HIGH ISOMEROHYDROLASE ACTIVITY MUTANTS OF MAMMALIAN RPE65

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. provisional application Serial
No. 62/031,472, filed July 31, 2014, which application is expressly incorporated herein by

reference in its entirety.

INTRODUCTION

[0003]  Retinal pigment epithelium (RPE) specific 65-kDa protein (RPE65) is essential for
metabolism of vitamin A in the eye and for maintenance of normal vision. It is a key retinoid
visual cycle enzyme that catalyzes isomerization of all-trans retinyl ester to 11-cis retinol
(11cROL), the precursor of chromophore of visual pigments. Mutatio ns of RPE65 are
associated with inherited retinal dystrophies such as Leber’s Congenital Amaurosis (LLCA)
and Retinitis Pigmentosa (RP). Previous RPE65 gene replacement therapy in RPE65 null-
mutants of dog and mouse models displayed promising effects on retinal degeneration.
However, mammalian RPE65, such as human RPE65 (hRPE65), has lower specific activity
than other retinoid processing enzymes, and high abundance of RPE6S5 in the RPE (11 ug/eye
in bovine) is thus required to generate sufficient 11-cis retinoid for normal vision. This
demand for high levels of hRPE65 limits the efficacy of RPE6S gene therapy.

[0004] [0001]Several vectors for gene delivery, such as adenovirus (AD), recombinant
adeno-associated virus (rAAV), lentivirus, plasmid incorporated in nanoparticles and plasmid
DNA with electroporation have been used to deliver intact DNA (or reporter genes) to the
ocular tissues. Gene delivery into the subretinal space using AD and lentiviral vectors
expressing GFP showed widely distributed GFP expression. Recent human clinical trials
using tAAV expressing wild type (wt) human RPE65 (rAAV-hRPE6S) showed only modest
improvements of vision in patients with RP and LCA. However, no prior RPE65 gene
therapies have successfully generated full vision recovery in spite of successful gene

delivery.
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CLAIMS

1. A nucleic acid encoding a mutant mammalian RPE65 protein or portion thereof
comprising an amino acid sequence having at least 90% identity with at least one of SEQ ID
NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ
ID NO: 13, SEQ ID NO: 15, and SEQ ID NO: 17, and having an amino acid substitution or
combination of amino acid substitutions selected from the group consisting of T39R, C330T,
Q497P, T39R/N170K, N170K/C330T, N170K/Q497P, T39R/N170K/C330T,
T39R/N170K/Q497P, T39R/N170K/C330T/Q497P, C106Y, L510M, S533A, C106Y/K297G,
K297G/L510M, K297G/S533A, 1220M, N170K/1220M, T39R/N170K/1220M,
T39R/N170K/1220M/Q497P, N302I, K297G/N3021, S2Y/I3S/L26V, S2Y/13S/L26V/N170K,
CI106Y/N170K, and C330T/Q497P/L510M; the mutant mammalian RPE65 protein or portion

thereof having isomerohydrolase activity.
2. A nucleic acid according to Claim 1:

(1)  in which the amino acid substitution or combination of amino acid substitutions is
selected from the group consisting of T39R, T39R/N170K, N170K/Q497P,
T39R/N170K/Q497P, S533A, K297G/L510M, K297G/S533A, S2Y/I3S/L26V,
S2Y/I3S/L26V/N170K, and C106Y/N170K; or

(i1)) disposed within a vector; or

(ii1) disposed within a vector, in which the vector comprises: a promoter or enhancer
sequence operatively-linked to the nucleic acid; or a stop codon or a poly-A sequence

located 3’ of the nucleic acid; or

(iv) disposed within a vector, in which the vector comprises an RPE65 promoter

sequence operatively-linked to the nucleic acid; or

(v) disposed within a vector, in which the vector comprises a CMV enhancer/chicken

B-actin promoter sequence operatively-linked to the nucleic acid; or

(vi) disposed within a vector, in which the vector is selected from the group consisting

of adenovirus, adeno-associated virus (AAV), nanoparticles, plasmids, and lentivirus.

