SUMMARY

[0005] Provided herein are recombinant adeno-associated virus (AAV) virions comprising: (a) a
variant AAV capsid protein comprising a modified sequence comprising one or more amino acid
substitutions within amino acid residues 570-579 relative to a parental AAV capsid protein, wherein
the modified sequence comprises HKFKSGD (SEQ ID NO: 1), and wherein the amino acid residue
numbering corresponds to an AAVS VP1 capsid protein; and (b) a polynucleotide sequence
encoding a therapeutic gene product.

[0005a] In one aspect, the present disclosure refers to a recombinant adeno-associated virus (rAAV)
virion comprising: (a) a variant AAV capsid protein comprising a modified sequence comprising
one or more amino acid substitutions within amino acid residues 571-580 relative to a parental AAV
capsid protein, wherein the modified sequence comprises LAHKFKSGDA (SEQ ID NO: 3), and
wherein the parental AAV capsid protein is an AAV2.5T VP1 capsid protein comprising the amino
acid sequence of SEQ ID NO: 5; and (b) a polynucleotide sequence encoding a therapeutic gene
product.

[0006] In some examples, the parental AAV capsid protein is an AAVS5 capsid protein or an
AAVS5 and AAV?2 hybrid capsid protein. In some examples, the parental AAV capsid protein is an
AAV2.5T capsid protein. In some examples, the parental AAV capsid protein is an AAV2.5T VP1
capsid protein.

[0007] In some examples, the modified sequence comprises LAHKFKSGDA (SEQ ID NO: 3).
In some examples, the variant AAV capsid protein comprises a capsid sequence having at least 85%
homology to the amino acid sequence set forth in SEQ ID NO: 4 or SEQ ID NO:5. In some
examples, the variant AAV capsid protein comprises a capsid sequence set forth in SEQ ID NO: 6
or SEQ ID NO: 7.

[0008] In some examples, the rAAYV virion is a variant AAVS or a variant AAV2 and AAVS5
hybrid virion. In some examples, the rAAV virion is a variant AAV2.5T virion.

[0009] In some examples, the recombinant AAV virion is capable of transducing cells of the
retina when intravitreally injected into a mammal. In some examples, the recombinant AAV virion
is capable of transducing one or more of: a photoreceptor, a retinal ganglion cell, a Miiller cell, a
bipolar cell, an amacrine cell, a horizontal cell, and a retinal pigment epithelium cell when
intravitreally injected into a mammal. In some examples, the recombinant AAV virion is capable of
transducing retinal pigment epithelium cells when intravitreally injected into a mammal.

[0010] In some examples, the therapeutic gene product is a siRNA, a miRNA, or a protein. In
some examples, the therapeutic gene product is an anti-vascular endothelial growth factor (anti-

VEGF) gene product. In some examples, the therapeutic gene product is an opsin.



[0015a] In one aspect, the present disclosure refers to a method for producing a rAAV virion comprising: (a)
culturing a host cell under a condition that rAAYV virions are produced, wherein the host cell comprises: (i) a
polynucleotide encoding a variant AAV capsid protein comprising a modified sequence comprising one or
more amino acid substitutions within amino acid residues 571-580 relative to a parental AAV capsid protein,
wherein the modified sequence comprises LAHKFKSGDA (SEQ ID NO: 3), wherein the parental AAV
capsid protein is an AAV2.5T VP1 capsid protein comprising the amino acid sequence of SEQ ID NO: 5; (ii)
a polynucleotide encoding a rep protein; (iii) a polynucleotide cassette comprising a sequence that encodes a
therapeutic gene product flanked by at least one AAV ITR; and (iv) AAV helper functions; and (b)
recovering the rAAV virion produced by the host cell.

[0016] Also provided herein are methods of providing a therapeutic gene product to a retina of a subject,
comprising administering to the subject by intravitreal injection a recombinant AAV virion disclosed herein
or a pharmaceutical composition disclosed herein.

