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Compositions and Muthods for Treatment of Ocular Disease Associated with
Angiogenesis

CROSS REFERENCE TO RELATED APPLICATIONS

{06911  This application claims the benefit of 11.S. Provisional Patent Application Serial
No. 63/180,247, filed April 27, 2021, the full disclosure of which is incorporated herein by

reference.

SEQUENCE LISTING SUBMISSION VIA EFS-WER

{06621 A computer readable text file, entitled “090400-501 8-WQO-Sequence-Listing”
created on or about April 22, 2022, with a file size of about 83 KB contains the sequence

listing for this application and is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

{88631 The vascular endothelial growth factor (VEGEF) proteins and their receptors
(VEGFRS) play important roles in vasculogenesis, the development of the embryonic
vasculature from early differentiating endothelial cells, anglogenesis, the process of
forming new blood vessels from pre-existing ones, and lymphangiogenesis, the process of

forming new lymph vessels.

[8604]  Ocular vascular discases such as age-related macular degeneration and diabetic
retinopathy are due to abnormal choroidal or retinal neovascularization respectively. Since
the retina consists of well-defined layers of neuronal, glial, and vascular slements,
relatively small disturbances such as those seen in vascular proliferation or edema can lead
to significant loss of visual function. Inherited retinal degenerations, such as Retinitis
Pigmentosa, are also associated with vascular abnormalities, such as artericlar narrowing

and vascular atrophy.

{8008}  Strategies have been employed to block the function of VEGF. Current
standard-of-care treatments include intravitreal (IVT) injections of protein therapies, such

as aflibercept, ranibizumab, and brolucizumab that bind to vascular endothelial growth
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factor A (VEGF-A, VEGF) to prevent binding to its receptors. Regimens of anti-VEGF
therapies shown to be safe and effective require repeated monthly-to-bimonthly VT
administrations to maintain vision and many patients fail to maintain initial visual acuity
benefit due to undertreatment. The need for repeated injections can become a substantial
burden for patients and caregivers with some patients requiring regular anfi-VEGF
mnjections despite treatment for a decade. Recent studies have shown that in real-world use,
many patients receive fewer than recommended injections and do not receive or maintain
the same benefits shown in clinical trial settings with vision gains during the first 2 years

not maintained at 3 years.

[8886]  Thus, there remains a need for new or improved compounds and therapies for the

treatment of angiogenic ocular diseases such as wetAMID.

SUMMARY OF THE INVENTION

{6867  Disclosed are compositions and methods for the treatment of an ocular disease
associated with ocular angiogenesis including but not limited to wet {(neovascular,
exudative) age-related macular degeneration; macular edema following retinal vein
occlusion; retinal neovascularization resuliing from retinal vein occlusion; diabetic macular
edema, diabetic retinopathy (including all stages of non-proliferative diabetic retinopathy
and proliferative diabetic retinopathy); myopic macular degeneration; branch retinal vein
occlusion, hemi-retinal vein occlusion, and central retinal vein occlusion; retinopathy of
prematurity; idiopathic choreidal neovascularization; ruyopia macular degeneration and
secondary retinal and choroidal neovascularization; retinal telangiectasia; neovascular
glaucoma; vitreous hemorrhage; retinal and choreidal neovascularization secondary to
retinal diseases, including but not Hmited to uveitls, trauma, retinal degenerative disorders,
genetic retinal and/or choroidal disease, tumors of the eye, corneal and iris
neovascularization. In some embodiments, the angiogenic ocular disease is selected from
wet {(neovascular, exudative} age-related macular degeneration; diabetic macular edema;
macular edema following retinal vein oeclusion; diabetic retinopathy; and myopic

choroidal peovascularization.

{6008]  In some embodiments, a nucleic acid s provided comprising (i) a nucleotide

sequernice encoding a first anti-angiogenic polypeptide (e.g., aflibercept) and (i) &
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nucleotide sequence encoding ove or more interfering RNA molecule(s) that reduce
expression of one or more pro-angiogenic target genes. In some aspeots, the RNA
melecule is a short hairpin RNA (shRNA). In other aspects, the RNA molecule is a
primary miRNA molecule. In some aspects, the nuclelc acid comprises an expression
cassetie comprising (1) a nucleotide sequence encoding a first anti-angiogenic polypeptide,
operably linked to an expression control sequence and (i) a nucleotide sequence encoding
an interfering RNA molecule that reduces expression of one or more pro-angiogenic target
genes, operably linked to an expression conirel sequence. In some embodiments, the
nucleotide sequence encoding the anti-angiogenic polypeptide and the nuclentide sequence
encoding the interfering RNA melecule are operably linked to distinct expression control
sequences. In preferred embodiments, expression of the anti-angiogenic polypeptide and
the interfering RNA molecule are driven by a common (1.e., the same) expression controf
sequence. In some aspects, the expression control sequence(s) comprise(s) a constitutive
promoter such as a CAG or UBA promoter. In other aspects, the expression control

sequence(s) comprise(s) a cell-specific promoter.

38891 In some embodiments, the nucleic acid comprises nucleotide sequence encoding
an inierfering RNA& molecule that targets angilopoietin-2 {aka Ang?2 or Ang-2).
Representative human AngZ sequences can be found at e.g., NCBI Accession No, $15123
and SEQ 1D Nos: 517 and 518 of US Patent No. 8,987,420, the contents of which are
incorporated herein by reference. In preferred embodiments, the interfering RMA molecule
targets Ang-2 and comprises g sense strand and an antisense strand comprising, consisting

essentially of, or consisting of a sequence selected from those listed in Table | below:

Table 1 futerfering RNAs tgeting human Ang-2

Reference Sequence

Sense Strand Sequence Antisense Strand Target Region
’“ : 4 ' Sequence {NCBI Accession Number;

NM 801118887.2)
GCCGCAGCCTATAACA | AAAGTTGTTATAGGCT | GUCCGCAGCCTATAACA

ACTTT GCGGEC ACTTT

(SEQ ID NO:) (SEQ ID NO {(8E 1D NO:3)

CCCTAATTCTACAGAA | ATCTCTTICTGTAGAAT | CCCTAATTOTACAGAA

GAGAT TAGGG GAGAT

{(SEQ 1D NGy _ (SEQID KOS (SEQ ID NO:Gy

| GATGATAGAAATAGOG | TTTGTCCCTATTTCTAT | GATGATAGAAATAGGG |

ACAAA CATC ACAAA

(SEQ ID NO:7) (SEQ 1D NO:§Y {(SEQID NG9
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GCCACGGTGAATAATT | AACTGAATTATTICACE | GCCACGGTGAATAATT
CAGTT GTGGC CAGTT
(SEQ 1D NC:10) (SEQ 1D NO:11) (SEQ ID NO:12)
GCTTACTCATTGTATGA | ATGTTCATACAATGAG | GCTTACTCATTGTATGA
ACAT TAAGC ACAT
(SEQ ID NO:13) {SEQ 1D NO:14) (SEQ ID NO:15)

in some embodiments, the interfering RNA molecule comprises a sense strand and an
antisense strand, one or both of which comprises, consists essentially of, or consists of a
sequence at least 70%, at least 719, at least 72%, at least 73%, at least 74%, at least 759,
at least 76%, at least 77%, at least 789, at least 7996, at Jeast 80%, at least 81%, at least
R2%, at least 83%, at least 849, at least §8539%, at least 86%, at least 7%, at least 88%, at
least 89%¢, at least 901%, at least 1%, at least 92%, at least 9394, at least 949, at least 95%,
at least 96%, at least §7%, at least 98%, or at least 99% identical 1o a seguence selected
trom those listed in Table 1. In some particularly preferred embodiments, the nucleic acid
comprises nuclectide sequence encoding a first anti-anglogenic polypeptide that is
aflibercept and nucleotide sequence encoding an interfering RNA molecule targets human

angiopoietin-2.

[0810]  In soroe preferred embodiments, the nucleic acld comprises nucleotide sequence
encoding an interfering RNA molecule that targets VEGF-C. Representative human
YEGF-{ sequences can be found at e.g., GenBauk Accession numbers NM005429 and
X84216. In preferred embodiments, the interfering RNA molecule targets VEGEF-C and
comyprises 4 sense strand and an antisense strand comprising, consisting essentially of, or

consisting of a sequence selected from those listed in Table 2 below:

Table 2; Interfering RNAs fargcting humanVEGE-C
5 ' Reference Sequence
Antisense Strand Target Region

Seguence {(NCBI Accession MNumber:
NM 0034298.5)

Sense Strand Sequence

COGCOACAAACACCTTC | TTAAAGAAGGTGTTTG | CGCGACAAACACCTICT

TTTAA TCGCG TTAA
(SEQ ID NOJ16) (SEQ D NOLT) (SEQ ID NO:1B)
CTACCTCAGCAAGACG | AATAACGICTTGUTGA | CTACCTCAGCAAGACGT
TTATT GGTAG TATT
(SEQ 1D NO:19) (SEQ 1D NO20) (SEQ ID NO2 D
TACCAATTACATGTGGA | ATTATTCCACATOTAA | ACCAATTACATGTGGA
ATAAT TTGG ATAAT

(SEQ ID NO:I% (SEQID NOZH {(SEQ 1D N{»:243
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ATGACCAAACAGCCA | AAATCTTGGUTGTITG | AATGACCAAACAGCC
AQATTT GTCA AGATTT
{(SEQ ID NO:25) _ (SEQ 1D NO26) {(SEQ ID N2
GTCOTTOTOGTCCCTTC | AATATGAAGGGACACA | GTCGTTGTGTCCCTTCA
ATATT ACGAC TATT
(SEQ 1D NO:28) (SEQ ID NO:2%) (SEQ ID NO:36)

In some embodiments, the interfering RNA molecule comprises a sense strand and an

antisense strand, one or both of which comprises, consists essentially of, or consists of a

sequence at least 70%, at least 71%, at least 72%, at least 73%, at least 74%, at lea

at least 76%%, at least 77%

82%, at least 83%, at least 84%, at least 85%, at {east 86%, at least 87%, at |

least 89%, at least 0%, at least 9194, at least 92%, at least 93%

o, at least

.
ast 75%,

78%, at least 79%, at least 80%, at least 81%, at least

east 8%, at

, at least 949, at least 95%,

at least 6%, at least 97%, at least 98%, or at least $9% identical to a sequence selected

from those listed in Table 2. Additional interfering RNA molecules targeting VEGF-C

include those listed at Table 1 of US Patent Application Publication No. 201 1/0293625A1,

the contents of which are incorporated herein by reference. In some particsiarly preferred

embodiments, the nucleic acid comprises nucleotide sequence encoding a first anti-

angiogenic polypeptide that is atlibercept and nucleotide sequence encoding an interfering

RNA molecule targets human VEGF-C.

[8611]

encoding a first anti-angiogenic protein {e.g

In related embodiments, the nucleic acid comprises nuclectide seguence

., aflibercept) and forther comprises an

interfering RNA molecule that targets human VEGF-C and an interfering RNA molecule

that targets human Ang-2.

[0012]

In other embodiments, the nucleic acid comprises a nucleotide sequence

encoding an interfering RNA molecule that targets VEGFR-3. Representative human

VEGFR-3 sequences can be found e.g., at GenBank Accession Number X68203. In

preferred embodiments, the interfering RNA molecule targets VEGFR-3 and comprises a

sense strand and an antisense strand comprising, consisting essentially of, or consisting of a

sequence selected from those listed in Table 3 below:

Tab

3: Interforing RNAS tar oerm 2 humanVEGFR.3

Sense Strand Sequence

Antisense Strand
Sequence

Refevence Sequence
Target Region
{NCRIT Accession Number:
NM 0013354989.2)

%
|
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ACAACGGCATCCAGEG | GAAATCGCTGGATGCC |, o moy oo
ATTTC GITG ATTTC (SEQ 1D NO:33)
(SEQIDNO3EH) (SEQIDNO:3Z) ’ .
GGACACCCTGCAAGAT | CAAACATCTTGCAGGG | GGACACCCTGCAAGAT
GTTTG TGTCC GTTTG
(SEQ ID NO:34) (SEQ ID NO:3S) (SE ID NO:36)
CACCGTGTGGGOTGAG | TTAAACTCAGCCCACA | CACCGTGTGGGCTGAG |
TTTAA CGGTG TTTAA f
(SEQ ID NO:3T) (SEG ID NO:38) (SEQ 1D NO:39)
QJTTAAﬁ??ﬁ?TLhLT GAAATAGCGAAAGTCT {WTTAA¥$§§ETCGCTA
(SEG ID NOH0) TAAAG (SEQ I NO:AL) (SEQ ID NO:42)
TCACAGGCAACGAGCT | CATAGAGCTCGTTGCC | TCACAGGCAACGAGCT
CTATG TGTGA CTATG
(SEQ D NO:43) (SEQID NO44) (SEQ ID NO:45)

In some embodiments, the interfering RNA molecule comprises a sense strand and an

antisense strand, one or both of which comprises, consists essentially of] or consists of a

sequence at least 70%, at least 7196, at least 72%, at least 73%, at least 74%, at least 75%,

at least 76%, at least 77%, at least 78%, at least 79%, at least 80%, at least 8194, at least

82%, at lcast 3%, at least 84%,

at least 85%, at least 86%, at least 87%, at least 8894, at

ieast 89%, at least 90%, at least 9194, at least 92%%, at least 9

3%, at least 94%, at least 95%,

at least 96%, at least 97%, at least 98%, or at least 99% identical to a sequence selected

from those listed in Table 3. Additional interfering RNA molecules targeting VEGFR-3

include those listed at Table 2 of US Patent No. 7,517,864, the contents of which are

incorporated herein by reference. In some particularly preferred embodiments, the nucleic

acid comprises nucleotide sequence encoding a first anti-angiogenic polypeptide that is

aflibercept and nucleotide sequence encoding an interfering RNA molecule targets human

VEGFR-3.

10013]

In some embodiments, the synthetic RNA molecule is a small interfering RNA

(siRNA}. Iu some embodiments, the interfering RNA is a small hairpin RNA (shRNAJ. In

some aspects, the shRNA has a loop comprising (5 to 3') the sequence CTCGAG ora

sequence at ieast 70% or at least 0% identical thereto.

16614)

In some preferred embodiments, the synthetic RNA molecule is an artificial

micro RNA (miRNA). In some embodiments, the artificial miRNA comprises a sense

strand and antisense strand as herein described embedded into an miRNA “scaffoid”

derived from miR-30, miR-22, miR-15, miR-16, miR-103 or miR-107. In some preferved
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aspects, the artificial miRNA comprises a sense and antisense strand as herein described

embedded into mur-3{:

[6618] CUUCAGGUJAACCCAACAGAAGGCUAAAGAAGGUAUAUUGCUGUY
GACAGUGAGCG (X)), CUGUGAAGCCACAGAUGGG (Y

UGCCUACUGCCUCGOACUUCAAGGGGCUACUUUAGG (SEQ 1D NG:46), wherein
(¥} comprises a sense strand and (Y, coroprises a sense strand from any one of Tables 1-

-
S,

{0816} In particularly preferred aspects, the artificial miRNA comprises a sense and

antisense strand as herein described embedded o mir-E:

o171 GACUUCHTUAACCCAACAGAAGGCUCGAGAAGGUAUAULGCUGUUG
ACAGUGAGCG (X UAGUGAAGCCACAGAUGUA (Y
UGCCUACUGCCUCGEACUUCAAGGGGIUAGAAUUL (SEQ ID NO47T), wherein
{30 comprises a sense strand and (Y}, comprises a sense strand from any one of Tables 1-

3.

[683181  In some embodiments, a nucleic acid is provided comprising (1) nucleotide
sequence encoding a first anfi-angiogenic polypeptide {e.g., aflibercept) and (i1} nucleotide
sequence encoding a second anti-angiogenic polypeptide. In some aspects, the nucleic acid
comprises an expression cassette comprising (1) nucleotide sequence encoding a first anti~
angiogenie polypeptide, operably linked o an expression control sequence and (i)
nuclestide sequence encoding a second anti-angiogenic polypeptide, operably Hnked to an
expression control sequence. In some embodiments, the nucleotide sequence encoding the
first anti-angiogenic polypeptide and the muclectide sequence encoding the second anti-
angicgenic polypepiide are operably linked to distinct expression control sequences. In
preferred embodiments, expression of the first and second anti-angiogenic polypeptides are
driven by a common {i.e.. the same) expression control sequence. To some aspects, the
expression control sequenceds) comprise(s} a constifutive promoter such as a CAG or CBA
promoter. In other aspects, the expression control sequence(s) comprise{s) a cell-specific

promoter.

~3
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[0019]  In some aspects, the first and/or second anti-angiogenic polypeptide (e, a
polypeptide that inhibits angiogenesis) is selected from endostating turnstating anglostating
pigment epithelium-derived factor (FEDF). In some aspects, the first and/or second anti-
angiogeuic polypeptide s a “decoy” fusion protein {(e.g., a soluble receptor fusion protein)
that binds to and inhibits the activity of a VEGF (VEGF-A (se¢ e.g., GenBank Acc. No.
Q16889), VEGF-B (see e.g., GenBank Acc. No. U48801}, VEGF-C (see e.g., GenBank
Acc. No, X94216), VEGF-D (see e.g., GenBank Acc. No. AJ000185) and/or placenta
growth factor (PIGF; see ¢.g., GenBank Acc. No. X34936)), representative examples of
which include soluble VEGFR-1 {aka Fli-1; see e.g., GenBank Acc. No. X51602) receptor
fusion proteins, soluble VEGFR-Z (aka Fik-1; see e.g., GenBank Acc, No, X539397)
receptor fusion proteins, soluble VEGFR-3 (aka Flt-4; see ¢.¢., GenBank Acc. Nos,
X68203 and §66447) receptor fusion proteins and chimeric soluble receptor fusion proteing
comprising binding vegions from at least two of VEGFR-1, VEGFR-2 and VEGFR-3.
VEGE-A binds to VEGFR-1 and VEGFR-2; VEGF-B and PIGF hind to VEGFR-2; VEGF-
C and VEGF-D bind to VEGFR-3.

{0626]  In some preferred aspects, the first anti~angiogenic polypeptide is a soluble
fusion protein comprising VEGF-binding portions from the extracellular domains of
VEGFR-1 and VEGFR-2, optionally fused to a human [gG1 Fe portion. In particularly
preferred aspects, the first anti-angiogenic polypeptide is aflibercept. Afliberceptisa
recombinant fusion protein consisting of VEGF-binding portions from the extracellular
domains of hurran VEGEFR-1 and VEGFR-2 fused t0 a human IgG1 Fe portion. Aflibercept
is indicated for the treatment of neovascular (wet} age-related macular degeneration,
macular edema following retinal vein occlusion, diabetic macular edema and diabetic

retinopathy.

{021} In other preferred aspects, the first and/or second anti-angiogenic polypeptide is
a soluble fusion protein comprising one or more VEGF-binding portions from the

extracelfular domain of VEGFR-3.

{0022]  In other aspects, the first and/or second anti-angiogenic polypeptide is an
antibody or antigen-binding fragment thereof that binds to and inhibits the activity of a pro-
angiogenic protefn such as a VEGF and/or an angiopoietin {angiopoietin-1/Ang l/Ang-1,

angiopoietin-2/Ang2/Ang-2). In some aspects, the first and/or second anti-angiogenic
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polypeptide is an antibody against Angl and/or Ang2. Tn other aspects the first and/or
second anti-angiogenic polypeptide is an antibody against VEGF-A (e.g., bevacizumab),
VEGF-B, VEGF-C, VEGF-I, or PIGF (e.g., TB-403, 16D3)} that blocks hinding of the
VEGF to its cognate receptor. In other aspects, the first and/or second anti-angiogenic
polypeptide is an antibody against VEGFR-1 {e.g., icrucumab, D16F7, KM1730/KM1732),
YVEGER-2 (e.g., ramucirumab), or VEGFR-3 that blocks binding of the receptor to a
VEGE. In some aspects, the antibody is a bifunctional antibody. In some preferred
embodiments, the first and/or second anti-angiogenic polypeptide is an antibody or antigen

binding fragment thereof that binds to Ang-2.

{8023 In some embodiments, the nucleic acid comprises nuclestide sequence encoding
a first anti-angiogenic polypeptide and nucleotide sequence encoding a second anti-
angiogenic polypeptide, wherein the second anti-angiogenic polypeptide is pigment

epithelinm-derived factor (PEDF).

{0024]  In some embodiments, provided herein is a vector (e.g., an adeno-associated
virus {AAY}) plasmid vector) comprising a nuecleic acid as herein described {e.g.,
comprising nucleotide sequence encoding a fivst and/or second anti-angiogenic polypeptide
and/or an interfering RNA interfering RNA molecule that reduces expression of one or
more pro-angicgenic target genes). In preferred embodiments, the vector is a recombinant
adeno-associated (rAA V) expression vector. Tn some embodiments, the rAAY vector
comprises a native capsid {e.g., a capsid of AAV serotype 2 or AAV serotype 5 or AAY
serotype 8}, In other embodiments, the rAAVY vector comprises a capsid that is modified
{e.g., comprises one or more peptide insertions and/or one or more amino acid substitutions
{e.g., tyrosine to phenylalanine) and/or amino acid insertions or amine acid deletions)
refative to a native AAY capsid (e.g., comprising one or more modifications relative to an

AAYV capsid of serotype 2, 5 or 8).
{6023  In preferred embodiments, the rAAVY vector comprises a capsid with a variant
capsid protein comprising the following amino acid sequence or a sequence at Jeast §0%,

90%, 85% or 99% identical thereto:

MAADGYLPDWLEDTLSEGIRQWWX LKPGPPPPRAAERHKDDSRGLVLPGYRYLG
PFNGLDKGEPYNEADAAALERDKAYDRQLDSGDNPYLKYNHADAEFGERLKEDT

g



WO 2022/232178 PCT/US2022/026395

SFGONLGRAVEQAKKRVLEPLGLVEEPVKTAPGKKRPYVEHSPVEPDSSSGTGKAG
QOPARKRLNFGQTGDADSVPDPOPLGOPPAAPRSGLGTNTMATGSGAPMADNNEG
ADGVONSSGNWHCDSTWMGOGDRVITTSTRTWALPTYNMNHLYKOISSQSGASNDNH
YEPGYSTPWGYFDEFNRFHCHFSPRODWORLINNNWGFRPKRLNFKLFNIQVEEVTON
DOTTTIANNLTSTYQVFTDSEYQLPYVLGSAHQGCLPPFPADVFMVPQYGYLTLN
NGRSQAVGRSSFYCLEYFPSOMLRTGMNNEFTEFSYTFEDVIFHSSYAHSQSLDRLMNPL
IDQYLYYLSRINTPSGTTTOSRLOFSQAGASDIRDQSRNWLPGPCYRQORVSKTSA
DMNNNSEYSWTGATEKYHLNGRDSLVNPGPAMASHKDDEEKFFPOSGVLIFGKGSE
KINVDIEEKVMITDEEEIRTITNFVATEQYGSVETNLORONLAISDOTKHARQAATAD
VNTQGVLPGMY WODRDBVYLQOPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIK
MIPVPANPSTIFSAAKFASFITOYSTGOQVSVEIEWELGKENSKRWNPEIQYTSNYNK
SYNVDFTVIINGYYSEPRPIGTRYLTRNL (SEGQ ID NG:48)

[B326F  The vartant AAV capsid protein of SEQ ID N(n48 contains the following
modifications relative to native AAVE capsid: (i} a proline (P} to alanine (A} mutation at
amino acid position 34, which Is located inside the assembled capsid (VP protein only),
and (i1} an insertion of 10 amino acids (Ieucine-slanine-isoleucine-serine-aspartic acid-
glutamine-threonine-fysine-histidine-alanine/LAISDOQTEHA (SEQ D NC:49)) at amino
acid position 588, which is present in VPI, VP2, and VP3. In some embodiments, the
capsid comprises a variant capsid protein comprising a sequence at least 90%, at least 95%,
at least 98%, at least 99% identical fo SEQ 1D NO:48 and comprising a P34A substitution
and an LAISDOQTRKHA (SEQ ID NOG:49) peptide insertion i the GH loop of the capsid,
£.3., between two adjacent amino acids at a position betwsen amine acids 370 and 611 of
VP, preferably between amino acids 388 and 582 of VP1 (numbering is relative to native

AANZ VP capsid).

{8827  In another embodiment, provided herein is a host cell comprising a nucleic acid
as herein described. i some aspects, the host cell is & mamvnalian cel, including without
fmitation, a CHO cell, an HEK293 cell, a HelLa cell, a BHK21 cell, a Vero cell ora V27
cell. Tn other aspects, the host cell is a photoreceptor cell {e.g., rods; cones), a retinal
ganglion cell (RGC), a ghal cell fe.g., a Miiller ghial cell, a microglial cell), a bipolar cell,

an amacrine cell, a borizontal cell, or a retinal pigmented eptthelium (RPE) cell.
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0628}  In some embodiments, the disclosure provides a method of treating an ocular
disease associated with ocular angiogenesis in a subject {e.g. & human subject) comprising

administering to the subject a nucleic acid molecule or vector as deseribed herein.

DESCRIPTION OF THE DRAWINGS

{08297 FIGURES 1A-B Dual transgene construction. Approaches to building multi-
mechanistic anti-angiogenic gene therapy are shown. Fig. 1A: this construct is a
representative embodiment of a nucleic acid encoding aflibercept and a second anti-
angiogenic protein. Figure 1B this construct is a representative embodiment of a nucleic
acid encoding aflibercept and an interfering RNA targeting a pro-angiogenic gene. A

ubiquitous promoter (CBA) is employed in both constructs,

{00301  Figure 2 Depiction of Representative Constructs, pP14 1001 comprises a CAG
promoter with a miR-E-Ang2 sequence placed within the CAG intron {well after the splice
donor site} followed by codon-optimized sequence encoding aflibercept. pP145.001 is
identical to pP141.001 except that a mir-E-VEGF-C sequence is placed within the CAG
intron. pP151.001 is identical to pP 145,001 except that a miR-E-Ang2 sequence is placed
within the 3° UTR of the aflibercept gene. pP131.002 is identical to pP145.001 except that
a miR-E-Ang? sequence is placed within the aflibercept coding sequence. pP153.001
comprises a CAG promoter with miR-E-Ang2 and miR-E-VEGF-C sequences placed
within the CAG intron {followed by codon-optimized sequence encoding aflibercept). CBA
Prom.: ubiquitous chicken b-actin promoter, CBA Ex1/Int}: chicken b-actin exon Vhybrid
chicken b-actin and rabbit beta globulin infron, RGB SA/PPT: rabbit beta globulin exon 3
fragment (splice acceptor)/polypyrimidine tract, T2A: seif cleaving peptide, AFLB:

aflibercept.

{0831  Figures 3A-B Figure 3A is a Western blot using anti-Huaman 1gG Fe to detect
aflibercept in HEK293T media following transfection with AAV plasmid comprising
nucleotide sequence encoding aflibercept along with a second polypeptide (PEDF,
VEGFR3, anti-Ang?2 scFab (LH and HL)} with both sequences under control of a CBA
promoter. Figure 3B is a graph illustrating expression of aflibercept in HEK293T media
following transfection with AAV plasmid encoding aflibercept and a second polypeptide

(PEDF, anti-Ang2 scFab) or encoding aflibercept and an interfering RNA under conirol of
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the indicated promoter. Results are normalized to expression of aflibercept in HEK293T
media following transfection with AAV plasmid encoding aflibercept alone under the

control of a CBA promoter. Error represents S.E.M. N=6 Biological replicates. Analyzed
by one-way ANOVA, ¥*%%: P<Q.0001. Constracts only weighed statistically against their

appropriate control. % Shows mean difference compared to CBA-AFLE,

{60321  Figure 4 illustrates free and active aflibercept (AFLB) in the media eight days
after transdaction of RPE cells with rAAV comprising a capsid of SEQ ID NO:48 and
heterologous nucleic acid encoding the indicated fransgenes at the specified MOI (N=3

biclogical replicates per conditions; statistics only calculated for matched MOIs).

[8833]  Figures SA-C Figures 5A and 5B illostrate free and active aflibercept (AFLB) in
the media seven (Figure SA) and eleven (Figure 5B) days afier transduction of RPE cells
with rAAYV comprising a capsid of SEQ ID NO:48 and heterologous nucleic acid encoding
the indicated transgenes at MOl of 5K and 1K. Figure 5C compares AFLB following
transduction of RPE cells with a rAAV comprising a construct encoding AFLB only with

rAAY comprising a construct encoding AFLB + RNA{ against VEGF-C.

{0034]  Figures 6A-B llustrate time course comparisons of free and active AFLB in
media of RPE cells following transduction with a rAAY comprising a construct encoding

AFLB only with rAAV comprising a construct encoding AFLB + RNAI against VEGF-C.

{0835]  Figures 7TA-B illustrate a comparison of VEGF-A neuvtralization (assessed by
ELISA} in RPE supernatant at day 7 (Figure 7A) and day 11 (Figure 7B) following
transduction at the specified MQOIs with rAAY comprising a capsid protein of SEQ 1D

N(O:48 and the indicated constructs.

(6036}  Figures 8A-1} iHustrate expression of functional anti-Ang?2 scFab from dual
protein constructs {plasmid encoding AFLE + anti~-Aung? scFab in LH or HL configuration)
foliowing transfection of HEK2937 cells (assessed by competition ELISA and Tie2

receptor competition assays.

[8037]  Wigure 9 tllustrates anti-Ang?2 scFab (and anti-AFLB)} Western blot results from

media of RPE cells following transduction with rAAY comprising capsid protein of SEQ
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T NO4S and heterologaus nucleic acid encoding AFLB + anti-Ang2 scFab (HL and LH
conformations) at MOI 5000 and 1000, with similar expression levels of LH and HL forms

observed.

[0838]  Figares 18A-B illustrate the results of anti-Ang? functional ELISA (ANG2-
coated plates) (Figure 10A) and competition ELISA (Figuwre 10B) on media from RPE cells
eleven days after transduction with tAAY as described in Figure 9 at MOI of 5000 and

1660.

{(039]  Figere 11 illustrates binding affinitics of anti-Ang2 scFab (assessed by Biacore}

encoded by the rAAY as described in Figure 9.

{0848} Figures 12A-B illustrate PEDF expression from dual protein constructs

(encoding AFLB + PEDF) following plasmid transfection of HEK293T cells

[0041]  Figures 13A-B illustrate VEGFR3-Fe expression from duoal protein constructs
{encoding AFLB + VEGFR3-Fc¢) following plasmid transfection of HERK293T cells,

Dramatic loss of aflibercept is shown by ELISA, resulting from heterodimerization,

[#042]  Figure 14 illustrates constructs pP143.001 (miRNA-only efficacy control) and
pP141.001, encoding AngZ miR-E (RNAI sense and antisense strands embedded within

miR-E backbone} and RPF657 (pP143.001) or ATLB (pP141.001).

[8043]  Figures 15A-B illustrate kD of Ang2 by ELISA (secreted and ceflular)
following transduction of HUVECs with the indicated shAng2 constructs, normalized to

control (Figure 154) or non-normalized {Figure 158)

[6044]  Figures 16A-B Figure 16A illustrates results of Ang2 ELISA (secreted and
cellular) following transduction of human RMVEC cells with rAAYV comprising a capsid
protein of SEQ ID NO:48 and a nucleic acid encoding miRNA comprising the sense and

antisense strands of shRNA #5 (as described in Figures 15A-B) embedded within an miR-
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E backbone. Figure 168 illustrates a significant decrease in Ang?2 secretion from RMVEC

assessed by Ang2 gPCR.

{60451 Figures 174-B illusirate Ang2 RNA levels (RT-gPCR; Figure 17A) and protein
fevels (ELISA; Figure 178) in human RPE cells eight days after transduction with rAAY
as described in Figure 16 at the specified MOIs (rAAYV encoding AFLB only or GFP

served as controds).

{0846]  Figures 18A-B illustrate free AFLB protein levels (Figure 18A) and ATLEB
mBRNA levels (Figure 138} in RMVEC cells eight davs after transduction at the specified
MOIs with rAAV comprising a capsid protein of SEQ 1D NOu48 and the specified nueleic

acid constructs.

[8047]  Figures 19A-C illustrate Ang? secretion (Figure 19A) and AngZ RNA levels
{Figures 198 and 19C) in RMVEC cells eight days after transduction with rAAY

comprising a capsid protein of SE(Q ID NO:48 and the specified nucleic acid constructs,

(80481  Figwre 20 illustrates the percentage of VEGF-C RNA levels (normalized to
RPL3Z; RNA analysis by gPCR) in HEK 2237 cells following transduction with the

indicated shVEGF-C constructs.

{00497 Figures 21A-C illustrate VEGF-C protein (by ELISA; Figure 21A) and VEGF-
C mBNA (by gPCR; Figure 21 B} following transduction of human RPE celis at the
specified MO with rAAY comprising a capsid protein of SEQ 1D N(O:48 and the specified
nucleic acid constructs. Figure 21C illustrates a dose-dependent increase in expression of

miRMNA targeting VEGF-C in the cells,

[8858]  Figures 22A-C tHustrate endogenous VEGY-A neutralization (Figure 224) and
VEGF-C protein (Figure 228} and mRNA levels (Figure 22C) in RPE cells eight days after
transduction at the specified MOIs with rAAY comprising a capsid protein of SEQ ID

NO:4€ and the specified nucleic acid construets

{8051} Figure 23 illustrates histopathological staining for GFP and CD31 colocalization

in retinal endothelial ceils from NHP eyes following intravitreal injection with 12x107 vg
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of tAAY comprising a capsid protein of SEQ ID NO:48 (R100) and nucleic acid encoding
GFP.

{8832}  Figure 24 illustrates aflibercept (AFLB) expression in the agueous, vitreous and
retinat+choroid of NHPs following intravitreal administration of rAAY comprising a capsid
protein of SEQ ID NO:w48 and a nucleic acid encoding atlibercept and an miRNA targeting
VEGF-C,

{6633]  Figure 25 jlustrates miRNA copies in the retina of NHPs {as described in
Figure 24, left panel) and MiSeq data confirming miBRNA targeting VEGF-C as the

predominant miRNA species in the NHP retinas.

