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RP2 VECTORS FOR TREATING X-LINKED RETINITIS PIGMENTOSA

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This patent application claims the benefit of U.S. Provisional Patent Application No.
62/131,661, filed March 11, 2015, which is incorporated by reference in its entirety herein.
INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED ELECTRONICALLY

[0002] Incorporated by reference in its entirety herein is a computer-readable
nucleotide/amino acid sequence listing submitted concurrently herewith and identified as

follows: One 77,632 Byte ASCII (Text) file named "723551 ST25.txt," dated March 11, 2016.

BACKGROUND OF THE INVENTION

[0003] X-linked retinitis pigmentosa (XLRP) is an X-linked, hereditary retinal dystrophy
characterized by a progressive loss of photoreceptor cells, leading to vision impairment or
blindness. XLRP may involve rod photoreceptor death, followed by cone cell death. As a
result, an XLRP patient usually experiences an early onset of night-blindness, followed by a
gradual but progressive loss of peripheral vision, and an eventual loss of central vision. There
is currently no treatment for XLRP. Accordingly, there exists a need for compositions and
methods for treating XLRP.

BRIEF SUMMARY OF THE INVENTION

[0004] An embodiment of the invention provides an adeno-associated virus (AAV) vector
comprising (a) a nucleotide sequence encoding RP2 or a functional fragment thereof and (b) an
AAV2 Inverted Terminal Repeat (ITR) or a functional fragment thereof.

Another embodiment of the invention provides an AAV vector comprising a nucleotide
sequence encoding RPGR-ORF15 or a functional fragment or functional variant thereof,
wherein (1) the vector further comprises a CMV/human B-globin intron and/or a human [3-

globin polyadenylation signal; and (ii) the nucleotide sequence encoding RPGR-
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ORFI5 or a functional fragment or a Dmctional variant thereof is optionally under the
transeriptional control of a rhodopsin kinase promoier,

HHEL Additional embodiments of the invention provide related pharmaceutical
compasitions and methods of making the AAV vector comprising a nuclestide sequence
encoding RPGR-ORF1S or a functional fragment or functional variani thereof

{8087] Ancther embodiment of the invention provides a method of treating or preventing
¥-hnked retinitis pigmentosa (XLRP) in a mamunal in need theroof, the method comprising
administering to the mammal the inventive vecior or pharmaceutical composition in an
amount effective {0 treat or prevent XLRT in the mammal.

{B0O8] Still another embodiment of the invention provides a method of increasing
photorecepior mumber in a retina of 2 mammal, the method comprising administering to the
marminal the fnventive vector or pharmaceutical composition in an amount effective to

increase photoreceptor number in the retina of the mamnal.

DETAILED DESCRIPTION OF THE INVENTION

{3009 In accordance with an embodiment of the invention, it bas been discovered that an
AAY vector comprising a pucleotide sequence encoding RP2 or RPGR-ORF1S effectively
preserved the function and viability of photoreceptors in mouse models of XLRP.

{30310} Approximately 15% of XLRP patienis have a mutation in the Retinitis Pigmentosa
2 {RPZ) gene, The human K2 gene bas five exons and encodes 2 protein of 350 amino acid
residues. RPZ protein is a GTPase activating protein (GAF) for arginine adenosine-5"-
diphosphoribosylation {ADP-ribosyiation) factor-like 3 {ARL3), a microtubule-associated
small GTPase that localizes to the connecting cilbwm of photoreceptors. An example of a
complementary DNA {eDNA} sequence encoding the human RP2 protein is the nuclestide
sequence of SECQID MOy 1. An example of a protein sequence encoding the hurpan RP2
protein is the amme acid sequence of SEQ 1D NG: 2

164111 An embodiment of the invention provides an AAY vecior comprising a nucleic
acid comprising {a) a nuclectide soquence encoding RP2 or a functional fragment thereof and
{b} an AAV I ITR ar a functional fragment thersof. The nucleotide sequence encoding RP2
may be any suitable nucleotide sequence that encodes RP2 from any species. In a preferred
embodiment, the RP2 is human RP2. In an embodiment of the invention, the nucleotide
sequence encoding human RPZ comprises a nuclectide sequence that encodes 2 human RP2

profein comprising the amine acid sequence of SEQ ID NO: 2. In an ambodiment of the
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mvention, the nuclestids sequencs encoding human RPZ comprises the nucleotide sequence
of SEQ I NG 1.

i Approximately 75% of XLRP patients have a mutation in the Retinitis Figmentoss
GTPase Ragulator (RPGR)Y gene. Multiple RPGR transeripts have been detected in the retina,
A majority of the disease-causing mutations have been delecied in a variant isoform RPGR-
ORF1S, which is expressed in the retina. RPGR-ORFLS protein interacts with centrosome-
cilia proteins and locahizes 1o the connecting cilia in both rod and cone photorecepiors. An
example of a ¢I¥NA sequence epcoding the wild-type buman RPGR-ORF13 protein is the
mucleotide sequence of SEQ D NOw 27, An example of a protein sequence sncoding the
wild-type human RPOGR-DRFLS protein is the amino acid sequence of SEQ D MNO 4. An
example of 2 ¢cDNA sequence encoding a fonctional variant of the wild-type human RPGR-
OEFLS protein 15 the nucleotide sequence of SEQ 1D NG: 3. An exarapls of a protein
sequence encoding 2 functional vartant of the wild-type human RPGR-ORF13 protein is the
amino acid sequence of SEQ 1D MNO: 25,

R Another embodiment of the invention provides an AAY vector comprising a
nucieic acid comprising & nucleotide sequence encoding RPGR-ORF1S or a functional
fragment or functional variant thergof, whersin (1) the vector fiwther comprises a

CMV/ huaman B-globin intron and/or a buman B-globin polvadenyiation signal; and {ii} the
nucleotide sequence encoding RPGR-ORF1S or a functional fragment or a fonctional variant
thereof is optionally under the transcriptional control of a rhodopsin kinase promoter, fnan
embodiment of the invention, the AAY vector comprising a nucleic acid comprising a
nucleotide sequence encoding RPGR-ORFLS oy a functional fragment or functional variant
thereof, wherein {1} the nucleotide sequence encoding human RPGR-ORF15 or 2 functional
fragment or fanctional variant thereof is under the transeriptional controf of a rhodopsin
kinase promoter, and/or (11} the vector funther comprises a CM Y/ human B-globin intron
and/or a buman (-globin polyadenyiation signal. The nuclestide sequence encoding wild-
type RPGR-ORFIS may be any suitable mucleotide sequence that encodes wild-type RPGR-
ORF1S from any species. 1o a preferred emnbodiment, the RPGR-ORFIS is human RPGR-
QEFL3, Inan embodiment of the mvention, the nuclectide sequence enceding wild-type
human RPGR-ORF1LS5 comprises a nucleotide sequence that encodes 2 wild-type human
RPOGR-ORF1S protein comprising the amino acid sequence of SEQID NO: 4. Inan
smbodiment of the invention, the nucleotide sequence encoding wild-tvpe human RPGR-

ORFLS protein comprises the nucleotide sequence of SEQ I3 NOG: 27, The nucleotide
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sequence encoding a functional variant of a wild-type RPGR-ORF 15 may be any suitable
nucleotide sequence that encodes a functional variant of the wild-type RPGR-ORF13. Ina
preferred embodiment, the functional variant of the RPGR-OBF1S is a functional variant of
hurpan KPGR-ORF1S. 1o an embodimend of the invention, the nucleotide sequence encoding
a functional variant of the wild-type uman RPGR-ORF1S comprises a mucleotide sequence
that encodes a fopctional variant of the wild-type human RPGR-ORF15 prodein comprising
the amino acid sequence of SEQ ID MNG: 25, In an embodiment of the invention, the
nucientide sequence encoding a functional variant of the wild-type human RPGR-ORF1S
protein comprises the nucleotide sequence of SEQ 1D NO: 3. Hereinafter, wild-type RPGR-
ORF13 and functionsl variants of wild-type RPGR-ORF1S will be collectively referred to as
“RPGR-ORF1S unless specified othorwisa,

jeG14} The AAVY vector may be suitable for packaging into any AAY serotype or variant
thereof that is suitable for administration to ocular cells. Examples of suitable AAV
serotypes may melude, but are not limited to, AAVE, AAV2, AAVE, AAVE, AAVS, AAVE,
AANT, AAVE, AAVY, and any variani thergof. Preferably, the AAY vecior is packaged into
serotype AAYVS or AAVS.

[R5} The AAVY vector may be packaged in a capsid protein, or fragment thersof, of any
of the AAY serotypes described herein, Preferably, the vector is packaged in an AAVSE
capsid. In an embodiment of the invention, the AAVE capsid comprises the aming acid
sequence of 3EQ ID NG: 5.

LY A suttable recombinant AAY may be generated by culturing a packaging cell
which contans a nucleic acid sequence encoding an AAY serotype capeid protein, or
fragment thereof, as defined herein; a functional rep gene; any of the inventive vectors
described herern; and sufficient helper fupciions o permit packaging of the inventive vector
mfo the AAY capsid protein. The components required by the packaging cell to package the
mventive AAY vector in an AAY capsid may be provided to the host cell in rans.
Alternatively, any oue or more of the required components {2.g., inventive vecior, rep
sequences, capsid sequences, and/or helper functions) may be provided by a siable packaging
cell which has been engineered 1o contain ove or more of the required componenis using
methods known to those of skill in the art.

{64174 in an erobodiment of the invention, the AAV vector is selfcomplementary. Seif-
complementary vectors may, advantageously, overcome the rate-limiting step of second-

strand DBINA synthesis and confer earlier onsel and stronger gene expression. Preferably, the
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AAY vector comprising a nucleotide sequence encoding RP? i3 self-complementary, Inan
embodiment, the vector comprises single-stranded DNA.

18] By "mucleic acid” as used herein includes "polynucleotids,” "oligonuciectide,” and
"nucleic acid molecule,” and generally means a polymer of DNA or RNA, which can be
single-stranded or double-stranded, synthesized or oblained {e.g., 1solated and/or punfied)
from natural sources, which can contain natural, non-natural or altered nucleotides, and
which can contain a natural, non-natural or altered intermuclectide linkage, such as a
vhosphoroamdate linkage or a phosphorothioate linkage, instead of the phosphodiester found
between the nocleotides of an unmodified oligonucieotide. It is generally preferred that the
oueleie acid does not comprise any insertions, deletions, inversions, and/or substifiiions.
However, it may be suitable in some instances, as discussed hersin, for the nuecleic acid o
COMPrise One o more insertions, deletions, inversions, and/or substifutions.

6619 In an embodiment, the nucleic acids of the invention are recombinant. As used
herein, the tevm "recombinant” refers to (1) molecules that are constructed outside living cells
by joining pataral or synthetic nucleie acid segments to nucleic acid molecules that can
replicate in a living cell, or (1) molecules that result from the replication of those described in
{1} above, For purposes herein, the replication can be in vigro replication or in vive
replication.

