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Title: GENE THERAPY FOR OCULAR DISORDERS

Abstract: Compositions and methods are provided for treating ocular disorders in a subject are provided. In one aspect, an ade-

no-associated viral vector is provided which includes a nucleic acid molecule comprising a sequence encoding CNGA3. In another

aspect, an adeno- associated viral vector is provided which includes a nucleic acid molecule comprising a sequence encoding CNGB3.
In another aspect, an adeno-associated viral vector is provided which includes a nucleic acid molecule comprising a sequence encoding
REP-1. In desired embodiments, the subject is human, cat, dog, sheep, or non-human primate.
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GENE THERAPY FOR OCULAR DISORDERS

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED IN

ELECTRONIC FORM

[0001] Applicant hereby incorporates by reference the Sequence Listing material filed
in electronic form herewith. This file is labeled "17-8318PCT Seq_Listing ST25.txt".

BACKGROUND OF THE INVENTION

[0002] Choroideremia (CHM) is an X- linked inherited retinal disease characterized
by the degeneration of photoreceptors, retinal pigment epithelium (RPE) and choriocapillaris.
Symptoms develop in the 1st or 2nd decade of life with complaints of poor night vision
(nyctalopia) and progressive loss of peripheral vision. Visual fields constrict as the disease
progresses. This culminates with loss of central vision (visual acuity) and blindness as early
as the fourth decade of life. More than 140 mutations in the CHM gene have been found to
cause choroideremia. Mutations may lead to the production of an abnormally small,
nonfunctional and/or unstable Rab escort protein-1 (REP-1) protein, a decrease in the
protein's function or loss of REP-1 protein production. Lack of normal REP-1 disrupts the
ability of Rab proteins to aid in intracellular trafficking. The immobility of proteins and
organelles within the cell causes the cells to function poorly and to die prematurely.

[0003] The choroideremia gene, CHM, encodes Rab Escort Protein-1 (REP-1), a 653
amino acid protein involved in regulation of membrane trafficking. Since the CHM locus is
on the X-chromosome, choroideremia is typically only diagnosed in males. Although female
carriers of the disease are usually asymptomatic, retinal exams often reveal a patchy
degeneration of the retina and RPE and female individuals can be affected depending on the
extent of X-inactivation of the normal X chromosome (lyonization). Coussa, RG, Traboulsi,
EI (2012) Choroideremia: a review of general findings and pathogenesis, Ophthalmic Genet
33(2):57-65, which is incorporated herein by reference. See also, Vasireddy et al, AAV-
mediated gene therapy for choroideremia: preclinical studies in personalized models. PLoS

One. 2013 May 7;8(5):e61396, which is incorporated herein by reference.
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[0004] Achromatopsia is a heterogeneous group of autosomal recessive inherited
retinal diseases characterized by early onset reduced visual acuity, impaired or complete
color blindness, nystagmus, photoaversion and loss of cone photoreceptor function. About
80% of achromatopsia patients show mutations in the alpha or beta subunit (A3 and B3) of
the cGMP controlled cation channel cyclic nucleotide-gated channel (CNG) of cone
photoreceptors. Homologous to the human disease, Cnga3 deficient mice reveal a loss of
cone specific functionality leading to malfunction and degeneration of affected cone
photoreceptors.

[0005] Therefore, compositions useful for expressing REP-1, CNGA3 or CNGB3 in

human subjects are needed.

SUMMARY OF THE INVENTION

[0006] Choroideremia (CHM) is an X- linked retinal degeneration that is
symptomatic in the 1st or 2nd decade of life causing nyctalopia and loss of peripheral vision.
The disease progresses through mid-life, when most patients become blind. CHM is a
favorable target for gene augmentation therapy, as the disease is due to loss of function of a
protein necessary for retinal cell health, Rab Escort Protein 1 (REP1), which is encoded by
the CHM gene. The CHM cDNA can be packaged in recombinant adeno-associated virus
(rAAYV), which has an established track record in human gene therapy studies. In addition,
there are sensitive and quantitative assays to document REP1 activity, including its ability to
prenylate Rab proteins such as Rab27 and to correct a defect in Rab27 localization and
trafficking due to lack of prenylation in REP-1 deficient cells.

[0007] In one aspect, a codon optimized cDNA sequence encoding Rab Escort
Protein-1 (REP-1) is provided. In one embodiment, the codon optimized cDNA sequence is a
variant of SEQ ID NO: 3. In another embodiment, the codon optimized cDNA sequence is
SEQ ID NO: 1. In another embodiment, the cDNA sequence is codon optimized for
expression in humans.

[0008] In another aspect, an expression cassette includes a codon optimized nucleic
acid sequence that encodes REP-1. In one embodiment, the expression cassette includes the

cDNA sequence of SEQ ID NO: 1. In still other embodiments, the REP-1 encoding sequence
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is positioned between 5 and 3° AAV ITR sequences. In one embodiment, the vector genome
includes all of the nucleic acid sequence between, and including, the 5' ITR and 3' ITR.
[0009] In another embodiment, an adeno-associated virus (AAV) vector is provided.
The AAYV vector includes an AAV capsid and a nucleic acid sequence comprising AAV
inverted terminal repeat sequences and a nucleic acid sequence encoding human Rab Escort
Protein-1 (REP-1), and expression control sequences that direct expression of the REP-1 in a
host cell. In one embodiment, the REP-1 sequence encodes a full length REP-1 protein. In
one embodiment, the REP-1 sequence is the protein sequence of SEQ ID NO: 2.

[00010] In one aspect, a codon optimized cDNA sequence encoding cyclic nucleotide
gated channel alpha 3 (CNGA3) is provided. In one embodiment, the codon optimized
cDNA sequence is a variant of SEQ ID NO: 13 or SEQ ID NO: 15. In another embodiment,
the codon optimized cDNA sequence is SEQ ID NO: 9 or SEQ ID NO: 11. In another
embodiment, the cDNA sequence is codon optimized for expression in humans.

[00011] In another aspect, a codon optimized cDNA sequence encoding CNGB3 is
provided. In one embodiment, the codon optimized cDNA sequence is a variant of SEQ ID
NO: 19 or 21 or 23. In another embodiment, the codon optimized cDNA sequence is SEQ ID
NO: 45. In another embodiment, the cDNA sequence is codon optimized for expression in
humans.

[00012] In another aspect, an expression cassette includes a codon optimized nucleic
acid sequence that encodes cyclic nucleotide gated channel alpha 3 (CNGA3). In one
embodiment, the expression cassette includes the cDNA sequence of SEQ ID NO: 9, SEQ ID
NO: 11, SEQ ID NO: 13, or SEQ ID NO: 15. In still other embodiments, the CNGA3
encoding sequence is positioned between 5° and 3> AAV ITR sequences.

[00013] In another aspect, an expression cassette includes a codon optimized nucleic
acid sequence that encodes cyclic nucleotide gated channel beta 3 (CNGB3). In one
embodiment, the expression cassette includes the cDNA sequence of SEQ ID NO: 19 or SEQ
ID NO: 21 or SEQ ID NO: 23 or SEQ ID NO: 45. In still other embodiments, the CNGB3
encoding sequence is positioned between 5° and 3> AAV ITR sequences.

[00014] In another embodiment, an adeno-associated virus (AAV) vector is provided.
The AAYV vector includes an AAV capsid and a nucleic acid sequence comprising AAV

inverted terminal repeat sequences and a nucleic acid sequence encoding human CNGA3,
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and expression control sequences that direct expression of the CNGA3 in a host cell. In one
embodiment, the CNGA3sequence encodes a full length CNGA3 protein. In one
embodiment, the CNGA3 sequence is the protein sequence of SEQ ID NO: 10, SEQ ID NO:
12 or SEQ ID NO: 14.

[00015] In another embodiment, an adeno-associated virus (AAV) vector is provided.
The AAV vector includes an AAV capsid and a nucleic acid sequence comprising AAV
inverted terminal repeat sequences and a nucleic acid sequence encoding human CNGB3, and
expression control sequences that direct expression of the CNGB3 in a host cell. In one
embodiment, the CNGB3 sequence encodes a full length CNGB3 protein. In one
embodiment, the CNGB3 sequence is the protein sequence of SEQ ID NO: 20.

[00016] In another aspect, an adeno-associated virus (AAV) vector is provided which
comprises an AAVS capsid and an expression cassette, wherein said expression cassette
comprises nucleic acid sequences encoding REP-1, inverted terminal repeat sequences and
expression control sequences that direct expression of REP-1 in a host cell. In one
embodiment, the expression control sequences include a Chicken Beta Actin (CBA) promoter
with a cytomegalovirus (CMV) enhancer. In one embodiment, the nucleic acid sequence
comprises SEQ ID NO: 1.

[00017] In yet another aspect, an adeno-associated virus (AAV) vector is provided
which comprises an AAVS8 capsid and an expression cassette, wherein said expression
cassette comprises nucleic acid sequences encoding CNGA3, inverted terminal repeat
sequences and expression control sequences that direct expression of CNGA3 in a host cell.
In one embodiment, the expression control sequences include a thodopsin kinase promoter.
In one embodiment, the expression control sequences include a human cone arrestin
promoter. In one embodiment, the nucleic acid sequence comprises SEQ ID NO: 9. In one
embodiment, the nucleic acid sequence comprises SEQ ID NO: 11.

[00018] In yet another aspect, an adeno-associated virus (AAV) vector is provided
which comprises an AAV8 capsid and an expression cassette, wherein said expression
cassette comprises nucleic acid sequences encoding CNGB3, inverted terminal repeat
sequences and expression control sequences that direct expression of CNGB3 in a host cell.
[00019] In another aspect, an adeno-associated virus (AAV) vector is provided which

comprises an AAV2 capsid and an expression cassette, wherein said expression cassette



WO 2018/232149 PCT/US2018/037592

comprises nucleic acid sequences encoding REP-1, inverted terminal repeat sequences and
expression control sequences that direct expression of REP-1 in a host cell. In one
embodiment, the expression control sequences include a CBA promoter with a CMV
enhancer. In one embodiment, the nucleic acid sequence comprises SEQ ID NO: 1.
[00020] In yet another aspect, an adeno-associated virus (AAV) vector is provided
which comprises an AAV2 capsid and an expression cassette, wherein said expression
cassette comprises nucleic acid sequences encoding CNGA3, inverted terminal repeat
sequences and expression control sequences that direct expression of CNGA3 in a host cell.
In one embodiment, the expression control sequences include a thodopsin kinase promoter.
In one embodiment, the expression control sequences include a human cone arrestin
promoter. In one embodiment, the nucleic acid sequence comprises SEQ ID NO: 9. In one
embodiment, the nucleic acid sequence comprises SEQ ID NO: 11.

[00021] In yet another aspect, an adeno-associated virus (AAV) vector is provided
which comprises an AAV2 capsid and an expression cassette, wherein said expression
cassette comprises nucleic acid sequences encoding CNGB3, inverted terminal repeat
sequences and expression control sequences that direct expression of CNGB3 in a host cell.
[00022] In yet another aspect, an adeno-associated virus (AAV) vector is provided
which comprises an AAV9 capsid and an expression cassette, wherein said expression
cassette comprises nucleic acid sequences encoding CNGA3, inverted terminal repeat
sequences and expression control sequences that direct expression of CNGA3 in a host cell.
In one embodiment, the expression control sequences include a thodopsin kinase promoter.
In one embodiment, the expression control sequences include a human cone arrestin
promoter. In one embodiment, the nucleic acid sequence comprises SEQ ID NO: 9. In one
embodiment, the nucleic acid sequence comprises SEQ ID NO: 11.

[00023] In yet another aspect, an adeno-associated virus (AAV) vector is provided
which comprises an AAV9 capsid and an expression cassette, wherein said expression
cassette comprises nucleic acid sequences encoding CNGB3, inverted terminal repeat
sequences and expression control sequences that direct expression of CNGB3 in a host cell.
[00024] In another aspect, an adeno-associated virus (AAV) vector is provided which
comprises an AAV9 capsid and an expression cassette, wherein said expression cassette

comprises nucleic acid sequences encoding REP-1, inverted terminal repeat sequences and
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expression control sequences that direct expression of REP-1 in a host cell. In one
embodiment, the expression control sequences include a CBA promoter with a CMV
enhancer. In one embodiment, the nucleic acid sequence comprises SEQ ID NO: 1.

[00025] In another aspect, a pharmaceutical composition is provided which includes a
pharmaceutically acceptable carrier, diluent, excipient and/or adjuvant and a least a viral
vector as described herein.

[00026] In yet a further aspect a pharmaceutical composition comprises a
pharmaceutically acceptable carrier, diluent, excipient and/or adjuvant and the nucleic acid
sequence, a plasmid, a vector, or a viral vector, such as the rAAV, described specifically
herein.

[00027] In another aspect, a method for treating choroideremia is provided. In one
embodiment, the method includes administering a composition which includes the AAV
vector which encodes REP-1, as described herein, to a subject in need thereof.

[00028] In another aspect, a method for treating achromatopsia is provided. In one
embodiment, the method includes administering a composition which includes the AAV
vector which encodes CNGA3, as described herein, to a subject in need thereof.

[00029] In another aspect, a method for treating achromatopsia is provided. In one
embodiment, the method includes administering a composition which includes the AAV
vector which encodes CNGB3, as described herein, to a subject in need thereof.

[00030] In yet another aspect, a plasmid for producing an AAV vector is provided. In
one embodiment, the plasmid includes the codon optimized cDNA sequence encoding REP-1
as described herein. In another embodiment, the plasmid includes the codon optimized
cDNA sequence encoding CNGA3 as described herein. In another embodiment, the plasmid
includes a codon optimized cDNA sequence encoding CNGB3 which is a sequence sharing at
least 70% identity with SEQ ID NO: 19 or SEQ ID NO: 21. In yet another embodiment, the
plasmid includes the codon optimized cDNA sequence encoding CNGB3 as described herein.
In one embodiment, the plasmid is modular.

[00031] In another aspect, a method of generating a rAAV virus is provided. The
method includes culturing a packaging cell carrying the plasmid described herein in the

presence of sufficient viral sequences to permit packaging of the gene expression cassette
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viral genome into an infectious AAV envelope or capsid. In another, aspect, a recombinant
AAYV produced according to the method is provided.
[00032] Other aspects and advantages of the invention will be readily apparent from

the following detailed description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[00033] FIG. 1A and FIG. 1B are gels showing REP-1 protein expression in vitro after
transfection of cultured 84-31 HEK cells. The first lane of each gel shows expression of
codon-optimized REP-1 as described herein, expressed from plasmid p944. The second lane
shows expression of native REP-1 from plasmid p742. The third lane shows endogenous
expression of REP-1 by 84-31 cells that were not transfected with a plasmid. The last lane is
a blank. The gels demonstrate that the codon-optimized REP-1 sequence, as described
herein, results in a higher level of protein expression than the native REP-1 sequence, and
that levels of expression from the exogenously transfected plasmids are many-fold higher

than endogenous REP-1 expression.

[00034] FIG. 2A to FIG. 2F provide an alignment of the native REP-1 coding sequence
of SEQ ID NO: 1 vs. the codon optimized REP-1 coding sequence of SEQ ID NO: 3.
[00035] FIG. 3A to FIG. 3F provide an alignment of the native CNGA3 coding

sequence of SEQ ID NO: 13 vs. the codon optimized CNGA3 coding sequence of SEQ ID
NO: 9.

[00036] FIG. 4A to FIG. 4F provide an alignment of CNGB3 native ORF (SEQ ID
NO: 19) vs. CNGB3 modified ORF (SEQ ID NO: 21) vs. CNGB3 modified orf with
modified ends (SEQ ID NO: 23). Point mutations are highlighted.

[00037] FIG. 5 is a plasmid map of p584, described herein. The sequence of p584 is
shown in SEQ ID NO: 7.

[00038] FIG. 6 is a plasmid map of AAV.hCHMco.Version 2a, described herein. The
sequence of Version 2a is shown in SEQ ID NO: 25.

[00039] FIG. 7 is a plasmid map of AAV . hCHMco.Version 2b, described herein. The
sequence of Version 2b is shown in SEQ ID NO: 26.

[00040] FIG. 8 is a plasmid map of AAV.hCHMco.Version 3a, described herein. The

sequence of Version 3a is shown in SEQ ID NO: 27.
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[00041] FIG. 9 is a plasmid map of AAV.hCHMco.Version 3b, described herein. The
sequence of Version 3b is shown in SEQ ID NO: 28.

[00042] FIG. 10 is a plasmid map of AAV.hCHM.Version 1, described herein. The
sequence of Version 1 is shown in SEQ ID NO: 29.

[00043] FIG. 11 is a graphic representation of the effect of lambda insert on AAV
product impurity. All a-version (lambda containing) vectors have much reduced Kan+ signals
from qPCR test.

[00044] FIG. 12A is a western blot showing human anti-REP-1 antibody detection of a
protein of ~75-80 kDa in ocular tissues of CD-1 mice injected with AAV8.2b at SE9 (High
dose) vector genome copies. Animals injected with AAV8.2b at SE8 (Low dose) showed a
very faint protein band at ~75-80 kDa.

[00045] FIG. 12B is a Western blot analysis of ocular tissues of AAV8.3b injected
CD1 mice (2 mice/group) detected with anti-REP-1 antibody, which revealed the presence of
a protein of ~75-80 kDa in one eye injected with low dose and in both eyes injected with high

dose of AAV8.3b. In the ocular tissues of uninjected mice there was no REP-1 expression

detected.

[00046] FIG. 13A to FIG. 13B provide a plasmid map of pAAV-RK1-nativeCNGA3,
described herein. The sequence is shown in SEQ ID NO: 30.

[00047] FIG. 14A to FIG. 14B provide a plasmid map of pAAV-RK1-codon optimized
CNGA3, described herein. The sequence is shown in SEQ ID NO: 31.

[00048] FIG. 15A to FIG. 15B provide a plasmid map of pAAV-RK1- codon
optimized CNGA3 variant 3, described herein. The sequence is shown in SEQ ID NO: 32,
[00049] FIG. 16A to FIG. 16B provide a plasmid map of pAAV-hCAR-nativeCNGA3,
described herein. The sequence is shown in SEQ ID NO: 33.

[00050] FIG. 17A to FIG. 17B provide a plasmid map of pAAV-hCAR-codon
optimized CNGA3, described herein. The sequence is shown in SEQ ID NO: 34,

[00051] FIG. 18A to FIG. 18B provide a plasmid map of pAAV-hCAR- codon
optimized CNGA3 variant 3, described herein. The sequence is shown in SEQ ID NO: 35.
[00052] FIG. 19A to FIG. 19B provide a plasmid map of pAAV-CMV-CBA-

nativeCNGA3, described herein. The sequence is shown in SEQ ID NO: 36.



WO 2018/232149 PCT/US2018/037592

[00053] FIG. 20A to FIG. 20B provide a plasmid map of pAAV- CMV-CBA -codon
optimized CNGA3, described herein. The sequence is shown in SEQ ID NO: 37.

[00054] FIG. 21A to FIG. 21B provide a plasmid map of pAAV- CMV-CBA - codon
optimized CNGA3 variant 3, described herein. The sequence is shown in SEQ ID NO: 38,
[00055] FIG. 22A to FIG. 22B provide a plasmid map of pAAV- RK1- native CNGBS3,
described herein. The sequence is shown in SEQ ID NO: 39.

[00056] FIG. 23A to FIG. 23B provide a plasmid map of pAAV- RK1- codon
optimized CNGB3, described herein. The sequence is shown in SEQ ID NO: 40.

[00057] FIG. 24A to FIG. 24B provide a plasmid map of pAAV- hCAR- native
CNGB3, described herein. The sequence is shown in SEQ ID NO: 41.

[00058] FIG. 25A to FIG. 25B provide a plasmid map of pAAV- hCAR- codon
optimized CNGB3, described herein. The sequence is shown in SEQ ID NO: 42.

[00059] FIG. 26A to FIG. 26B provide a plasmid map of pAAV- CMV-CBA- native
CNGB3, described herein. The sequence is shown in SEQ ID NO: 43.

[00060] FIG. 27A to FIG. 27B provide a plasmid map of pAAV- CMV-CBA- codon
optimized CNGB3, described herein. The sequence is shown in SEQ ID NO: 44.

[00061] FIG. 28 is a western blot showing hCNGAS3 protein expression in 84-31 cells
transduced with the noted vectors. 48 hours post transduction, protein was harvested and
western blotting was performed. The native and codon optimized (hopt) proteins are expected
to be 79kDa and V3-hopt is expected to be 85kDa.

[00062] FIG. 29 is a western blot showing hCNGAS3 protein expression in 84-31 cells
transduced with the noted vectors. 48 hours post transduction, protein was harvested and
western blotting was performed. The native and codon optimized (hopt) proteins are expected

to be 79kDa and V3-hopt is expected to be 85kDa.

[00063] FIG. 30 are three bar graphs showing vector/plasmid expression as measured
by RT-PCR for the three noted vectors.
[00064] FIG. 31 is a bar graph showing the results of cone ERG for CNGA3 null mice

treated with the noted vectors, as described in Example 8. n>5 for all groups, error bars
represent standard deviation.

[00065] FIG. 32A and FIG. 32B are two line graphs showing fluorescence intensity of
untransduced (FIG. 32A) and transduced (FIG. 32B) cells. These results demonstrate
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calcium uptake in transduced vs. untransduced 84-31 cells after cGMP addition. Each series
is a cell.

[00066] FIG. 33 is a bar graph showing the results of cone ERG for CNGB3 null mice
treated with the noted vectors, as described in Example 9.

[00067] FIG. 34 is a graphic representation of the effect of lambda insert on AAV
product impurity.

[00068] FIG. 35 is a western blot showing human anti-REP-1 antibody detection of a
protein of ~75-80 kDa in ocular tissues of CD-1 mice injected with indicated rAAVs at SE7
vector genome copies per eye. Al, A2 and A3 indicate Animal 1, 2 and 3, respectively.
[00069] FIG. 36 is a western blot showing human anti-REP-1 antibody detection of a
protein of ~75-80 kDa in ocular tissues of CD-1 mice injected with indicated rAAVs at 1ES
vector genome copies per eye. Al, A2 and A3 indicate Animal 1, 2 and 3, respectively.
[00070] FIG. 37 is a western blot showing human anti-REP-1 antibody detection of a
protein of ~75-80 kDa in ocular tissues of CD-1 mice injected with indicated rAAVs at SE8
vector genome copies per eye. Al and A2 indicate Animal 1 and 2, respectively.

[00071] FIG. 38 is a western blot showing human anti-REP-1 antibody detection of a
protein of ~75-80 kDa in ocular tissues of CD-1 mice injected with indicated rAAVs at SE9
vector genome copies per eye. Al and A2 indicate Animal 1 and 2, respectively.

[00072] FIGs. 39A and 39B are western blots showing human anti-REP-1 antibody
detection of a protein of ~75-80 kDa in ocular tissues of CD-1 mice injected with indicated
rAAVs at SE9 vector genome copies per eye (FIG. 39A) or 1E10 vector genome copies per
eye (FIG. 39B). A3, A4, A5, and A6 indicate Animal 3, 4, 5, and 6, respectively.

[00073] FIG. 40 is a graphic representation of transduction efficiency of
AAV8.CMV/CbA-GFP (indicated as Article 6) and AAV2.CMV/CbA-GFP (indicated as
Article 5) in PBWT3.1 cells or BMC1 Cells at various dosages. The fold change of GFP
above background was plotted in y axis while the dosage with unit vector genome copies
were indicated on x axis.

[00074] FIG. 41 provides a bar graph showing percentage of caspase-3 positive cells in
the cells described in FIG. 44. Stauro indicates Straurosporine-treated cells while UNT are

untreated cells. Article 1 is AAV2.V2a; Article 2 is AAV8.V3a; while Article 3 is AAVS. V1.

10
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[00075] FIG. 42 provides bar graphs showing prenylation of target RAB Proteins in
CHM patient derived iPSCs after transduction with AAV8.V2a, AAV8.V3aand AAVS8. V1.
CHM patient derived iPSC Cell Line JB 588 demonstrates a CHM mutation with Arg 555
Stop (AGA to TGA). CHM patient derived iPSC Cell Line JB 527 demonstrates a deletion of
Ex 2-4 of CHM. CHM patient derived iPSC Cell Line JB 415 demonstrates a CHM mutation
with Ex 10¢.1327-1328 del AT. In the left panels, incorporated *H GGPP normalized to
untransduced iPSC cells was plotted in y axis. In the right panels, amount of incorporated *H
GGPP in pmol was plotted in y axis.

[00076] FIG. 43 A shows the results of cone response 5-7 weeks post injection for the
test articles described in Example 16. WT = wild type, Un = Cnga3 null mice uninjected, Ex
= Cnga3 null mice injected with excipient; OPT = codon-optimized, NAT = native, V3 =
variant 3; NA = not applicable, L =low dose (8E8 vg/eye), H = high dose (8E9 vg/eye); error
bars = standard deviation, threshold = 4 standard deviations above the excipient mean, *
P<0.05, ** P<0.01, ***P<0.001.

[00077] FIG. 43B shows the results of rod response 5-7 weeks post injection for the
test articles described in Example 16. WT = wild type, Un = Cnga3 null mice uninjected, Ex
= (Cnga3 null mice injected with excipient; OPT = codon optimized, NAT = native, V3 =
variant 3; NA = not applicable, L. = low dose (8E8 vg/eye), H = high dose (8E9 vg/eye); error
bars = standard deviation, * P<0.05, ** P<0.01, ***P<0.001.

[00078] FIG. 44 A shows the results of cone response 12-15 weeks post injection for
the test articles described in Example 16. WT = wild type, Un = Crnga3 null mice uninjected,
Ex = Cnga3 null mice injected with excipient; OPT = codon optimized, NAT = native, V3 =
variant 3; NA = not applicable, L. = low dose (8E8 vg/eye), H = high dose (8E9 vg/eye); error
bars = standard deviation, threshold = 4 standard deviations above the excipient mean, *
P<0.05, ** P<0.01, ***P<0.001.

[00079] FIG. 44B shows the results of rod response 12-15 weeks post injection for the
test articles described in Example 16. WT = wild type, Un = Cnga3 null mice uninjected, Ex
= (Cnga3 null mice injected with excipient; OPT = codon optimized, NAT = native, V3 =
variant 3; NA = not applicable, L. = low dose (8E8 vg/eye), H = high dose (8E9 vg/eye); error
bars = standard deviation, * P<0.05, ** P<0.01, ***P<0.001.
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[00080] FIG. 45A and FIG. 45B provide a plasmid map of pAAV-hCAR-native-
CNGA3-WPRE (p1122), described herein. The sequence of pAAV-hCAR-native-CNGA3-
WPRE (p1122) is shown in SEQ ID NO: 46.

DETAILED DESCRIPTION OF THE INVENTION

[00081] The methods and compositions described herein include compositions and
methods for delivering optimized CHM encoding REP-1 to mammalian subjects for the
treatment of ocular disorders, primarily blinding diseases such as choroideremia. In addition,
methods and compositions described herein involve compositions and methods for delivering
optimized CNGA3 or CNGB3 to mammalian subjects for the treatment of ocular disorders,
primarily blinding diseases such as achromatopsia. In one embodiment, such compositions
involve codon optimization of the REP-1, CNGA3 or CNGB3 coding sequence. Itis
believed that these features increase the efficacy of the product, and increase safety, since a
lower dose of reagent is used. It is anticipated that this optimization of the transgene cassette
could theoretically maximize the level of production of the experimental protein compared to
levels that can be generated using the endogenous sequence. However, also encompassed
herein are compositions which include the native REP1, CNGA3, and CNGB3 coding
sequences, as shown in SEQ ID NO: 3, SEQ ID NO: 13 and SEQ ID NO: 19, respectively. It
is to be understood that when an embodiment is described for either REP-1, CNGA3 or
CNGB3, a similar embodiment is intended to be recited for the other.

[00082] Technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs and
by reference to published texts, which provide one skilled in the art with a general guide to
many of the terms used in the present application. The definitions contained in this
specification are provided for clarity in describing the components and compositions herein
and are not intended to limit the claimed invention.

[00083] The choroideremia gene, CHM, encodes Rab Escort Protein-1 (REP-1), a 653
amino acid protein thought to be involved in membrane trafficking. As used herein, the terms
“REP-1" and “CHM” are used interchangeably when referring to the coding sequence. Since
the CHM locus is on the X-chromosome, choroideremia is typically only diagnosed in males.

Although female carriers of the disease are usually asymptomatic, retinal exams often reveal
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a patchy degeneration of the retina and RPE and female individuals can be affected
depending on the extent of X-inactivation of the normal X chromosome (lyonization). See,
Coussa, cited above. The native amino acid sequence encoding human REP-1 is reported at
GenBank accession number P24386, and reproduced here in SEQ ID NO: 2. The native
human nucleic acid sequence of CHM is reproduced here at SEQ ID NO: 3 (accession no.
NM_000390.2).

[00084] Cyclic nucleotide-gated (CNG) ion channels are key mediators underlying
signal transduction in retinal and olfactory receptors. Genetic defects in CNGA3 and
CNGB3, encoding two structurally related subunits of cone CNG channels, are known to lead
to achromatopsia. CNGA3 is a 694 amino acid protein. CNGB is an 809 amino acid protein.
[00085] Achromatopsia is a heterogeneous group of congenital, autosomal recessive
retinal disorders that manifest by early onset cone photoreceptor dysfunction, severely
reduced visual acuity, impaired or complete color blindness and photophobia. The native
nucleic acid sequence encoding human CNGA3 is reported at GenBank accession no.

XM 011210554.1, and reproduced in SEQ ID NO: 13. The native nucleic acid sequence
encoding human CNGA3 is reported at GenBank accession no. XM _011210554.1, and
reproduced in SEQ ID NO: 13. The native nucleic acid sequence for the human CNGA3 X1
variant, which includes an additional exon, is reported at GenBank accession no.

NM 001298.2, and reproduced in SEQ ID NO: 15. The native nucleic acid sequence
encoding human CNGB3 is reproduced in SEQ ID NO: 19.

[00086] In certain embodiments of this invention, a subject has an “ocular disorder”,
for which the components, compositions and methods of this invention are designed to treat.
As used herein, the term “subject” as used herein means a mammalian animal, including a
human, a veterinary or farm animal, a domestic animal or pet, and animals normally used for
clinical research. In one embodiment, the subject of these methods and compositions is a
human. Still other suitable subjects include, without limitation, murine, rat, canine, feline,
porcine, bovine, ovine, non-human primate and others. As used herein, the term “subject” is
used interchangeably with “patient™.

[00087] As used herein “ocular disorder” includes, cone-rod dystrophies and retinal
diseases including, without limitation, Stargardt disease (autosomal dominant or autosomal

recessive), retinitis pigmentosa, and pattern dystrophy. In one embodiment, the subject has
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achromatopsia. In another embodiment, the subject has choroideremia or an X-linked
hereditary retinal degeneration. Clinical signs of such ocular diseases include, but are not
limited to, decreased peripheral vision, decreased central (reading) vision, decreased night
vision, loss of color perception, reduction in visual acuity, decreased photoreceptor function,
pigmentary changes, and ultimately blindness.

[00088] As used herein, the term “treatment™ or “treating” is defined encompassing
administering to a subject one or more compounds or compositions described herein for the
purposes of amelioration of one or more symptoms of an ocular disease. “Treatment” can
thus include one or more of reducing onset or progression of an ocular disease, preventing
disease, reducing the severity of the disease symptoms, or retarding their progression,
including the progression of blindness, removing the disease symptoms, delaying onset of
disease or monitoring progression of disease or efficacy of therapy in a given subject.
[00089] The term “exogenous™ as used to describe a nucleic acid sequence or protein
means that the nucleic acid or protein does not naturally occur in the position in which it
exists in a chromosome, or host cell. An exogenous nucleic acid sequence also refers to a
sequence derived from and inserted into the same host cell or subject, but which is present in
a non-natural state, e.g. a different copy number, or under the control of different regulatory
elements.