3. Anadeno-associated viral (AAV) vector, comprising:

(i) anucleic acid encoding a mutant mammalian RPE65 protein or portion thereof

comprising an amino acid sequence having at least 90% identity with at least one of
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SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID
NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, and SEQ ID NO: 17, and having an amino
acid substitution or combination of amino acid substitutions selected from the group
consisting of T39R, C330T, Q497P, T39R/N170K, N170K/C330T, N170K/Q497P,
T39R/N170K/C330T, T39R/N170K/Q497P, T39R/N170K/C330T/Q497P, C106Y,
L510M, S533A, C106Y/K297G, K297G/L510M, K297G/S533A, 1220M,
N170K/1220M, T39R/N170K/1220M, T39R/N170K/1220M/Q497P, N302I,
K297G/N3021, S2Y/13S/L26V, S2Y/13S/L26V/N170K, C106Y/N170K, and
C330T/Q497P/L510M; the mutant mammalian RPE65 protein or portion thereof having

isomerohydrolase activity; or
(i1)) anucleic acid according to Claim 1 or 2 (v).

An AAYV vector according to Claim 3 in which the mutant mammalian RPE65 protein or

portion thereof has amino acid substitution or combination of amino acid substitutions is
selected from the group consisting of T39R, T39R/N170K, N170K/Q497P,
T39R/N170K/Q497P, S533A, K297G/L510M, K297G/S533A, S2Y/I3S/L26V,
S2Y/I3S/L26V/N170K, and C106Y/N170K.

5.

An AAYV vector according to Claim 3 or 4:

(1)  where the vector comprises one or more AAV inverted terminal repeat (ITR)

sequences; or

(i1)) where the vector comprises one or more AAV inverted terminal repeat (ITR)
sequences and in which the one or more AAV ITR sequences comprises an ITR
sequence of any of: AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVS,
AAV9, AAV10, AAV1I, Rh10, Rh74 or AAV2i8 AAV serotypes, or a mixture of ITR

sequences therefrom; or

(ii1)) where the vector comprises one or more AAV inverted terminal repeat (ITR)
sequences and in which the AAV vector comprises an AAV capsid sequence, optionally
in which the AAV capsid sequence comprises a VP1, VP2 and/or VP3 capsid sequence
having at least 90% identity to the VP1, VP2 and/or VP3 sequences of AAV1, AAV2,
AAV3, AAV4, AAVS, AAV6, AAVT, AAVS, AAV9, AAV10, AAV11, Rh10, Rh74 or
AAV2i8.

A cell that produces an AAV vector according to any of Claims 3 to 5.
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A therapeutically-effective amount of a vector comprising a nucleic acid which encodes

a mutant mammalian RPE65 protein or portion thereof for use in a gene therapy method of

treating a condition related to retinal degeneration in a mammalian subject in need of such

treatment, the method comprising:

8.

administering to the subject the therapeutically-effective amount of a vector

comprising a nucleic acid which encodes a mutant mammalian RPE65 protein or portion

thereof,

in which the mutant mammalian RPE65 protein mutant or portion thereof encoded by
the nucleic acid comprises an amino acid sequence having at least 90% identity with at
least one of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID
NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, and SEQ ID NO: 17, and in
which the mutant mammalian RPE65 protein mutant or portion thereof has an amino
acid substitution or combination of amino acid substitutions selected from the group
consisting of T39R, C330T, Q497P, T39R/N170K, N170K/C330T, N170K/Q497P,
T39R/N170K/C330T, T39R/N170K/Q497P, T39R/N170K/C330T/Q497P, C106Y,
L510M, S533A, C106Y/K297G, K297G/L510M, K297G/S533A, 1220M,
N170K/1220M, T39R/N170K/1220M, T39R/N170K/1220M/Q497P, N302I,
K297G/N3021I, S2Y/13S/L26V, S2Y/I3S/L26V/N170K, C106Y/N170K, and
C330T/Q497P/L510M; and in which the mutant mammalian RPE65 protein or portion
thereof is expressed in vivo in retinal cells of the subject and has isomerohydrolase

activity.