18020 The nucleic acids can be constructed based on chemical synthests andfor
enzymatic ligation reaciions using procedures known in the art. Sce, for example, Green ot
al. (eds.), Molecular Cloning, A4 Laboratory Manual, 4% Edition, Cold Spring Harbor
Laboratory Press, New York (2812}, For example, a nucleic acid can be chemicaily
synthesized using nanwrally occumring nocleotides or variously moedified nuclectides designed
to nerease the biological stability of the moelecules or to increase the physical stabifity of the
duplex formed upon hybridization {e.g., phosphorothicaie derivatives and acnidine substituted
nucleotides). Examples of modified nucleotides that can be used 1o generate the nucleic acids
inchide, but are not limited to, S-fluorouracil, S-bromouracil, S5-chiorouracil, S-iodouracil,
hiypoxanthine, xanthine, 4-acetyloyiosine, S-{carboxyhydroxymethyl} uracil, 5-
carboxymethylaminomethyl-Z-thiounidine, S-carboxymethylaminomethyluraci,
dihydrouracil, beta-D-galactosylqueosine, inosine, No-isopentenyladenine, 1-methylguaning,
I-methyiinosing, 2,2-dimethylguaning, 2-methyladenine, 2-methylguanine, 3-methyloyiosine,
S-methyleytosine, No-substituted adenine, T-methylguanine, S-methviaminomethyluracil, §-

methoxyanunomethyl-2-thiouracil, beta-D-mannosylqueosine, §'-
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methoxycarboxymethyluractl, S-methoxyuract, 2-methyithio-N-jaopenionyiadening, uracil-
s-oxvacetic actd (v}, wybutoxosine, paeudouraci, queosine, Z-thiocytosine, S-methyl-2-
thiouracil, Z-thiouracil, 4-thicuracil, S-methyluract], wractd-3-oxyacetic acid methylester, 3-
(3-amino-3-N-Z-carboxypropyi) uracil, and 2,6-diaminopuring. Alternatively, one or more of
the nucleic acids of the invention can be purchased from companies, such as Macromolecular
Resources {Fort Colling, CO} and Bynthegen (Houston, TX}

0211 In an embodimend of the invention, the vector is a recombinant expression vector,
For purposes herein, the term “recombinant expression vector” means a genetically-moditied
oligonucleotide or polynucleotide construct that permits the expression of an mRMA, protem,
polypeptide, or peptide by a hast cell, when the construct comprises a nucleotide sequence
encoding the mRNA, protein, polypeptide, or pephide, and the vector 1s contacted with the
cell under conditions sufficient to have the mRNA, protein, polypeptide, or peptide expressed
within the cell. The veciors of the invention are not naturally-occusring as a whole.

However, parts of the vectors can be naturally-occurring. The inventive recombinant
expression vectors can comprise any type of pucleotides, including, but ot hmited to DNA
and RINA, which can be single-stranded or double-siranded, synthesized or obtained in part
from natural sources, and which can contain natoral, non-natural or aliered nucieotides. The
recombinant expression vectors can comprise naturally-occurring, non-paturally-ocousring
msmuclestide linkages, or both types of Hnkages. Preferably, the von-naturally ocourning or
altered micleotides or internueleoiide linkages do not hinder the transcription o replication of
the vector.

{22} The recombinant cxpression vectors of the invention can be prepared using
standard recombinant DNA techmiques deseribed in, for example, Green et al,, supra,
Constructs of expression vectors, which are civeudar or linear, can be preparad to contain a
replication system fonctional in 8 prokaryotic or eukaryotic host cell. Replication systems
can be derived, e.g., from ColEL 2 u plasmid, X, $V 440, bovine papilloms virus, and the like.
16023} The recombinant expression vector can nchude one or more marker genes, which
allow for selaction of transformed or transfected bosts. Marker genes melude biocide
resisfance, e.g., resistance to aniibiotics, heavy metals, otc., complementation in an
awxotrophic host 1o provide prototrophy, and the like. Saitable marker genes for the
mventive exprassion vectors include, for instance, necmycin/G418 resistance genes,
hygromycin resistance genes, histiding! resistance genes, tefracycline resistance genes, and

ampictilin resistance genes,
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{8024} The vector may further comprise regulatory sequences which are operably linked
to the puclootide sequence encoding RP2 or RPGR-ORFIS in a manner which permits one or
more of the transeription, translation, and expression of RP2 or RPGR-ORF15 in a cell
transfected with the vector or infected with a virus that comprises the vector. As used herein,
“operably linked” sequences include both regulatory sequences that are contiguous with the
nucleotide sequence encoding RPZ or RPGR-ORF135 and regulatory sequences that act in
frans or 8t a distance to control the mucleotide sequence encoding RPZ or RPGR-ORFIS.
[8025] The regulatory sequences may inchide appropriate transcription tnitiation,
ternination, promoier and enhancer sequences; RNA processing signals such as splicing and
polyadenylation {polyA) signal sequences; sequences that stabilize cytoplasmic mRMNA;
sequences that enhance translation efficiency {i.e., Kozak consensus sequence); sequences
that enhance protein stability; and when desired, sequences that enhance secretion of the
encoded product. PolvA signal sequences may be synthetic or may be derived from many
suitable species, including, for example, SV-40, haman and bovine, Preferably, the vector
comprises a full-length or truncated human beta {B)-globin polyA signal sequence. In an
embodiment of the invention, the human f~globin polvA signal sequence comprises the
sucleotide sequence of SEQ ID NG: 6 (full-length) or SEQ 1D NO: 7 {truncated).

18026] The regulatory sequences may also include an intron. Preferably, the intron is
positioned between the promoter sequence and the vuclestide sequence encoding RPZ or
RPGR-ORFIS. Examples of suitable intron sequences include a cytomegalovirus

{CMV )/ huuman f-globin totron and an intron desived from SV-40 (referred to as SD-SA).
Preferably, the intron is a CMV/human §-globin intron. In an embodiment of the invention,
the CMV/man 8-globin intron comprises the nuclestide sequence of SEQ 1D NO: 8 or 0,
jOB27] The regulatory sequences may also include a promoter. The promoter may be any
promoter suitable for expressing RP2 or RPGR-ORF15 i a targat cell, e.g., an ocular cell,
The promater may be inducible or constitutive. In an embodiment of the invention, the
promoter is suitable for expressing RPZ or RPGR-ORF1S in a particular ccular cell type. In
this regard, the promoter may be cell-specific. For example, the promoter may be specific for
expression in any one or more of ocular cells, retinal pigment epithelivm (RPF) cells,
photoreceptor cells, in rods, ot in cones. Examples of suitable promaters include, b are not
tisnited to, the hurnan G-protein-coupled receptor protein kinase 1 {GRK 1) promoter {also
reforved to as the human rhodopsin Kinase promoter), the human interphotoreceptor retineid-

binding proiein proxiral (IRBP) promoter, the native promoter for RP2 or RPGR-GRF1S,
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the RPGR proximal promater, the rod opsin promoter, the red-green opsin promater, the blue
opsin promoier, the cGMP-f-phosphodicsterase promoter, the roouse opsin promoter, the
rhodopsin promoter, the alpha-subunit of cone transducin, beta phosphodiesterase (PDE}
promoier, the retinitis pigmentoss (RP1) promoter, the MXNLZADOILY promoter, the
RPESS promoter, the retinal degeneration slow/peripherin 2 {Rds/perphd} promoter, the
VMD?2 promoter, and functional fragments of any of the foregoing. Preferably, the
nucleotide sequence encoding RP2 or RPGR-ORF1 3 e under the framscnipiional control of
the GRKI promoter {also referred 1o as human rhodopsin kinase promoter). Inan
emnbodiment of the mnvention, the nmnan rhodopsin kinase promoter comprises the muclestids
sequence of SEQ 113 NG 10,

HETPAY In an embodiment of the invention, the vecior comprises an [TH or a functionsl
fragment thereof. Preferably, the vecior comprisas 2 5" and a 3° AAV ITR. The ITHs may
be of any suitable AAV serotype, including any of the AAV serotypes desenibed herein. The
ITRs may be readily isolated using techniques known in the art and may be isolated or
obtamed froro public or conugnercial sources (2.2, the Amencan Type Culiure Collection,
Manassas, VA). Allernatively, the ITR sequences may be obtained through synthetic or other
suitable means by reference to pubhished sequences. Preferably, the vector comprisesa 57
and a 3 AAVZ ITR. In an embodiment of the mvention, the vector comprises s inmeated §°
AAV2 ITR. In an emobodiument of the invention, the vector comprises 8 37 AAVZ TR
comprising the nuclestide sequence of SEQ ID MG H and a 37 AAVZ ITR conywising the
nucleotide sequence of SEQ T N 12, In another embodiment of the invention, the vector
comprises a truncated 3 AAVZ ITR comprising the nucleotide sequence of 8EGQ D NO: 13
and a 37 AAV2 ITR comprising the nuclectide sequence of SEQ ID NG: 12,

[329] Included i the scope of the invenlion are vectors comprising funclional fragments
of any of the nucleotide sequences described herein that encede functional fragments of the
proteins described herein. The term “functional fragment,” when used in reference to g RP2
or RPGR-ORT1S protein, refers to any part or portion of the protein, which part or poriion
retaing the biclogical activity of the protein of which it 3¢ a part {the parent protein).
Functional profein fragmenis encompass, tor example, those paris of a protoin that retain the
ability {0 recognize treat or prevent XLRP, increase photorecepior number, decrease retinal
detachment in 2 mammal, increase the electrical response of a photoreceptor in 8 mammal,
inCrease protein eXprossion in a retinag of @ manunal, localize protein 0 rod outer segments in

a3 reting of a mammal, or increass visual acwty in a mammal, fo a similar eoitent, the same
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extent, or to a higher exient, as the parent protein, For example, a functional fragraent of a
auclestide sequence encoding RPGR-ORF 1S may be a cDINA encoding RPGR-ORF1S but
shortened by 654 base pairs (bp) in the repetitive region, which has been shown to
reconstitute RPGR fonction in mice (Hong st al, dnvest. Ophthalmol. Vis. Sci., $6(2): 435-
4471 (20033,

{8038} The term “functional fragment” when used in reference to a polyA signal
sequence or an ITR, refers (o any part or portion of the nucleotide sequence, which part or
portion retains the biclogical activity of the nuclestide sequence of which if is a part (the
parent nucleotide sequence). Functional protein fragments encorapass, for example, those
parta of a polyA signal sequence that retain the ability to be recognized by a RINA cleavage
coraplex or those parts of an ITR that retain the ability to allow for replication o a similar
exient, the same exient, or to 3 higher extent, as the parent nucleotide sequence. Tn reference
to the ﬁaremt nucleotide sequence or protein, the functional fragment can coraprise, for
mstance, about 10%, 25%, 30%, 50%, 68%, 80%, 90%, 95%, or more, of the parent
nucleotide sequence or profem.

18631} Included i the scope of the invention are vestors encoding functions] variants of
the RPZ and RPGR-ORFIS proteins deseribed herein, The term “functional variant,” as used
herein, refers (o a protein having substantial or significant sequence identity or shiilarity o a
parent protein, which functional variant retains the biological activity of the protein of which
it i3 & variant. Functional varianis encompass, for example, those variants of the BP2 or
RPGR-ORFLS proteins described berein {the parent protein} that retain the ability to treat or
prevent XLRP, increase photoreceptor number, decrease retinal detachment in # manmal,
increase the electrical response of a photoreceptor in a mammal, increase protein cXpression
wn a reting of a mammal, localize protein (o rod outer segments in a retina of a mammal,
and/or increase visual acuity in a roanunal to a similar extent, the same extent, or o a higher
extent, as the parent RPZ or RPGR-CRFLS protein, o referance to the parent RPY or RPGR-
ORF13 protein, the functional vartant can, {or instance, be at least about 30%, about S0%,
about 75%, about 80%, about §5%, about 90%, about 919, about 92%, about 93%, about
©4%, about 95%, about 96%, about 97%, about 98%, about 99% or more identics! in amino
acid sequence to the parent RP2 or RPGR-ORFIS protein.