[00090] The term “heterologous™ as used to describe a nucleic acid sequence or protein
means that the nucleic acid or protein was derived from a different organism or a different
species of the same organism than the host cell or subject in which it is expressed. The term
“heterologous” when used with reference to a protein or a nucleic acid in a plasmid,
expression cassette, or vector, indicates that the protein or the nucleic acid is present with
another sequence or subsequence which with which the protein or nucleic acid in question is
not found in the same relationship to each other in nature.

[00091] The terms “percent (%) identity”, “sequence identity”, “percent sequence
identity”, or “percent identical” in the context of nucleic acid sequences refers to the bases in
the two sequences which are the same when aligned for correspondence. The percent identity
is determined by comparing two sequences aligned under optimal conditions over the
sequences to be compared. The length of sequence identity comparison may be over the full-

length of the REP-1, CNGA3 or CNGB3 coding sequence, or a fragment of at least about 100
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to 150 nucleotides, or as desired. However, identity among smaller fragments, e.g. of at least
about nine nucleotides, usually at least about 20 to 24 nucleotides, at least about 28 to 32
nucleotides, at least about 36 or more nucleotides, may also be desired. Multiple sequence
alignment programs are also available for nucleic acid sequences. Examples of such
programs include, “Clustal W”, “CAP Sequence Assembly”, “BLAST”, “MAP”, and
“MEME”, which are accessible through Web Servers on the intemet. Other sources for such
programs are known to those of skill in the art. Alternatively, Vector NTI utilities are also
used. There are also a number of algorithms known in the art that can be used to measure
nucleotide sequence identity, including those contained in the programs described above. As
another example, polynucleotide sequences can be compared using Fasta™, a program in
GCG Version 6.1. Commonly available sequence analysis software, more specifically,
BLAST or analysis tools provided by public databases may also be used.

[00092] The term “isolated” means that the material is removed from its original
environment (e.g., the natural environment if it is naturally occurring). For example, a
naturally-occurring polynucleotide or polypeptide present in a living animal is not isolated,
but the same polynucleotide or polypeptide, separated from some or all of the coexisting
materials in the natural system, is isolated, even if subsequently reintroduced into the natural
system. Such polynucleotides could be part of a vector and/or such polynucleotides or
polypeptides could be part of a composition, and still be isolated in that such vector or
composition is not part of its natural environment.

[00093] By “engineered” is meant that the nucleic acid sequences encoding the REP-1
or CNGA3 or CNGB3 protein described herein are assembled and placed into any suitable
genetic element, e.g., naked DNA, phage, transposon, cosmid, episome, etc., which transfers
the REP-1 or CNGA3 or CNGB3 sequences carried thereon to a host cell, e.g., for generating
non-viral delivery systems (e.g., RNA-based systems, naked DNA, or the like) or for
generating viral vectors in a packaging host cell and/or for delivery to a host cells in a
subject. In one embodiment, the genetic element is a plasmid. The methods used to make
such engineered constructs are known to those with skill in nucleic acid manipulation and
include genetic engineering, recombinant engineering, and synthetic techniques. See, e.g.,
Green and Sambrook, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press,
Cold Spring Harbor, NY (2012).
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[00094] The term “transgene” as used herein means an exogenous or engineered
protein-encoding nucleic acid sequence that is under the control of a promoter or expression
control sequence in an expression cassette, rAAV genome, recombinant plasmid or
production plasmid, vector, or host cell described in this specification. In certain
embodiments, the transgene is a human CHM (REP-1) sequence, encoding a functional REP-
1 protein. In some embodiments, the transgene is a codon optimized nucleic acid CHM
(REP-1) encoding the REP-1 amino acid sequence set forth in SEQ ID NO: 2. In certain
embodiments, the transgene is encoded by the sequence set forth in SEQ ID NO: 1. In
certain embodiments, the REP-1 transgene is encoded by the sequence set forth in SEQ ID
NO: 5. SEQ ID NO: 5 includes modified ends, which include restriction sites for cloning into
a plasmid, such as a production plasmid described herein.

[00095] In certain embodiments, the transgene is a human CNGA3 sequence, encoding
a functional CNGA3 protein. In certain embodiments, the transgene is a codon optimized
CNGAS3 encoding sequence SEQ ID NO: 10. In certain embodiments, the transgene is
encoded by the sequence set forth in SEQ ID NO: 9. In one embodiment, the transgene
includes modified ends, such as that shown in SEQ ID NO: 16, SEQ IDNO 17 or SEQ ID
NO: 18, which include restriction sites for cloning into a plasmid, such as a plasmid
described herein. In certain embodiments, the transgene is a codon optimized CNGA3
encoding sequence SEQ ID NO: 12. In certain embodiments, the transgene is encoded by the
sequence set forth in SEQ ID NO: 11. In certain embodiments, the transgene is encoded by
the native coding sequence of CNGA3, which is set forth in SEQ ID NO: 13.

[00096] In certain embodiments, the transgene is a human CNGB3 sequence, encoding
a functional CNGB3 protein. In certain embodiments, the transgene is a codon optimized
CNGB3 encoding sequence which is a sequence sharing at least 70% identity with SEQ ID
NO: 19 or 21. In certain embodiments, the transgene is encoded by the sequence set forth in
SEQ ID NO: 23. SEQ ID NO: 23 includes modified ends, which include restriction sites for
cloning into a plasmid, such as a production plasmid described herein. Nucleotides 13 to
2448 of SEQ ID NO: 23 provide the ORF for CNGB3. In certain embodiments, the
transgene is a codon optimized CNGB3 encoding sequence SEQ ID NO: 20. In certain
embodiments, the transgene is encoded by the sequence set forth in SEQ ID NO: 19. In
certain embodiments, the transgene is encoded by the sequence set forth in SEQ ID NO: 21.
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In certain embodiments, the transgene includes modified ends for cloning into a plasmid,
such as the plasmids described herein. SEQ ID NO: 21 is anovel cDNA sequence in which
certain silent mutations have been made to the native coding sequence. In certain
embodiments, the CNGB3 sequence is the codon optimized sequence set forth in SEQ ID
NO: 45. Further modifications to the native sequence, as described herein, are contemplated
by the invention.

[00097] In one embodiment, the nucleic acid sequence encoding REP-1, CNGA3 or
CNGBS3 further comprises a nucleic acid encoding a tag polypeptide covalently linked
thereto. The tag polypeptide may be selected from known “epitope tags™ including, without
limitation, a myc tag polypeptide, a glutathione-S-transferase tag polypeptide, a green
fluorescent protein tag polypeptide, a myc-pyruvate kinase tag polypeptide, a His6 tag
polypeptide, an influenza virus hemagglutinin tag polypeptide, a flag tag polypeptide, and a
maltose binding protein tag polypeptide.

[00098] A “vector” as used herein is a nucleic acid molecule into which an exogenous
or heterologous or engineered nucleic acid transgene may be inserted which can then be
introduced into an appropriate host cell. Vectors preferably have one or more origin of
replication, and one or more site into which the recombinant DNA can be inserted. Vectors
often have convenient means by which cells with vectors can be selected from those without,
e.g., they encode drug resistance genes. Common vectors include plasmids, viral genomes,
and (primarily in yeast and bacteria) “artificial chromosomes.” Certain plasmids are
described herein.

[00099] “Virus vectors™ are defined as replication defective viruses containing the
exogenous or heterologous CHM (REP-1) or CNGA3 or CNGB3 nucleic acid transgene(s).
In one embodiment, an expression cassette as described herein may be engineered onto a
plasmid which is used for drug delivery or for production of a viral vector. Suitable viral
vectors are preferably replication defective and selected from amongst those which target
ocular cells. Viral vectors may include any virus suitable for gene therapy, including but not
limited to adenovirus; herpes virus; lentivirus; retrovirus; parvovirus, etc. However, for ease
of understanding, the adeno-associated virus is referenced herein as an exemplary virus

vector.
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[000100] A “replication-defective virus” or “viral vector” refers to a synthetic or
recombinant viral particle in which an expression cassette containing a gene of interest is
packaged in a viral capsid or envelope, where any viral genomic sequences also packaged
within the viral capsid or envelope are replication- deficient; i.e., they cannot generate
progeny virions but retain the ability to infect target cells. In one embodiment, the genome of
the viral vector does not include genes encoding the enzymes required to replicate (the
genome can be engineered to be “gutless” — containing only the transgene of interest flanked
by the signals required for amplification and packaging of the artificial genome), but these
genes may be supplied during production. Therefore, it is deemed safe for use in gene therapy
since replication and infection by progeny virions cannot occur except in the presence of the
viral enzyme required for replication.

[000101] In still another embodiment, the expression cassette, including any of those
described herein is employed to generate a recombinant AAV genome.

[000102] As used herein, the term “host cell” may refer to the packaging cell line in
which a recombinant AAV is produced from a production plasmid. In the alternative, the
term “host cell” may refer to any target cell in which expression of the transgene is desired.
Thus, a “host cell,” refers to a prokaryotic or eukaryotic cell that contains exogenous or
heterologous DNA that has been introduced into the cell by any means, e.g., electroporation,
calcium phosphate precipitation, microinjection, transformation, viral infection, transfection,
liposome delivery, membrane fusion techniques, high velocity DNA-coated pellets, viral
infection and protoplast fusion.

[000103] In certain embodiments herein, the term “host cell” refers to cultures of ocular
cells of various mammalian species for in vitro assessment of the compositions described
herein. In other embodiments herein, the term “host cell” refers to the cells employed to
generate and package the viral vector or recombinant virus. Still in other embodiments, the
term “host cell” is intended to reference the ocular cells of the subject being treated in vivo
for the ocular disease.

[000104] As used herein, the term “ocular cells” refers to any cell in, or associated with
the function of, the eye. The term may refer to any one of photoreceptor cells, including rod
photoreceptors, cone photoreceptors and photosensitive ganglion cells, retinal pigment

epithelium (RPE) cells, Mueller cells, choroidal cells, bipolar cells, horizontal cells, and
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amacrine cells. In one embodiment, the ocular cells are the photoreceptor cells. In another
embodiment, the ocular cells are RPE cells.

[000105] “Plasmids™ generally are designated herein by a lower case p preceded and/or
followed by capital letters and/or numbers, in accordance with standard naming conventions
that are familiar to those of skill in the art. Many plasmids and other cloning and expression
vectors that can be used in accordance with the present invention are well known and readily
available to those of skill in the art. Moreover, those of skill readily may construct any
number of other plasmids suitable for use in the invention. The properties, construction and
use of such plasmids, as well as other vectors, in the present invention will be readily
apparent to those of skill from the present disclosure.

[000106] As used herein, the term “transcriptional control sequence” or “expression
control sequence” refers to DNA sequences, such as initiator sequences, enhancer sequences,
and promoter sequences, which induce, repress, or otherwise control the transcription of
protein encoding nucleic acid sequences to which they are operably linked.

[000107] As used herein, the term “operably linked” or “operatively associated” refers
to both expression control sequences that are contiguous with the nucleic acid sequence
encoding the REP-1 or CNGA3 or CNGB3 and/or expression control sequences that act in
trans or at a distance to control the transcription and expression thereof.

[000108] The term “AAV” or “AAV serotype” as used herein refers to the dozens of
naturally occurring and available adeno-associated viruses, as well as artificial AAVs.
Among the AAVs isolated or engineered from human or non-human primates (NHP) and
well characterized, human AAV?2 is the first AAV that was developed as a gene transfer
vector; it has been widely used for efficient gene transfer experiments in different target
tissues and animal models. Unless otherwise specified, the AAV capsid, ITRs, and other
selected AAV components described herein, may be readily selected from among any AAV,
including, without limitation, AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVS,
AAV9, AAVS8bp, AAVTMS and AAV Anc80, variants of any of the known or mentioned
AAVs or AAVs yet to be discovered or variants or mixtures thereof. See, e.g., WO
2005/033321, which is incorporated herein by reference. In another embodiment, the AAV
capsid is an AAV8bp capsid, which preferentially targets bipolar cells. See, WO
2014/024282, which is incorporated herein by reference. In another embodiment, the AAV
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capsid is an AAV7m8 capsid, which has shown preferential delivery to the outer retina. See,
Dalkara et al, In Vivo—Directed Evolution of a New Adeno-Associated Virus for Therapeutic
Outer Retinal Gene Delivery from the Vitreous, Sci Transl Med 5, 189ra76 (2013), which is
incorporated herein by reference. In one embodiment, the AAV capsid is an AAV8 capsid.
In another embodiment, the AAV capsid an AAV9 capsid. In another embodiment, the AAV
capsid an AAVS capsid. In another embodiment, the AAV capsid an AAV?2 capsid.

[000109] As used herein, relating to AAV, the term variant means any AAV sequence
which is derived from a known AAV sequence, including those sharing at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 97%, at least 99% or
greater sequence identity over the amino acid or nucleic acid sequence. In another
embodiment, the AAV capsid includes variants which may include up to about 10% variation
from any described or known AAV capsid sequence. That is, the AAV capsid shares about
90% identity to about 99.9 % identity, about 95% to about 99% identity or about 97% to
about 98% identity to an AAV capsid provided herein and/or known in the art. In one
embodiment, the AAV capsid shares at least 95% identity with an AAV capsid. When
determining the percent identity of an AAV capsid, the comparison may be made over any of
the variable proteins (e.g., vpl, vp2, or vp3). In one embodiment, the AAV capsid shares at
least 95% identity with the AAV8 vp3. In another embodiment, a self-complementary AAV
is used.

[000110] The ITRs or other AAV components may be readily isolated or engineered
using techniques available to those of skill in the art from an AAV. Such AAV may be
isolated, engineered, or obtained from academic, commercial, or public sources (e.g., the
American Type Culture Collection, Manassas, VA). Alternatively, the AAV sequences may
be engineered through synthetic or other suitable means by reference to published sequences
such as are available in the literature or in databases such as, e.g., GenBank, PubMed, or the
like. AAV viruses may be engineered by conventional molecular biology techniques, making
it possible to optimize these particles for cell specific delivery of nucleic acid sequences, for
minimizing immunogenicity, for tuning stability and particle lifetime, for efficient
degradation, for accurate delivery to the nucleus, etc.

[000111] As used herein, “artificial AAV” means, without limitation, an AAV with a

non-naturally occurring capsid protein. Such an artificial capsid may be generated by any
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suitable technique, using a selected AAV sequence (e.g., a fragment of a vp1 capsid protein)
in combination with heterologous sequences which may be obtained from a different selected
AAYV, non-contiguous portions of the same AAV, from a non-AAV viral source, or from a
non-viral source. An artificial AAV may be, without limitation, a pseudotyped AAV, a
chimeric AAV capsid, a recombinant AAV capsid, or a “humanized” AAV capsid.
Pseudotyped vectors, wherein the capsid of one AAV is replaced with a heterologous capsid
protein, are useful in the invention. In one embodiment, AAV2/5 and AAV2/8 are exemplary
pseudotyped vectors.

[000112] “Self-complementary AAV” refers a plasmid or vector having an expression
cassette in which a coding region carried by a recombinant AAV nucleic acid sequence has
been designed to form an intra-molecular double-stranded DNA template. Upon infection,
rather than waiting for cell mediated synthesis of the second strand, the two complementary
halves of scAAV will associate to form one double stranded DNA (dsDNA) unit that is ready
for immediate replication and transcription. See, e.g., D M McCarty et al, “Self-
complementary recombinant adeno-associated virus (scAAV) vectors promote efficient
transduction independently of DNA synthesis”, Gene Therapy, (August 2001), Vol 8,
Number 16, Pages 1248-1254. Self-complementary AAVs are described in, e.g., U.S. Patent
Nos. 6,596,535; 7,125,717, and 7,456,683, each of which is incorporated herein by reference
in its entirety.

[000113] By “administering” as used in the methods means delivering the composition
to the target selected cell which is characterized by the ocular disease. In one embodiment,
the method involves delivering the composition by subretinal injection to the RPE,
photoreceptor cells or other ocular cells. In another embodiment, intravitreal injection to
ocular cells is employed. In still another method, injection via the palpebral vein to ocular
cells may be employed. Still other methods of administration may be selected by one of skill
in the art given this disclosure. By “administering” or “route of administration™ is delivery of
composition described herein, with or without a pharmaceutical carrier or excipient, of the
subject. Routes of administration may be combined, if desired. In some embodiments, the
administration is repeated periodically. The pharmaceutical compositions described herein
are designed for delivery to subjects in need thereof by any suitable route or a combination of

different routes. Direct delivery to the eye (optionally via ocular delivery, subretinal
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injection, intra-retinal injection, intravitreal, topical), or delivery via systemic routes, e.g.,
intraarterial, intraocular, intravenous, intramuscular, subcutaneous, intradermal, and other
parental routes of administration. The nucleic acid molecules and/or vectors described herein
may be delivered in a single composition or multiple compositions. Optionally, two or more
different AAV may be delivered, or multiple viruses [see, e.g., W020 2011/126808 and WO
2013/049493]. In another embodiment, multiple viruses may contain different replication-
defective viruses (e.g., AAV and adenovirus), alone or in combination with proteins.
[000114] Certain compositions described herein are isolated, or synthetically or
recombinantly engineered nucleic acid sequences that provide novel codon-optimized
sequences encoding REP-1 or CNGA3 or CNGB3. In one embodiment, an isolated or
engineered codon optimized nucleic acid sequence encoding human REP-1 is provided. In
one embodiment, the codon-optimized sequence is SEQ ID NO: 1. In another embodiment,
the codon optimized sequence includes N-terminal and C-terminal restriction sites for
cloning. In one embodiment, such as that disclosed in SEQ ID NO: 5, the REP-1 coding
sequence includes an N-terminal Notl restriction site and a C-terminal BamHI restriction site,
in addition to a Kozak consensus sequence. In addition, the codon optimized sequence, in
some embodiments, includes one or more additional restriction sites to allow for addition of
markers, such as an epitope tag. When aligned with the native nucleic acid sequence, the
codon optimized REP-1 may have a percent identity of at least 50%, or at least 60%, or at
least 70%, or at least 80% or at least 90%, including any integer between any of those ranges.
In one embodiment, the codon optimized REP-1 has a percent identify with the native
sequence of at least 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
70, 71,72, 73, 74, 75,76, 77. 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88. 89, 90, 91, 92, 93, 94,
95, 96, 97, 98 or 99%. In one embodiment, when aligned with the native nucleic acid
sequence SEQ ID NO: 3, it is revealed that codon optimized REP-1 (SEQ ID NO: 1) has a
percent sequence identity of only 74% (see FIG. 2).

[000115] In another embodiment, an isolated or engineered codon optimized nucleic
acid sequence encoding human CNGA3 is provided. In one embodiment, the codon-
optimized sequence is SEQ ID NO: 9. In one embodiment, the codon-optimized sequence is
a CNGA3 variant shown in SEQ ID NO: 11. In another embodiment, the codon optimized

sequence includes N-terminal and C-terminal restriction sites for cloning. In one
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embodiment, the CNGA3 coding sequence includes an N-terminal Notl restriction site and a
C-terminal BglII restriction site, in addition to a Kozak consensus sequence. Examples of
CNGA3 sequences which include such modifications can be found in SEQ ID NO: 16, SEQ
ID NO: 17 and SEQ ID NO: 18. In addition, the codon optimized sequence, in some
embodiments, includes one or more additional restriction sites to allow for addition of
markers, such as an epitope tag. When aligned with the native nucleic acid sequence, the
codon optimized CNGA3 may have a percent identity of at least 50%, or at least 60%, or at
least 70%, or at least 80% or at least 90%, including any integer between any of those ranges.
In one embodiment, the codon optimized CNGA3 has a percent identify with the native
sequence of at least 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
70, 71,72, 73, 74, 75,76, 77. 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88. 89, 90, 91, 92, 93, 94,
95, 96, 97, 98 or 99%. In one embodiment, when aligned with the native nucleic acid
sequence SEQ ID NO: 13, it is revealed that codon optimized CNGA3 (SEQ ID NO: 9) has a
percent sequence identity of only 80% (see FIG. 3).

[000116] In another embodiment, an isolated or engineered codon optimized nucleic
acid sequence encoding human CNGB3 is provided. In one embodiment, the codon-
optimized sequence is a sequence sharing at least 70% identity with SEQ ID NO: 19 or SEQ
ID NO 21. In one embodiment, the codon optimized sequence is that set forth in SEQ 1D
NO: 45, which shares about 76% identity with the modified CNGB3 sequence of SEQ ID
NO: 21. In another embodiment, the codon optimized sequence includes N-terminal and C-
terminal restriction sites for cloning, for example, as shown in SEQ ID NO: 23. In addition,
the codon optimized sequence, in some embodiments, includes one or more additional
restriction sites to allow for addition of markers, such as an epitope tag. When aligned with
the native nucleic acid sequence (as shown in SEQ ID NO: 19) or the modified sequence of
SEQ ID NO: 21, the codon optimized CNGB3 may have a percent identity of at least 50%, or
at least 60%, or at least 70%, or at least 80% or at least 90%, including any integer between
any of those ranges. In one embodiment, the codon optimized CNGB3 has a percent identify
with the native sequence of at least 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72, 73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84. 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98 or 99%.
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[000117] In one embodiment, the optimized nucleic acid sequences encoding the REP-1
or CNGA3 or CNGB3 constructs described herein are engineered into any suitable genetic
element, e.g., naked DNA, phage, transposon, cosmid, RNA molecule (e.g., mRNA),
episome, efc., which transfers the REP-1 or CNGA3 or CNGB3 sequences carried thereon to
a host cell, e.g., for generating nanoparticles carrying DNA or RNA, viral vectors in a
packaging host cell and/or for delivery to a host cells in subject. In one embodiment, the
genetic element is a plasmid.

[000118] The selected genetic element may be delivered by any suitable method,
including transfection, electroporation, liposome delivery, membrane fusion techniques, high
velocity DN A-coated pellets, viral infection and protoplast fusion. The methods used to
make such constructs are known to those with skill in nucleic acid manipulation and include
genetic engineering, recombinant engineering, and synthetic techniques. See, e.g., Green and
Sambrook, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press, Cold
Spring Harbor, NY (2012).

[000119] A variety of expression cassettes are provided which employ SEQ ID Nos. 1
or 5 for expression of the REP-1 protein. In one embodiment, an example of a plasmid
containing such an expression cassette is shown in SEQ ID NO. 25. In one embodiment, an
example of a plasmid containing such an expression cassette is shown in SEQ ID NO. 26. In
one embodiment, an example of a plasmid containing such an expression cassette is shown in
SEQ ID NO. 27. In one embodiment, an example of a plasmid containing such an expression
cassette is shown in SEQ ID NO. 28. As used herein, the “vector genome” is the nucleic
acid sequence which is packaged between the 5” and 3” ITRs, including the ITRs themselves.
In some embodiments, the term “vector genome”™ is used interchangeably with “expression
cassette”. Thus, in one embodiment, the vector genome includes a 5° ITR, a CMV enhancer,
a Chicken beta-actin promoter, CBA exon 1 and intron, a Kozak sequence, a codon optimized
CHM, bGH poly A and a3’ ITR. In one embodiment, the vector genome comprises nt 1 to
4233 of SEQ ID NO: 25. In another embodiment, the vector genome comprises nt 1 to 4233
of SEQ ID NO: 26. In another embodiment, the vector genome comprises nt 1 to 4233 of
SEQ ID NO: 27. In another embodiment, the vector genome comprises nt 1 to 4233 of SEQ
ID NO: 28.
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[000120] In another embodiment, a variety of expression cassettes are provided which
employ SEQ ID Nos. 9, 11 or 13 for expression of the CNGA3 protein. In one embodiment,
an example of a plasmid containing such an expression cassette is shown in SEQ ID NOs. 30-
38. In one embodiment, the vector genome includes a 5° ITR, a RK1 promoter, a codon
optimized CNGA3, bGH poly A and a 3° ITR. In another embodiment, the vector genome
includes a 5° ITR, a RK1 promoter, a native CNGA3, bGH poly A and a 3’ ITR. In another
embodiment, the vector genome includes a 5° ITR, a RK1 promoter, a codon optimized
CNGA3 variant 3, bGH poly A and a 3” ITR. Thus, in one embodiment, the vector genome
includes a 5° ITR, a hCAR promoter, a codon optimized CNGA3, bGH poly A and a3’ ITR.
In another embodiment, the vector genome includes a 5° ITR, a hCAR promoter, a native
CNGAS3, bGH poly A and a 3” ITR. In another embodiment, the vector genome includes a 5
ITR, a hCAR promoter, a codon optimized CNGA3 variant 3, bGH poly A and a 3° ITR.
Thus, in one embodiment, the vector genome includes a 5° ITR, a CMV enhancer, a Chicken
beta-actin promoter, CBA exon 1 and intron, a codon optimized CNGA3, bGH poly A and a
3’ ITR. In another embodiment, the vector genome includes a 5° ITR, a CMV enhancer, a
Chicken beta-actin promoter, CBA exon 1 and intron, a native CNGA3, bGH poly A and a 3’
ITR. In another embodiment, the vector genome includes a 5° ITR, a CMV enhancer, a
Chicken beta-actin promoter, CBA exon 1 and intron, a codon optimized CNGA3 variant 3,
bGH poly A and a3’ ITR.

[000121] In one embodiment, the vector genome comprises nt 1 to 3189 of SEQ ID NO:
30. In another embodiment, the vector genome comprises nt 1 to 3189 of SEQ ID NO: 31.
In another embodiment, the vector genome comprises nt 1 to 3354 of SEQ ID NO: 32. In
another embodiment, the vector genome comprises nt 1 to 3583 of SEQ ID NO: 33. In
another embodiment, the vector genome comprises nt 1 to 3580 of SEQ ID NO: 34. In
another embodiment, the vector genome comprises nt 1 to 3748 of SEQ ID NO: 35. In
another embodiment, the vector genome comprises nt 1 to 4357 of SEQ ID NO: 36. In
another embodiment, the vector genome comprises nt 1 to 4357 of SEQ ID NO: 37. In
another embodiment, the vector genome comprises nt 1 to 4522 of SEQ ID NO: 38.

[000122] In another embodiment, a variety of expression cassettes are provided which

employ SEQ ID Nos. 19, 21, 23 or 45 for expression of the CNGB3 protein.
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[000123] In one embodiment, an example of a plasmid containing such an expression
cassette is shown in SEQ ID NOs. 39-44. In one embodiment, the vector genome includes a
57 ITR, a RK1 promoter, a codon optimized CNGB3, bGH poly A and a3’ ITR. In another
embodiment, the vector genome includes a 5° ITR, a RK1 promoter, a native CNGB3, bGH
poly A and a 3° ITR. In one embodiment, the vector genome includes a 5° ITR, ahCAR
promoter, a codon optimized CNGB3, bGH poly A and a 3° ITR. In another embodiment,
the vector genome includes a 5° ITR, a hCAR promoter, a native CNGB3, bGH poly A and a
3’ ITR. In one embodiment, the vector genome includes a 5’ ITR, a CMV enhancer, a
Chicken beta-actin promoter, CBA exon 1 and intron, a codon optimized CNGB3, bGH poly
A and a 3° ITR. In another embodiment, the vector genome includes a 5° ITR, aCMV
enhancer, a Chicken beta-actin promoter, CBA exon 1 and intron, a native CNGB3, bGH
poly Aand a3’ ITR.

[000124] In one embodiment, the vector genome comprises nt 1 to 3537 of SEQ ID NO:
39. In another embodiment, the vector genome comprises nt 1 to 3536 of SEQ ID NO: 40.
In another embodiment, the vector genome comprises nt 1 to 3930 of SEQ ID NO: 41. In
another embodiment, the vector genome comprises nt 1 to 3930 of SEQ ID NO: 42. In
another embodiment, the vector genome comprises nt 1 to 4704 of SEQ ID NO: 43. In
another embodiment, the vector genome comprises nt 1 to 4704 of SEQ ID NO: 44, In
another embodiment, the vector genome comprises nt 1 to 4154 of SEQ ID NO: 46.
[000125] As used herein, an “expression cassette” refers to a nucleic acid molecule
which comprises coding sequences for the optimized REP-1 or CNGA3 or CNGB3 proteins,
promoter, and may include other regulatory sequences therefor, which cassette may be
engineered into a genetic element or plasmid, and/or packaged into the capsid of a viral
vector (e.g., a viral particle).

[000126] In one embodiment, an expression cassette comprises a codon optimized
nucleic acid sequence that encodes REP-1. In one embodiment, the cassette provides the
codon optimized REP-1 operatively associated with expression control sequences that direct
expression of the codon optimized nucleic acid sequence that encodes REP-1 in a host cell.
[000127] In another embodiment, an expression cassette comprises a codon optimized

nucleic acid sequence that encodes CNGA3. In one embodiment, the cassette provides the
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codon optimized CNGA3 operatively associated with expression control sequences that direct
expression of the codon optimized nucleic acid sequence that encodes CNGA3 in a host cell.
[000128] In another embodiment, an expression cassette comprises a codon optimized
nucleic acid sequence that encodes CNGB3. In one embodiment, the cassette provides the
codon optimized CNGB3 operatively associated with expression control sequences that direct
expression of the codon optimized nucleic acid sequence that encodes CNGB3 in a host cell.
[000129] In another embodiment, an expression cassette for use in an AAV vector is
provided. In that embodiment, the AAV expression cassette includes at least one AAV
inverted terminal repeat (ITR) sequence. In another embodiment, the expression cassette
comprises 5° ITR sequences and 3° ITR sequences. In one embodiment, the 5* and 3° ITRs
flank the codon optimized nucleic acid sequence that encodes REP-1 or CNGA3 or CNGB3,
optionally with additional sequences which direct expression of the codon optimized nucleic
acid sequence that encodes REP-1 or CNGA3 or CNGB3 in a host cell. Thus, as described
herein, a AAV expression cassette is meant to describe an expression cassette as described
above flanked on its 5* end by a 5°AAYV inverted terminal repeat sequence (ITR) and on its 3
end by a3> AAV ITR. Thus, this rAAV genome contains the minimal sequences required to
package the expression cassette into an AAV viral particle, i.e., the AAV 5” and 3 ITRs.

The AAV ITRs may be obtained from the ITR sequences of any AAV, such as described
herein. These ITRs may be of the same AAYV origin as the capsid employed in the resulting
recombinant AAV, or of a different AAV origin (to produce an AAV pseudotype). In one
embodiment, the ITR sequences from AAV?2, or the deleted version thereof (AITR), are used
for convenience and to accelerate regulatory approval. However, ITRs from other AAV
sources may be selected. Each TAAV genome can be then introduced into a production
plasmid. In one embodiment, the production plasmid is that described herein, or as described
in WO2012/158757, which is incorporated herein by reference. Various plasmids are known
in the art for use in producing rAAV vectors, and are useful herein. The production plasmids
are cultured in the host cells which express the AAV cap and/or rep proteins. In the host
cells, each TAAV genome is rescued and packaged into the capsid protein or envelope protein
to form an infectious viral particle.

[000130] One type of production plasmid is that shown in SEQ ID NO: 7, which is
termed p584. This plasmid is used in the examples for generation of the rAAV-REP-1
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vector. Such a plasmid is one that contains a 5> AAV ITR sequence; a selected promoter; a
poly A sequence; and a 3° ITR; additionally, it also contains a stuffer sequence, such as
lambda. In one embodiment, a non-coding lambda stuffer region is included in the vector
backbone. The nucleic acid sequence encoding REP-1, CNGA3 or CNGB3 are inserted
between the selected promoter and the poly A sequence, or a similar, plasmid. An example of
p584 which includes the REP-1 encoding sequence can be found in SEQ ID NO: 8. In
another embodiment, the production plasmid is modified to optimized vector plasmid
production efficiency. Such modifications include addition of other neutral sequences, or
deletion of portion(s) of or the entire lambda stuffer sequence to modulate the level of
supercoil of the vector plasmid. Such modifications are contemplated herein. In other
embodiments, terminator and other sequences are included in the plasmid.