{3054}  Figunre 26 illustrates the protective effect of rAAV comprising a capsid protein
of SEQ D NO:48 and a nucleic acid encoding aflibercept and an miRNA targeting VEGF-
, administered at the specified doses, compared to vehicle control in an NHP model of

choroidal neovascularization,

[0855]  Figure 27 illustrates cell prodiferation (left) and migration {right) of HUVEC
cells following electroporation with plasmids encoding {i) aflibercept and an miRNA

targeting VEGF-C (ii) aflibercept only or (ili} GFF only.
g 3

{60561  Figure 28 illustrates aflibercept concentration {ng/ml} in aqueous humor of
NHPs following a single intravitreal adminisiration at the specified dose of (i) rAAY
comprising a capsid protein of SEQ ID WG48 and a nucleic acid encoding aflibercept and
miR targeting VEGF-C (comprising the sense and antisense strands corresponding to SEQ
13 Nos: 19 and 20 and the full construet corresponding to SEQ ID NO:69) or (1) rAAV

comprising a capsid protein of SEQ 1D NG4S and a nucleic acid encoding aflibercept only.

[BG57]  Figure 29 jHustrates intrancular inflammation in NHPs following a single
infravitreal administration at the specified dose of (i) rAAV comprising a capsid protein of
SEQ 1D N4 and a nucleic acid encoding aflibercept and miR targeting VEGF-C
{comprising the sense and antisense strands corresponding to SEG 1D Nos: 19 and 20 and
the full construct corresponding to SEQ 1D NO:69) or (i) rAAV comprising a capsid

protein of SEQ 1D NCG:48 and s nucleic acid encoding aflibercept only, at the specified
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timepoints as assessed by slit lamp biomicroscopy compared o vehicle-treated control

eyes.

{68581  Figuve 30 tllustrates mean values of the sum of retinal volume and average
central retinal thickness in NHPs from baseline 1o 22 weeks following a single intraviireal
administration at the specified dose of (i} rAAV comprising a capsid protein of SEQ I
N(:48 and 8 nucleic acid encoding aflibercept and miR targeting VEGF-C {comprising the
sense and antisense strands corresponding to SEQ 1 Nos: 19 and 20 and the fall construct
corresponding to SEQ ID NG:69) or () rAAYV comprising a capsid protein of SEQ ID

NO:48 and a nucleic acid encoding aflibercept only.

{005%]  Figure 31 illustrates the results of full field electroretinagraphy (ffERG) at day
84 and week 22 in NHPs following a single intravitreal administration at the specified dose
of (i) rAAV comprising a capsid protein of SEQ 1D NO:4§ and a nucleic acid encoding
gflibercept and mik targeting VEGF-C (comprising the sense and antisense strands
corresponding to SEQ 1} Nos: 19 and 20 and the full constract corresponding to SEQ ID
NG:69) or (i) rAAV comprising a capsid protein of SEQ ID NG:48 and a nucleic acid

encoding aflibercept only.
DETAILED DESCRIPTION OF THE INVENTION
{0068  Definttions

[8861] A "codon adaptation jndex,” as used herein, refers to a measure of codon usage
bias. A codon adaptation index (CAID) measures the deviation of a given protein coding
gene sequence with respect to a reference set of genes (Sharp P M and Li W H, Nucleic
Acids Res. 15(3):1281-95 {1987)). CAl is caleulated by determining the geometric mean of
the weight associated to each codon over the length of the gene sequence {(measured in

codons):

;

L
CAl = M;%[ i/ Lz In{wi (ML

A

ity

For each amino acid, the weight of each of its codons, in CAL is computed as the ratio
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betwsen the observed frequency of the codon ({1} and the frequency of the synonymous

codon (1]} for that amino acid:

) (1}

i & [synonymous codons for amino acid]

{6062]  The term "isolated” designates a biclogical material {cell, nucleic acid or protein)
that has been removed from jis original environment (the environment in which it is
naturally present}. For example, a polynucleotide present in the vatural state in a plant or an
animal is not isolated, however the same polynucleotide separated from the adjacent

nucleic acids in which it 1s naturally present, is considered "isolated.”

{00631 As used heren, a "coding region” or "coding sequence” is a portion of
polynucleotide which consists of codons translatable into amino acids. Although a "stop
codon” {TAG, TGA, or TAA} is typically not translated into an amine acid, it can be
considered to be part of a coding region, but any flanking sequences, for example
promoters, ribosome binding sites, transcriptional terminators, introns, and the fike, are not
part of 2 coding region. The boundaries of a coding region are typically determined by a
start codon at the 5" terminus, encoding the amino terminus of the resultant polypeptide,
and a transtation stop codon at the 3' terminus, encoding the carboxyl terminus of the
resulting polypeptide. Two or more coding regions can be present in a single
polynuclestide construct, .g., on a single vector, or in separaie polynuciectide constructs,
e.g., on separate {different) vectors. It follows, then that a single vector can contain just a

single coding region or can comprise two or more coding regions.

[6664] A "2A peptide” refers to “self-cleaving” peptides of about 20 amino acids that
praduce equimolar levels of multiple genes from the same mRNA and may be used in place
of IRES elements in multicistronic vectors. Non-lhmiting exaroples include T24, P2A,
E2A and FIA peptides sequences. In embodiments wherein a heterologous nucleic acid
comprises micleotide sequence encading multiple gene products, expression of the muliiple
{e.g. 2} gene products can be mediated by muitipls {e.g. 2} independent promoters or may
be mediated by a single promoter, with the multiple transgenes separated by an internal

ribosome entry site {IRES) or a 2A peptide sequence.

17
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{8865]  As used herein, the term "regulatory region” refers to nucleotide sequences
located upstream (5 non-coding sequences), within, or downstream (3' non-coding
sequences) of a coding region, and which influence the transcription, RNA processing,
stability, or translation of the associated coding region. Regulatory regions can include
promoters, translation leader sequences, introns, polyadenylation recognition sequences,
RMA processing sites, effector binding sites and stem-loop structures. I a coding region is
intended for expression in 3 sukaryetic cell, a polyadenylation signal and transcription

termination sequence will usually be located 3' to the coding sequence.

[B066]  Asused herein, the term “nueleic acid” is interchangeable with “polynuclectide”

or “nucieic acid molecule” and a polymer of nucleotides is intended.

{08677 A polynucleotide which encodes a gene product, e.g., a polypeptide, can include
a promoter and/or other transcription or transkation control elements operably associated
with one or more coding regions. In an operable association a coding region for a gene
product, e.g., a polypeptide, is associated with one or more regulatory regions in such a
way as to place expression of the gene product under the influence or control of the
regulatory region(s}. For example, a coding region and a promoter are "operably
associated” if induction of promoter function results in the transcription of mRNA
encoding the gene product encoded by the coding region, and if the nature of the linkage
between the promoter and the coding region does not interfoere with the ability of the
promoter to direct the expression of the gene product or interfere with the ability of the
DINA template to be transeribed. Other transcription coutrol elements, besides a promoter,
for example enhancers, operators, repressors, and transcription termination signals, can also

be operably associated with a coding region to direct gene product expression.

{00681  "Transcriptional control sequences” or “expression control sequences” refer to
DNA regulatory sequences, such as promoters, enhancers, terminators, and the hike, that
provide for the expression of a coding sequence fo @ host cell. A variety of transcription
control regions are known to those skilled in the art. These include, without Himitation,
iranscription control regions which function in vertebrate cells, such as, but not limited to,
promoter and enhancer segments from cytomegaloviruses (the imnediate early promoter,
in conjunction with intron-A), simian virus 40 (the carly promoter), and retroviruses (such

as Rous sarcoma virus). Other franscription control regions include those derived from
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vertebrate genes such as actin, heat shock protein, bovine growth hormone and rabbit beta-
globin, as wel as other sequences capable of controlling gene expression in eukaryotic
celis. Additional suitable transcription control regions include tissue-specific promoters and
enhancers as well as lymphokine-inducible promoters (e.g., promoters inducible by

interferons or inderleukins).

8069 A “CAG promater” is compased of () the cytomegalovirus {CMV) early
enhancer element, {A) the promoter, the first exon and the first infron of chicken beta-actin
gene, {G) the splice acceptor of the rabbit beta-globin geve. See Mivazaki, 1., Takaky, S,
Araki, K, Tashiro, F., Tominaga, A., Takatsy, K., & Yamamura, K. {1989}, Exprassion
vector system based on the chicken B-actin promuoter directs efficient production of
interleukin-S. Gene, 792}, 269-277, the contents of which are incorporated herein by

reference.

[8078]  Similarly, a variety of translation control elements are known to those of
ordinary skill in the art. These include, but are not limited to ribosome binding sites,
transiation intfiation and termination codons, and elements derived from picornaviruses

{particularly an internal ribosome entry site, or IRES, also referred 1o as a CITE sequence).

{8871} The terp "expression” as used herein refers to a process by which a
polynucleotide produces a gene product, for example, an RNA or a polypeptide. It includes
without limitation transcription of the polynuclestide into messenger RNA (mRNA),
transfer RNA (IRNA), primary miRNA, small hairpin RNA (shRNA), small interfering
RNA {siRNA}, or anry other RINA product, and the transiation of an mRNA into a
polypeptide. Expression produces a "gene product.” As used herein, a gene product can be
either a nucleic acid, e.g., a messenger RNA produced by transcription of a gene, or a
polypeptide which is translated from a transcript. Gene producis described herein further
include nucleic acids with post transcriptional modifications, e.g., polyadenylation or
splicing, or polvpeptides with post transiational modifications, .., methylation,
glveasylation, the addition of lipids, association with other protein subunits, or proteolyiic

cleavage.

{80721 A "vector” refers 1o sny vehicle for the cloning of and/or transfer of a nucleic

acid into a host cell. A vector can be a replicon to which another nucleic acid segment can
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be attached so as to bring about the replication of the attached segment. The term “vector”
includes both viral and nonviral vehicles for introducing the nucleic acid into a cell in vitro,
ex vivo or in vivo. A large numiber of vectors are known and used in the art including, for
example, plasmids, modified eukarvotic viruses, or modified bacterial viruses. Insertion, of
a polynucleotide into a suitable vector can be accomplished by ligating the appropriate

polynucleotide fragments into a chosen vector that has complementary cohesive termini.

[6673]  Vectors can be engineered to encode selectable markers or reporters that provide
for the selection or identification of cells that have incorporated the vector. Expression of
selectable markers or reporters allows identification and/or selection of host cells that
incorporate and express other coding regions contained on the vector. Examples of
selectable marker genes known and used in the art include: genes providing resistance to
ampicillin, streptomycin, gentamyein, kanamycein, hygromyein, bialaphos herbicide,
sulfonamide, and the like; and genes that are used as phenotypic markers, i.e., anthocyanin
regulatory genes, isopentanyl transferase gene, and the like. Exampiles of reporiers known
and used in the art inclode: fuciferase (Luc), green fluorescent protein (GFP),
chloramiphenicol acetyitransferase (CAT), -galactosidase (Lacs), -glucuronidase (Gus), and

the like. Selectable markers can also be considered to be reporters.

{0874]  Eukarvyotic viral vectors that can be used include, but are not limited to,
adenovirus vectors, retrovirus vectors, adeno-associated viras vectors, poxvirus, ¢.g.,
vaccinia virus vectors, baculovirus vectors, or herpesvirus vectors. Non-viral vectors
include plasmids, liposomes, electrically charged lipids {cytofectins), DNA-protein

complexes, and biopolymers.

{8675}  “Promoter” and "promoter sequence” are used interchangeably and refer to a
DNA sequence capabie of controlling the expression of a coding sequence or functional
RNMNA. In general, a coding sequence is located 3' o a promoter sequence. Promoters can be
derived in their entirety from a native gene, or be composed of different elements derived
from different promoters found in nature, or even comprise synthetic DNA segments. I is
understood by those skilled in the art that different promoters can divect the expression of a
gene in different tissues or cell types, or at different stages of development, or in response
to different environmental or physiclogical conditions. Promoters that cause a gene to be

expressed in most cell types at most times are commonly referred to as "constitutive
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promoters.” Promoters that cause a gene to be expressed in a specific cell type are
commonly referred to as "cell-specific promoters” or “tissue-specific promoters.”
Promoters that cause a gene {0 be expressed at a specific stage of development or cell

S

differentiation are commonly referred to as "developmentally-specific promoters” or "cell
differentiation-specific promoters.” Promoters that are induced and cause a gepe to be
expressed foliowing exposure or treatment of the cell with an agent, biological molecule,
chemical, ligand, light, or the like that induces the promoter are commonly referred to as
"inducible promoters” or "regulatable promoters.” It is further recognized that since in most
cases the exact boundaries of regulatory sequences have not been completely defined, DNA

fragments of different lengths can have identical promoter activity.

{6676]  The term "plasmid” refers to an extra-chromosomal element often carrying a
gene that is not part of the central metabolism of the cell, and usually in the form of circular
double-stranded DNA molecules. Such elements can be autonomousty replicating
sequences, genome integrating sequences, phage or nucleotide sequences, tinear, circular,
or supercoiled, of a single- or double-stranded DNA or RNA, derived from any source, in
which a number of nucleotide sequences have been joined or recomibined into a unique
construction which is capable of introducing a promoter fragment and DNA sequence for a

selected gene product along with appropriate 3' untranslated sequence into a cell

{86771 A polvoucleotide or polypeptide has a certain percent "sequence identity” to
another polynuciectide or polypeptide, meaning that, when aligned, that percentage of
bases or amino acids are the same when comparing the two sequences, Sequence similarity
can be determined in a number of different manners. To determine sequence identity,
sequences can be aligned using the methods and computer programs, inchuding BLAST,
available over the world wide web at nebinim.nih.gov/BLAST/. Another alignment
algorithm is FASTA, available in the Genetics Computing Group (GCG) package, from
Madison, Wis., USA. Other techniques for alignment are described in Methods in
Enzymology, vol. 266: Computer Methods for Macromoliecular Sequence Analysis (1996},
ed. Doolitile, Academic Press, Inc. Of particular interest are alignment programs that
permit gaps in the sequence. The Smith-Waterman is one type of algorithm that permits
gaps in sequence alignments. See Meth, Mol. Biol. 70: 173-187 (1997}, Also, the GAP
program using the Needleman and Wunsch alignment method can be utilized to align

sequences. See L Mol Biol. 48: 443-453 (1870).
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{0078]  Nucleic acids encoding a first anti-angiogenic polypeptide and an antibody or

antigen-binding fragment thereof

{66791  In some embodiments, a nucleic acid is provided comprising a nucleotide
sequence encoding a first and second anti-avgiogenic polypeptide, wherein the first anti-
angiogenic polypeptide is aflibercept and the second anti-angiogenic polypeptide is an
antibody or antigen-binding fragment thereof that binds o and inhibits the activity of a pro-

angiogenic protein.

[B088] A preferred nucleotide sequence encoding aflibercept, codon-optimized for

expression in humans, is provided below:

ATGGTTTCTTACTGGCACACCGEUGTECTGCTETETCCLCTGCTTICTTGTCTGCTGCTGACCGGCTCTA
GCAGCGECTCTGATACCGGCACGACCCTTCGTGCARATGTACAGCGAGATCCCCEAGATCATCCACATGA
CCGAGGGCAGAGAGCTGGTCATCCCTTGCAGAGTGACAAGCCCCAACATCACCGTGACTUTCAAGAAGT
TCCCTYCTOBACACACTCGATCCOCCACGGCAAGAGAATCATCTGGGACAGCLGGAAGGGCUTTCATCATCA
GCAACGCCACCTACAAAGAGATCGRCCTECTGACCTGTGAAGCCACCGTGAATGGCCACCTETACAAGA
CCAACTACCTGACACACAGACAGACCAACACCATCATCGACGTGETGCTCGAGCCCTAGCCACGGCATTG
AACTETCTGTOGGCGAGAAGCTGGTGCTGAACTGTACCGCCAGAACCCGAGCTGAACGTEGGCATCGACT
TCAACTGGGAGTACCCCAGCAGCAAGCACCAGCACAAGAAACTGGTCAACCGGGACTTGAAAACCCAGA
GCGGLAGCGAGATGAACAAATTCCTCAGCACCCTCACCATCHACGLUGTEACCAGAAGTGACCAGHGC
CTGTACACATGTGCCGCCAGLTCTGCCCTGATGACCAAGAAAAACAGCACCTTCCTCCGGETGCACGAG
AAGGACAAGACCCACACCTGTCCTCCATGTCCTGCTCCAGAACTEGCTCGGCGGACCTTCCGTGTTCCTGT
TTCCTCCAAAGCCTAAGGACACCCTGATGATCAGCAGAACCCCTCAAGTGACCTECGTGETGGTGGATE
TGTCCCACGAGGATCCCGAAGTCAAGTTCAATTGETACGTGGACGECGTGCAAGTGCACAACGCCAALA
CCAAGCCTAGAGAGGAACAGTACAATAGCACCTACAGAGTGETGTCCGTGECTGACCETGCTECACCAGG
ATTGGCTGAACGGUAAAGAGTACAAGTGCAAGGTGTCCAACAAGGCCCTGUCTGCTCCTATCGAGAAAA
CCATCTCCAAGGCOAAGGCECCAGCCTAGGCAACCCCAGGTTTACACACTGCCTCCAAGCAGGGACGAGT
TGACAAAGAACCAGETGTCCCTCGACCTGCCTCETCAAGGGCTTCTACCCTTCCGATATCGCCGTGGAATG
GGAGAGCAATGGCLAGCCTGAGAACAACTACAAGACAACCCCTCCTGTGUTGGACAGCCACGGCTCATT
CTTCCTGTACAGCAAGCTGACAGTGEACAAGAGCAGATGGLAGCAGCRCAACGTEGTTCAGETGCTCCET
GATGCACCAGGCCCTGCACAACCACT ACACCCAGAAGTCCCTGAGCCTETCTCCTCBCAAA (SEQ 1D
NO50)

In some embodiments, the sequence s at least 80%, at least 90%, at least 95% or at least

99% identical to the nucleotide sequence of SEQ 1D NO:50 and/or comprises a stop codon
{e.g. TGA) at the end of the sequence. In some embodiments, the aflibercept gene product
comprises the following amino acid sequence or a sequence at least 90%, 95%, 97%, 98%,

or at least 99% wdentical thereto:
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{0081} MVYSYWDTGVLLCALLSCLLLTGSSSGSDTGRPFVEMY SEIPENHMTEGRELVIPCRVTEPNITVTL
KKFPLDTUPDGKRIWDERKGFISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNTHIVVLSPSHGIELSVEEK
LVENCTARTELNVGIRDFNWEYPSSKHQHKKLYNRDLKTQECSEMKKFLETLTIDGVIREDOGLY TCAASSGLM
THKKNSTRVRVHEKDKTHTCRRPCPARPELLGGRSVFLFFPKPKDTUMISRTPEVTCVVWVDVSHEDPEVKFNWYVD
GVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVENKALFARIEKTISKAKGQPREPOQWYTLPP
SROELTKNQVSLTCLYKGRYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSC
SYMHEALHNHYTOQKSLELSPGK (SEQ 1D NO:51}

[8882]  In some preferred embodiments, the second anti-angiogenic polypeptide is ap
antibody or antigen-binding fragroent that binds to and inhibits the activity of an
angiopoictin {angiopoictin-1/Angl/Ang-1, angiopoietin-2/Ang2/Ang-2}. In some aspects,
the second anti-angiogenic polypeptide is an antibody against Angl and/or Ang2. Tn some
preferred embodiments, the second anti-angiogenic polypeptide is an antibody or antigen
binding fragment thereof that binds to Ang-2. In a particularly preferred embodiment, the
antibody or antigen-binding fragment thereof comprises a heavy chain variable region
{(HCVR) comprising heavy chain complementarity determining regions (HCDRs) of
HCDRI = GYYMH (SEQ 1D NOG:32); HCDRZ = WINPNSGGTNYAQKFQG (SEQ ID
N(:53) and HCDR3 = SPNPYYYDSSGYYYPGAFDI (SEQ) 1D NO:54) and a light chain
variable region (LCVR) comprising light chain complementarity determining regions
(LCDRsY of LCDRT = GGMNNIGSKSVH (SEQ [D NG:55) LCDR2 = DDSDRPS (SEQ ID
NG:56) and LCOR3 = QVWDSSSDHWY (SEQ ID NO:537) or comprising HCDRs and
LODRs at least 90%, at least 95%, at least 98% or at least 99% ideuntical thereto. Ina
related embodiment, the antibody is a single chain Fab (scFab) fragment in LH or HL
orientation. In some particularly preferred embodiments, the first anti-angiogenic
polypeptide is aflibercept and the second anti-angiogenic polypeptide is an antibody or

antigen~-binding fragment thereof that binds to human Ang-2 (e.g., an scFab fragment).

[0933]  Ang-2 promotes angiogenesis and vascular permeability. Ang-2 expression is
increased, inter alia, in vitreous of diabetic macular edema {DME), wet age-related macular
degeneration (WAMD) and retinal vein occlusion (RVO) patients. High Ang-2 expression
iz correlated with decreased BYCA (best-corrected visual acuity) and high central macular

thickness (CMT) in wAMIE patients.

[8084]  Unless specifically indicated otherwise, the term "antibody,” as used herein,

shall be undersiood to encompass antibody molecules comprising two immunoglobulin
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heavy chains and two immunoglobulin light chains (i.e., "full antibody molecules"} as well
as antigen-binding fragments thereof. The terms "antigen-binding portion” of an antibody,
“antigen-binding fragment” of an antibody, and the like, as used herein, include any
naturally occurring, enzymatically obtainable, synthetic, or genetically engineered
polypeptide or glvcoprotein that specifically binds an antigen to form a complex. The terms
"antigen-binding fragment” of an antibody, or "antibody fragment”, as used herein, refers
to one or more fragments of an antibody that retain the ability to specifically bind to an
antigen. An antibody fragment may include a Fab fragment, a F(ab'); fragment, a Fv
fragment, a dAb fragment, a fragment containing a CDR, or an isolated CDR. In certain
embodiments, the term "antigen-binding fragment” refers to a polypeptide fragment of a
multi-specific antigen-binding molecule. Antigen-binding fragments of an antibody may be
derived, e.g., from full antibody molecules using any suitable standard technigues such as
proteokytic digestion or recombinant genetic enginecring techniques involving the
manipulation and expression of DNA encoding antibody variable and {optionally) constant
domains, Such DNA is known and/or is readily available from, ¢.g., commercial sources,
DINA lbraries (including, e.g., phage-antibody libraries), or can be synthesized. The DNA
may be sequenced and manipulated chemically or by using molecular biology technigues,
for example, to arrange one or more variable and/or constant domains inio a suitable
configuration, or to introduce codons, create cysteine residues, modify, add or delete amino

acids, etc.

[0885] Non-limiting examples of antigen-binding fragments include: (i) Fab fragmenis
{e.g., single chain Fab (scFab) fragments}; (it} F{ab'} fragments; {iil} Fd fragments; (iv) Fv
fragments; {v} single-chain Fv (scFv) molecales; (vi} dAb fragments {(single domain
antibody, i.e., nanobody or VHH domain); and {vii} minimal recognition units consisting of
the amino acid residues that mimic the hypervariable region of an antibody {e.g., an
isolated complementarity determining region (CDR) such as a CDR3 peptide), ora
constrained FR3-COR3-FR4 peptide. Other engineered molecules, such as domain-specific
antibodies, single domain antibodies, domain-deleted antibodies, chimeric antibodies,
CDR-grafted antibodies, diabodies, triabodies, tetrabodies, minibodies, nancbodies {e.g.,
monovalent nanobodies, bivalent nanobodies, ete.), small modular immunopharmacenticals
{Sh1iPs), and shark variable IgNAR domains, are also encompassed within the expression

"antigen-binding fragment,” as used herein.

s
=S
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[6086]  An antigen-binding fragment of an antibody will typically comprise at least one
variable domain. The variable domain may be of any size or amino acid composition and
will generally comprise at least one CDR, which is adjacent to or in frame with one or
more framework sequences. In antigen-binding fragments comprising a VH domain
associated with a VL. domain, the VH and VL domains may be situated relative to one
another in any suitable arrangement. For exarmple, the variable region may be dimeric and
contain VH-VH, VH-VL or VL-VL dimers. Alternatively, the antigen-binding fragment of

an antibody may contain a monomeric VH or VL domain,

{68871 In certain embodirents, an antigen-binding fragment of an antibody may coniain
at least one variable domain covalently linked to at least one constant domain, Non-
Himiting, exemplary configurations of variable and constant domains that may be found
within an antigen-binding fragraent of an antibody of the present invention include: (i) VH-
CHI; (i) VH-CH2; (1) VH-CH3; (ivy VH-CHI-CH2; (v} VH-CHI-CH2-CH3, {vi) VH-
CH2-CH3; (vify VH-CL; (viil) VL-CHI; (ix) VL-CHZ; {x) VL-CH3; (xi} VL-CHI-CHZ;
(xii} VL-CHI-CH2-CH3; (xiit) VL-CH2-CH3, and (xiv) VL-CL. In any configuration of
variable and constant domains, including any of the exemplary configurations listed above,
the variable and constant domains may be either directly linked to one apother or may be
tinked by a full or partial hinge or linker region. A hinge region may consist of at least 2
{e.g., 5, 10, 15, 20, 40, 60 or more) amino acids, which result in a flexible or semi-flexible
linkage between adjacent variable and/or constant domains in a single polypeptide
molecule. Morgover, an antigen-binding fragment of an antibody of the present invention
may comprise a homo-dimer or hetero-dimer {or other multimer) of any of the variable and
constant domain configurations listed above in non-covalent association with one another

and/or with one or more monomeric VH or VL domalin (e.g., by disuifide bond({s}).

(8888  As with full amtibody molecules, antigen-binding fragments may be mono-
specific or multi-specific {e.g., bi-specific}. A multi-specific antigen-binding fragment of
an antibody will typieally comprise at Jeast two different variable domains, wherein each
varizble domain is capable of specifically binding to a separate antigen or to a different
epitope on the same antigen. Any multi-specific antibody format, including the exemplary
bi~specific antibody formats disclosed herein, may be adapted for use in the context of an
antigen-binding fragment of an antibody of the present invention using routine technigues

avatlable in the art.

[
h
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{06891  In some preferred embodiments, an expression cassette is provided comprising
nucleotide sequence encoding (i) aflibercept + anti-Ang2 HL scFab (ii) aflibercept + anti-
Ang?2 LH scFab (ii1) aflibercept + anti-Ang2 HL scFv or (iv) aflibercept + anti-Ang2 LH

scFv, preferably wherein the scFab or scFV comprises HCDRY, HCDRZ and HCDR3 of

SEQ ID Nos: 52-54 and LCDRI, LCDR2 and LCDR3 of SEGQ 1D Nos: 55-57.

(80901  Nucleic acids encoding a first anti-angiogenic polypeptide and a soluble fusion

protein

[6091]  In some embodiments, a nucleic acid is provided comprising nucleotide
sequence encoding a first and second anti-angiogenic polypeptide, wherein the first anti-
angiogenic polypeptide is aflibercept and the second anti-angiogenic polypeptide a soluble

fusion protein that inhibits the activity of a pro-angiogenic polypeptide.

{6692]  In some preferred embodiments, the first anti-angiogenic polypeptide is
aflibercept and the second anti-angiogenic polypeptide is a soluble form of a VEGF
receptor {8.g., comprises one or more VEGF-binding domains of VEGFR-I, VEGFR-2

andfor VEGFR-3).

[8083]  In some preferved embodiments, the first anti-angiogenic polypeptide is
aflibercept and the second anti-angiogenic polypeptide is g soluble fusion protein
comprising one or more VEGF-binding portions from the extracellular domain of VEGFR-
3, representative examples of which-include soluble fusion proteins as described in U8,
Patent Nos. 7,034,108, 5,852,199, and 7,422,741, the contents of each of which is

incorporated herein by reference.

[8894]  VEGF-C promotes angiogenesis and lymphangiogenesis and increases vascular
permeability and leakage. VEGF-C is elevated in the eyes of wAMD patients after anti-
VEGF treatment. Delivery of VEGFR-3-FC, which binds VEGF-C and VEGF-D, in
combination with aflibercept {which binds VEGF-A, VEGF-B and PIGF) provides an

improved therapy for ocular disease such as wAMD and DME.

[80895] A combination of targeting VEGF-A with a blockade of VEGFRS is effective in

prechinical models of choroidal neovascularization (CNV) and is being evaluated in clinical
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trials. In a phase 2b clinjcal trial in subjects with neavascular AMYD, the combination of
intravitreal ranibizomab and VEGF C/D antagonist OPT-302 resulted in & benefit 0f 3.4
letters (p=0.0187) in mean best-corrected visual acuity at 24 weeks compared with

treatment with ranibizumab alone.

[6896}  In particularly preferred aspects, the second anti-angiogenic polypeptide is Opt-
302, a soluble form of VEGFR-3 comprising the extracellular domains 1-3 of human
VEGFR-3 and the Fe fragment of hunan IgG 1 that binds and inhibits the activity of
VEGF-C and VEGF-D on endogenous VEGFR-2 and VEGFR-3, described in US Patent

Wo. 9,745,558, the contents of which are incorporated herein by reference.

$487 A preferred nucleotide sequence encoding OPT-302, codon-optimized for
i G & P

expression in hurnans, is provided below:

ATGCAAAGAGGOGCCOCTCTCTGTCTGAGACTOTGOCTGTGTCTGGGLUCTGCTG
GATGGACTGOTGTCTGGCTACAGUATGACCCCTCCAACACTGAACATCACCGA
GGAATCCCACOTGATCGACACCGGUCATAGCCTGAGCATCAGUTGCAGAGGAC
AGCACCCTCTGGAATGOOGCTTGGCOTGUTGUTCAAGAAGCTCCTGCCACAGHGT
GACAAGGACAGCGAGGATACAGGUGTTGTGUGGUATTGCGAGGGCACAGATG
CCAGACCTTACTGCAAGOTGUTGUTGUTGCACGAAGTGCACGCCCAGGATACC
GOGCAGCTACGTGTOCTACTACAAGTACATCAAGGCCCGGATCGAGGGCACCAL
AGCCGCAAGCTCTTATGTGTTCGTGCGGCGACTTCGAGCAGCCUTTCATCAACAA
GUCCCACACACUTGCTGGTCAACCGOAAGGACGCTATETGGGTGCCCTGTCTGG
TCTCTATCCCCGGUCTCAATOTGACCCTOAGAAGCCAGAGTTCCOGTGCTGTGGE
CTGATGOCCAAGAGGTCOTOTGOGATCGATAGAAGGGGCATGCTGGTGTCCACA
CCTCTGCTCCATCATGCCCTGTACCTGCAGTGCCAGACAACCTGGGGUGACCA
GGACTTCCTGAGCAACCCTTTCCTGGTGCACATCACCGGUAACGAGOTGTACG
ACATCCAGCTGCTGCCTCGCAAGAGCCTOLAACTGCTCGTGGGAGAGAAGCTG
GTGCTGAACTGTACCGTGTGGGUCCAGTTCAATAGCGGCGTGACCTTCGACTG
GOACTACCCTGUAAAGCAGGUCGAGCGTGHAAAATGGETGCCCGAGAGAAGA
AGCCAGCAGACCCACACAGAGCTUAGUCAGCATCOTGACCATCCACAACGTGTIC
CCAGCACGATCTGOGGCTCTTACGTGTGCAAGGCCAACAACGGCATCCAGUGET
TCCGGGAAAGéACCGAAGTGATCGTGCATGAGGAACCCAAGAGCTGCGACAA
GACACACACCTGTCCTCCATGTCCTGCTCCAGAGCTTCTOGGCGGACCTICLGT
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GTTCCTGTTITCCTCCAAAGCCTAAGGACACCCTGATCATCAGCAGAACCCCTGA
AGTGACCTGCGTGUGTGOTGCATOTOGTCCCACCGAGGATCCCGAAGTGAAGTICA
ATTGOTACGTCGGACGGCCTGUAAGTOCACAATOUCAAGACCAAGCCTAGAGA
GGAACAGTACAACAGCACCTACAGAGTGOTGTCCGTGCTGACCGTGCTGCATC
AGGATTGGCTCGAACGGCAAAGAGTACAAGTGCAAGGTGTCCAACAAGGCCCT
GUCTGCTCCTATCGAGAAAACCATOTCCAAGGLCAAGGGCCAGCUTCGGGAAC
CTCAAGTGTATACCCTGCCTCCTAGCCGCGACGAACTCACCAAGAATCAAGTG
TCTCTGACATGTCTCGETCAAGGGOTITTACCCCAGCCGACATTGUUGTCGAGTGG
GAGTCCAATGOGACAACCCGAGAACAATTATAAGACCACGCCACCAGTCUTGGA
CTCCGACGQUTCATTTITICTCTACTCCAAACTGACCGTGGATAAGTCOCGGTS
GCAGCAAGGCAATGETGTTTITOCTGTAGUGTOATGCATGAAGCTCTCCATAATC
ATTACACCCAAAAATCTCTOTCTCTGAGCCCCGGCAAATGA (SEQ D NG:58)

[B898] A preferred nucleotide sequence encoding a sohsble VEGFR-3 containing an

alternative 1gG2 Fe domain, codon-optimnized for expression in humans, is provided below:

ATGCAGAGGGGAGCCGCCCTGTGCCTOAGGCTOTGGUTGTGCCTGGGLITGCY
GGACGGUCTGGTGTCTOGCTACAGCATCGACCCCCCCTACACTOAACATCACCG
AGGAGAGCCACGTOGATCCGACACAGGCGATAGCCTOTCCATCTCTTGLAGGGGC
CAGCACCCCOCTGGAGTOGGCATGOCCTGGAGCACAGGAGGCACCAGCCACCG
GCGACAAGGATAGCCGAGGACACAGGAGTGGTGUGGCACTGUGAGGGAACCGA
TGCCAGACCTTACTGTAAGOTGUTGUTGCTCGCACGAGGTGCACGCCCAGGATA
CAGGCTCCTACGTOTCGCTACTATAAGTATATCAAGGCAAGGATCGAGGGAALCC
ACAGCAGCCAGCTCCTACGTGTTCOTOCOGGATTTTGAGCAGCCTTTICATCAAC
AAGCCAGACACCCTGCTGGTGAATCGGAAGGATGCCATGTGOOTGCCCTGICT
GGTCTCTATCCCTGGCCTGAATGTCGACACTCGAGAAGCCAGTCTAGCGTGOTGTG
GCCAGACGGACAGGAGGTOGOTOTGOGGACGATCGGAGAGGCATGUTGGTGAGC
ACCCCTCTGUTGCACGATGCCCTGTACCTGCAGTGUGAGACAACATGGGGUGA
CCAGOGATTTTCTGTCCAACCCTTICCTGOTOGCACATCACAGGUAATGAGCTGTA
TCGACATCCAGCTGCTGCCACGGAAGTCCCTGGAGCTGCTOGTGGGUGAGAAGC
TGGTGCTGAACTGTACCOTGTGGGUUGAGTTTAATTICTGGCGTGACATTCGACT
GGGATTACCCCGIGLAAGCAGGICGAGAGGGGCAAGTGGGTGCCTGAGAGGLG
CAGCCAGCAGACCCACACAGAGCTOTCCTCTATCOTGACCATCCACAACGTGA
GCCAGCACGATCTGGGUTCCTACGTOTGUAAGGCCAACAATGGCATCCAGCGG

28
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TTTAGAGAGTCTACAGAAGTCGATCGTGCACCGAGUAGAGGAAGTGUTGUGTGGA
GTGCCCACCATOTCCAGCACCTCCAGTGGCAGGACCATCCGTETICCTGTTICC
ACCTAAGCCTAAGCACACCCTCATCGATCAGUCGCACCCCAGAGOTGACATGCG
TOOTGOTOCACGTETCCCACGAGCGATCCAGAGGTGCAGTTCAACTGGTACGTG
GATGGCOTGGAGGTGCACAATGCCAAGACCAAGCCCAGGBAGGAGCAGTTTA
ATTCTACCTTCCGCGTGGTGAGCGTGCTGACAGTGGTGCACCAGGACTGGLTG
AACGGCAAGGAGTATAAGTCGCAAGGTGTCTAATAAGGG CTGCCCGCCCUTAT
CGAGAAGACCATCAGCAAGACAAAGGRACAGUCACGGGAGCCACAGATGTALC
ACCCOTGCCACCATCCAGAGAGCAGATGACCAAGAACCAGGTGTCICTGACATG
TCTGOTGAAGGGUTTTITATCCAAGCGACATCGCCGTGGAGTGHRGAGTCCAATG
GCCAGCCCGACGAACAATTACAAGACCACACCTCCAATGUTGGACTCCGATGGO
TCITICTTTCTGTATTICCAAGCTGACCOTGOATAAGTCTCGGTGGCAGCAGGGL
AACGTGTTCAGCTGTTCCGTGATGCACCGAGGCCCTGCACAATCACTACACACA
GAAGTCTCTGAGCCTGTCCCCCGGCAAGTGA (SEG ID NO:SH

{0098  In some preferred embodiments, an expression cassette is provided comprising
nuclectide sequence encoding (i) affibercept + VEGFRI-Fe or (i) aflibercept + VEGFRA-
Fe-Ig32. Preferably, the nucleotide sequence encoding atlibercept comprises the sequence
of SEQ 1D MNG:50 or a sequence at least 90%, identical thereto and/or the nucleotide
sequence encoding VEGFR3-Fo comprises the sequence of SEG 1D WG58 and/or the
nucleotide sequence encoding VEGFR3-Fo-1g02 comprises the sequences of SEQ ID

M(n59,
[G0188]  Nucleic acids encoding a first and second anti-angiogenic polypepinde

{8181} In some embodiments, a nucleic acid is provided coroprising nucleotide
sequence encoding a fivst and second anti-angiogenic polypeptide, wherein the first anti-
angiogenic polypeptide is aflibercept and the second anti-anglogenic polypeptide is
selected from endostating tumsiating angiostating pigment epitheHum-derived factor

(PEDF).