A therapeutically-effective amount of a vector for use in a gene therapy method

according to Claim 7:

(i)  in which the mutant mammalian RPE65 protein mutant or portion thereof has an
amino acid substitution or combination of amino acid substitutions selected from the
group consisting of T39R, T39R/N170K, N170K/Q497P, T39R/N170K/Q497P, S533A,
K297G/L510M, K297G/S533A, S2Y/I3S/L26V, S2Y/I3S/L26V/N170K, and
C106Y/N170K; or

(i1)) in which the mutant mammalian RPE65 protein or portion thereof has greater

isomerohydrolase activity than non-mutated RPE65 protein; or
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(ii1)) in which the mutant mammalian RPE65 protein or portion thereof has greater
isomerohydrolase activity than human RPE65 having the amino acid sequence set forth
in SEQ ID NO: 1 or bovine RPE65 having the amino acid sequence set forth in SEQ ID
NO: 9; or

(iv) in which the vector further comprises a promoter or enhancer sequence
operatively-linked to the nucleic acid encoding the mutant mammalian RPE65 protein;
or further comprises a stop codon or a poly-A sequence located 3’ of the nucleic acid

encoding the mutant mammalian RPE65 protein; or

(v) in which the vector is selected from the group consisting of adenovirus, adeno-

associated virus (AAV), nanoparticles, plasmids, and lentivirus; or

(vi) in which the vector comprises an AAV vector which comprises one or more AAV
inverted terminal repeat (ITR) sequences, optionally in which the AAV ITR sequence
comprises an ITR sequence of any of: AAVI1, AAV2, AAV3, AAV4, AAVS, AAV6,
AAV7, AAVE, AAV9, AAV10, AAV11, Rh10, Rh74 or AAV2i8 AAV serotypes, or a

mixture of ITR sequences therefrom; or

(vii) in which the vector comprises an AAV capsid sequence, optionally in which the
AAYV capsid sequence comprises a VP1, VP2 and/or VP3 capsid sequence having at
least 90% identity to the VP1, VP2 and/or VP3 sequences of AAVI1, AAV2, AAV3,
AAV4, AAVS, AAV6, AAVT, AAVS, AAV9, AAV10, AAV11, Rh10, Rh74 or
AAV2i8; or

(viii) in which the condition related to retinal degeneration is Leber’s Congenital

Amaurosis or Retinitis pigmentosa.

A therapeutically-effective amount of at least one mutant mammalian RPE65 protein or

a portion thereof for use in a method of treating a condition related to retinal degeneration in a

subject in need of such treatment, the method comprising:

administering to the subject the therapeutically-effective amount of at least one mutant
mammalian RPE65 protein or a portion thereof, thereby mitigating the condition related

to retinal degeneration in the subject,

in which the mutant mammalian RPE65 protein or portion thereof comprises an amino
acid sequence having at least 90% identity with at least one of SEQ ID NO: 1, SEQ ID
NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO:
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13, SEQ ID NO: 15, and SEQ ID NO: 17; and in which the mutant mammalian RPE65
protein or portion thereof has an amino acid substitution or combination of amino acid
substitutions selected from the group consisting of T39R, C330T, Q497P, T39R/N170K,
N170K/C330T, N170K/Q497P, T39R/N170K/C330T, T39R/N170K/Q497P,
T39R/N170K/C330T/Q497P, C106Y, L510M, S533A, C106Y/K297G, K297G/L510M,
K297G/S533A, 1220M, N170K/1220M, T39R/N170K/1220M,
T39R/N170K/1220M/Q497P, N302I, K297G/N3021, S2Y/I3S/L26V,
S2Y/I3S/L26V/N170K, C106Y/N170K, and C330T/Q497P/L510M; and the mutant

mammalian RPE65 protein or portion thereof has isomerohydrolase activity.

A therapeutically-effective amount of at least one mutant mammalian RPE65 protein or

portion thereof for use in a method of treating a condition related to retinal degeneration

according to Claim 9:

11.

(i)  in which the mutant mammalian RPE65 protein or portion thereof has an amino
acid substitution or combination of amino acid substitutions selected from the group
consisting of T39R, T39R/N170K, N170K/Q497P, T39R/N170K/Q497P, S533A,
K297G/L510M, K297G/S533A, S2Y/I3S/L26V, S2Y/I13S/L26V/N170K, and
C106Y/N170K; or

(i) in which the condition related to retinal degeneration is Leber’s Congenital

Amaurosis or Retinitis pigmentosa.