[0016a] In one aspect, the present disclosure refers to use of the recombinant AAV virion disclosed herein or
the pharmaceutical composition disclosed herein, in the manufacture of a medicament for providing a
therapeutic gene product to a retina of a subject diagnosed with or is suspected of having one or more
conditions, wherein the medicament is to be administered by intravitreal injection, wherein the one or more
conditions is selected from the group consisting of acute macular neuroretinopathy, Behcet's disease,
choroidal neovascularization, diabetic uveitis, histoplasmosis, macular degeneration, edema, multifocal
choroiditis, ocular trauma which affects a posterior ocular site or location, ocular tumor, central retinal vein
occlusion, diabetic retinopathy, proliferative vitreoretinopathy (PVR), retinal arterial occlusive disease,
retinal detachment, uveitic retinal disease, sympathetic ophthalmia, Vogt Koyanagi-Harada (VKH)
syndrome, uveal diffusion, a posterior ocular condition caused by or influenced by an ocular laser treatment,
posterior ocular conditions caused by or influenced by a photodynamic therapy, photocoagulation, radiation
retinopathy, an epiretinal membrane disorder, branch retinal vein occlusion, anterior ischemic optic
neuropathy, diabetic retinal ischemia, ischemic retinopathy, non-retinopathy diabetic retinal dysfunction,
retinoschisis, retinitis pigmentosa, glaucoma, Usher syndrome, cone-rod dystrophy, Stargardt disease,
inherited macular degeneration, chorioretinal degeneration, Leber congenital amaurosis, congenital stationary
night blindness, choroideremia, Bardet-Biedl syndrome, macular telangiectasia, Leber's hereditary optic
neuropathy, retinopathy of prematurity, and a disorder of color vision.

[0017] In some examples, the subject has been diagnosed with or is suspected of having one or more
conditions selected from the group consisting of: acute macular neuroretinopathy, Behcet's disease, choroidal
neovascularization, diabetic uveitis, histoplasmosis, macular degeneration, edema, multifocal choroiditis,
ocular trauma which affects a posterior ocular site or location, ocular tumor, central retinal vein occlusion,
diabetic retinopathy, proliferative vitreoretinopathy (PVR), retinal arterial occlusive disease, retinal
detachment, uveitic retinal disease, sympathetic ophthalmia, Vogt Koyanagi-Harada (VKH) syndrome, uveal
diffusion, a posterior ocular condition caused by or influenced by an ocular laser treatment, posterior ocular
conditions caused by or influenced by a photodynamic therapy, photocoagulation, radiation retinopathy, an
epiretinal membrane disorder, branch retinal vein occlusion, anterior ischemic optic neuropathy, diabetic
retinal ischemia, ischemic retinopathy, non-retinopathy diabetic retinal dysfunction, retinoschisis, retinitis
pigmentosa, glaucoma, Usher syndrome, cone-rod dystrophy, Stargardt disease, inherited macular
degeneration, chorioretinal degeneration, Leber congenital amaurosis, congenital stationary night blindness,
choroideremia, Bardet-Biedl syndrome, macular
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retinopathy, epiretinal membrane disorders, branch retinal vein occlusion, anterior ischemic optic
neuropathy, diabetic retinal ischemia, ischemic retinopathy, non-retinopathy diabetic retinal
dysfunction, retinoschisis, retinitis pigmentosa, glaucoma, Usher syndrome, cone-rod dystrophy,
Stargardt disease, inherited macular degeneration, chorioretinal degeneration, Leber congenital
amaurosis, congenital stationary night blindness, choroideremia, Bardet-Biedl syndrome, macular
telangiectasia, Leber's hereditary optic neuropathy, retinopathy of prematurity, or a disorder of color
vision.

[0020] Also provided herein are variant AAV capsid proteins comprising a modified sequence
comprising one or more amino acid substitutions within amino acid residues 570-579 relative to a

parental AAV capsid protein, wherein the modified sequence comprises HKFKSGD (SEQ ID NO:
1), and wherein the amino acid residue numbering corresponds to an AAVS VP1 capsid protein.