18632 A functional variant can, for example, comprise the amine acid sequence of the
parent RP2 or RPGR-ORF1S protein with at least one conservative amine acid substitation,

Alternatively or additionally, the functional varianis can comprise the amine acid sequence of



WO 2016/145345 PCT/US2016/022072

H

the parent RP2 or RPGR-ORF15 protein with at least ong non-conservative aming acid
substitution. In this case, it is preferable for the non-conservative aming acid substitution (o
not mierfere with or inhibit the biclogical activity of the functional variant. The non-
conservative amino acid substitution may enhance the biological activity of the fimetional
varignt, such that the biological activity of the functional variant is increased as corapared {o
the parent RP2 or RPGR-ORTFIS protein.

{8033] Avoino acid substitutions of the parent RP2 or RPGR-ORF13 protem are
preferably conservaiive amine acid substifutions. Conservative amino acid substitutions are
known in the art, and include aminoe acid substitutions m which one amine acid having
certain physical and/or chemical properties is exchanged for another amme acid that has the
same or similar chemical or physical properties. For instance, the conservative aming acid
substitution can be an acidic/negatively charged polar amino acid substituied for another
acidic/megatively charged polar aming acid {e.g., Asp or Glu}, an aming acid with 8 nonpolar
side chain substitited for another amino acid with 3 nonpolar side chain {e.g., Ala, Gly, Val,
le, Leu, Met, Phe, Pro, Trp, Cys, Val, ¢ic.), a basic/positively charged polar amino acid
substitoted for another basic/positively charged polar amiinoe acid {e.g. Lys, His, Arg, eic.}, an
uncharged amino acid with a polar side chain substituted for another uncharged amino acid
with a polar side chain {c.g., Asn, Gln, Ser, The, Tyr, ete.}, an amo acid with a beta-
branched side-chain substituied for another amino acid with a beta-branched side-chain {2.g.,
He, Thy, and Val), an anunoe acid with an aromatic side-chain sgbstituted for another aming
acid with an aromatic side chain {e.g., His, Phe, Trp, and Tyr)}, ete,

{00341 The RP2 or RPGR-ORF1S protein or functional varant can consist essentially of
the specified amino acid sequence or seguences described herein, such that other components,
&.g., other amino acids, do not materially change the biologieal activity of the RP2 or RPGR-
{3RF1S protein or functional variant.

16635} In an embodiment of the invention, the RPZ vector comprises a nucleotide
sequence comprising the components set forth in Table T, In thes regard, the full-length RP2

vector may comprise the maclectide sequence of SEQ HI NO: 14,
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TABLE G

RBP2 veetor (REQ 1D NG 14

Nucleptide | SE( Component

Position of | ID NO:

SEQID

M 14

1106 i3 3 AAVZ2 TR {troncated)

137437 10 human rhodopsin kinase promoier

446-730 < CMV/boman f-globin intron

758-1811 i human RP2 cDNA

1817-193¢ 7 human f-globin polyadenylation signal (truncated)
1943-2087 112 3 AAVZITR

{81341 In an embodiment of the invention, the vector encoding a functional variant of
wild-type human RPGR-ORF1S comprises a nucleotide sequence comprising the components
set forth in Table 2. In this regard, the full-length vector encoding a functional variant of
wild-type buman RPGR-ORF15 (SEQ 1D NO: 25) may comprise the nucleotide sequence of
SEQ ID NG 18,

TABLE 2

Functional Yariant of Wild-Type Human RPGR-ORFIS vector (SEQ 1D NO: 15}

MNucleotide SEC I Eiement

Position of SEG | NO.

B O A0 e s
1330 i 3. AAVE Inverted Termunal Repeat (4FRy
149-434 10 buman rhodopsin Kinase promoter
449-668 3 cytomegalavirus (CMVyhuman fglobinintros
686-4144 3 functional variant of wild-type human RPGR-ORF13 eDNA
4194-4403 buman P-globin polyadenylation signal

Adirasel 112 IAAVIEIR

{8637 In an embodiment of the invention, the vector encoding wild-type human RPGR-
OHRF1S comprises a nucleotide sequence comprising the components set forth in Table 3. In
this regard, the full-length vector encoding wild-type human RPGR-ORF15 (SEQ 1D NG 4)

may comprise the nucleotide sequence of SEQ 1D NO: 26,
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TABLE 3

Wilid-Type Human RPGR-ORF1S vector (SEQ ID NO: 26

Mucleotide SEQ D Element
Position of SEQ | NO:
Ei‘} NG: 36 .....................
| -130 il 5" AAVZ Inverted Terminal Repeat (ITR)
140-434 10 human rhodopsin kisase promoter
A449-668 g cytomegalovirus (CMY Y human B-globin intron
686-4144 27 wild-type human RPGR-ORF15 cDNA
4194-4403 & homan P-plobin polyadenylation aignal
4417-4561 12 I AAV2ITR
{B038] An embodiment of the invention provides an AAY vector corprising a macleic

acid comprising 8 nucleotide sequence encoding mouse RPGR-ORFIS or a functional
fragment thereof. The nucleotide sequence encoding mouse RPGR-ORFIS may comprise 2
nucieotide sequence sncoding a mouse RPGR-ORF 1S protein comprising the amine acid
sequence of SEQ ID NG 23, The veotor may further comprise regulatory sequences which
are operably hoked 1o the nuclentide sequence encoding mouse RPGR-ORF IS as described
herein with respect to other aspects of the invention. In an embodiment of the invention, the
AAY vector comprising a nucleic acid comprising a nucleotide sequence encoding mouse
RPGR-ORF13 comprises the nucleotide sequence of SEQ ID NO: 24,

HEERUH in an emibodiment of the invention, the vector may alse comprise & puclestids
sequence that is about 70% or more, 2.z, about 3056 or more, about ¥0% or more, about 91%
or more, about 82% or more, about 93% or more, about 34% or more, about 95% or mors,
about 96% or more, about 87% or more, about 8% or more, or about 99% or more identical
o any of the mcleotide sequences described heren.

{80401 An embodument of the fnvention provides a method of making any of the AAV
vectors comprising a nucleottde sequence encoding RPGR-ORFIS or a functional fragment
or funcuonal variant thereof described herein, The method may comprise amplifyving the
purine-rich region of RPGR-ORFI3 or a functional variant thereof using genomic DNA as a
template, Amphifying may be carried out by any suiiable method known in the art. For
exaople, the amplifying may be carried out by PCR.  The method may comprise ligating the
purina-rich region 1o a mucleotide sequence encoding exons § 1o 14 of RPGR-URFiSora
fanctional variant theveof. Ligating may be carried out by any suitable method known in the
art {see, e.g., Greene supra). The method may further comprise propagating the vector ina

AL1G-gold bacierial strain.
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{08411 The mventive vectors can be formulated nto 8 composition, such as a
pharwacevtical composition. Tn this regard, the mvention provides a pharmaceutical
compesition comprising any of the vectors described herein, and a pharmaceutically
acceplable carrer. Any soitable carrier can be osed within the context of the inveniion, and
such carriers are well known in the art. The choice of camier will be determined, inpart, by
the particufar site to which the coroposition is to be administerad (e.g., ocular cells, RPE
cells, photoreceptor cells, rods, and cones} and the particular method vsed o administer the
composition. The pharmaceutical composition can optionally be stenile or sterile with the
exception of the ane or more adeno-associated viml VECIoTs,

18042} Suitable formulations for the pharmaceutical composition include agueous and
non-agquecys sohutions, isotonic sterile solutions, which can contain anti-oxidants, baffers,
and bacteriostats, and aguecus and non-agquecus sierile suspensions that can inclade
suspendling agents, sohahilizers, thickening agents, stabilizers, and preservatives. The
formolations can be presented in vnit-dose or multi-dose sealed condainers, such as ampules
and vials, and can be stored in a freeze-dried (yophilized} condition requiring onldy the
addition of the sterile bagud camier, for example, water, immediately prior to use.
Extemporanerus solutions and suspensions can be prepared {ror sterife powders, gramules,
and tablets. Preferably, the carrier is a buffered saline solotion. More preferably, the
pharmaceutical composition for use in the mventive method is formalated to protect the
adenc-associated viral vectors from damage prior o administration.  For example, the
pharmaceutical composition can be formulated to reduce loss of the adenoc-associated viral
vectors on devices used o prepare, store, or adnunister the expression vector, such as
glassware, syringes, or needics. The phammaceutical composition can be formulated to
decrease the light sensitivity and/or temperature sensitivity of the adeno-associated viral
vectors. To this end, the pharmacentical composition preferably comprises a
pharmaceutically acceptable lupuid camier, such as, for example, those desertbed above, and a
stabilizing agent selectad from the group consisting of polysorbate 80, L-argining,
polyvinyipyrrohdone, trehalose, and combinations thereof, Use of such a composition may
extend the shelf life of the vector, faciittate administration, and increase the efficiency of the
mventive method., A pharmaceutical composition also can be fvrmulated to enbance
transduction efficiency of the adeno-associated viral vector. In addition, one of ordinary skl
in the art will appreciate that the pharmacentical composition can comprise other therapeulic

or binlogically-active agents. For example, factors that control inflanunation, such as
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ibuprefen or stercuds, can be part of the phammaceutical composition io reduce swelling and
mflammation associated with i vive administration of the adeno-assooiated viral vectors.
Antibiotics, i.e., microbicides and Rmgicides, can be present to treat existing mfection and/or
reduce the risk of future nfection, such as infection assomated with gene transfer procedures,
EEERY: it is contemplated that the inventive vectors and pharmacentical compositions
{bereipailer referred fo collectively as “inventive AAY vector materiale’” can be used in
methods of treating or preventing XLRP, In this regard, an embodiment of the invention
provides a method of treating or preventing XLRP in a mammal comprising administering to
the mammal any of the inventive AAV vecior materials described herein, in an amount
effective to treat or prevent the XLRP in the mammal.

HEIEEY The terma “treat” and “prevent” as well as words stemming therefrom, as used
herein, do not necessartly tuply 100% or complete treatment or prevention. Rather, there are
varying degrees of {reatment or prevention of which one of ordinary skill in the art recognizes
s having a potential benefit or therapeutic effect. In this respect, the inventive methods can
provide any amount or any level of treatment or prevention of XLRP in a mammal.
Farthermore, the treatment or prevention provided by the inventive method can inchide
fregiment or pravention of one or more conditions, svmptoms, or signs of XLRP, in some
cases, the mventive methods may cure XLREFP. Also, for purposes herein, “prevention” can
encompass delaying the onset of XLRP, or a sympiom, sign, or condition thereof.

10045} For examople, the inventive methods may ameliorate, correct or stop the
progression of any one of more of a toss of photoreceptor structure and/or funciion; thinning
or thickening of the outer nuclear Javer {ONL); thinning or thiskening of the outer plexiform
iayer {OPL); shortening of the rod and cone inner segments; retraction of bipolar cell
dendrites; thinning or thickening of the inner retinal lavers including bmer miclear laver,
funer plexiform layer, ganghion cell layer and nerve fiber layer; opsin mislocalizaiion;
overexpression of nevrofilaments; retinal detachment in a mammal, decrease in the electrical
response of a photoreceptor in a mamipal, loss of electroretinography (BRG) function; loss of
visual acuity and contrast sensitivity) loss of visually guided behavior; decreased peripheral
vision, decreased central vision, decreased night vision, loss of contrast sensitivity, and logs
of color perception.

