus vector, or an adenovirus vector.

27. The vector of any one of claims 24 {0 26, wherein the vector is an exprassion vector.

28. A recombinant cell comprising the nucleic acid of claim 22 or 23, or the vector of any

one of claims 24 1o 27.
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2%. A method of producing an AAV capsid protein, the method comprising cuituring the
recombinant cell of claim 28 under conditions whereby the nucieic acid is expressed and the

capsid protein is produced.

30. A recombinant adeno-associated viral (rAAV) particle comprising:

{a) an rAAY capsid comprising a modified capsid protein, wherein the modified capsid
protein comprises an amino acid substitution at one or more positions corresponding
{o amino acids 194, 474, 584, and/or 573, wherein numbering of the positions is based
on VP11 numbering of AAVE, and

{b) an rAAV vector comprising & heterclogous nucleic acid.

31. The rAAV particle of claim 30, wherein numbering of the positions is based on the
amine acid sequence of the wild-type AAVS VP11 as set forth in SEQ D NO:1.

32. The rAAV particle of claim 30 or 31, wherein the modified capsid protein is a modified
capsid protein of an AAV serotype selected from the group consisting of AAYV 1, AAVZ, AAV4,
AAVE, AAVE, AAVT, AAVSE, AAVO, AAVE1T, AAVANRCBO, AAVTMS, AAVINM10, AAVZ(Y444F),
AAV2(Y444+500+730), AAVZ(Y252+272+444+500+700+704+730F), AAVE(Y7A3F), and any

variant thereof.

33. The rAAY particle of any one of claims 30 to 32, wherein the modified capsid protein

is a modified capsid protein of AAVS.

34. The rAAY particle of any one of claims 30 {o 33, wherein the modified capsid protein
comprises an amino acid sequence having at least 80%, at least 85%, at least 80%, at least
S1%, at ieast 2%, at ieast 93%, at least 949%, al least 85%, ol least 96%, gt least §7%, at
least 98%, at least 99% seguence identity with the amino acid sequence set forth in SEQ 1D
NO:1.

35. The rAAY particle of any one of claims 30 {o 34, wherein the modified capsid protein
comprises an amine acid seguence having atl least 85% seguence identity with the amino acid
sequence set forth in SEQ 1D NG:1.

38. The rAAY particle of any one of claims 30 1o 35, wherein the modified capsid protein
comprises an amine acid sequence having at least 88% sequence identity with the amino acid
sequence set forth in SEQ 1D NO:1.
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37. The rAAV particle of any one of claims 30 to 32, wherein the amino acid in the capsid

protein corresponding to amino acid 194 is G

38. The rAAY particle of claim 37, wherein the modified capsid pretein comprises an amino
acid sequence having at least 80%, al least 85%, af least 80%, at least 91%, al least 82%, at
least 93%, at least 94%, at least 95%, at jeast 96%, at least 97%, at least 88%, af least 99%
segquence identity with the amino acid sequence set forth in SEQ D NG: 3, wherein the amino

acid in the capsid protein corresponding {0 amine acid 194 of SEQID NO:3 is G.

38, The rAAV pariicle of any one of claims 30 to 32, wherein the amino acid in the capsid

protein corresponding to amino acid 474 is R,

40. The rAAV particle of claim 39, wherein the modified capsid protein comprises an aminge
acid seguence having at least 80%, at least 85%, at least 90%, at least 81%, atleast 82%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 88%, at least 88%
sequence identity with the amino acid sequence set forth in SEQ [D NO:5, wherein the amino

acid in the capsid protein corresponding {0 amino acid 474 of SEQ IDNOS s R,

41. The rAAV particle of any one of claims 30 to 32, wherein the amine acid in the capsid

protein corresponding to amino acid 564 is R.