[000131] In still a further embodiment, a recombinant adeno-associated virus (AAV)
vector is provided for delivery of the REP-1, CNGA3 and CNGB3 constructs and optimized
sequences described herein. An adeno-associated virus (AAV) viral vector is an AAV
Dnase-resistant particle having an AAV protein capsid into which is packaged nucleic acid
sequences for delivery to target cells. An AAV capsid is composed of 60 capsid (cap) protein
subunits, VP1, VP2, and VP3, that are arranged in an icosahedral symmetry in a ratio of
approximately 1:1:10 to 1:1:20, depending upon the selected AAV. AAVs may be selected
as sources for capsids of AAV viral vectors as identified above. See, e.g., US Published
Patent Application No. 2007-0036760-A1; US Published Patent Application No. 2009-
0197338-A1; EP 1310571. See also, WO 2003/042397 (AAV7 and other simian AAV), US
Patent 7790449 and US Patent 7282199 (AAVS), WO 2005/033321 and US 7,906,111
(AAV9), and WO 2006/110689, and WO 2003/042397 (rh.10). Each of these documents is
incorporated by reference in its entirety. In some embodiments, the AAV capsids are
generated using the nucleic acid sequences described in the listed documents. These
documents also describe other AAV which may be selected for generating AAV and are
incorporated by reference. In some embodiments, an AAV cap for use in the viral vector can
be generated by mutagenesis (i.e., by insertions, deletions, or substitutions) of one of the
aforementioned AAV capsids or its encoding nucleic acid. In some embodiments, the AAV
capsid is chimeric, comprising domains from two or three or four or more of the

aforementioned AAV capsid proteins. In some embodiments, the AAV capsid is a mosaic of
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Vpl, Vp2, and Vp3 monomers from two or three different AAVs or recombinant AAVs. In
some embodiments, an TAAV composition comprises more than one of the aforementioned
Caps.

[000132] In another embodiment, the AAV capsid includes variants which may include
up to about 10% variation from any described or known AAV capsid sequence. That is, the
AAYV capsid shares about 90% identity to about 99.9 % identity, about 95% to about 99%
identity or about 97% to about 98% identity to an AAV capsid provided herein and/or known
in the art. In one embodiment, the AAV capsid shares at least 95% identity with an AAV
capsid. When determining the percent identity of an AAV capsid, the comparison may be
made over any of the variable proteins (e.g., vpl, vp2, or vp3). In one embodiment, the AAV
capsid shares at least 95% identity with the AAV8 vp3. In another embodiment, a self-
complementary AAV is used. In one embodiment, it is desirable to utilize an AAV capsid,
which shows tropism for the desired target cell, e.g., photoreceptors, RPE or other ocular
cells. In one embodiment, the AAV capsid is a tyrosine capsid-mutant in which certain
surface exposed tyrosine residues are substituted with phenylalanine (F). Such AAV variants
are described, e.g., in Mowat et al, Tyrosine capsid-mutant AAV vectors for gene delivery to
the canine retina from a subretinal or intravitreal approach, Gene Therapy 21, 96-105
(January 2014), which is incorporated herein by reference.

[000133] For packaging an expression cassette or rAAV genome or production plasmid
into virions, the ITRs are the only AAV components required in cis in the same construct as
the transgene. In one embodiment, the coding sequences for the replication (rep) and/or
capsid (cap) are removed from the AAV genome and supplied in frans or by a packaging cell
line in order to generate the AAV vector. For example, as described above, a pseudotyped
AAYV may contain ITRs from a source which differs from the source of the AAV capsid.
Additionally or alternatively, a chimeric AAV capsid may be utilized. Still other AAV
components may be selected. Sources of such AAV sequences are described herein and may
also be isolated or engineered obtained from academic, commercial, or public sources (e.g.,
the American Type Culture Collection, Manassas, VA). Alternatively, the AAV sequences
may be obtained through synthetic or other suitable means by reference to published
sequences such as are available in the literature or in databases such as, e.g., GenBank®,

PubMed®, or the like.
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[000134] Methods for generating and isolating AAV viral vectors suitable for delivery
to a subject are known in the art. See, e.g., US Patent 7790449; US Patent 7282199; WO
2003/042397, WO 2005/033321, WO 2006/110689; and US 7588772 B2]. In a one system, a
producer cell line is transiently transfected with a construct that encodes the transgene
flanked by ITRs and a construct(s) that encodes rep and cap. In a second system, a packaging
cell line that stably supplies rep and cap is transiently transfected with a construct encoding
the transgene flanked by ITRs. In each of these systems, AAV virions are produced in
response to infection with helper adenovirus or herpesvirus, requiring the separation of the
rAAVs from contaminating virus. More recently, systems have been developed that do not
require infection with helper virus to recover the AAV — the required helper functions (i.e.,
adenovirus E1, E2a, VA, and E4 or herpesvirus UL5, UL8, UL52, and UL29, and herpesvirus
polymerase) are also supplied, in frans, by the system. In these newer systems, the helper
functions can be supplied by transient transfection of the cells with constructs that encode the
required helper functions, or the cells can be engineered to stably contain genes encoding the
helper functions, the expression of which can be controlled at the transcriptional or
posttranscriptional level.

[000135] In yet another system, the transgene flanked by ITRs and rep/cap genes are
introduced into insect cells by infection with baculovirus-based vectors. For reviews on these
production systems, see generally, e.g., Zhang et al., 2009, “Adenovirus-adeno-associated
virus hybrid for large-scale recombinant adeno-associated virus production,” Human Gene
Therapy 20:922-929, the contents of which is incorporated herein by reference in its entirety.
Methods of making and using these and other AAV production systems are also described in
the following U.S. patents, the contents of each of which is incorporated herein by reference
in its entirety: 5,139,941; 5,741,683; 6,057,152; 6,204,059; 6,268,213; 6,491,907; 6,660,514;
6,951,753; 7,094,604 7,172,893; 7,201,898; 7,229,823, and 7,439,065. See generally, e.g.,
Grieger & Samulski, 2005, “Adeno-associated virus as a gene therapy vector: Vector
development, production and clinical applications,” Adv. Biochem. Engin/Biotechnol. 99:
119-145; Buning et al., 2008, “Recent developments in adeno-associated virus vector
technology,” J. Gene Med. 10:717-733; and the references cited below, each of which is

incorporated herein by reference in its entirety.
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[000136] The methods used to construct any embodiment of this invention are known to
those with skill in nucleic acid manipulation and include genetic engineering, recombinant
engineering, and synthetic techniques. See, e.g, Green and Sambrook et al, Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Press, Cold Spring Harbor, NY (2012).
Similarly, methods of generating rAAV virions are well known and the selection of a suitable
method is not a limitation on the present invention. See, e.g., K. Fisher et al, (1993) J. Virol.,
70:520-532 and US Patent No. 5,478,745.

[000137] The rAAV vectors comprise an AAV capsid and an AAV expression cassette
comprising sequences encoding REP-1 or CNGA3 or CNGB3, such as described above. In
certain embodiments, the rAAV expression cassette comprises AAV inverted terminal repeat
sequences and a codon optimized nucleic acid sequence that encodes REP-1 or CNGA3 or
CNGB3, and expression control sequences that direct expression of the encoded proteins in a
host cell. The rAAV expression cassette, in other embodiments, further comprises one or
more of an intron, a Kozak sequence, a poly A, and post-transcriptional regulatory elements.
Such rAAYV vectors for use in pharmaceutical compositions for delivery to the eye, may
employ a capsid from any of the many known AAVs identified above.

[000138] Other conventional components of the expression cassettes and vectors
include other components that can be optimized for a specific species using techniques
known in the art including, e.g, codon optimization, as described herein. The components of
the cassettes, vectors, plasmids and viruses or other compositions described herein include a
promoter sequence as part of the expression control sequences. In another embodiment, the
promoter is cell-specific. The term “cell-specific” means that the particular promoter
selected for the recombinant vector can direct expression of the optimized REP-1 or CNGA3
or CNGB3 transgene in a particular ocular cell type. In one embodiment, the promoter is
specific for expression of the transgene in photoreceptor cells. In another embodiment, the
promoter is specific for expression in the rods and cones. In another embodiment, the
promoter is specific for expression in the rods. In another embodiment, the promoter is
specific for expression in the cones. In one embodiment, the photoreceptor-specific promoter
1s a human rhodopsin kinase promoter. The rhodopsin kinase (RK1) promoter has been
shown to be active in both rods and cones. See, e.g., Sun et al, Gene Therapy with a

Promoter Targeting Both Rods and Cones Rescues Retinal Degeneration Caused by AIPL1
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Mutations, Gene Ther. 2010 January; 17(1): 117-131, which is incorporated herein by
reference in its entirety. In one embodiment, the promoter is modified to add one or more
restriction sites to facilitate cloning. In one embodiment, the RK1 promoter is shown in nt
175-684 of SEQ ID NO: 30.

[000139] Human cone arrestin (hCAR) promoter has been identified and utilized in
AAYV transduction experiments and in gene replacement studies. See, e.g. Li A, Zhu X, Craft
CM. Retinoic acid upregulates cone arrestin expression in retinoblastoma cells through a Cis
element in the distal promoter region. Invest Ophthalmol Vis Sci. 2002;43(5):1375-1383;
and Carvalho, Livia 8., et al. "Long-term and age-dependent restoration of visual function in
a mouse model of UNGB3-associated achromatopsia following gene therapy." Human
molecular genetics 20.16 (2011): 3161-3175. In experiments performed in animals aimed at
characterizing gene expression, human cone arrestin promoters drove strong expression in
retina. See, Dvka, Frank M., et al. "Cone specific promoter for use in gene therapy of retinal
degenerative diseases.” Refinal Degenerative Diseases. Springer New York, 2014. 695-701.
Dyka el al also report that the specificity of hCAR promoter was poor, with rods and RPE
clearly being transduced. Sequences of hCAR promoter are accessible via publicly available
literatures, database and commercially available products. In one embodiment, the nucleic
acid sequence of hCAR promoter is reproduced in nt 175 to nt 1078 of SEQ ID NO: 33. In
another embodiment, the nucleic acid sequence of hCAR promoter is reproduced in nt 181 to
nt 1078 of SEQ ID NO: 33.

[000140] In another embodiment, the promoter is a human rhodopsin promoter. In one
embodiment, the promoter is modified to include restriction on the ends for cloning. See, e.g,
Nathans and Hogness, Isolation and nucleotide sequence of the gene encoding human
rhodopsin, PNAS, 81:4851-5 (August 1984), which is incorporated herein by reference in its
entirety. In another embodiment, the promoter is a portion or fragment of the human
rhodopsin promoter. In another embodiment, the promoter is a variant of the human
rhodopsin promoter.

[000141] Other exemplary promoters include the human G-protein-coupled receptor
protein kinase 1 (GRK1) promoter (Genbank Accession number AY327580). In another
embodiment, the promoter is a 292 nt fragment (positions 1793-2087) of the GRK1 promoter
(See, Beltran et al, Gene Therapy 2010 17:1162-74, which is hereby incorporated by
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reference in its entirety). In another preferred embodiment, the promoter is the human
interphotoreceptor retinoid-binding protein proximal (IRBP) promoter. In one embodiment,
the promoter is a 235 nt fragment of the hIRBP promoter. In one embodiment, the promoter
is the RPGR proximal promoter (Shu et al, IOVS, May 2102, which is incorporated by
reference in its entirety). Other promoters useful in the invention include, without limitation,
the rod opsin promoter, the red-green opsin promoter, the blue opsin promoter, the cGMP-3-
phosphodiesterase promoter (Qgueta et al, [OVS, Invest Ophthalmol Vis Sci. 2000
Dec;41(13):4059-63), the mouse opsin promoter (Beltran et al 2010 cited above), the
rhodopsin promoter (Mussolino et al, Gene Ther, July 2011, 18(7):637-45); the alpha-subunit
of cone transducin (Morrissey et al, BMC Dev, Biol, Jan 2011, 11:3); beta phosphodiesterase
(PDE) promoter; the retinitis pigmentosa (RP1) promoter (Nicord et al, J. Gene Med, Dec
2007, 9(12):1015-23); the NXNL2/NXNLI1 promoter (Lambard et al, PloS One, Oct. 2010,
5(10):e13025), the RPE65 promoter; the retinal degeneration slow/peripherin 2 (Rds/perph2)
promoter (Cai et al, Exp Eye Res. 2010 Aug;91(2):186-94); and the VMD2 promoter (Kachi
et al, Human Gene Therapy, 2009 (20:31-9)). Each of these documents is incorporated by
reference herein in its entirety. In another embodiment, the promoter is selected from human
human EF1a promoter, rhodopsin promoter, rhodopsin kinase, interphotoreceptor binding
protein (IRBP), cone opsin promoters (red-green, blue), cone opsin upstream sequences
containing the red-green cone locus control region, cone transducing, and transcription factor
promoters (neural retina leucine zipper (N1l) and photoreceptor-specific nuclear receptor
Nr2e3, bZIP).

[000142] In another embodiment, the promoter is a ubiquitous or consistutive promoter.
An example of a suitable promoter is a hybrid chicken p-actin (CBA) promoter with
cytomegalovirus (CMV) enhancer elements. In one embodiment, the nucleic acid sequence
of the CBA promoter, with CMV enhancer elements is shown innt 1 to nt 544 of SEQ ID
NO: 36. In one embodiment, the promoter includes CBA exon 1 and intron sequences such
as that shown in nt 546 to nt. 823 of SEQ ID NO: 36.

[000143] In another embodiment, the promoter is the CB7 promoter. Other suitable
promoters include the human B-actin promoter, the human elongation factor-1a, promoter, the
cytomegalovirus (CMV) promoter, the simian virus 40 promoter, and the herpes simplex

virus thymidine kinase promoter. See, e.g., Damdindorj et al, (August 2014) A Comparative
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Analysis of Constitutive Promoters Located in Adeno-Associated Viral Vectors. PloS ONE
9(8): e106472. Still other suitable promoters include viral promoters, constitutive promoters,
regulatable promoters [see, e.g., WO 2011/126808 and WO 2013/04943]. Alternatively a
promoter responsive to physiologic cues may be utilized in the expression cassette, TAAV
genomes, vectors, plasmids and viruses described herein. In one embodiment, the promoter
is of a small size, under 1000 bp, due to the size limitations of the AAV vector. In another
embodiment, the promoter is under 400 bp. Other promoters may be selected by one of skill
in the art. In one embodiment, the REP-1 construct incorporates a ubiquitous promoter. In
another embodiment, the CNGAS3 construct incorporates a photoreceptor-specific promoter.
In one embodiment, the REP-1 construct includes a CBA promoter with CMV enhancer
elements.

[000144] In another embodiment, the promoter is an inducible promoter. The inducible
promoter may be selected from known promoters including the rapamy cin/rapalog promoter,
the ecdysone promoter, the estrogen-responsive promoter, and the tetracycline-responsive
promoter, or heterodimeric repressor switch. See, Sochor et al, An Autogenously Regulated
Expression System for Gene Therapeutic Ocular Applications. Scientific Reports, 2015 Nov
24:;5:17105 and Daber R, Lewis M., A novel molecular switch. J Mol Biol. 2009 Aug
28:391(4):661-70, Epub 2009 Jun 21 which are both incorporated herein by reference in their
entirety.

[000145] In other embodiments, the cassette, vector, plasmid and virus constructs
described herein contain other appropriate transcription initiation, termination, enhancer
sequences, efficient RNA processing signals such as splicing and polyadenylation (poly A)
signals; TATA sequences; sequences that stabilize cytoplasmic mRNA; sequences that
enhance translation efficiency (i.e., Kozak consensus sequence); introns; sequences that
enhance protein stability; and when desired, sequences that enhance secretion of the encoded
product. In another embodiment, a Woodchuck hepatitis virus post-transcriptional regulatory
element (WPRE) is included. The expression cassette or vector may contain none, one or
more of any of the elements described herein. Examples of suitable poly A sequences
include, e.g., SV40, bovine growth hormone (bGH), and TK polyA. Examples of suitable
enhancers include, e.g., the CMV enhancer, the RSV enhancer, the alpha fetoprotein
enhancer, the TTR minimal promoter/enhancer, LSP (TH-binding globulin promoter/alphal -
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microglobulin/bikunin enhancer), amongst others. In one embodiment, a Kozak sequence is
included upstream of the transgene coding sequence to enhance translation from the correct
initiation codon. In another embodiment, CBA exon 1 and intron are included in the
expression cassette. In one embodiment, the transgene is placed under the control of a hybrid
chicken f actin (CBA) promoter. This promoter consists of the cytomegalovirus (CMV)
immediate early enhancer, the proximal chicken B actin promoter, and CBA exon 1 flanked
by intron 1 sequences. See, nt 1 to 823 of SEQ ID NO: 36.

[000146] An adeno-associated virus (AAV) vector comprising an AAV capsid and a
nucleic acid sequence comprising AAV inverted terminal repeat sequences and the nucleic
acid sequence of SEQ ID NO: 1 encoding human Rab Escort Protein-1 (REP-1), and
expression control sequences comprising a CBA promoter with a CMV enhancer that direct
expression of the REP-1 in a host cell.

[000147] In one embodiment, an adeno-associated virus (AAV) vector is provided
which includes an AAV capsid having packaged therein a nucleic acid sequence comprising
AAY inverted terminal repeat sequences and the nucleic acid sequence of SEQ ID NO: 9 or
SEQ ID NO: 11, encoding human cyclic nucleotide gated channel alpha 3 (CNGA3), and
expression control sequences that direct expression of the CNGA3 in a host cell. In one
embodiment, the CNGA sequence comprises SEQ ID NO: 9 and a rthodopsin kinase 1 (RK1)
promoter. In another embodiment, the RK1 promoter sequence is nt 175-684 of SEQ ID NO:
30. In another embodiment, the CNGA sequence comprises SEQ ID NO: 11 and a human
cone arrestin (hWCAR) promoter. In another embodiment, the hCAR promoter sequenced is
that shown in nt 175 to nt 1078 of SEQ ID NO: 33 ornt 181 tont 1078 of SEQ ID NO: 33.
[000148] In another embodiment, an adeno-associated virus (AAV) vector is provided
which includes an AAV capsid having packaged therein a nucleic acid sequence comprising
AAYV inverted terminal repeat sequences and the nucleic acid sequence SEQ ID NO. 45
encoding human cyclic nucleotide gated channel beta 3 (CNGB3), and expression control
sequences that direct expression of the CNGB3 in a host cell. In one embodiment, the
expression control sequences comprise a CMV/CBA promoter, RK1 promoter or hCAR
promoter. In another embodiment, the expression cassette contains a 5° ITR, CBA promoter,
CMYV enhancer, CBA exon 1 and intron, kozak sequence, human codon optimized CHM

sequence (SEQ ID NO: 1), bGH poly A and 3° ITR.
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[000149] In yet other aspects, these nucleic acid sequences, vectors, expression cassettes
and rAAV viral vectors are useful in a pharmaceutical composition, which also comprises a
pharmaceutically acceptable carrier, buffer, diluent and/or adjuvant, etc. Such
pharmaceutical compositions are used to express the optimized REP-1 or CNGA3 or CNGB3
in the ocular cells through delivery by such recombinantly engineered AAVs or artificial
AAVs.

[000150] To prepare these pharmaceutical compositions containing the nucleic acid
sequences, vectors, expression cassettes and rAAV viral vectors, the sequences or vectors or
viral vector is preferably assessed for contamination by conventional methods and then
formulated into a pharmaceutical composition suitable for administration to the eye. Such
formulation involves the use of a pharmaceutically and/or physiologically acceptable vehicle
or carrier, particularly one suitable for administration to the eve, such as buffered saline or
other buffers, e.g., HEPES, to maintain pH at appropriate physiological levels, and,
optionally, other medicinal agents, pharmaceutical agents, stabilizing agents, buffers, carriers,
adjuvants, diluents, etc. For injection, the carrier will typically be aliquid. Exemplary
physiologically acceptable carriers include sterile, pyrogen-free water and sterile, pyrogen-
free, phosphate buffered saline. A variety of such known carriers are provided in US Patent
Publication No. 7,629,322, incorporated herein by reference. In one embodiment, the carrier
1s an isotonic sodium chloride solution. In another embodiment, the carrier is balanced salt
solution. In one embodiment, the carrier includes tween. If the virus is to be stored long-
term, it may be frozen in the presence of glycerol or Tween20.

[000151] In one exemplary specific embodiment, the composition of the carrier or
excipient contains 180 mM NaCl, 10 mM NaPi, pH7.3 with 0.0001% - 0.01% Pluronic F68
(PF68). The exact composition of the saline component of the buffer ranges from 160 mM to
180 mM NaCl. Optionally, a different pH buffer (potentially HEPES, sodium bicarbonate,
TRIS) is used in place of the buffer specifically described. Still alternatively, a buffer
containing 0.9% NaCl is useful.

[000152] Optionally, the compositions of the invention may contain, in addition to the
rAAV and/or variants and carrier(s), other conventional pharmaceutical ingredients, such as
preservatives, or chemical stabilizers. Suitable exemplary preservatives include

chlorobutanol, potassium sorbate, sorbic acid, sulfur dioxide, propyl gallate, the parabens,
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ethyl vanillin, glycerin, phenol, and parachlorophenol. Suitable chemical stabilizers include
gelatin and albumin.

[000153] The pharmaceutical compositions containing at least one replication-defective
rAAV virus, as described herein, can be formulated with a physiologically acceptable carrier,
diluent, excipient and/or adjuvant, for use in gene transfer and gene therapy applications. In
the case of AAV viral vectors, quantification of the genome copies (“GC”), vector genomes
(*“'VG™), or virus particles may be used as the measure of the dose contained in the
formulation or suspension. Any method known in the art can be used to determine the
genome copy (GC) number of the replication-defective virus compositions of the invention.
One method for performing AAV GC number titration is as follows: Purified AAV vector
samples are first treated with Dnase to eliminate un-encapsidated AAV genome DNA or
contaminating plasmid DNA from the production process. The Dnase resistant particles are
then subjected to heat treatment to release the genome from the capsid. The released genomes
are then quantitated by real-time PCR using primer/probe sets targeting specific region of the
viral genome (usually poly A signal). In another method the effective dose of a recombinant
adeno-associated virus carrying a nucleic acid sequence encoding the optimized REP-1 or
CNGA3 or CNGB3 transgene is measured as described in S.K. McLaughlin et al, 1988 J.
Virol., 62:1963, which is incorporated by reference in its entirety.

[000154] As used herein, the term “dosage” can refer to the total dosage delivered to the
subject in the course of treatment, or the amount delivered in a single unit (or multiple unit or
split dosage) administration. The pharmaceutical virus compositions can be formulated in
dosage units to contain an amount of replication-defective virus carrying the codon optimized
nucleic acid sequences encoding REP-1 or CNGA3 or CNGB3 as described herein that is in
the range of about 1.0 x 10° GC to about 1.0 x 10 GC including all integers or fractional
amounts within the range. In one embodiment, the compositions are formulated to contain at
least 1x107, 2x107, 3x107, 4x107, 5x107, 6x107, 7x107, 8x107, or 9x107 GC per dose including
all integers or fractional amounts within the range. In one embodiment, the compositions are
formulated to contain at least 1x108, 2x108, 3x10%, 4x108, 5x108, 6x10%, 7x108, 8x10%, or
9x10° GC per dose including all integers or fractional amounts within the range. In one
embodiment, the compositions are formulated to contain at least 1x10°, 2x10°, 3x10°, 4x10°,

5x10%, 6x10%, 7x10°, 8x10°, or 9x10° GC per dose including all integers or fractional amounts
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within the range. In another embodiment, the compositions are formulated to contain at least
1x101°, 2x101° 3x10', 4x10'°, 5x10'°, 6x10'°, 7x10'°, 8x10'°, or 9x10'° GC per dose
including all integers or fractional amounts within the range. In another embodiment, the
compositions are formulated to contain at least 1x10!, 2x10'!, 3x1011, 4x10!!, 5x10'1,
6x10'", 7x10", 8x10'", or 9x10' GC per dose including all integers or fractional amounts
within the range. In another embodiment, the compositions are formulated to contain at least
1x1012, 2x1012, 3x10'%, 4x10'2, 5x10'2, 6x10'2, 7x10'2, 8x10'2, or 9x10'> GC per dose
including all integers or fractional amounts within the range. In another embodiment, the
compositions are formulated to contain at least 1x10'3, 2x10"*, 3x10'3, 4x10"3, 5x10"3,
6x1013, 7x1013, 8x10%3, or 9x10'3 GC per dose including all integers or fractional amounts
within the range. In another embodiment, the compositions are formulated to contain at least
1x10M, 2x10™, 3x10™, 4x10™, 5x10™, 6x10™, 7x10'*, 8x10™, or 9x10'* GC per dose
including all integers or fractional amounts within the range. In another embodiment, the
compositions are formulated to contain at least 1x10%3, 2x10"°, 3x10%3, 4x10"%, 5x10',
6x101°, 7x10%, 8x10", or 9x10' GC per dose including all integers or fractional amounts
within the range. In one embodiment, for human application the dose can range from 1x10°
to about 1x10'> GC per dose including all integers or fractional amounts within the range. All
dosages may be measured by any known method, including as measured by oqPCR or digital
droplet PCR (ddPCR) as described in, e.g., M. Lock et al, Hum Gene Ther Methods. 2014
Apr;25(2):115-25. Doi: 10.1089/hgtb.2013.131, which is incorporated herein by reference.
[000155] These above doses may be administered in a variety of volumes of carrier,
excipient or buffer formulation, ranging from about 25 to about 1000 microliters, including
all numbers within the range, depending on the size of the area to be treated, the viral titer
used, the route of administration, and the desired effect of the method. In one embodiment,
the volume of carrier, excipient or buffer is at least about 25 pL. In one embodiment, the
volume is about 50 uL. In another embodiment, the volume is about 75 pL. In another
embodiment, the volume is about 100 uL. In another embodiment, the volume is about 125
uL. In another embodiment, the volume is about 150 puL. In another embodiment, the
volume is about 175 uL.. In yet another embodiment, the volume is about 200 puL. In another
embodiment, the volume is about 225 uL. In yet another embodiment, the volume is about

250 uL. Inyet another embodiment, the volume is about 275 pL. In yet another
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embodiment, the volume is about 300 uL. In yet another embodiment, the volume is about
325 uL. In another embodiment, the volume is about 350 pL. In another embodiment, the
volume is about 375 pL. In another embodiment, the volume is about 400 uL. In another
embodiment, the volume is about 450 uL. In another embodiment, the volume is about 500
uL. In another embodiment, the volume is about 550 puL. In another embodiment, the
volume is about 600 pL. In another embodiment, the volume is about 650 uL. In another
embodiment, the volume is about 700 uL. In another embodiment, the volume is between
about 700 and 1000 pL.

[000156] In one embodiment, the viral constructs may be delivered in doses of from at
least 1x107 to about least 1x10'! GCs in volumes of about 1uL to about 3 uL for small animal
subjects, such as mice. For larger veterinary subjects having eyes about the same size as
human eyes, the larger human dosages and volumes stated above are useful. See, e.g., Diehl
et al, J. Applied Toxicology, 21:15-23 (2001) for a discussion of good practices for
administration of substances to various veterinary animals. This document is incorporated
herein by reference.

[000157] It is desirable that the lowest effective concentration of virus or other delivery
vehicle be utilized in order to reduce the risk of undesirable effects, such as toxicity, retinal
dysplasia and detachment. Still other dosages in these ranges may be selected by the
attending physician, taking into account the physical state of the subject, preferably human,
being treated, the age of the subject, the particular ocular disorder and the degree to which the
disorder, if progressive, has developed.

[000158] Yet another aspect described herein is a method for treating, retarding or
halting progression of blindness in a mammalian subject having, or at risk of developing,
choroideremia. In one embodiment, arAAV carrying the REP-1 codon optimized sequences,
preferably suspended in a physiologically compatible carrier, diluent, excipient and/or
adjuvant, may be administered to a desired subject including a human subject. This method
comprises administering to a subject in need thereof any of the nucleic acid sequences,
expression cassettes, rAAV genomes, plasmids, vectors or TAAV vectors or compositions
containing them. In one embodiment, the composition is delivered subretinally. In another
embodiment, the composition is delivered intravitreally. In still another embodiment, the

composition is delivered using a combination of administrative routes suitable for treatment
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of ocular diseases, and may also involve administration via the palpebral vein or other
intravenous or conventional administration routes.

[000159] Yet another aspect described herein is a method for treating, retarding or
halting progression of blindness in a mammalian subject having, or at risk of developing,
achromatopsia. In one embodiment, an rAAYV carrying the CNGA3 or CNGB3 native,
modified or codon optimized sequence, preferably suspended in a physiologically compatible
carrier, diluent, excipient and/or adjuvant, may be administered to a desired subject including
a human subject. This method comprises administering to a subject in need thereof any of
the nucleic acid sequences, expression cassettes, TAAV genomes, plasmids, vectors or TAAV
vectors or compositions containing them. In one embodiment, the composition is delivered
subretinally. In another embodiment, the composition is delivered intravitreally. In still
another embodiment, the composition is delivered using a combination of administrative
routes suitable for treatment of ocular diseases, and may also involve administration via the
palpebral vein or other intravenous or conventional administration routes.

[000160] For use in these methods, the volume and viral titer of each dosage is
determined individually, as further described herein, and may be the same or different from
other treatments performed in the same, or contralateral, eve. The dosages, administrations
and regimens may be determined by the attending physician given the teachings of this
specification. In one embodiment, the composition is administered in a single dosage selected
from those above listed in a single affected eve. In another embodiment, the composition is
administered as a single dosage selected from those above listed in a both affected eyes,
either simultaneously or sequentially. Sequential administration may imply a time gap of
administration from one eye to another from intervals of minutes, hours, days, weeks or
months. In another embodiment, the method involves administering the compositions to an
eye two or more dosages (e.g., split dosages). In another embodiment, multiple injections are
made in different portions of the same eye. In another embodiment, a second administration
of an rAAV including the selected expression cassette (e.g., CHM containing cassette) is
performed at a later time point. Such time point may be weeks, months or years following
the first administration. Such second administration is, in one embodiment, performed with
an rAAV having a different capsid than the rAAV from the first administration. In another

embodiment, the rAAV from the first and second administration have the same capsid.
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[000161] In still other embodiments, the compositions described herein may be
delivered in a single composition or multiple compositions. Optionally, two or more
different AAV may be delivered, or multiple viruses [see, e.g., WO 2011/126808 and WO
2013/049493]. In another embodiment, multiple viruses may contain different replication-
defective viruses (e.g., AAV and adenovirus).