3046} The inventive methods, veciors and pharmaceutical compositions may provide
any one or mare advantages. For example, the inventive methods, vectors and

pharmaceutical compositions may aprove the health or quality of the retina and may reduce
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or prevent vision impanment.  Accordingly, the inventive methods, vectors and
pharmaceutical composiiions may, advantageously, improve a patient’s ability 1o carry ot
visien-guided activities such as, for examaple, driving an sutomebile and Hving independently.
{0047} it 1s contemplated that the inventive vectors and pharmaceutical compositions can
be used in methods of increasing photorecepior number i a retina of a mammal, In this
regard, an embodiment of the jnvention provides a method of increasing photorecepior
ruraber in 2 retina of & mammal, the method comprising administering to the manunal any of
the nventive AAY vector roaterials described hersin, o an amount effoctive to increase
photoreceptor number 1o the retina of the mammal,

[B45] The mventive vectors and pharmacentical compositions may also be usefud for
mereasing visual acuity in a mammal. In this regard, an embodiment of the invention
provides a method of increasing visual acuity of a moammal, the method comprising
adnunistering to the mamumal any of the inventive AAY vector materials described herein, in
an amount effective {0 incraase visual acuity in the mammal.

{8049} The inventive vectors and pharmaceutical compositions may also be usefud for
decressing retinal detachments in a maromal. Inothes regard, an embodiment of the fnvention
provides a method of decreasing retinal detachment in a mammel, the method comprising
administering to the mammal any of the inventive AAY vecior materials described herein, in
an amount effective o decrease retinal detachinent in the maomal.

[EHESH] The inventive vectors and pharmaceutical corapositions may also be useful for
mecreasing the electrical response of a pholoreceptor in 3 mammal, In this regard, an
embodiment of the invention provides a method of increasing the electrical response of a
photorecepior in @ mammal, the method compnising administering 1o the mammal any of the
mventive AAY vecior materials described herein, in an amount effective to increase the
electrical response of a photoreceptor in the mammal, The photoreceptor may melude, for
example, one or both of rods and cones, The electrical response of a photorceeptor may be
measured by any suitable method known in the art such as, for example, electroretinography
(ERGH.

B33 Axnwther erpbodiypent of the mvention provides a method of increasing expression
of 4 protein 1o a retina of a moammal, The method may comprise administering to the
mamimal any of the wmventive AAY RP2 vectors desceribed herein or s pharmaceutical

composition comprising the vector in an amount offsctive to increass expression of the
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protein n the reting of the mammal. In an embodiment of the invention, the protain is RP2,
come apsin, of cone PIMES.

(6332} Another emvbodiment of the invention provides a method of increasing expression
of a prolein in a reling of a manvmal, the method compnising adminisiering o the mammal
any of the inveniive RPGR vectors described herein or a pbarmaceutical composition
comprising the vecior in an amount effective to increase expression of a protein in the ratina
of the mammal. Io an embodiment of the invention, the protein is RPGR.

HBG53) Anather embadiment of the invention provides a method of localizing & protein io
the rod outer segments in the reting of a mammal. The method may comprise adminisiering
0 the mammal any of the iventive RPGR vectors described herein or a pharnmaceatioal
compasition comprising the vector in an amount effective to localize the protein to the rod
outer segments in the retiva of the mammal. In an erobodument of the invention, the protein
18 vhodopsin or PEAES.

B354} The mventive methods may comprise administering the AAVY vector matenal o
the eye of the mammal, for example, intraccularly, subretinally, or intravireally, Preferably,
the AAY veotor material is administered subwetinally,

{33351 For purposes of the mvention, the amount or dose of the inventive AAY veclor
material administered should be sufficient o ctfect a desired response, e.g., a therapeutic or
prophylactic response, i the mammal over a reasonable time frame. For example, the dose
of the inventive AAY vecior material should be sufficient (o freat or pravent XLRP, increase
photoreceptor number, and/or increase visual acuity, 1 a penod of from about 2 howrs or
longer, e.g., 1210 24 or more howurs, from the time of admimstration. In certain
erebodiments, the time period could be aven longer. The doss will be determined by the
efficacy of the particular inventive AAY vector material and the condition of the mammal
{c.g., human}, a3 well 33 the body weight of the mammal {¢.g., luman) to be treated,

EERSY Many assays for determining an admunistered dose are known in the art. An

& animal

[l

admunistered dose may be determined in vitre {e.g., cell cultures) or in vive {e.
studies). For example, an admindstered dose may be determined by determinng the 1Cs (the
dose that achieves a half-maximal infubition of signs of disease}, D5y (the doss lethal to
50% of the population), the EDq (the dose therapeutically effective in 50% of the
population), and the therapeutc mdex in cell culture, animal studies, or combinations thereof,

The therapeutic index is the ratio of LDsg to EDyy (e, LDso/Elso}.
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180571 The dose of the inventive AAV vector material also may be determined by the
existence, nafure, and extent of any adverse side effects that might accompany the
admimstration of a particolar inventive AAY vector material. Typically, the atiending
physiclan will deaide the dosage of the inventive AAY vecior material with which to treat
sach individual patiend, taking into consideration a variety of factors, such as age, body
waight, general health, diet, sex, inventive AAY vecior material to be admimistered, route of
administration, and the severity of the condition bomg treated. By way of exanmple and not
mtending to hinut the invention, the dose of the fnventive AAY vector material can be about |
x 10% to about 2.5 x 16° vecter genomes (ve) per eve, about | x 10° to about 1 x 107 vestor
genomes {ve) per eve, or about 1 x 10° to about § x 107 vg per eve. In an embodiment of the
invention, the dose of the foventive RP2 vector is about 5 x 10° to about 5 x 10V , about § x
10% 1o about 5 x 10%, or about 5 x 107 to about § x 10° vector genomes {(vg) pereve. In
another embodiment of the invention, the dose of the inventive RPOR-ORF1S vector is about
5x 10% 1o about 5 x 10, about 1 x 10% @ about 5 x 10° vg per eye, proferably about 5 x 168
to about 2 x i vg per eve. A dose of the inventive RPOR-ORF1S vecior of about 1 x 107 Vg
per eye i especially proforred. In another embodiment of the invention, the dose of the
inventive monse RPGR-ORFIS veetor is about | x 10° to about 5 x 108 Vg per oye, preferably
about 3 x 10% vg DPEF 8Ve.

{BOSE] As used herein, the tern “maromal” refers to any mamepal, including, but not
timited to, manunals of the order Rodentia, such as mice and hamsters, and mammals of the
order Logomorpha, such as rabbita. It is preferved that the manupals are from the order
Carpivora, including Felines {cate) and Canines {dogs). 1t i3 more preferred that the
mammals are from the order Artiodactyla, including Bovines {cows) and Bwines {pigs) or of
the order Perssodactyla, including Equines (horses). It is most preferred that the mammals
are of the order Primoates, Ceboids, or Simoids {monkeys) or of the order Anthropoids
{humans and apes), An especially preferred mammal 1s the umean,

[B6H59] The following examples forther ithustrate the mvention but, of course, should not

be construed as o any way funiting its scope.

EXAMPLES 1-6

{8060 The following matorials and methods were employed for Examples §-6;
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Hevge line and husbandry

jaa6is Bpgr-knockout (KO} mice were maintained i National Institutes of Health (NIH)
animal care facilities in controlled ambient tlununation on a 12 hour ) Light/12 hdark
cycle. Stadiss conform io Association for Research in Vision and Opbthalmology (ARV()
statement for the se of Amimals in Ophthalmic and Vision Research. Animal protocols

were approved by National Eye Tostinate (NED Animal Care and Use Committes,
AdY vector construction and production

[862] The purine-rich region of the mouse or human APGR-ORFIS exon was
polymerase chain reaction {PCR}amplified from the genomic DNA of a male U537 mouse or
a healthy adult male donor, respectively, The 37 BMA of exon ORFIS including a Sap [
restriction enzyme siie and the adjacent punne-rich region was PCR smoplified from genomie

DINA of a bealthy adult male donor. Sequences of the primers are as fodlows:

s mRper forward {Fy: SEQ 1D NO: 14
s mBpgrreverse (Ry SEQ ID NG 17
¢ ARPGRE SEQID NO: 18; and

¢  ARFPGR R SEGID MO 19,

16063} PCR was performed with PRIMESTAR HS DNA Polymerase {Clontech
Laboratonies, Inc., Mountain View, €AY The PCR conditions were 94 °C for | munute
followed by 30 cycles at 98 °C for 10 seconds and 72 °C for 80 seconds; followed by 7
minutes of extension at 72 °C and hold at 4 °C. The PCR products were verified by
sequencing (Sequetech Inc., Radwood City, CA) and Bgated to the synthelie upstream exons
to generate a full length humean or mouse RPGR-GRELS cBMNA, Fxons 1 to 14 and 5 part of
exon CORF1LS with the Sap 1 site was synthesized, The PCR-amplified and the synthesized
DNA fragmenis were digesied with Sap ¥ respectively, and then higated to assemble the full-
fength homan RPGR-ORFIS cDMNA (SEQ 1D NGO 3. Mouse full-length Rpgr-ORFIS cDNA
was generated nsing the same strategy.

{h64] ALY type 2 wmverted tenmunal repeats (ITRa) (SEQ 1D NGs: 11 and 12) were wsed
in the AAY vector construction. The RPGR-ORF S expression cassettes included & human
rhodopsin kinase promoter {SEQ 1D NG: 16) (Khard ot al., fnvest. Ophthalmol Vic Seil, 48:
3954.3961 (26071, a chimenc CM Y uenan Begloban intron (SEQ 13 NO: 8), the human
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(SEGQ ID N 3) or mouse RPGR-ORFIE cDNA and a buman PB-globin polyadenylation sile
{(REQ Y NO: 6). The vector plasmids were propagated i a XL10-gold bacterial strain
{Agilent Technologies, Inc., Santa Clara, CAJ.
HEERY! AAY vectors were produced by triple-plasmoid transfection to HEK293 cells, as
desertbed m (Grinum et al, Blood, 102: 2412-2418 (2003}). The buman RPGR-ORFIS AAY
comstruct was packaged into AAVE, while the mouse Rpgr-ORFIS construct was packaged
into both AAVE and AAVY. The vectors were purified by polyethylene glyeol precipitation
followed by cesinm chioride density gradient fractionation, as described io Grirom, supra.
Parified vectors were formulated in 10 oM Tris—HCL, 180 b Nall, pH 7.4, guantified by
real-time PUR using linearized plasmid standards, and stored at —80 °C until use. Infegrity of
the veciors was examined each Hme atter purification by amplifving the purine-rich region of

the RPGR-ORFIS oIDNA,
Subretinal injections

{0D66] AAY vectors were ingected subretinally, as deacribed in Sun et al., Gene Ther,, 17
137-131 {2010) but with some modifications. Briefly, nuce were anesthetized by intra-
penioneal injection of kelamine (80 mpg/ke) and xviazine {8 yog/kg). Pupils were dilated with
topical atropine {19%) and tropicamude {0.5%). Swrgery was performed under an ophibalmic
surgical microscope. A small incision was made through the comea adjacent to the linbas
using 18-gauge needle. A 33-gauge blunt needle fitted to a Hanulion syringe was insertec
through the mcision while avaiding the lens and pushed through the retina. AH injections
were made subretinally in a location within the nasal guadeant of the reting. Each animal
recctved 1l of AAY vector at the concentration of 110 1o 110" veotor genomes per ml.
Treatment vectors were given in the right eve, and controf vehicle was injected in the fellow
eye. Visualization during injection was aided by addition of fluorescein (100 mg /mi AK-
FLUQGR, Alcon, Fort Worth, TX) to the vector suspensions at £.1% by volume. The dose

efficacy studiss were carried out on more than 100 Bpgr-knockout (KO} mice.
Dmmunoblot analysis