A therapeutically-effective amount of a vector comprising a nucleic acid which encodes

a mutant mammalian RPE65 protein or portion thereof or a therapeutically-effective amount

of at least one mutant mammalian RPE65 protein or portion thereof for use in a method

according to any of Claims 7 to 10:

(1)  in which the subject is human; or

(i) in which the subject is less than 18 years old, less than 15 years old, less than 12
years old, less than 10 years old, between about 8 to 10 years old, between about 6 to 10
years old, between about 4 to 6 years old, between about 1 to 3 years old or is less than 1

year old or less; or

(iii) in which the subject has or is at risk of having retinal degeneration or dystrophy

caused by RPE65 mutation; or
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(iv) in which the vector is administered to one or more eyes of the subject; or

(v) in which the vector is administered to the subretinal space and/or suprachoroidal

space of one or more eyes of the subject; or

(vi) in which the vector comprises an AAV vector and in which 1x108 or more AAV

vector genomes are administered to one or more eyes of the subject; or

(vii) in which the vector comprises an AAV vector and in which about 1x10® to about

1x10'* AAV vector genomes are administered to one or more eyes of the subject; or

(viii) in which the vector comprises an AAV vector and in which about 1x10° to about

1x10AAV vector genomes are administered to one or more eyes of the subject; or

(ix) in which the vector or mutant mammalian RPE65 protein or portion thereof is

administered in a volume of about 10 microliters (ul) to about 1,000 pl; or

(x) in which the vector or mutant mammalian RPE65 protein or portion thereof is

administered in a volume of about 50 pl to about 800 pl; or

(xi) in which the vector or mutant mammalian RPE65 protein or portion thereof is

administered in a volume of about 100 pl to about 600 pul; or

(xii) in which the vector or mutant mammalian RPE65 protein or portion thereof is

administered in a volume of about 200 pl to about 500 ul; or

(xiii) in which the vector or mutant mammalian RPE65 protein or portion thereof is
delivered or introduce in cells of the retinal pigment epithelium of one or more eyes of

the subject.

12. A mutant mammalian RPE65 protein or portion thereof, comprising an amino acid
sequence having at least 90% identity with at least one of SEQ ID NO: 1, SEQ ID NO: 3, SEQ
ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15,
and SEQ ID NO: 17, the mutant mammalian RPE65 protein or portion thereof having an
amino acid substitution or combination of amino acid substitutions selected from the group
consisting of T39R, C330T, Q497P, T39R/N170K, N170K/C330T, N170K/Q497P,
T39R/N170K/C330T, T39R/N170K/Q497P, T39R/N170K/C330T/Q497P, C106Y, L510M,
S533A, C106Y/K297G, K297G/L510M, K297G/S533A, 1220M, N170K/1220M,
T39R/N170K/1220M, T39R/N170K/1220M/Q497P, N302I, K297G/N3021, S2Y/I3S/L26V,
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S2Y/I3S/L26V/N170K, C106Y/N170K, and C330T/Q497P/L510M; and the mutant

mammalian RPE65 protein or portion thereof having isomerohydrolase activity.
13. A mutant mammalian RPE65 protein or portion thereof according to Claim 12:

(i)  in which the mutant mammalian RPE65 protein or portion thereof has an amino

5 acid substitution or combination of amino acid substitutions selected from the group
consisting of T39R, T39R/N170K, N170K/Q497P, T39R/N170K/Q497P, S533A,
K297G/L510M, K297G/S533A, S2Y/I3S/L26V, S2Y/13S/L26V/N170K, and
C106Y/N170K; or

(i1)) in which the mutant mammalian RPE65 protein or portion thereof has greater

10 isomerohydrolase activity than non-mutated RPE65 protein; or

(ii1)) in which the mutant mammalian RPE65 protein or portion thereof has greater
isomerohydrolase activity than human RPE65 having the amino acid sequence set forth
in SEQ ID NO: 1 or bovine RPE65 having the amino acid sequence set forth in SEQ ID
NO: 9.

15 14. A pharmaceutical composition comprising a mutant mammalian RPE65 protein or
portion thereof according to Claim 12 disposed in a pharmaceutically-acceptable carrier or

vehicle.