[B01821  in some preferred embodiments, the nucleic acid comprises nucleotide sequence
encoding atiibercept and nucleotide sequence encoding PEDF (see e.g., Dawson et al,,

Science 285:245, 1999; US Patent No. 5,840,686, and International Patent Applications
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WOIG3/24529 and WOS/4806, the contents of each of which is incorporated hersin by
reference). PEDF is a seoreted protein with homology 1o merabers of the serpin family of
serine protease inhibiters. PEDF is predominantly produced by retinal pigment epithelial
cells, is expressed in most human tissues, and has anti-angiogenic and neuroprotectant
gualities (see e.g., Dawson I3 W et al, Science. 1999 July 9; 285(54251:245-8). PEDF
prevenis photoreceptor degeneration and deficiency of PEDF s associated with anglogenic
diseases such as wAMIY. Preclinical data points 1o an inhibitory role of VEGF and FGF in
mause and pig models of choroidal neovascularization (ONV) {see g.g., Lei XL, Oxid Mead

Cell Longev.; Yol 2020, Art. 1D 5941057},

{81837 A representative human PEDF sequence is found at GenBank Accession P35955
{e.g., P36355.4). Tu some aspects, a preferred nucleatide sequence encoding human PEDF
that has been codon-optimized for expression in humans has the following sequence ora

sequence at least 90%, at least 959, at least 98% or at least 99% identical thereto:

ATCCAACGCTCTGOTGCTGCTOCTGTGTATCGGAGCCCTGUTGGGCCACAGLTCC
TOGTCAAAATCCTGCCTCTCCACCTOAGGAAGGCAGCCCCGATCCAGATICTACA
GGCGCCCTOOTGGAAGAAGAGGACCCATTICTTCAAGGTGCCCGTGAACAAACT
GOCCGCTOCCGTOTCCAACTICGGITACGALCTGTACAGAGTGCGGAGCAGCA
CAAGCCCCACCACCAATCTTCTGOTGAGCCCTCTOGTCTGTGGCCACCGCTCTTT
ﬁTGCTCTGTCT&TGQGAGCﬁGAGCAGAGAACCGAGAGCATCATTCACAGAGCC
CTGTACTACGATCTGATCAGCAGCCUTGACATCCACGGCACCTACAAAGAACT
GCTGOACACCOTCGACAGCCCCTCAGAAGAATCTGAAGTCCGCCAGCCGGATCG
TCTTCGAGAAGAAGCTGCGGATCAAGAGCAGCTTCGTGGCCCCTCTGGAAAAG
AGCTACGGCACCAGACCTAGAGTGOTGACCGGUAATCCCAGACTOGACCTOCA
AGAGATCAACAACTGGGTGCAAGUCCAGATCGAAGGGCAAGCTGGCCAGAAGC
ACCAAAGAGATCCCCGACGAGATCAGCATCCTGUTGCTGGGUGTCGCCCACTY
TAAAGGCCAGTGGGTCACCAAGTTCGACTCCAGAAAGACCAGUUTCGAGGACT
TCTACCTGGACCAGGAACGGACCGTCAGAGTOCCCATCATOAGCCGATCCTAAG
GCCGTGUTCGAGATACGGLOTGOATAGCOACCTCGAGCTGCAAGATTGCTCAGCT
GCCTCTGACCGOGUTCTATCGAGCATCATATTICTTTCTGCCCCTGAAAGTGACTCA
GAATCTGACCCTGATCGAGGAAAGCCTGACCAGCGAGTICATUCACGACATCG
ACCGCCAGUTGAAAACCOTGCAGCGCTGTOCTCGACTOTGUCCAAGCTGAAGCTG
AGCTACGAGOGCOCAAGTGACCAAGAGCCTGCAAGAAATGAAGCTGCAGAGCC
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TOTTCGACAGCCCCGACTTCAGCAAGATCACCGGCAAGCCCATCAAGCTGACC

CAGOTGGAACACAGAGUCGOCTTCGAGTOGAATGAAGATCGGCGCCGGAACCA

CACCTICTCCAGGACTGCAACCTGCTCACCTGACCTTTCCACTGGACTACCALC

TGAACCAGCCTTTCATCTTCOTCCTGUGGGACACAGATACTGGCGLCCTGCTOT
TCATCGGCAAGATCCTGGATCCTAGAGGCCCCTGA (SEQ 1D NO6H)

[38184]  In some preferred embodiments, an expression cassetie s provided comprising
nucleotide sequence encoding aflibercept + PEDF, preferably wherein the nucleotide
sequence encoding allibercept comprises the sequence of SEQ 1D NS0 and/or the

nucleotide sequence encoding PEDF comprises the sequence of SEQ 1D NO:60.

[00185] Nucleic acids encoding a first anti-angiogenic polypeptide and an interfering

RMNA molecule that reduces expression of an angiopoietin

[80186] in some embodiments, a nucleic acid is provided that comprises nuclestide
sequence encoding a first anti-angiogenic polypeptide and an interfering RNA molecule

that targets an angiopoielin, wherein the first anti-angiogenic polypeptide is aflibercept.

B91071  In preferred aspects, the interfering RNA molecule targets huraan angiopoistin-|
{aka Angl or Ang-1} and/or targets human angiopoietin-2 (aka Ang? or Ang-2}.
Representative human Ang?2 sequences can be found at e.g., NCBI Accession No. 115123
and SEQ 1D Nos: 517 and 518 of US Patent No. 8,987,420, the contents of which are
incorporated herein by reference. Suitable target sequences within the human Ang-2 gene
as well as representative interfering KNA molecules targeting human Ang-2 include those
in US Patent Nos. 7,994,305 (e.g., SEQ 1T MNos:228-427 of US 7,994,305} and 8,829,179
{e.g., SEQ ID MNoe:2-69 and 73-184 of US §,829,179), the contents of each of which are
incorporated herein by reference. In particularly preferred embaodiments, the interfering
RMA molecule targets human Ang-2 and comprises a sense strand and antisense strand

according to Table 1.

{00168]  In preferred embodiments, an expression cassette is provided comprising
nucleotide sequence encoding aflibercept and one or more interfering RNAs set forth in
Tahle 1. Preferably, the nucleotide sequence encoding aflibercept comprises the sequence

of SEQ 1D NO:SG.
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{B6189]  Nucleic acids encoding a first anti-angiogenic polypeptide and an interfering

RNA molecule that reduces expression of VEGF-C and/or VEGF-D

{86110}  In sorpe preferred embodiments, a nucleic gcid is provided comprising
nucleotide sequence encoding a first anti-angiogenic polypeptide and an interfering RNA
molecule that targets VEGF-C and/or VEGF-D, wherein the first anti-angiogenic

polypeptide is aflibercept.

{68111} In particularly preferred aspecis, the interfering RNA molecule targets human
VEGF-C and/or human VEGF-D. Representative human VEGF-C sequences can be found
at e.g., GenBank Accession numbers NM_005429 and X94216. Representative human
VEGF-D sequences can be found e.g., at GenBank Accession number AJO00185.1.
Suitable target sequences within the haman VEGF-C gene as well as representative
interfering RNA molecules targeting human VEGF-C include those in US Patent No.
7,517,864 {e.g., Table I} and US Patent Application Publication No. US2011/0293623
{e.g., SEQ ID Nos:1-3 and 7-12), the contents of each of which are incorporated herein by
reference. In particularly preferred embodiments, the interfering RNA molecule targets

human VEGF-C and comprises a sense strand and antisense strand according to Table 2.

{80112] VEGF-C target sequence(s) were selected based on in silico determination of
specificity, homology to human and non-human primate (NHP) sequences and knockdown
of YVEGF-C in vitro {see working examples). The region of VEGF-C targeted by the RNAI
maolecule(s) has 100% homology bebween human and NHP sequences, whereas mouse
VEGF-C has 2 point mutations that would likely influence the ability of this target
sequence to be effective in mice. A sequence alignment of the VEGFE-C target region is

provided below:

YEGF-C miRNA Target Sequence

Homo sapiens LCTACCTCAGCAAGACGTTATTE.,
Macace fascicuiors WCTACCTOAGCAAGACGTTATTT.
Chiorocebus aethiops . CTACCTCAGCAAGACGTTATTIL
Mus muscubes T TACCTCAGCAAGACGTTGTTT.

[88113] Wet AMD (wAMD) ix a retinal condition characterized by growth of abnormal,

leaky blood vessels from the chorotdal layer through Bruch’s membrane and into the retina

(5]
N
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which can lead 10 a rapid loss of central vision. Current approved treatments include
injections of anti-angtogenic protein therapies, such as aflibercept, ranibizumab, or
brolucizumab, or the aptamer pegaptinib sodium that block signaling through VEGF-A.
However, these injected therapies require repeated intravitreal (IVT) administrations to
maintain vision. Many patients fail to maintain initial visual benefit due to nndertreatment
related to burdensome frequency of required treatment visits, Nucleie acids described
herein comprising an anti-angiogenic polvpeptide targeting VEGF-A (e.g., aflibercept) and
an RMNAI molecule targeting VEG-C provides an improved efficacy for welAMD patients
by reducing expression of additional angiogenic factors such as VEGE-C that are

upreguiated following admivistration of corrent anti-VEGF therapies.

{60114] In preforred embodiments, ap expression cassette is provided comprising
nucleotide sequence encoding aflibercept and one or more interfering RNAs set forth in
Table 2. Preferably, the nucleotide sequence encoding aflibercept comprises the sequence

of SEC ID NG54,

841157 Nocleie acids encoding a first anti-angiogenic polypeptide and an interfering
8 grog potypep g

RMA molecule that reduces expression of VEGFR-3

in some embodiments, a nucleic acid is provided comprising nuclestide sequence encoding
a first anti-angicgenic polypeptide and an interfering RNA molecule that targets VEGFR-3,

wherein the first anti-angiogenic polvpeptide is aflibercept.

[B8116]  In preferred aspects, the interfering RINA molecule targets human VEGER-3,
Representative human VEGFR-3 sequences can be found e.g., at GenBank Accession
number X68203, Suitable target sequences within the human VEGFR-3 gene as well as
representative interfering RNA molecules targeting human VEGFR-3 include those listed
int Table I of US Patent No. 7,517,864, the contents of each of which are incorporated
herein by reference. In particularty preferred embodiments, the interfering RNA molecule
targets human VEGFR-3 and comprises a sense strand and antisense sirand according o

Table 3.

[0117)  In preferred embodiments, an expression cassette is provided comprising

nucleotide sequence encoding aflibercept and one or more interfering RNAs set forth in

[o%)
o2
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Table 3. Preferably, the nucleotide sequence encoding aflibercept comprises the sequence

of SEQ 1D NO:350,

{60118] In embodiments where the nucleic acid encodes a first anti~angiogenic
polypeptide and one or more indterfering RNAS, the sequence encoding the interfering
RNA(s) may be placed within a natural or artificial intron {e.g., an artificial intron, within a
transcription control sequence, within a 3' UTR region of a gene, within the coding
sequence of a gene or within the 3' UTR region of a gene). In some aspects, the interfering
RNA is placed within a synthetic U2 or U12 based intron or within an interferon regulating

factor 7 intron 4 (IRF7intd; 93 bp).

{30119]  In some preferred aspects, the interfering RNA is placed within an artificial
intron in a trapscription control sequence. In some preferred aspects, the intron is Jocated
within the hybrid chicken B-actin and rabbit $-globin intron of the CAG promoter, whereby
the intron is co-transcribed within a pre-mRINA by Pol-ll and cleaved out of the pre-mRNA
by RNA splicing. The sphced intron containing the pre-miRNA structure is further

rocessed into mature miRNA capable of silencing a pro-angiogenic target gene.
<3 = sELy

[80128]  In other aspects, the interfering RNA is placed within an artificial intron that is
located within the coding sequence of a gene {e.g., encoding aflibercept), whereby the
ntron is co-transcribed within a pre-mRNA by Pol-Il and cleaved out of the pre-mBNA by
RNA splicing. The spliced intron containing the pre-miRNA structure is further processed

into mature miRNA capable of silencing a pro-angiogenic target gene.

[00i21] In other aspects, the sequence encoding the interfering RNA is placed within the
$TUTR or 3' UTR regiou of a gene but is not within an intron, in which case some portion
{e.g., 30%; of the transcribed pre-mRNA is translated into the encoded protein and some
portion (e.g., 30%;} of the transcribed pre-mRNA is processed into active shRNA or
miRNA. In some preferred aspects, the interfering RNA is placed within a 3° UTR region

of a gene.

[801221 Codon optirmized nucleic acid sequences

)
=
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[60123]

comprising a nucieotide seguence that is codon optimized for expression in humans. In

Iy some embodiments, the present invention provides a nucleic acid molecule

some embodiments, the nucleotide sequence encodes PEDF and comprises or consists of
the nuclectide sequence set forth as SEQ 1D NO:60 or a sequence at keast 90%, at least
85%, at least 98% or at least 99% identical thereto. In another embodiment, the nucleotide
sequence encodes OPT-302 and comprises or consists of the nucleotide sequence set forth
as SEQ D NO:38 or a sequence at least 0%, at least 5%, at least 98% or at least 99%
identical thereto. In another embodiment, the nucleotide sequence encodes VEGFR3-Fe-
1gG2 and comprises or consists of the nucleotide sequence set forth as SEQ D NO:5%ora
sequence at {east 9%, at least 95%, at least 98% or at least 99% identical thereto.

{80124]  The term "codon-optimized"” as it refers to genes or coding regions of nucleie
actd molecules for transformation of various hosts, refers to the alteration of codons in the
gene or coding regions of the nucleic acid molecules to reflect the typical codon usage of
the host organism without altering the polypeptide encoded by the DNA. Such optimization
inchides replacing at least one, or more than one, or a significant number, of codons with

one or more codons that are more frequently used in the genes of that organism.

106123}

amino acids of, any polypeptide chain allow for variations in the sequence coding for the

Deviations in the nucleotide sequence that comprises the codons encoding the

gene. Since each codon consists of three nuclectides, and the nucleotides comprising DNA
are restricted to four specific bases, there are 64 possible combinations of nucleotides, 61
of which encode amino acids (the remaining three codons encode signals ending
translation). The "genetic code” which shows which codons encode which amine acids is
reproduced herein as Table 1. As a result, many amino acids are designated by more than
one codon. For example, the amino scids alanine and proline are coded for by four triplets,
serine and arginine by six, whereas tryptophan and methionine are coded by just one triplet.
This degeneracy allows for DNA base composition to vary over a wide range without

altering the amino acid sequence of the proteins encoded by the DNA.

TABLE 4 The Standard Genetic Code

T ¢ A G
T TTT Phe (F) | TCT Ser (8) | TAT Tyr (Y3 L TGT Cys (C)
TTC TCC TACY TGO

[
(%4
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TTA Lea (L} | TCA TAA Stop 1 TGA Stop
TIG TGG TALG Stop TGG Trp (W)
CTThen(Ly [CCTPro(P) | CATHIs(F) | CGT Arg (R)
CTC CCC CAC CGO
CTA CCA CAA Gln () | CGA
CTG CCG CAG CGG

FATT Be (1 ACT Thr (T | AAT Asn (N} | AGT Ser (8)
ATC ACC AAC AGC
ATA ACA AAALys (X} | AGA Arg (R}
ATG Met (M) | ACG AAG AGG
GTT(Val ¥V [ GCT Ala Ay [ GAT Asp (D) | GGT Gy ()
GTC GOC GAC  GGO
GTA GCA GAA Gln (B} | GGA

GTG GCG GAG GGG

[30126] Many organisms display a bias for use of particular codons to code for insertion

of a particular amino acid in a growing peptide chain, Codon preference, or codon bias,
differences in codon usage between organisms, is afforded by degeneracy of the genetic
code, and is well documented armong many organisms. Codon bias often correlates with the
efficiency of translation of messenger RNA (mRNA), which is in turn believed to be
dependent on, inter alia, the properties of the codons being translated and the availability of
particular transfer RNA ((RNA} molecules. The predominance of selected tRMAs ina cel
is generally a reflection of the codons used mwost frequently in peptide synthesis,
Accordingly, genes can be tallored for optimal gene expression jn & given organism based

on codon optimization.

81271

plant and microbial species, the relative frequencies of codon usage have been caleulated.

Given the large number of gene sequences available for a wide variety of animal,

Codon nsage tables are available, for example, at the "Codon Usage Database” available at
www. kazusa.orjpieodon/ (visited Jun. 18, 2012), See Nakamura, Y., et al. Nuch Acids

Res. 28:292 (2000},

(06128}

polypeptide sequence can be done manually by caleulating codon frequencies for each

Randomly assigning codons at an optimized frequency to encode a given

amino acid, and then assigning the codons to the palvpeptide sequence randomly.
Additionally, various algorithias and computer software programs can be used to calculate

an optimal sequence.
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{80129 Noo-Viral Vectors

[66138] In some embodiments, a non-viral vector {e.g., an expression plasmid) is
provided comprising any nucleotide sequence as herein described. In some embodiments,
the non-viral vector comprises a nuclectide sequence encoding a first anti-angiogenic
polypeptide {e.g., aflibercept) as herein described and one or more interfering RNA(S) as
herein described and/or a second anti-angiogenic polypeptide as herein described.
Preferably, the non-vival vector is a plasmid comprising an expression cassetie comprising

a nucleotide sequence as herein described,

{00131] Viral Yectors

{68132} In some embodiments, a viral vector comprising a modified (codon optimized)
nucleic acid as herein described is provided. In preferred embodiments, the viral vector
comprises a nucleic acld corpprising nucleotide encoding a first anti-angiogenic
polypeptide (e.g., aflibercept) and nucleotide sequence encoding one or more interfering
RNA(s) as herein described and/or comprising nucleotide sequence encoding a first and
second anti-angiogenic polypeptide. Examples of suitable viral vectors include but are not
limited to adenoviral, retroviral, lentivival, herpesvirus and adeno-associated virus (AAV)

vectors,

{08133} In a preferred embodiment, the viral vector includes a portion of a parvovirus
genome, such as an AAY genome with the rep and cap genes deleted and/or replaced by an
expression cassette comprising sequence encoding a first anti-angiogenic polypeptide {e.g.,
aflibercept) and nocleotide sequence encoding one or more interfering RNA(S) as herein
described and/or comprising nuclectide sequence encoding a first and second anti-
angiogenic polypeptide and their associated expression control sequences. The expression
cassette is typically inserted adjacent to oue or two (L, is flanked by) AAV TRs or TR
elements adequate for viral replication (Xiao et al,, 1997, J. Virol. 71(2): 941-948), in place
of the nucleic acid encoding viral rep and cap proteins. Other regulatory sequences suitable

for use in facilitating tissne-specific expression in the target cell may also be included.

[66134] In some embodiments, the AAV viral vector comprises a nucleic acid

comprising: {a} an AAV2 terminal repeat (b} a transcription contral sequence {¢) nucleotide
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sequence encoding a first anti-angiogenic polypeptide (d) nucleotide sequence(s) encoding
an RNAT molecule as herein described {d) a polyadenylation sequence and () an AAV2

terminal repeat.

{81351 In other embodiments, the AAY viral veclor comprises a nucleic acid
comprising: {2} an AAVZ terminal repeat (b) a transcription control sequence (o) nucleotide
sequence encoding a fivst antl-angiogeunic polypeptide (4} 2 2A sequence (&) nucleotide
sequence encoding a second anti-angiogenic polypeptide (f) a polyadenylation sequence

and {g} an AAVZ terminal repeat.

In particularly preferred ernbodiments, the AAY viral vector comprises a nucleie acid
(iransgene cassetie) comprising the sequence of any of SEQ 1D NOs:64-70, more
preferably comprising the sequence of any of SEQ ID Nos: 68-70, or a sequence at least

909, at leasi 95%, at Jeast 98% or al least 99% identical thereto.
{81361  In some embodiments, the 5" TR has the following sequence:

TTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGIGACCAAAG
GYCGCCCGACGCCCGGOCTTTGLCOCGGGLUGGCCTCAGTGAGCGAGCGAGOGLG
CAGAGAGGGAGTGGCCAACTCCATCACTAGGGOGTTCCT (SEQ D MNOk6t)

{001371  In some embodiments, the 3' TTR has the following sequence:

AGGAACCCCTAGTGATGGAGTTCGUCACTCCCTCTCTGOGCGCTCGCTCGITCA
CTOAGGUUGCCCGOGCAAAGCCCGGGCOTCOGGLUGACCTITGGTCGCCCGGCC
TCAGTOAGCGAGCGAGCGCGCAGAGAGGGAGTOOCCAA (SEQ ID NO:162)

[B¢138]  In some embodiments, the SV40 polyadenylation sequence has the following

SEGUENCE!

361387 GGGOATCCAGACATGATAAGATACATTGATCGAGTTTGGACAAACCAC
AACTAGAATGCAGTGAAAAAAATGCTITATTITOTGARATTITGTGATGCTATIGC
TTTATTTGTAACCATTATAAGUTGUAATAAACAAGTTAACAACAACAATIGCAT
TCATTTTATGTTTCAGCTTCAGGGGGAGOTGTGGUAGGTTTTTTAAAGCAAGTA
AAACCTCTACAAATGTGOGTATGGCTCATTATGATCA (SEQ D NOW3)
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{00348} Those skilied in the art will appreciate that an AAV vector comprising a
transgene and lacking virus proteins needed for viral replication {(¢.g., cap and rep), cannot
replicate since such proteins are necessary for virus replication and packaging. Helper
viruses inchude, typically, adenovirus or herpes simplex virus. Alternatively, as discussed
below, the helper functions (Ela, E1b, EZa, F4, and VA RNA) can be provided to a
packaging cell including by transfecting the cell with one or more nucleic acids encoding
the various helper elements and/or the cell can comprise the nucleic acid encoding the
helper protein. For instance, HEK 293 were generated by transforming human cells with
adenovirus § DNA and now express a number of adenoviral genes, including, but not
fimited to E1 and E3 (see, e.g., Graham et al., 1977, J. Gen. Virol. 36:59-72}. Thus, those
helper functions can be provided by the HEX 293 packaging cell without the need of

supplying them to the cell by, e.g., a plasmid encoding them.

[66141]  The viral vector may be any suitable nucleic acid construct, such as 2 DNA or
RNA construct and may be single stranded, doubls stranded, or duplexed (i.e., self-

complementary as deseribed in WO 2041/92551).

{00142}  The viral capsid component of the packaged viral vectors may be a parvovirus
capsid. AAV Cap and chimeric capsids are preferred. For example, the viral capsid may be
an AAV capsid {e.g.,, AAV1, AAVZ, AAV3E, AAVE, AAVS, AAVE, AAVT AAVSE, AAVY,
AAVIN, AAVIL AAVIZ AAVLE, AAVZS, AAVS.Y, AAVS3.1, AAVY.45, AAVThIO,
AAVIhT4, RHM4-1, AAV2-TT, AAV2-TT-S312N, AAV3IB-S312N, AAV-LX03, snake
AAY, avian AAY, bovine AAY, canine AAVY, equine AAV, ovine AAV, goat AAV,
shrimp AAY, and any other AAVY now known or later discovered. see, e.g., Fields et al,,

VIROLOGY, volume 2, chapter 69 {4.sup.th ed., Lippincoti-Raven Publishers).

{00143] In some embodiments, the viral capsid component of the packaged viral vector is
a variant of a native AAV capsid (i.e., comprises one or more modifications relative to a
native AAY capsid). o some embodiments, the capsid is a variant of an AAV2, AAVS or
AAVS capsid. In preferred embodiments, the capsid is a variant of an AAV2 capsid, such
as those deseribed in U.5. Patent Application Publication Number 2019/0255192A1 (e.g.,
comprising the amino acid sequence of any of SEQ 11D NOs: 42-539), the entive contents of
which are incorporated herein by reference. In a particularly preferred embodiment, the

capsid comprises a VP capsid protein comprising, consisting essentially of, or consisting
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of the amino acid sequence of SEQ ID NO:48. In certain embodiments, the capsid protein
comprises a peptide insertion in the GH-loop of the capsid protein relative to a
corresponding parental AAV capsid protein, wherein the peptide insertion comprises the
amino acid sequence ISDQTKH (SEG ID NO:74), preferably wherein the peptide insertion
comprises the amino acid sequence Y Y2ISDQTKHY: (SEQ D NO:T75), wherein each of
Yi-Y3 is independently selected from Ala, Leu, Gly, Ser, Thr, and Pro. In specific
embodiments, the peptide insertion comprises the amino acid sequence LAISDQTKHA
(SEQ 1D NG:49), preferably wherein the fusertion site is between amino acids
corresponding to amino acids 587 and 588 of VPI of AAVZ or the corresponding position
in the capsid protein of another AAV serotype. In some embodiments, the capsid protein
comprises one or more aming acid substitutions relative to VP1 capsid of AAV2 or one or
more corresponding substitutions in another AAY serotype, preferably wherein the capsid
protein comprises a P34A amino acid substitution relative to VP capsid of AAV2 or the

corresponding substitution in another AAV serotype,

[88144] A full complement of AAY Cap proteins includes VP, VP2, and VP3. The ORF
comprising nucleotide sequences encoding AAV VP capsid proteins may comprise less
than a fildl complerent AAV Cap proteins or the full complement of AAV Cap proteins

may be provided.

[60145] In vet another embodiment the present invention provides for the use of ancestral
AAY vectors for use in therapeutic in vivo gene therapy. Specifically, in silico-derived
sequences were synthesized de novo and characterized for biological activities. This effort
fed to the generation of nine functional putative ancestral AAVs and the identification of
Anc80, the predicted ancestor of AAV serotypes 1, 2, 8 and 9 (Zinn et al,, 2018, Cell
Reports 12:1056-1068). Predicting and synthesis of such ancestral sequences in addition fo
assembing into a virus particle may be acé‘omplished by using the methods described in
WO 2015/0546353, the contents of which are incorporated by reference herein. Notably, the
use of the virus particles assembled from ancestral viral sequences may exhibit reduced
susceptibility to pre-existing immunity in current day human population than do

conternporary viruses or portions thereof,

{86146} The invention inciudes packaging ceils, which are encompassed by "host cells,”

which may be cultured to produce packaged viral vectors of the invention. The packaging
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celis of the invention generally include cells with heterologous (1) viral vector function(s),
(2) packaging function(s), and (3} helper function(s}. Each of these component functions is

discussed in the ensuing sections.

[08147] Initially, the vectors can be made by several methods known to skilled artisans
(see, e.g., WO 2013/063379). A preferred rmethod is described in Grieger, et al. 2015,
Molecular Therapy 24(2):287-297, the contents of which are incorporated by reference
herein for all purposes. Briefly, efficient transfection of HEK293 cells is used as a starting
point, wherein an adherent HEK293 cell Hine from a qualified clinical master cell bank is
psed to grow in animal component-free suspension conditions in shaker flasks and WAVE
bioreactors that allow for rapid and scalable rAAV production. Using the triple transfection
method (e.g., WO 96/40240), the suspension HEK 293 cell line generates greater than 10°
vector genome containing particles {vg)/celi or greater than 10'* vg/L of cell culture when
harvested 48 hours post-transfection. More specifically, triple transfection refers to the fact
that the packaging cell is transfected with three plasmids: one plasmid encodes the AAV
rep and cap genes, another plasmid encodes various helper functions (e.g., adenovirus or
HSY proteins such as Ela, Elb, E2a, E4, and VA RNA, and another plasmid encodes the
transgene and its various control elements {e.g., modified RPGRorfl 5 gene and hGRK

promoter).

{86148] To achieve the desired yiclds, a number of variables are optimized such as
selection of a compatible serum-free suspension media that supports both growth and
transfection, selection of a transfection reagent, transfection conditions and cell density. A
universal purification strategy, based on ion exchange chromatography methods, was also
developed that resulted in high purity vector preps of AAY serotypes 1-6, §, 9 and various
chimeric capsids. This user-friendly process can be completed within one week, resalts in
high full to empty particle ratios $-90% {ull particles), provides post-purificstion yiclds (>1
x 10%* vg/L) and purity suitable for clinical applications and is universal with respect to all
serotypes and chimerie particles. This scalable mannfacturing technology has been utilized
to manufacture GMP Phase 1 clinical AAV vectors for retinal neovascularization (AAVZ),
Hemophitia B (scAAV8), Giant Axonal Neuropathy {(scAAVY) and Retinitis Pigmentosa
{AAV2}, which have been administered into patients. In addition, a minimum of a 5-fold
increase in overall vector production by implementing a perfusion method that entails

harvesting rAAY from the culiure media at numerous time-points post-fransfection.
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[38149]  The packaging cells include viral vector functions, along with packaging and
vector functions. The viral vector functions typically include a portion of a parvovirus
genome, such as an AAV genome, with rep and cap deleted and replaced by the first anti-
angiogenic polypeptide sequence that inhibits the activity of VEGF-A and at least one
synthetic RNA molecule or a second anti-angiogenic polypeptide sequence and its
associated expression control sequences. The viral vector functions include sufficient
expression control sequences to result in replication of the viral vector for packaging.
Typically, the viral vector includes a portion of a parvovirus genome, such as an AAY
genome with rep and cap deleted and replaced by the transgene and its associated
expression control sequences. The transgene is typically flanked by two AAV TRs, in place
of the deleted viral rep and cap ORFs. Appropriate expression control sequences are
included, such as a tissue-specific promoter and other regulatory sequences suitable for use
in facilitating tissue-specific expression of the transgene in the target cell. The transgene is
typically a nucleic acid sequence that can be expressed to produce a therapeutic

polypeptide or a marker polypeptide.

[68156] The terminal repeats (TR{s}) {resolvable and non-resolvable) selected for use in
the viral vectors are preferably AAV sequences, with serotypes 1, 2, 3, 4, 5 and 6 being
preferred. Resolvable AAV TRs need not have a wild-type TR sequence {e.g., a wild-type
sequence may be altered by insertion, deletion, trancation or missense mutations), as long
as the TR mediates the desired functions, e.g., virus packaging, integration, and/or provirus
rescue, and the like. The TRs may be synthetic sequences that function as AAYV invertad
terminal repeats, such as the "double-D sequence” as described in U.S. Pat. No. 5,478,745
to Samulski et al., the entire disclosure of which is incorporated in its entirety herein by
reference. Typically, but not necessarily, the TRs are from the same parvovirus, €.g., both

TR sequences are from AAV2,

{88151] The packaging functions include capsid components. The capsid components are
preferably from a parvoviral capsid, such as an AAV capsid or a chimeric AAV capsid
function. Examples of suitable parvovirus viral capsid components are capsid components
from the family Parvoviridae, such as an autonomeous parvovirus or a Dependoviras. For
example, the capsid components may be selected from AAV capsids, e.g., AAV, AAVZ,
AAVI, AAVE, AAVS, AAVE, AAVT, AAVE, AAVS, AAVID, AAVTEL, AAVEZ,
AAVrhIG, AAVhT74, REMSE-1, RHMIS-1, REMI5-2, REM15-3/REMIS-S, RHM15-4,
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RHMI15-6, AAV Hu.26, AAVLI, AAV2S, AAVE. L, AAVE.IL, AAVS4S, AAV2ER,
AAVIGY, AAV2ISGH, AAV2-TT, AAVZ-TT-S312N, AAV3B-8312N, and AAV-LKG3,
and other novel capsids as vet unidentified or from non-human primate sources. Capsid

components may include components from two or more AAV capsids.

{08152} The packaged viral vecior generally includes sequence encoding one or more
anti-angiogenic pelypeptides and/or interfering RNAs as herein described and
cotresponding exprassion control sequence(s) flanked by TR elements, referred to herein as
the “ransgene” or “iransgene expression cassetie,” sufficient to result in packaging of' the
vector DINA and subsequent expression of the interfering RNA and/or gene sequence in the
transduced cell {e.g., a photoreceptor). The viral vector functions may, for example, be
supplied to the cell as a component of a plasmid or an amphicon. The viral vector functions
may exist extrachromosomally within the cell line and/or may be integrated into the celi's

chromosomal DNA.