671 Mouse retinas were homogenized in radioimmunocprecipiiation assay {RIPA} lysis
buffer containing 1x proteinase inhibitor by brief contecation. The tissue debris was removed
by a brief centritugation. Retinal profein was separated on sedivm dodecyt sulfate (8DS)-

polyacrylanude gel by electrophoresis and transferred to nitroceliulose membranes. After
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pre-adsorption with 3% ponfat dry pulk for 1 b at room temperature, the membrane biots
were eubated overnight at 4% with the primary antibody. The hiots wers then washed with
Tris butfered saling with the TWEEN 20 detergent {TRST: 137 mM Sodium Chloride, 20
mbd Tris, 0.1% Tween-20, pH 7.6}, incubated for | b at room temperature with the secondsry
antibody-horseradish peroxidase conjngated goat anti-rabbit or anti-mouse 1gG (Jackson
{mmunoresearch, Wast Grove, PA), and developed by SUPERBIGNAL West Pico
Chemihomninescent {Thermo Fisher Scientific Inc., Rockford, IL). The primary antibodies
used in this study were) mabbit anti-mouse RPGR-ORFIL3 antibody C100 and rabbit anti-
human RPGR antibody 643, which recognize the C-terminal of the mouse RPGR-ORFIS and
a coromon region of imnan RPGR-ORF1S and REGR™ tsoforms, respactively. Mouse

monocional anti-P-actin antibody (Sigma) was used for loading controls.
Tizsue processing, immunaffuorescence and morphometric analysis

{68} Alfter euthanasia, mouse eyes were harvested., A bloe dye was used to mark the
orientation of the eye before enncleaiion to envare that impwinostaining was performed on
equivalent areas on vector-treated and vehicle-treated eyes. For fixation, eyes wers
immediately placed in 4% paraformaldehyde for T b, The fixed tssues were soaked in 30%
sucroee/PBS overmght, quickly frozen and sectionad at 10-pm thickness using cryostat. An
alternative protocol was used to detect RPGR localization to the connecting cilia, as
described in Hong et al,, Invest. Ophithalmol. Vis, Scil, 44: 2413-2421 (2003). Briefly, eves
were embedded in optumal cutting temperatire compound (OCT) without fixation and quick-
frozen in liquid mifrogen. Cryoscctions were cut at 10 pm and collected on pretreated glass
skides (Superfrost Plus; Fisher Scientific, Pitisburgh, PA}. Sections were stored at ~%0°C and
used within 2 to 3 days, Fuat before use, sections were fixed on slides for 2 min with 1%
tormaldehyde in phosphate-buffered saline {(PBS) at pH 7.0, If sections were stored for
longer than 1 week, an additional treatment was performed in §.1% 2-mercapiomethans! (in
PBS) for 5 mimites {min}, followed by 1% formaldehyde fixation for § muin. Sections were
then washed once in FBS and carrted through to immuncfluorescence staining,

6% For immunofluorescence staining, the cryosections were pre-adsorbed in 5% goat
serum in PB3 containimg 0.1% Triton X-100 (PBST) for 1 k, and then incubated overnight at
4°C m primary antibody diluted in 5% goat serum, as deseribed in Hong et al, Invest,
Ophihalmol. Vis Sci., 44: 2413-2421 {2003}, Sections were washed three times in PBST and

incubated with fhuorochrome-conjugated secondary antibodies and 0.2 pg/mt DAPL (4 5-
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diarnidine-2-phenylindole} for 1 h. Sections were washed again and mounted in
FLUOROMOUNT-G mounding medinm {(SouthernBiotech, Birmingham, ALY Images weare
capiured using 4 fluorescence microscope AXIO IMAGER Z1 or a confocal scanning
microscope LSM70 (Zeiss, Germany).

1673 The primary antthodies inciuded the poly-clonal rabbit anti-human RPGR-ORF15
antibody 636 and rabbit anti-mouse RPGR-ORF1S antibody S1 (Hong et al., Hovess.
Ophthalmol Vis. Sei, 43 3373-3382 (2002}, which recognize the coromon region of RPGR-
CORF1S and RPGRT' isoforms in buman and mouse, respectively. Other primary antibodies
used in this study inchude monoclonal antibody for thodopsin {124, Santa Cruz
Biotechnology, Dallas, TX) and M-cone opsin (Millipore, Billerica, MA). Secondary
antibodies included goat anti-rabbit and anti-eouse antibodies conjugated with ALEXA
FLUOR 555 and 568 dyes {Life Technologies, Grand Isfand, MNY).

07T For morphometric analyses of onter nuclear layver {ONL)} thickness, measurements
were made along the vertical meridian at four locations o each side of the optic nerve head
separated by 300 pm each, Measuwrements began at about 5300 1w from the optic nerve head

itaek
Electrovesinogram (ERG)

{0972 dMice were dark-adapted overnight. Anesthesia and pupil dilation were conducted
as described above. A computer-based system (ESPION E2 slectrorelinography system,
Diagnosys LLO, Lowell, MA)Y was used for ERG recordings jo response to flashes prodaced
with hght-emitting dicde (LED) or Xenon bulks, Corneal ERGs were recorded from both
eyes using gold wire loop electrodes with a drop of 2.5% hypromellose ophthalmic
demulcent solution. A gold wire loop placed in the mouth was used as reference, and 3
ground electrode was on the tail, The ERG protocol consisied of recording dark-adapted
ER{3s using brief flashes of -2 to +3 log sc cd.s.m Vilash, Responses were computear
averaged and recorded at 3 to 60 second (s} mtervals depending upon the stioulus mtensity.
Light-adapted ERGs were recorded sfter 2 min of adaptation o a white 32 cd.m™ rod-
suppressing background. ERGs were recorded for stimulus intensities of -0.52 to +2 log sc

)
cd.san .
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Optical Coherence Tomography {OCT}

EETERY GOT volume scan images were acquired with a spectral domain {812 OCT syatam
{SPECTRALIS system, Heidelberg Enginesring, Carlshad, CA). Mice were anesthetized and
puptls were didated as described sbove. The optic nerve head was centered within ~1.0 nun
diameter fisld of view. Retinal thickness maps were generated by Heidelberg Hye Bxplorer

software,
Staristical analysis

[Hr74) Two-tailed paired t-test was used {0 compare ouicomes in vector-treated versus
vehicle-reated eyes. GRAFHPAD Prism 6 software (GraphPad Software, La Jolla, CA) was

used for statistical analvsis.

HXAMPLE ¥

[8675] This example demonstraies the geperation of mouse and homan BPCR-ORFIS
AAN vectors,

75 AAY vectors carrying either a mouse or a hwoan RPGR-ORF1S expression
cassette were constiucted. Previous efforte to obtain a full-length RPGR-ORFIS oINA using
reverse transcenption PCR had not been successful due io the purine-rich region of the
terominal ORFIS exon. To overcome this problem, regalar PCR was conducted using
genomic EFMNA as a template to amplify the purine-rich region, and then the purine-rich region
was ligated 10 a synthetic BNA fragment encoding the upstream exons. This strategy was
adopied for obtaining both mouse and human RPGR-ORF 13 ¢IMNA, Sequencing of the
complete cBNA was perfornied fo validate the products, A human rhodopsin kinase (RK)
promoter (SEQ [T NO: 10}, which shows rod and cone cell specificity (Khard st al., favest,
Ophithalmol. Vis. Sci., 48: 3954-3961 (2007)), was used to drive RPGR-ORFIS expresaion.
These two vectors were packaged inte AAV type 8 and are hereafter referred to as AAYVS-
mipgr and AAVE-ARPGR, respectively. The mouse RPGR-ORFIS vecior was also
packaged into AAV type 9 (hercafier reforred to AAVI-mBpgr), a serotype that transdaces
cones of non-huan primate sificiently (Vandenberghe et al., PLoS Pre, & ¢53463 (201 i
7T The vector plasmids containing the purine-rich region of RPGRE-ORFS and two
AAV inverted terminal repeats (TTRs) were prone 1o deletions or reattangements when the

plasmud clones were propagated n commonly used bacterial sirains. After extensive testing,
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it was observed that the vector plasmids maniained thetr integrity in X110 Goid cells. PCR
amphfication of the region spanning the repetitive glutamic acid-glycine coding sequence in
the mouse or human APGR-ORF 1S cINNA produced the expected 1.3 kb or 1.6 kb fragroent
in the vecior plasmids and all veotor preparations. The PUR assay did not identify vistble
deletion in roost AAY vector preparations, However, minor deletions were detected in two
vector preparations. The foll-length human RPGR-ORET S vector comprised SEQ ID MO: 13
and encoded the amine acid sequence of SHG 1D NO: 235 (fusctional variant of wild-type
human RPGR). The full-length mouse RPGR-QRFI S vector comprised SHQ 1D NO: 24 and
encoded the amuno acid sequence of SEQ 13 NO: 23 fmouse RPGR).

EXAMPLE 2

HITR] This example demonstrates the AAY vector-mediated expression of RPGR-
ORF135 proteins.

{79 To test whether the vectors of Example | mediate fall-length RPGR-ORF1S
protein expression in mouse reting, imummoblot analyses of the retinal fysates from vector
treated Kpgr-KO mice were performed. Using an andthody against the C-termainus of the
mouse RPGR-ORELS, RPGR protein was identified in the Rpgr-KO retina treated with the
AAVB-mBpgr vector. The retinal lysate from an Rpgr-KO mouse injected subretinally with
1x10° veg AAYVR-mfpgr vector revealed a ~200 kDa protein band corresponding to the fuli
jength RPGR-ORELS protein, which is identical 1o that detectable in a wild-tvpe (WT)
C57/Bl6 mouse retina, This protein was identical 1n size to the wild type {(WT) RPGR
protein, suggesting the ability of the vector o produce a full-length mouse RPGR-ORF15
protem. Similarly, AAVS-ARFPGR vector was able to gonerate the full-length human RPOR-
ORF15 protetn in the Rper-KO retina. The retinal lysate from an Bpge-KO mouse injected
subretinally with 1x10° vg AAVE-ARPGR vector revealed a ~200 ks protein band
corresponding to the full length RPGR-ORF15 protein, identical to that from a commercially
sourced human retinal lysate. No signal was detected in the lane that included 1/10th the
arnount of retinal lysate from the vector-injected eye, revealing the sensitivity limits of the
assay. A sefof lower molecular weight protems in the AAVS-ARFPGR-treated retina were
also detected when an antibody against the epitopes upsiream of the ORF15 exon was
employed. Although the possibility that these shorter proteins were caused by the deletions
n the ORFI5 exon in AAY vector preparations cannot be ruled out, these shorter proteins

could also be altemnatively spliced or C-terminal truncated forms of RPGR-ORFE1S, as
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observed in WT mouse retina (Hong ef al., lnvest, Ophehalmel Vis. Sci 43 3373-3382
{2002}, Shorter proteins bave also been identified in AAV&-mippr-treated Rpgr-KO reting
when an andtbody agaiost the epiiopes opsiream of the ORF1S exon of mouse RPGR was
used.
HEE A RPGE-ORETS protem localizes to the connecting cilia of the photorecaptors in
mouse and other mamunalian species (Hong ot al., Proc. Nadl Acad. Seil, 97: 36493654
2000}, Hong et al,, fnvesr. Ophihaimol Vis. Sci., 44: 2413-2421 (2003}, To test whether the
veelor-expressad mouse and human RPGR-ORF1S also localize to the connecting cilia, 8
brief on-slide fixation of frozen retinal section using 196 formaldehyde instead of the
conventional 4% paraformaldehyde (PFA} fixation was employed for immumofluorescence
assay, since the latter blocke antibody penctration o this region {Hong et al., Invest,
Ophrhalmol Vis Sci, 440 24132423 (2003)). Sumilar to the WT protein, the vector-
expressed RPGR-ORF1S mainly appeared as dots between the inner (IS} and cuter segments
{08} corresponding to the location of the connecting cilia. In addition to (s comnecting cilia
localization, the vector-expressed RPGR-ORY 1S was frequently ohserved at the IS, and
sometimes at the nuclel and the synaptic terminals of the photorecepiors when the
conventional 4% PFA fixation was used. When the modified Oxation method was used,
EPOR mnmunostaining was observed at the conmecting cilia region w both WT and the
ABYVB-mBpgr treated retina. When the regular fixation method was used, RPGR was
unddetectable mn the WT retina, but the staining was observed at the I3, ONL and the synaptic
region in the AAYVS-mRpgr treated retina. This apparent wis-locabization of RPGR-ORETS
aeems to be vector-related as it was also observed in AAV S RPGR vecior-treated canine
vetina {Beltran et al,, Proc. Moyl dead, Sci, 109 2132.2137 (20123 but not in the WT mouse
retina. Without being bound to a particular theory or mechanism, it is belleved that over-
expression of the protein by using a relatively high vector dose (1x10° vector genomas {vgh
and g strong RE promotor may account for this observation, Mo detectable RPGR-ORFIS
expression was observed in other retinal layers owing o the photoreceptor specificity of the
RE promuter. The mouse Rpgr-ORFIS delivered by the AAVY vector expressed the protein
at a sipular level as the AAYS vector when same dose was used, and the protein was targeted

to wdentical subcelluiar focalization.
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EXAMPLE 3

{9081} This example demonstrates the shori-term dose-toxicity profile of the mouse and
human RPGR-ORFI S vectors.