42. The rAAV particle of claim 41, wherein the modified capsid protein comprises an amino
acid seguence having at least 80%, at least 85%, at least 80%, al least 91%, at least 82%, at
least 93%, at least 94%, at least 85%, at least 86%, at least 97%, at least 88%, at least 99%
seguence identity with the amino acid sequence set forth in SEQ D NO:7, wherein the amino

acid in the capsid protein corresponding to amino acid 564 of SEQ IDNO:7 is R,

43. The rAAV particle of any one of claims 30 to 32, wherein the amino acid in the capsid

protein corresponding to amino acid 573 is R,

44, The rAAV particle of claim 43, wherein the modified capsid protein comprises an aming
acid sequence having at least 80%, at least 85%, at least 80%, at least 81%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 968%, at least 97%, at least 98%, at least 99%
sequence identity with the amine acid seguence set forth in SEQ 1D NO:©, wherein the amino

acid in the capsid protein corresponding o amino acid 572 of SEQID NO B is R,

45, A recombinant adeno-associated viral (rAAV) particle comprising:
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{a) an rAAY capsid comprising a modified capsid protein, wherein the modified capsid
protein comprises: a G at the position corresponding to amine acid 194, an R at the
position corresponding to amino acid 474, an R at the position corresponding fo amino
acid 564, andior an R at the position corresponding to aming acid 573, wherein
numbering of the position is based on VP1 numbering of AAVS; and

(b} an rAAY vecior comprising a helerclogous nucleic acid.

48. A recombinant adeno-associated viral (rAAV) particle comprising:
{a) an rAAV capsid comprising a G at the position corresponding to amino acid 194,
wherein numbering of the position is based on VP 1 numbering of AAVS, and

{b) an rAAV vector comprising a heterclogous nucleic acid.

47 . A recombinant adenc-associated viral (rAAY) particle comprising:
(a} an rAAY capsid comprising an R at the position corresponding to amino acid 474,
wherein numbering of the position is based on VP1 numbering of AAVS, and

(b} an rAAV vecior comprising a heterologous nucleic acid.

48. A recombinant adeno-associated viral (rAAY) particle comprising:
{a) an rAAYV capsid comprising an R at the position corresponding o amino acid 564,
wherein numbering of the position is based on VP 1 numbering of AAVS; and

(b} an rAAY vector comprising a heterclogous nucleic acid.

48, A recombinant adeno-associated viral {rAAV) particle comprising:
{a) an rAAV capsid comprising an R al the position corresponding to amino acid 573,
wharein numbering of the position is based on VP 1 numbering of AAVS; and

(b} an rAAV vector comprising a heterologous nucleic acid.

50. The rAAY particle of any one of claims 30 10 48, wherein the heterclogous nucleic acid

encodes a therapeutic polypeptide or therapeutic nucleic acid.

51. The rAAY particle of claim 50, wherein the heterologous nucleic acid encodes a
polypeptide selected from the group consisting of an antioxidant, an enzyme, a neurctrophic

factor, an anti-apoptotic faclor, an anti-angiogenic factor, and an anti-inflammatory factor.

£52. The rAAV particle of any one of claims 30 1o 48, wherein the heterclogous nucleic acid

encodes a therapeutic nucleic acid.
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£3. The rAAV particle of claim 52, wherein the therapeutic nucieic acid is an siRNA, an

shRNA, an RNAL an miRNA, an antisense RNA, a ribozyme or a DNAzyme.

54. The rAAV particle of any one of claims 30 {o 53, wherein the heterologous nucleic acid

is operably linked to a constitutive promoter.

55. The rAAY particle of any one of claims 30 {o 53, wherein the heterclogous nucleic acid
is operably linked 10 & promoter suitable for expression of the therapsutic polypeptide or

therapeutic nucleic acid in an ccular tissue.

56. The rAAVY particle of claim 55, wherein the ocular tissue is a reting, and the promoter
is suitable for expression of the therapeutic polypeptide or therapeulic nucleic acid in a retinal
cell selected from the group consisting of a photoreceptor cell, a retinal pigmented epithelial
cell, a bipolar cell, a horizontal cell, an amacrine cell, a muller csll, a ganglion cell, and any

combination thersof.

57. The rAAY particle of claim 56, wherein the ocular lissue is a comea, and the promoter
is suitable for expression of the therapeutic polypeptide or therapeutic nucieic acid in a comeal
cell selected from the group consisting of an epithelial cell, a keratocyte, an endothelial cell,

and any combination thereof.

58. The rAAV particle of any one of claims 30 to 57, wherein the AAV vector further

comprises inveried terminal repeats (ITRs).