[68153]  Any method of introducing the nucleotide sequence carrying the viral vector
functions into a cellular host for replication and packaging may be employed, inchuding but
not limited to, electroporation, calcium phosphate precipifation, microinjection, cationic or
anjonic liposomes, and liposomes in combination with a nuclear localization signal. In
embodiments wherein the viral vector functions are provided by transfection using a virus

vector; standard methods for producing viral infection may be used.

[68154] The packaging functions include genes for viral vector replication and
packaging. Thus, for example, the packaging functions may include, as needed, functions
necessary for viral gene expression, viral vector replication, rescue of the viral vector from
the integrated state, vival gene expression, and packaging of the viral vector into a viral
particle. The packaging functions may be supplied together or separately to the packaging
cell using a genetic construct such as a plasmid or an amplicon, a Baculovirus, or HSV
helper construct. The packaging functions may exist exirachromosomally within the
packaging cell, but are preferably integrated into the cell's chromosomal DNA, Examples

include genes encoding AAV Rep and Cap proteins.

{60155] The helper functions include heiper virus elements needed for establishing active

infection of the packaging cell, which is required to initiate packaging of the viral vector.
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Examples inclade functions derived from adenovirus, baculovirus and/or herpes virus
sufficient to result in packaging of the viral vector. For example, adenovirus helper
functions will typically inciude adenovirus components Fl a, Blb, Ela, E4, and VA RNA,
The packaging functions may be supplied by infection of the packaging cell with the
required virus. The packaging functions may be supplied together or separately to the
packaging cell using a genetic construct such as a plasmid or an amplicon. See, e.g., pXR
helper plasmids as described in Rabinowitz et al,, 2002, J. Virol. 76:791, and pDG
plasmids described in Grimm et al., 1998, Human Gene Therapy 9:2745-2760. The
packaging functions may exist extrachromosomally within the packaging cell, but are

preferably integrated into the cell's chromosomal DNA (e.g., E1 or E3 in HEX 293 celis).

[68136] Any suitable helper virus functions may be employed. For example, where the
packaging cells are insect cells, baculoviras may serve as a helper virus. Herpes virus may
also be used as a helper virus in AAV packaging methods. Hybrid herpes viruses encoding
the AAY Rep protein{s) may advantageously facilitate for more scalable AAV vector

production schemes.

{8¢187] Any method of introducing the nucleotide sequence carrying the helper functions
into a cellular host for replication and packaging may be employed, including but not
limited to, electroporation, caleium phosphate precipitation, microinjection, cationic or
ardonic liposomes, and liposomes in combination with a nuclear localization signal.
embodiments wherein the helper functions are provided by transfection using a virus vector
or infection using a helper virus; standard methods for producing viral infection may be

used.

{00158]  Any suitable permissive or packaging cell known in the art may be employed in
the production of the packaged viral vector. Mammalian cells or fusect cells are preferred.
Examples of cells useful for the production of packaging cells in the practice of the
invention include, for example, human cell lines, such as VERQ, W38, MRCS, A549,
HEK 293 cells {(which express functional adenoviral E1 under the control of a constitutive
promaoter), B-30 or any other Hela cells, HepG2, Saos-2, Hul7, and HT1080 cell lines. In
one aspect, the packaging cell is capable of growing in suspension culiure, more preferably,
the cell is capable of growing in serum-free culture. In one embodiment, the packaging cell

is a HEK293 that grows in suspension in serum free medivm. In another embodiment, the
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packaging cell is the HEKZ293 cell described in U.S, Pat. No. 9,441,206 and deposited as
ATCC No. PTA 13274, Numerous rAAV packaging cell lines are known in the art,
including, but not limited 1o, those disclosed o WO 2002/46359. In another aspect, the
packaging cell is cultured in the form of a cell stack (e.g., 10-layer cell stack seeded with

HEK293 cells).

[801589] Cell lines for use as packaging cells include insect cell Hnes. Any insect cell
which allows for replication of AAV and which can be maintained in culture can be used in
accordance with the present invention. Examples include Spodoptera frugiperda, such as
the S9 or S121 cell lines, Drosophila spp. cell lines, or mosquito cell lines, e.g., Aedes
albopictus derived cell lines. A preferred cell line is the Spodoptera frugiperda 59 cell line,
The following references are incorporated herein for their teachings concerning use of
insect cels for expression of heterologous polypeptides, methods of infroducing nucleic
acids into such cells, and methods of maintaining such cells in culture: Methods in
Molecular Biology, ed. Richard, Humana Fress, N J {1995); O'Reilly et al,, Baculovirus
Expression Vectors: A Laboratory Manual, Oxford Univ. Press (1994); Samulski et al,,
1689, I. Virol. 63:3822-3828; Kajigaya et al., 1991, Proc. Nat'l. Acad. Sci. USA 88: 4646-
4650; Ruffing et al., 1992, J. Virol, 66:6922-6930; Kimbauer ef al., 1996, Virol. 219:37-44;
Zhao et al,, 2000, Virol. 272:382-393; and Samulski et al., 1.8, Pat. No. 6,204,059.

[80168] Virus capsids according to the invention can be produced using any method
known in the art, e.g., by expression from a baculoviras (Brown et al., {(1994) Virology
198:477-488). As a further alternative, the virus vectors of the invention can be produced in
insect cells using baculovirus vectors to deliver the rep/cap genes and rAAYV template as

described, for example, by Urabe et al., 2002, Human Gene Therapy 13:1935-1943,

{88161} In another aspect, the present invention provides for a method of rAAY
production in insect cells wherein a baculovirus packaging system or vectors may be
coristructed to carry the AAY Rep and Cap coding region by engineering these genes into
the polyhedrin coding region of a baculovirus vector and producing viral recombinants by
transfection into a host cell. Notably when using Baculovirus production for AAV,
preferably the AAV DNA vector product is a self-complementary AAYV like molecule
without using mutation to the AAV TR, This appears to be a by-product of inefficient

AAV rep nicking in insect cells which results in a self-complementary DNA molecule by
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virtue of lack of functional Rep enzyme activity, The host cell is a baculovirus-infected cell
or has introduced therein additional nucleic acid encoding baculovirus helper functions or
includes these baculovirus helper functions therein. These baculovirus viruses can express

the AAV components and subseguently facilitate the production of the capsids.

[88162] During production, the packaging cells generally include one or more viral
vector functions along with helper functions and packaging functions sufficient to resujt in
replication and packaging of the viral vector. These various functions may be supplisd
together or separately to the packaging cell using a genetic constract such as a plasmid or
an amplicon, and they may exist extrachromosomally within the cel} line or integrated into

the cell's chromosomes.

{08163] The cells may be supplied with any one or more of the stated functions already
incorporated, e.g., a cell line with one or more vector functions incorporated
extrachromosomally or integrated into the cell's chromosomal DNA, a cell line with one or
more packaging functions incorporated extrachromosomally or integrated into the cell's
chromosomal DNA, or a cell line with helper functions incorporated extrachromosomally

or integrated iuto the cell's chromosomal DNA

[00164] The rAAV vector may be purified by methods standard in the art such as by
column chromatography or cesium chloride gradients, Methods for purifying rtAAV vectors
arc known in the art and include methods described in Clark et al., 1999, Human Gene
Therapy 10(6):1031-1039; Schenpp and Clark, 2002, Methods Mol. Med. 69:427-443; U.S.
Pat. No. 6,566,118 and WO 98/09657.

[86165]  Treatment methods

{08166] In some embodiments, a nucleic acid as herein described — or a pharmaceutical
composition comprising such a nucleic acid and a pharmaceutically acceptable excipient -
is administered to a subject {e.g., a human) intraccularly, preferably by subretinal,
suprachoroidal, or intravitreal injection. In some preferred embodiments, the nucleic acid
or pharmaceutical composition is administered via intravitreal and/or subretinal injection,
more preferably by a single intravitreal injection, to treat a VEGF-associated ocular

disease. In some embodiments, the VEGF-associated ocular disease is a VEGF-A-
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associated ocular disease. In other embodiments, the nucleic acid or pharmaceutical
composition is administered topically or intracamerally. In some embodiments, the VEGF-
associated ocular disease is selected from wet {neovascular, exudative) age-related macular
degeneration; macular edema following retinal vein occlusion; retinal neovascularization
resulting from retinal vein occlusion; diabetic macular edema, diabetic retinopathy
(including all stages of non-proliferative diabetic retinopathy and proliferative diabetic
retinopathy), myopic macular degeneration, branch retinal vein occlusion, hemi-retinal vein
occhusion, and central retinal vein ocelusion; retinopathy of preraaturity; idiopathic
choroidal neovascularization; myopia macular degeneration and secondary retinal and
choroidal necvascularization; retinal telangiectasia; neovascular glaucoma; vitreous
hemorrhage; retinal and choroidal neovascularization secondary to retinal diseases,
including but not Hmited to uveitis, frauma, retinal degenerative disorders, genetic retinal
and/or choroidal disease, tumors of the eve, corneal and iris neovascularization. In
preferred embodiments, the nucleic acid is delivered to the subject in a vector, preferably a
recombinant AAY (rAAV) vector as herein described, preferably wherein the rAAY vector
comprises a capsid protein of SEQ ID NO:48 or sequence comprising at least 90%6 identity
thereto, or a pharmaceutical compaosition comprising such a vector and g pharmaceutically

accepiable excipient.

{80167} In related aspects, a nucleic acid as herein described for use in the treatment of a
VEGF-associated ocular disease (e.g., a VEGF-A-associated ocular disease) or for the
manufacture of a medicament for the treatment of a VEGF-associated ocular disease is
provided. In other related aspects, an rAAV comprising a nucleic acid as hersin described
for use in the treatment of a VEGF-associated ocular disease or for the manufacture of a
medicament for the treatment of a VEGF-associated ocular disease is provided. In
preferred embodiments, the rAAV comprises a capsid sequence of SEQ ID NO48 or
sequence comprising at least 90% identity thereto, and is Intravitreally administered to a
subject to treat a VEGF-associated ocular disease, preferably by a single intravitreal

injection.

[83168] b certain preferred embodiments, a method is provided for the treatment and/or
prevention of wet (neovascular, exudative) age-related macular degeneration; diabetic
macular edema; macular ederna following retinal vein occlusion; diabetic retinopathy; or

myopic choroidal neovascularization and all other forms of abnormal ocular and retinal
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angiogenesis, including but not limited to idiopathic retinal neovascularization, neovascular
glaucoma, retinopathy of prematurity, radiation retinopathy, central serous retinopathy,
diabetic vitreous hemorrhage, pseudoxanthoma elasticum, Coat's and other forms of
peripberal retinal neovasculation in a subject (2.g., human subject) by administering to the
subject an eftective amount of an rAAV comprising & nucleic acid as herein described or g
pharmaceutical composition comprising such an rAAY and a pharmaceutically acceptable
excipient, Preferably the tAAV comprises a capsid protein of SEQ 1D NO:48 or sequence
comprising at Jeast 90% identity theretn. In particularly preferred embodiments, a method

is provided for the treatment of wet age-related macular degeneration.

(80169}  In some aspecis, the nucleic acid comprises 2 nucleotide sequence encoding
aflihercept and a nucleotide sequence encoding a second anti-angingenic polypeptide. In
related aspects, the second anti-angiogenic polypeptide is selected from endostatin,
tumstating angiostating and pigment epithelium-derived factor (PEDF). In some preferred
embodiments, the second anti-angiogenic polypeptide is PEDF. In particularly preferred
embodiments, provided herein is an rAAY vector comprising a capsid protein of SEQ 1D
M348 and a nucleic acid comprising the following sequence {aflibercept + PEDY dual
construct} or a sequence at least 809, at Jeast §3%, at least 80%, at least 95%; at least 8%

or at feast 9994 1dentical thereto:

TTGGCCACTCCCTCTCTGCGCGOTCGUTCGCTCACTCGAGGUCCGGGCGACTAAAG
GTCGCCCGACGCCCOGHRUTTTGCCCGEGLGGUUTCAGTGAGCGAGLGAGCGCG
CAGAGAGGGAGTOGCCAACTCCATCACTAGGGUGTTCCTATCGATTGAATTCCA
GGCGCGCCATCCTOCAGOTATTGACGTCAATAATGACOTATGTITCOCATAGTAA
CGCCAATAGGGACTTITCCATTGACCGTCAATGGGTGGAGTATTTACGGTAAACT
GCCCACTTGOCCAGTACATCAAGTGTATCATATGCCAAGTACGUCCCCTATIGALC
GTCAATGACGOTAAATGGCCCGCCTGGCATTATGUCCAGTACATGACCTTATG
GUACTTTICCTACTIGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGT
COAGGTCAGCCCCACGTICTGUTTCACTCTCCCCATUTCCCCCCCCTLCCCACC
CCCAATTTTOTATTTATITATTTITITAATTATITIGTCGCAGCGATGGOGGCGGGE
GOOGGGEGLGEGEHCHLGCCAGGUGHGHCGGERLGGLGINAGHGOUGRRET
GGGGCGAGGCGOGAGAGGTGLGGCGGLAGUCAATCAGAGUGGCGLGUTCCGAA
AGTTTCCTTITATGOUGAGGUGCCGGLGECEGLGOLLTTATARAAAAGCGAAGC
GCGCGLCGGGLGOGAGTCGCTCCGCECTGCCTTCGLCCCGTGLCCCGUTCOGO
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COCCGCCTCOOUGLCGCCCGCCCCGGCTUTGAUTCGACCGUGTTACTCCCACAGGT
GAGCOGGCGGCACGGCCCTTICTCOTCCGOGCTOTAATTAGCGCTTGGTTITAATG
ACGGUTTGTTICTITICTOTGOGCTGCGTGAAAGCCTTGAGGGGCTCCGGGAGTG
CCCTTTOTOCGGGOGCAGCGGUTCGHGGUTGTCOGUGGGGGGACGGCTGCCTT
CGGGGGLGACGRGCCAGGECGUGGTTCGGCTTICTGGCGTGTGACCGGCGGCIC
TAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGUTCCTGGG
AACGTGCTGOTTATTGTGCTGTCTCATCATTITOGCAAAGAATTGTACAGGATA
TCTTGCTAGCACGCCACCATGGTTTICTTACTGGGACACCGGLGTGCTGCTGTGT
GCCCTGUTTTCTTGTCTGCTGCTGACCGUGCTUTAGCAGCGGCTCTGATACCGGE
AGACCCTTICGTGCAAATGTACAGCCAGATCCLUGAGATCATCCACATGACCGA
GGGCAGAGAGCTOOTCATCCCTTGCAGAGTGACAAGCCCCAACATCACCGTGA
CTCTGAAGAAGTTCCCTCTGGACACACTGATCCCCGACGGCAAGAGAATCATE
TGOCACAGCCGGAAGGOCTTICATCATCAGCAACGCCACCTACAAAGAGATCGG
CCTGCTGACCTOTGAAGCCACCOTGAATGGCCACCTGTACAAGACCAALTACC
TGACACACAGACAGACCAACACCATCATCGACGTGGTGCTGAGUCUTAGCCAL
GGUATTGAACTGTCTGTGGOCGAGAAGUTGGTGCTGAACTGTACCGCCAGAAC
CGAGCTGAACGTGOGCATCOACTTCAACTGGGAGTACCCCAGCAGCAAGCACC
AGCACAAGAAACTGOTCAACCOGGGACCTCGAAAACCCAGAGLUGGCAGLGAGAT
GAAGAAATTCCTGAGCACCCTGACCATCGACGGCGTGACCAGAAGTGACCAGS
GCCTGTACACATGTGCCOCCAGCTCTGGCCTCATGACCAAGAAAAACAGLACT
TICGTGCGOETOGCACGAGAAGGACAAGACCCACACCTGTCUTCCATGTOCTGC
TCCAGAACTGCTCOGCGCGACCTTCCOTGTTICCTGTTICUTCCAAAGCCTAAGGA
CACCCTGATCGATCAGCAGAACCCCTGAAGTGACCTGCGTGUGTGGTGGATGIGT
CCCACGAGGATCCLCAAGTGAAGTTCAATTGOTACGTGGACGGCGTGGAAGTG
CACAACGCCAAGACCAAGCCTAGAGAGGAACAGTACAATAGCACCTACAGAG
TOOTOTCCGTGOTGACCETGOTGCACCAGGATTGGUTGAACGGCAAAGAGTAC
AAGTGCAAGGTGTCCAACAAGOULUTGUCTGCTCCTATCGAGAAAACCATITC
CAAGGCCAAGGCGCCAGCUTAGGCAACCCCAGGTTTACACACTGCCTCCAAGCA
GOGACGAGCTGACAAAGAACCAGGTGTCCCTGACCTGCCTGGTCAAGGGCTTC
TACCCTTCCGATATCGOCOTGHAATCGOAGAGUAATGGCCAGCCTGAGAACAA
CTACAAGACAACCCCTCCTOTGUTGGACAGCGACGGCTCATTOTTCCTGTACAG
CAAGCTCACAGTGUACAAGAGCAGATGGCAGCAGGGCAACGTGTTCAGCTGET
CCGTGATCGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGAGCCTG
TCTCCTGGCAAACGCGAAGAGAAGAGGCAGUGGUGAAGGCAGAGGATCCCTGC
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TTACATGTGGUGACGTGGAAGAGAACCCCGGACCTATGCAAGCTITGGTGETG
CTGCTGTGTATCGGAGCCCTGUTGGOOCCACAGITCCTOTCAAAATCCTGOCTCT
CCACCTGAGGAAGGCAGCCCCGATCCAGATICTACAGGCGCCCTGGTGGAAGA
AGAGGACCCATTCTTCAAGGTGCCCGTGAACAAACTGGLCGUTGCCGTGTCCA
ACTTCGGCTACGACCTGTACAGAGTOCGGAGCAGCACAAGCCCCACCACCAAT
GTTCTGCTGAGCCCTCTOTCTGTGCCCACCGCTCTTICTGCTCTOTCTCTGGGAG
COOAGCAGAGAACCGAGAGCATCATTCACACGAGUCCTGTACTACGATOTGATC
AGCAGCCCTGACATCCACGGCACCTACAAAGAACTGCTGGACACCGTGACAGC
CCCTCAGAAGAATCTCAAGTCCCGCCAGCCGOATCGTGTTICCGAGAAGAAGCTIC
GUATCAAGAGCAGCTTCOTGGUOCCTOTGGAAAAGAGCTACGGCACCAGACCT
AGAGTGCTGACCGGCAATCCCAGACTGCGACCTGUAAGAGATCAACAACTGGGT
GUAAGCCCAGATGAAGGGCAAGCTOGCCAGAAGCACCAAAGAGATOCOCGAL
GAGATCAGCATCCTGCTGCTOOGCGTCGLLCACTTTAAAGGCCAGTGGGTCAC
CAAGTTCGACTCCAGAAAGACCAGUUTCGAGGACTTCTACCTGGACGAGGAAL
GOACCGTCAGAGTGUCCATGATCGAGCCGATCCTAAGGLCGTGCTGAGATACGGC
CTGGATAGCGACCTGAGCTGCAAGATTIGUTCAGUTGCCTUTGACCGGCTCTATO
AGCATCATATTCTTICTGCCCCTGAAAGTGACCCAGAATCTGACCCTGATCGAG
GAAAGCCTGACCAGCGAGTTICATCCACGACATCGACCGUGAGCTGAAAACCGET
GCAGGCTGTECTGACTOTGIUCAAGCTCAAGCTGAGCTACGAGUGCGAAGTGA
CCAAGAGUCTGCAAGAAATCGAAGCTGCAGAGCCTOGTTCGACAGUCCCGACTTC
AGCAAGATCACCGGCAAGCCCATCAAGUTGACCCAGOTGGAACACAGAGLCG
GUTTCGAGTGGAATGAAGATGGUGCCGGAACCACACCTICTCCAGRACTGCAA
CCTCGCTCACCTOACCTTTCCACTGGACTACCACCTGAACCAGCOTTTCATCTIC
GTGCTGCGGCACACAGATACTGGCGUCCTGCTGTTCATCGGUAAGATCOTGGA
TCCTAGAGGUCCCTGAGUCACGCOTAACACGTGCATGUGAGAGATCTGCGGCC
GCCAGUTCGGGGATCCAGACATCATAAGATACATIGATGAGTITGCACAAACC
ACAACTAGAATGCAGTGAAAAAAATGCTTITATTTGTGAAATTTGTGATGCTATT
GCTTTATTTGTAACCATTATAAGUCTGCAATAAACAAGTTAACAACAACAATTIGC
ATTCATTTTATGTTTCAGGTTCAGOGGGOAGGTGTIGGGACGGTTITTTAAAGCAAG
TAAAACCTCTACAAATOTGOTATGOCTGATTATGATCAATGCATCCTAGCCGGA
GGAACCCCTAGTGATGGAGTTGGCCACTCCOTCTCTGCGCGUTCGCTCGCTCAL
TCAGGCCCGCCCGGGCAAAGCCCGGHGOGTCGOGCOACCTTITGGTCGCCCGHLCT
CAGTCAGCOAGUGAGCCGCGCAGAGAGGGAGTGGCCAA (SEQ ID NO:64),
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and its use in treating wet {(neovascular, exudative) age-related macular degeneration;
diabetic macular edema; macuolar edema following retinal vein ncclusion; diabetic
retinopathy; or myopic choroidal neovascularization, preferably whereln the vector is
intraocularly administered {0 a human subject, preferably wherein intraccular
adiinistration comprises intravitreal infection (e.g., a single intravitreal injection),

subretinal injection or suprachoroidal injection.

{61767 In other aspects, the nucleic actd comprises a nuclectide sequence encoding
aflibercept and a nucleotide sequence encoding a soluble fusion protein comprising one or
more YEGF-binding portions from the exiracellular domain of VEGFR-3. In particularly
preferred embodiments, provided herein is an rAAV vector comprising a capsid protein of
SEQ I MO8 and a nucleie acid comprising the following sequence {(aflibercept + OPT-
302 dual construct) or a sequence at least §80%, at least 85%, at least 90%, at least 95%,; at

ieast 98% or at least 99% identical thereto:

TTGGCCACTCCCTCTCTOUOCOCTCOGUTCGUTCACTGAGGCCGGGUGACCAAAG
GTICGCCCCGACGCCCGORUGUTTTIGCCCGGGCGGCCTCAGTGAGCGAGUGAGUGOG
CAGAGAGGOAGTOGCCAACTCCATCACTAGGGGTTCCTATCGATTGAATTCCA
GOCCGCGLCATCCTGCAGOTATTCGACGTCAATAATCACGTATGTTCCCATAGT AA
COCCAATAGGGACTTTICCATTICGACOTCAATGGGTGGAGTATTTACGGTAAACT
GCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGAL
GTCAATCGACGOTAAATGGCCCGUCTGGUATTATGCCCAGTACATGACCTTATG
GGACTTTCCTACTTOGCAGTACATCTACOTATTAGTCATCGCTATTACCATGET
CCAGGTOGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCLCUTCCCCACC
CCCAATTTTIGTATTITATTTATITTTTAATTATITIOTGCAGCGATGGGGGCGGEE
GGOOGGEEGHGGLACGCOCCAGGUGGGHICGGHIGGGGLGAGGGGLGGHRGL
GGOGCGAGGCGUAGAGGTOCOGCGOCAGCCAATCAGAGUGGUGCGCTINGAA
AGTTTICCTTITATGGUGAGGCGGCGGUGHOCGGUGECCUTATAAAAAGCGAAGC
GCGCGGLGGGCGHLCAGTCGCTGCECGCTGCCTTCGOCCCGTGCCCCGCTCCGC
COCCGUCTCGUGCCGCCCECCLOGGCTCTCGACTGACCGCGTTACTCCCACAGGT
GAGCGGGLGGCACGOCCCTICTCCTCCGGGUTGTAATTAGCGCTTGGTITAATG
ACGGCTTGTTICTTITCTGTGGCTOCGTGAAAGCCTTGAGGGGCTCCGGGAGGG
CCOTTTGTGLOGCGHGCABCGGCTCOGCGLTGTCCGCGGUGGGGACGGCTGCCTT
CGOGHGLGCACGGGOCAGGGLOGGOUTTCGGUTTCTGRCGTETGACCGGCGGUTC
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TAGAGUCTCTGCTAACCATGTICATGCCTTCTTCMTTITCCTACAGCTCCTGGGC
AACCTOCTGOTTATTGTGUTGTCTCATCATTTTGGUAAAGAATTGTACAGGATA
TCTTGCTAGCACGCCACCATOGGTTITCTITACTGGCGACACCGGUGRTGUTGCTGTGT
GCCCTGCTTTCTTGTCTGCTGCTGACCGGCTCTAGCAGCGHUTCTGATACCGGC
AGACCCTTCOTGGAAATCGTACAGCGAGATCCCCCAGATCATCCACATGALCCGA
GOGCAGAGAGCTCGOGTCATCCCTIGCAGAGTGACAAGCCCCAACATCACCGTGA
CTCTGAAGAAGTTICCCTUTGGACACACTOATCCCCGACGGUAAGAGAATCATC
TOGCGACAGCCGGAAGGOUTTCATCATCAGCAACGCCACCTACAAAGAGATCGG
CCTGCTGACCTGTGAAGCCACCOTGAATGGCCACCTGTACAAGACCAACTALT
TCACACACAGACAGACCAACACCATCATCCGACGTOOTCCTGAGCCCTAGUCAL
GGCATTGAACTOTCTGTGGGCGAGAAGCTGGTGCTGAACTGTACCGCCAGAAL
CCAGCTCGAACGTGOGIATCCACTTCAACTGUGAGTACCCCAGCAGCAAGCACC
AGCACAAGAAACTGOTCAACCCGOGACCTGAAAACCCACGAGCGGLCAGCGAGAT
GAAGAASATTCOTCGAGCACCCTCGACCATCGACGGUOTCGACCAGAAGTGACCAGEG
GCCTGTACACATGTCCCGCCAGUTCTGUCCTGATGACCAAGAAAAACAGCACC
TTCGTGCGGHETGCACGAGAAGGACAAGACCCACACCTGTCCTCCATGTCCTGO
TCCAGAACTGCTCOGLGGACCTTCCOTOTTCCTOGTTTCOCTCCAAAGCCTAAGGA
CACCCTGATGATCAGCAGAACCCCTGAAGTGACCTRUGTGETGETGGATGETGYT
CCCACGAGGATCCCGAAGTGAAGTTCAATTGOTACGTORACGGUGTGGRAAGTG
CACAACGCCAAGACCAAGCLCTAGAGAGOAACAGTACAATAGCACCTACAGAG
TGOTGTCCGTGCTGACCGTOCTOCACCAGGATTGGUTGAACGGUAAAGAGTAL
AAGTGUAAGGTGTCCAACAAGOCCOTGUCTGUTCCTATCGAGAAAACCATCIC
CAAGGUCAAGGOUCAGCCTAGGGAACCCCAGOTITACACACTGUCTCCAAGC A
GGUGATGAGCTGACARAAGAACCAGGTGTCCOTCGACCTGLOTGGTCAAGGGCTTC
TACCCTTCCOATATCGCCOGTGGAATGGGAGAGCAATGGUCAGUCTGAGAACAA
CTACAAGACAACCCCTCCTGTGCTCCACAGUCACGOUTCATTCTTICOTGTACAG
CAAGCUTGACAGTGCACAAGAGCAGATGGCAGCAGGOGCAACGTGTTCAGCTGCT
CCGTGATGCACGAGGUCCTGCACAACCACTACACCCAGAAGTCCCTGAGCCTG
TCTCCTGGUAAACGGAAGAGAAGAGGCAGCGGUGAAGGCAGAGGATCCCTGC
TTACATOTGOCOACGTGOAAGAGAACCCCGGACCTATGCAAAGAGGCGCCGCT
CTCTGTCTGAGACTOTGOCTETGTCTGGGCCTGCTGGATGGACTGRTGTCTGGC
TACAGCATCGACCCOCTCCAACACTGAACATCACCGAGGAATCCCACGTGATCGA
CACCOGCOATAGCUTGAGCATCAGCTOCAGAGCACAGCACCCTCTGGAATGGG
CTTCGCCCTGGTGCTCAAGAAGCTCCTGCCACAGCCCACAAGGACAGCGAGGAT

52



WO 2022/232178 PCT/US2022/026395

ACAGGCOTTCTCCGOGATTGOGAGGOCACAGATOCCAGACCTTACTGCAAGGT
GCTGCTGUTGCACGAAGTGCACGCCCAGGATACCGGCAGCTACGTGTOUTACT
ACAAGTACATCAAGGCCUGGATCGAGGGCACCACAGCCGCTAGCTCTTATGTG
TTCGTGCGGOACTTCOAGCAGCCUTTCATCAACAAGUCCGACACACTGCTGET
AACCGGAAGGACGCTATGTGGGTGCCOTGTCTOGOTGTCTATCCCCGGUCTGAAT
GTGRACCCTGAGAAGCCAGAGTTCCGTGCTGTGGCCTGATGGCCAAGAGGTCGT
GTGGGACGATAGAAGGGGUATCGOTGOTOTCCACACCTCTGUTGCATGATGCCC
TGTACCTGCAGTGCCAGACAACCTGOOGGCCACCAGGACTTCCTGAGUAACCCTY
TTCCTGGTGCACATCACCGGUAACGAGCTGTACGACATCCAGUTGITGCCTCGC
AAGAGCCTGGAACTGOTCGTGGGAGAGAAGUTGOTGUTCGAACTGTACCGTETG
GGCCCGAGTTCAATAGCGGCGTGACCTTCGACTGGCACTACCCTGGAAAGCAGS
CCOAGCGTGOAAAATGGOTGUCCGAGAGAAGAAGCCAGCAGACCCACACAGA
GCTGAGCAGCATCCTGACCATCLCACAACGTGTCCCAGCACGATCTGGOCTCTTA
CGTGTGCAAGGCCAACAACGGCATCCAGLOGOTTICCGGGAAAGCACCGAAGTG
ATCGTGCATOAGGAACCCAAGAGCTGOCCACAAGACACACACCTGTICCTUCATG
TCCTGCTCCAGAGUTTCTCGOCGCACCTTCCOTGTTCOTGTTTCCTCCAAAGCCT
AAGGACACCCTGATGATCAGCAGAACCCCTGAAGTGACCTGCGTGUTGGTGGA
TCTGTCCCACGAGGATCCCGAAGTCGAAGTTCAATTGGTACGTGGALCGGCGTGG
AAGTGCACAATGCCAAGACCAAGUCTAGAGAGCAACAGTACAACAGCACCTA
CAGAGTGGTGTCCOTOCTGACCOTOUTGCATCAGGATTGOCTGAACGGUAAAG
AGTACAAGTGCAAGGTOTCCAACAAGGUCCTGCCTGCTCCTATCGAGAAAACC
ATCTCCAAGOUCAAGOGCCAGCCTCOGHAACCTCAAGTOTATACCCTGCCTCL
TAGCCGCGACGAACTCACCAAGAATCAAGTOTUTCTCACATOTCTCGTGAAGG
GGTTTTACCCCAGCGACATTGCCOGTCGAGTGUGAGTCCAATGGACAACCCGAG
AACAATTATAAGACCACGCCACCAGTCCTGGACTCCGACGGUTCATITITICTC
TACTCCAAACTCACCGTGOATAAGTCCCGOTGOCAGCAAGGGAATOTETTTTC
CTGTAGCGTGATGCATGAAGUTCTCCACAATCATTACACCCAAAAATCTCTGTC
TCTGAGCCCCGGCAAATGAGCCACGUGTAACACGTGCATGUGAGAGATCTGCG
GCCGCGAGCTCCGGOATCCAGACATCGATAAGATACATTOATGAGTTTIGGACAA
ACCACAACTAGAATGCAGTCAAAAAAATCGOTTTATTTGTGAAATTTGTGATOCT
ATTGCTTTATITGYAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAAT
TGCATTCATTITATGTITCAGGTTCAGGGGGAGGTGTGGGAGGTITITTAAAGC
AAGTAAAACCTCTACAAATGTGOTATOGCTCATTATGATCAATGCATCCTAGCC
GGAGGAACCCCTAGTGATGOAGTTIGOCCACTCCCTCTCTGCGCGCTCGCTLGLT
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CACTGAGGUCGCCCGOUGCAAAGCCCGGGUGTCGGECOGACCTTTGOTCGCCCGG
CCTCAGTGAGUGAGUGAGCGUGCAGAGAGGGAGTGGLCAA (SEG ID NOWES)

and its use in treating wet (neovascular, exudative} age-related macular degeneration;
diabetic macular edema; macnlar edema following retinal vein oceclusion; diabetic
retinopathy; or myopic choroidal neovascularization, preferably wherein the vector is
intrzocularly administered to a human subject, preferably wherein intraccular
administration comprises intravitreal injection {e.g., a single intravitreal injection],

subretingl injection or suprachoroidal injection,

{66171}  In other aspects, the nucleic acid comprises a nucleotide sequence encoding
aflibercept and a nucleotide sequence encoding an antibody or antigen-binding fragment
thersof that binds 1o and inhibits the activity of a pro-angiogenic protein. In preferred
embodiments, the antibedy or antigen-binding fragment thereof binds to human sng-f or
human ang-2. In particularly preferred embodiments, provided herein is an rAAV vector
comprising a capsid protetn of SEQ 1D NO48 and a nucleic acid comprising the following
sequence {aflibercept + anti-Ang-2 HL construct) or a sequence at least 80%%, at least §59%,

at least 90%, at least 95%; at least 98% or at least 99% identical thersto:

TTGGCCACTCCCTCTCTGCGCGUTCGCTCGCTCACTGAGGCCGOGUGACCAAAG
GTCGCCCGACGCCCOOGLTTIGCCCGGLLGGUCTCAGTGAGCGAGUGAGCGUG
CAGAGAGGGAGTCGOCCAACTCCATCACTAGGGGTICCTATCGATTGAATTCCA
GUCGCGLCATCCTGCAGGTATTGACGTCAATAATGACGTATGTTCCCATAGTAA
COUCAATAGGOACTITCCATTCACGTCAATGGOTGGAGTATTTACGGTAAALT
GUCCACTTIGGCAGTACATCAAGTOTATCATATGCCAAGTACGCCCCCTATIGAL
GTCAATGACGOTAAATGGCCCGCCTOGCATTATOUCCAGTACATGACCTTATG
COACTTTCCTACTTGGUAGTACATCTACGTATTAGTCATCGCTATTACCATGGT
COAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCLCCTCCCCALCC
CCCAATTTIGTATTTATTITATTTITTTAATTATTTTGTGCAGUGATGGGGGLGGGE
GGOGGHGEGGHECEIGLGCCAGGCGGGECGEGGLGGGGCGAGGGGCGGGET
GGGOCGAGGCGGAGAGOTGUGGCGCCAGCCAATCAGAGCGGUGUGUTCCGAA
AGTTTCCTTTTATGGCGAGGCGGUGGCGGUGGCGGUCITATAAAAAGCGAAGC
GCGCGGCGGGUOGOAGTCGCTGCOCGCTGUCTTCGCCCCGTGCLCCGCTCCGL
CGCCGCCTCGCGUCGLOCGCLCCGEUTCTCACTGACCGCGTTACTCCCACAGGT
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GAGCCGGGCGOLGACGGLCCTTCTCCTCCOGGUTGTAATTAGCGCTIGGTTTAATG
ACGGUTTGTTTCTTTTCTGTOGCTGOGTGA AAGCCTTGAGGGGCTCCGGGAGGH
CCCTTTGTGCOGGOEGAGCGGUTCCOGOITATCCHUGGGHOGACGGUTGCCTT
CEHGOGGGHACGEHGCAGGGOGRULTTCGGCTTCTOGCGTGTCGACCGGOGGCTC
TAGAGCCTCTGCTAACCATGTICATGCCTICTTCTTITICCTACAGCTCCTGGGL
AACGTCCTOOTTATTGTCCTOTCTCATCATTTTGOCAAAGAATTOTACAGGATA
TCTTGCTAGCACGCCACCATGOTTICTTACTGGGACACCGGCGTGCTGUTGTGT
GCCCTOCTTTICTTGTCTGOTGCTCACCGGUTCTAGCAGCGGCTCTGATACCGGE
AGACCCTTOOTGGAAATOTACAGCCGAGATCCCCGAGATCATCCACATGACCGA
GGGCAGAGAGCTGCGTCATCCCTTGCAGAGTCGACAAGCCCCAACATCACCGTRA
CTCTGAAGAAGTTCCCTCTGGACACACTGATCCCCGALGGCAAGAGAATCATC
TGGOACAGCCGGAAGGGCTTCATCATCAGCAACGCCACCTACAAAGAGATCGG
CCTGCTCACCTGTGAAGCCACCGTRAATGGUCACCTGTACAAGACCAACTACC
TGACACACAGACAGACCAACACCATCATUGACGTGGTGCTGAGCCCTAGCCAC
GOCATTGAACTOTCTGTGUGOCGAGAAGCTOGTGCTGAACTGTACCGUCAGAALC
COAGCTGAACGTGOGCATCGACTTCAACTOGGGAGTACCCCAGCAGUAAGCACC
AGUACAAGAAACTGGTCAACCGOOACCTGAAAACCCAGAGCGGCAGCGAGAT
GAAGAAATTCCTGAGCACCCTCGACCATCCACGOCGTGACCAGAAGTGACCAGES
GCCTOGTACACATOTGCCGCCAGUTCTGGCCTGATGACCAAGAAAAACAGUALCT
TTCGTGCGOGTCGCACGAGAAGCGACAAGACCCACACCTGTCCTCCATGTCCTGC
TCCAGAACTGCTCGGUGGACCTTCCOCTGTTCCTOTTICCTCCAAAGCCTAAGGA
CACCCTGATCATCAGCAGAACCCCTOAAGTCGACCTGUGTOGTOOTGGATOTGT
CCCACGAGGATCCCGAAGTGAAGTTCAATTIGGTACGTGGACGGCGTGGAAGTS
CACAACGCCAAGACCAAGCCTAGAGAGGAACACGTACAATAGCACCTACAGAG
TGOTGTCCOTCCTGACCGTGCTGCACCAGUATTIGOUTGAACGGUAAAGAGTAL
AAGTGCAAGGTOTCCAACAAGGCCOTGUCTGCTCCTATCGAGAAAACCATCTC
CAAGGCCAAGGOCCAGUCTAGOUAACCCCAGOTTITACACAUTGCCTCCAAGCA
GGGACGAGCTGACAAAGAACCAGGTGTICCCTGACCTGCCTGOTCAAGGGCTTC
TACCCTTCCCATATCGCCOTGGAATGGOGAGAGCAATGGCCAGCCTGAGAACAA
CTACAAGACAACCCCTCOTOTGUTGGACAGCGACGGCTCATICTICCTGTACAG
CAAGUTGACAGTGOACAAGAGCAGATGGCAGCAGGGCAACGTOTTCAGCTOGCT
CCGTCATCCACGAGGCCOTGCACAACCACTACACCCAGAAGTCCCTGAGCCTG
TCTCCTGGCAAACGGAAGAGAAGAGGCAGCGGCGAAGGCAGAGGATCLCTGC
TTACATGTGGCGACGTGOAAGAGAACCCCGRACCTATGGATTGGACCTGGTCC
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ATCCTGTTTCTGGTGGCCGCTGCCACAGGCACATACTCTCAGGTTCAGCTGGTG
CAGTCTGGCGCCCAAGTGAAAAAACCTGGUGLCTCCGTCGAAGGTGTCCTGCAA
GGCTAGCGGUTACACCTTTACCGGCTACTACATGCACTGGGTCCGACAGGCTCC
AGGACAGGCGACTTGAATGGATGOOCTGGATCAACCCCAATAGCGGCGGUACC
AATTACGCCCAGAAATTCCAGGGUAGAGTCACCATGACCAGAGACACCAGCAT
CAGCACCGCCTACATOOAACTGAGCOOGCTGAGATCCGATGACACCGCCGTGY
ACTACTGCGCCAGATCTCCCAATCCTTACTACTACGACAGCAGUGGGTACTACT
ACCCAGGCGCCTTTGATATCTGGOGOUCAGGGUACAATGGTCACCGTGTCATCT
GCATCTGTGGCCGCTCCTAGCGTGTTCATCTICCCACCTICCGACGAACAGCTG
AAGTCTGGCACAGCCAGUGTCGTGTOCCTGUTGAACAAUTTCTACCCCAGAGA
AGCCAAGGTOCAGTGGAAGOTOCACAACGUTCTGCAGTCCGGUAACAGLCAA
GAGAGCGTGACAGAGCAGGACAGCAAGUACTCCACCTACAGCCTGAGCAGUA
CCCTQACACTGAGCAAGGUCGACTACGAGAAGCACAAAGTGTACGCCTOLGAA
GTGACCCACCAGGGCOTTICTAGCCCTOTOACCAAGAGCTTCAACCGGGGCGA
GTGCGATAAGACACACACAGOGUGGAAGCAGCOGCAGUGGATCTGGATUTACC
GOGCACATCTAGUTCTGGCACCGGAACATCTGCCGGLACAACTOGCACAAGLGC
CTCTACATCTGGAAGCGOTTCTGGCGUAGGCGUAGGATCTGGTGGTGGTGGAT
CTGCTGGCGUGAACAGUTACAGCTOGGCGCTICTAGCGGCAGCAGCTATGTGCTG
ACACAGCCTCCATCCGTOTCTCGTOGLACCTGGACAGACCGCCAGAATTACCTGT
GGCOGGCAACAACATOGOCAGUAAGAGUGTGCACTGUTATCAGCAGAAGCCTG
CGACAGOCACCAGTCGUTCGGTGOTUTACGACGACAGCGATAGACCTAGUGGCATC
CCCCACAGATTCAGUOGCTCTAACAGCGGUAATACCGUCACACTGACCATCAG
CAGAGTGCAAGCTGCCCGACGAGGCCGATTACTACTGCCAAGTGTGGGACAGCA
GCAGCGACCACTOGGTTTICCGUGCAGGUACCAAACTGACAGTGCTGTCTAGC
GCCAGCACAAAGOGCCCATCTOTOTTCCCTCTOGCTCCCAGCAGCAAGTCTAL
AAGCGGAGGAACAGCCGOCTCTGOGCTOCCTCGTGAAGGATTACTTTCCCGAGC
CTGTGACCCGTGTCCTGOAATAGCGCAGCACTCGACAAGCGOCGTGCACACCTTT
CCAGUTGTGCTGCAAAGCTCCGGCCTOTACTCTCTGAGCAGCGTGGTCACAGTG
CCTAGCTCTAGCCTGGGCACCCAGACCTACATCTGUAATGETGAACCACAAGLC
TAGCAACACCAAGGTCCACAAGAAGGTOUAACCCAAGAGCTGUTGAGCCACG
COTAACACGTGCATGCGACGAGATCTGCGGCCGUGAGCTCGGOGATCCAGALCAT
CATAAGATACATTOATCGAGTITCGCGACAAACCACAACTAGAATGCAGTGAAAAA
AATGCTITATTTGTGAAATTTGTCGATCGCTATTIGCTTTATTTGTAACCATTATAAG
CTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTITCAGGTICA
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GGOGCAGGTOTGOCAGOGTTTTTITAAAGCAAGTAAAACCTCTACAAATGTGOTA
TGGCTGATTATGATCAATGCATCCTAGUCOGGAGUGAACCCCTAGTCGATGGAGTT
GGCCACTCCCTCTCTGCGUGUTCGUTCGCTCACTGRAGGLUGUCCGGLGCAAAGLT
CGOGCETCOGGGLGACCTTTOGTCGCCCGGLCTCAGTCGAGCGAGCGAGLGCHCA
GAGAGGGAGTGGCCAA (SEQ ID NOw6s)

and an rAAYV vector comprising a capsid profein of SEQ ID NO4R and a nucleic acid
comprising the following sequence (aflibercept + anti-Ang-2 LH construct) or a sequence
at least 80%, at least 85%, al feast 80%, at least 95%; at least 98%% or at least 99% identical

thereto:

TTGGCCACTCCCTCTCTCCGCOUTCGCTCGCTCACTGAGGCCGGGUGACCAAAG
GTCGCCCGACGLCCGOGCTTTCGCCCGHGLGGCCTCAGTOAGCGAGCCGAGLGLD
CAGAGAGGGAGTGRCCAACTCCATCACTAGOGGGTTCCTATCGATTGAATTICCA
GOCGCGUCATCCTGCAGGTATTIGACGTCAATAATGACGTATGTTCCCATAGTAA
COCCAATAGGGACTTITCCATTGACGTCAATGGGTGGAGTATTITACGGTAAACT
GCCCACTTGGCAGTACATCAAGTGTATCATATGUCAAGTACGCCCOCCTATIGAC
GTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATG
GGACTTTCCTACTTGOUAGTACATCTACGTATTAGTCATCGCTATTACCATGET
CGAGGTCGAGCCCCACGTTCTGOTTCACTCTCCCCATCTCCCCCCCCTCCCCALCC
CCCAATYTTTCTATTTATTTATTTTITTAATTATTITGTGCAGCGATCGGGGGCRGGGE

S5 S g <,

GUOGLGGOGGGOUGLETGLEAGLTGRGGUGGGELEGROIGAGGHHCHHOGL
GGGGUGAGGCGUAGAGGTGCGGUGGCAGCCAATCAGAGCGGUGUGUTCCGAA
AGTTTCCTTITATOGCGAGGCGGUGGCGGUGGCGGCCCTATAAAAAGCGAAGT
GCGCGGCOGGLGGGAGTCGCTGCGCGCTOCCTTOGCCCOGTGCCCCOCTCCGE
CGCCGCCTIGOGCOGCCCGCCCCOGITCTHACTGACCGCOTTACTCCCACAGGT
GAGOGGGCGOOACGGOCOTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTAATG
ACGGUTTOTTTOTTTICTOTGOOTOUGTEAAAGCCTTGAGGGGCTCCGGGAGGG
CCCTTTCTGCGOGOGGAGCGGCTCGGGGUTETCCGCGGGGGGACGGCTGCCTT
CGGOGGOGACGOOGCAGOGCGGOGTTCGGUTTCTGGUG TG TGACCGGCGGCTC
TAGAGCCTCTGCTAACCATGTTCATGCCTICTTCTTITICCTACAGCTCCTGGGC
AACGTGCTGOTTATTGTGUTGTCTCATCATTTTGGCAAAGAATTGTACAGGATA
TCTTOUTAGCACGCCACCATGGTTTCTTACTGGGACACCGGLGTGCTGCTGTGT
GCCCTGCTTTCTTGTCTGCTGCTGACCGGCTCTAGCAGCGGUTCTCATACCGGC
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AGACCCTTCGTGGAAATGTACAGCGAGATCCCLGAGATCATCCACATCACCGA
GOUCAGACGAGUTGGTCATCCCTTGCAGAGTCACAAGCCCCAACATCACCOTGA
CTCTGAAGAAGTTCCCTCTGGACACACTGATCCCCGACGGCAAGAGAATCATC
TGGGACAGCUGGAAGGGCTTCATCATCAGCAACGCCACCTACAAAGAGATCGG
COTGUTGACCTCTGAAGCCACCGTGAATGGCCACCTGTACAAGACCAACTACC
TGACACACAGACAGACCAACACCATCATCCGACGTGOGTGCTGAGCCCTAGUCAL
GGCATTGAACTCGTCTOTGGGCGAGAAGCTGOTGUTCAACTGTACCGUCAGAAC
CGAGCTCGAACGTGGGUATCCGACTTCAACTGGUAGTACCCCAGCAGCAAGCACT
AGCACAAGAAACTGGTCAACCGGGACCTGAAAACCCAGAGCGGUAGCGAGAT
GAAGAAATTCCTCGAGCACCCTCGACCATCOACGGUGTGACCAGAAGTGACCAGG
GUOTGTACACATETGCCGCCAGCTOTGGUUTGATCGACCAAGAAAAACAGCACC
TTCGTGCGGETGCACGAGAAGGACAAGACCCACACCTGTCCTCCATGTICCTGO
TCCAGAACTGCTCOOGCGGACTTTCCOTGTTCCTGTTTCCTCCAAAGUUTAAGCA
CACCCTGATCGATCAGCAGAACCCCTGAAGTGACCTGCGTOGGTGGTGGATGTGT
CCCACGAGGATCCCGAAGTGAAGTTCAATTGOTACGTGGACGGUGTGRAAGTG
CACAACGCCAAGACCAAGCCTAGAGAGUGAACAGTACAATAGCACCTACAGAG
TOGTOTCCOGTGOTCGACCOTGUTGUCACCAGGATYGGCTGAACGGUAAAGAGTAC
AAGTGCAAGGTGTCCAACAAGGUCUTGCCTGCTCCTATCGAGAAAACCATCTC
CAAGGUCAAGGEICAGCCTAGGGAACCCCAGGTITTACACACTGUUTCCAAGCA
GOCGACGAGCTCACAAACAACCAGGTOTCCOTCACCTGCCTGGTCAAGHGLTITC
TACCCTTCCOATATCGUCCGTGGAATGGGAGAGCAATGGLCAGCCTGAGAACAA
CTACAAGACAACCCCTCCTOTGCTOGACAGCGACGGUTCATTCTTCCTGTACAG
CAAGUTGACAGTOCACAAGAGCAGATGGCAGCAGGGUAACCGTETTCAGCTGCT
CCOTGATGCACGAGGCCCTOGUACAACCACTACACCCAGAAGTCCCTCGAGCOTG
TCTCCTGGCAAACGGAAGAGAAGAGGCAGCGGUGAAGGCAGAGGATCCCTGC
TYACATGTGGCCACGTCGAAGAGAACCCCGUGACCTATGUTTUTGCAGACCCAG
GTGTTCATCAGCOTGUTGCTGTOGATCTCTGGCGUCTACGGCAGCTATGTGETG
ACACAGCCTCCATCCGTOGTCTGTGOUTCCAGGACAGACCGUCAGAATTACCTG
COGCGGLAACAACATCGGLAGCAAGAGCGTGCACTGGTATCAGCAGAAGCCT
SOACAGOCTCCAGTOCTGOTGOTOTACGACGACAGCOATAGACCTAGCGOCAT
CCCCGAGAGATTCAGCGGCAGCAATTCCGGCAATACCGUCACACTGACCATCA
GCAGAGTGGAAGCTGGCOGACGAGGCCGACTACTACTGCCAAGTGTGGGATAGC
AGUAGCGACCACTGGGTTTTCGGUGGAGGUACCAAALUTGACAGTGUTGAGCAG
CGCCTCTACAAAGOOUCCTAGTETGTTCCCTCTGOCTCCCAGCAGCAAGTCTAC
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ATCTGGCGOGAACAGCCGUTCTGOGCTGCCTCGTCGAAGCGATTACTTTCCCGAGCC
TGTCGACCOTOTCCTGOGAATAGCGGAGCACTGACAAGCGGUGTGCACACCTTIC
CAGCTGTGCTGCAAAGCAGCGRCCTGTACTCTCTGTCCAGUG TGO TCACAGYGC
CAAQUICTAGCCTGGGUACCCAGACCTACATCTOUAATOTGAACCACAAGCCT
AGCAACACCAAGGTCGACAAGAAGGTGGAACCCAAGAGCTGTGGCGGLAGCT
CTGGTTCTGRATCTGGCAGCACAGGCACATCTAGCTCTGGCACCCGGAACAAGC
GQUTGOCACAACTCGGCACATCTCCCAGCACAAGUGGATCTOGAAGTGGCGGAGEG
COGAGUATCTGOTGOCOGATGCATCTGCAGGCGGAACTGCTACAGCTGGCGCTY
CTAGTGCAAGCCAGGTGCAGCTGOTTICAGTCTGGCGCCGAAGTGAAAAAGCCT
GOGCGCCTCTOTGAAGOTOGTCCTGCAAGGCCAGCGUGCTACACCTTTACCGGCTA
CTACATGCACTGOGGTCCGACAGGCACCAGGACAGGGACTTGAATGGATGGGCT
GOATCAACCCCAATAGCGGUGGUACCAATTACGUCCAGAAATTCCAGGGCAGA
GTGACCATGACCACGAGACACCAGUATCAGCACCOGCCTACATGGAACTGAGCCG
GUTGAGATCCGATGACACCGUCOTOTACTACTGCGLCAGATCTCCCAATCUTTA
CTACTACGACAGCAGCGOGTACTACTACCCAGCCGCCTTIGATATCTGGGGCC
AGGGCACCATOOTCACCOTOTCATCTGCATCTGTGGCCGLCTCCTAGCGTGTICA
TCTTICCCACCTTCCCGACGAACAGCTGAAGTCCGGCACAGCCTCTRTCGYGTRCC
TGCTGAACAACTICTACCCCAGAGAAGCCAAAGTGUAGTGGAAGGTGGACAAL
GCCCTGCAGAGUGGCAATAGUCAAGAGAGUGTCGACCGAGCAGGACAGTAAGG
ACTCTACCTACAGCCTCAGCAGCACCUTGACACTGAGCAAGGUCGATTACGAG
AAGCACAAGGTGTACGCCTGCGAAGTGACACACCAGGGCCTGTUTAGCCCTST
GACCAAGAGCTTCAATCOGGGECCAGTOUCACAAGACCCACACCTAAGCCACGE
GTAACACOTOCATGCGAGAGATCTOUGGCCGCGAGCTCOGGGGATCCAGACATG
ATAAGATACATTGATGAGTTTGOGACAAACCACAACTAGAATGCAGTGAAAAAA
ATGCTITATTITGTCGAAATTITGTGATGCTATTGOTTTATTTGTAACCATTATAAGC
TGCAATAAACAAGTTAACAACAACAATIGCATTCATTTITATGTTTICAGGTTCAG
GGGGAGGTOTGGGAGGTTITTTAAAGCAAGTAAAACCTCTACAAATGTGGTAT
GOCTGATTATGATCAATGCATCCTAGCCGUGAGGAACCCCTAGTGATGGAGITG
GCCACTCCCTCTCTGCGUGCTCOUTCGUTCACTOAGGUCGUCUGGGUAAAGLCO
GGOCOTCOGOGCCACCTTTGOTCGUCCOGCCTCAGTGAGCGAGCGAGCGCGCAG
AGAGGGAGTGGCCAA (SEQ IDNGWT)

and their use in treating wet {(neovascular, exudative} age-related macular degeneration;

disbetic macular edema; macular edema following retinal vein occlusion; diabetic
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refinopathy; or myopic choroidal neovascularization, preferably wherein the vecior is
intraocularly administered to a human subject, preferably wherein intraccular
adminisiration comprises intravitreal injection {e.g., a single jutravitreal injection},

subretinal injection or suprachoroidal injection.

{68172} In soime aspects, the nucleic acid comprises a nuciestide sequence encoding
aflibercept and a nucleotide sequence encoding an interfering RNA that reduces expression
of a pro-angiogenic protein. In preferred embodiments, the nuclectide sequence encoding
an interfering RNA encodes a natural or artificial miRMA comprising a sense strand and

antisense strand that reduces expression of a pro-angiogenic protein.

[88173]  Inrelated aspects, the interfering RNA reduces expression of human ang-1
and/or buman ang-2. In particularly preferred erobodiments, an rAAY vector is provided
comprising a capsid protein of BEQ ID NCk4€ and a nucleic acid comprising the fllowing
sequence {afiibercept + human Ang-2 interfering RNA (SEQ 1D NO:13) construct) or a
sequence at least 80%, at least 90%, at least 85%, at least 98% or at least 9994 identical

thereto:

TTGGCCACTCCCTCTCTGCGCGUTCGUTCGCTCACTGAGGCCGGGUGACCAAAG
GTCGCCCCACGLCCGUOGCTTTCCCCCGOCGECCTCAGTGAGCGAGCGAGLGLG
CAGAGAGOGAGTGGUCAACTCCATCACTAGGGGTTCCTATCGATTGAATTCCC
COOGGATCCACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGC
CCATATATGGAGTICCGCGTTACATAACTTACGOTAAATGGCCCGLCTGGLTGA
CCOCCCAACCGACCCCCOCCCATTCACGTCAATAATOACGTATGTTCCCATAGTA
ACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAAC
TGCCCACTTGOCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATIGA
COTCAATGACGOTAAATCGOCCCCCCTOOCATTATGCCCAGTACATGACCTTATG
GGACTTTCCTACTTIGGCAGTACATCTACOTATTAGTCATCGCTATTACCATGGT
COAGGTGAGCCCCACGTTICTGCTTCACTUTCCCCATCTCC OO CCUTCCCCALT
CCCAATTTTGTATTTATITATTTTTTAATTATTITGTOGCAGCGATOGGGGCGOGE
GGGOGGGOGHGLGECHCGLGLCAGGCGGHGLGGGLLGGHGLGAGGGGLGGGGL
GGOGGCGAGGCGGAGAGGTGCOGCGGCAGCCAATCAGAGCGGUGUGCTCCGAA
AGTTTCCTTTTATGGCGAGGCGECGGCGHUGECEGCCCTATAAAAAGCGAAGT
GUGUGGCGHGCEEGHAGTCECTGCCACGUTGCCTICGLCCCGTGUCCCGLTCC

o0
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GCCGLOGCCTCGCGUCGCCCGLCCCOGCTCTGACTGACCGCGTTACTCUCACAG
GTGAGCOGGGCGGGACGGCCCTTCTCCTCCGRGCTGTAATTAGUGUTTGGTTTAA
TCACGGCTTGTTTCTTITCTGTGGCTGCOTOAAAGCCTTCAGGOGCTCCGGGAG
CGOCCCTTITOTGOGGGOOCAGCGOGCTOGGGOGGETGCGTGCG TG TG TG TGTGCGT
GGGGAGCGCCGCETGCGECTCCGCGCTGCCCGGUGRUTGTGAGCHCTGCGGGC
GCGGLGCOGGHITTTGTGCGUTCCGLCAGTOTOCGCCGAGRGGAGCGCGGLOGHE
GGCGGTOCCCCGCOGOTOOGGGOGGGGCTGUGAGGGGAACAAAGGCTGCGETGC
GGGGTGETGTGCGTGGGGGGETGAGCAGGGGETGTGGGUGUGTCOGTURGGCT
GCAACCCCCCOTGCACCCCCCTOCCUGAGTTGCTGAGCACGGCCCGGUTTCGGG
TGCGGGGCTCCOTACGOGGGCGTGGCGCGEGHGUTCGCCETCCCEGHUGGGHOGT
GOCGGLAGGTGOGOETGCLGGGLGEGHUGGHLICHCITCGHGCCGGGGAGGG
CTCGGGGGAGGGUIGLGGCEGICCCCGGAGCGCCGGUGLGACTTCTTAACCCA
ACAGAAGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGGUTTACTCATTG
TATGAACATITAGTCGAAGCCACAGATGTAAATCGTTCATACAATCGAGTAAGCTG
CCTACTGCCTCGOACTTCAAGGOGCTAGAATTCGCGGCTGTCGAGGCGCGGLG
AGCCGLCAGCCATTGCCTTTTATGGTAATCGTGCGAGAGGGCGCAGGGACTTCC
TTTGTCCCAAATCTOTCGUGCAGCCGAAATCTGGGAGGCGCCGLCGCACCCOCT
CTAGCGGOCCGCGGOCCGAAGCEUGTGLGOCCGCCGGCAGGAAGGAAATGGGLGG
GOAGGGUCTTCCTOCOTCGCCGCGCCGLCGTCCCCTTCTICCOTCTCCAGCCTCG
GGGCTETCCGCOGOGOCACGGCTOCCTTCGGGGGGHRACGGGHUAGGRCGGGG
TTCGGCTTCTGGLUGTGTCGACCGGUGCGLTCTAGAGCCTCTGUTAACCATGTTCAT
GCCTTCTICTTTTICCTACAGTCTAGAGTCGACCTGCAGGTGGATATCTTGGLTA
GCACGCCACCATGOTTICTTACTGGGACACCGGLGTGCTGCTGTGIGUCCTGCT
TICTYGTCTGCTGCTGACCGGUTCTAGCAGCGGUTCTGATACCGGCAGACCCTT
COTGGAAATGTACAGCCAGATCCCCGAGATCATCCACATGACCGAGGGCAGAG
AGCTCGTCATCLOTTGCAGAGTOGACAAGCCCCAACATCACCGTGAUTCTGAAG
AAGTTCCCTCTGGACACACTGATCCCCGACGGUAAGAGAATCATUTGGGACAG
CCOGAAGGOUTTCATCATCAGCAACGUCACCTACAAAGAGATCGGCCTGLTGA
CCTOTOAAGCCACCOTCGAATOGGCCACCTGTACAAGACCAACTACCTGACACAL
AGACAGACCAACACCATCATCOACGTGGTGCTGAGCCUTAGCCACGGUATTGA
ACTGTCTCTGGGUGACGAAGUTGUOTGUTCAACTOTACCOUCAGAACCGAGCTGA
ACGTGGCCATCCACTTCAACTOGCAGTACCCCAGCAGCAAGCACCAGCACAAG
AAACTOGTCAACCGOGACCTCAAAACCCAGAGCGGCAGCGAGATGAAGAAAT
TCCTGAGCACCCTGACCATCGACGGUOTGACCAGAAGTGACCAGGGCUTGTAC
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ACATGTGCCGCCAGCTCTGUUCTCATOGACCAAGAAAAACAGCACCTICGTGCG
GGTGCACGAGAAGGACAAGACCCACACCTGTCCTCCATGTCCTGCTCCAGAAL
TCCTCOGCGCACCTTCCGTGTTCCTGTTTCCTCCAAAGUUTAAGGACACCCTGA
TGATCAGUAGAACCCCTCGAAGTOACCTGCGTGOTGGTGGATOTGETCCCACGAG
GATCCCOAAGTGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGUACAACGC
CAAGACCAAGCCTAGAGAGGAACAGTACAATAGCACCTACAGAGTGGTGTCC
GTGCTGACCGTGCTGCACCAGOGATTIGOUTGAACGGUAAAGAGTACAAGTGUAA
GGTOGTCCAACAAGGCCCTGCCTGCTCCTATCGAGAAAACCATCTCCAAGGUTA
AGGGCCAGCLTAGGUGAACCCCAGGTTTACACACTOLCTCCAAGCAGGGACGAG
CTGACAAAGAACCAGCTGTCCCTGACCTOGCCTGGYCAAGGGCTTCTACCOYTCC
GATATCGCCGTGOAATGGCAGAGCAATGGCCAGCCTCAGAATAACTACAAGA
CAACCCCTCCTGTCCTCCGACAGCOACGOUTCATTCTTCCTGTACAGCAAGCTGA
CAGTGGACAAGAGCAGATGGCAGCAGGGCAACGTGTTCAGUTGCTICCGTGATG
CACCGAGOCCCTGCACAACCACTACACCCAGAAGTCCCTGAGUCTGTOTCCTGG
CAAATGAGCCACGUGTAACACOTGOGUOATCCAGACATGATAAGATACATIGA
TGAGTTTGCGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTG
AAATTTGTCGATGCTATTGCTITATITGTAACCATTATAAGUTGCAATAAACAAG
TTAACAACAACAATTGCATTCATTTTATGTITCAGGTTCAGGGUGAGGTGTGGG
AGGTITTITAAAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGATTATGATC
AATGCATGGUCGGCCGGAGGAACCCCTAGTGATGGAGTTGGLCACTCCCTOTC
TOCGCOCTCGCTCGUTCACTCAGGUCGUCCGGGCAAAGCCCGGGLGTCGRGCG
ACCTTTGOTCOCCCOGCCTCAGTCAGCGAGCCGAGCGCGCAGAGAGGGAGTGGT
CAA (SEQ 1B NG:6E)

and ifs use in freating wet (neovascular, exudative) age-related macular degeneration;
disbstic macular edema; macalar edema following retinal vein occlusion; diabetic
retinopathy; or myopic choroidal neovascularization, preferably wherein the vector is
intraccularly administered 0 a human subject, preferably whersin intraocular
administration comprises intravitreal injection {e.g., a single infravitreal injection),

subretinal injection or suprachoroidal injection.

[80174] In related aspects, the inferfering RNA reduces expression of human VEGEF-C.
In particularly preferred embodiments, an tAAY vector is provided comprising a capsid

protein of SEGQ 1D NO:48 and a nucleie acid comprising the following sequence
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{afiibercept + human VEGF-C interfering RNA (SEQ H> N(s:19/20) construat) or 2

sequence at least 805, at least 809%, at least 85%, at least 8% or at least 99% identical

thereto:
TTGGCCACTCCOTCTOTGUGUGUTCGUTCGCTCACTGAGGUCGGGCGACCAAAG

GTCGCCCGACGCLCCOGGUTTTIGCCCGOOGCGGUCTCAGTGAGCGAGCGAGCGCG
CAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTATCGATTGAATICCC
COGGOGATCCACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGC
CCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGOLCCGCCTGGOTGA
CCGCCCAACGACCCUCCGCCCATTCGACGTCAATAATGACGTATGTTCCCATAGTA
ACGCCAATAGGOCACTTITCCATTCACGTCAATGOOTGOAGTATTTACGGTAAAC
TGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGA
COTCAATCGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATCGACCTTATG
GOACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGOTATTACCATGOT
COAGCGTGAGCCCCACGTICTGCTTCACTCTCCCCATCTCCCCCCCOCTCOCCACC
CCCAATTTTGTATITATTTATTITTITAATTATITIGTGCAGCGATGGGGGLGRGG
GOGGOGGHRGGHHCECGLGLCAGGCGGGECGHGECGGHECRAGLGGLGHREGT
GGGOOCAGGUOCAGAGUTGCGOCGGCAGCCAATCAGAGCOOCGCGLTCLGAA
AGTTTCCTTTTATGGCGAGGCGGCGOUGUCGUCGGLCCTATAAAAAGCGAAGC
GCGOGGCGGHCGGGRAGTCECTGRUGACGUTGUCTTCGLCCCGTGCCCCGCTCC
GCCGCCGLOTCOCGUUGLCCGCCCOOCCTUTCGALTGACCGUGTTACTLCCACAG
GTGAGCGGGCGOGACGGCCCTTCTCCTCCGGOGUTGTAATTAGCGCTTGGTITAA
TGACGCGCTTOGTITCTITICTGTGGCTGCOTGAAAGCCTTGAGGGOCTCCGGRAG
GOCCCTTTOTGCGGGHGOAGCGGCTUGGGGGGTCCGTGCETGTO TG TGTGCGT
GOGGAGCGCCGCGTGCOOGCTCOCGLGITGCCCOGCECCTOTCAGCGUTGCGHEE
GCGGCGCGGGGOTTTIGTGCGUTCCGCAGTGTGCGUGAGGGGAGCGLGGLCGOE
GGCGRTGCCCCGCOGTOCGGOGGGHGCTOCBAGGGGAACAAAGRUTGLGTG
GGGOTOTGTGLGTGGGGGOOTGAGCAGGGLGOTOTGOGCGCETCGGTCGGEIT
GCAACCCCCCCTGCACCCCCCTCCCCCGAGTTQUTGAGCACGGCCCGGETTCGGG
TGCGGGGCTCCOTACGGGGCGTGRUGCGGOGCTCGUCGTGUCGGGCGGGEGET
GOCGOCAGHTOOGOOTOCCGEGLGHGECGHGGCCGCCTCOGGLCGHGGAGIE
CTCGGGGOAGGOGCGLGGCOGLLCCCGGAGCGCCGGLGUGACTICTTAACCCA
ACAGAAGGCTCGAGAAGGTATATTGCTGTTCGACAGTGAGCGGCTACCTCAGCA
AGACGTTATTTAGTCGAAGCCACAGATGTAAATAACGTCTTGCTGAGGTAGLTG

[}
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CCTACTOGCCTCGRGACTTCAAGGGGUTAGAATTCGCGGCTETCGAGGLGCGGCG
AGCCGCAGCCATTICCCTTITATGOTAATCOTGUOAGAGGGCGCAGGGACTTCC
TTIGTCCCAAATCTOTOGCGCAGICGAAATCTCGGOAGGCGOCGCCGCACCCCCT
CTAGCGGGCGCGOGGCGAAGCGETGCEGLGUCGGECAGGAAGGAAATGGGUGE
GOAGGGCCTTCGTGUGTCGUCGLGCCOCCETCCCOTTUTCCCTCTCCAGCCTCG
GGGUIGTCCGCGGURGUACGGCTGCCTTCGGGGGGGACGGGGCAGGGUGGGG
TTCGOCTTICTOOCETOTCACCGGUGOCTCTAGAGCCTUTGCTAACCATGTTICAT
GCCTTCTTOTTITICCTACAGTCTAGAGTCGACCTGCAGGTGGATATCTTGGCTA
GCACGCCACCATGOTTICTTACTGGGACACCGGCGTGCTGUTGTGTGCCCTGOT
TICTTGTCTGCTGCTCGACCGGUTCTAGCAGLCGGCTCTGATACCGGCAGACCCTT
COTGGAAATGTACAGCGAGATCCCCGAGATCATCCACATGACCGAGGGCAGAG
AGCTGGTCATCCCTTOGCAGAGTGACAAGCCCCAACATCACCGTGACTOTGAAG
AAGTTCCCTCTGOGACACACTGATCCCCGACGGCAAGAGAATCATCTGGGACAG
CCOGGAAGGGUTTCATCATCAGCAACGCCACCTACAAAGAGATCGGCCTGCTGA
CCTGTGAAGCCACCETGAATGOCCACCTGTACAAGACCAACTACCTGACACAC
AGACAGACCAACACCATCATCGACGTGGTGCTGAGCCCTAGCCACGGCATIGA
ACTOTCTGTGGOCOAGAAGCTOOTGCTLAACTGTACCGCCAGAACCGAGCTGA
ACOGTGGGCATCGACTTCAACTGGGAGTACCCCAGCAGCAAGCACCAGLCACAAG
AAACTOGTCAACCGGOACCTGAAAACCCAGAGCGGCAGUGAGATGAAGAAAT
TCCTOAGCACCCTCGACCATCCACGGCCGTCACCAGAAGTGACCAGGGCCTGTALC
ACATGTGCCGCCAGCTCTCGUGCCTCGATCACCAAGAAAAACAGCACCTTCGTGLG
GOTGCACGAGAAGGACAAGACCCACACCTGTCUTCCATGTCUTGUTCCAGAAL
TGCTCGGCGCACCTTCCOTGTTCCTGTITTICCTCCAAAGCCTAAGGACACCCTGA
TCGATCAGCACGAACCCCTOAAGTCGACCTOCETGGTGGTGCGATGTGTCCCACGAG
GATCCCGAAGTGAAGTTCAATTGOTACGTGOACGGUGTGGRAAGTGUACAACGC
CAAGACCAAGUCTAGAGAGGAACAGTACAATAGCACCTACAGAGTGGTOTCC
GTGCTCGACCGTGCTOCACCAGUATTGOUTGAACGGUAAAGAGTACAAGTGCAA
GGTGTCCAACAAGGCCCTGCCTGUTCCTATCGAGAAAACCATCTCCAAGGUCA
AGGGCCAGCCTAGGGAACCCCAGGTTITACACAUTGUUTCCAAGCAGGGACGAG
CTCGACAAAGAACCAGGTIGTCCCTGACCTGLCTGUTCAAGOGCTTICTACCCTICO
GATATCGUCOTGGAATGGUAGAGCAATOGCCAGCCTGAGAACAACTACAAGA
CAACCCCTCCTGTGOTGGACAGCGACGGUTCATICTTICCTGTACAGUAAGCTGA
CAGTGGACAAGAGCAGATGGCAGCAGGGCAACGTGITCAGCTGUTCCGTGATG
CACGAGGUCCTGCACAACCACTACACCCAGAAGTCCOTCAGLOTGTCTCOTGG

&4
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CAAATGAGCCACGOGTAACACGTGUGGUATCCAGACATGATAAGATACATTOA
TGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTIGTG
AAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAG
TTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTOTGGE
AGGTTTITTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGOTGATTATGATC
AATGCATGGCCGGUCGGAGGAACCCCTAG TOATGGAGTTGGCCACTCCCTCTC
TGCGCGUTCGCTCGCTCACTGAGHUCGOCCGGGCAAAGCCCGGOCAGTCGGOOG
ACCTTTGGTCGCCCGGOCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGAE
CAA (SEQ ID NO:69)

and its use in treating wet (neovascular, exudative) age-related macular degeneration;
diabetic macular edema; macular edema following retinal vein occlusion; diabatic
setinopathy; or myopic choreidal neovascularization, preferably wherein the vector is
intraccularly administered 10 a human subject, preferably wherein intraocular
administration comprises intravitreal injection {e.g., a single intravitreal injection),

subretinal injection or suprachoroidal injection.