160831 To define the dose range for a long—term efficacy study, a short-term vecior
toxicty study was conducied over a 4-month period. Bight week-old Bper-Ki mice were
unilaterally injected with 1x10" or 1+ 10 v of AAVEARPGR or AAVE-mBpgr vecior per
eye through sub-retinal injection. The fellow cye was used as control by injecting the same
volume of vehicle, Dark- and light-adapied ERG were recorded (o evaluate responses from
rod and cone photoreceptors at 4 months posi-injection (P1) before sacrificing the mice for
mmunotluorescence analyses. Do 1o the slow retinal degensration in the Bper-KO mouse
tine, a therapeutic effect at 4 roonths after vector treatment was not expectod.

j6883] Mo statistically significant difference was observed between the vector and the
vehicle-treated syes in BRG amplitudes of dark-adapted a-, b- and light-adapted h-waves in
mice that recetved 1x10° vg AAVE-ARPGR or AAVE-mBper vector. However, remarkably
fower amplitudes of all thres FRG components were ohserved in eyes receiving 1x16' Vg
vectors, while 1x 107 vg/eye vecior administration did not cause significant ERG change,
mndicating the vector toxicity at the high dose. This chservation was corroborated by
immunoihiorescence analyses of the vector-treated retings. Since the reting sections were

fixed in 4%% PFA hefore feozing

Raibd

ondy the pool of mis-localized recombinant RPGR at 15 was
detected {as explained above}. bore intensive RPGR-ORF15 expression was ohaerved in
1210' v vecior-treated retina, accompanied by a much thinner cuter muclear layer {ONL)
and shorter IS, In contrast, the ONL thickness of the 1x3¢° vg vecior-treated retina did not
reveal marked difference from the vehicle-treated reting. Both the BRG and
immumofluorescence analyses indicate that the dose of 1x10% vg per eye is well tolerated,
while 110" vg 1 toxse 1o the mouse retina. Without being bound 1o a particular theory or
mechanism, it is believed that a combinational effect of overexpressing the RPGR-ORF135
protein, the large amount of AAY capsid protein and vector DNA that exceeds the processing
capacity of the retinal cells might acoount for the toxicity of the high vector dnse. Therefore,

the dose of 1210™ vg per eye was not included in the subsequent long-term efficacy study.



WO 2016/145345 PCT/US2016/022072

EXAMPLE 4

(6684} This example demonsirates the ireatment effect in the Rpgr- KO mice following
gene delivery of mouse Kpgr-(3RFI13,

833851 To test whether the mouse Rpgr-ORFIS cDINA delivered by AAVE or AAVS
vector was efficacious, the veciors were injectad in the subretinal space of 6-8 week-old mice
at doses ranging from 13105 to 1x 10° v per eye, Unilateral vector injection was performed
on sach mouse and the contralateral eye was igected with the vehicle, Due to the slow
progression of retinal degeneration i the Rpg-KO mice (Hong et al., Proc. Natl Acad. Sei.,
G7: 3648-3654 (2000}, Hong et al,, Invest, Ophthalmel Vis. Sci., 46: 435-441 (20053, a
fongitudinal FRG monitoring was performed during the 18month follow-up period. Given
the large varmation in ERG amplitades among individual mice, paired i-test was enmploved
throughout the study to compare the vector- and the vehicle-freated eves. Among sil cohoris,
mice recsiving 3% 10° vg AAVOmRpgr displaved the strongest therapeutic effect in vecior-
treated eyves. Although only a slight iwmprovement was observed in the vector-treated eves at
12 months PY, the therapeutic effect became more pronounced at 18 moonths P1, in which
significantly larger amplitudes were observed for dark-adapied a-wave and light-adapted b-
wave in response o increasing infensinies of flash stimuh. These eyes also displayed
significantly larger dark-adapted b-wave amplitude, which was not asen at 12 months P,
reflecting a betier preservanon of visual signaling to the bipolar cells. In all seven mice that
sarvived 18 month monitoring, each tudbividual antmmal exhibited greater dark-adapted a-, b-
and hight-adapted b- wave amphitudes ehicited from the bighest flash intenaity in the vector-
freated eye, Cohorts receiving other vector doses {1 <107 vglave AAVS-, 1x10% vgleve
AAVE-, or 1= 10 veleye AAVO-mRpgr vector) displayed suboptimal rescus at 1% months Pl
compared with the one recetving 3x10° vg AAVG-mBngr vector,

I0086] Functional rescue of the vector-treated retinas was correlated with their structurml
improvement. Much thicker ONL was observed in 3x 16° vg AAVS-mBpgr treated oyes than
the control eves, as revealed by optical coberence omography (OCT) retinal mmaging at 18
months PL. The increased retinal thickness in the vector-treated eye was observed within a
~1.0 mu’ diameter field of view, excapt for the central area where optic nerve head {ONH}
was located. Subseguent to QCT, immunofiuorescence analyses of treated mouse retina
showed that AAV-mediated RPGR expression spanned roughly half of the cross-section.
Vector-treated eves preserved significantly more rows of phatoreceptors than control eyes,

consistent with the OCT findings. Seven to ten rows of photoreceptors were maintained in a



WO 2016/145345 PCT/US2016/022072

ND
-~3

majority of the vector-treated eyes, compared with four (o six rows i the control evea. The
measurements of OML thickness at 300 um miervals along the vertical {(dorsal-veniral}
meridian on retinal sections further corroborated these findings. The aversge ONL thuckness
at different locations of the vector-treated retinas ranged between 31.7um and 43 Spro, while
it ranged between 19.0 poand 28 3um m the control retinas. The treatment effect appeared
10 be even more proncunced at 24 monthe P in one group of mice receiving x40 o vy
AAVB-mRPIR injection. While the ONL of the control retina alinost disappeared in the
superior portion and only 1o 3 rows of photoreceptors remained in the inferior reting, 6-8
rows of photorecepiors survived in inferior sreas of the veotor-treated retina where RPGR
was expreased.

{87} Opsin mis-localization (because of altered transport/targseting to outer segments} is
detectable in andmal models and in 8 buman carrvier with RPGR nustations. Imumuono-staining
wag perforraed on the 3x30° v AAVS-mBpgr-treated retina at 18 months P1 o assess
whether opsin transport could be correctad by Epgr gene delivery. In the WL retina, M-cone
opsin is found exclusively in the outer segments of cone cells. In the vehicle-treated Rpgr-
KO reting, M-opsin was detected in inmer segments as well as wn the perinuciear and synaptic
regions in addition to the outer segments, Muaore M-opsin was present n photoreceptor inner
segments in the superior retina compared with the inferior retina. Without being bound to 8
particular theory or inechanisny, it is believed that this is probably due to the superior to
inferior gradient of M-opsin expression, This M-opsiu fransport (o ouler segments was
partially rescued i the veclor-treated retina at 18 months PL

[OO8E] Rhodopain localized only to the rod onter segments in WT retina. This mis-
Iocalization was not seen in the RPGR-expressed area in the vector-njected KO retina.
Rhodopsin was additionally observed at the 1S and perinuclears in the vehicle-injecied KO
retina. In the young Rpgr-KO mwouse reting, rhodopsin was appropriately localized: however,
rhodopsin immunostaining was detecied 1o the mner segiments and perinuclear region 1n 20
month-old vehicle-injected Rper-KO retina, Rhodopsin localization was eorrecied in the

areas expressing RPGR-ORFLS in the vector-treated retina of Rpgr-K&O mice.

EXAMPLE S

{BBEY] This example demonstraies the treatment etfect in the Apgr-KO mice following

gene delivery of human RPGR-ORFIS.
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6896} As a potential vector candidate for futore homan trials, AAVEARPGR was tested
for its efficacy in Rpgr-KO mice with four different doses; 3x10°7, 1x10°, 3x 10% and 1210% vg
per eye, Six to 8 week-old mice were injected with the vector subretinally and BERG was
performed at 12 and 18 months PI. Ameong the four dose groups, optimal ouicome was
obasrved in 1#10° vg-treated group. At this dose, the vector-ireated sves displayed
signtficantly higher aroplitudes dark-adapied a-, b-wave and hight-adapted b-wave were
observed in response (o increasing intensitios of Hash stimuli at 18 month Pl indicating the
rescue of retinal fimction in the Kpgr-KO mouse following human RPGR-ORFIS gene
delivery, Al 11 nuce that survived the 18 month montionng period exhibited hagher hight-
adapted b-wave amplitudes in vector-treated eyes; of these, 10 and 9 nuce respectively
dispiaved higher dark-adaptad b-wave and dark-adapted a-wave.

LY Mice receiving 3x 107y g vector demonatrated much lower ERG amplitudes in the
vector-treated eyes than control eyes at 18 month PL; however, this difference was not
statistically significant at 12 month P1 indicating the long-temn toxicity at this dose, The

3x 107 vg and 1107 vg vector-treated aves did not show a differance from: control eyes for
FRG amplitudes. To investigate whether the therapeutic effect was too small to be detectad,
ERG was performed again 6 mouths later when these mice were alost 26 month-old. ERG
improvement was still not observed in the vector-treated eyes in bath dose groups, indicating
that these two vector doses were oo low to achieve functional rescue i the Kper-KiO nuce.
{521 GCT vetinal fmoaging was performed on the Rpegr-KO mice treated with 1x10° Ve
AAVE-ARPGR vector a1 18 mondbs PL Much ducker ONL was observed in the vecior-
treated retinas than the controls, and the thickness of the whole reting in the vector-treated
eyes was greater than the controls within ~1.0 mm’ diameter field of view, By
unmunciluorescence analyses, vectar-ireated retina revealed hRPGR expression in about half
of the area of the cross section. Consistent with the OCT findings, more rows of
photorecepiors were preserved in the vector-trealed retina than in the control and
measurements of ONL thickness across 4 mun of reting along the vertical {dorsal-ventral)
meridian corrohorated these observations, The average ONL thickness at different Jocations
of the vector-ireated retinas ranged between 21.2 pm and 334 o, while vehicle-treated
retinas had ONL between 14.3 pm and 24.1 . Bomunofluorescence analyses of the relina
receiving a lower vector dose (3x10° vg) revealed HRPGR staining in a smaller area;
however, more photoreceptors were preserved in this area compared to the adjacent ragion.