58. The rAAY parlicle of any one of claims 30 to 58, wherein the rAAV vecior is g self-

complementary rAAV vector (SCAAV)

80. The rAAV particle of claim 59, wherein the scAAV comprises a first nucleic acid
encoding the helerologous nudleic acid, and a second nucleic acid encoding a complement of
the first nucleic acid, wherein the first nucleic acid can form intrasirand base pairs with the

sacond nucleic acid along most or all of its length.

1. The rAAV particle of claim 80, wherein the first nucleic acid and the second nucleic
acid are linked by a mutated AAV ITR, whersin the mutated AAV {TR comprises a delstion of

the D region and comprises a mutation of the terminal resolution sequence.

62. A pharmaceutical composition comprising a rAAY particle of any one of claims 30 o
81.
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63. A method for delivering a helerciogous nucleic acid to an ccular tissue of a subject in
need thereof, comprising administering a recombinant adenc-associated virus fAAY) particle
fo the subject, wherein the rAAY particle comprises:

{a) an rAAY capsid comprising a modified capsid protein, wherein the modified capsid
protein comprises an amino acid substitution at one or more positions corresponding
to amino acids 194, 474, 564, and/or 573, wherein numbering of the positions is based
on VP11 numbering of AAVS; and

(b} an rAAV vecior comprising a heterologous nucleic acid.

64. A methed for delivering g heterclogous nucieic acid o the retina of a subject in nesd
thereof, comprising administering a recombinant adenc-associated virus (rAAVY) parlicle to the
subject, wherein the rAAY particle comprises:

{a} an rAAV capsid comprising a modified capsid protein, wherein the modified capsid

protein comprises an amino acid substitution at a position corresponding to amino acid
194, wherein numbering of the positions is based on VP1 numbering of AAVS; and

(b} an rAAV vecior comprising a heterologous nucleic acid.

65, A method for delivering a heterologous nucleic acid o the cornea of a subject in nesd
thereof, comprising administering a recombinant adenc-associated virus (fAAVY) parlicle to the
subject, wherein the rAAV particle comprises:

{a} an rAAV capsid comprising a modified capsid protein, wherein the modified capsid

protein comprises an amine acid substitution at one or more positions corresponding
0o amino acids 474, 564, and/or 573, wherein numbering of the positions is based on
VP1 numbering of AAVE; and

(b an rAAV vector comprising a heterologous nucleic acid.

86. A method for improving rAAY transduction of cells in an ocular tissue of a subject in
need thereof, the method comprising administering a recombinant adeno-associated virus
{rAAY) particie to the subject, wherein the rAAV particle comprises:

{a) an rAAV capsid comprising a modified capsid protein, wherein the modified capsid

protein comprises an amino acid substitution at one or more positions corresponding
o amino acids 194, 474, 564, and/or 573, wherein numbering of the positions is based
on VP1 numbering of AAVS; and

(b} an rAAV vector comprising a heterologous nucleic acid.
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&7. A method for improving rAAY fransduction of cells in the retina of a subject in nesed
thereof, the method comprising administering a recombinant adenc-associated virus fAAV)
particle o the subject, wherein the rAAV particle comprises

{a) an rAAY capsid comprising a modified capsid protein, wherein the modified capsid

protein contprises an amingc acid substitution at a position corresponding o amino acid
184, wherein numbering of the positions is based on VP1 numbering of AAVS; and

(b} an rAAV vecior comprising a heterologous nucleic acid.

68. A method for improving rAAY fransduction of celis in the cormnea of a subject in nesd
thereof, the method comprising administering a recombinant adenc-associated virus fAAV)
particle o the subject, wherein the rAAY particle comprises

{a) an rAAY capsid comprising a modified capsid protein, wherein the modified capsid

protein comprises an amino acid substitution at one or more positions corresponding
to amino acids 474, 564, and/or 573, wherein numbering of the positions is based on
YP1 numbering of AAVS; and

(b} an rAAV vecior comprising a heterologous nucleic acid.