{06175} In related aspects, the interfering RMNA reduces expression of human VEGFR-3.
In particularly preferred embodiments, an rAAV vector is provided comprising a capsid
protein of SEQ 1D NO48 and a nucleic acid comprising the following sequence
{aflibercept + human VEGFR-3 interfering RNA (SEQ ID NO:37) constract) or 4 sequence

at least 80%, at least 90%, at least 85%, at least 98% or at least 99% identical thersto:

TTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGUCGGOUGACCAAAG
GTCGCCCGACGCCCGOGUTTTOOCCGGGUGGCCTCAGTGAGCGAGUGAGCHCG
CAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTATCCATTGAATTCCC

CCATATATGGAGTTCCOCOGTTACATAACTTACGGTAAATGGCCCGOCTGGUTGA
COGCCCAACGACCCCCGOCCATTGACGTUAATAATGACGTATGTTCCCATAGTA
ACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAAL
TCCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGOCCCCTATTGA
COTCAATGACGOTAAATGGOCCGCUTGGUATTATGCCCAGTACATGACCTTATG
GGACTTTCCTACTTIGOCAGTACATCTACGTATTAGTCATCGCTATTACCATGGT
COAGGTGAGCCCCACGTICTGCTTCACTCTCCCCATCTCCCOCCCCTCCOCALT

63
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CCCAATTTTOTATTTATITATTTTITAATTATTTTGTGCAGCGATGGGOGCGGGE
GGGGOOGHGGEECGLEELGLCAGGCGGGGCGGGGUGGGGLGAGGHGLCGEGGHC
GGGOGCGAGCGUGGAGAGGTGCGGLGGLAGCCAATCAGAGCGGIGCGCTCCGAA
AGTITCCTTITATGGCGAGGCGGLGGCGGLGGCGHCCCTATAAAAAGUGAAGC
GCOCGOGCGGLGLGGHLLAGTCGCTOLGACGUTGCCTTCGCCCCGTGLCCOGUTCC
GCCGCCGCCTCOCGCCGCCCGLCCCEGLICTUOACTGACCGUGTTACTCCCACAG
GTGAGCGGGLGGGACGOCCCTTCTCCTCCGGGCTGTAATTAGCGCTTGGTITAA
TCGACGGCTTGTTTICTTITCTGTGGUTGCGTGAAAGCCTTGAGGGGUTCCGGGAG
GGCCCTTTCTGCGHGGHHAGCGOUTCCGGHGGHTGUGTGCGTGTETGTGIGCGTY

GCGGCOCGGCGOCTTTOTGCGCTCCGLCAGTGTGCGCGAGGGGAGCGCGGLCGGE
GOCGETGCCCCECOGHETGCGOCGHOGECTECGAGGGUAACAAAGGUTGLG TG
GOGOTETOTGUGTGGGOOGOTGAGCAGGOGOTGTGGGCGCGTCGETCGGGIT
GCAACCCCCCCTGCACCCCOCTCCCCGAGTTGCTGAGUACGGCCCGGCTTCGGG
TCCGGEGCTCCGTACGGGOCOTOOCOCGHOGCTCGCCGTGCCGGGUGGGGGET
GGCGGCAGGTGGGGGTGCCGGGCGGGGCGGGGCCGCCTCGGGCCGGGGAGGG
CTCGGGGOAGGGGUOCGGUGGCCCCCGGAGUGCCEGCGUGACTTCTTAACCCA
ACAGAAGGCTCGAGAAGGTATATIGCTOTTCGACAGTGAGCGCACCOTGTGGGC
TOAGTTTAACTAGTGAAGCCACAGATOTAGTTAAACTCAGCCCACACGGTGTG
CCTACTGCCTCGGACTTCAAGOOGCTAGAATTCGOGGCTGETCGAGGCGCGGLG
AGCCGCAGCCATIGCCTTITATGGTAATCGTGCCGAGAGGGCGCAGGGACTICC
TTTCTCCCAAATCTGTGCOCAGUCGAAATCTOGGAGGCGCCGCCGCACCCCCT
CTAGCGGGLOCGGUECCAAGCGETCCGGUGCCGGCAGGAAGGAAATGGGCGH
GGAGGGCCTTCOTGCOGTCGCCGCGLCGLCGTCCCCTTCTCCOTCTCCAGCCTCG
GGOGUTGTCCOUGGGOGGACOUCTGLCTTCGCGLGGHALGGGLCAGGGLGGGE
TICGGCTTCTGGCGTGTGACCOGOCOGCTCTAGAGCCTCTGCTAACCATGTTCAT
SCCTTOTTCTTIITCCTACAGTCTAGAGTCGACCTGCAGGTGGATATCTTGGCTA
GCACGCCACCATGOTTTICTTACTGGRGACACCGGCGTGCTGCTGTGTGCCCTGOT
TICTTGTCTGUTGUTCGACCGGCTCTAGCAGCGGOTCTGATACCGGCAGACCCTY
COTGGAAATOTACAGCCACGATCCCCGAGATCATCCACATGACCGAGGGCAGAG
AGCTGGTCATCCCTTGCAGAGTGACAAGCCCCAACATCACCGTGACTCTGAAG
AAGTTCCCTCTGGACACACTOATCCCCGACGGCAAGAGAATCATCTGGGACAG
CCOGAAGGOCTTCATCATCAGCAACGCCACCTACAAAGAGATCGGUCTGCTGA
CCTGTGAAGCCACCGTGAATOGCCACCTOTACAAGACCAACTACCTGACACALC
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AGACAGACCAACACCATCATCGACGTGGTGCTGAGCCUTAGOCATGGCATTGA
ACTGTCTOTGOGCGAGAAGCTGGTCCTGAAUTGTACCGOCAGAACCGAGCTGA
ACGTGOGCATCGACTICAACTGOGAGTACCCCAGLAGCAAGCACCAGUATAAG
AAACTGGTCAACCGGGACCTCAAAACCCAGAGUGGCAGCGAGATGAAGAAAT
TCCTGAGCACCCTGACCATCGACGGCGTGACCAGAAGTGACCAGGGOCTGTAC
ACATGTGCCGCCAGCTCTGOLOCTGATOACCAAGAAAAACAGCACCTTOGTGOR
GOTGCACGAGAAGGACAAGACCCACACCTGTCCTCCATGTCCTGUTCCAGAAC
TGOTCGGCGGACCTTCCGTGTTCCTGTTICCTCOAAAGCCTAAGGACACCCTGA
TGATCAGCAGAACCCCTGAAGTGACCTOOG TGO TGO TGGATGTGTCCCACGAG
GATCCOGAAGTGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGE
CAAGACCAAGCCTAGAGAGGAACAGTACAATAGCACCTACAGAGTGHTGTCC

GTGCTGACCGTGUTGCACCAGGATIGGCTCAACGGCAAAGAGTACAAGTGCAA
GOTGTCCAACAAGGUCCTGOCTGCTOOTATCGAGAAAACCATCTCCAAGGCCA

AGGGCCAGCCTAGGGAACCCCAGGTTTACACACTGOCTCCAAGCAGGGACGAG
CTGACAAAGAACCAGGTGTCCCTGACCTGCC TGO TCAAGGGCTTCTACCCTTCC
GATATCGCCGTGGAATGGOAGAGCAATGGCCAGCCTOAGAACAACTACAAGA

CAACCCCTCCTG TGO TOGACAGCGACCGCTCATTCTTCOTGTACAGCAAGCTGA
CAGTGGACAAGAGCAGATGGCAGCAGGGCAACGTGTTCAGCTGCTCOGTGATG
CACGAGGOCCTGCACAACCACTACACCCAGAAGTCCCTGAGCCTGTOTCCTGG

CAAATGAGCCACGCOTAACACGTGGGGUATCCAGACATGATAAGATACATTGA
TOAGTTTGGACAAACCACAACTAGAATGCAGTOAAAASAATGCTITATTTGTG

AAATTTGTGATGCTATTGCTITATITOTAACCATTATAAGCTGCAATAAACAAG
TTAACAACAACAATTGCATTCATTITATGTTTCAGGTTCAGGGGGAGGTGTGGE
AGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGOTATGGCTGATTATGATC
AATGCATGGCCGGCCGGAGGAACCCCTAGTGATGOAGTTGUOCACTCCCTCTC

TGCGCGCTCOCTCGOTCACTGAGGCCGOCOGAGCAAAGCCCGGGUGTCGGGOG
ACCTTTGGTCGCCCGGCCTOAGTGAGCCAGCGAGLGCGCAGAGAGGGAGTGGT
CAA (SEQ 1D NOT0)

and its use in treating wet (neovascular, exndative) age-related macular degeneration;
diabetic macular edema; macular edema following retinal vein occlusion; diabstic
retinopathy; or myopic choroidal neovascularization, preferably wherein the vector is
intraccularly administered to a human subject, preferably wherein intraocular

administration comprises intravitreal injection (e.g., a single intravitreal injection),
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subretinal injection or suprachoroidal injection is administered to a subject, preferably by
intravitreal injection {e.g., a single intravitreal injection), to treat wet {(neovascular,
exudative) age-related macular degeneration; diabetic macular edema; macular edema
following retinal vein occlusion; diabetic retinopathy; or myopic choroidal

neovascularization.

{80176]  Also provided herein are pharmaceutical compositions comprising: 8) a nucleic
acid as herein described, preferably encapsidated within an rAAYV (preferably an rAAY
comprising a capsid protein of SEQ 1D NO:48) and; and b) a pharmacentically acceptable
carrier, dilvent, excipient, or buffer. In some preferred embodiments, the nucleic acid
comyprises a nucleotide sequence selected from SE(Q ID Nos:64-70. In some embodiments,
the pharmaceutically accepiable carrier, diluent, excipient, or buffer is suitable for use in a
human or non-human patient. Such excipients, carriers, diluents, and buffers include any
pharmaceutical agent that can be administered without undue toxicity. Pharmaceutically
acceptable excipients include, but are not limited to, Hyguids such as water, saline, glycerol
and ethanol. Pharmacentically acceptable salis can be included therein, for example,
mineral acid salts such as hydrochlorides, hydrobromides, phosphates, sulfates, and the
like; and the salts of organic acids such as acetates, propionates, malonates, benzoates, and
the like. Additionally, auxiliary substances, such as weiting or emulsifying agents,
surfactants, pH buffering substances, and the like, may be present in such vehicles, A wide
variety of pharmaceutically acceptable excipients are known in the art and need not be
discussed in detail herein. Pharmacentically acceptable excipienis have been amply
described in a variety of publications, including, for example, A. Gennaro (2000)
“Remington: The Science and Practice of Fharmacy,” 20th edition, Lippincott, Williams, &
Wilkins; Pharmaceutical Dosage Forms and Drug Delivery Systems (1999) H. C. Ansel et
al,, eds., 7% ed., Lippincott, Williams, & Wilkins; and Handbook of Pharmaceutical

Excipients (2000) A. H. Kibbe et al,, eds., 3% ed. Amer. Pharmaceutical Assoc.

{00177]  In some preferred embodiments, the pharmaceutical composition comprises
Dudbecca's Phosphate Buffered Saline (DPBS) and a non-tonic surfactant (e.g., Phuronic

Fo8, preferably at about 0.8035%).

[84178] In some embodiments, the pharmaceutical composition comprises 1 x 108t 1 x

10'° vector particles or vector genomes, 1 x 10'% to 1 x 10% vector particles or vector
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genomes, or about 1 x 10'°) about 2 x 109, 3x 10'°, about 4 x 10, about § x 10'°, about 6
x 10'%, about 7 x 10, about 8 x 10'°, about 9 x 10, about 1 x 10, about 2 x 16", about 3
x 16" about 4 x 10, about 5 x 10", about 6 x 107}, about 7 x 10", about 8 x 10", about 9
% 10" about | x 10'% about 2 x 10'%, about 3 x 16%, about 4 x 10", about 5 % 10", about 6
x 10", about 7 x 10'%, about 8 x 10", about 9 x 10 or about 1 x 104 vector particles or
vector genomes. In sorne aspects, the pharmaceutical composition comprises about 1 x

16" 10 about 1 x 10™ vector particles or vector genomes.

[88179] In some preferred embodiments, the pharmaceutical composition is administered
imtraocularly to a hupan with a VEGF-related ocular disorder, preferably wherein the
pharmaceutical composition is administered via infravitreal, subretinal and/or

suprachoroidal injection, more preferably via a single intravitreal injection.
EXAMPLES

{86188] The following examples tilustrate preferred embodiments of the present
invention and are not intended to limit the scope of the invention in any way. While this
invention has been described in relation to its preferred embodiments, various
modifications thereof will be apparent to one skilled in the art from reading this

application.

{30181] The following examples describe multi-mechanistic approaches to antj-
angiogenic gene therapy with recombinant adeno-associated virus (rAAV) comprising a
genetically modified capsid protein that confers improved transduction of a panoply of
retinal cells. The rAAVY constructs described below provide sustained delivery of anti-
angiogenic agents from a single intravitreal dose, limiting the burden of repeated injections,
maintaining consistent levels of therapeutic gene products in pertinent retinal cells and
improving therapeutic response compared to delivery of single anti-angiogenic agents.
Each of the representative constructs described below comprises a nucleic acid encoding
aflibercept (targeting VEGF-A, VEGF-B and PIGF) and at least one other anti-angiogenic

agent to enhance efficacy beyond delivery of aflibercept slone.

e
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[66182] Representative construct designs {AAV vector backbones) are iliustrated at
Figures 1A-B. In the first approach (Figure 1A), nucleotide sequence encoding aflibercept
and a second anti-angiogenic polypeptide, separated by an FT2A (ribosomal-skipping
peptide) sequence, are conirolled by a ubiquitous CBA promoter (it is a bicistronic
construct). Second anti-angiogenic polypeptides exemplified herein include FEDF,
VEGFR-3-Fe fusion protein and Anti~-Ang-2 scFab fragments, selected on the basis of their
function in reducing angiogenesis and/or vascular permeability. In each case, the encoding
gene was codon-optimized for human expression. In the second approach (Figure 1B),
nucleotide sequence encoding aflibercept is driven by a CAG promoter with nucleotide
sequence encoding an interfering RNA that targets a pro-angiogenic protein. In sach case,
the RNAI sequence was embedded in the well-characterized miR-E backbone (as described
e.g., in US Patent Application Publication No. 2015-0018539, the contents of which are
incorporated herein by reference and Fellmann ef of., Cell Reports, 5{63:1704-1713 (2013))
and placed within the hybrid chicken b-actin/rabbit b-globin intron (See Figure 18B). The
CBA promoter is a well-characterized ubiquitous promoter capable of driving sustained,
high levels of expression. The CBA promoter is a hybrid of the human cytomegalovirus
(CMV} upstream enhancer with the chicken P-actin (CBA) promoter and also contains
chicken b-actin exon 1, a hybrid chicken b-actin and rabbit b-globin intron and a rabbit b-
globin exon 3 fragment (creating an artificial splice site). Use of the miR-E backbone and
placement within the fntron of the CAG promoter was validated using a model antigen

{data not shown).

{06183] Construction of dual protein constructs — Codon-optimized genes for Pigment
Epithelium Derived Factor (PEDF), VEGF Receptor 3 {(VEGFR3)-Fe fusion protein, and
anti~-Angiopoietin-2 {ANG2) single-chain Fab (scFab) fragments were excised from shuttle
vectars and inserted into the AAV vector backbone between the CBA promoter and the
SV4¢ late polyA (§V40pA) sequence on Nhel-Miul fragments. For co-expression with
Afhibercept, the synthetic DNA included sequences encoding the C-terminal portion of
Aflibercept (AFLB), a Furin cleavage site, and a T2A ribosomal-skipping peptide upstream
of the PEDF, VEGFR3-Fe, or anti-ANGZ scFab sequences. These synthetic DNAs were
excised from the shuttle vectors and inserted into pAAV-CAG-AFLB-SV40pA on Avrll-
Min} fragments. Plasmids were propagated in & coli and purified plasmid DNA was

verified by restriction digest and sequencing.
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{08184] Construction details for protein+RNAL Constructs

68185} Construction of pAAV-CAG-miB-E~-{"Target Sequence”-AFLB-8V40

[00186] The pAAV-CAG-ATLB-8VA40 construct expressing human codon optimized
Aflibercept was synthesized as described previously. The miR-E-(target) miRNA
transgene, encoding for hairpin targeting ANGPT2, VEGF-C, or VEGFR3, containing the
region of the CAG beta~actin infron encoded between the SgrAl and Nhel restriction
cloning sites was synthesized and cloned into plUC57 by Genscript (Genscript, Picataway,
NI} pUCS7 plasmid and the pAAV-CAG-AFLB-8V40-Kan-Stuffer plasmid were cut with
various restriction enzymes (New England Biolabs) as indicated, backbone DNA was also
treated with recombinant shrimp alkaline phosphatase (rSAP, M0371L, New England
Biolabs} during digest to remove free phosphates on cut DNA ends. DNA fragments were
added at a 7:1 molar ratio insert:backbone and ligated with Quick Ligase per
fnamufacturer’s instructions (#M2200L, New England Biolabs). Ligated plasmid was
transformed into NEB Stable bacterial competent cells (#C3040H, New England Biclabs)
per manufacturer’s instructions and the cells were spread on Kanamycin 50 mg/mi plates

(#1025, Teknova, Hollister, CA) and grown at 30C.

001871 Preparation of pAAV-CAG-miR-F-AFLB-SV40

{00188] Miniprep cultures were grown from the resulting colonies, DNA was prepared
with the GenelET Plasmid Miniprep kit (Cat. #0503, ThermoFisher, Waltham, MA) and
restriction digested to identify positive clones. A $0-mi culture in Terrific Broth was

grown from ope posttive clone of each construct and DNA was prepared with the (iagen

EndoFree Plasmid Maxi Kit (Cat. #12362, Qlagen, Hilden, Germany).

[60189] Restriction digest v sequeticing of pAAV-CAG-RFP637-miRNA Plasmid

Variants

[66198] Maxiprep plasmid DNA (1.5 mg} was digested with various restriction enzymes
{New England BioLabs) according to the manufacturer’s instructions and analyzed by
agarose gel electrophoresis. Sanger DNA sequencing was performed by TLIM using

primers.



WO 2022/232178

100191)

provided below:

PCT/US2022/026395

A summary of the constructs designed and tested in the examples herein is

Table 5
Name Promoter | Additional RNAilecation | Size (bp)
Transgene(s}*
CBA PEDF (SEQ 1D NC:60) N/A 4297
CBA anti-Ang-2 scFab LH N/A 4645
CBA anti-Ang-2 scFab HL N/A 4642
pP141.001 CAG Ang2-argeting RNAL Promoter intron | 3863
{SEQ ID NOs:13 and 14)
CAG VEGFR3-targeting RNAT | Promoter intron | 3863
{SEQ D NOs:37 and 38)
pP145.601 . | CAG VEGF-C-targeting RNAI | Promoter intron | 3830
(SE ID NQOs:19 and 21
pP151.001 CAG VEQGF-C-targeting RNAJ | Promoter intron | 4136
(SEQ I3 NOs:19 and 203
Ang-2-targeting RNAi 37 UTR (AFLB)
{(SEQ ID NOs:13 and 14}
pP152.001 CAG VEGEF-C-targeting RNAL | Promoter infron | 4138
{SEQ D NOs:19 and 20)
Ang-2-targeting RNAI ATLE coding
(SEQ ID Nos: 13 and 14) | sequence
pP153.001 CAG VEGF-C-targeting RNAY | Promoter intron | 3987
{SEC ID Nos: 19 and 20)
Ang-2-targeting RNAI Promoter mtron
(SEQID Nos: 13 and 14)

*each construct comprises nucleotide sequence encoding aflibercept (AFLE)

[86192]
following delivery in rAAV virions comprising a capsid protein of S$EQ 1D NG4S,

Aflibereept is expressed in human RPE and RGC cells at therapeutic levels

resulting in efficient blockade of VEGF-A, VEGF-B and PIGF-mediated activily in these
cells. See US Patent Application Publication No. 2020/0282077A 1, the contents of which

are incorporated herein by reference.

[00193]  Studies were conducted to assess the effect of including a second transgene
{encoding a protein or an RNAI) in AAV expression plasmids on expression of aflibercept
following transfection of HEK2937 ceils,

[08184] Briefly, HEK293T celis were seeded in 12-well plates at 2.0 x 107 cellsiwell in

1.0 ml DMEM/10% FBS media. The next day, 1.0 mg plasmid DNA (comprising

-3
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nucleotide sequence encoding aflibercept and a second transgene under the control of the
same promoter} complexed with 3.0 ml FuGeneHD (Cat.# £2691, Promega, Madison, WI)
was added to the cells in triplicate wells, 48hrs post-transfection, cell supernatant was
harvested and spun @ 2000g to remove cellular debris. Media was then assayed for the

presence of aflibercept (ALFB) via ELISA.

{64195] Tor Western Blot analysis, media from transduced HEK2937T cells were pooled
from 3 replicates and mixed with 4x LDS (BO007, Therme), 10x Reducing Agent {B000S,
Thermeo) and denatured at 70°C for 10 minutes, Samples were loaded on a 10-well Bok 4-
12% Bis-Tris Plus polyacrylamide gel (Invitrogen, NW04120BOX) and ran in 1x MOPS
buffer (NPOO0102, Thermo] at 200V for 32 minutes. Separated proteins were transferred to
a nitroceliuiose filter (1704158, BioRad) with the BioRad TransBlot Turbo device
{BioRad) for 7 minutes and probed anti-Human IgG Fe Cross-Adsorbed Secondary
Antibody, HRP (ThermoFisher, 31413} at 1:500 in iBind Flex solution (SLF2020,

Thermo). Proteins were visualized with SuperSignal West Dura Chemiluminescent

Substrate (ThermoFisher 34076) and imaged on a ChemiDoc MP (BioRad, Hercules, CA)
[06196] Cell lysates for ELISA {secreted frec-AFLE, ANGPT2, and VEGF-A Leveis)

were prepared in M-PER lysis buffer (#78501, Thermo) supplemented with 1X Halt
Protease and Phosphatase Inhibitor Cocktail {78440, Thermo) as per manufacturer’s
instructions. Cell media and lysate were diluted appropriately for each sample and were
used to evaluate secreted analyte levels using the Aflibercept ELISA kit (fo measure free
AFLB levels) (Cat # 1G-AA 1135, Eagle Biosciences, Nashug, NH), the Quantikine human
VEGF-A ELISA kit (DVEQG, R&D Systems) and the Quantikine human ANGPT2 ELISA
kit (DANG20, R&D Systems) following the provider’s instructions. The optical density
{0312 was measured with a Cytation 3 (BioTek, Winooski, VT) photometer at 450 nm
(reference at OD 620 nm) within 15 min after pipetiing the Stop Solution. Media

concentrations were defined based on the generated standard curve.

{88197} Figure 3A demongstrates the results of Western Blot analysis of AFLB from
media of HEK293T cells following transfection with AAY plasmids encoding AFLB and a
second transgene (PEDF, VEGER3, Anti-Ang HL, or Anti-AngLH) under the control of a
CAG promater. Resulis are normalized to AFLB level in media of HEK293T celis

transtected with AAV plasmid encoding only AFLE under the control of CBA promoter.
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Elvea {commercial preparation) is provided as a positive control for aflibercept. Addifion
of a second transgene encoding a polypeptide product significantly reduces expression of

aflibercept by ~50-60%.

[66198] Figure 3B demonstrates expression of aflibercept from various constructs
encoding either a second polypeptide (PEDF, anti-Ang2 LH, anti-Ang?2 HL) or interfering
RNA (targeting Ang2, FEGR3 or VEGF-C) normalized to AFLB level in media of
HEK293T cells transfected with AAV plasmid encoding only AFLB under the control of
CBA promoter. Notably, no significant reduction in aflibercept expression occurs with
plasmids encoding AFLB and an interfering RNA. Expression from the CAG promoter

was observed to be 25% greater than expression from the CBA promoter.

[80189] Next, studies were conducted to assess the effect of including a second transgene
{encoding a protein or an RNAI) in AAV expression plasmids on expression of aflibercept
following transduction of human retinal pigment epithelium (RPE} cells with recombinant

AAY virus comprising a capsid protein of SE(Q ID N(:48,

302807 For RPE transduction, human stem cell derived retinal pigment epithelial celis
(RPE) were differentiated from embryonic stem celis (ESI017) following published
protocols (Buchholz [ 2013, Leach L 2015}, RPE cells were grown on Matrigel (Corning}
for 30 days in XVIVO-10 media (Lonza)}, in a 96 well plate format. Prior to transduction,
three wells were harvested and counted for an accurate caloulation of multiplicity of
infection (MOT). Virus was added to the cells for 48 hours in XVIV(-10 media based on
each viral titer in a total volume of 100 pL per well. Media was collected on day 3, 7, 11,
15 and 19 and replaced with 200 pl. of media per well. Media samples were stored at 4°C

until processed.

(8820611 Celi lysates for ELISA {to assess secreted free~-AFLEB, ANGPT2, and VEGF-A
levels) were prepared in M-PER lysis buffer (#78501, Thermo) supplemented with 1X Hakt
Protease and Phosphatase Inhibitor Cockiail {78440, Thermo) as per manufacturer’s
instructions. Cell media and lysate were diluted appropriately for each sample and were
used to evaluate secreted analyte levels using the Aflibercept ELISA kit (to measure free
AFLB levels) (Cat.# IG-AA115, Eagle Biosciences, Nashua, NH), the Quantikine human
VEGF-A ELISA kit (BVEDQ, R&D Systems} and the Quantikine human ANGPT2 ELISA
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kit (DANG20, R&D Systems) following the provider’s instructions. The optical density
(0D} was measured with a Cytation 3 (BioTek, Winooski, VT photometer at 450 nm
{reference at OD 620 nm) within 15 min afier pipeiting the Stop Solution. Media

concentrations were defined based on the generated standard curve.

66282} Ascan be seen from Figure 4, a dose-dependent increase in aflibercept
expression is seen {day 8 is shown) with tAAV expressing aflibercept and an RNAI
targeting VEGF-C, with the high multiplicity of infection (MOI} near that of the coutrol
{rA AV expressing aflibercept alone operably linked to CAG promoter). All construcis
expressing aflibercept are able to completely neutralize endogenous VEGF-A at all
multiplicities of infection {MO1s} tested. The amounts shown in Figure 4 are free and

active aflibercept in the media of RPE cells following transduction.

[68283] Figures 5A and 5B tllustrate analysis of free aflibercept in RPE supernatant on
days 7 (Figure 5A) and 11 (figure 5B) following transduction with rAAV carrving the
indicated expression cassettes {and a capsid protein of SEQ ID N(:48), Asin HEK293T
cells, expression of a second protein dramatically reduces the level of aflibercept
expression in transduced RPE cells. In conirast, while some reduction in aflibercept
expression was observed with co-expression of interfering RNA, aflibercept expression
remained robust at both MOIs. The CBA promoter was surprisingly determined fo be
much weaker thay the CAG promoter at driving expression in RPE cells. See also Figures
6A-B illustrating some decrease in aflibercept expression at the higher MO with co-
expression of interfering RNA but much less pronounced than with co-expression of a

second polypeptide.

{36204}  Importantly, aflibercept co-expressed with interfering RNA was functional and
able to bind VEGF-A produced by RPE cells (see Figures 7A-B illustrating neutralization
of VEGF-A at MOls above 40 for AFLB + VEGFC-RNAI and AFLB + ANG2 RNA{

constructs).

[802685] Conclusions
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[08286] In HEK293T cells, aflibercept expression is reduced ~20% when driven by the
CBA promoter compared to the CAG promoter; expression of aflibercept was ~13x weaker

when driven by the CBA promoter compared to the than the CAG promoter in RPE cells.

(68287} In HEK293T cells, RNAI has no significant effect on transgene expression
compared to control {aflibercept alone under the control of the same promoter), whereas

all dual protein constructs exhibited a ~50% reduction in aflibercept compared to contral
{aflibercept alone under the control of the same promoter) in HEK293T cells. In RPE cells,
under most conditions a slight, but insignificant, reduction in free aflibercept levels was
observed compared to control in RPE cells for constructs containing RNAI, whereas all

dual protein consiructs expressed ~5-10x less aflibercept than their control counterpart.
Example 2 — Characterization of Dual Protein Constructs
[00208] Characterization of constructs expressing aflibercept + anti-Ang-2 scFab

{00209] HEK293T cells were transfected with AAV plasmid comprising nucleotide
sequence encoding aflibercept and nuclectide sequence expressing anti-Ang-2 scFabin a
bicistronic contfiguration driven by the CAG promoter (see Fig 1A). Briefly, HEK293T
cells were seeded in 12-well plates at 2.0 x 10° cells/well in 1.0 ml DMEM/10% FBS
media. The next day, 1.0 mg plasmid DNA complexed with 3.0 ml FuGeneHD (Cat#
E2691, Promega, Madison, WI) was added to the cells in triplicate wells. 48hrs post-
transfection, cell supernatant was harvested and spun @ 2000g to remove cellular debris.

Media was then assayed for the presence of ALFB via ELISA.

{88216 Western Blot ~ media from transfected HEK2937T cells (6.25 ul) was mixed with
12.5 ul 4x LIS, 5 pl 10x Reducing Agent, and 26.25 1X PBS (final volume = 50 ul) and
denatured at 70°C for 10 minutes. 40 pul of the samples were loaded on a 10-weli Boit 4~
12% Bis-Tris Plus polyacrylamide gel (Invitrogen, NW04120B0X) and ran in Ix MOPS
buffer at 200V for 32 minutes. Separated proteins were transferred to a nitrocellulose filter
with the iBlot 2 device (ThermoFisher) for 7 minutes and probed with anti-Human [5G
F(ab'}2 Secondary Antibody (ThermoFisher 31482 1:1000) using the iBind Flex device
{ThermoFisher). Proteins were visualized with SuperSignal West Dura Chemiluminescent

Substrate (ThermoFisher 34076} and imaged on a ChemiDoc MP (BioRad, Hercules, CA).
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{60211} Functional anti-ANG2 ELISA with ANG2 coated plates - Nunc MaxiSorp flat-
botiom plates (Invitrogen, 44-2404-21} were coated with 100 1l of 1.0 pg/ul Recombinant
Human Anglopoietin-2 (R&D, 623-AN/CF) in PBS, sealed with an adhesive sheet, and
placed at 4°C overnight. The next day, the coating solution was aspirated, and the plates
were washed 3 times with 300 ul PBST (PBS/0.05% Tween 20). The plates were blocked
with 200 pl PBS/2.0% BSA at room temperature for 2 hours. After the 2-hour incubation,
the blocking solution was aspirated, and the plate was washed 3 times with 300 ] PBST.
Media from transfected HEK293T cells was diluted in FBS/0.2% BSA, and 100 ul of the
diluted media was added to the plate and incubated at room teraperature for 2 hours with
gentle shaking. The plate was washed again 3 times with 300 ul PBST. 100 1l of anti-
Human IgG F(ab’)2 Secondary Antibody (ThermoFisher 31482, 1:20,000) was added to the
plate and incubated at room temperature for 1 hour with gentle shaking. The plate was
washed again 3 times with 300 pl FBST. The plates were developed with 100 ul TMB
ELISA Substrate (Abcam, abl171522) at room temperature for 5-15 minutes. The TMB
reaction was stopped with 100 pl 450 um Stop Solution for TMB Substrate {(Abcam,
ab171529). The plates were read at 450 nm and 540 nm (as a reference blank for the plate}

using the Cytation 5 device (BioTek).