Therefore, preservation of photoreceptors in vector-tranaduced areas was sull achisved in the
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lower dose groups despite the lack of overall functional preservation as evaluated by full-
tield ERG. Rhedopsin was only observed in rod O8 of WT reting, but additional staining
was ohserved af the IS, perimuclear and synaptic termunals in the vehicle-treated Rpgr-KO
retina. This thodopsin mis-localization was not detected in areas with appropriate hRPGR
expression in the vector-treated (1 x 107 vg AAVE-ARPGR) veting, while 1t was apparent

the control retina.

EXAMPLE S

(6693} This example demonstrates the resoue of retinal function and structure following
RPGR-ORFIY gene delivery 1o oldar Rpgr-KO mice,

1941 To assess whether reting with more substantial degeneration would still benefit
from the freatment, 3%10° vg AAVR-mEPGR was subretinally irgected inio 1 vear-nid Kpgr
KO mice. No appreciable ditference was observed between vector- and vehicle-ireated eyes
when tested at 5 months PL However, the ERG rescue became apparent i vector-irsated
eyes at 11 months PL when mice were 23 month-old. OCT hioaging revealed much thicker
ONL m the vector-injected reting than in the vehicle-injected control; this finding was
subsequently confirmed by morphology analyses. Substantially more rows of photoreceptors
were observed in the area with RPGR expression in the vector-injected eve as compared 1o
controf refing. These results suggest that the Rpgr-KO mouse could still respond favorably to

Hpgr gene delivery even when treated at an advanced age with active degeneration in the

reting.
EXAMPLES 7-12
{095 The following materials and methods were ernployed for Examples 7-12:

Generation of the Bp2-KO mouse line and animal fusbandry

[496]  Ap RpZ-KO mouse line was created by crossing an 8p27 " line with a
ubtquitous Cre expressing Hne (CAG ore and Zp3 Cre lime). Al of the mice were maintained
as described in the “mouse line and husbandsy” section of the methods described for

Exarples 1-6 above.
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AV Vector construction and production

FB097] A synthetic buman RF2 cDNA (SEQ 1D NG 1y with Clal and Xbol siles was
cloned in a vector with a rhodopsin kinase promoter (SEQ 1D NG: 10}, a chameric {(5-
#Hobin/CMVy wmivon (SEQ 1D NG 93, and a fglobin poly-4 il (SEQ 1D NO: 73 AAV type
2 inverted termingd repeats (ITRs) {(SEL 1D MOs: 12 and 13) were used in the AAV vector
construction. The left ITR (JTR near the promoter region} (3EQ 1D NG 13) was mutated o
chminate the terminal resolution sife and AAY [ sequence to make it a self-complementary
A AV vestor,

{0981 Triple-plasmid transfection to HEK293 cells was wsed to produce AAY vectors as
described 1o Grimom et al, Blood, 102: 2412-241% (2003). The self-complomentary human
RPZ construct {SEQ 1D NG 14) was packaged into an AAVE capsid {SEG ID NG 53 The
amouryd of virgs was measared by real time PCR using the following primer and fluorescent

abeled probes:

e Forward primer {573 3-GCACCTTCTTGCCACTCCTA (SEQ 1D NG: 203,
s Reverse primer (87-3"):- GACACAGCACCAGGCTAAATCC (SEQ D NOG: 213
and

s Probe {§"-3")- COTCCTCCOTGACCCUGGO {(8EQ 1D NG 223,
Sub-refinal injection

B Subretrnal injoction was performed gs described i Sun ef al., Gene Therapy, 17
117-131 {2010} with some moditications. Mice were angsthetized with an mira-peritoneal
fjection of ketamine {80 mg/kg) and xyvlazine (8 mg/Kg). The pupils were dilated with
topteal atropine {1%:) and tropicamide {0.5%). Proparacaine {0.5%) was usad as topical
anesthesia, Surgery was performed under an oplihalmic surgical microscope. An 18 gauge
bypodermic nesdle was used to make a small incision in the corpea adjacent to the hmbus, A
33 gauge blunt needle fitted to a Hanulton syringe was inserted through the incision while
aveiding the lens and pushed through the retina. A 1 pl of sample containing either
therapeutic vector or a saline solution was delivered subretinally. Therapeutic vectors were
miven m the right eye and vehicle was given in the fellow gye. Visualization during injection
was aided by addition of fluorescein (100 myg/ml AK-FLUOR {{huorescein injection, UST),

Aleon, Fort Worth, TX, LIBA} to the vector suspensiona at §.1% by volume.
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ERG

i) ERGs were performed using BSPIONE £2 clectroretinography system. Mice
wore dark adapted overnight. Pupils were dilated with {opical atropine (1%} and tropicamide
{0.59%). The mice were anesthetized with an inira-peritonaal injection of ketamine {80
mg/fog) and xvlazine (8 mg/Kg) Al the above procedures were done inn dim red light.
PRGs were recorded from both eves using gold wire loops with 0.5% proparacaine topical
anesthesia and a drop of 2% methyleeilulose for comneal hyvdration. A gold wire loop placed
iy the month was used as reference, and 8 ground elcctrode was placed on the tail. Dark-
adapted BRG was done m the dark with brief white flagh tnfensity ranging from ~4 log od-
s/ {0 +3 log cd-s/m”. Light-adapied ERG was recorded after light adaptation of 2 min with
white hight. BRG recording was done with brief white fash intensity ranging from -0.33 log
ed-a/m® to +2 teg cd-sin with 8 background whate light of 20 i/ intensity, The flicker
response was taken with 10 Hz light flicks, For recording M and S-opsin mediated ERG
respanse, the mice were first Hght adapted for 2 minotes in a grean light with 20 o/m” Hght
intensity, ERG was recorded by aliernating green and ultraviolet {UV) flash with intensity
ranging from -0.52 to+7 log ed-s/m” for green flash and -4 1o -0.52 Jog cd-s/m” for UV flash
with a background green illumination of 20 ed/m”. BRG was recorded from #p2-K0 mice

freated with different vector doses and hHittermate wild type mice.
Determination of visual acuity

{9181} Yisgal gcuity of the mice was detarmined by an optokinetic test in an optokinetic
reflex {OKR) arcna developed by Cerebral Mechanies following the protocol desenibed in
Douglas et s, Vis. Newrosci, 22 677-684 (2005) and Prusky et al, Invest. Ophehalmol Vis,
Sei, 45: 46114616 {2004). Briefly, the mouse was placed in the center of a closed OKR
arena surrounded by four computer screens and a camera on op o monitor the movernent of
the animal, The computer screens created a virtual image of a rotating drom with sing waves
grating in a 3¢ confirmation. The tracking of the gratings by the mouse was scored by s
head and neck movement. The spatial frequency of the grating was controlled and monitored
by OPTOMOTRY software (Version 14). The maxiomum spatial frequency in a 100%
background contrast which generated a tracking movement by the animal was recorded for

gach eye.
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fnununoblotiing

{1073} Whole retinal tysate was prepared in RIPA buffer with protease mhibitor cocktail
by sonication. The lysate was cleared by centrifugation, and the protein was estimaied using
Bradford reagent. Approximately 20 ug of protein was used 1o every lane of 109 denaturing
protein gel {BioRad, Hercoles, CA} Inununoblotting was performed by a standand procedure
using the primary antibody against human RP2 and Bactin. The proteins were visualized

with peroxidase-conjugated secondary antibody with sppropriate reagents.
Impnunchistochemistry

183 For immunohisiochemisiry, mice were euthanized and eves were enucleated. The
eves were fixed in 4% PFA solution for 1-2 hours, passed through a series of sucrose solution
for cryo-profection, and were {lash frozen in OCT solution. A series of retinal sections
having a thickness of 12 wm was cut through the eves in a superior-inferior pole orientation
by cryeatat, The sections were stained with specific antibody (M & 3 cone opsin, rhodopsin,
PNA, RP2) using the protocol described below. Briefly, sections were blocked in 3% goat
serum in PBS containing 0.1% Trton X-100 (FBST) for 1 b, followed by wncubation in
primary antibodies diluted in 2% goat serum at 4 °C overnight. 3ections were washed three
tirnes 1o PBST and incubated with fluorochrome-conjugated secondary antibodies and 4.2
pgiml DAPL for L h. Sections were washed again with PBS and mounted in
FLUOROMOUNT-G mounting medium (SouthernBiotech, Bivmingham, Alabama).
Sections were visualized, and images were capiured on g confocal scanning mucroscope
LEMT00 (Feise, Gerpany}.

3144] To prepare a {lat mount, reting emucleated eyes from cuthanized mice were first
mcubated in chilled PBE sobution for 15 minutes over e, Alierwards, eyeballs were then
aqueered gently several times to detach the retina. The eyeballs were then fixed 1p 4% PFA
for T hour, and the retina was separated from other parts of eye, washed in PBS containing
0.1% Triton, blocked in 5% goat serum in PBRET for 4 hes, followed by meubation in primary
anttbodies dituted in 2% goat serum at 4°C overnight. The retina was again washed 3 times
{2 for 45 puns each and 1 for | ) in PBST, and incubated with fluorechrome-conjugated
secondary antibodies for 4 hrs, The sections were again washed in PBST as described above

and moented in FLUSROMOUNT-O mounting madivm {SouthernBiotech, Birmingham,
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Alabama) with the photoreceptor layers facing up. Images were captured on a confocal

scamung wicroscope LSMT0{( {Zeiss, Germany).
Statistical analysis

{B105) Two-tailed paired and unpaired t-lest was used to compare oulcomes in veetor-
treated versus vehicle-treated eyes, GRAPHPAD Priam 6 software {UraphPad Software, La

Folla, CA)Y was used for statistical analysis.

EXAMPLE 7

(61861 This example demonstrates that 2 Bp2-KO mouse exbibits a progressive
degeneration of cone photorecepiors.

11671 An Bp2-KO mouse mode] was generated by crossing Rp2 ™™ mice with sither a
CAG Cre transgenic mouse Hne as reported in Vi ef al., fnvest, Oplehalmol Vis Sci., 54
4503-4511 (201 or a ZP3 Cre mouse line. In ZP3-Cre line, Cre is expressed specifically
oocvies. Although Cre is ubiquitously expressed in CAG-Cre line, Cre expression on ifs own
does not affect retinal function, as shown in Li et al., Invest. Ophthalmol Vis. Sei., 54 4503-
4511 (2013). Addition of CAG-Cre transgene even in the Bp2-KO lne bas no further impact
of the retina. RP2 exon 2 was deleted in the resulting RpZ-KO mouse e, and 1'10 RP2
protein was deteciable in the retina and other fissues {14 et al., fnvest. Ophthalmel Vis. Sci.,
S4: 4503-4511 (20133). To evaluate the progression of retinal degeneration in this model, a
jarge cohert of the mice was monitored along with their wild-type (W1} httermates by
slectroretinogram (ERG) during an 18-month peried.  Amplitude of dark-adapted a-wave is
mainly contributed by rods. Though cone-derived a-wave ia relatively small under Light-
adapted conditions, b-wave s produced by the inner retina neurons and reflects the activity of
cone systern. Therefore, dark-adapted a-wave and light-adapted b-wave were used 1o
represent rod and cone functions, respectively. Consistent with previous observations (Li et
al., mvest. Ophthalmel Vis. Sci., 54: 4503-4511 (2013}, Zhang st al., FASER 7, 25: 932-942
{2014}, the Rp2-KO mice exhibited significantly reduced amplitudes of dark-adapted a-wave
and hight-adapted b-wave through the entire duration of the experiments. The stimulus
intensities for dark- and light-adapted ERGs were —4 010 3.0 and ~1.0 10 2.0 log ed s/
respectively. This ERG amplitude reduction happened even as carly as | month of age ina
small group of monitiored mice, indicating functional vupairment of both rods and cones at ap

early age. However, measurernent of the ratio of KO o W for ERG arplitudes revealed
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distinct dynarmics between rod and cone functions in the KO mice over the 1%-month period.
The dark-adapted a~wave amplitude of KO relative to that of WT remained stable after 4
months of age without additional reduction, wheress the KO to WT ratio of light-adapted b-
wave amplitude contimucualy declined at s nearly constant rate between 4 and 18 months, As
a result, about 78% of rod ERG amplitnde was preserved at 18 months compared with only
33% of cone ERG amplitude, demonstrating a more severs impairment of cone function in
the KO mice. Additionally, the relatively mild impairment in rod fonction did not
significantly impact the inner retina function since no difference was observed between KO
and WT mwice for dark-adapted b-wave with dim fash intensity. The progressive worsening
of cone function in the KO reting was also reflected by the pronounced reduction in the
fhicker response,