[000162] In certain embodiments of the invention it is desirable to perform non-invasive
retinal imaging and functional studies to identify areas of the rod and cone photoreceptors to
be targeted for therapy. In these embodiments, clinical diagnostic tests are employed to
determine the precise location(s) for one or more subretinal injection(s). These tests may
include electroretinography (ERG), perimetry, topographical mapping of the layers of the
retina and measurement of the thickness of its layers by means of confocal scanning laser
ophthalmoscopy (¢cSLO) and optical coherence tomography (OCT), topographical mapping
of cone density via adaptive optics (AO), functional eye exam, etc, depending upon the
species of the subject being treated, their physical status and health and the dosage. In view
of the imaging and functional studies, in some embodiments of the invention one or more
injections are performed in the same eye in order to target different areas of the affected eye.
The volume and viral titer of each injection is determined individually, as further described
herein, and may be the same or different from other injections performed in the same, or
contralateral, eye. In another embodiment, a single, larger volume injection is made in order
to treat the entire eye. In one embodiment, the volume and concentration of the rAAV
composition is selected so that only the region of damaged ocular cells is impacted. In
another embodiment, the volume and/or concentration of the rAAV composition is a greater
amount, in order reach larger portions of the eye, including non-damaged photoreceptors.
[000163] In one embodiment of the methods described herein, a one-time intra-ocular
delivery of a composition as described herein, e.g., an AAV delivery of an optimized REP-1
cassette, is useful in preventing vision loss and blindness in a subject at risk of developing
choroideremia. In another embodiment of the methods described herein, a one-time intra-
ocular delivery of a composition as described herein, e.g., an AAV delivery of an optimized
CNGA3 or CNGB3 cassette, is useful in preventing vision loss and blindness in a subject at

risk of developing achromatopsia.
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[000164] Thus, in one embodiment, the composition is administered before disease
onset. In another embodiment, the composition is administered prior to the initiation of
vision impairment or loss. In another embodiment, the composition is administered after
initiation of vision impairment or loss. In yet another embodiment, the composition is
administered when less than 90% of the rod and/or cones or photoreceptors are functioning or
remaining, as compared to a non-diseased eye.

[000165] In another embodiment, the method includes performing additional studies, e.g.,
functional and imaging studies to determine the efficacy of the treatment. For examination in
animals, such tests include retinal and visual function assessment via electroretinograms
(ERGs) looking at rod and cone photoreceptor function, optokinetic nystagmus, pupillometry,
water maze testing, light-dark preference, optical coherence tomography (to measure
thickness of various layers of the retina), histology (retinal thickness, rows of nuclei in the
outer nuclear layer, immunofluorescence to document transgene expression, cone
photoreceptor counting, staining of retinal sections with peanut agglutinin — which identifies
cone photoreceptor sheaths).

[000166] Specifically for human subjects, following administration of a dosage of a
composition described in this specification, the subject is tested for efficacy of treatment
using electroretinograms (ERGs) to examine rod and cone photoreceptor function,
pupillometry visual acuity, contrast sensitivity color vision testing, visual field testing
(Humphrey visual fields/Goldmann visual fields), perimetry mobility test (obstacle course),
and reading speed test. Other useful post-treatment efficacy test to which the subject is
exposed following treatment with a pharmaceutical composition described herein are
functional magnetic resonance imaging (fMRI), full-field light sensitivity testing, retinal
structure studies including optical coherence tomography, fundus photography, fundus
autofluorescence, adaptive optics laser scanning ophthalmoscopy, mobility testing, test of
reading speed and accuracy, microperimetry and/or ophthalmoscopy. These and other
efficacy tests are described in US Patent No. 8,147,823; in co-pending International patent
application publication WO 2014/011210 or WO 2014/124282, incorporated by reference.
[000167] In yet another embodiment, any of the above described methods is performed
in combination with another, or secondary, therapy. In still other embodiments, the methods

of treatment of these ocular diseases involve treating the subject with the composition
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described in detail herein in combination with another therapy, such as antibiotic treatment,
palliative treatment for pain, and the like. The additional therapy may be any now known, or
as yet unknown, therapy which helps prevent, arrest or ameliorate these mutations or defects
or any of the effects associated therewith. The secondary therapy can be administered before,
concurrent with, or after administration of the compositions described above. In one
embodiment, a secondary therapy involves non-specific approaches for maintaining the
health of the retinal cells, such as administration of neurotrophic factors, anti-oxidants, anti-
apoptotic agents. The non-specific approaches are achieved through injection of proteins,
recombinant DNA, recombinant viral vectors, stem cells, fetal tissue, or genetically modified
cells. The latter could include genetically modified cells that are encapsulated.

[000168] In one embodiment, a method of generating a recombinant TAAV comprises
obtaining a plasmid containing an AAV expression cassette as described above and culturing
a packaging cell carrying the plasmid in the presence of sufficient viral sequences to permit
packaging of the AAV viral genome into an infectious AAV envelope or capsid. Specific
methods of rAAV vector generation are described above and may be employed in generating
aTAAYV vector that can deliver the codon optimized REP-1 or CNGA3 or CNGB3 in the
expression cassettes and genomes described above and in the examples below.

[000169] In yet another embodiment, a vector comprising any of the expression
cassettes described herein is provided. As described above, such vectors can be plasmids of
variety of origins and are useful in certain embodiments for the generation of recombinant
replication defective viruses as described further herein.

[000170] In one another embodiment, the vector is a plasmid that comprises an
expression cassette, wherein the expression cassette comprises AAV inverted terminal repeat
sequences and a codon optimized nucleic acid sequence that encodes REP-1, and expression
control sequences that direct expression of the encoded protein in a host cell.

[000171] In another embodiment, the vector is a plasmid that comprises an expression
cassette, wherein the expression cassette comprises AAV inverted terminal repeat sequences
and a codon optimized nucleic acid sequence that encodes CNGA3, and expression control
sequences that direct expression of the encoded protein in a host cell.

[000172] In another embodiment, the vector is a plasmid that comprises an AAV

expression cassette, wherein the expression cassette comprises AAV inverted terminal repeat
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sequences and a codon optimized nucleic acid sequence that encodes CNGB3, and expression
control sequences that direct expression of the encoded protein in a host cell.

[000173] It is to be noted that the term “a” or “an” refers to one or more. As such, the
terms “a” (or “an”), “one or more,” and “at least one” are used interchangeably herein.
[000174] The words “comprise”, “comprises”, and “comprising” are to be interpreted
inclusively rather than exclusively. The words “consist”, “consisting”, and its variants, are to
be interpreted exclusively, rather than inclusively. While various embodiments in the
specification are presented using “comprising” language, under other circumstances, a related
embodiment is also intended to be interpreted and described using “consisting of” or
“consisting essentially of”” language.

[000175] As used herein, the term “about” means a variability of 10% from the
reference given, unless otherwise specified.

[000176] The term “regulation” or variations thereof as used herein refers to the ability
of a composition to inhibit one or more components of a biological pathway.

[000177] Unless defined otherwise in this specification, technical and scientific terms
used herein have the same meaning as commonly understood by one of ordinary skill in the
art and by reference to published texts, which provide one skilled in the art with a general
guide to many of the terms used in the present application.

[000178] The following examples are illustrative only and are not intended to limit the
present invention.

[000179] Example 1 — Differentiation of Pluripotent Stem Cells into RPE

[000180] Choroideremia lacks a relevant mouse model and there is no canine model,
therefore, transduction and expression is tested in a human retinal cell model of the disease.
Because it is impossible to obtain retinal cells from a living patient, RPE are generated from
induced pluripotent stem cells. Pluripotent stem cells are directed to RPE using the protocol
described by Buchholz et al, Rapid and Efficient Directed Differentiation of Human
Pluripotent Stem Cells Into Retinal Pigmented Epithelium, Stem Cells Translational
Medicine, 2013;2:384-393 which is incorporated by reference in its entirety. See also,
Cereso et al, Proof of concept for AAV2/5-mediated gene therapy in iPSC-derived retinal
pigment epithelium of a choroideremia patient, Molecular Therapy — Methods & Clinical
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Development (2014) 1, 14011, which is incorporated by reference in its entirety. Other
methods for producing RPE are known in the art.

[000181] Briefly, the human induced pluripotent stem cell line is maintained in
Dulbecco’s Modified Eagle’s Medium: Nutrient Mixture F-12 (DMEM/F12) containing
2mMGlutaMAX-I, 20% knockout serum replacement, 0.1 mM Modified Eagle’s Medium
Non-Essential Amino Acids (MEM NEAA), 0.1 mM B-mercaptoethanol and 4 ng/ml bFGF
on a mitomycin C —treated or irradiated mouse embryonic fibroblast feeder layer.

[000182] Pluripotent stem cells are passaged directly onto Matrigel (BD Biosciences) in
DMEM/F12 with 1X B27, 1X N2, and 1X NEAA (Invitrogen). From days 0 to 2, 50 ng/ml
Noggin, 10 ng/ml Dkk1, 10 ng/ml IGF1 and 10mM nicotinamide are added to the base
medium. From days 2 to 4, 10 ng/ml Noggin, 10 ng/ml Dkk1, 10 ng/ml IGF1, 5 ng/ml bF GF
and 10mMnicotinamide are added to the base medium. From days 4 to 6, 10 ng/ml Dkk1, 10
ng/ml IGF1 and 100 ng/ml Activin A (R&D Systems) are added to the base medium. From
days 6 to 14, 100 ng/ml Activin A, 10uM SU5402 (EMD Millipore, Darmstadt, Germany),
and 1 mM VIP are added to the base medium. Control experiments are performed in base
media alone (DMEM/F12, B27, N2, and NEAA).

[000183] The cells are mechanically enriched by scraping away cells with non-RPE
morphology. Subsequently, the remaining RPE are digested using TrypLE Express
(Invitrogen) for 5 minutes at 37°C. The cells are passed through a 30-um single-cell strainer
and seeded onto Matrigel-coated tissue culture plastic, Transwell membranes or CC2-treated
chambered slides. Enriched cells are cultured in DMEM-high glucose with 1% fetal bovine
serum (FBS), GlutaMAX, and sodium pyruvate for 30 days.

[000184] Example 2 — Cells transduced with AAV-REP-1

[000185] Briefly, AAV2/8CMV.CBA-REP-1 viral vector incorporating REP-1 codon
optimized sequences are produced by transient transfection of HEK293 cells, and the viral
particles are precipitated from either the supematant using polyethylene glycol. See, e.g.,
Guo et al, Rapid and simplified purification of recombinant adeno-associated virus, J Virol
Methods. 2012 Aug; 183(2): 139-146, which is incorporated herein by reference. The
vectors are purified by double CsCl centrifugation, dialyzed, and titered by dot blot assay.
[000186] For the prenylation experiments, RPE are seeded in 24-well plates, and

1.2x10° cells are estimated at confluence. Cells are transduced with 100,000 vg per cell, and
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prenylation assays are performed at 4 weeks posttransduction. Experiments are performed in
triplicate.

[000187] Example 3 — Prenylation

[000188] An in vitro prenylation assay is performed as described in Vasireddy et al,
PloS One. 2013 May 7:8(5):e61396, cited above, using [3H]-geranylgeranyl pyrophosphate
(GGPP) (Perkin Elmer, Boston, MA, USA) as a prenyl group donor, in the presence of
recombinant Rab geranylgeranyl transferease and RAB27. Incorporation of radiolabeled
prenyl groups into the RAB27 protein is measured by scintillation counting. For consistency
the control values are normalized to 100 and used as the base value. All experiments are
performed in triplicate, and statistical comparison of prenylation between experimental and
control groups is evaluated using the two-tailed unpaired student’s t-test.

[000189] Briefly, 48 hr post transduction, transduced REP cells are washed with cold
PBS. Cell pellets are collected and washed thoroughly with cold PBS. Cells are lysed on ice
for 30 min using RIPA + Protease inhibitors. In an alternative protocol, cells are sonicated.
Cytosolic fractions are collected by centrifuging the lysate at 75,000- 100 000 g for 1-2 h at
4°C.

[000190] Stocks are prepared for the prenylation reaction as follows.
STOCKS prepared FINAL CONCENTRATION
REQUIRED

Rab GGTase 16.63 uM — (GGT Ase-a) 0.05uM
14.59 uM- (GGTASE-b)

Rab 27a 25.93 uM 4uM

3H GGPP 222 5uM

NP40 1mM

DTT 10 mM 1mM

HEPES 1M 50mM

Mgcl2 100 mM 5 mM

[000191] Final reaction volume used for prenylation is 25uL

46



WO 2018/232149 PCT/US2018/037592

0.075
Rab GGTase a

ul

0.085
Rab Ggtaseb

ul
F'H-geranylgerany!
pyrophosphate {GGPP) 5.68 ul
NP40 0.15ul
DTT 25ul
HEPES 1.25ul
MgCl2 1.25 ul
Rab 27a 312 ul

. . 10.89

Cytosolic Fraction (Cell lysate) |

u

[000192] The reaction mixture is incubated at 37°C for 30 min. The reaction is stopped
by adding 9:1 ethanol/HCL, and incubated for 30 minutes. The proteins are collected on
glass fiber filter papers (Whatman papers) by vacuum filtration (0.1 ml). The filters are
washed carefully with cold phosphate buffer — 3 times to remove unbound material. The
membranes are dried carefully. The filters are placed in 5 ml scintillation cocktail and
scinitillation counting is performed. See also, Tolmachova et al, CHM/REP1 ¢cDNA delivery
by lentiviral vectors provides functional expression of the transgene in the retinal pigment
epithelium of choroideremia mice, The Journal of Gene Medicine, 2012; 14-158-68, which is
incorporated herein by reference in its entirety.

[000193] Assays for CNGA3 or CNGB3 proof-of-concept may include use of a
spontaneous mutant animal model (for example, the Cnga3-/- mouse or the Awassi sheep).
The mouse model could be bred with an “all-cone” photoreceptor mouse, the Nrl-/- mouse, to
obtain double knockouts. The latter (Cnga3-/-Nrl-/-) mouse may expedite identification of
efficacy. Efficacy could be measured by pupillometry, measures of visual acuity and contrast
(for example, using optokinetics), electroretinograms, and visual behavior. Ultimately,

histology will document expression of the transgene with improved outcomes on the other
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measures. Hsitologic approaches will also be used to document any effects of the intervention
on cone photoreceptors (total number of cone photoreceptors, density, location, etc).
[000194] Similar to choroideremia as discussed above, assays for proof-of-concept for
gene augmentation therapy for CNGA3- or CNGB3-associated achromatopsia may include
use of induced pluripotent stem cell (iPSC) models. The iPSC models, generated from
patients with achromatopsia due to CNGA3 or CNGB3 mutations, will be differentiated into
retinal precursors and/or photoreceptor cells in vitro. The wildtype CNGA3 (or CNGB3)
cDNA will be delivered to these cells using recombinant AAV and the cells will be analyzed
for biogenesis and preservation of function of the relevant (Cyclic nucleotide-gated, CNG)
channel comprised by these subunits. Channel function will be assessed by electrophysiology
on membrane patches. Restoration of the channel should rescue cGMP-activated currents.
Additional studies can test for sensitivity of channel function before and after delivery of the
wildtype CNG c¢DNA to physiological ligands.

[000195] Example 4: In Vitro Expression of AAV.Codon-Optimized Human CHM
[000196] The objective of this study was to evaluate the ability of AAV mediated CHM
expression after gene delivery using a series of next generation AAV 2 and AAVS vectors
encoding the codon optimized CHM gene (SEQ ID NO: 1) in 84-31 and COS-7 cell lines.
[000197] To maximize the expression of CHM, a codon optimized CHM sequence was
produced (SEQ ID NO: 1). The codon optimized plasmid was synthesized and used in the
creation of all the next generation CHM transgene expression cassettes. To overcome the
potential problem of contamination of non-functional AAV genomes, a non-coding lambda
stuffer region was included in the vector backbone. Incorporation of stuffer not only increases
the length of the plasmid, but also diminishes the possibility of plasmid DNA backbone
contamination while packaging the AAV. The impact of incorporating a stuffer region in the
vector backbone to eliminate the plasmid DNA impurities was carried out as an independent
study. Two recombinant AAV proviral plasmids (high and low copy) backbones were used
to generate the different constructs. The high copy plasmid was designed based on the pUC
vector origin. The low copy plasmid was designed based on the p15A origin. To further
enhance the translation from the correct initiation codon, a Kozak sequence upstream of the

start codon was incorporated.
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[000198] A total of four plasmids have been engineered for the current study and those
described in the following examples (Table 1). In addition, a plasmid carrying the CHM
native sequence, which is currently being used in a clinical trial, was also generated (version
1). Plasmid maps for each of Version 2a, 2b, 3a and 3b, and Version 1 are shown in FIGs. 6-
10, respectively.

[000199] Table 1: Plasmid features

Name EFPR Eambads Kozak | Oodgin | Capy Promofer Intoms
Sequence smsert SeguEnce spmber
Versrew § OV} Hatave Fresent Abzent U0 Fhzh ORA promoter
YVersion Tz {328 {omion- Fresent present U0 gk BA prowoter
aptamzed CARY Enkancer extansion
Yerston ¥h {V2EY {oaden- Not Fresent | present U Mgk
ontired EOTY
Vermon Xz {¥3a} Codom- Fsesent present »iES Lesw SR A promotsr
optmmzed CORY Sancsr exlEnsing
Verseon ¥ O3 Codun- Kot Presens | geesent piE& Laew § A promotsy
optmized TOPY + Enhanosy exienasa

[000200] The in vitro expression of these constructs was tested in COS-7 and 84-31 cell
lines. The engineered features of the next-generation CHM constructs are depicted in Table.1.
[000201] Recombinant AAV proviral high and low copy plasmids were generated by
cloning the codon optimized human CHM c¢cDNA (hCHM) (SEQ ID NO: 1) into the
transgene cassette. The transgene was placed under the control of a hybrid chicken B actin
(CBA) promoter. This promoter consists of the cytomegalovirus (CMV) immediate early
enhancer, the proximal chicken 3 actin promoter, and CBA exon 1 flanked by intron 1
sequences. The proviral high and low copy number plasmids also contain AAV inverted
terminal repeats and a Poly A sequence. The next generation plasmid backbones used in the
current study contain a lambda phage fragment stuffer followed by the kanamycin bacterial
selection gene. Additional plasmids lack the stuffer but contain the kanamycin selection gene.
The high-copy number vector is similar to that of pUC plasmids (~300 copies/bacterial cell).
The low copy number plasmid (~10 copies/bacterial cell) has an origin of p15A. To enhance
translation from the correct initiation codon, all next generation constructs contain a KOZAK
consensus sequence upstream of the start codon, ATG. The generated plasmids are sequence
verified using primers that can specifically target either the promoter+enhancer extension
sequence or the codon optimized CHM sequence. The plasmid maps and sequences of all five

constructs are shown in FIGs 6-10. Standard triple transfection with calcium phosphate was
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used to generate AAV vectors listed below (see Table 2 for vector qualification). Both AAV2
and AAV8 serotypes of the vectors were generated to ensure the results are serotype-
independent.

[000202] Table 2: Summary of AAV2 and AAVS vectors generated and concentration

of viral stocks.

Name Berotype Plasmtsd name Lot nuaber

Terzion 1 V1

oy

e
EAL
w
fa |t

g
h
| G | Ga | @t | s i s [d

1 4E+ES
1 HIE+13
Version 33 5 EE7EFI2
AAVEVIE AAV S Version 3 (V) 1. 36E+13

[000203] The 84-31 cell line is a subclone of 293 HEK cell line (human embryonic

TR |

kidney cells) and constitutively expresses adenovirus E4 proteins to enhance transduction of
AAV virus. COS-7 cells are fibroblast like cell lines that are derived from monkey kidney
tissues. Both 84-31 cells and COS-7 cells were plated, separately, in 6-well cell culture
plates and transduced with one of the ten test articles (either AAV2 or AAV) at five
different multiplicity of infection (MOIs). After 36-48 hours, cells were harvested, lysed and
protein samples were prepared for SDS-PAGE followed by Western blot analysis to detect
the expression of exogenous CHM.

[000204] Both 84-31 and COS-7 cells were cultured in Dulbecco’s modified Eagle
medium (DMEM)-high glucose with 10% fetal bovine serum, and 1% penicillin/
streptomycin at 37°C in an environment supplied with 5% CO2. The day before transduction
(18-24 h before) cells at a density of 3ES were seeded in 2 ml of cell culture media in each
well of a 6-well cell culture dish. Seeded cells were incubated at 37°C in an environment
supplied with 5% CO2. Wells of both COS-7 and 84-31 cells were infected with AAV
vectors listed below at various multiplicities of infection (MOI) (Table 3 and Table 4). No
virus was added to negative control cells (untransduced cells). Briefly, the tissue culture
media was removed and a fresh 2 ml aliquot of media was added to each well of the 6 well
culture dish. Then the predetermined amount of AAV vector was measured (directly from the

stock) and added to each well (Table 3 and Table 4). For an MOI of 1E4, 1 uL of respective
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virus stock was diluted to 10 uL. with cell culture media. From this solution, the
predetermined volume of the virus was added to respective well (Table 3 and 4). Cells were
incubated with the AAV virus for 36-48 hours at 37°C with 5% COz till harvesting. Cells
were observed under microscope before harvesting to check for abnormalities.

[000205] Table 3: Infection does of four next generation AAV2 and AAV8 hCHM

vectors in COS-7 cells.

Vertor Used Cell Ling Cell Density Vector Used MO1
{ul}
No A&V Q87 3RS - -
COR-T 3Es 1.5 1E4
. COR-T 3Es i3 1ES
A4V COS7 3ES 3 SES
CQS-7 3Es 75 SE3
COS-7 3ES 156 1ES
COR-T 3ES 42 {fromalito 1E4
10 difntion of the
N, stack}

LAV2ZVIb 3ES 32 1Es
3ES 2.6 3ES
3IE3 42 1E&
3ES 2R {fmalto B4

10 difution of the
CO8-7 3E3 IES
COS8-7 3E3 SES
{OR-T IES 1ES
COS8-7 3E3 1E4

AAVENVZEL Es 1ES
AES 8.1 3E3
3E3 138 SES
3Es 27 1E0
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[000206] Table 4: Infection rates of four next generation AAV2 and AAV8 hCHM
vectors in 84-31 cells
Vector Cell Cell Vector Used
. . MOI
Used Line Density (ulL)
No AAV 84-31 3ES - -
84-31 3ES 1.5 1E4
84-31 3ES 15 1E5
AAV2.V2a | 84-31 3ES 45 3ES5
84-31 3ES 75 SES
84-31 3ES 150 1E6
4.2 (froma
1to 10
84-31 3E5 o 1E4
dilution of
the stock)
AAV2.V2b
84-31 3ES 4.2 1E5
84-31 3ES 12.6 3ES5
84-31 3ES 21 SES
84-31 3ES 42 1E6
2.9 (froma
1to 10
84-31 3E5 o 1E4
dilution of
the stock)
AAV8.V2a
84-31 3ES 2.88 1E5
84-31 3ES 8.65 3ES5
84-31 3ES 14.42 SES
84-31 3ES 28.85 1E6
2.7 (froma
1to 10
AAV8.V2b | 84-31 3ES o 1E4
dilution of
the stock)
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84-31 3ES5 2.7 1E5
84-31 3ES5 3.1 3ES
84-31 3ES5 13.5 5ES
84-31 3ES5 27 1E6

[000207] First, both, the COS7 and 84-31 cell lines were used to test if the in vitro
expression of CHM is cell line independent. Once the independence was established, all
subsequent experiments were carried out only in 84-31 cells, which have shown superior
transduction efficiency with AAV. Wells of 84-31 cells were infected with the AAV vectors
listed below at various MOI (see table 3 and 4).

[000208] Western blot analysis: 1. Cell lysates were prepared. The AAV transduced
cells along with the untreated control cells, were harvested 36-48 h post-infection after a
thorough PBS wash. Cells were then lysed on ice using RIPA buffer with protease inhibitors.
Cell lysates were cleared by centrifuging at 13,000 rpm for 10 min. 2. Quantification and
preparation of proteins. Protein quantification of the cell lysates was carried out using
ThermoFisher Micro BCATM Protein Assay Kit following manufacturer’s instructions.
Protein concentration was determined by taking OD reading at 562 nm. To evaluate the in
vitro expression of CHM, between 40-60 ug of measured protein was loaded on 4-12% Bis-
Tris gels. 3. SDS-PAGE and blotting SDS-PAGE and western blot analysis were carried out
according to known protocols. Briefly, the protein gels were transferred on to a nitrocellulose
membrane, blocked in milk and incubated with the primary antibodies. Antihuman REP-1
2F1 antibody (2F1, 1:1000 dilution) and one of the following: anti-GAPDH antibody (1:1000
dilution), anti actin antibody (1:1000 dilution) or anti-Tubulin antibody (1:5000 dilution) was
used as primary antibodies for each blot. After washing the blot, HRP conjugated anti-mouse
IgG antibody and/or anti-rabbit IgG antibody at a concentration of 1:5000 were used as
secondary antibodies. The blots were developed by chemiluminescence using ECL reagents
according to the manufacturer’s instructions. Controls: 1. Loading controls: One of the
following: anti-Actin antibody, anti-tubulin antibody or anti-GAPDH antibody was used as a
loading control to demonstrate equal loading of protein in each well of the gels. Anti- Tubulin
antibody detects a protein of ~51 kDa. Anti-Actin antibody detects a protein of ~42 kDa, and
anti-GAPDH antibody detects a protein of ~39 kDa. Initial blots were probed with either anti-
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tubulin antibody or anti-Actin antibody or anti- GAPDH antibody depending up on their
availability. After initial experiments, to be consistent, anti-GAPDH antibody was used as the
loading control. 2. Positive control: After the production of hREP-1 protein was established
in AAV2.V2atransduced COS-7 cells, the AAV2.V2a- Cos-7 cell lysates were used as
positive control in later western blot experiments. 3. Negative control: Untreated cells were
used as negative control. Analyses of western blot results of REP-1 protein production in
various cell lines are summarized in Table. 5.

[000209] Table 5

CHM
Name Serotype | Cell Lins Figure MOI Used | Expression
{Observation)
AANT2 {CO8-7 Figure } 1E4- 1E6
AAVD 84-31 Figure 1 VE4- 1E6 | Detectable
AAVZ VD AAVD CO8-7 Figure 2 IE4- 1E6 | expression of
AAVIVID AAN2 84-31 Figure 2 1E4- 1E6 CHM at ail
AAVIN3s AAN2 #4-31 Figure 3 1E4- 1B6 | MDis tested
AAV2ZV3b AANZ B$4-31 Figure 3 1E4- 1E6
AAVENVI AAVE £08-7 Figwe 4 1E4- 1E6 Dietectable
expression of
AAVE V3a AAVR 84-31 Fignre 4 1E4- 1ES CHM at MOI of
1ES -1F6,
AAVEVIE AAVE COS-7 Figwre 3 1E4- 1E6 | Detectable
sxpression of
AAVENID | AAVE #4-31 Figwe S | 1E4- 1E6 igg?”gi
1ES
AAVEV3a AANE S4-31 Figure & 1E4- 1B Tietectable
expression of
AAVEVIH | AAVR | 8431 Figwre & | 1E4- 1E§ iggz;g Y
iE6

[000210] Monoclonal human REP-1-specific antibody, detected one single ~ 75-80 kDa
hREP-1 protein in cells transduced with next generation AAV2.copt. CHM/

AAV8.copt. CHM. A 75-80 kDa band was not observed in cell lysates of untreated control
cells. Probing of the blots with either anti-Actin/antitubulin/anti-GAPDH antibody showed a
band of equal density in all lanes of the western blot including in untreated controls. Anti-
actin antibody detected a protein molecular weight band at ~42 kDa, anti-tubulin antibody
detected a protein at ~ 51 kDa, and anti-GAPDH antibody detected a protein at ~39 kDa. All
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antibodies detected only specific bands of expected size molecular weight. No nonspecific
bands were observed in any of the blots. A pre-stained molecular weight marker was used to
compare the molecular weights of protein of interest.

[000211] Briefly, REP-1 protein was observed at the expected size in COS-7 and 84-31
cells transduced with AAV2.V2a, AAV2.V2b, AAV2. hCHM.V3a and AAV2. hCHM.V3b.
Untreated controls did not reveal the presence of expected size human REP-1 protein.
Labeling the blot with anti-actin antibody detected a protein band of equal intensity in all
lanes of the gel at ~ 42 kDa. Pre-stained protein ladder was used to compare the molecular
weights of REP-1 and Actin. Data not shown.

[000212] The results indicate that AAV2 and AAVS serotype vectors containing next
generation plasmids are able to transduce 84-31 and COS-7 cells efficiently. Expression of
CHM in the next generation plasmids was in the detectable range, and demonstrated a dose
dependent trend. Transduction of cells with the next generation hCHM viruses resulted in
production of REP-1 protein of the predicted size.

[000213] Example 5: Comparison of in Vitro Protein Expression of AAV.Codon-
Optimized. Human CHM with AAV Native. Human CHM

[000214] The objective of this study was to delineate transduction efficiency of AAV
vectors (serotype 2 and 8) containing various versions of the CHM-containing transgene
cassettes by measuring levels of REP-1 protein in a 84-31 cell line based study model.
[000215] Plasmids and Vectors: A total of 5 transgene plasmids were compared either in
AAV2 or AAVS: Version 1 (previously being used in an on-going clinical trial) and four next
generation versions (V2a, V2b, V3a, and V3b). The plasmids were engineered as described in
Example 4, and the features thereof are shown in Table 1. Table 2 above shows a summary of
AAV?2 and AAVS vectors generated and concentration of viral stocks.

[000216] Study design (e.g. treatment groups)

[000217] 1. In a pilot experiment, COS-7 and 84-31 cells were transduced with
AAV2hCHM.Versionl, Version2a and Version 2b. Western blot was performed to compare
transduction efficiency levels in the two cells lines.

[000218] 2. 84-31 cells, plated in 6-well plates were transduced with one of the 10 test
articles (Version 1, 2a, 2b, 3a and 3b in either AAV2 or AAVS background) at an MOI of
3E5. After 36-48 hours, cells were harvested and lysed. The lysate was loaded on SDS-
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PAGE, and subjected to further Western blot analyses. Levels of REP-1 protein are compared
amongst all construct versions. Two separate plates were setup for each AAV2.CHM or
AAVS.CHM experiments were analyzed, separately.

[000219] Test material administration

[000220] 3.4.1 Cell culture

[000221] 83-41 cells and COS-7, both were cultured in Dulbecco’s modified Eagle
medium (DMEM)-high glucose with 10% fetal bovine serum, and 1% penicillin/
streptomycin at 37°C in an environment supplied with 5% CO2.

[000222] 3.4.2 Preparation of cells for transduction:

[000223] The day before transduction (18-24 h before) 83-41 and COS-7 cells were
seeded at a density of 3ES5 in 2 ml of cell culture media per well in a 6-well cell culture dish.
The seeded cells were incubated at 37°C in an environment supplied with 5% CO2.

[000224] 3.4.3 Transduction:

[000225] Wells of 84-31 cells and Cos-7 were infected with AAV vectors as described
below at an MOI of 3ES5 (see Table 6 for the pilot experiment and Table 7 for the second set
of experiments). No virus was added to the negative (untransduced) control. Briefly, first, the
tissue culture media was removed and replaced with 2ml fresh media/well in each the wells
in the 6 well cell culture dish. Then the predetermined amount of AAV vector (see table 2 for
vector volumes used for transduction) was measured (from the stock) and directly added to
each well. Cells were incubated with the AAV virus for 36-48 hours at 37°C with 5% CO2
until harvesting. Cells were observed under microscope before harvesting to check any
abnormality. Western blot analysis was performed as described in Example 4.

[000226] Table 6: Pilot Experiment: Infection doses of AAV2 hCHM. V1, 2a, 2b in 84-
31 and COS-7 cells.