[B0212]  ANGZ Competition ELISA - media from transfected HEK293T cells was diluted
in PB8/0.2% BSA, mixed with an equal volume of 2.0 ng/ml Recombinant Human
Angiopoietin-2 (R&D, 623-AN/CF), and incubated overnight at room temperature {final
ANGZ concentration = 1,000 pg/mi). The next day, the concentration of free ANG? was
determined with the Angiopoietin-2 Human ELISA Kit (Invitrogen, KHC1641) as
interpolated from a freshly made Recombinant Human Angiopoietin-2 (R&D, 623/AN-CEF)

standard.

{00213]  ANG2 Receptor Competition Assay - nunc MaxiSorp fat-bottom plates
(Invitrogen, 44-2404-2 1} were coated with 100 ul of 1.0 pg/m! Recombinant Fumman Tie-2
Fe Chimera Protein (R&D, 313-TI/CF) in PBS, sealed with an adbesive sheet, and placed
at 4°C overnight. The competition mix was prepared using dilutions of media from
transfected HEK293T cells with an equal volume of 80 ng/mi Human Angiopoietin-2 with
an N-termoinal FLAG-tag (Adipogen, AG-40B-0114-C010) (final ANG2-Flag
concentration = 80 ng/ml). The next day, the coating solution was aspirated, and the plates

were washed 3 times with 300 pl PRST. The plates were blocked with 200 pl PBS/2.0%

~3
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BSA at room temperature for 2 hours. After the 2-hour incubation, the blocking solution
was aspirated, and the plate was washed 3 times with 300 @ PBST. 100 pl of the
competition mix samples along with a freshly made ANG2-Flag standard were added {o the
plate and incubated at room temperature for 2 hours with gentle shaking. The samples in
the plate were aspirated and washed 3 times with 300 pl PRST. 100 ul of DYKDDDDK
{SEQ 1D NO:71) Epitope Tag Horseradish Peroxidase-conjugated antibody (R&D
HAMBSES291 1:10000) was added to the plate and incubated at room temperatare for | howr
with gentle shaking. The plate was washed 3 times with 300 1] PBST and developed with
100 gl TMB ELISA Substrate {Abcam, ab171522) at room temperature for 5-15 minutes.
The TMB reaction was stopped with 100 pi 450 nm Stop Solution for TMB Substrate
{Abcam, ab171529). The plates were read at 450 rin and 540 nm (as a reference blank for
the plate) using the Cytation 5 device (BioTek) and the concentration of ANG2-Flag was
futerpolated from the ANG2-Flag standard.

{08214] Figure 8A illustrates expression of protein products of the expected size for anti-
Ang-2 HL and HL Fab. Figore 8B iHustrates that expressed anti-Ang-2 Fab is functional
{binding of expressed proiein to Ang-2-coated plates is shown). Figure 8C illustrates that
expressed anti-Ang-2 Fab blocks binding of Ang-2 to antibody-coated plates (competition
ELISA). Figure 8D illustrates that expressed anti-Ang-2 Fab blocks binding of Ang-2 to

Tie-2 {receptor competition assay).

[806215] Dose-dependent expression of anti~Ang-2 Fab (LH and HL formats) from dual
profein construct was shown from transfected HEK cells. The expressed anti-Ang-2 Fab
proteins were the correct size and functional at binding Ang?2 and blocking Ang2-binding

to its receptor.

[00216]  Next, studies were conducted to characterize expression of aflibercept and anti-
Aung-2 Fab following ransduction of human retinal pigrment epitheliurn (RPE) cells with
recombinant AAV virus comprising a capsid protein of SEQ 1D NO:48 and a nucleic acid

encoding aflibercept and anti-Ang-2 Fab {LH or HL).
[80217] Figure 9 illustrates expression of a single protein of the correct size {53 kD) for
Anti~Ang-2 seFab (LH and HL), with similar expression levels of LH and HL

conformations. Briefly, RPE cells were transduced with rAAY comprising a capsid protein
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of SEQ I NO:48 and a nucleic acid encoding aflibercept and anti-Ang-2 scFab at MOI
5,000 and 1,000 in 96 well plates. Media (0.2 ml) was changed at day 3 post-iransduction
and collected on day 7. 25 ml media of the MO 5,000 samples was run on 4-12% SDS-
PAGE, transferred to nitrocellulose with iBlot and probed on the iBind Flex with HRP-
conjugated anti-Hu-Fab antibody to detect the anti-Ang-2 scFab and anti-Hu-Fe antibody to

detect Aflibercept.

{30218] Figure 10A illustrates dose~dependent expression of functional Anti-Ang-2
scFab in transduced RPE cells at MO! of 1,000 and S000. Briefly, dilutions of media from
transduced RPE cells {day 11) were incubated on Ang-2-coated plates. Anti-Ang-2 scFab
bound to Ang-2 was detected with HRP-conjugated anti-Hu-Fab antibody. The LH format

was slightly more effective at binding Ang?2 than the HL format, especially at lower MOL

[00218]  Figure 10B illustrates the results of competition ELISA with day 11 samples in
transduced RPE. Briefly, 1000 pg/ml Ang? protein was incubated overnight with a dilation
series of media from transduced RPE cells. Competition mixiures were assayed by Ang-2

ELISA (Invitrogen KHC1641).

{00228] Next, binding affinities of anti-Ang-2 scFab LH and HL were compared via SPR

by Biacore assay performed at Genscript.

{40221]  Dmmobilization of Angiopoietin-2 onto CMS sensor chip.  The immeobilization
of Angiopoietin-2 was performed under 25 degrees Celsius while HBS-FP+ was used as
the running buffer. The sensor chip surface of flow cells 1, 2 were activated by freshly
mixed 50 mmolL N-Hydroxysuccinimide (NHS) and 200 mmol/L 1-ethyl-3-(3-
dimethylaminopropyl} carbodiimide hydrochioride (EDC) for 420s (10 pL/min).
Afterwards, Angiopoietin-2 diluted in 10 nynol/L NaAC (pH 4.5) were injected into the
flow eell 2 to achieve conjugation of 243.1 Response Unit. After the amine coupling
reaction, the remaining active coupling sites on chip surface were blocked with 420 <
injection of 1 mol/L ethanolamine hydrochioride. For affinity measurement, the assay was
performed at 25°C and the running buffer was HRS-EP+. Diluted V2.2 / V2.3 were injected
over the surface of flow cell 1, 2 as association phase, followed by injecting running buffer
as dissociation phase. Running configuration was Hsted below (Sample concentrations{nM)

= 1.5625,3.125, 6.25, 12.3, 25, 50, 100}
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fmmobilization | Ligand = - Immobilization | Flow rate
Angiopoietin 2 | level RU} = {ml/min} = 10
234.1
Association & | Association Dissociation Flow rate
Dissociation contact time = contact time = {ml/min) = 30
180 600
{802221  The resuits are provided at Figure 11, The LH configuration (V2.3) has a 5.6-

fold faster association (higher ka value) than the HL configuration (V2.2) suggesting
stronger binding. The LH configuration has a 81-fold faster dissociation (kigher kd value)
than HL suggesting weaker binding. The HEL configuration has an overall binding affinity
of 1.46 nM and the LH has a binding affinity of 23.8 nM. Thus, LH configuration has
about 16-fold higher Ang-2-binding affinity than the HL configuration. These values are

consistent with the published affinity for the anti-Ang?2 arm of faricimab.

[66223]
with AAV plasmid dual protein construct encoding aflibercept and PEDF. Briefly,

HEK293T ceils were seeded in 12-well plates at 2.0 x 107 cells/well in 1.0 m) DMEM/10%

Next, PEDF expression in HEK293T cells was assessed following transfection

FBS media. HEK293T cells were used due to their high transfectability and protein
expression. The next day, 1.0 mg plasmid DNA complexed with 3.0 mi FuGene6 (Cat#
E2691, Promega, Madison, WI) was added to the cells in duplicate wells. Two days after
transfection, the supernatants were collected. Cell debris were pelieted by centrifugation in
a microcentrifuge at 12,000 g for 10 minutes at 4°C. The supernatant was collected and

stored at 4°C. A no plasmid condition was included in the transfoction as negative control.

[00224)
running the SDS-PAGE/Western blot assay. Aflibercept samples were dihuted 1:30. Diluted

For SDS-PAGE and Western Blot, PEDF samples were diluted 1116, prior to

media was combined with 4x sample buffer and 10x reducing buffer according to the
ThermoFisher iBlot systern. Samples were then boiled at 90°C for & minutes. A 4-—12%
Bis/Tris reducing gel was rurn in 1x MOPS buffer at 125V for 1.5 hours. The proieins were
transferred onto nitrocellvlose using the BioRad Trans Blot Turbo System using the preset
MIXED protocol for 7 minutes. Membranes were blocked for 1-2 minutes in iBind Flex
Buffer prior to loading the iBind Flex Western Device according to manufacturer’s
instructions. Primary antibodies (anti-PEDF EMD Millipore, 1:1000, anti-Human FC HRP

ThermoFisher 1:2000) with species specific secondary antibodies conjugated to HRP
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(1:10000) were used and detected with Femto ECL Substrate and imaged on a BioRad
ChemibDoc system.

[0225] ELISA (R&D, Human serpin FI/FEDF ELISA Cat. No. DY 1177) was carried
out according to manufacturer’s instroctions. Media was diluted 1:1000 or 1:10000 prior to

running the assay.

[00226] Figures 12A-B illustrate expression of a single protein product of the expected

size for PEDF from transfected HEK283T cells, with production of ~17 mg/mi PEDF.

[88227)  VEGFR3-Fe expression in HEK293T cells was assessed following transfection
with AAV plasmid dual protein construct encoding aflibercept and VEGFR3-Fe. Briefly,
HEK2937T cells were seeded in 12-well plates at 2.0 x 10° cells/well in 1.0 ml DMEM/10%
FBS media. HEK293T cells were used due 1o their high transfectability and protein
expression. The next day, 1.0 mg plasmid DNA complexed with 3.0 ml FuGene6 (Cat.#
2691, Fromega, Madison, W1} was added to the cells in duplicate wells. Two days after
transfection, the supernatants wers collscted. Cell debris were pelieted by centrifugation in
a microcentrifuge at 12,000 g for 10 minutes at 4°C. The supernatant was collecied and

stored at 4°C. A no plasmid condition was included in the transfection as negative control.

[66228] Forreducing Western Blotting, cell soups {20 ml) was mixed with 10 mJ 4x
LIS, 4 ml 10x Reducing Agent, and 6 ml water (final volume = 40 ml} and denatured at
70°C for 1(t minutes. Samples were loaded on a 12-well Bolt 4-12% Ris-Tris Plus
polyacrylamide gel (Invitrogen, NW{34122B0X) and ran in 1x MOPS buffer ar 100 V for
75 minutes. Separated proteins were transferred to a nitrocellulose filter with the iBlot 2
device (ThermoFisher) for 10 minutes and probed with HRP-conjugated goat anti-Human
1gG Fe (ThermoFisher Scientific, Cat# 31413, 1:2000) using the iBind Flex device
{ThermoVFisher). Proteins were visualized with SuperSignal West Dura Chemiluminescent

Substrate (ThermoFisher 34076} and imaged on a ChemiBoc MP (BioRad, Hercules, CA).

{80228] For non-reducing Western Blotting, cell supernatant (30 m1) was mixed with 10
mi 4x LDS (final volume = 40 ml) and denatured at 70°C for 10 minutes. Samples were
loaded on a 12-well Bolt 4-12%6 Bis-Tris Plus polyacrylamide gel (Invitrogen,

NW{4122B0X) and ran in 1x MOPS buffer at 160 V for 120 minutes. Separated proteins
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were transferred to a nitrocellulose filter with the iBlot 2 device (ThermoFisher) for 10
minites and probed with HRP-conjugated goat anti-Human IgG Fe {ThermoFisher
Scientific, Cat.# 31413, 1:2000) using the iBind Flex device (ThermoFisher). Proteins were
visualized with SuperSignal West Dura Chemiluminescent Substrate (ThermoFisher

34076) and imaged on a ChemiDoc MP (BioRad, Hercules, CA).

{66238} Figure 13A compares expression of aflibercept following transfection of
HEK293T cells with dual protein AAV constructs also encoding PEDF, VEGFR3-Fe, Anti-
Ang-2 HL or Anti-Ang-2 LH. Figure 13B illustrates a dramatic reduction in aflibercept
when co-expressed with VEGFR3-Fe due to formation of VEGFR3-Fe/Aflibercept

heterodimers
Example 3 - Characterization of constructs encoding aflibercept + RNAG

[86231] The general strategy eruployed was 1o (i) design shRNA against human targets
{it) select shRNA sequence based on (3) knoskdown of endogenous expression of target
using lentivirus and (b} homology to NHP sequences (iii) embed miR-E containing
sequences from selected ShRNA within intron of CAG in anti-VEGF -expressing plasmids

or iy combination with RFP to assess RNAi function alone.

{86132} Ang? and VEGFR3 are both expressed by endothelial cells — transduction of

endothelial cells by rAAV comprising a capsid protein of SEQ 1 N(O:48 was confirmed,

[00233] Chardcigrization of sonstruets comprising RNAL tarasting Ang-2

{00234]  Construction of pAAV-CAG-miR-E (Ang-2)-AFLB-SV40 (see Figure 14;
constructs pP143.001 encodes RFPG7S and pP141.001 encodes aflibercept but are
otherwise identical; pP143.001 is an miRNA only efficacy control for in vitro studies).
The pAAV-CAG-AFLB-3V40 construct expressing human codon optimized Aflibercept,
VEGF-A/B Trap was synthesized. The miR-E-{ANG-2) miRNA transgene containing the
region of the CAG beta-actin intron encoded between the SgrAl and Nhel restriction
cloning sites was synthesized and cloned into pUCS7 by Genscript (Genseript, Picataway,
NI pUCS7 plasmid and the pAAV-CAG-AFLB-8V40-Kan-Stuffer plasmid were cut with

various restriction enzymes (New England Biolabs) as indicated, backbone DNA was also
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treated with recombinant shrimp alkaline phosphatase (¢SAP, M0371L, New England
Biolabs) during digest to remove free phosphates on cut DNA ends. DNA fragments were
added at a 7:1 molar ratio insert:backbone and ligated with Quick Ligase per
manufacturer’s instructions (#M2200L, New England Biolabs). Ligated plasmid was
transformed into NEB Stable bacterial competent cells (#C3040H, New England Biolabs)
per manufacturer’s instructions and the cells were spread on Kanamycein 50 mg/ml plates

{#1.1025, Teknova, Hollister, CA) and grown at 30C.

{88235} Miniprep cultures were grown from the resulting colonies (7.1), DNA was
prepared with the GeneJET Plasmid Miniprep kit (Cat, #0303, ThermoFisher, Walthan,
MA) and restriction digested to identify positive clones. A 50-mi culture in Terrific Broth
was grown from one positive clone and DNA was prepared with the Qlagen EndoFree
Plasmid Maxi Kit (Cat. #12362, Glagen, Hilden, Germany). Maxiprep plasmid DNA (0.5
mg}) was digested with various restriction enzymes (New England BioLabs) according to
the manufacturer’s instructions and analyzed by agarose gel electrophoresis. Sanger DNA

sequencing was performed by ELIM using primers.

[36236]  Several shRNA sequences targeting Ang-2 (the five sequences listed in Table 1)
were evaluated for their ability to reduce expression of Ang-2 in HUVEC cells. Briefly,
pooled Human umbilical vein endothelial cells were sourced from Lonza (Catalog

# C2519A) and cultured in Lonza Endothelial Cell Growth medium (EGM-2, Catalog

#: CC-3162) according to manufacturer instructions. HUVECs were passaged using PRS
{without Ca and Mg), Trypsin 0.05% and Defined trypsin inhibitor. HUVECs were seeded
into plastic (uncoated} cell cultureware at a density of 2,500 cells per cm®. Assays were
typically performed in 24-well cell culture plates with a 0.5 mL volume of EGM-2,
refreshed every other day. HUVECs were typically used only before passage 8, upon which

a new culture would be initiated.

{66237 HUVEC Transduction - HUVECs were seeded into assay plates at 2,500 cells
per em?. After two days, cells were confluent and a single well was dissociated and
cournted. Multiphicity of infection was calculated using gPCR-derived viral titer and the cell
count. The appropriate volume of AAY was applied to the cells in 6.5mL EGM-2 media.
This was incubated for 48 hours and final assay takedown was performed at one week post-

transduction.

o
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[00238]  Generation of ANGZ shRNA Lentiviral Lines - pLKO.1-shANG2 plasmids were
generated by ligation of annealed phosphorylated oligos, corresponding to § unigue target
sequences in human ANG2 identified from the Broad RNA1 consortium {Table 1), into the
pLKO.1 vector (Sigma Aldrich, Cat #: SCHO01) via EcoRI and Agel {New England
Biolabs) restriction cloning. Plasmid was confirmed by sequencing as with AAV vectors.
Maxi prep DNA was generated as with AAV vectors. HEK293T celis were seeded in 6-
well plates at 5.0 x 10° cells/well in 2.0 ml DMEM/10% FBS media. The next day, 0.5 ug
pSE-GFP plasmid DNA, 4.6uL of MISSION Lentiviral Packaging Mix {Sigma Aldrich,
Cat#: SHPGO1) complexed with 2.7u) FuGene6 (Cat# E2691, Promega, Madison, W) was
added to the cells. The next day, the media was replaced with 2mL of fresh media. On the
two subsequent days, media containing lentivirus was collected and replaced on the cells
with fresh media. Supernatant was collected and filtered with a 0.45um syringe filter
{Millipore Sigyna, Cat# SLHVM33RS), aliquoted and stored at -80C. Lentivirus was titered
using the Lenti-X™ gRT-PCR Titration Kit via gPCR manufacturer’s instructions {Takara,
Cat# 631235). Human umbilical vein endothelial cells (HUVECs) (#PCS-100-013, ATCC)
were seeded at 2.0 x10° celis/well in 6 well plates in 2 ml complete EGM-2 media (CC-
3162, Lonza). Immediately after plating, cells were transduced with lentivirus at a
multiplicity of infection (MOI) of 25 viral genomes per cell. After 48hrs, media containing
fentivirus was removed and replaced with fresh media containing 1.5ug/mL puromycin
{10mg/mi stock solution, Sigma Aldrich, Cat#: P9620-10ml). Afier 72hrs of selection with
puromycin, media containing dead-uninfected cells was removed. Cells expressing shRNA
were continually cultured in T.0ug/mL puromycin in all experiments to retain shRNA

expression. Media and lysate of fnfected HUVECs was analyzed by ELISA for ANGPT2

j30239]  Figures 15A-B illustrate the percent of Ang-2 (secreted and cellular) in HUVEC
cells following transduction with lentivirus containing cach of the candidate shRNAs. Al
constructs worked well (>50% KD in secreted Ang-2), with shRNA #5 exhibiting the
greatest reduction of Ang-2 protein from HUVECs, Notably, shRNAs#1, #4, and #5 are
perfect matches in non-human primates, shRNA #5 was selected for inclusion into AAV
plasmid constructs encoding aflibercept and miRNA targeting Ang-2. Ang-2 shRNAs #1-5

comprise the following sense and antisense strand sequences:
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shRNMA
Seguence Sense Strand Sequence Antisense Strand Sequence
#
1 GCCGCAGCCTATAACAACTIT | AAAGTTGTTATAGGCTGCGGC
(SEQ ID NO: 1Y (SEQ ID NO:2)

2 CCCTAATTCTACAGAAGAGAT | ATCTCTTCTGTAGAATTAGGG
(SEQ ID NG44 {SEQ ID NS

3 GATGATAGAAATAGGGACAAA | TTTGTCCCTATTTCTATCATC
(SEQ ID NO:7) {SEQ ID NG:8)

4 GCCACGGTGAATAATTCAGTT | AACTGAATTATTCACCGTGGC
(SEQ 1D NO:1%) (SEQ IDNO:T)

5 GCTTACTCATIGTATGAACAT | ATGTTCATACAATGAGTAAGC
{(SEQ T NO:13) {(SEQ I3 NO:14)

{80240] Next, human retinal microvascular endothelial cells were transduced with rAAY
comprising a capsid protein of SE(} ID NO:48 and a nucleic acid encoding miRNA
comprising the sense and antisense strands of shRMNA #5 (the sense and antisense strands of
ShRNA #5 were embedded within mir-E and the miRNA was placed within the hybrid
intron of the CAG promoter). rAAV comprising a capsid protein of SEQ IDNG:48 and 2

nucleic acid encoding GFP under the control of CAG promoter was used as a control.

{00241} Briefly, human retinal microvascular endothelial cells were purchased from Cell
Systems {Catalog number ACBRI 181) along with “The System” {catalog number CSS-
Al101), which contains media, coating matrix, and passaging reagents. All passaging,
cryopreservation, and celi thawing were performed according o manufacturer’s
instructions. Cultures are vialed by Cell Systems at passage 3 and, upon receipt, this vial
was expanded and cryopreserved as a bank. Experimoents were performed on cultures only
before passage 9. Experiments were typically performed in 24-well plates, passaged at a
1:3 ratio (1E+4 cells per cm?). The media volume was 1 mL per well and media

replenished every other day wntil passage.

[06242] For RMVEC transduction, RMVEC were seeded at a density of 1E+4 cells/om?
in aitachment factor coated 24-well cell culture plates. This density is sufficient for
confluence at 3 days post-seeding. AAV carrying a CAG-GFP pavload was added to the
cell for 48 hours at MOls calculated by a cell count at the time of transduction and gPCR-

derived viral titer. The transduction volume was the same as the standard culture volume {1
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mi per well of a 24-well plate). After transduction, media was replenished and every other

day thereafter unti] final readout at seven days post-transduction.

[30243] ELISAs for secreted fee-AFLE, ANGPTZ, and VEGF-A Levels - Cell lysates
for ELISA were prepared in M-PER lysis buffer (#78501, Thermo) supplemented with 1X
Halt Protease and Phosphatase Inhibitor Cackuatl (78440, Thermo) as per manufacturer’s
fnstructions, Cell media and lysate were diluted appropriately for each sample and were
used to evaluate secreted analyte levels using the Aflibercept FLISA kit {to measure free
AFLB levels) (Cat# ¥1G-AA11S, Eagle Biosciences, Nashua, MH), the Quantikine human
VEGE-A ELISA kit (DVEQQ, R&D Systems) and the Quantikine human ANGPT2 ELISA
kit (DANG20, R&D Bystems) following the provider’s instructions, The optical density
{13} was measured with a Cytation 3 (BioTek, Winooski, ¥'1) photometer at 450 nm
{reference at 0D 620 nm) within 15 min afier pipetting the Stop Solution. Media

concentrations were defined based on the generated standard curve.

{89244] RT-gPCR of Mature miRMNAs and Targets from Transduced Cells - cells were
tysed ou the plate in RLT and total RNA containing miRNAs was purified using the
Qiagen RMNeasy kit per manufacturer’s instructions #74104, Qiagen), with the
modifications for iselating miRNA suggested in the manufacturers supplemental protocol.
Briefly, RLT lysate was filtered through a gDNA eliminstion column, followed by addition
of 1.5 vohumes of 100% Hthanol o lysate. After running through RMeasy mini column,
Wash step with RW1 was skipped and proceeded directly to washing with buffer RPE.
Total cDNA was produced using the Maxima RT with dsDINA kit (#M 1681, Thermo-
Fisher) as per manuafacturer’s instructions from 100ng of total RNA. gPCR was performed
using TagMan Fast Advanced Mastermix (#4444963, Thermo-Fisher) and predesigned
Tagman probe sets targeting ANGPT2 (Hs00169867_m1, Thermo), a custormn Tagman
assay against our human optimized AFLB (AR7DTHZ, Thermo) and RPL32
{HsO7281819_st, Thermo) as a housekesping control for normalization, Measured levels
of VEGF-C and AFLE were normalized to RPL32 expression and expressed as a funciion
of percent reduction from an untreated or vehicle treated control. miRNA specific cDNA
was produced using the TagMan miRNA RT Kit (4366596, Thermo) as per
moanufaciurer’s instructions using 10ng total RNA and the custom RT primers provided
with the ANGZ custom miRNA Tagman Assay (CTU6249, Thermo) targeting the FL
mature MiRNA guide sequence: 57 AAUGUUCAUACAAUGAGUAAGC-3 (SEQID
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N&J: 72y, gqPCR was performed using TaghMan Fast Advanced Mastermix (#4444963,
Thermo-Fisher) and custom Tagman probe sets targeting ANG2 {CTU6249, Thermo). A
standard curve was generated from the castom miRvana miRNA mimic of ANG2
{AKS063L, Therme) with input ranging from 1e% to 12 copies of the miRNA mimic RT
product per reaction. miRNA concentrations were calculated from the generated standard

Curve,

[66245] Figure 104 illustrates results of Ang-2 ELISA showing a reduction of secreted
and celfular Ang-2 protein {endogenously made by RMVEC cells) by expression of
miRNA targeting Ang-2 in transduced RMVEC cells. A significant decrease in Ang-2
secretion is observed at MOT of 100K a trend for decreasad secretion is also observed at
MOI 10k, A marked decrease in Ang-2 was observed in cellular samples. Figure 16B
iHustrates a significant decrease in expression of Ang-2 mRNA at 100k MOT in transduced

RMVEC celis by Ang-2 gPCR

(382467 Nexi, Ang-2 levels were assessed in human RPE cells following transduction
with rAAY {the same as described above for RMVEC cells). Figures 17A-B iilustraie
Ang-2 levels at day 8 {post-transduction} in RPE cells by RT-gPCR (Figure 17A ~ mRNA
levels) and BLISA (Figure 17B — protein levels). A strong decrease in Ang-2 RNA levels
is observed, with KIJ increasing with increasing MOL Notably, Ang-2 profein levels in
RPE are quite fow; however, a trend is observed toward increased KD of Ang-2 protein
compared to GFP control-transduced cells at all MO, trending towards more KD with

increased MOL Significance is observed in matched MOls,

168247} MNext, the effect of including RNA1 targeting Ang-2 or VEGF-C on aflibercept
expression in dual constructs was assessed in RMVYEC cells. Briefly, RMVEC cells were
transduced with rAAY comprising a capsid protein of SEQ 10 NO:48 and a nucleic acid
encoding {1} AFLE only (CAG-AFLB) (it} encoding AFLE and miRNA targeting Ang-2
(CAG-AFLB-ANG2-RNAD or (iii) encoding AFLB and miRNA targeting VEGT-C (CAG-
AFLB-VEGFC-RMNAI).

(82487 RMVEC were seeded at a density of 1E-+4 cells/om’ in attachment factor coated
24-well cell culture plates. This density is sufficient for confluence at 3 days post-seeding.

AAV carrying a CAG-GFP payload was added to the cell for 48 hours at Miis calculated
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by a celi count at the time of transduction and gPCR-derived viral titer. The transduction
volume was the same as the standard culture volume (1 mi per well of a 24-well plate).
After transduction, media was replenished and every other day thereafter until final readout

at seven days posi-transduction.

{86249} RT-qPCR of Mature miRNAs and Targets from Transduced Cells - cells were
lysed on the plate in RLT and total RNA containing miRNAs was purified using the
(agen RNeasy kit per manofacturer’s instructions (#74104, (Giagen), with the
modifications for isolating miRNA suggested in the manufacturers supplemental protocol.
Briefly, RLT lysate was filtered through a gDNA elimination colurn, followed by addition
of 1.5 volumes of 100% Ethanol to lysate. After running through RNeasy mini column,
Wash step with RW1 was skipped and proceeded directly to washing with buffer RPE.
Total cEXNA was produced using the Maxima RT with dsDNA kit (#M1681, Thermo-
Fisher} as per manufacturer’s instructions from 100ng of total RNA. qPCR was performed
using TagMan Fast Advanced Mastermix (#4444963, Thermo-Fisher) and predesigned
Tagman probe sets targeting ANGPTZ (Hs00169867_m 1, Thermo), a custom Tagman
assay against our human optimized AFLB (ARTDTHZ, Thermo) and RPL32

(Hs7291819 s, Thermo) as a housckeeping control for normalization. Measured levels
of VEGF-C and AFLE were normalized to RPL32 expression and expressed as a function
of percent reduction from an untreated or vehicle treated control. miRNA specific cDNA
was produced using the TagMan roiRNA RT Kit (#4366596, Thermo) as per
manufacturer’s instructions using 10ng total RNA and the custom RT prirpers provided
with the ANG2 custom miRNA Tagman Assay (CTU6249, Thermo) fargeting the FL
mature miRNA guide sequence: 5°~ AAUGUUCAUACAAUGAGUAAGC-3 (SEQID
NO:72). gPCR was performed using TagMan Fast Advanced Mastermix (#4444963,
Thermo-Fisher) and custom Taqman probe sets targeting ANG2 (CTU6249, Thermo). A
standard curve was generated from the custorn miRvana miRNA mimic of ANG2
{AKS063L, Thermo) with input ranging from 1e% 1o 1e2 copies of the miRNA mimic RT
product per reaction. miRNA concentrations were calculated from the generated standard

CUIve.

{60280} ELISAs for secreted free-AFLB, ANGPT2, and VEGF-A Levels - cell lysates
for ELISA were prepared in M-PER lysis buffer (78501, Thermo) supplemented with 1X

Halt Protease and Phosphatase Inhibitor Cockiail (78440, Thermo) as per manufacturer’s
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instructions. Cell media and lysate were diluted appropriately for each sample and were
used to evaluate seoreted analyte levels using the Aflibercept ELISA kit (to measurs free
AFLB levelsy (Cat# 13-AA 115, Bagle Biosciences, Nashua, NH}, the Quantikine human
VEGF-A ELISA kit (DVEOGG, R&D Svystems) and the Quantikine human ANGPT2 ELISA
kit (DANG20, R&ED Systems) following the provider’s instructions. The optical density
{OP)} was measured with a Cytation 3 (BioTek, Winooski, VT) photometer at 450 nm
{reference at OD 620 num) within 15 min after pipetting the Stop Solution. Media

concentrations were defined based on the generated standard curve,

{60251} Aflibercept expression was assessed on day 8. Figure 184 illustrates an increase
in free aflibercept levels following transduction with the miRNA constructs compared to
irapsduction with the CAG-AFLB control in both the ANG?2 and the VEGF-C RNAL

Figure 198 illustrates a corresponding dose-dependent increase in aflibercept miRNA.,

{88252  Ang-2 expression was assessed on day 8. Figore 19A illustrates a significant
decrease in Ang-2 protein levels in all constructs encoding aflibercept, with a further
reduction in Ang-2 observed with miRNA targeting Ang-2 compared to other constructs at
100k MOL Figure 198 illustrates a dose response in terms of deerease in Ang-2 transcripts
with RINAL targeting Ang-2. Aflibercept alone doesn’t appear to affect Ang-2
transcriptionally but may be preventing secretion stimulated by VEGF-A, leading to the
decrease observed in supernatants (Figure 19A). A dose-dependent increase in anti-Ang-2

miRINA {as a function of M} is observed (Figure 19C).

Characterization of VEGF mikhNA-contalning vectors

[00253] AAV plasmid pP145.001 (pAAV-CAG-miR-E-(VEGFCR-AFLR-SV40) (see

Figure 2} was constructed as follows.

[30234]  The pAAV-CAG-AFLB-SV4{ construct expressing human codon optimized
Aflibercept, VEGE-A/B Trap was synthesized, The miR-E-{(VEGF-C) miRNA transgene
containing the region of the CAG betg-actin intron encoded between the SgrAl and Nhe
restriction cloning sites was synthesized and cloned into pUCS7 by Genseript (Genscript,
Picataway, NI}. pUCS7 plasmid and the pAAV-CAG-AFLB-8V40-Kan-Stuffer plasmid

were cut with various restriction enzymes (New England Biolabs) as indicated, backbone
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DINA was also treated with recombinant shrimp alkaline phosphatase ([SAF, M0371L,
New England Biclabs} during digest o remove free phosphates on cut DNA ends. DNA
fragments were added at a 7:1 molar ratio insert:backbone and Hgated with Quick Ligase
per manufacturer’s instructions (#{M2200L, New England Biolabs). Ligated plasmid was
transformed into NEB Stable bacterial competent ceils (#U3040H, New England Biolabs)
per manufacturer’s instructions and the cells were spread on Kanamyein SO mg/mi plates

{(#1.1625, Teknova, Hollister, CA} and grown at 30C.

[86255] Miniprep cultures were grown from the resulting colonies {(7.1), DNA was
prepared with the GenelET Plasmid Miniprep kit (Cat. #0503, ThermoFisher, Waltham,
MA) and restriction digested to identify positive clones. A 50-ml cufture in Terrific Broth
was grown from one posttive cloune and DNA was prepared with the Qlagen EndoFree

Plasmid Maxi Kit (Cat. #12362, Qiagen, Hilden, Germany).

[00236] Maxiprep plasmid DNA (0.5 mg) was digested with various restriction enzymes
{(New England BioLabs) according to the manufacturer’s instructions and analyzed by
agarose gel electrophoresis. Sanger DNA sequencing was performed by ELIM using

primers.

[00257} Several shRNA sequences targeting VEGF-C were evalnated for their ability 1o

reduce expression of VEGF-C in HEK293T cells.