[0020a] In one aspect, the present disclosure refers to a variant AAV capsid protein comprising a
modified sequence comprising one or more amino acid substitutions within amino acid residues
571-580 relative to a parental AAV capsid protein, wherein the modified sequence comprises
LAHKFKSGDA (SEQ ID NO: 3), and wherein the parental AAV capsid protein is an AAV2.5T
VP1 capsid protein comprising the amino acid sequence of SEQ ID NO: 5.

[0021] In some examples, the parental AAV capsid protein is an AAVS capsid protein or an
AAVS5 and AAV?2 hybrid capsid protein. In some examples, the parental AAV capsid protein is an
AAV2.5T capsid protein. In some examples, the parental AAV capsid protein is an AAV2.5T VP1
capsid protein.

[0022] In some examples, the modified AAV capsid protein comprises LAHKFKSGDA (SEQ
ID NO: 3) at amino acid residues 570-579 relative to the parental AAV capsid protein. In some
examples, the variant AAV capsid protein comprises a capsid sequence having at least 85%
homology to the amino acid sequence set forth in SEQ ID NO: 4 or SEQ ID NO:5. In some
examples, the variant AAV capsid protein comprises a capsid sequence set forth in SEQ ID NO: 6
or SEQ ID NO: 7.

[0023] Also provided herein are nucleic acids comprising nucleic acid sequences encoding a
variant AAV capsid protein disclosed herein.

[0023a] In one aspect, the present disclosure refers to a nucleic acid comprising a nucleic acid
sequence encoding the variant AAV capsid protein disclosed herein.

[0024] Also provided herein are expression vectors comprising a nucleic acid disclosed herein,
wherein the nucleic acid sequence encoding the variant AAV capsid protein is operably linked to a
promoter sequence. In some examples, the expression vector further comprises a nucleic acid that
encodes a rep protein.



CLAIMS

What is claimed is:

1. A recombinant adeno-associated virus (rAAV) virion comprising:

(a) a variant AAV capsid protein comprising a modified sequence comprising one or
more amino acid substitutions within amino acid residues 571-580 relative to a parental AAV
capsid protein, wherein the modified sequence comprises LAHKFKSGDA (SEQ ID NO: 3), and
wherein the parental AAV capsid protein is an AAV2.5T VP1 capsid protein comprising the
amino acid sequence of SEQ ID NO: 5; and

(b) a polynucleotide sequence encoding a therapeutic gene product.

2. The recombinant AAYV virion of claim 1, wherein the variant AAV capsid protein
comprises a VP1 capsid sequence having at least 85% homology to the amino acid sequence set

forth in SEQ ID NO: 7.

3. The recombinant AAV virion of claim 1 or 2, wherein the recombinant AAV virion is

capable of transducing cells of the retina when intravitreally injected into a mammal.

4. The recombinant AAV virion of claim 3, wherein the recombinant AAV virion is capable
of transducing one or more of: a photoreceptor, a retinal ganglion cell, a Miiller cell, a bipolar
cell, an amacrine cell, a horizontal cell, and a retinal pigment epithelium cell when intravitreally

injected into a mammal.

5. The recombinant AAV virion of any one of claims 1-4, wherein the therapeutic gene

product is a siRNA, a miRNA, or a protein.

6. The recombinant AAV virion of any one of claims 1-5, wherein the polynucleotide

encoding the therapeutic gene product is flanked by one or more AAV ITRs.

7. The recombinant AAV virion of any one of claims 1-6, wherein the recombinant AAV

virion has an altered cellular tropism as compared to AAV2.5T.