Yertar Uisad Cell Lame | Cell denasiy | Vector used (i}
None B4-31 5 i
£4-31
84-31
§4-31
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08T
COS-7
CO%-7
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T3 a0
13,42

i | S
2

Lay
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W

s
[esBlculNeuR syl TnslInshNeslNysl
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(931
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[000227] Table 7: Infection doses of AAV. hCHM next generation vectors and V1
(AAV2 and AAVS) in 84-31 cells

Vector Uised el Line Lell density Vertor used {ul} MO
Mome §4-31 3E5 8 i
AAVE N2 84-33 E= 337 3E3
AAVE W% 84-31 3ES 544 3ES
AAVE ¥ia §4-3%1 3ES 6593 3E3
AAVEN3E 84-3%1 IES 4. 41 3E3
AAVENVL 84-31 IES 4 32 3E3
Mons 84.3% 3ES & it
AANI Vis 8434 IES 27 78 IES
AANVIY g4-31 IES 8§11 IES
AAVIE W 3g %4-31 IES 12 45 2ES
AAVI V3G 84-31 3ES 1312 3E3
AANVINE §4-31 IES 1342 3E3

[000228] Results: Comparison of the expression of native hCHM (AAV2 hCHM.V1)
versus codon-optimized CHM AAV2a and 2b vectors in 84-31 and COS-7 cells

[000229] In this experiment 84-31 and COS-7 cells were transduced with either no
vector (untreated control), AAV2 hCHM.Versionl, AAV2 hCHM.Version2a or

Aav2 hCHM.Version2b. Western blot analysis with an anti-human REP-1 antibody, showed
that REP-1 protein levels were detectable at ~ 75-80 kDa in all AAV2 (V1, V2a, V2b)
transduced samples and in both cells lines (Data not shown). A slightly better protein
expression was seen in 84-31 cell line (Table 8). Anti-REP1 antibody detected negligible
amount of REP-1 protein in untreated cells. Labeling of the blot with GAPDH antibody
detected a band at ~ 39 kDa in all cell lysates, including the untreated cells.

[000230] Densitometric evaluation (quantification of the protein level) of the blots using
Imagel software demonstrated that after normalizing the values to the expression of
endogenous GAPDH protein the transduction efficiency was similar in 84-31 and COS-7
cells. (See Table 8 for results.) Based on this, the 84-31 cell line, which is from human origin
was used for further experiments.

[000231] In conclusion, AAV2. V1, AAV2.V2a and Aav2.V2b induced the production
of REP-1 protein in both, 84-31 and COS-7 cells with similar transduction efficiency.
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[000232] Table 8: Densitometric evaluation of Western Blots

CAPDE - REP1 a REP-1
REP GAPDH NORMALIZED | poiallPED IS BORMALIZER
TE GAPDE OF V1 RESPECTIVE T itEf } OFYVL
- e CARDE (rap
AAVIF 33416844 i 2316844 18
331 | a2V IHB26TES 1811 36203838 154805
ASVIVEa 31114848 OFI5.945 1808 IOS1T.068 131510
Mnleculsr wesght Marker
AAV2HI 15475 288 i
COEY | 8AV2Vib 14321 167 171
AAV2 VIa 13145924 3.84%

[000233] Comparison of the expression of native CHM versus codon-optimized CHM
AAV?2 vectors in 84-31 cells: Using an anti-human REP-1 antibody, the Western blot
analysis of the 84-31 cells transduced with AAV2. hCHM.V2a, V3a, V2b, V3band V1
detected a band at ~ 75- 80 kDa in all conditions (Data not shown). Anti-REP1 antibody
detected negligible amount of REP-1 protein in untreated cells. Labeling of the blot with
GAPDH antibody detected a band at ~ 39 kDa in all cell lysates, including the untreated cells.
Densitometric evaluation (quantification of the expression level) of the blots using ImageJ
software demonstrated an increase in the expression of AAV2 hCHM.V2a, 3a, 2b, and 3b
compared to AAV2.hCHM.V1 after normalizing the values to the production of endogenous
GAPDH protein. See Table 9 and 10 for results.

[000234] Table 9: Values of REP-1 protein in 84-31 cells after transduction with
AAV2hCHM. V1, Va, V2b, V3a or V3b for PLATE 1 (Western Blot not shown)

N REP-}
COMSTRICT RAWVALTE GAPDH RORY : REP-1
) NORMALIZED ?\BRB%%KZ‘EQ NORMALIZED
LANE , o TOGAFDROF | pronecor | TORER-LOF VI
NAME NITMBER KEP-1 AT vi (;;A‘FQH {8y
ERATRRE: 333§T AN | 15155602

AAVINAR 5 IHBET VS

fEBEIN6P2IE

0
Lag
Ls)
=1
A
(>

i

Fo
b

[000235] Table 10: Values of REP-1 protein in 84-31 cells after transduction with
AAV2hCHM. V1, V2a, V2b, V3a or V3b for PLATE 2 (Western blot not shown)
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- REF-1 -
CONSTRECT BAW VALLE o ﬁg??z{.m \&m%}mm \Gaﬁéfi;z .
NAME LANE REPA ) 1O GAS*FH OF TO Rz};i OF V1
NUMBER £25)
;
& 1 08593419
i3t

[000236] Comparison of the expression of native CHM versus codon-optimized CHM
in AAV8.V1, V2a, V3a, V2b, V3b vectors in 84-31 cells: Western blot analysis of cells
transduced with AAV8. V1, AAV8.V2a, AAV8.V3a, AAV8.2b, AAVS.3b, with anti-human
REP-1 antibody detected a band at ~75- 80 kDa in all transduced cells (Data not shown).
Anti-REP1 antibody detected negligible amount of REP-1 protein in untreated cells. Labeling
of the blot with GAPDH antibody detected a band at ~ 39 kDa in all cell lysates, including
the untreated cells. Densitometric evaluation of the blots using ImageJ software demonstrated
higher expression of AAV8 hCHM.V2a; 3a; 2b; 3b compared to AAV8.V1. Values are
obtained after normalizing the CHM values first, to the expression of the respective
endogenous GAPDH protein and then normalized to the expression level of the average of
Version 1. See Table 11 and Table 12 for results.

[000237] Table 11: Values of REP-1 protein expression in 84-31 cells after transduction
with AAV8 hCHM Version 1, 2a, 2b, 3a and 3b — PLATE 1 (Western blot not shown)

CONSTRUCT RAW VALYE o | OB ALITED REP-1
i L TR KORMALIZED
) LANE : EBIQ o TOREP-1 OF
NAME NERIRE REP-1 GATDH GAPDHOF | RESFECTIVE o raon
NUMBER ! " VI ¢34
Y1 GAPBH e
AAVEVE i1 H
AAVEVIa 13 6338 R406.599
AAVEVia i5 03777 7491573
AAVE VB i7 0547 17046 24
AAVE Wb ig 1TS10 066 §T27 424 832 19098 555
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[000238] Table 12: Values of REP-1 protein expression in 84-31 cells after transduction
with AAV8 hCHM Version 1, 2a, 2b, 3a and 3b — PLATE 2 (Western blot not shown)

CONSTRUCT RAW VALUE BT REP.1
OAPDH | vorsiavizen | | CBERL
LANE NORMALIZE To NORMALIZED
NAY ANE _— e DTOGAPDH | oo TQ REP-1 OF
MAXME NEMBER RFP-1 FAFDH aF v RESFECTIVE Vit

AAVENE i3 3547 448 {2382.681

it 3355294

AAVE Vi3 18
AAVE Vih ig 17842167
AAVEVIb 20 13836 358
[000239] Conclusion: Comparative expression studies demonstrated that application of

AAV vectors carrying the next generation AAV. hCHM. Version 2a, 2b, 3a and 3b induced
increased production of REP-1 protein compared with Version 1 (currently used in clinical
trials) in both AAV2 and AAV8 serotype vectors in 84-31 cells.

[000240] Example 6: Evaluation of Lambda Stuffer’s Effect on AAV Vector Production
by qPCR Titer Analysis

[000241] A single qPCR (quantitative polymerase chain reaction) run was performed on
all 8 AAV vectors shown in Table 2, above, in order to assess the effect of lambda stuffer
sequences on the amount of DNA impurities. Linearized AAV plasmid standard was used to
generate the assay standard. Primer-probe sets were designed on either the CMV/CBA
promoter region for quantitation of properly packaged AAV genome or the Kanamycin
resistance (KanR) encoding region for reverse packaging. Standards and vector samples were
run in two sets, one with the CMV/CBA primer-probe set and the other with the KanR set.
Vector sample values (viral genome copy per mL) were determined from each respective
standard curve. The effect of the stuffer sequence was assessed by comparing the relative
amount of KanR-containing impurities in each vector lot against CMV/CBA containing
sequences.

Reagents:

Transgene-containing Viral Vector Titer:

Reference: CMV-CBA Promoter

Primers: CMV-F: CCC ACT TGG CAG TAC ATC AA

CMV-R: GCC AAG TAG GAAAGT CCC ATA A

FAM-Probe: /56-FAM/CA TAA TGC C/ZEN/A GGC GGG CCA TTT AC/3IABKFQ/
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Impurity-containing Viral Vector Titer:

Reference: Kanamycin Resistance Gene

Primers:

KAN-F: GAT GGT CGG AAG TGG CAT AA

KAN-R: TGC GCC AGA GTT GTT TCT

FAM-Probe: /56-FAM/CC GTC AGC C/ZEN/A GTT TAG TCT GAC CA/3IABkFQ/
Dilution Reagent: Diluent Q (0.001% PF-68 in nuclease free water): Diluted 1% PF-68
solution 1000-folds with sterile water. Diluent S: Diluent Q + 2 ng/uL salmon sperm DNA
(Agilent technologies Cat# 201190)

ABI TagManTM Universal Master Mix (Applied Biosystems 4304437/4326708)

Qiagen PCR Product Purification Kit (Qiagen 28104)

» ABI QuantStudio 6 Flex System

[000242] SAMPLE PREPARATION

Dnase digest solution was prepared by combining the following: Dnase buffer (10X) 5 uL,
Nuclease-free H20 30 uL, Dnase I (Invitrogen, 18068-015) 5 uL.

[000243] Ten uL. of each AAV vector sample was mixed in and incubated at ambient
temperature for 10 minutes. The digest mix was inactivated by adding 50 pL of
SDS/EDTA/NaCl solution (0.2% SDS/SmM EDTA/0.2M NaCl) and incubating at 95°C for
10 minutes. Each AAV vector sample was diluted 10-100,000 fold in Diluent S for gPCR
analysis.

[000244] qPCR STANDARD PREPARATION

[000245] Reference standard DNA (linearized) was prepared by digesting plasmid
p1008 (low copy transgene plasmid without stuffer) with Xhol and purifying with Qiagen
PCR purification kit. Purified material was analyzed on agarose gel to confirm identity, and
quantified by Nanodrop. DNA copy number was determined from the stock concentration
using the following equivalence: 1 bp = 1.096E-21 g. qPCR Standards were prepared

according to the following table:
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[000246] Table 13
LI SILCRECL .
DNA Stsudard | oioeninaton Ditution
FCoptondlumi ]
Srandard Dok Ixnif” WA
&1 §ox i el & P50 o Thivent §
&3 NN Dhifuent 8
&3 Nl B¢ »l Thifstent &
&4 Nl B¢ »l Thifstent &
g5 1 pl B sL Dibuess X
&8 20 1l 85+ 80 ul Daduessg X
[000247] PCR Reaction Setup
[000248]

PCT/US2018/037592

Extracted DNA samples were analyzed in triplicate (3 wells) in a single qPCR

run. The run included reference DNA standards in triplicate, ranging from 103 to 108 copies

per well. No-template-control (NTC) was included as negative control. Each AAV vector

preparation was analyzed with both CMV/CBA and KanR primer/probe sets. Similarly, for

quantitation of each set, the standards were also analyzed with both CMV/CBA and KanR

primer/probe sets.

[000249] Table 14: PCR Reaction Setup

. Fimal cose, i Velams per 25
Reagemts : .
Eeactinn $ 1 Reaction
T ix 33S5ul
Spth B8 wdd 10ud
Taepvan Probe (39 138 B2 udd § Sl
Muclesve-Free Waker Na R
SampleBandard Na PR

[000250]

10 minutes 1 cycle; 95°C 15 seconds 40 cycles; 60°C 1 minutes 40 cycles

[000251]

PCR reaction sequence was set up as follows: 50°C 2 minutes 1 cycle; 95°C

Run performance. Standards were prepared and run at 103 to 108 DNA copies

per well. Lower limit of the assay was set at 1000 copies since assay sensitivity was not an

important factor for this experiment. A standard curve was generated for the run using the

standard copy numbers and CT (threshold cycle) values of the standards. Linear regression of

the standards was performed using the ABI software (data not shown). Standard curve fit had

a correlation coefficient (R2 value) of 0.998 or greater indicating a reliable fit model. The

slope of the standard curves was -3.5. Slope was used to calculate the efficiency of the

amplification reaction, and values between -3.2 and -3.6 represented amplification efficiency

between 90% and 110%. Both standard reactions were run with 92.6~93.8% efficiency.

Precision of triplicate wells ranged from 2~10%, indicating good agreement among

replicates. No-template-control (NTC) resulted in non-quantifiable amplification below the

lower limit of the assay.
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[000252] Table 15: Summary of standard curve fit

Repurter | Target Shepe X-intercept R Efficiency § %%}
FaAM TV -3313 41 3% 4808 3507
TAM Kan -1481 32088 3800 #3 7ai

[000253] RESULTS:

[000254] Sample value determination: The sample values (AAV genome and reverse-
packaging copy number) were interpolated from each matching standard curve (CMV/CBA
or KanR), using CT values. Interpolated DNA copy number was corrected for initial dilution
and/or digest dilution. Additional correction factor of 2 was applied to account for the
difference between double-stranded DNA standards and single-stranded DNA in samples.
[000255] Analysis results for 8 AAV vectors are summarized in the table below, with
quantitative comparison between the transgene-containing AAV concentration (CMV/CBA)
and the KanR-containing impurity concentration. Analysis of results demonstrate that
insertion of lambda stuffer into the transgene plasmid effectively reduced the occurrence of
plasmid-backbone DNA (i.e. KanR) packaging during AAV production from ~7-20 folds
(FIG. 11).

[000256] Table 16: qPCR amplification of kanamycin versus CMV/CBA expressed as

percentage
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[000257] Example 6: In vitro Expression of Next generation AAVS8 vectors in iPS cells
by western blot.

[000258] The objective of this study was to evaluate the ability of AAV mediated CHM
expression after gene delivery using a series of next generation AAV2 and AAV8 vectors
carrying the codon optimized REP-1 —encoding gene in induced pluripotent cell lines (iPSC).
[000259] Induced pluripotent stem (iPS) cell technology has been successfully utilized
as a platform for testing gene therapy vectors in several proof-of-concept and gene therapy
studies including ocular diseases. These patient-specific iPS cells provide a valuable in vitro

model system to study disease pathogenesis and establish a model to test proof-of-concept of
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gene therapy where relevant animal models are unavailable. As a preliminary step to test our
AAV-mediated gene augmentation therapy for Choroideremia (CHM), we have generated
iPS cells from human patients harboring mutations in the causative gene, CHM, which
encodes Rab Escort Protein 1 (REP-1) (See example 1) (Method is described in NCP.003).
The generated iPS cells were used to evaluate the in vitro expression of our next generation
AAV .codon optimized. CHM constructs.

[000260] Plasmids and vectors were as described in Example 4. Induced pluripotent
stem (iPS) cells are stem cells generated in the laboratory from somatic cells, peripheral
blood mononuclear cells, that were reprogrammed back to a pluripotent state.
Reprogramming of blood cells enables the development of personalized in vitro cellular
models for therapeutic applications. In this report, iPS cells from individuals affected by
CHM were used to test the in vitro production of REP-1 protein through western blot
analysis. The following table (Table 17) describes the details of iPS cells studied and their
respective CHM disease-causing mutations.

[000261] Table 17: An overview of the iPS cells generated from patients with CHM

mutations
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T AT

I Afented ws stushated

REG SEPT SR g

*1PS cell line qualification tests are on-going.

[000262] Study design (e.g. treatment groups)

[000263] 1. iPS cells plated on a 12 well cell culture plate are infected with AAV?2.
hCHM Version 1, Version 2a; Version 2b; Version 3a; Version 3b (AAV2.V1; V2a; V2b;
V3a; V3b) at an MOI of either 1E5 or 3E5. After 24 hours of transduction, 1 ml of iPS cell
culture media was added to the cells. 36-48 hours of transduction, cells were harvested, lysed
and processed for SDS-PAGE followed by Western blot analysis. Production of REP-1
protein was evaluated in cells transduced with all versions of the constructs and compared
with untreated controls.

[000264] 2. As a pilot experiment, three different iPS cell lines plated on a 12 well cell
culture plate are transduced with AAVS. hCHM Version 1 and AAV8. hCHM Version 2a
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(AAV8.V1; AAVS8.V2a) at an MOI of 1E6. The iPS cell lines were derived from three CHM
affected individuals with unrelated mutations in REP1 gene and were plated in separate plates
for this purpose. After 36-48 hours, cells were harvested and lysed and subjected to Western
blot analyses compared with untreated cell lysate.

[000265] Test material administration

[000266] 3.4.1 Cell culture

[000267] Culturing of iPS cells from CHM patient. In brief, the iPS cells were cultured
on Mouse Embryonic Fibroblasts (MEFs, feeders) in iPS cell culture media at 37°C in an
environment supplied with 5% CO2 and 5% O2.

[000268] 3.4.2 Preparation of cells for transduction

[000269] The day before seeding the cells, 12-well dishes were coated with Matrigel as
described in reference NCP.003 (NCP.003: Culturing of iPS cells from CHM patient and
controls). Before transduction of iPS cells with respective AAV2 or AAV8 viral vectors, the
cells that are cultured on MEFs were seeded on Matrigel without MEFs (feeder free
culturing). Cells were seeded at a density of 4.5+E5 to 6 +E5 in 1 ml of iPS cell culture
media in each well of a 12-well cell culture dish. Seeded cells were incubated at 37°C in an
environment supplied with 5% CO2, 5% O2.

[000270] 3.4.3 Transduction

[000271] To infect the iPS cells with viral vectors, cells were grown to approximately
50-60% confluence. (This can take 2-4 days in feeder free conditions). Once 50-60%
confluence is achieved, one well of the 12-wells is dissociated and cell counts were
performed to determine the total number of cells per well. Wells of the iPS cells were then
infected with AAV vectors listed below at the predetermined MOI (see Table 18 and 19).
Before transduction, the old iPS cell culture media from the plates was removed and a fresh 1
ml of iPS cell culture media was added in each well. Predetermined volumes of the virus
from the stock were directly added to each well. See Table 18. And Table 19. For the
information on total number of cells infected, MOI and the volume of virus used for
infection. Cells were then incubated at 37°C in an environment supplied with 5% CO2, 5%
02 for 18-24 hours. After 18-24 h of transduction, cells were observed under microscope for
any abnormalities or cell death. At this point, another 1 ml of fresh iPS cell culture media was

added to each well containing infected and uninfected cells and were further incubated for
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additional 18-24 hours at 37°C in an environment supplied with 5% CO2, 5% O2. Cells were
observed under the microscope before harvesting to evaluate any cell death or abnormal
appearance.

[000272] Table 18: Infection details and MOIs of next generation AAV2 hCHMV 2a,
2B, 3a, 3b Vectors and AAV2.hCHM.V1 vectors in CHM patient-derived iPS cells.

MEH

Cefi

deasity

Venkor Used | £l Line

33

[000273] Table 19: Infection dose of AAV8.V2a and AAVS8.V1 vectors in three iPS cell
lines derived from 3 different CHM patients.

MGE
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[000274] Outcome measurement method — Western blot analysis was performed as
described herein.

[000275] Results

[000276] 5.1 Expression of AAV2-hCHM V1, V2a, V2b, V3a, V3b in JB588 iPS cell
line: Monoclonal human REP-1-specific antibody, detected one single ~ 75-80 kDa hREP-1
protein in the transduced JB 588 iPS cells (Data not shown). No band was observed in the
case of the untreated control, confirming presence of the disease (data not shown). The
intensity of REP-1 protein band at an MOI of 3ES5 observed to be stronger in all vectors
compared to an MOI of 1E5. Recombinant AAV2. hCHM viral mediated delivery of the
hCHM gene, to iPS cells, resulted in a dose-dependent production of REP-1 protein. Probing
of the blots with GAPDH antibody showed a band of equal density in all lysates. GAPDH
detected a protein at ~39 kDa. Both REP-1 and GAPDH antibodies detected only specific

bands of expected molecular weight. No nonspecific bands were observed in the blots.
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[000277] Expression of AAVS8 -hCHM. V1, V2ain iPS cells: Monoclonal human REP-
1-specific antibody, detected one single ~ 75-80 kDa REP-1 protein in the transduced JB527,
JB500 and JB588 patient derived iPS cells (Data not shown). No protein band was observed
in the case of the untreated control. (Data not shown). Probing of the blots with GAPDH
antibody showed a band of equal density in all cell lysates including the cell lysates from
untreated cells. Anti-GAPDH antibody detected a specific ~39 kDa protein band. Both REP-1
and GAPDH antibodies detected only specific protein bands at the expected size molecular
weight. No detectable nonspecific protein bands were observed in the blot.

[000278] Conclusions

[000279] The preliminary results presented in the current report revealed the following
observations: Western blot analysis confirmed presence of CHM (lack of REP-1 protein) in
each one of the three patient-derived iPSCs (JB588, JB500, JB527). In vitro expression
studies demonstrated that infecting iPS cells from CHM patients with AAV2 hCHM. Version
2a, 2b, 3a, 3b and AAV2 hCHM Versionl (a current clinical trial candidate) induced the
production of REP-1 protein at all tested MOIs. Infecting iPS cells with AAVS8.
hCHM . Version 2a and AAV8 hCHMVersionl at an MOI of 1E6 resulted in production of
REP1 protein in all three CHM iPS cell lines. Level of REP1 production was higher in the
iPSCs infected with AAV8 hCHM.V2a than with AAV8 hCHM. V1.

[000280] Example 7: Comparison of In Vivo Expression of AAV8.Codon

Optimized. Human CHM versus AAV Native. Human CHM

[000281] Gene therapy for a number of retinal diseases depends on efficient
transduction of the appropriate target cells, which for choroideremia, are retinal pigment
epithelium (RPE) cells and photoreceptor cells. This study report focuses on the comparison
of in vivo expression induced by the native CHM sequence based construct, (Version 1) and
four next generation transgene cassettes packaged into an AAVS8 backbone in wild type mice.
Here we evaluated AAV8 serotype for the purpose of improving gene transfer to
photoreceptor cells.

[000282] Our experiments were designed to answer the following questions: a. How
would these vectors compare for in vivo transduction of photoreceptors: In particular, how
efficiently would the next generation AAV8. CHM transduce photoreceptors after subretinal

injection of the respective test article compared to version.1. b. Dose response: Would the
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next generation AAV8. CHM and AAVS. CHM-Versionl vectors differ in dose response of
gene expression.

[000283] Experimental details:

[000284] Plasmids and vectors were as described in Example 4. Mice (Animals): Wild
type, CD1 mice were used to test the in vivo expression of CHM as assessed by production of
REP-1 protein. CD1 mouse strain is an outbred Swiss mouse strain which colony we
maintain in house. The details of the study are described under CAROT study protocol
PCPRO2.01.

[000285] 3.3 Study design (e.g. treatment groups)

[000286] 3.3.1 Animal Husbandry: Both male and female mice (~3-4 months old)
weighing ~ 20-30 gm were injected with the described test articles. Animals were housed in
the University of Pennsylvania’s John Morgan University Laboratory Animal Resources
(ULAR) facility according to University of Pennsylvania’s ULAR regulations. Mice were
maintained on a 12-hour light/12-hour dark cycle. Food and water were provided ad libitum.
All animals were identified with ear tag numbers.

[000287] 3.4 Test material administration: The test article formulation provided by the
CAROT Vector Core was used for dose administration. The test material was stored at — 60
to -80°C. The test material was thawed on ice prior to dosing. For intra-ocular injections, the
test article is diluted to the target concentration with phosphate-buffered saline as described
in the formulation Table 20. A total of 60 ul of master mix was prepared.

[000288] Table 20: Dose Formulation table for subretinal injections of test articles.
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[000289] Preparation of Injection Log before subretinal injections:

[000290] An injection log was maintained with the following information before
subretinal injection of the test articles:

» Cage Number/mouse number

* Study Identification

* Strain

» Date of Birth

* Date of injection

» Name of investigator/injector

* Eye injected into (left or right)

* Injection material (vector/serotype)

* Dose and Volume

* Route of Administration (ROA)

[000291] Subretinal injections: Injections were performed by Subretinal Injection by the
Surgeon. In brief, animals were anaesthetized before injection. Subretinal injection of the test
article was performed using Hamilton 33G syringe. The details of test articles and injections
are described in Table 21. From the prepared injection master mix, a volume of 1.5 ul was
administered, per injection. One eye per animal was injected with 5E8 vg/eve and the

contralateral eye was injected with SE9 vg/eye.

[000292] Table 21: Subretinal injection scheme and injection doses
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[000293] Outcome measurement methods

[000294] Animal Sacrifice: a. After injecting the animals with the test articles, all
animals were observed for 48 hours for any post injection related abnormalities. B. 21-35

days of post injection, the animals were observed for ocular abnormalities using
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ophthalmoscopy. C. 90-12- days post injection, the animals were sacrificed and eye tissues
were collected for evaluating the production of exogenous REP-1 protein by SDS-PAGE
followed by western blot analysis.

[000295] Collection of Eye Tissue: Eye tissue for western blot analysis was collected
after removing the lens from the eye using a sharp surgical blade. The eye (without the lens)
was collected in freezer tubes that are labelled appropriately.

[000296] Western blot analysis

[000297] Briefly: 1. Preparation of tissue lysate

[000298] a. Ocular tissue of animals injected with 2 different doses of next generation
AAVS. CHM and AAVS8.V1 along with the uninjected control animal tissues, were collected
after 21-35 days of injection by sacrificing the animals. B. Tissues were then lysed on ice
using RIPA buffer with protease inhibitors.

[000299] c. Tissue lysates were cleared by centrifuging at 13,000 rpm for 10 min.
[000300] 2. Quantification and preparation of proteins

[000301] a. Protein quantification of the cell lysates was carried out using ThermoFisher
Micro BCATM Protein Assay Kit following manufacturer’s instructions. B. Protein
concentration was determined by taking OD reading at 562 nm. C. To evaluate the in vivo
expression of CHM, between 20-40 ug of measured protein was loaded on 4-12% Bis-Tris
gels.

[000302] 3. SDS-PAGE and Western Blot

[000303] The protein gels were transferred on to a nitrocellulose membrane, blocked in
milk and incubated with the primary antibodies. Anti-human REP-1 2F1 antibody (2F1,
1:1000 dilution) and/or anti-GAPDH antibody (1:1000 dilution); were used as primary
antibodies. After washing the blot, HRP conjugated anti-mouse IgG antibody and/or anti-
rabbit IgG antibody at a concentration of 1:5000 were used as secondary antibodies. The
blots were developed by chemiluminescence using ECL reagents according to the
manufacturer’s instructions.

[000304] 4. Controls

[000305] a) Loading controls: Anti-GAPDH antibody was used as loading controls to
demonstrate equal loading of protein in each well of the gels. Anti-GAPDH antibody detects
a protein of ~39 kDa. B) Positive control: AAV2.V2a transduced COS-7 cell lysates were
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used as positive controls. C) Negative control: Ocular tissues of uninjected animals were used
as negative control.

[000306] Sample Value Determination

[000307] Quantification of Western blot analysis using Image J software. In brief,
densitometric evaluations presented in this report are normalized first, to the levels of
endogenous expression of GAPDH protein of the corresponding sample. Then the expression
levels are normalized again, to the average REP-1 expression level of uninjected control.
[000308] The details of densitometric evaluations and fold change calculations to
represent the expression of REP-1 protein are presented as Table 22 and 23.

[000309] The description in brief:

[000310] 1. In table 22 and 23, Column 2 shows the raw values of REP-1 protein and
column 3 shows the raw values of GAPDH protein.

[000311] 2. GAPDH value of each samples was first normalized to the GAPDH values
of animal-1 of AAV8.V1 and are shown in Table 22 in 4" column.

[000312] 3. The values of each sample were also normalized to the GAPDH values of
animal-2 of AAV8.V1 and are shown in Table 22 in 5" column.

[000313] 4. The REP-1 values (Column 2) are then normalized to either to the GAPDH
normalized to animal 1 (column 4) or to the GAPDH previously normalized to animal 2
(column 5). These are represented in column 6 and 7 respectively.

[000314] 5. The normalized REP-1 values are then converted to fold change.

[000315] 6. The respective REP-1 values are normalized to expression of REP-1 either
in animal 1 or animal 2 of the AAVS8.V1 injected group and are expressed as fold change
(column 8 and 9)

[000316] 7. Column 10 represents the average fold change in REP-1 protein expression.
[000317] Results

[000318] Comparison of the CHM expression using the native CHM AAVS8.V1 versus
the codon optimized CHM vectors: AAV8.V2a, V2b, V3a and V3b. Wild type CD1 mice
were injected with two different doses of the each AAV8 vector: a high dose of SE9 vg/eye
and a low dose of SE8 vg/eye. Following results describe the levels of REP1 protein after
injection with high and low doses of AAV8.V1, AAV8.V2a and AAV8.V3a.
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[000319] Comparison of the expression of AAV8.V1 versus AAV8.V2a and AAV8.V3a
(vectors with stuffer) in animals injected with high dose (5E9 vg/eye) of viral vector. Western
blot analysis with human anti REP-1 antibody detected a ~ 75-80 kDa hREP-1 protein band
in both (low and high dose injected) ocular tissues of each animal treated with either the next
generation AAV8.V2a or V3a or the original AAV8.Versionl. A very faint (minimal) band is
observed in the case of the uninjected control mice, both. A band of increased intensity was
observed in tissues that were transduced with next generation vectors (AAV8V.2a and
AAV8.V3a) compared to the tissues transduced with Version.1. Anti-GAPDH antibodies
showed a ~39 kDa band of equal density in all lanes of the western blot including the
uninjected controls. Pre-stained protein marker is used to compare the molecular weights of
protein of interest. Densitometric evaluation (quantification of the expression level) of the
blots using ImagelJ software demonstrated that production of REP-1 was increased in animals
injected with one of the next generation AAV8. High and low doses constructs (V2a or V3a).
(See Table 22 for values.)

[000320] Table 22: Quantified REP-1 protein production results for treatment with high
dose (5E9vg) AAV8 V1, V2a and V2b
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[000321] Table 23: Quantified REP-1 protein production results for treatment with low
dose (SE8 vg) AAV8 V1, V2aand V2b
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[000322] Comparison of the expression of AAV8.V1 versus AAV8.V2a and AAV8.V3a
in animals injected with low dose (5E8 vg/eye) of viral vector

[000323] Human anti REP-1 antibody, the Western blot analysis of the ocular tissues of
animals injected with next generation AAV8.V2a,V3a and AAVS8.Versionl at a dose of SE8
detected a ~ 75-80 kDa hREP-1 protein band in tissues of injected mice. A faint (minimal)
band of REP-1 was observed in ocular tissue lysates of the uninjected control mice, both. A
band of increased intensity was observed in tissue lysates that are transduced with next
generation vectors compared to the lysates that are transduced with Versionl. Anti-GAPDH
antibody detected an equal intensity protein band at ~ 39 kDa in all cell lysates. This data
demonstrates that delivery of next generation V2a CHM through AAVS results in robust
levels of REP-1 protein in comparison with levels produced after injection of AAV8.V3a or
AAVS8. V1.

[000324] Densitometric evaluation (quantification of the expression level) of the blots
using Image] software further demonstrate an increased production of REP-1 in animals
injected with next generation AAV8.CHM constructs (especially V2a) compared with
Version 1. See Table 23 for values.