{00258] Generation of VEGE-C shRNA Lentiviral Lines - pLKO.1-shbVEGFC plasmids
were generated by ligation of annealed phosphorylated oligos, corresponding to 5 unique
target sequences in human VEGF-C identified from the Broad RNAI consortium (Table 1),
into the pLXO.1 vector (Sigma Aldrich, Cat #: SCHO01) via EcoRI and Agel (New
England Biolabs) restriction cloning. Plasmid was confirmed by sequencing as with AAV
vectors. Maxi prep DNA was generated as with AAV vectors. HEK2937T cells were seeded
in 6-well plates at 5.0 x 1075 cells/well in 2.0 ml DMEM/10% FBS media. The next day,
{t.5 ug pSF-GFP plasmid DNA, 4.6ul, of MISSION Lentiviral Packaging Mix (Sigma
Aldrich, Cat¥: SHPOOT) complexed with 2.7ul FuGene6 (Cat.# £2691, Promega, Madison,
Wi} was added to the cells. The next day, the media was replaced with 2mL of fresh media.
On the two subsequent days, media containing lentivirus was collected and replaced on the

cells with fresh media. Supernatant was collected and filtered with a 0.45um syringe filter
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(Millipore Sigma, Cat# SLHVM33RS), aliguoted and stored at -80C. Lentivirus was titered
using the Lenti-X™ gRT-PCR Titration Kit via gPCR manufacturer’s instructions {Takara,
Cat#f 631235}, MCF7 cells (#HHTB-22, ATCC) were seeded at 5.0 x18° cells/well in 6 well
plates ju 2 md EMEM/10% FBS media supplemented with (.01 mg/mL human recombinant
insulin (#19278-5ML, Sigma Aldrich). Immediately afier plating, cells were transduced
with lentivirus at a multiplicity of infection (MOT) of 25 viral genomes per cell. After
48hrs, media containing lentivirus was removed and replaced with fresh media containing
0.75ug/mb puromycin (10mg/iml stock solution, Sigma Aldrich, Cat#: PO&20-10mi). After
72hrs of selection with puromyein, media containing dead-uninfected cells was removed.
Cells expressing shRNA were continually cultored ju 0.5ug/moL. puremyein in afl
experiments o retain shRNA expression. Cells cultured with puromycin were fysed in RLT

and total RNA was purified using the Qlagen RNEasy kit per manufacturer’s fnstructions,

{00239] gPCR Analysis of MCF7 VEGF-C Knockdown - cells cultured with puromyein
were lysed on the plate in RLT and total RNA was purified using the Giagen RNeasy kit
per manufacturer’s instructions (#74104, Qiagen). Total cDNA was produced using the
Maxima RT with dsDNA kit (#M1681, Thermo-Fisher) as per manufacturer’s instructions
from Sug of total RNA. gPCR was performed using TagMan Fast Advanced Mastermix
{#4444963, Thermo-Fisher) and predesigned Tagman probe sets targeting VEGF-C
{Hs(11099203_m1, Thermo)} and RPL32 (Hs07291819_s1, Thermo) as a housekeeping
control for normalization. Measured levels of VEGF-C were normalized to RPL32

expression and expressed as a function of percent reduction from a non-targeting shRNA.

[68260] RT-gPCR of Mature miRNAs and Targets from Transduced Cells - cells were
lysed on the plate in RLT and total RNA containing miRNAs was purified using the
Qiagen RNeasy kit per manufacturer’s instructions (#74104, Qlagen), with the
modifications for isolating miRNA suggested in the manufacturers supplemental protocol.
Briefly, RLT lysate was filtered through a gDNA elimination column, followed by addition
of 1.5 volumes of 100% Ethanol to lysate. After running through RNeasy mini column,
Wash step with RW1 was skipped and proceeded directly to washing with buffer RPE.
Total cDNA was produced using the Maxima RT with dsDNA kit (#M1681, Thermo-
Fisher) as per manufacturer’s instructions from 100ng of total RNA. gPCR was performed
using TaqMan Fast Advanced Mastermix (#4444963, Thermo-Fisher) and predesigned

Tagman probe sets targeting VEGF-C (Hs01099203_m1, Thermo), a custom Tagman assay
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against our human optimized AFLB (AR7DTHZ, Thermo) and RPL32 (Hs(7291819 si,
Thermo) as a housekeeping control for normalization. Measured levels of VEGF-C and
AFLEB were normalized to RPL32 expression and expressed as a function of percent
reduction from an untreated or vehicle treated control. miRNA specific ¢DNA was
produced using the TagMan miRNA RT Kit (#4366596, Thermo) as per manufacturer’s
instructions using 10ng total RNA and the custom RT primers provided with the VEGF-C
custom miRNA Tagman Assay (CTTZ9KC, Thermo) targeting the FL mature nuRNA
guide sequence: 5-AAUAACGUCUUGCUGAGGUAGC-3" (SEQ 1D NO:73). gPCR was
performed using TagMan Fast Advanced Mastermix (#4444963, Thermo-Fisher) and
custom Tagman probe sets targeting VEGF-C (CTTZS8KC, Thermo). A standard curve was
generated from the custom miRvana miRNA mimic of VEGF-C (AKT9497T, Thermo) with
input ranging from 1e to 1e2 copies of the miRNA mimic RT product per reaction.

miRNA concentrations were calcnlated from the generated standard curve.

{00261} Figure 20 illustrates the percentage of VEGF-C RNA levels {(normalized to
RPL32} in HEX293T cells following transduction with the shRNAs. Potent KD of VEGF-
C in all construets was observed, with shRNA #2 resulting in >90% knockdown of VEGF-
C. shRNA #2 was selected for inclusion into AAYV plasmid constructs encoding aflibercept
and miRNA targeting VEGF-C. VEGF-C shRNAg #1-5 comprise the following sense and

antisense strand sequences:

shRNA
Sequence Semse Strand Sequence Antisense Strand Sequence

#

1 COCCGACAAACACCTTCTTITAA | TTAAAGAAGGTGTITGTCGCG
{SEQ 1D NOG:16) (SEQ IR NO:T

2 CTACCTCAGCAAGACGTTATT | AATAACGTCTTOCTGAGGTAG
(SEQ ID NO: ) (SEQ 1D NO26)

3 ACCAATTACATGTGGAATAAT | ATTATTCCACATGTAATIGG

. {(SEQ 1D NG:22) {(SEQ ID NO:23

4 ATGACCAAACAGCCAAGATIT | AAATCTTGGCTGTTTGGTCA
(SEQ ID NO:15) {(SEQ ID N(:26)

5 GTCGTTGTGTCCCTTCATATT | AATATGAAGGGACACAACGAC
{(SEQ 1D NO:28) (SEQ ID NO:2%)

[00262] Next, human RPE cells were transduced with rAAY comprising a capsid protein

of SEG ID NO:48 and a nucleic acid encoding miRNA comprising the sense and antisense
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strands of shRNA #2 {the sense and antisense strands of shRNA #2 were embedded within
mir-E and the miRNA was placed within the hybrid intron of the CAG promoter). rAAV
comprising a capsid protein of SEQ 1D NO:48 and a nucleic acid encoding GFP under the

control of CAG promoter was used as g control,

[68263] RPE Transduction - human stem cell derived retinal pigment epithelial cells
{RPE} were differentiated from embryounic stern cells (ESI-017) following published
protocols (Buchholz D 2013, Leach L 2015). RPE cells were grown on Matrigel (Coming)
for 30 days in XVIVO-10 media (Lonza), in a 96 well plate format. Prior to transduction,
three weils were barvested and counted for an accurate caloulation of multiplicity of
infection (MO}, Virus was added to the cells for 48 hours in XVIVG) media based on
gach viral titer in a total volume of 100 pL per well. Media was collecied on day 3, 7, 11,
15 and 19 and replaced with 200 ul of media per well. Media samples were stored at 4°C

unitil processed.

[00264} ELISAs for secreted free-AFLEB, ANGPT2, and VEGF-A Levels - cell lysates
for ELISA were prepared in M-PER lysis buffer (#78501, Therroo) supplemented with 1%
Halt Protease and Phosphatase Tnhibitor Cockiail (78449, Thermo) as per manufacturer’s
imstructions. Cell media and lysate were diluted appropriately for each sample and were
used 1o evaluate secreted analyte levels using the Aflibercept ELISA kit (io measure fice
AFLB levels) (Cat.# IG-AA11S, Eagle Biosciences, Nashua, NH), the Quantikine human
VEGEF-A ELTSA kit (BVEQD, R&D Systems) and the Quantikine human ANGPT2 ELISA
kit (DANGZ0, R&D Systems) following the provider’s instructions. The optical density
{OD) was measured with a Cytation 3 (BioTek, Winooski, VT) photometer at 450 nm
{reference at OD 620 nm) within 15 win afier pipetting the Stop Solution. Media

concentrations were defined based on the generated standard cupve.

[80265]  Figwoe Z1A illustrates VEGE-C levels (by ELISA) in RPE cells following

transduction with TAAY carrying the indicated consirucis. A dose-dependent decrease in
VEGF-C in supematants of RPE cells (which make VEGF-C endogenously) is observed
that is specific to the VEGF-C miRNA construet, A slight decrease in VEGF-C in other

constructs is observed at the highest MOIL The miRNA targeting VEGF-C is fimetional.

D
(%]
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[68266] Figure 218 illustrates a corresponding dose~dependent decresse (MOIs of 1.5,

F000 and S000) in VEGF-C mRNA that is specific to the VEGF-C construct,

{08267 Figure 2310 illustrates a dose-dependent increase in expression of miRNA

targeting VEGF-C in RPE cells.

{12687  The ability of the dual constructs (encoding aflibercept + miRNA targeting
VEGE-C or Ang-2) to neutralize VEGF-A in RPE cells was assessed at day 8 post-
transduction with rAAYV vectors comprising a capsid protein of SEQ 1D NO:48 and nucleic
acid comprising the dual construct ("VEGF-C RNALAFLB”, “Ang-2 BNALAFLB”
“AFLB™). Figure 224 illustrates that all constructs expressing AFLE are able to
completely neutralize endogenous VEGF-A at all MO tested. Notably, constracts not
expressing AFLEB ("GFP”, “Ang?2 RNAL") do not have any significant effect on VEGF-A
levels in the media. Figures 21B-C illusteate that VEGF-C protein (Figure 22B; ELISA)
and mRNA levels (Figure 22C; RT-gPCR} are reduced in dose dependent manner in RPE

levels following transduction with rAAYV encoding miRNA targeting VEGF-C.
Faample 4 —~ Dual RNAL Veetors

[3269F A dual RNAI approach {targeting VEGF-C and Ang-2) was investigated.
Representative embodiments incloded pP131.001, pP152.001 snd pP153.001 (see Figure

2.

[88278) pP151 comprises an roiNA fargeting Ang-2 placed within an artificial intron
tocated in the 37 UTR of the aflibercept coding region and an miRNA targeting VEGF-C
placed within the hybrid intron of the CAG promoter. pP152 comprises an miRNA
targeting Ang-2 placed within an artificial intron located within the aflibercept coding
region and an niiRNA targeting VEGF-C placed within the hybrid intron of the CAG
promoter. pP153 comprises miRNA targeting Ang-2 and miRNA targeting VEGF-C, sach

placed at different locations within the bybrid intron of the CAG promoter.

[80271] rAAV comprising a capsid comprising SEQ 1D NO:48 have been shown o

transduce CD3 1+ endothelial cells following intravitreal adminisiration to non-human

NS
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primates (1x10? vg/eye) with a transduction efficiency of < 25% of total CD3 1+ cells (see

Figure 23A — rAAV comprised nucleic acid encoding GFP reporter gene).
Example § -~ NHF Model of Angiogenesis

{602721 A pilot pharmacology study was performed in nop-human primates (NHFs) to (i)
assess acute ocular safety (i) measure expression of aflibercept and intracelinlar miR
targeting VEGF-C and (iti) confirm the dominant miRNA species in vivo following
intravitreal administration of an rAAVY comprising a capsid protein of SEQ ID NO:48 and a
nucleic acid comprising nucleotide sequence encoding aflibercept and miR targeting
VEGF-C. The nucleic acid comprises sense and antisense strands corresponding to SEQ

D Nos: 19 and 20 and the full construct corvesponds to SEQ H NOu6S,

{88273} As shown in Figure 24, agueous and vitreous afiibercept (AFLRB) levels were
well within/above the range reported for efficacy. Robast retinal AFLB levels were

detected. There was no evidence of uveitis or retinal abnormalities during the study.

[602741  As shown in Figure 23, a high number of miRNA copies were detected across all
retinas of all eyes of NHPs in the study. Inter-animal expression levels parallel what is
observed with AFLE ELISA. MiSeq data confirms full-length 22-bp targeting VEGF-C as

predominant miRNA species as shown in transfected HEK293T and transduced RPE cells.

[802758] Nexdt, a proofrof~concept sindy was initiated to investigate the efficacy of the
rAAY in an NHY model of angiogenesis. See e.g., Goody ef al., Experimental Eye
Research, 92(6):464-472 (2011). Briefly, African Green NHPs, n=7 per group, were
intravitreally administered the rAAYV (comprising a capsid protein of SEQ ID NO:48 and a
nucleic acid comprising nucleotide sequence encoding aflibercept and miR targeting
VEGF-C) or vehicle at three doses {bilaterally at 1x10" vg/eye, 3x10" veleve or T x10%
vgleye). Steroids (40mg methylpreduisclone IM weekly starting on -1 and 2 mg
triagmeinolone acetonide sub-tenon post-injection) were discontinued after 4 weeks (post-
administration). Laser was administered 42 days after dosing to induce choroidal

neovascularization {CNV) and lesions were scored 2 and 4 weeks after CNV laser.
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[08276] As illustrated in Figure 26, evaluation of Grade IV lesion incidence revealed that
treatment with all doses of the rAAYV signifeantly blocked CNV as demonstrated by
complete absence of clinically relevant Grade IV lesions in all treated groups (i.¢,, at all
tested doses of the rAAV). See Figure 26, compared to vehicle control. No dose-response

was observed suggesting complete efficacy of the rAAYV at all doses administered.

{0277t Agueous humor samples collected from the NHPs at 21 days after intravitreal
adminisiration of an rAAY comprising a capsid protein of SEQ 1D NO:48 and a nucleic
acid encoding aflibercept and miR targeting VEGF-C (comprising the sense and antisense
strands corresponding to SE(} ID Nos: 19 and 20 and the full construct corresponding to
SEQ D N(O:69), hereinafter referred to as rAAV SEQ ID NO. 48 CAG-AFLB-VEGFC-
RNAI, were analyzed for aflibercept protein expression. As shown in Figure 28, agueous
levels of aflibercept are dose dependent. Additionally, at the 1x10'2 vg/eve dose,
aflibercept expression from the eyes dosed with the rAAV SEQ ID NO. 48 CAG-AFLB-
VEGFC-RNAI was not inferior to rAAV comprising the capsid protein of SEQ ID NQO:48
and a nucleic acid encoding aflibercept only, hereinafter referred to as rAAYV SEQ 1D NG,

48 CAG-AFLB.

[06278]  Intraccular inflammation in the NHPs was examined with slit lamp
bilomicroscopy at designated time points. Scoring was applied to qualitative clinical
ophthalmic findings using a nonhuman primate ophthalmic exam scoring system with a
summary score derived from exam components. At designated time polnts, intraccular
pressure {IOP) measurements were collected using a TovoVet (iCare, Finland) tonometer
set to the dog (d) calibration setting. Three measures were taken from each eye at each time

point and the mean 0P defined.

[60278] In comparison to vehicle-treated eyes that exhibited consistently low integrated
clinical score, the eves receiving rAAY SEQ ID NO. 48 CAG-AFLB at 1x102 vgleve or
rAAY SEQ I NO. 48 CAG-AFLB-VEGFC-RNAI at 1x10 vg/eye exhibited mild to
moderate intraccular inflammation, peaking around 28 days post IVT injection (see Figure

29).

{00288] At Week 22, there was no or only mild intraocuiar inflammation in eyes treated

with vehicle, rAAY SEQ ID NO. 48 CAG-AFLB-VEGFC-RNAI at 1x10% vg/eye or
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3101 vgleye, while half or more of the eyes treated with rAAY SEQ ID NO.48 CAG-
AFLB at ix10" vgleve or rAAV SEQ ID NO. 48§ CAG-AFLB-VEGFC-RNA{ at ix10%
vg/eye exhibited mild to moderate intraocular inflammation. See Figure 29. The
inflammatory responses mainly included mild aqueous cells, keratic precipitates, vitreous
cell findings, and deposits on the anterior capsular membrane of the lens. Intraccular

pressure (IOP) remained normal in all groups.

{80281} Retinal volume and central retinal thickness were assessed in the NHPs. Briefly,
at designated time points, Optical Coberence Tomography {OCT) was performed using a
Heidelberg Spectralis OCT Plus with eye tracking and HEYEX image capture and analysis
software. An overall volume scan of encompassing the posterior retina was performed. At
cxaminations prior to laser, the retinal thickness map and cross-sectional display image

were obtained.

[00282] OCT derived retinal volume and retinal thickness exhibited a stable
comprehensive retinal thickness from baseline to 22 weeks, indicating no retinal edema or
degeneration-related thinning oceurred during the observation period after any treatment.
Mean values of the sum of retinal volume and average central retinal thickness within an

applied ETDRS grid remained stable throughout the study (see Figare 30},

{06283} Full Field Electroretinography (HERG} was conducted at Day 84 and Week 22
to compare the change of retinal fimetion in the NHPs. Briefly, a minimum 23-minute
period of dark-adaptation preceded scotopie fIERG recording. Dark adaptation was
achieved by retaining the monkey under sedation in a transfer cage situated in a dark room
accessed with a scotopic red light. Pupils were dilated with phenylephrine (16%),
angmented with cyclopentolate (196), at the beginning of dark adaptation and potentially
again before stimulus exposure to ensure that animals had maximum pupil dilation at the

point of stimulus induction.

[80284} A minimum [G-minute period of light-adaptation preceded photopic ffERG
recording with the eves kept open and DTL electrodes kept in place. Pupils were dilated
with phenylephrine (10%), augmented with cyclopentolate (1956}, at the beginning of Hght
adaptation and potentially again before stimulus exposure to ensure that monkeys had

maximum pupil dilation at the point of stimulus induction.
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[00285] The following procedures were performed using the Veris platform to the

ISCEV standards for a toxicology study and included the following stimulus exposures:

[30286] +  Scotopic 0.16 cd-3 m2 stimulos (rod-driven response of on bipolar cells

measured, b wave)

[68287} +  Scotopic 2.51 cd-s m2 stimulus (rod and cone-driven response of both

photoreceptors, a wave, and on bipolar cells, b wave}

[60288] -  Photopic 2.51 cd-s 2 stimulus {cone driven response of both

photoreceptors, a wave, and on and off bipolar cells, b wave)

{6028%] -+  Photopic 30 Hz flicker stimulus at 2.51 cd-s m2 stimulus {cone driven
responses}

{86298] NHPs underwent scotopic exams before photopic exams and always underwent
stimulus exposure order of inereasing stimulus strength for a given adaptation. Single

stimulus exposures always preceded ficker stimulus exposure ta avoid bleaching and

impacting retinal adaptation.

{69281} To validate consistency as weli as establish the range of variability inherent in
fIERGs, each stimulus at each time point was captured by two independent nuns. Each run
was a composite of 3 separate, sequential stimulus inductions.

[88292] Data recording followed the format guided by the ISCEV standards.

{80293} »  Stimulus induction was denoted by a marker

{802%4] »  The time integrated luminance of not ouly the stimulus, but also the

background was recorded in absolute values

{32957 -~ Time and date of stimulus induction

832967 +  Pupil diameter
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(002971« Type and position of corneal electrodes

{60298] No statistically significant difference of scotopic A wave, scotopic B wave and
photopic flicker was observed between treatment groups at the same time point or between
different time points of the same freatment group (all p > 0.05, Two-way ANOVA
foliowed by Tukey-Krammer HSD). The mean amplitude of scotopic A wave, scotopic B

wave and photopic flicker are presented in Figure 31,

{88299 CONCLUSION - rAAV comprising a capsid protein of SEQ ID N4 and a
nucleic acid encoding aflibercept + miR targeting VEGF-C completely abolished grade IV
lesion development compared to vehicle-treated conirols and significantly attenuated CNV
developrient, supportiug the safety and efficacy of the rAAV in the treatment of a variety

of diseases associated with ocular angiogenesis such as wet AMD.
Example ¢ - BUVEC Proliferation & Migration Assays

[68380]  Jn virro angiogenesis assays were performed 10 assess effects of plasmids
encoding (i} aflibercept + miRNA targeting VEGF-C {CAG-AFLB-VEGFC-RNAL (i)
atlibercept only (CAG-AFLB} or (i) GFP (CAG-GFF) on proliferation and migration of
humnan wrbilical vein endothetial cells (HUVECs) following electroporation. Brietly,
HUVECs were {ifled using (.05% Trypsin EDTA and electroporated sccording to Thermo
Fisher Neon Electroporator kit instructions. Two million cells per condition were
resuspended in R baffer with the appropriate amount of plasmid, One microgram of total
DINA was transtected per condition (CAG-AFLB-VEGFC-RNAL CAG-AFLE, or CAG-
GFF). Equimolar concenirations of CAG-AFLB-VEGFC-RNAI plasmid and CAG-AFLR
plasmids wers transfected. Beeause the length of CAG-AFLB plasmid (6,660 bp; 1.4x 107
copies/ug) was less that CAG-AFLB-VEGFC-RNAI plasmid {10,711 bp: 8.6x10°
copies/ug), extra CAG-GFP plasmid was added to the CAG-AFLB condition to equalize
the total DNA. A mock transfection “Shock™ was also performed as a control. Cells were
electroporated by a single pulse at 1350 V for 30 milliseconds. Media was changed four
hours post-glectroporation to remove residual R buffer. Following electroporation cells

were plated for proliferation or migraiion assays.

{80301] HUVEC celi counts jor proliferation assay
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{38302} Four days post-electroporation, cells were lifted with 0.05% Trypsin-EDTA.
Trypsin was quenched with an equal volume of complete media. Cells were centrifuged at
400 = g for five minutes and resuspended in 50 ul complete media. Cell suspension was
counted using a BD countess cell counter. Six replicates per condition were counted. The

total experiment was ran three distinct tirpes.
{88303] HUVEC cell counts for migration assay

[30304] Four days post-electroporation, celis were lifted with 0.05% Trypsin-EDTA.
Trypsin was quenched with an equal volume of complete media. Cells were centrifuged at
400 x g for five minutes and counted. 25,000 cells were seeded in starvation EGM-2
medium {without VEGF) into the upper compartment of an 8 pm pore transwell insert
coated with 0.1% gelatin, according to Nareshkumar et al. Scientific reports. 8.1 (2018): 1-
16. The bottom compartment contained complete EGM-2 media, creating a growth factor
gradient. Four hours post-seeding, cultures were fixed and washed with PBS. Nuciei were
counterstained with DAPI for 5 minutes at room temperature. The upper compartment was
then scraped thoronghly with a rubber scraper. Tmages were taken at 50X magnification
using a Zeiss AxioVert.Al fnorescent microscope. Four mages per insert were taken ina
non-biased grid pattern, three replicates per transfection condition. The total experiment
was run three distinct times. Quantification of DAPI was done using FII software.
Schindelin, et al. Nature methods. 9.7 (2012): 676-682. Briefly, a threshold was applied to
each image and converted to binary mask. DAPI points were then guantified using the
“analyze particles” function. Thresholds were the same within each experiment, but

different between experimental replicates because of variability in DAPI staining intensity.

[86385] As shown in Figure 27, HUVEC cells transfected with plasmid DNA comprising
a nucleie acid encoding aflibercept and miR targeting VEGF-C led 1o a decrease in number
of cells present in the culture system compared to plasmid containing GFP under the
control of CAG promoter or Shock conditions controls (Figure 27A). The nucleic acid
encoding aflibercept and miR targeting VEGE-C comprises sense and antisense strands
corresponding to SEQ ID Nos: 19 and 20 and the full construct corresponds to SEQ ID
NO:69. In addition, fewer cells migrated through the transwell membrane after transfection
with plasmid DNA comprising the nucleic acid encoding aflibercept and miR targeting

VEGE-C compared to the Shock condition (Figure 27B). hnportantly, in both assays, the
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plasmid containing the nucleic acid encoding aflibercept and miR targeting VEGF-C was
not inferior to cells transfected with plasmid containing aflibercept under control of the
CAG promoter only. These data demonstrate robust inhibition of endothelial cell
proliferation and migration by nucleic acid encoding aflibercept and miR targeting VEGF-

C in HUVEC cells.

{83861  While the materials and methods of this invention have been deseribed in terms
of preferred embodiments, it will be apparent to those of skill in the art that variations may
be applied to the method described herein without departing from the concept, spirit and
scope of the invention. All such similar substitutes and modifications apparent to those

skilled in the art are deemed to be within the spirit, scope and concept of the invention.
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CLAIMS

i. A synthetic ribonucleic acid (RNA) molecule comprising a sense strand comprising at
least 90% sequence identity with a sequence selected from SEQ 1D MNos: 19, 16, 22, 25, 28,
1, 4,7, 10, 13,31, 34, 37, 40 and 43 and an antisense strand comprising at least 80%
jidentity with a sequence selected from SEQ ID Nos: 20, 17, 23,26, 29, 2, 5, 8, 11, 14, 32,
35, 38, 41 and 44, respectively, preferably wherein the synthetic RNA molecule comprises
a sense strand comprising at least 90% sequence identity with SEQ ID NO:19 and an
antisense strand cornprising at least 90% sequence identity with SEQ 1D N(G:20.

2. The synthetic RNA molecule according to claim |, wherein the RNA is a smail
intetfering RNA (SiRNA}, a small hairpin RNA (shRNA) or an artificial microRNA
{miRNA),

3. The synthetic RNA molecule according to claim 1, wherein the RNA is an shRNA
comprising a loop comprising the sequence CTCGAG or a sequence at least $0% identical

thereto,

4. The synthetic RNA molecule according to claim 1, wherein the RNA is an artificial
miRNA comprising RNA comprising at least 9056 sequence identity with the sequence set
forth as SEQ 1D NOn46 or 47, wherein (30a comprises a sense sequence comprising at least
90% sequence identity with a sequence selecied from SEQ 1D Nos: 19, 16, 22, 25,28, 1, 4,
7,10, 13, 31, 34, 37, 40 and 43 and (Y )» comprises an antisense sequence comprising at
feast 90% sequence identity with a sequence selected from SEQ 1D Nos: 20, 17, 23, 26, 29,
2, 5,8, 11, 14, 32, 35, 3§, 41 and 44, respectively.

5. The synthetic RNA according to any one of claims 1-4, further comprising an unpaired
overhang sequence at the 3' and/or 3' end, the overhang sequence optionally comprising a
sequence of repeating bases, the repeating bases optionally comprising repeating uracil (1)
bases.

6. A nucleic acid comprisiug (1) a nucleotide sequence encoding at least one synthetic

RNA molecule according to any one of claims 1-4,

7. The nucleic acid of claim 6 further comprising {ii} a nucleotide sequence encoding a first
anti-angiogenic polypeptide that inhibits the activity of VEGF-4, preferably wherein the

nucleotide sequence of (1) and (if) are operably linked to an expression control sequence.

332



WO 2022/232178 PCT/US2022/026395

8. The nucleic acid according to claim 7, wherein the first anti-angiogenic polypeptide is
aflibercept, preferably wherein the nuclectide sequence encoding aflibercept comprises the
nucleotide sequence of SEC ID NO:50 or a sequence at least 90% identical thereto.

9. The nucleic acid according to claim 7 or 8, wherein the nucleotide sequence of (i) and
(i1} are operably linked to an expression control sequence.

10. The nucleic acid according to claim 8, wherein the nucleotide sequence encoding the
{irst auti-angiogenic polypeptide and the nucleotide sequence encoding one or more
synthetic RINA molecules are under the control of the same expression control sequence.
11. The nucleic acid according to claim 10, wherein the expression conirol sequence
comprises a ubiquitous promoter.

12, The nucleic acid according to claim 11, wherein the promoter is a CAG or CBA
promoter.

13. The nucleic acid according to claim 8, wherein the nucleic acid comprises the
nucleotide sequence set forth in any one of SEQ 1D Nos: 69, 68, and 70 or a sequence at
feast 95% identical thereto.

14. A composition comprising the synthetic RNA according fo any one of claims 1-4
and/or the nucleic acid according to any one of claims 6 to 13,

1S. The eomposition according to claim 14, which is a pharmaceutical composition further
comprising a pharmaceutically scceptable carrier.

16. A vector comprising the synthetic RNA molecule according to any one of ¢laims 1-4
and/or the nucleic acid according to any one of ¢laims 6 to 13.

17. The vector according to claim 16, wherein the vector is an expression plasmid.

18. The vector according to claim 16 or 17, wherein the vector is a viral vector.

19. The vector according to claim 18 wherein the viral vector is a recombinant adeno-
assoclated virus (tAAV) vector, preferably wherein the tAAY vecior comprises an AAY
capsid of serotype 2, § or § or a variant thereof.

20. The vector according to claim 19, wherein the rAAV has a capsid comprising a capsid

protein comprising a heterologous peptide insertion with a jength of 7, 8, 9, 10 or 11 amino

acids covalently inserted in the GH-loop of the capsid protein relative to a corresponding
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parental AAVY capsid protein, wherein the peptide insertion comprises the amino acid

sequence ISDQTKH (SEQ I NO:74).

2}, The vector according to claim 20, wherein the insertion peptide has from 1 to 3 spacer
amino acids {Y1-Y1} at the amino and/or carboxyl terminus of amino acid sequence

ISDOTKH (SEQ 1D NO:74).

22. The vector according to claim 20 or 21, wherein the insertion peptide is

LAISDOTKHA (SEG ID NO:49).

23. The vector according to any one of claims 20-22, whereln the insertion site is located
between two adjacent amino acids at a position between amino acids 570 and 611 of VP

of AAVZ, or the corresponding position in the capsid protein of another AAV serotype.

24. The vector according to any one of claims 20-23, wherein the insertion site is located
between aming acids corresponding to amine acids 587 and 588 of VP of AAV2 or
between amino acids corresponding o aming acids 588 and 589 of VP of AAV?2 or the

corresponding position in the capsid protein of another AAV serotype.

25. The vector according to any one of claims 20-24, wherein the capsid protein comprises
one or more amoing acid substitution(s) relative to VP of AAV2 or one or more

corresponding substitution{s) in the capsid protein of another AAV serotype.

26. The vector according 1o any one of clairs 20-23, wherein the capsid protein comprises
one of more of the following amino acid substitution(s) relative to VP1 of AAV2 or one
move corrasponding substitution{s) in the capsid protein of another AAYV serotype: MIL,
L15P, P34A, NSTD, Ne6K, REIG, QIOIR, 51097, R144K, R144M, Q164K, T176P,
L1881, S196Y, G226E, G236V, 12407, PAS0OS, N3 12K, P3A63L, D3468H, N449D, T436K,
S463Y, DAT2N, R4AB4C, AS24T, P5358, N3S1IS, AS93E, 1698V, V70EL, V7I9M, §721L,
and L735Q.

27. The vector according to any one of claims 20-36, wherein the variant capsid protein
comprises a V7081 amino acid substingion relative to VP1 of AAV?2 or the corresponding
position in the capsid protein of another

28. The vector according to any one of claims 20-27, wherein the rAAV has g capsid
comprising a capsid protein comprising an amino acid sequence at least 90% identical to
SEQ 1D NG:438, preferably comprising an amine acid at least 93% identical to SEQ 1D

MNR4R, more preferably comprising the amino acid sequence set forth as SEQ 113 NG4S,
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28. The vector according fo claim 28, wherein the rAAV comprises a beterclogous nucleic
acid comprising the sequence set forth as any one of SEQ ID Nos: 69, 64, 65, 686, 67, 68

and 7{.
303, A host cell comprising the vector according to any one of claims 16-29.
31, A composition comprising the vector according to any one of claims 16-29,

32. The composition according to claim 31, which is 3 pharmaceutical composition further

comprising a pharmaceutically acceptable carrier,

33. A method for treating an ocular disease associated with ocular angiogenesis in a
subject, preferably an ocular disease associated with VEGF-A, comprising administering to
the subject a nucleie acid according to any one of claims 6-13, a pharmaceutical
composition according to claim 15, a vector according to any one of claims 16-28 ora

pharmaceutical composition according to claim 32.

34. The method according to claim 33, wherein the subject is administered a
pharmaceutical composition according to claim 32, preferably wherein the pharmaceutical

composition comprises an rAAY virion according to clairm 28 or 29,

35. The method according to claim 34, wherein the rtAAV virion or pharmaceutical
composition is administered to the subject intraccularly, preferably by intravitreal,
suprachoroidal or subretinal ingection, preferably by a single intravitreal injection wherein
no additional doses of the rAAY virion or pharmaceutical composition are administered to

the subject.

36. The method according to claim 34 or 35, wherein the pharmaceutical composition
comprises 1 x 10% to 1 x 10" vector particles, preferably 1 x 10 to 1 x 10" vector

particles, or about 1 x 10'° to about § x 10" vector particles.

37. The method according to any one of claims 23-36, wherein the disease associated with
ocular angiogenesis is selected from the group consisting of wet (neovascular, exudative)
age-related macular degeneration; macular edema following retinal vein scclusion; retinal
neovascularization resulting from retinal vein occlusion; diabetic macular edema, diabetic
retinopathy {including all stages of non-proliferative diabetic retinopathy and proliferative
diabetic retinopathy), myopic macular degeneration, branch retinal vein occlusion, hemi-
retinal vein occlusion, and central retinal vein occlusion; retinopathy of prematurity;

idiopathic choroidal neovascularization; myopia macular degeneration and secondary
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retinal and choroidal neovascularization; retinal telanglectasia; neovascular glaucoma;
vitreous hemorrhage; retinal and choroidal neovascularization secondary to retinal diseases,
inchuding but not limited to uveitis, trauma, retinal degenerative disorders, genetic retinal

and/or choroidal disease, tumors of the eye, corneal and iris neovascularization.

38. The method according to claim 37, wherein the disease associated with ocular
angiogenesis is selected from wet {neovascular, exudative) age-related macular
degeneration; diabetic macular edema; macular edema following retinal vein occlusion;
diabetic retinopathy; and myopic choroidal neovascularization, preferably wherein the

disease associated with ocular angiogenesis is wet age-related macular degeneration.

39. The nucleic acid according to any one of claims 6-13, pharmaceutical composition
according to claim 15, vector according to any one of claims 16-29 or pharmaceutical
composition according to claim 32 for use in the manufacture of a2 medicament for the

treatment of a disease assoctated with ocular angiogenesis.

40, The vector for use according 1o claim 39, wherein the vector is an rAAV virion and is

administerad intraocularly, preferably by subretinal, suprachoroidal or intravitreal injection.

41. The nucleie acid according to any one of claims 6-13, pharmaceutical composition
according to claim 14, vector according to any one of elaims 16-29 or pharmaceutical
composition according to claim 32 for use in the treatment of a disease associated with
ocufar angiogenesis,

42, A method for delivering a synthetic RNA to a retinal cell comprising contacting the
retinal cell with the synthetic RNA according to any one of claims 1-5.

43. A method for delivering a heterologous nucleic acid to a retinal cell comprising

contacting the retinal cell with a nucleic acid according to any one of claims 6-13.
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