8. A pharmaceutical composition comprising the recombinant AAV virion of any one of

claims 1-7.
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9. A method for producing a rAAV virion comprising:
(a) culturing a host cell under a condition that rAAYV virions are produced, wherein
the host cell comprises:

(1) a polynucleotide encoding a variant AAV capsid protein comprising a
modified sequence comprising one or more amino acid substitutions within amino acid
residues 571-580 relative to a parental AAV capsid protein, wherein the modified
sequence comprises LAHKFKSGDA (SEQ ID NO: 3), wherein the parental AAV capsid
protein is an AAV2.5T VP1 capsid protein comprising the amino acid sequence of SEQ
ID NO: 5;

(i1) a polynucleotide encoding a rep protein;

(ii1) a polynucleotide cassette comprising a sequence that encodes a
therapeutic gene product flanked by at least one AAV ITR; and

(iv) AAV helper functions; and

(b) recovering the rAAYV virion produced by the host cell.

10. Use of the recombinant AAV virion of any one of claims 1-7 or the pharmaceutical
composition of claim 8, in the manufacture of a medicament for providing a therapeutic gene
product to a retina of a subject diagnosed with or is suspected of having one or more conditions,
wherein the medicament is to be administered by intravitreal injection, wherein the one or more
conditions is selected from the group consisting of acute macular neuroretinopathy, Behcet's
disease, choroidal neovascularization, diabetic uveitis, histoplasmosis, macular degeneration,
edema, multifocal choroiditis, ocular trauma which affects a posterior ocular site or location,
ocular tumor, central retinal vein occlusion, diabetic retinopathy, proliferative vitreoretinopathy
(PVR), retinal arterial occlusive disease, retinal detachment, uveitic retinal disease, sympathetic
ophthalmia, Vogt Koyanagi-Harada (VKH) syndrome, uveal diffusion, a posterior ocular
condition caused by or influenced by an ocular laser treatment, posterior ocular conditions caused
by or influenced by a photodynamic therapy, photocoagulation, radiation retinopathy, an
epiretinal membrane disorder, branch retinal vein occlusion, anterior ischemic optic neuropathy,
diabetic retinal ischemia, ischemic retinopathy, non-retinopathy diabetic retinal dysfunction,
retinoschisis, retinitis pigmentosa, glaucoma, Usher syndrome, cone-rod dystrophy, Stargardt
disease, inherited macular degeneration, chorioretinal degeneration, Leber congenital amaurosis,
congenital stationary night blindness, choroideremia, Bardet-Biedl syndrome, macular
telangiectasia, Leber's hereditary optic neuropathy, retinopathy of prematurity, and a disorder of

color vision.
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11. Use of the recombinant AAV virion of any one of claims 1-7 or the pharmaceutical
composition of claim 8, in the manufacture of a medicament for treating a disease or disorder of
the retina of a subject in need thereof, wherein the medicament is to be administered by

intravitreal injection.

12. The recombinant AAV virion of any one of claims 1-7 for use in treating a disease or
disorder of the retina of a subject in need thereof, wherein a pharmaceutical composition
comprising the recombinant AAV virion is to be administered to the subject by intravitreal

injection.

13. The recombinant AAV virion of any one of claims 1-7 for use in the preparation of a

medicament for the treatment of a disease or disorder of the retina of a subject.

14. A variant AAV capsid protein comprising a modified sequence comprising one or more
amino acid substitutions within amino acid residues 571-580 relative to a parental AAV capsid
protein, wherein the modified sequence comprises LAHKFKSGDA (SEQ ID NO: 3), and
wherein the parental AAV capsid protein is an AAV2.5T VP1 capsid protein comprising the
amino acid sequence of SEQ ID NO: 5.

15. The variant AAV capsid protein of claim 14, comprising a VP1 capsid sequence having

at least 85% homology to the amino acid sequence set forth in SEQ ID NO: 7.

16. A nucleic acid comprising a nucleic acid sequence encoding the variant AAV capsid

protein of claim 14 or 15.

17. An expression vector comprising the nucleic acid of claim 16, wherein the nucleic acid

sequence encoding the variant AAV capsid protein is operably linked to a promoter sequence.

18. A cell comprising the expression vector of claim 17.
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