[000325] Expression of AAVS.V2b in CD1 mice

[000326] This current study and the evaluation of lambda stuffer’s effect on AAV
vector production by qPCR titer analysis were carried out simultaneously. We performed all
the animal injections for the in vivo expression study as described in the study protocol

PCPR.02 and all samples were harvested. After the qPCR study on the lambda stuffer
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element was concluded (described above), we decided to carry out the Western blot
experiments only to test the expression of AAV vectors without the stuffer such as AAVS8.2b
and AAV8.3b and exclude them from further analysis (such as comparison with Version 1).
[000327] Human anti-REP-1 antibody detected a protein of ~75-80 kDa in ocular tissues
of CD-1 mice injected with AAV8.2b at SE9 (High dose) vector genome copies (FIG. 12A).
Animals injected with AAV8.2b at SE8 (Low dose) showed a very faint protein band at ~75-
80 kDa (FIG. 12A). Lysates of ocular tissues from uninjected control animals did not show
the presence of REP-1 protein. Anti-GAPDH antibody detected a protein of ~39 kDa in all
ocular tissue lysates including the uninjected controls. This data may establish the minimal
dose for AAVS8.2b.

[000328] Expression of AAV8.V3bin CDI1 mice

[000329] We performed a Western blot analysis on ocular tissues of AAV8.3b injected
CD1 mice (2 mice/group) with anti-REP-1 antibody, which revealed the presence of a protein
of ~75-80 kDa in one eye injected with low dose and in both eyes injected with high dose of
AAVS.3b. In the ocular tissues of uninjected mice there was no REP-1 expression detected
(FIG. 12B). The level of REP-1 produced was dose dependent in animals injected with
AAV8.3b. Injection with high dose of AAV8.3b (SE9 vector genomes) induced a higher
amount of REP-1 compared with the low dose injected eyes (SE8 vector genomes). Anti-
GAPDH antibody detected a protein of ~39 kDa in ocular tissue lysates of all injected and
uninjected animals.

[000330] These results revealed the following observations:

[000331] 1) The next generation vectors AAVS8.Version2a, 2b, 3a and 3b are able to
transduce ocular tissues efficiently. 2) Expression of the transgene (codon optimized CHM)
was detectable for all of the next generation vectors. 3) Expression of transgene (codon
optimized CHM) is dose dependent. 4) AAV8.Version2a and AAV8.Version.2b induced an
increased production of REP-1 protein compared to AAV8.Version 1 in ocular tissues of CD-
1 mice. 5) There is variation in the exact level of production of the transgenic protein
between eyes injected with the same dose reflecting the variability in the surgical delivery
procedure. However, differences in levels are large between the low (5E8) and high (5E9)

doses. 6) AAV8.CHM.V2a and AAVS8.V3aresult in much higher levels of REP-1 protein
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production than AAV8.V1 after in vivo administration of high dose (5E9 vg) vector

subretinally in mice.

Example 8 — Expression of CNGA3

[000332]
[000333]

To maximize the expression of CNGA3, a codon optimized CNGA3 sequence

was produced (SEQ ID NO: 9). In addition, a CNGA3 variant was codon optimized (SEQ ID

NO: 11). These sequences, as well as the native CNGA3 coding sequence, were incorporated

into production plasmids as described herein (SEQ ID Nos: 30-38) and AAV vectors created.

Vectors using AAV8 and AAV9 capsids were generated, as described below.

[000334] Table 24
AAY serotype Transgene cassette
1 AAVS RK1-Native CNGA3
2 AAVS RK1-Codon optimized CNGA3
3 AAVS RK1-CNGA3 Variant 3
4 AAVS hCAR-Native CNGA3
5 AAVS hCAR-Codon optimized CNGA3
6 AAVS hCAR-CNGA3 Variant 3
7 AAVS CMV/CBA-Native CNGA3
8 AAVS CMV/CBA-Codon optimized CNGA3
9 AAVS CMV/CBA-CNGA3 Variant 3
10 AAVS hCAR-Native CNGA3 w/WPRE
11 AAV9 RK1-Codon optimized CNGA3
12 AAV9 hCAR-Codon optimized CNGA3
13 AAV9 CMV/CBA-Codon optimized CNGA3
14 AAV9 hCAR-Native CNGA3 w/WPRE
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[000335] Protein expression was assessed, as described above for REP-1. AAV8-CMV-
CBA expression is observed in 84-31 cells transduced with each of the 3 CNGA3 vectors at 2
different MOI’s. FIG. 28. Positive control used is mouse retinal protein harvested post-
injection with AAVS-CMV-CBA-native CNGA3. Codon optimization of CNGA3 plasmid
showed enhanced expression with 3 different promoters (CMV/CBA (FIG. 28), RK-1 and
hCAR (FIG. 29)). The enhancement with the CMV/CBA promoter is more pronounced at
lower dose (presuming saturation at the higher dose).

[000336] Exogenous hCNGA3 expression using AAVS & 9 was tested in vivo

[000337] Subretinal injections of 30-120 day old Wt mice were performed. Mice were
sacrificed at 3-4 weeks post injection, tissues collected and endpoints measured. In normal
mice, expression of CNGA3 measured by qPCR as shown in FIG. 30. In null mice,
expression of CNGAS3 protein in retina is measured using western and IHC and retinal
histopathology is examined.

[000338] The CNGA3 mouse model: CNGAS3 null mice which have a CPFL5
containing a missense mutation (Exon 5).

[000339] Phenotype:

[000340] 5 weeks: severely reduced cone-specific ERGs

[000341] 10 weeks: reduction and mislocalization of cone opsin pigments

[000342] 5 months: Reduced optokinetic reflexes

[000343] Gene replacement therapy for CNGA3-achromatopsia:

[000344] CNGA3 null mice were injected at p16-18, subretinally with one of two doses
of noted vectors. Low dose: 8E8 vg/eye; high dose: 8E9 vg/eye. At least 5 animals were
injected per group. ERG and OKR were performed at 5-7 weeks and 12-15 weeks. At
sacrifice, IHC, western blots and histology were performed.

[000345] To provide objective information about the function of retina and to serve as a
parameter for efficacy in preclinical studies, electroretinogram (ERG), an electrical response
of the cells of the retina to a flash of light, was evaluated in mice according to conventional
method and User Manuals. Please see, e.g. Marmor, Michael F, et al. "Standard for clinical
electroretinography (2004 update).” Documenta ophthalmologica 108.2 (2004, 107-114; and
Cronin, Therese, Arkady Lyvubarsky, and Jean Beovett "Dark-rearing the rd10 wmouse:

implications for therapy." Retingl Degenerative Diseases. Springer US, 2012, 129-136,

76



WO 2018/232149 PCT/US2018/037592

[000346] Briefly, an ophthalmoscopic evaluation of animals was completed prior to ERG
measurement. Mice with eye defects that may potentially compromise the results of the ERG
are excluded. These include corneal opacities such as cataract, corneal injury or inflammation.
Mice were then dark-adapted for at least 4 h, weighed under dark conditions and injected
anaesthetic intraperitoneally (ketamine/xylazine cocktail with phosphate buffered saline (PBS;
pH 7.2), 100 mg/kg and 10 mg/kg respectively). The pupils of pigmented mice were dilated
using 1% tropicamide solution while albino mice did need pupil dilation. While the animal was
kept on an absorbent bedding on top of the heated platform, the reference electrode was placed
to contact with the body of the mouse, and the recording electrodes were positioned over the
cornea of respective eyes and contacting with the corneas gently. If necessary, operations using
a magnifier was performed.

[000347] Stimulator was set as indicated below. Stimuli of any color or achromatic may
be used unless indicated. Testing protocol I includes Step 1: 0.01076 scotopic ¢d s m? (Candela
second per square meter (cd/m?)); Step 2: 500 scotopic ¢d s m?, achromatic xenon flash; and
Step 3: background intensity 100 scotopic cd m?, Stimulus : 500 scotopic ¢d s m?. In stimulus
intensity Set II, for all steps the following stimuli were delivered on a 100 scotopic c¢d m™
(Candela per square meter (cd/m?)) green (520 nm) background illumination. Testing protocol
Il includes: Step 1: 500 scotopic ¢d s m, achromatic xenon flash; Step 2: 0.0015 ¢d s m?, UV
(365 nm), isi (Interstimulus interval, time interval between consecutive flashes) 1.5 s; Step 3:
0.004¢cd s m2, UV (365 nm), isi 1.5 s; Step 4: 0.01 e¢d s m?, UV (365 nm), isi 2 s; Step 5: 0.03
cd s m?2, UV (365 nm), isi 2 s; Step 6: 4scot ¢d s m™, green (520 nm), isi 2 s; Step 7: 10 scot
cd s m-2, green (520 nm), isi 2 s; Step 8: 25scot ¢d s m?, green (520 nm), isi 2 s; and Step 9:
500 scotopic cd s m?, achromatic xenon flash. Testing protocol I and II was run on each animal
successively.

[000348] The CNG3A/B3 null mice used have normally functioning rods, so the rod-
generated ERG was utilized as a signature of the retina condition. The parameter was the
amplitude of the saturating a-wave. On stimulation with a bright flash, a fast cornea-negative
voltage, was the first (in temporal order) component of the ERG. The amplitude of the a-wave
was the difference between the most negative point of the ERG during the time interval of up
to 20 ms after the flash and the baseline value of the ERG signal measured at the 3 ms time

point after the flash. The choice of the 3 ms data point as the “zero” allowed for exclusion of
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the flash artifact and minimizing effects of drifts. With incremental increase of stimulus
intensity, the amplitude of the a-wave increased until it reached saturation. The a-wave of the
mouse ERG is directly proportional to the magnitude of the retinal rod photocurrent
(Eyvubarsky, Arkady L., and Edward N. Pugh Jr. "Recovery phase of the murnne rod
photoresponse  reconstructed  from  electroretinographic  recordings.” Jowrnal  of
Newroscience 162 {1996). 563-571), and therefore, is the most direct measure of the rod
function.

[000349] The amplitude of the a-wave as the voltage difference between baseline and the
first trough, which occurs at 7-10 ms after the flash was measured for both eyes using data
acquired via testing protocol I. Amplitudes of cone ERGs was measured using the data acquired
via testing protocol II. Magnitudes of cone ERGs was divided by the amplitude of the saturating
a-wave from the respective eye. If the amplitude of the a-wave from the injected eye was less
than 50% of the amplitude of the a-wave from the control eye, this animal was excluded from
further processing and counted as severely injured on injection. Results acquired were
calculated and normalized. Paired t-test between sets of normalized cone ERGs from the
injected and non-injected eye was performed. Statistically significant improvement in the
treated eye was to be a signature of successful treatment.

[000350] Retinal function was assessed at 5-7 weeks of age following administration of
the noted vectors was compared to retinal function of wild type, excipient injected and
uninjected eyes. The measured results from three light intensities (0.01 cd.s/m"2, 10
cd.s/m*2 and 25 cd.s/m”"2) for each vector/dosage are shown below in Table 25, and in FIG.
31. These results show that RK-1 promoter along with optimized CNGA3 expression
cassette is able to correct ERG function in a mouse model.

[000351] Table 25
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‘Uninjected versus :

Excipient

%Student's t-test %0.0l cd.s/m"2§ 10 cd.s/m’ 25 cd.s/m’

1 0.279831

AAV8.hCAR-CNGA3-hopt high dose
AAV8.hCAR-CNGA3-hopt low dose

' AAV9-hCAR-CNGA3-hopt high dose : } :
AAV9-hCAR-CNGA3-hopt low dose | - 0.432698

[000352] P values <0.5 are highlighted in red

[000353] Calcium uptake in transduced vs. untransduced 84-31 cells after cGMP
addition is shown in FIG. 32.

[000354] Example 9 — CNGB3

[000355] CNGB3 sequences were incorporated into vectors as described above, for
REP-1 and CNGA3. Vectors using AAV8 and AAV9 capsids were generated, as described
below.

[000356] CNGB3 null mice were injected at p16-18, subretinally with one of two doses
of noted vectors. Low dose: 1E9 vg/eye; high dose: 1E10 vg/eye. Atleast 5 animals were
injected per group. ERG and OKR were performed at 5-7 weeks and 12-15 weeks. At
sacrifice, IHC, western blots and histology were performed.

[000357] Retinal function was assessed at 12-16 weeks of age following administration
of the noted vectors was compared to retinal function of wild type, excipient injected and
uninjected eyes. The measured results from three light intensities (0.01 cd.s/m"2, 10
cd.s/m*2 and 25 cd.s/m”"2) for each vector/dosage are shown below, and in FIG. 33. Series 5,
8 and 9 are light intensities of 0.01 cd.s/m”2, 10 cd.s/m"2 and 25 cd.s/m"2, respectively.
[000358] These results show that both hCAR and RK-1 promoter along with optimized
CNGB3 expression cassette are able to correct ERG function in the CNGB3 mouse model.
[000359] ERG studies suitable for use with the constructs described herein, are
described, e.g., in International Patent Application No. PCT/US17/27529, filed April 14,

2017, which is incorporated herein by reference.
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[000360] Example 10: ELECTRORETINOGRAM (ERG) of MICE

[000361] To provide objective information about the function of retina and to serve as a
parameter for efficacy in preclinical studies, electroretinogram (ERG), an electrical response
of the cells of the retina to a flash of light, was evaluated in mice according to conventional
method and User Manuals. Please see, e.g. Marmor, Michael F_, et al. "Standard for clinical
electroretinography (2004 update)." Documenta ophthalmologica 108.2 (2004): 107-114; and
Cronin, Therese, Arkady Lyubarsky, and Jean Bennett. "Dark-rearing the rd10 mouse:
implications for therapy." Retinal Degenerative Diseases. Springer US, 2012. 129-136.
[000362] Briefly, an ophthalmoscopic evaluation of animals was completed prior to
ERG measurement. Mice with eye defects that may potentially compromise the results of the
ERG are excluded. These include corneal opacities such as cataract, corneal injury or
inflammation. Mice were then dark-adapted for at least 4 h, weighed under dark conditions
and injected anaesthetic intraperitoneally (ketamine/xylazine cocktail with phosphate
buffered saline (PBS; pH 7.2), 100 mg/kg and 10 mg/kg respectively). The pupils of
pigmented mice were dilated using 1% tropicamide solution while albino mice did need pupil
dilation. While the animal was kept on an absorbent bedding on top of the heated platform,
the reference electrode was placed to contact with the body of the mouse, and the recording
electrodes were positioned over the cornea of respective eyes and contacting with the corneas
gently. If necessary, operations using a magnifier was performed.

[000363] Stimulator was set as indicated below. Stimuli of any color or achromatic may
be used unless indicated. Testing protocol I includes Step 1: 0.01076 scotopic c¢d s m-2
(Candela second per square meter (cd/m2)); Step 2: 500 scotopic c¢d s m-2, achromatic xenon
flash; and Step 3: background intensity 100 scotopic ¢d m-2, Stimulus : 500 scotopic c¢d s m-
2. In stimulus intensity Set II, for all steps the following stimuli were delivered on a 100
scotopic cd m-2 (Candela per square meter (cd/m2)) green (520 nm) background
illumination. Testing protocol II includes: Step 1: 500 scotopic cd s m-2, achromatic xenon
flash; Step 2: 0.0015 cd s m-2, UV (365 nm), isi (Interstimulus interval, time interval
between consecutive flashes) 1.5 s; Step 3: 0.004cd s m-2, UV (365 nm), isi 1.5 s; Step 4:
0.01 cd s m-2, UV (365 nm), isi 2 s; Step 5: 0.03 cd s m-2, UV (365 nm), isi 2 s; Step 6: 4scot
cd s m-2, green (520 nm), isi 2 s; Step 7: 10 scot c¢d s m-2, green (520 nm), isi 2 s; Step 8:
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25scot ¢d s m-2, green (520 nm), isi 2 s; and Step 9: 500 scotopic cd s m-2, achromatic xenon
flash. Testing protocol I and II was run on each animal successively.

[000364] The CNG3 mice used have normally functioning rods, so the rod-generated
ERG was utilized as a signature of the retina condition. The parameter was the amplitude of
the saturating a-wave. On stimulation with a bright flash, a fast cornea-negative voltage, was
the first (in temporal order) component of the ERG. The amplitude of the a-wave was the
difference between the most negative point of the ERG during the time interval of up to 20
ms after the flash and the baseline value of the ERG signal measured at the 3 ms time point
after the flash. The choice of the 3 ms data point as the “zero” allowed for exclusion of the
flash artifact and minimizing effects of drifts. With incremental increase of stimulus intensity,
the amplitude of the a-wave increased until it reached saturation. The a-wave of the mouse
ERG is directly proportional to the magnitude of the retinal rod photocurrent (Lyubarsky,
Arkady L., and Edward N. Pugh Jr. "Recovery phase of the murine rod photoresponse
reconstructed from electroretinographic recordings." Journal of Neuroscience 16.2 (1996):
563-571), and therefore, is the most direct measure of the rod function.

[000365] The amplitude of the a-wave as the voltage difference between baseline and
the first trough, which occurs at 7-10 ms after the flash was measured for both eyes using
data acquired via testing protocol I. Amplitudes of cone ERGs was measured using the data
acquired via testing protocol II. Magnitudes of cone ERGs was divided by the amplitude of
the saturating a-wave from the respective eve. If the amplitude of the a-wave from the
injected eye was less than 50% of the amplitude of the a-wave from the control eye, this
animal was excluded from further processing and counted as severely injured on injection.
Results acquired were calculated and normalized. Paired t-test between sets of normalized
cone ERGs from the injected and non-injected eye was performed. Statistically significant
improvement in the treated eye was to be a signature of successful treatment.

[000366] Example 11 - Evaluation of Lambda Stuffer’s Effect

[000367] Further to the experiments described in Example 6, percentage of residual
plasmid DNA was evaluated and the data acquired was plotted in FIG. 34. Result showed that
oversized stuffer sequences reduced DNA impurity by ~80% during triple transfection

production for both AAV2 and AAVS.
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[000368] Example 12 — in vivo Expression of rAAV

[000369] Further to the experiments described in Example 7, various dosages (SE7
vector genome copies per eye (vg/eye), 1E8 vg/eye, SE8 vg/eye, SE9 vg/eye, and 1E10
vg/eye) of AAV8.V2a, AAV8.V3aand AAV8.V1 were injected to about 3-4-month-old CD-
1 mice. Eyeballs were harvested and REP1 protein expressions thereof were evaluated via
Western blots. Representative results are shown in FIGs. 35 to 39. Quantifications were
performed and indicated in the Tables below. Results showed that compared to AAV8.V1,
AAVS8.V2aand AAV8.V3a demonstrated higher expression level of REP1 protein at SE8
vg/eye, SE9 vg/eye. Subretinal delivery of AAVS8.V2a, and AAVS8.V3aresulted in robust and
reproducible delivery of the CHM transgene to retinal cells. Recombinant AAVS8.CHM
mediated delivery of the CHM gene resulted in a dose-dependent effect on REP1 protein
production.

[000370] Table 26

Virus SES8 vg/eye SE9 vg/eye
Fold Change Relative to Fold Change Relative to
AAVS8.V1 AAVS8.V1
AAV8.V2a (Animal 1) 21.17 3.04
AAV8.V2a (Animal 2) 13.39 458
AAV8.V3a(Animal 1) 2.62 4.90
AAV8.V3a (Animal 2) 1.78 2.57
[000371] Table 27
Virus SE9 Fold 1E10 Fold
Change Change
Relative to Relative to
AAVS.V1 AAVS8.V1
AAV8.V2a (Animal 1) 15.88 0.08
AAV8.V2a (Animal 2) 1.44 0.32
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AAVS.V2a (Animal 3) 15.03 2.15
AAVS.V2a (Animal 4) 8.70 2.04
AAVS.V2a (Animal 5) 1.66 1.16
AAVS.V2a (Animal 6) 6.13 1.53
AAVS.V3a (Animal 1) 9.27 0.99
AAVS.V3a(Animal 2) 451 0.99
AAVS.V3a (Animal 3) 0.33 0.15
AAVS.V3a (Animal 4) 0.80 0.64
AAVS.V3a (Animal 5) 0.79 0.52
AAVS.V3a (Animal 6) 0.13 0.30

[000372] Example 13 — Retinal Histopathology upon Injection of rAAVs

[000373] Analysis of retinal histopathology was performed on the retina harvested from
the mice treated as described in Example 7 and Example 12. H&E staining was performed to
reveal changes on photoreceptors as well as presence of immune infiltration. Tunel staining
was performed to reveal the presence of apoptosis. Ve treated cells was provided as a positive
control. Represented images not shown. A summary of the observation was provided below
as a Table. Results indicate that recombinant AAV8.CHM mediated delivery of the CHM
gene resulted in a dose-dependent effect on REP1 protein production and retinal
histopathology. Mouse eyes injected with the highest dose of AAV8.V2a, AAV8.V3, and
AAVS8.V1 showed inflammation, retinal degeneration and apoptosis.

[000374] Table 28

. . Injected
Identification H&E TUNEL
vg/eye
5E7 - N/A
AAV8V2a
1E8 - N/A
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SES8 - N/A
SEO Mild: Loss of photoreceptors, very few +Ve
presence of immune infiltrates cells
Severe:
1E10 Loss of photoreceptors, presence | +Ve
of immune infiltrates
SE7 - N/A
1E8 - N/A
SES8 - N/A
Mild:
AAV8.V3a very few +Ve
SE9 Loss of photoreceptors, presence 1
cells
of immune infiltrates
Severe:
1E10 Loss of photoreceptors, presence +Ve
of immune infiltrates
SE8 - N/A
Mild:
very few +Ve
SE9 Loss of photoreceptors, presence 1
cells
AAV8.VI of immune infiltrates
Severe:
1E10 Loss of photoreceptors, presence +Ve

of immune infiltrates

[000375] Example 14 — iPSCs

[000376] To determine the multiplicity of infection (MOI) required for AAVS8 to

achieve comparable transduction/expression of a GFP reporter as AAV2 vectors in human

iPSCs, and to examine cytotoxicity of AAV8.V2a and AAVS8.V3a at high MOI, the following
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experiments were performed. iPSC Cells were transduced with AAV2.CMV/CBA-GFP and
AAVS8.CMV/CBA-GFP at multiple MOIs (1E4 to 1E7). The culture wells were imaged and
GFP quantified to determine AAV8 MOI comparability of AAV2 vectors. The result was
plotted in FIG. 40, indicating that transduction efficiency achieved with 1E7 vg/cell of
AAV8.CMV/CBA-GFP) is comparable to AAV2.CMV/CBA-GFP at about 2E5 vg/cell.
[000377] Furthermore, cells were transduced at 1E7 vg with AAV8.V2a and
AAV8.V3a, and at 2E5 vg with AAV2.V1. Cells were then stained and counted for caspase-3
(an apoptosis marker). Immunofluorescent staining of iPSC treated with 1uM of
Staurosporine, untreated, transduced with 2ES vector genome copies per cell of AAV2.V2a,
transduced with 1E7 vector genome copies per cell of AAV8.V3a, and transduced with 1E7
vector genome copies per cell of AAVS.V1 was performed (images not shown).
Staurosporine was used to induce apoptosis. Cells treated thereby were served as positive
control. Article 1i1s AAV2.V2a; Article 2 is AAV8.V3a; while Article 3 is AAVS8. V1.
[000378] The data acquired are presented in FIG. 41, showing that AAVS8 serotype
vectors at an MOI of 1E7 vg/cell resulted in robust transgene expression in transduced iPSCs,
and did not lead to apoptosis.

[000379] Example 15 — Prenylation of RAB

[000380] CHM encodes Rab Escort Protein 1 (REP1) while REP1 is required for the
prenylation of target RAB proteins. Thus, as described in Example 3, prenylation of target
RAB Proteins in CHM patient derived iPSCs after transduction with test rAAVs (using
incorporation of a *H GGPP substrate) was evaluated. The iPSC cells are generated and
treated as described in Example 1. Briefly, CHM patient derived iPSC Cell Line JB 588, JB
527 and JB 415 were generated and maintained. Transduction with AAV8.V2a, AAV8.V3a
and AAV8.V1 at MOI of 1E7 were performed. Untreated cells served as negative control.
[000381] Results are shown in FIG. 42. Compared to untransduced iPSCs, transduced
cells showed an increase in both absolute and normalized incorporation of a *H GGPP
substrate.

[000382] Example 16 — Therapeutic Efficacy of hCNGA3 Gene Therapy on Cnga3 Null
Mice

[000383] A proof of concept study was performed to test the feasibility of gene
augmentation as a therapy for hCNGA3 mediated ACHM disease using a Cnga3 knockout
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mouse model of ACHM. To do so, we generated 14 unique transgenic cassettes each carrying
one of three different promoters (RK1, CMV/CBA, and hCAR) and packaged into either
AAYV vector serotype 8 or 9. The cDNA sequences used among these 14 test vectors were
either native, codon-optimized, or a codon-optimized version of the naturally-occurring
variant 3. Subretinal injections of the test articles at either two different doses were
performed between P16 and P19, and general clinical observations and ophthalmoscopic
examinations were performed on all study animals. Retinal and visual function in the study
animals was evaluated by electroretinogram (ERG) and optokinetic reflex (OKR) tests.
Cohorts of injected animals were euthanized at study end-point to evaluate retinal
histopathology. Additional histological analysis of the retina photoreceptor laminae was
performed using TUNEL staining and fluorescent immunohistochemistry for CNGA3.
[000384] Ophthalmoscopy performed between 5-7 weeks revealed dose-dependent
histopathologic changes. OKR results were inconclusive. ERG analyses revealed improved
cone photoreceptor function compared to excipient-treated eyes with dose-dependent effects.
Optimal responses were found using transgene cassettes incorporating a photoreceptor-
specific promoter.

[000385] Results showed that ZCNGA 3 gene delivery utilizing AA8 and AAV9 viral
vectors showed excellent preliminary safety when injected at 8E8 vg/eye. Minimal ocular
inflammation was observed and there were no adverse reactions following subretinal delivery
of the test articles. Additionally, histopathological analysis of tissue from test article-injected
eyes revealed minimal toxicity to the retina at 8E8 vg/eye, with localization of the transgene
protein limited to the photoreceptors. In addition, AAV-mediated delivery of ACNGA3 was
sufficient to improve cone response with minimal impact on rod response for AAV8.RK1-
hCNGA3.0pt and AAV8 hCAR-AZCNGA3. V3.

[000386] Summary

[000387] The in vivo expression and function of ACNGA3 was tested in B6.RHJ-
Cnga3®//BocJ (hereafter referred to as Cnga3”") mice. The test article consisted of a
combination of 3 promoters (RK1, hCAR, and CMV/CBA). The Rhodopsin Kinase (RK1)
promoter drives photoreceptor-specific expression, the human Cone Arrestin (hCAR)
promoter, with or without the woodchuck posttranscriptional regulatory element (WPRE)

enhancer, drives expression in the cones and the cyto megalo virus enhancer with the chicken
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beta actin promoter (CMV/CBA) drives expression ubiquitously. The 3 alleles used were the
native allele (Nat), a codon-optimized allele (Opt), and a naturally occurring variant 3 (V3)
which was also codon-optimized. The combinations of these promoter/enhancers and alleles
were encapsulated in either AAV8 or AAV9 serotypes. Test article dilutions: All test articles
were diluted into an excipient comprised of Dulbecco’s phosphate buffered saline and
excipient or low dose was injected in the left eye while high dose was injected into the right
eye.

[000388] Subretinal injections were performed to deliver one of the following test
articles: Group 1 — an AAVS8 encapsidated native human CN(GA3 transgene vector controlled
by an upstream RK1 promoter sequence; Group 2 — an AAVS8 encapsidated codon-optimized
human CNGA3 transgene vector controlled by an upstream RK1 promoter sequence; Group 3
—an AAVS encapsidated codon-optimized human variant 3 CNGA3 transgene vector
controlled by an upstream RK1 promoter sequence; Group 4 — an AAV S8 encapsidated native
human CNGA3 transgene vector controlled by an upstream human CAR promoter sequence;
Group 5 — an AAVS encapsidated codon-optimized human CN(GA3 transgene vector
controlled by an upstream human CAR promoter sequence; Group 6 —an AAVS
encapsidated codon-optimized human variant 3 CNGA3 transgene vector controlled by an
upstream human CAR promoter sequence; Group 8 — an AAVSE encapsidated codon-
optimized human CNGA3 transgene vector controlled by an upstream cytomegalovirus
enhancer/chicken beta actin promoter (CMV/CBA) sequence; Group 10 —an AAVS
encapsidated native human CNGA 3 transgene vector controlled by an upstream human CAR
promoter sequence with the woodchuck posttranscriptional regulatory element (WPRE);
Group 11 — an AAV9 encapsidated codon-optimized human CNGA 3 transgene vector
controlled by an upstream RK1 promoter sequence; Group 12 — an AAV9 encapsidated
codon-optimized human CNGA 3 transgene vector controlled by an upstream human CAR
promoter sequence; or Group 14 — an AAV9 encapsidated native human CNGA 3 transgene
vector controlled by an upstream human CAR promoter sequence with the woodchuck
posttranscriptional regulatory element (WPRE).

[000389] General clinical observations, and ophthalmoscopic examinations were
performed on all study animals. Visual function in the study animals was evaluated by

electroretinogram (ERG) and optokinetic reflex (OKR) tests. Cohorts of injected animals
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were euthanized at study end-point to process the eyes and stain with Hematoxylin and Eosin
(H&E) for histopathology. Additional histological analysis of the retina photoreceptor
laminae was performed using TUNEL staining and fluorescent immunohistochemistry for
CNGAS.

[000390] Results - Summary

[000391] Subretinal administration of all test materials carrying #CNGA 3 transgenes
resulted in minor inflammatory changes in the eyes post-operatively. Zero (0) animals needed
to be euthanized as a result of inflammation or adverse reactions to a delivered test article. Of
the 182 pups injected with vector, 169 remained in the study at the time of weaning and 162
remained in the study to completion. Ophthalmoscopy performed between 5-7 weeks
revealed that most eyes exhibited low to moderate evidence of inflammation associated with
degenerative histopathologic change (Appendix 3). Specifically, injection of all vectors at the
high dose (8E9 vg/eye) resulted in a greater degree of signs of loss of photoreceptors than in
eyes injected with vectors at the low dose (8E8 vg/eye). Among eyes injected at the low dose,
variations in the degree of retinal changes among eyes of the same cohort likely reflect
variability in the surgical delivery procedure. Overall, the best outcomes were observed in
eyes that received low dose of AAV8.RK1-ACNGA3 native, AAVS. RK1-AZCNGA3 codon-
optimized, AAV8.RK1-AhCNGA3 codon-optimized variant 3, AAV8. hCAR-AZCNGA3 native,
and AAV8 hCAR-hCNGA3 codon-optimized variant 3.

[000392] Test of retinal and visual function by ERG generally revealed better
functioning in eyes injected with the low dose of AAV8. RK1-2CNGA3 native, AAV8.RKI1-
hCNGA3 codon-optimized, AAVI.RK1-ACNGA3 codon-optimized, and AAV8 hCAR-
hCNGA3 variant 3 compared to controls. See Figs. 43A-44B.

[000393] Electroretinogram Results

[000394] ERG recordings were gathered following a 12-hour period during which
animals were dark-adapted. Each recording consisted of 10 cycles of light stimulation to elicit
rod-, S-type, or L/M-type cone-driven responses. Cone responses were used to gauge
therapeutic efficacy while rod responses were used to measure toxicity.

[000395] Group 1 (AAVS8.RK1-ACNGA3 native):

[000396] Eyves injected with 8E8 vg/eye and 8E9 vg/eye showed a robust and significant

improvement in cone response at 5-7 and 12-15 weeks post-injection compared to excipient
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injected controls. There was no change in rod function compared to excipient-injected eyes at
5-7 or 12-15 weeks post-injection for eyes injected with 8E8 vg/eve of vector. However,
injection of 8E9 vg/eye resulted in a large and significant decrease in rod function at 5-7
weeks post-injection. Rod function improved slightly by 12-15 weeks post-injection.
[000397] Group 2 (AAV8.RK1-AZCNGA3 codon optimized):

[000398] Eves injected with 8E8 vg/eye and 8E9 vg/eye showed a robust and significant
improvement in cone response at 5-7 and 12-15 weeks post-injection compared to excipient-
injected controls. There was a mild, but significant, decrease in rod response in eyes injected
with 8E8 vg/eye at 5-7 and 12-15 weeks post-injection. The decrease in rod response was
even greater for eyes injected with 8E9 vg/eve.