6%. A methed for improving expression of a heterclogous nucleic acid in an ocular tissus
of a subject in need thereof, the method comprising administering a recombinant adeno-
associated virus (rAAV) particle to the subject, wherein the rAAV particle comprises

{a} an rAAV capsid comprising a modified capsid protein, wherein the modified capsid

protein comprises an amino acid substitution at one or more positions corresponding
{0 amino acids 184, 474, 564, and/or 573, wherein numbering of the positions is based
on VP11 numbering of AAVS; and

(b} an rAAV vector comprising a heterologous nucleic acid.

70. A method for improving expression of a heterologous nucleic acid in the retina of a
subject in need thereof, the method comprising administering a recombinant adeno-
associated virus (rAAV) particle to the subject, wherein the rAAV particle comprises

(a} an rAAV capsid comprising a modified capsid protein, wherein the modified capsid

protein comprises an amino acid substifution at a position corresponding to amino acid
194, wherain numbering of the positions is based on VP1 numbering of AAVE; and

{b) an rAAV vector comprising a heterologous nucleic acid.
71. A method for improving expression of & heterologous nucleic acid in the comea of a
subject in need thereof, the method comprising administering a recombinant adeno-

associated virus (rAAV) particle o the subject, wherein the rAAV particle comprises
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{a) an rAAY capsid comprising a modified capsid protein, wherein the modified capsid
protein comprises an amino acid substitution at one or more positions corresponding
to amino acids 474, 5684, and/or 573, wherein numbering of the positions is based on
VP1 numbering of AAVS; and

(b} an rAAV vector comprising a helerclogous nucleic acid.

72. A method to ireal a condition or a disorder of the eve in a subject in need thereof, the
method comprising administering an effective amount of a composition comprising an rAAV
particle to the subiect, wherein the rAAY particle comprises

{a) an rAAY capsid comprising a modified capsid protein, wherein the modified capsid

protein comprises an amino acid substitution at one or more positions corresponding
to amino acids 124, 474, 564, and/or 573, wherein numbering of the positions is based
on VP11 numbering of AAVS; and

(b} an rAAY vecior comprising a helerclogous nucleic acid.

73. The method of claim 72, wherein the composition is formulated for intravitreal

administration.
74. The method of any one of claims 63 to 73, wherein the heterologous nucleic acid is
expressed at an increased level of expression, as compared (0 the level of expression of a

heterologous nucleic acid of an rAAV particle comprising a wild-type rAAV capsid.

75. The method of any one of claims 83 to 74, wherein the administering comprises

intravitreal administration.
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Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:
a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D onh paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:

I:l in the form of an Annex G/ST.25 text file (Rule 13ter.1(a)).

D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)
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Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.
3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-75

Subject-matter relating to an AAV capsid variant with amino
acid substitutions at position S194 (in particular S194G).

1.1. claims: 1-75

Subject-matter relating to an AAV capsid variant with amino
acid substitutions at positions G474, N564 and/or N573 (in
particular G474R, N564R, N573R).
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HU E045801 T2 28-01-2020
JP 6602788 B2 06-11-2019
JP 2017506521 A 09-03-2017
JP 2020022476 A 13-02-2020
KR 20160130996 A 15-11-2016
PL 3108000 T3 18-05-2020
PT 3108000 T 25-10-2019
RU 2016133623 A 22-03-2018
RU 2021102290 A 01-03-2021
SG 11201606365T A 29-09-2016
SI 3108000 T1 28-02-2020
US 2018135076 Al 17-05-2018
WO 2015121501 Al 20-08-2015

WO 2015168666 A2 05-11-2015 AU 2015252797 Al 17-11-2016
AU 2021200242 Al 18-03-2021
BR 112016025263 A2 20-02-2018
CA 2946593 Al 05-11-2015
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GT 201600227 A 22-01-2018
JP 6741591 B2 19-08-2020
JP 2017518271 A 06-07-2017
JP 2020164540 A 08-10-2020
KR 20160147974 A 23-12-2016
PE 20170260 Al 12-04-2017
PH 12016502046 Al 06-02-2017
SG 10201809739Q A 28-12-2018
SG 10201912977R A 27-02-2020
SG 11201607991W A 28-10-2016
TW 201625792 A 16-07-2016
US 2017096683 Al 06-04-2017
vy 36106 A 30-11-2015
WO 2015168666 A2 05-11-2015
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