[000399] Group 3 (AAV8.RK1-ACNGA3 variant 3):

[000400] Eyes injected with 8E8 vg/eye showed no change in cone response at 5-7 and
12-15 weeks post-injection compared to excipient-injected controls but did display a large
and significant improvement in rod response at 5-7 weeks. There was a robust and significant
improvement in cone response 5-7 and 12-15 weeks post-injection in eyes injected with 8E9
vg/eye compared to excipient-injected controls. However, eyes injected with 8E9 vg showed
a large and significant decrease in rod response at 5-7 and 12-15 weeks post-injection.
[000401] Group 4 (AAV8 hCAR-ZCNGA3 native):

[000402] Eves injected with 8E8 or 8E9 vg showed a robust and significant
improvement in cone response at 5-7 and 12-15 weeks post-injection compared to excipient-
injected controls. There was no observed change in rod response 5-7 weeks post-injection in
eyes injected with 8E8 vg, though rod response in these eves did significantly decrease
compared to excipient-inject controls by 12-15 weeks post-injection. Eyes injected with 8E9
vg displayed a decrease in rod response at both time points.

[000403] Group 5 (AAV8 hCAR-ACNGA3 codon optimized):

[000404] Eyves injected with 8E8 or 8E9 vg showed a moderate to robust and significant
improvement in cone response at 5-7 and 12-15 weeks post-injection compared to excipient-
injected controls. While there was no observed change in rod response 5-7 weeks post-
injection in eyes that received 8E8 vg, there was a significant decrease in function by 12-15
weeks post injection. Decreased rod response was also observed at both time points in eyes

injected with 8E9 vg.
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[000405] Group 6 (AAV8 hCAR-ACNGA3 variant 3):

[000406] Eyves injected with 8E8 vg showed a robust and significant improvement in
cone response at both 5-7 and 12-15 weeks post-injection compared to excipient-injected
controls. There was no observed change in rod response in these eyes at either time point.
Eyes injected with 8E9 vg showed a robust and significant increase in cone function
compared to excipient-injected controls at 5-7 weeks but not 12-15 weeks post-injection.
These eyes displayed a significant decrease in rod function at both time points.

[000407] Group 8 (AAVS.CMV/CBA-hCNGA3 codon optimized):

[000408] There was no change in cone response compared to excipient-injected eyes at
5-7 or 12-15 weeks post-injection in eyes injected at either dose. In addition, both doses
resulted in a significant decrease in rod response at both time points.

[000409] Group 10 (AAV8 hCAR-ZCNGA3 native with WPRE):

[000410] Eyves injected with either dose showed a significant improvement in cone
response compared to excipient-injected controls at both 5-7 and 12-15 weeks post-injections.
Although there was no change in cone response 5-7 weeks post-injection in eyes injected
with 8E8 vg, rod response did significantly decrease by 5-7 weeks post-injection in eyes
injected with 8E9 vg. In addition, both doses resulted in decreased rod response 12-15 weeks
post-injection.

[000411] Group 11 (AAV9.RK1-4CNGA3 codon optimized):

[000412] Eyves injected with 8ES8 vg displayed a robust and significant improvement in
cone response at both 5-7 and 12-15 weeks post-injection, with no change in rod response.
Although eyes injected with 8E9 vg also showed a significant improvement in cone response
at both time points, those eyes also exhibited a decrease in rod response.

[000413] Group 12 (AAV9.hCAR-ACNGA3 codon optimized):

[000414] There was not a significant improvement in cone response at either time point
in eyes injected with 8E8 vg. Eyes injected with 8E9 vg did show a significant improvement
in cone response at both time points, but rod response was significantly decreased by 5-7
weeks post-injection.

[000415] Group 14 (AAV9.hCAR-ZCNGA3 native with WPRE):
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[000416] Eyves injected with 8E8 or 8E9 vg showed a moderate to robust increase in
cone response at both 5-7 and 12-15 weeks post-injection. However, injection of either dose
resulted in a significant decrease in rod response by 12-15 weeks post-injection.

[000417] Low doses (8E8 vg/eye) of AAV in groups 1 (AAV8.RK1-AZCNGA3 native), 2
(AAV8.RK1-AZCNGA3 codon-optimized), 11 (AAV9.RK1-ACNGA3 codon-optimized), 6
(AAV8.hCAR-ACNGA3 codon-optimized variant 3), and 14 (AAVO.hCAR-AZCNGA3 native
with WPRE) resulted in retained rod function and improved cone function at both time points
post-injection.

[000418] There is no significant difference in S- or L/M-type cone function among these
test groups.

[000419] AAYV Group 11 (AAV9.RK1-ACNGA3 codon-optimized) has a significantly
lower impact on rod function than AAVs used in groups 1 (AAV8.RK1-ACNGA3 native), 2
(AAV8.RKI1-ACNGA3 codon-optimized), and 14 (AAVI. hCAR-ACNGA3 native with
WPRE) .

[000420] High doses (8E9 vg/eye) of AAV in groups 11 (AAV9.RK1-ACNGA3 codon-
optimized) and 12 (AAV9.hCAR-ACNGA3 codon-optimized) resulted in retained rod
function and improved cone function at both time points.

[000421] Rod function is significantly better at 8E8 vg/eye than at 8E9 vg/eye for group
11 (AAV9.RK1-ACNGA3 codon-optimized) at 12-15 weeks post-injection.

[000422] There is no difference in rod function at 8E9 vg/eye between groups 11
(AAV9.RK1-ACNGA3 codon-optimized) and 12 (AAVI.hCAR-AZCNGA3 codon-optimized)
at 12-15 weeks post-injection.

[000423] Histology, Immunohistochemistry, and TUNEL Assay Conclusions:

[000424] Histological evaluations revealed the loss of photoreceptors, presence of
inflammation and abnormal retinal architecture in mice injected with higher dosage of all test
articles.

[000425] Retinal architecture of mice injected with AAV.ACNGA3, where the
expression of ACNGA3 was driven by the promoter CMV.CBA was found to be significantly
damaged.

[000426] Mice injected at a lower dosage of 8E8 vg/eye of test articles did not reveal

the presence of significant histological changes or inflammation.
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[000427] Mice injected at higher dosage of 8E9 vg/eye of test articles showed
significant histological changes or inflammation. Vector to vector variation in effecting the
retinal architecture was noted.

[000428] Transduction of #CNGA3 null murine retinal tissues with codon-optimized
and codon-optimized variant 3 ACNGA3 driven by RK1 and hCAR promoters, respectively,
resulted in localization of ACNGA 3 to photoreceptors cells. The localization was similar
among all test articles at injected dosage.

[000429] Variability in the expression of ACNGA3, between mice injected with
AAV8.RKI1-ACNGA3 codon-optimized and AAV8 hCAR-AZCNGA3 codon-optimized variant
3 is relatively low. In mice injected with AAV9.RK1-2CNGA3 codon-optimized, expression
of hCNGA3 was found to be inconsistent between animals of the same cohort.

[000430] Presence of apoptotic cells was not evident in retinas of mice injected with any
given test article.

[000431] OVERALL CONCLUSIONS: Subretinal injections of AAV.RK1-ACNGA3,
AAV hCAR-ACNGAS3 resulted in robust delivery of the ACNGA 3 transgene to photoreceptor
cells of the retina. Subretinal delivery of all test articles at higher dose (8E9 vg/eye) resulted
in inflammation and degenerative changes in the retina. The severity of the retinal
histopathological changes showed a dependency on the promoter used. Vectors where the
expression of A CNGA3 was driven by CMV-CBA exerted more severe retinal degenerative
changes, followed by the RK1 and then hCAR. Inflammatory changes were also noted after
injection with lower doses (8E8 vg/eve) of vectors, but were not as severe. The results of this
report establish that delivery of the for ACNGA3 codon-optimized cDNA driven by a
photoreceptor-specific promoter by either the AAV8 or AAV9 capsid or of the ACNGA3
codon-optimized variant 3 cDNA driven by a photoreceptor-specific promoter through
delivery by the AAVS capsid, at a viral dose of 8E8 vg/eye is sufficient to for production of
hCNGA3 protein in retinal photoreceptors with minimal toxicity.

[000432] Post mortem histopathology revealed subretinal delivery of all test articles at
the high dose resulted in inflammation and degenerative changes in the retina (Appendix 6).
Among eyes injected at the low dose, eyes receiving vector with the CMV/CBA promoter
displayed severe retinal histopathological changes. Histopathologic findings revealed 108

samples, including those injected with excipient, in which there was cellular infiltrate. The

92



WO 2018/232149 PCT/US2018/037592

retinal layers were deteriorated in 98 of the retinas, including those injected with excipient.
Forty of the 320 eyes scored displayed inflammatory cells in the choroid or vitreous,
distributed across all groups, and 32 samples contained rare macrophages that were observed
in subretinal spaces.

[000433] Three test articles AAV8.CMV/CBA-AZCNGA3 native, AAV8.CMV/CBRA-
hCNGA3 codon-optimized variant 3, and AAV9.CMV/CBA-ACNGA3 codon-optimized, all
of which were driven by a constitutive promoter, caused tissue damage and so were not
included in this study report. Observed diminished cone function was consistent with the
previously reported phenotype of the Cnga3”- mouse. Ocular inflammation was detected in
only one animal following subretinal injections with either gene therapy vectors or excipient
controls. The animals receiving viral test articles did not show an increase in morbidity or
moribundity. Delivery of 8E8 vg/eye of AAV8. RK1-2CNGA3 codon-optimized or

AAVS8 hCAR-ACNGA3 codon-optimized variant 3 resulted in a significant preservation of
retinal histology and improved visual function compared to excipient-treated eyes. Based on
these results we conclude that subretinal delivery of AAV8.RK1-2CNGA3 codon-optimized
or AAV8 hCAR-ACNGA3 codon-optimized variant 3 is sufficient to arrest the progression of
ACHM in the Cnga3” mouse.

[000434] All publications cited in this specification, including provisional patent
application no. 62/266,789, filed December 14, 2015, provisional patent application no.
62/519,821, filed June 14, 2017, and WO 2017/106202 are incorporated herein by reference
in their entirety. Similarly, the SEQ ID Nos which are referenced herein and which appear in
the appended Sequence Listing are incorporated by reference. While the invention has been
described with reference to particular embodiments, it will be appreciated that modifications
can be made without departing from the spirit of the invention. Such modifications are

intended to fall within the scope of the appended claims.

(Sequence Listing Free Text)
[000435] The following information is provided for sequences containing free text

under numeric identifier <223>.

SEQ ID NO: (containing free text) | Free text under <223>

1 <223> codon optimized sequence
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<220>
<221> CDS
<222> (1)..(1962)

2 <223> Synthetic Construct

5 <223> constructed plasmid

<220>

<221> misc_feature

<222> (1)..(8)

<223> Notl restriction site for subcloning into

proviral plasmid

<220>
<221> misc_feature
<222> (4)..(16)

<223> Kozak consensus sequence

<220>

<221> CDS

<222> (13)..(1971)

<223> codon-optimized open reading frame (ORF)

<220>

<221> misc_feature

<222> (1972)..(1977)

<223> Bcll restriction site with embedded stop
codon/ site to add

optional epitope tag

<220>

<221> misc_feature
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<222> (1980)..(1985)
<223> BamHI restriction site for subcloning into

proviral plasmid

<223> Synthetic Construct

<223> constructed plasmid

<220>

<221> misc_feature
<222> (1)..(145)
<223> 5'ITR

<220>

<221> promoter

<222> (169)..(1786)

<223> CMV.CBA promoter

<220>

<221> misc_feature

<222> (1787)..(1794)

<223> Not I cloning site, cuts at 1789

<220>

<221> misc_feature

<222> (1805)..(1810)

<223> BamHI cloning site, cuts at 1806

<220>

<221> polyA_signal
<222> (1850)..(2052)
<223> BGH PolyA
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<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

misc_feature
(2109)..(2252)
3'ITR

misc_feature
(2571)..(6624)
lambda stuffer

misc_feature
(7314)..(8126)

Kanamycin resistance (complementary)

misc_feature
(8485)..(9128)

Origin of replication (complementary)

<223>

constructed plasmid

<223>

<220>
221>
<222>
<223>

codon optimized sequence

CDS
(1)..(2085)
codon-optimized ORF

10

<223>

Synthetic Construct

11

<223>

<220>

codon optimized sequence
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<221> CDS
<222> (1)..(2250)
<223> codon-optimized ORF

12 <223> Synthetic Construct

13 <221> CDS
<222> (1)..(2085)
<223> native open reading frame (ORF)

16 <223> constructed sequence
17 <223> constructed sequence
18 <223> constructed sequence
21 <223> constructed sequence
<220>
<221> CDS
<222> (1)..(2430)
22 <223> Synthetic Construct
23 <223> constructed sequence
<220>

<221> misc_feature
<222> (1)..(12)
<223> modified end with Notl site and Kozak

<220>

<221> misc_feature

<222> (1)..(8)

<223> Notl site for subcloning

<220>
<221> CDS
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<222>
<223>

restriction sites

BamHI, Pstl, Sall, and Ndel)

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

(13)..(2448)

ORF with silent mutations (stop codon and

misc_feature
(2440)..(2442)

modifed stop codon

misc_feature
(2440)..(2445)
Becll site to facilitate addition of epitope tag

misc_feature
(2446)..(2448)

additional stop codon

misc_feature
(2449)..(2454)

Pstl site for subcloning

24

<223>

Synthetic Construct

25

<223>

<220>
221>
<222>
<223>

constructed sequence

misc_feature

(1)..(130)
5'ITR
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<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222>

<223> human codon optimized CHM (REP-1)

<220>
221>
<222>
<223>

<220>

misc_feature
(241)..(544)
CMYV enhancer

misc_feature
(546)..(823)

chicken beta-actin promoter

misc_feature
(824)..(1795)
CBA exon 1 and intron

misc_feature
(1859)..(1864)
kozak

misc_feature
(1865)..(3826)

misc_feature
(3847)..(4054)
bGH poly(A) signal
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221>
<222>
<223>

misc_feature
(4104)..(4233)
3'ITR

26

<223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>

constructed sequence

misc_feature

(1)..(130)
5'ITR

misc_feature
(241)..(544)
CMYV enhancer

misc_feature
(546)..(823)

chicken beta-actin promoter

misc_feature
(824)..(1795)
CBA exon 1 and intron

misc_feature
(1859)..(1864)
Kozak
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<221> misc_feature

<222> (1865)..(3826)

<223> human codon optimized CHM (REM-1)

<220>

<221> misc_feature
<222> (3847)..(4054)
<223> bGH poly(A) signal

<220>

<221> misc_feature
<222> (4104)..(4233)
<223> 3'ITR

27

<223> constructed sequence

<220>

<221> misc_feature
<222> (1)..(130)
<223> 5'ITR

<220>

<221> misc_feature
<222> (241)..(544)
<223> CMV Enhancer

<220>
<221> misc_feature

222> (546)..(823)

<223> chicken beta-actin promoter

<220>
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221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

<220>
221>
<222>
<223>

misc_feature
(824)..(1795)
CBA exon 1 and intron

misc_feature
(1859)..(1864)
kozak

misc_feature
(1865)..(3826)
human codon optimized CHM (REP-1)

misc_feature
(3847)..(4054)
bGH poly(A) signal

misc_feature
(4104)..(4233)
3'ITR

28

<223>

<220>
221>
<222>
<223>

<220>

constructed sequence

misc_feature

(1)..(130)
5'ITR
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<221> misc_feature
<222> (241)..(544)
<223> CMYV enhancer

<220>
<221> misc_feature
<222> (546)..(823)

<223> chicken beta actin promoter

<220>

<221> misc_feature

<222> (824)..(1795)

<223> CBA exon 1 and intron

<220>

<221> misc_feature
<222> (1859)..(1864)
<223> kozak

<220>

<221> misc_feature

<222> (1865)..(3826)

<223> human codon optimized CHM (REP-1)

<220>

<221> misc_feature
<222> (3847)..(4054)
<223> bGH poly(A) signal

<220>
<221> misc_feature

222> (4104)..(4233)
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<223> 3'ITR
29 <223> constructed sequence
30 <223> constructed sequence
31 <223> constructed sequence
32 <223> constructed sequence
33 <223> constructed sequence
34 <223> constructed sequence
35 <223> constructed sequence
36 <223> constructed sequence
37 <223> constructed sequence
38 <223> constructed sequence
39 <223> constructed sequence
40 <223> constructed sequence
41 <223> constructed sequence
42 <223> constructed sequence
43 <223> constructed sequence
44 <223> constructed sequence
45 <223> constructed sequence
46 <223> constructed sequence
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WHAT IS CLAIMED IS:

1. An adeno-associated virus (AAV) vector comprising an AAV capsid and a
nucleic acid sequence comprising AAV inverted terminal repeat (ITR) sequences and a
nucleic acid sequence encoding human cyclic nucleotide gated channel alpha 3 (CNGA3),

and expression control sequences that direct expression of the CNGA3 in a host cell.

2. The AAYV vector of claim 1, wherein the CNGA3 sequence encodes the
protein sequence of SEQ ID NO: 10 or SEQ ID NO: 12.

3. The AAV vector of any of claims 1 or 2, wherein the CNGA3 sequence
comprises SEQ ID NO: 9.

4. The AAV vector of any of claims 1 or 2, wherein the CNGA3 sequence
comprises SEQ ID NO: 11.

5. The AAYV vector of any of claims 1 to 3, wherein the CNGA3 sequence

comprises SEQ ID NO: 9 and wherein the expression control sequences comprise a

rhodopsin kinase 1 (RK1) promoter.

6. The AAV vector of claim 5, wherein the RK1 promoter sequence is nt 175-
684 of SEQ ID NO: 30.
7. The AAYV vector of any of claims 1, 2, and 4, wherein the CNGA3 sequence

comprises SEQ ID NO: 11 and wherein the expression control sequences comprise a human
cone arrestin (hCAR) promoter.

8. The AAV vector of claim 7, wherein the hCAR promoter sequence is that
shown in nt 175 to nt 1078 of SEQ ID NO: 33 or nt 181 to nt 1078 of SEQ ID NO: 33.

9. A codon optimized cDNA sequence encoding cyclic nucleotide gated channel
beta 3 (CNGB3) comprising SEQ ID NO: 45.

10. An expression cassette comprising the cDNA sequence of claim 9.

11. An adeno-associated virus (AAV) vector comprising an AAV capsid and a
nucleic acid sequence comprising AAV inverted terminal repeat (ITR) sequences and the
nucleic acid sequence SEQ ID NO. 45 encoding human cyclic nucleotide gated channel beta
3 (CNGB3), and expression control sequences that direct expression of the CNGB3 in a host
cell.

12. The AAV vector of claim 11, wherein the expression control sequences

comprise a CMV/CBA promoter, RK1 promoter or hCAR promoter.
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13. The AAV vector of claim 11, wherein the expression control sequences
comprise an ocular cell-specific promoter.

14. The AAV vector of claim 11, wherein the wherein the expression control
sequences comprise a promoter selected from a human EF1a, promoter, metabotropic
glutamate receptor 6 (mGluR6) promoter, rhodopsin promoter, cone opsin promoters, and
transcription factor promoters (neural retina leucine zipper (Nrl) and photoreceptor-specific
nuclear receptor Nr2e3, bZIP).

15. The AAYV vector according to claim 11, wherein the expression control
sequences comprise a promoter selected from an inducible promoter, a constitutive promoter
and a tissue specific promoter.

16. The AAV vector according to claim 15, wherein the promoter is an inducible
promoter selected from rapamycin/rapalog promoter, the ecdysone promoter, the estrogen-
responsive promoter, and the tetracycline-responsive promoter, and heterodimeric repressor
switch.

17. An adeno-associated virus (AAV) vector comprising an AAV capsid and a
nucleic acid sequence comprising AAV inverted terminal repeat (ITR) sequences and the
nucleic acid sequence of SEQ ID NO: 1 encoding human Rab Escort Protein-1 (REP-1), and
expression control sequences comprising a Chicken Beta Actin (CBA) promoter with a
cytomegalovirus (CMV) enhancer that direct expression of the REP-1 in a host cell.

18. The AAV vector of any of claims 1 to 8 and 11 to 17, further comprising one
or more of an intron, a Kozak sequence, a polyA, and post-transcriptional regulatory
elements.

19. The AAV vector of any of claims 1 to 8 and 11 to 18, wherein the AAV capsid
is selected from AAV2, AAVS, AAVS, AAV9, AAV8bp, AAV7mS and variants thereof.
20. The AAV vector of any of claims 1 to 8 and 11 to 19, wherein the vector is a
rAAV having an AAVS8 capsid.

21. The AAV vector of any of claims 1 to 8 and 11 to 20, wherein the vector is a
rAAV having an AAV9 capsid.
22. The AAYV vector of any of claims 1 to 8 and 11 to 21, wherein the ITR

sequences are from an AAV different than that supplying the capsid protein.
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23. The AAV vector of any of claims 1 to 8 and 11 to 22, wherein the ITR
sequences are from AAV?2.

24, A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and a least an AAV vector according to any of claims 1 to 8 and 11 to 23.

25. A method for treating choroideremia, said method comprising administering
the AAV vector of any of claims 17 and 18 to 23 to a subject in need thereof.

26. A method for treating achromatopsia, said method comprising administering
the AAV vector of claims 2 to 8, 11 to 16, and 18 to 23 to a subject in need thereof.

27. The method according to claim 25 or 26, wherein said AAV vector is

administered subretinally.

28. The method according to any of claims 25 to 27, wherein said subject is a
mammal.

29. The method according to claim 28, wherein said subject is a human.

30. The method according to any of claims 25 to 29, wherein said AAV vector is

administered in combination with another therapy.

31. The method according to any of claims 25 to 30, wherein said AAV vector is
administered at a dosage of about 107 to about 10'® vector genomes (VG).

32. The method according to any of claims 25 to 31, wherein said AAV vector is
administered in a volume of about 100uL to about 500uL.

33. The method according to any of claims 25 to 32, wherein said AAV vector is
administered more than once.

34, A plasmid for producing an AAV vector, the plasmid comprising SEQ ID
NO: 1 or SEQ ID NO: 9 or SEQ ID NO: 25, or SEQ ID NO: 26, or SEQ ID NO: 27 or SEQ
ID NO: 28, or any of SEQ ID NO: 30 to 44 or a sequence sharing at least 80% identity
therewith.

35. A method of generating a recombinant AAV (rAAV) virus comprising
culturing a packaging cell carrying the plasmid of claim 34 in the presence of sufficient viral
sequences to permit packaging of the gene expression cassette viral genome into an infectious
AAYV envelope or capsid.

36. A recombinant AAV produced according to the method of claim 35.
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37. A viral vector comprising a vector genome comprising nt 1 to 4233 of SEQ ID
NO: 25, SEQ ID NO: 26, SEQ ID NO: 27 or SEQ ID NO: 28.

38. A viral vector comprising a vector genome comprising a 5' [TR, a CMV
enhancer, a Chicken beta-actin promoter, CBA exon 1 and intron, a Kozak sequence, a codon
optimized REP-1, bGH poly A and a 3' ITR.

39. A viral vector comprising a vector genome comprising a 5' ITR, a RK1
promoter, a codon optimized CNGA3 of SEQ ID NO: 9, bGH poly A and a 3' ITR.

40. A viral vector comprising a vector genome comprising a 5' [TR, ahCAR

promoter, a codon optimized CNGA3 of SEQ ID NO: 11, bGH poly A and a 3' ITR.

41. A viral vector comprising a vector genome comprising nt 1 to 3189 of SEQ ID
NO: 31.

42. A viral vector comprising a vector genome comprising nt 1 to 3748 of SEQ ID
NO: 35.

43. A composition for use in a method for treating achromatopsia, said

composition comprising the AAV vector of claim 2 to 8, 11 to 16, and 18 to 23 , or the viral
vector of any of claims 39 to 42.

44, The use of the AAV vector of claim 2 to 8, 11 to 16, and 18 to 23 , or the viral
vector of any of claims 39 to 42 in the manufacture of a medicament for the treatment of
achromatopsia.

45, A composition for use in a method for treating choroideremia, said
composition comprising the AAV vector of claim 17 and 18 to 23, or the viral vector of any
of claims 37 to 38.

47. The use of the AAV vector of claim 17 and 18 to 23, or the viral vector of any

of claims 37 to 38 in the manufacture of a medicament for the treatment of choroideremia.
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/’ Neel (414)

/ Bl (465)
M@hﬁcl&m bets-actin promoter |
b

E‘-—-\

CBA exon! and intron|

~Blgl (1322
o Lf L “;lm% (139)2)

e @ SITR CMV Mrel-Sgral (1430)

{8737) Fapl.__ promoter | enhancer % :i.‘»ﬁei (1801)
{9485 AME.__ TR D Not {1854)
{5406} Bagl —~ segment Komh Rerfl {1950)

/ 7L S 0% \ BepkI (2021)
lamba Human codon | PAFL-Tth1111 2066)

Xemi (2152)

/
stuffer  Verson2a(V2a)  optimized—
FeoS3Ki (2343)
Y

i
174bp  CHM (REP-1)/ }
!

\ ITRD /
)\oﬂ segment ™ r\} /
(7974) HindHl — \% bGH poly(A)
o Ao PagRTI-PspXE-THiI-Xhof (4055)
<65—0(} Psil (4238)

(6373) BspQE-Sapl AdiSE-Peai (5056)
Features

Feature Location Size Birectionality
5ITR 1...130 130 =
ITR D segment 113...130 18 =
MV enhancer 241..544 304 ==
Chicken beta-actin promoter 546...823 278 =
CBA exont and intron 824...1795 972 =
Kozak 1858...1864 6 =3
Human codon optimized CHM (REP-1) 1865...38286 1962 =
BGH polylA) signal 3847..4054 208 ==
FITR A104...4233 130 ==
ITR D segment 4104...4121 18 ma
KanR 4631...5440 810 =>
plC ori 5612...6200 588 =3
lamba stuffer 8437...11,503 5067 ma
CAP binding site 11,585...11,678 22 ==
lac promotor 11.581...11.621 31 ==
lac cperator 11,628...11,645 17 ==
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(4055) PaeRT3-PspXI-THi-Xho! - e /1 pmil 2155)
DL S | FeoS3K1 (2343)
Sack (2349)
(3572) BetBI
Features
Fealure Location Bize Directionality
51TR 1...130 130 ==
ITR D segment 113...130 18 m=
CMVY enhancer 241...544 304 ==
Chicken beta-aclin promoter 548...823 278 =2
CBA exont and intron 824..1795 o972 =
Kozak 1859...1864 5 =>
Human codon oplimized CHM (REP-1) 1865..3828 1962 =3
bGH poly(A) signal 3847...4054 208 wa
IR 4104...4233 130 ==
TR D segment 4104..4121 18 ==
KanR 4831...5440 810 =>
pUC o 5612...6200 589 =>
CAP binding site B8488...8508 22 ==
lac promotor §524..6554 31 =3
lac operaior 6582...6578 17 ==
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Version 3a (Via)
_ Nael (414)
FRY (minimal) f{ {chicken beta-setin promoter |
(11,100) A<iSI / {CBA exonl and intron)
1 Bipl (1320)

BaiWI (1354
2 Agri{l 392}
- Mrel (1480}

.
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Ton ~ URD Kozak Tapll }g;g)

formingor  S9Bment g )
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optimized ‘1 Xemf (2152

HeoS3KI (2343)
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— \
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y
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[IRD tenmnat@r
segme t\ \
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{7735} Bast -~
{7656) AfIHY

FRT {mmnmai}

(7408) Fepl . 45096 | ' PF‘(&:S%‘%%)
(758 Bamrl " | ‘1 Bitzgh;v% (4509
(6510) Dralll N (4825)
Features
Feature Location Size Directionalify

5ITR 1...130 130 ==
ITR D segment 113...130 18 ==
LMY enhancer 241..544 304 ==
Chicken beta-actin promoter 548...823 278 i
ZBA axond and intron 824..1795 972 =
Kozak 1858...1864 8 =
Human codon oplimized CHM (REP-1) 1865...38286 1862 =
bBGH poly{A) signal 3847..4054 208 ==
JITR 4104...4233 130 ==
ITR D segment 4104...4121 18 e
FRT {minimal) A264.. 42897 34 <=
bia txn terminator 4330...4630 301 s
pTF3 4421...4448 28 i
p15A ori 5077..5622 548 <=
lamba siuffer 5643...10,708 5087 ==
KanR 10,715...11,824 810 <=
Bl B2 T1 &xn ferminaior 114,703...11,877 1758 <=
pTR 14,778...11,794 17 =
FRT {minimal) 11,809...11,842 34 =
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Version 3a (Via)
(6503 BeiVi {rrnB1 B2 T1 tzn terminator |
@onBsphE. \ Ndel (414)
(6009) AsiSE I chicken bets-actin promoter |
9) Asi§

Bipl (1322)
BsiWI (1354)
Aarl-BfuAl-BspMI (1392)
=" Mirel {1480)

(5638) HindIH _

EEA— |

< BAAPT (1514)
Version 35 (V3b) aud iniron \_l Miel (18(}1}
i § L Nt (1854)
i bla txa 6500 bp Kozak =~ /=2~ FcoR1 (1886
(486%) Xl \fg  tomunator o VI /5 — ] g?ﬁ?
A e — SR 1L
(4825) BstZITT — i { X3~ PRFE-Tthi111 (2066)
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{4055) PaeR7E-PepXE-THI-Xhol —=

(4@(52 i;iig’i“ %m‘m\ Human codon optomized CHEM (REP-1)]
{4036) Bhsi Dref (3248)
Features
Feature Location Size Directionalify

5ITR 1...130 130 ==
ITR D segment 113...130 18 ==
LMY enhancer 241..544 304 ==
Chicken beta-actin promoter 548...823 278 i
ZBA axond and intron 824..1795 972 =
Kozak 1858...1864 8 =3
Human codon oplimized CHM (REP-1) 1865...38286 1862 =
bBGH poly{A) signal 3847..4054 208 ==
JITR 4104...4233 130 ==
ITR D segment 4104...4121 18 =
FRT {minimal) A264.. 42897 34 <=
bla txn terminalor 4330...4630 301 ==
pTF3 4421...4448 28 m=
p15A ori 5077..5622 548 <=
KanR 5644..8453 810 <=
Bl B2 T1 tn terminator 8632...6808 175 <=
piR 6707..6723 17 ==
FRT {minimal) 6838...6871 34 w=>
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Version 1 (V1)

PCT/US2018/037592

(175) Nhel Bmﬁ {179
(12 059} ;‘:aii Kdel {4 4)
(11,207) AsiSE-Pval ehicken beta-getin pmmmer}
Rﬁﬂ Bipl (1322)
, “- BsiWI (1354)
(10,747) MauBi ,,3 faﬁfj Aard (1392)
!' - Mrel-SgrAl (1480
- TR My BerGI (1844)
(10,157) Drdl “T‘B B2 cnhancer Notl (1854)
T xn TR mw e Pty 1107
F’ = Fval (1933)
‘L,mlmaior segment emn i {
pUC ot FRT i PshAI 2025)
f§. (minima]) and intron
/; Mi3 fd Human native \\ \\\
{ ] CHM(REP-1) \ 4 )
. Version 1 (V1) '
k | 1 0074y bG%gg;“ ,}
\ \\ v / / Xeml (3497
(8383) Neol A\ S‘“"%f“‘“"“t B St
(8276) HindlH — ZEEEN \NK? ¥/ . Sphi (4036)
bla txn - PepXI (4044)
Mmmamr@ R-Bend6l (4234)
~_~_~ o ’—‘/ .............................
Pasl {4733}
1 r’\ BsmBI (4949)
(551 ) Fspl Drallf (5619
Features (6501) Alel Bamitl (5867)

Feature Location Size Directionalify
5ITR 1...130 130 ==
ITR D segment 113...130 18 ==
LMY enhancer 241..544 304 ==
Chicken beta-actin promoter 548...823 278 i
ZBA axond and intron 824..1795 972 =
Human native CHM (REP-1) 1861...3822 1962 =3
bGH poly(A) signal 3836...4043 208 =
FIR 4083..4222 130 ==
TR D segment 4083.. 4110 18 ==
FRT {minimal} 4250...4283 34 <=
bla bin terminator 4316..4618 301 ==
pTF3 4407...4432 26 ==
lamba stuffer 4752...9818 5087 =
M13 fwd 0824...9840 17 <=
pUC ori 10,110...10,688 589 <=
KanR 10,822...11,631 810 <=
Bl B2 T1 &xn ferminaior 11,810...11,884 1758 <=
pTR 11,885...11,801 17 =
FRT {minimal} 12,016...12,049 34 ==
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pAAV-RK1-nativeCNGA3 (p982)

(11,026) Sall ~ Nhel (175)

(10,174) AsiSI Bglll (194)

KanR

(9714) MauBI Eagl - Noti - SaclI (686)

pUC ori
native CNGA3
ITR D segment

rmB1 B2 T1 txn
terminator promoter

= Pvull (2592)
PAAV.RK1.nativeCNGA3 g T
11,041 bp g_ 3 Sphl (3003)
n 3'IMR—Y] PaeR7I - PspXI -
x S S/ TIiI - Xhol (3011)
E < Q&? Bsu361 (3201)
Psil (3545)
rpn txn
terminator
lambda stuffer
00
P982 Features:
Feature Location Size Directionality
5'ITR 1..130 130 ==
ITR D segment 113..130 18 ==
RK1 promoter 175..684 510 =>
native CNGA3 685..2790 2106 =>
BGH polyA 2796..3012 217 ==
3'ITR 3060..3189 130 ==
ITR D segment 3060..3077 18 ==
bla txn terminator | 3283..3583 301 =>
rpn txn terminator | 3590..3703 114 =>
FIG. 13A
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lambda stuffer 3719.8785 5067 | =>
plC ori 8946, 9749 804 | <=
KanR §798..10592 795 | <=
Bt B2 T1 txn 10777..100951 175 | <=
terminator

FIG. 13B
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pPAAV-RK1-codonoptimizedCNGA3 (p983)

(11,026) Sall ~ Nhel (175)
Bglll (194)

(10,174) AsiSI

Eagl - Noti - Sacll (686)

(9714) MauBI ‘\\III,,//IIIA
pUC ori

]
,||||l|| rmB1 B2 T1 txn RK1
terminator promoter

[ .
/ pAAV.RK1.0ptCNGA3 g T
/ 11,041 bp g_ ® g |~ Sphi (3009
03 a 3 ITR—Y] PaeR7I - PspXI -
2 r &5 TIiI - Xhol (3011)
© ’0.’ = S& ) ssusst 3201)
< Syl
’0. ,g}& Dral (3519)
Q VZ Psil (3545)
.00, rpn txn
"0.. terminator
2y 77
lambda stuffer LI+
Q000
P983 Features:
Feature Location Size Directionality
5'ITR 1..130 130 ==
ITR D segment 113..130 18 ==
RK1 promoter 175..684 510 =>
CNGA3opt 685..2790 2106 =>
BGH polyA 2796..3012 217 ==
3'ITR 3060..3189 130 ==
ITR D segment 3060..3077 18 ==
FIG. 14A
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bla txn terminator 3283..3583 301 i =>

rpn txn terminator 3590..3703 114 | =>

lambda stuffer 3719.8785 5067 | =>

oG ori 89469749 804 | <=

SOUrce 97380.. 9789 11041 | ==

KanR 9798..10592 795 | <

rnB1 B2 T1 txn 10777..10951 175 | <=

terminator

FIG. 14B
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pPAAV-RK1-codonoptimizedCNGA3 variant3 (p984)

(11,191) Sall

Nhel (175)

KanR

(10,339) AsiSI

(9879) MauBI
pUC ori

r
|

B\
)
O
Q
Q
0..
0..

0....

lambda stuffer

P984 Features:

|
,|||l|| rmB1 B2 T1 txn
terminator

Bglll (194)

Eagl - NotI - Sacll (686)

CNGA3_opt_variant3

ITR D segment RK1
promoter
PAAV.RK1.CNGA3var3 é
11,206 bp > _ _/SphI (3168)
23 ITR—f] || “PaeR7I- PspXI -
=z o &/ TIil - Xhol (3176)
E S Bsu361 (3366)
~Q\(b § (2
5 Psil (3710)
// ) rpn txn terminator
A
Q %
...""I""III"””
Q000

Feature Location Size Directionality
5'ITR 1..130 130 ==
ITR D segment 113..130 18 ==
RK1 promoter 175..684 510 =>
CNGAZ3 opt_variant3 | 685..2955 2271 =>
BGH polyA 2961..3177 217 ==
3'ITR 3225..3354 130 ==
FIG. 15A
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ITR D segment 3225..3242 18 | ==
bla txn terminator 3448..3748 301 | =>
rpn txn terminator 3755..3868 114 | =>
lambda stuffer 3884..8950 5067 | =>
pUC ori 9111..2914 804 | <=
SoUrce 9955, 9954 11208 | ==
KanRk 9963..10757 795 | <=
mnB1 B2 T1 txn 1094211116 175 | <=
terminator

FIG. 158
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pAAV-hCAR-CNGA3 native (p1070)

(11,420) Sall ~ Nhel (175)

(10,568) AsiSI

KanR

(10,108) MauBI

Of ITR D segment

(
,||||l| rmB1 B2 T1 txn
terminator

hCAR promoter
sequence

PCT/US2018/037592

Eagl - NotI (1080)

native CNGA3

7 )
/ pAAV.hCAR-native CNGA3
11,435 bp £
4 E _ | _-Sphl (3397)
% 5 o e 2 D\paeR7I- PspXI -
) a3 ITR—y _ p
©\) o TIil - Xhol (3405)
Q E . Mo Bsu361 (3595)
4 NS
.. \8‘6‘\\(\'&\
Q SN //'
... ‘0\‘3$(\ /
'..,. @“\ ’,/ PspOMI (4099)
{
lambda stuffer .'..,,,,,,,,,,11 v Apal (4103)
00

P1070 Features:

Feature Location Size Directionality
5'ITR 1..130 130 ==
ITR D segment 113..130 18 ==
RK1 promoter 175..175 1 =>
hCAR promoter sequence | 181..1078 8908 ==
native CNGA3 1081..3184 2104 =>
exon 1185..1191 7 ==
BGH polyA 3190..3406 217 ==
FIG. 16A
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JITR 34543583 130 | ==
TR D segment 34543471 18 | ==
bla txn terminator 3677 .3977 301 i =>
rpn txn terminator 3984, 4097 114 | =>
lambda stuffer 4113.9179 5067 | =>
plUC_ori 9340 10143 804 | <=
KanR 10192..10986 795 | <=
rnB1 B2 T1 txn 11171..11345 175 | <=
terminator
wt ITRcassstie 11420..175 191 | =>

FIG. 16B
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pPAAV-hCAR-codonoptimizedCNGA3 (p1071)

(11,417) Sall  Nhel (175)
(10,565) AsiSI

KanR

(10,105) MauBI

Eagl - NotI (1080)

I CNGA3opt
pUC ori ||||||| ITR D segment

A/ rmB1 B2 T1 txn
terminator

’/ PAAV-hCAR-CNGA30pt +
11,432 bp © <
" % _OS5Y | -seni(3394)
0‘ 23 TR | >PaeR7I - PspXI -
S 0‘ T < Z TIil - Xhol (3402)
an = .\‘\d\gﬂﬁw Bsu361 (3592)
"0 N
Q WO // J
.0. ‘0\645\\ /
5 g PspOMI (4096)
R &Q 5 7
lambda stuffer "'nn'nlll’ Apal (4100)
000
Features of p1071:
Feature Location Size Directionality
5'ITR 1..130 130 ==
ITR D segment 113..130 18 ==
hCAR promoter sequence | 181..1078 898 ==
CNGA3opt 1081..3184 2104 =>
BGH polyA 3187..3403 217 ==
3'ITR 3451..3580 130 ==
ITR D segment 3451..3468 18 ==
FIG. 17A
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bla txn terminator 3674.3974 301 i =>
rpn txn terminator 3981..4094 114 | =>
lambda stuffer 4110..9176 5067 | =>
oG ori 9337..10,140 804 | <=
KanR 10188..10883 795 | <=
rrnB1 B2 T1 tn 11168..11342 175 | <=
terminator

FIG. 178
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pPAAV-hCAR-codonoptimizedCNGA3 Variant 3(p1072)

(11,585) Sall ~ Nhel (175)

KanR

(10,733) AsiSI
(10,273) MauBI

Eagl - NotI (1080)

Y nB1B2 T1 txn
terminator
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" qg;_ Jo B;{ Pvull (3151)
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&) S @ J  Til-Xhol (3570)
% E o2 TS Bsu361 (3760)
"0 NI
W e P Dral (4078)
'0.. G /.,
NV & ,’l’
lambda stuffer L
6000

Features of p1072:

Feature Location Size Directionality
5'ITR 1..130 130 ==

ITR D segment 113..130 18 ==

hCAR promoter sequence | 181..1078 898 ==
CNGA3_opt_variant3 1081..3349 2269 =>

BGH polyA 3355..3571 217 ==

3'ITR 3619..3748 130 ==

FIG. 18A
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ITR D segment 3619..3636 18 | ==
bla txn terminator 3842 4142 301 | =>
rpn txn terminator 4149 4262 114 | =>
lambda stuffer 4278.9344 5067 | =>
pUC ori 8505..10308 804 | <=
Kank 10357..11151 795 | <=
mnB1 B2 T1 txn 11336..11510 175 | <=
terminator
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pAAV-CMV-CBA-CNGA3 native(p1065)

(12,194) Sall  Nhel (175)
KanR

(11,342) AsiSI

10,882) MauBI
(10,882) Mau //////////////////////
pUC ori /////// 5 |ITR

CBA exon1 and intron
SgrAl (1480)
Mfel (1801)

‘! (minimal) | Not (1854)
§ y ITR D segment
rmB1 B2 CMV
T1 txn enhancer :
§ terminator _native CNGA3

pAAV.CMV-CBA-native CNGA3

12,209 bp -
[
[ )
— QO
3 ITR—yp
Q o PaeR7I - PspXI -
"0, b\a\f m»////, TIiI - Xhol (4179)
'..,.' o P Bsu361 (4369)

o, [ [
lambda stuffer .""""""””’ rpn txljlstlér(r‘:lrr:a:lsta)r
600

Features of p1065:

Feature Location Size Directionality
5 ITR 1..130 130 ==
ITR D segment 113..130 18 ==
CMV enhancer 241..544 304 ==
chicken beta-actin promoter | 546..823 278 =>
CBA exon1 and intron 824..1795 972 =>
FIG. 19A
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native CNGA3 1855..3958 2104 | =>
bGH poly(A) signal | 3971..4178 208 | ==
3R 4228..4357 130 | ==
TR D segment 42284245 18 i ==
bla txn terminator 44514751 301 i =»
rpn tan terminator 4758..4871 114 | =>
lambda stuffer 4887.9953 5067 | =>
M13 fwd 08589..9975 17 | <=
pUC ori 10245..10833 589 | <=
KanR 10957..11766 810 | <=
B4 B2 T1 txn 11945 12119 175 | <=
terminator

FRT (minimal) 12151..12184 34 i =>

FIG. 19B
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pPAAV-CMV-CBA-codonoptimizedCNGA3(p1103)

(175) Nhel
(12,194) Sall BmtI (179)

(11,342) AsisT._ eR

(10,882) MauBI //////////WW K -.......
/i
pUC ori (i 5 TR 2

74 |
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)
‘! rmB1 B2 T1 txn
terminator

PAAV-CMV/CBA- CNGA3opt E
12,209 bp g

i,
B
Ny g o~
SN eanagagnunnsss
6000

lambda stuffer

Features of p1103:

0 CMV/CBA hybrid promoter

NotI (1854)

—— CNGA3opt

PaeR7I - PspXI -

TIil - Xhol (4179)
su361 (4369)

Psil (4713)
rpn txn terminator

Feature Location Size Directionality
5'ITR 1..130 130 ==

ITR D segment 113..130 18 ==

CMV/CBA hybrid 191..1852 1662 =>

promoter

CNGA3opt 1855..3958 2104 =>

BGH polyA 3964..4180 217 ==

FIG. 20A

42/74
SUBSTITUTE SHEET (RULE 26)



WO 2018/232149 PCT/US2018/037592

3R 4228, 4357 130 | ==
TR D segment 4228..4245 18 | ==
bla txn terminator 44514751 301 i =>
rpn txn terminator 47584871 114 | =>
lambda stuffer 4887 9953 5067 | =>
pUC ori 10114..10817 B804 | <=
KanRk 10066..11760 795 | <=
mnB1 B2 T1 txn 1194512119 175 | <=
terminator

FIG. 20B
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pPAAV-CMV-CBA-codonoptimizedCNGA3Variant3(p1104)

(12,359) Sall Nhel (175)
KanR

(11,507) AsiSI

‘000\ B

(11,047) MauBI /////////////' @lfzjﬂ
g

pUC ori }//////////// 5 ITR

"" ITRD slegment

§ ¢ mmB1 B2 T1 txn

CMV/CBA hybrid promoter

NotI (1854)

CNGAS3_opt

’ terminator _variantx
p1104: pAAV-CMV/CBA-CNGA3Var3
12,374 bp
o5
-
"ITR
S PaeR7I - PspXI -
\ 0\@’&@0 TIiI - Xhol (4344)
l.... e Bsu361 (4534)
....... - .-.’l Psil (4878)
lambda stuffer ."" rpn txn terminator

Features of p1104:

Feature Location Size Directionality
5'ITR 1..130 130 ==
ITR D segment 113..130 18 ==
CMV/CBA hybrid promoter | 191..1852 1662 =>
CNGAS3_opt_variantX 1855..4123 2269 =>
BGH polyA 4129..4345 217 ==

FIG. 21A
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3R 4393. 4522 130 | ==
TR D segment 4393..4410 18 | ==
bla txn terminator 4516..4916 301 | =>
rpn tan terminator 4923..5036 114 | =>
lambda stuffer 5052..10118 5067 | =>
pUC ori 10279..11082 804 | <=
KanRk 11131..11925 795 | <=
mnB1 B2 T1 txn 12110..12284 175 | <=
terminator

FIG. 21B
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pAAV-RK1-hCNGB3 native (p995)

(11,374) Sall Nhel (175)

Kanamycin
(10,522) AsiSTq " = Eagl - NotI (687)
(10,062) MauBI o Scal (1295)
g '
DrdI 59 '9 |
pUC_ori f’ PTR RKT
rrB1 B2 T1 txn romoter
“ terminator P native CNGB3
with flanking
sites and
PAAV.RK1.nCNGB3native silent mut
11,389 bp .- <
x €— 0N
=g Qg
® 3 ITR\/\W Xhol (3359)
(8422) L & Bsu361 (3549)
= ¥
EcoRI o &
e 5 Q
(7561) S Q@f\e‘@ ‘,t‘ S
HindIll Qo ,,,n“’ BsmBI (4264)
lambda stuffer L
6000
P995 Features:
Feature Location Size Directionality
5'ITR 1..130 130 ==
ITR D segment 113..130 18 ==
RK1 promoter 175..685 511 =>
native CNGB3 with flanking
sites and silent mut 686..3139 2454 =>
BGH polyA 3144..3360 217 ==
3'ITR 3408..3537 130 ==
ITR D segment 3408..3425 18 ==
bla txn terminator 3631..3931 301 =>
pTF3 3722..3747 26 ==
FIG. 22A
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ron ha terminator 3938..4051 114 | =>
lambda stuffer 4067..9133 5087 | =>
pUC ori 9294..10,097 804 | <=
sSource 10,138..10,137 11389 | ==
Kanamycin 10,146..10,840 795 | <=
Bt B2 T1 txn terminator 11,425..11,289 175 | <=
5 {TR 1..130 130 | ==

FIG. 22B
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pPAAV-RK1-hCNGB3 codon optimized(p993)

(11,373) Sall Nhel (175)

‘ / Bmtl (179)

Kanamycin
Notl (686)

|
/////////////////////” m[Z?ZZ

10,061) MauBI
(10,061) Mau o codon opt CNGB3
(9471) A P 5'ITR with flanking sites
Dral \ /S ‘4” | BspET* (1757)
~) PTR RKi1
puC ‘!' rmB1 B2 T1 txn promoter Mlul (2127)
_orn terminator BsrGI (2378)
h ~_ Nael (2490)
/ pAAV.RK1.hCNGB3 codon optimized
11,388 bp -
‘ ° é_ IV |_Pst(3137)
@
00 . = 2 3R Sphl (3350)
o) . ) < 0 TIiI - XhoI (3358)
) .\ == \(\fg@ﬂ Bsu361 (3548)
~. \é DS .
(7697) 'i.. ro\JrQ “t’ > Psil (3892)
Ncol 'i..... XS ,“ﬂ‘
lambda stuffer S Naanyanannasss
6000
P993 Features
Feature Location Size Directionality
5'ITR 1..130 130 ==
ITR D segment 113..130 18 ==
RK1 promoter 175..684 510 =>
cadon opt CNGB3 with | 685..3138 2454 =>
flanking sites
BGH polyA 3143..3359 217 ==
3'ITR 3407..3536 130 ==
FIG. 23A
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ITR D segment 3407..3424 18 ==
bla txn terminator 3630.32830 301 =5
pTE3 3721..3748 28 =
rpn txn terminator 3937..4050 114 =
lambda stuffer 4066..9132 5067 =3
plC_ori 9293..10,086 804 <=
50Urce 10,137..10,136 11388 ==
Kanamycin 10,145..10,939 795 <=
Bl B2 T1 bo terminaior 11.124..11,288 175 <=

FiG. 23B
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pAAV-hCAR-hCNGBS3 native (p1054)

(11,767) Sall Nhel (175)

Kanamycin

Eagl - NotI (1080)
PshAI (1109)

RK1 promoter Scal (1688)

)
/ ! hCAR

sequence

(8815)
EcoRI
native CNGB3 with
flanking sites and
silent mut

pAAV.hCAR-hCNGB3 native

11,782 bp =
0o
o E=F S [—Psti (3531)
\ 3 MRS ~Xhol (3752)
(8091) PPN
Ncol \‘\'i\\ ||"l/// Bsu361 (3942)

(7984)
rpn txn terminator

BsmBI (4657)
Dralll (5327)
BamHI (5575)

lambda stuffer 6000

P1054 Features:

Feature Location Size Directionality
5 I1TR 1..130 130 ==

ITR D segment 113..130 18 ==

hCAR promoter sequence | 181..1078 898 ==

native CNGB3 with flanking| 1081..3532 2452 =>

sites and silent mut

BGH polyA 3537..3753 217 ==

3'ITR 3801..3930 130 ==

ITR D segment 3801..3818 18 ==

FIG. 24A
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bia txn terminator 4024 4324 301 =>

rpn xan terminator 4331..4444 114 =

tambda stuffer 4480 8526 5067 =
FIG. 248
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pAAV-hCAR-hCNGB3 codon optimized (p1055)

(11,767) Sall Nhel (175)
Kanamycin

(10,915) Pvul

///[ 4

promoter
sequence

codon opt
CNGB3 with
flanking sites

pAAV-hCAR-hCNGB3 codon optimized
11,782 bp

BgllI-Pstl
(3531)
|(\?0911) Xhol (3752)
co Bsu361 (3942)

rpn txn terminator

J
.....lllllllllll".

6000
(6552) Bsal Dralll (5327)

P1055 Features:

Feature Location Size Directionality
5 ITR 1..130 130 ==
ITR D segment 113..130 18 ==
hCAR promoter sequence | 181..1078 398 ==
codon opt CNGB3 with 1081..3532 2452 =>
flanking sites

BGH polyA 3537..3753 217 ==
3'ITR 3801..3930 130 ==
ITR D segment 3801..3818 18 ==
bla txn terminator 4024..4324 301 =>
rpn txn terminator 4331..4444 114 =>

FIG. 25A
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lambda stuffer 4460..9526 5067 =>
pUC_ori 9687..10,490 504 <=
FIG. 258
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pAAV-CMV/CBA-hCNGB3 native (p1105)

(12,541) Sall  Bmtl (179)

Kanamycin

(11,689) Pvul CMV/CBA hybrid

romoter
(11.229) MauBI P

NotI (1854)

mB1B2T1 segment g

txn terminator CBAQ %, S Scal (2462)

(9589)
EcoRI
native CNGB3
Twith flanking
pAAV-CMV/CBA-CNGB3 native and silent mut
12,556 bp
(8758) Pstl (4305)
HindIII Xhol (4526)
Bsu361 (4716)
lambda stuffer rpn txn terminator
Pasl (5215)
(7326) (6349)
Bsal BamHI
P1105 Features
Feature Location Size Directionality
5'ITR 1..130 130 ==
ITR D segment 113..130 18 ==
CMV/CBA hybrid promoter | 191..1852 1662 =>
CBA promoter 543..824 282 =>
CBA exon1 and intron 823..1795 973 =>
native CNGB3 with flanking| 1855..4306 2452 =>
and silent mut
BGH polyA 4311..4527 217 ==
3'ITR 4575..4704 130 ==
FIG. 26A
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ITR D segment 4575..4592 18 ==
bla txn terminator 4798 5088 301 =>
FIG. 268
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pPAAV-CMV/CBA-hCNGB3 codon optimized(p1066)

(12,541) Sall Nhel (175)
Kanamycin

(11,689) Pvul

CMV/CBA hybrid

(11,229) MauBI , promoter

Mfel (1801)

|1 Promoter Sy Notl (1854)

PTR ITR D
segment , &
rrmB1 B2 T1 Q&,)O;ZQ
/

txn terminator  CBA %o
7. 7
promoter ‘9,

codon opt
CNGB3 with
flanking sites

pAAV-CMV/CBA-hCNGB3 codon optimized
12,556 bp

ITRD

(8865)
Ncol

BgllI (4305)
Xhol (4526)

Bsu361 (4716)
Psil (5060)
rpn txn terminator

S~ | Pasl (5215)
Dralll

lambda stuffer

(7326)
Bsal (6101)
P1066 Features:
Feature Location Size Directionality
5 ITR 1..130 130 ==
ITR D segment 113..130 18 ==
CMV/CBA hybrid promoter | 191..1852 1662 =>
CBA promoter 543..824 282 =>
CBA exon1 and intron 823..1795 973 =>

FIG. 27A
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codon opt CNGR3 with flanking 1855..4305 2451 =
sites

BGH polyA 4311.4527 247 ==
IR 45754704 130 ==
ITR D segment 45754592 18 ==
bla txn terminator 4798..5098 301 =5
pTF3 4889.4914 26 ==
rpn txn terminator 5105.5218 114 =
fambda stuffer 5234..10,300 5087 =
pUC_ori 10,461..11,264 804 <=
Kanamycin 11,313..12,107 795 <=
Bt B2 T1 txn terminator 12,282..12,466 175 <=

FiG. 278
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FIG. 31
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FIG. 36

FIG. 35
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pAAV-hCAR-native-CNGA3-WPRE (p1122)

(11,991) Sall  Nhel (175)

KanR
(11,139) AsiSI

, Eagl - NotI (1080)
(10,679) MauBI B g rzga i,
i 5 ITR RS

pUC ori

ITR D segment

Q2
=\

mB1 B2 hCAR promoter Q&

T1tm sequence

terminator

native CNGA3

pAAV-hCAR-native CNGA3-WPRE

12,006 bp Scal (3192)

WPRE
Sacll (3712)

NgoMI1V (3721)
Nael (3723)
Sphl (3968)
PaeR7I1 - PspXI -
TIiI - Xhol (3976)
@0 Bsu361 (4166)
lambda stuffer J

P1122 Features:

Feature Location Size Directionality
5 ITR 1..130 130 ==
ITR D segment 113..130 18 ==
hCAR promoter 181..1078 898 =>
native CNGA3 1091..3181 2091 =>
WPRE 3209..3750 542 =>
BGH polyA 3756..3976 221 ==
3'ITR 4025..4154 130 ==
ITR D segment 4025..4042 18 ==
FIG. 45A
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bia ba terminaior 4248, 4548 301 | =>
rpn txn terminator 4555 4668 114 | =>
lambda stuffer 46849750 5087 | =>
pldC oni 9911..10,714 804 | <=
KanR 10,731..11,557 795 | <=
Bt B2 T1 txn 11,742..11,8186 175 | <=
terminator

FIG. 458
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

I. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

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

3. Claims Nos.: 5-8, 18-33, 43-47

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

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

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

-------please see extra sheet-------

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

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

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-3, 39, 41, limited to SEQ ID NO: 8, 10, 31

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

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

[:I No protest accompanied the payment of additional search fees.
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INTERNATIONAL SEARCH REPORT International application No,
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Continuation of Box No. Il Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group 1+: Claims 1-4, 39-42, drawn to an AAV vector or viral vector encoding CNGA3. The AAV vector or viral vector encoding CNGA3
will be searched to the extent that the CNGA3 sequence encodes the protein sequence of SEQ ID NO: 10 and the CNGA3 sequence
comprises SEQ ID NO: 9 and SEQ ID NO: 31. Itis believed that claims 1-3, 39, 41, limited to SEQ ID NO: 9, 10, 31, encompass this
first named invention, and thus these claims will be searched without fee to the extent that they encompass the protein sequence of
SEQ ID NO: 10 and the CNGAS3 sequence comprises SEQ ID NO: 9 and SEQ ID NO: 31. Additional CNGA3 sequences will be
searched upon the payment of additional fees. Applicants must specify the claims that encompass any additionally elected CNGA3
sequences . Applicants must further indicate, if applicable, the claims which encompass the first named invention, if different than what
was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s)
will result in only the first claimed invention to be searched. An exemplary election would be the CNGA3 sequence encodes the protein
sequence of SEQ ID NO: 12 and the CNGA3 sequence comprises SEQ ID NO: 11 and SEQ ID NO: 35, i.e. claims 1-2, 4, 40, 42, limited
to SEQ ID NOs: 11, 12, 35

Group II: Claims 9-16, drawn to a codon optimized cDNA sequence and an AAV vector encoding CNGB3.

Group HI+: Claim 17, 37-38 drawn to a AAV vector or viral vector encoding REP-1. Group I+ will be searched upon payment of
additional fees. The AAV vector or viral vector may be searched for an additional fee and election as such, for example, to the extent
that the vector comprises the sequence of SEQ ID NO: 25 (claim 37). Additional vector sequence(s) will be searched upon the payment
of additional fees. Applicants must specify the claims that encompass any additionally elected vector sequence(s). Failure to clearly
identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be
searched. Another exemplary election would be wherein the vector sequence comprises SEQ ID NO: 26.

Group IV+: Claims 34-36, drawn to a plasmid, method of producing an AAV vector using said plasmid, and recombinant AAV produced
from a plasmid. Group IV+ will be searched upon payment of additional fees. The plasmid, method, and recombinant AAV produced
thereby may be searched for an additional fee and election as such, for example, to the extent that the plasmid comprises SEQ ID NO:
9. Additional plasmid(s) will be searched upon the payment of additional fees. Applicants must specify the claims that encompass any
additionally elected plasmid(s). Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will

result in only the first claimed invention to be searched. Another exemplary election would be wherein the plasmid comprises SEQ ID
NO: 25.

The inventions listed as Groups |+, II, ll+, IV+ do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Group I+ requires CNGAS3, not required by Groups I, lll+, IV+,

Group Il requires CNGB3, not required by Groups I+, lll+, IV+,

Group i+ requires REP-1, not required by Groups |+, II, IV+.

Group IV+ requires method steps for producing an AAV vector using a plasmid, not required by Groups I+, il, lli+.

No technical features are shared between the CNGA3 sequences of Group I+ and, accordingly, these groups lack unity a priori. No
technical features are shared between the vector sequences of Group Ili+ and, accordingly, these groups lack unity a priori. No technical

features are shared between the plasmid sequences of Group !V+ and, accordingly, these groups lack unity a priori.

Additionally, even if the inventions listed as Groups I+, I+, and IV+ were considered to share technical features, these shared technical
features are previously disclosed by the prior art, as further discussed below.

Common Technical Features
The feature shared by Groups I+, II, lil+, and IV+ is an adeno-associated virus (AAV) vector.
The feature shared by Groups I+, I, lll+ is an AAV vector comprising an AAV capsid and a nucleic acid sequence comprising AAV

inverted terminal repeat (ITR) sequences and a nucleic acid sequence encoding a protein, and expression control sequences that direct
expression of the protein in a host cell.
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The feature shared by the inventions listed as Group IV+ is

a plasmid for producing an AAV vector (claim 34),

a method of generating a recombinant AVV (rAAV) virus comprising culturing a packaging ce!l carrying the plasmid in the presence of
sufficient viral sequences to permit packaging of the gene expression cassette viral genome into an infectious AA V envelope or capsid
(claim 35), and

a recombinant AAV produced according to the method (claim 36).

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are
taught by WO 2016/134375 A1 to Univ lowa Research Foundation et al. (hereinafter 'Univ lowa').

Univ lowa discloses an adeno-associated virus (AAV) vector (p 2, In 28-29 - "The present invention provides an AAV virus containing the
capsid protein modified genetically to encode the peptides described hereinabove").

Univ lowa also discloses an AAV vector comprising an AAV capsid and a nucleic acid sequence comprising AAV inverted terminal
repeat (ITR) sequences and a nucleic acid sequence encoding a target protein, and expression control sequences that direct expression
of the protein in a host cell (p 15, In 23-26 - "Adeno associated virus (AAV) is a small (20 nm), nonpathogenic virus that is useful in
treating human diseases . . . A construct is generated that surrounds a promoter linked to a target gene with AAV inverted terminal
repeat (ITR) sequences").

Univ lowa also discloses a plasmid for producing an AAV vector (p 32, In 30 to p 33, In 2 - "Construction of peptide modified AAV2
capsids: The plasmid for cloning of modified capsids was developed from pXX2, containing the wild-type AAV2 Rep and Cap. A plasmid
with a DNA fragment encoding amino acids AAAstopA and the restriction sites Notl and Ascl inserted between AAV2 Cap amino acid
position 587 and 588 was constructed as the backbone plasmid. dsDNA inserts encoding selected peptides were cloned into Notl and
Ascl site as peptide modified pXX2").

Univ lowa also discloses method of generating a recombinant AVV (rAAV) virus comprising culturing a packaging cell carrying the
plasmid in the presence of sufficient viral sequences to permit packaging of the gene expression cassette viral genome into an infectious
AA 'V envelope or capsid (p 33, In 3-10 - "AAV2 production and titer: Plates of 293T cells were cotransfected with three plasmids: pXX2
or peptide modified pXX2, which supplied the Rep and Cap proteins of AAVZ2; pHelper, which contained the adenovirus helper functions;
and a vector plasmid, which contained the AAV2 ITRs and the transgene of interest. Twenty 150mm-diameter plates were cotransfected
90 micro g DNA of plasmids pXX2, pHelper, and vector at a molar ratio of 1: 1: 1. After incubating for 60 hours, the virus was purified
with iodixanol gradients and further purification through a mustang Q membrane. Titers of recombinant AAV were determined by real-
time PCR.").

Univ lowa also discloses a recombinant AAV produced according to the method (p 33, In 3-10).
As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that

would otherwise unify the groups.

Groups I+, I, llI+, IV+ therefore lack unity: of invention under PCT Rule 13 because they do not share a same or corresponding special
technical feature.
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