{B148] A significant alteration in light-adapied b-wave kinetics was observed in Rp2-KO
mice when conipared with their WT littermates, consistent with the findings in Zhang ot al.,
FASEB J.,289: 932-842 (2014}, To assess the response kinetics, the time it took the b-wave o
rise to 50% of tis peak amplitude (Tsp el the time it took o reach the prak amplitude {T .,
same as mplicit time} and the time to B3l from the peak to 50% of the peal amplitude (T
decay) were measured. The 4-month-0ld KO mice displaved significantly longer tiree course
i alf three measurements than their W littermates. In particular, the kinetics of the b-wave
fatling phase was distinctly slower in KO mice compared with WT, as reflected by much
longer Tee decay dme (40,1 = 1.6 ms in WT versus 5.8 = 5.5 ms in KO, mean + SEMY, This
alteration ip kinetics began early, as longer T and Ty decay were already observed in 1-
month-old KO mice. The kineties difference between KO and W7 mice appearad to be
gpecitic to the cone systens, as no such change was observed in dark-adapted b-wave under
fow flash stomutus intensity, which reflects the function of pure rod aystem.

16149 Consisient with the cone-mediated ERG findings, very few M- or S-cone
photoreceptors were observed at 18 months of age compared with the WT reting, indicating »
severe cone degeneration in the Rp2-K O retina. fu contrast, no detectable change ju the
thickness of the rod-dominant photoreceptor layer was seen during the | 8-mouth period. In
addition, distribution of thodopsin in the 8p2-XO mice rernained the same as the WT mouse,
with rhodopsin mainly being detected at the O3, its natural localization. The thickness of
rod-dominant photoreceptor layer was not significantly altered even in the | $-month-old KO
retina. The relatively mild rod dysfunction in the KO mice is likely caused by somewhat

disorganized OS as revealed by ultrastructural analysis (Li et al, Fovese Ophithalmol. Vis
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Sei, 840 4503-4511 (2013)). Rod disorganization was not caphured by hight microscopy

analyses,

EXAMPLE &

LRI This exaraple demonstrates that an AAVS vector carrying buman RP2 cDNA
mediates stable RPZ expression in mouse pholoreceptors,

TS To develop gene therapy for RP2-assoctated retinal deganeration, an AAV vector
carrying & uman RP2 expression cassette was designed and constrocted. The vector {SEQ
ID MNO: 14) was composed of a photoreceptor-specific human rhadopsin kinase (RK)
promoter (SEQ 113 NG: 16}, a CMVY and homan B-globin hybeid intron (SEQID NG: 9), a
human 22 cDMA (SEQ D NG: 1), and the lnanan B-globin polvadenylation site (SEQ 1B
MNO: 7Y, flanked by two imverted terminal repeats (TTRs) from AAYV serotype 2 (AAV2) (SEQ
T3 NGs: 12 and 13). The RK promoter hias been shown 1o be able to drive cell-specific
transgene expression w both rods and cones in mice (Khani et al., fnvest. Oplithadmol. Vis.
Sei., 48: 3954-3961 2007 The length of this human P2 expression cassetfe was smaller
than 2 kilo-hasepairs (kb3, a size that fit well with a self-complementary (sc} AAY vegior that
is capable of mediating sarkier onsat and more efficient fransgene expression than a
conventional single-stranded {38} vector. To conatruct 8 sc vector, one WT ITR was replaced
with a mutant FTR i which the terminal resclution sile and the AAY I sequence were
deleted. The vector was packaged tnto AAVE {SEQ 1D NO: 3}, 2 serotype that transduces
photoreceptors of mouse and non-human primate very efficiently, and was designated as
AAVS-seREARRPI vector (SEQ 1D NG: 14), encoding the amino acid sequence of SEG 1D
NG 2 (human RP2},

{0112 To test whether the vector mediates human RPZ expression, the vector was
injected subreuinally into RP2-KO mice, and the retinal extracts were subjecied to
immmumnohlot analyses 4 weeks later with a polycional antibody recogmzing both mouse and
mnan BP2 proteins. While the vehicle-treated retina did not reveal any RPZ-specific band,
the vector-ireated reting exhibited a band a1 the expected molecular weight of ~40 kila,
identical to that of the human retinal lysate, indicating the vector’s ability to express hurpan
RP2 protein. The endogenous mouse RP2 protein in the WT retina migrated slighily faster
than the human counterpart. Without being bound fo a particalar theory or mechanism, it 15
believed that because mouse and human RP2 proteins condain similar mumbers of amine acid

residues (2.3 (350 a.a. for lnoman BP2 and 347 a.a. for mouse RP2), this electrophoretic
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mobility difference might reflect the different anuno acid compositions and/or post-
trapsiational modifications of the two proteins,

18113 Iromunefluorescencs analvsis was performed to exannne the cellular and
subcellular localization of the vector-expressed RP2 protein in the retina, Hodogenous mouss
RP2 protein was detected in multiple layers in WT rotina, inchading the IS, outer and inner
plexiform layers (OPL and IPL), which was not seen in the Rp2-KO reting. The vecior-
expressed buman RPZ protein was primarily localized at the 19 and nuclei of photoreceptaors,
but was not observed n any other layers of the retina, Without being bound to a particular
theory or mechanism, it is believed that this is probably due 1o the specificity of the RE
prosnoter and the inaccessibility of the vector to the inper retinal layers following subretinal
administration. The vector-mediated RP2 expression was sustained throughout the entire 18-
month study period without detectable loss. No expression of RP2 protein was detected in

Rp-KO miee ingected with vehicle,

EXAMPLE S

{8114] This example demonsirates that RPZ gene delivery with a wide dose range rescues
cone function in BpZ-KO mice,

1151 To test the treatment effect of the AAVE-scRE-ARPE vector, 4 to 6 week-old Rp2-
KO mice were administered subretinally with the vector at three doses: 1x10%, 3x10% and
1210 vestor genomes (vg) per eve. The mice received umilateral vector mjections, with the
contralateral eves receiving vehicle injections as controls. & longitudinal BRG monitoring
was performed antl the mace reached 18 months of age. Given the large variation in ERG
aroplitudes among individual mice, paired t-test was employed throughout the study o
compare the vector- and the vehicle-treated eyves. Cone fimetion rescue was achieved in the
1210% and the 3x10° vg/eye dose groups as reflected by the significantly higher light-adapted
ERG b-wave amplitude in vector-treated eves as compared (o vehicle-injected feliow eyes.
This therapeutic effect was observed as early a3 at 4 months of age, the earlisst time point of
examination, and i lasted through the entire duration of the study period. Almost 75% (71
8%} of photopic b-wave amphitude was preservad in vector-ireated eyes at 18 months in
contrast to only ~28% remaiing o the control eves, In addition to preservation of light-
adapted b-wave amphitude, the treatment completely corrected the alteration of b-wave
kinetics in the KO retina, as revealed by nearly normal Ty rise, Thax 88d Ts decay measure

in the vector-treated eyes of 4-month-old mice. The 1 » 10 vg/eye vector treatment appearsd
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not 1o be toxic to rods, as no sigiificant difference was observed between vector- and vehicle-
ireated eyes in rod ERG response (dark-adapted a-wave) during the 1 8ymounth study period.
Similarly, 3 x ik vgfeye vecior treatment had no obvious effect on rods in general, although
shighily tower dark-adapted response was observed at certain time points. The lack of effect
on rods may he explained by early onset {(within | month of age and before vector
administration, data not shown), through slower progression of funetional impament in rods
of Rp2-KO mice.

H3115] The effectiveness of 1x19° and 3x10° ve/eve vector reatment prompled
exploration into whether a lower dose could still be functional. Therefore, the vector was
administered to one group of muce at a dose of §x 107 vg/leye, and the freated mice wers
examined by BRG at 6.5 and 18 months of age. Significantly higher ight-adapted b-wave
amplitude was chserved in the vecior-treated eyes as compared o the control eves, mdicating
the vector’s potency at this low dose. The cone funciion rescus was not biased toward M- or
S-cones, since the vector-treated eyes displayved comparable preservation of M- and S-cone-
driven ERG responses,

117 To determine if #P2 gene delivery could result in a hetter visual acuity, mice
treated with 1x10° v or 3= 10" vg vector were subjected to an aptokinstic test under photopic
condifions at 19 months of age. Although lower than WT controls, the visual acuily of the
vector-treated eves was significantly higher than that of the vehicle-treated eyes, mdicating

an improvement in cong-mediated visual behavior in #PZ2-KG mice by the treatment,

EXAMPLE IO

{8118] This example demonstrates that P2 gene delivery with a wide dose range rescues
cone function 1 Bpl-KO mice.

18119} M-opsin localized to O8 in WT cones but was found mis-localized to I3, peni-
miclet, and sypaptic terminals in vehicle-treated Rp2-KO cones, consistent with previous
findings (Li et al,, Invest. Ophthalmel Vis. Sci., 34: 4503-4511 {2013}). In addition, the
sumber of M-cones in vehicle-treated KO retina appeared to be reduced at 6.5 months of age
compared to WT reting, indicating substantial cone degeneration. However, in vector
treated-reting, the M-opsin mis-localizagion was alleviated, and more M-cone cells were
preserved, Normal subcellular localization of M-opsin was observed 1 vector-treated reting,
suggesting that the treatment either prevented or reversed M-cone mus-trafficking. Similarly,

more S-cones were observed in vector-treated reting, although no detectable S-opsin mis-
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locabization was seen in either vehicle or vector-ireated KO eves. Consistent with the
findings of Zhang ot al,, FASER 7, 29{3}:932-42 (2015), cone PDES expression were almost
undetectable in the outer segioents of vehicle-treated Rp2-KO reting, whereas vector-ireated
vetina reiained near normal expression of the protein i the cuter-segrments. Localizations of
fwo rod-specific proteins, vhodopsin and PDE6], were also examined. These two proteins
were mainty localized at the OS of photoreceptors in WT reting, and their expression oy
localization in KO retina was not afiscted by vector treatment.

HE26] Cons rescue was more pronounced in the treated eyes at the final 18-roonth time
point, as revealed by a significantly higher number of peanut agglutinin (PMNAY-stained cells
in both superior and inferior reting compared with those of the control eyes.
Immunofluorescence analyses of both retinal whole-mounis and sections revealed
significantly higher number of M- and S-cones in vector-troated KO retina than the vehicle-

ireated retina.

EXAMPLE 1

LIy This exaiople demonstrates that late RP2 gene delivery maintains cone funciion
and viability in KpZ-KO mice.

8122} Impairment of cone function starts before T-month of age in the 8p2-KO mouse
maodel (Example 7; Li et al., fwvest. Oplthalmol Vis Sci., 540 4503-4511 (2013}, To assess
whether Rp2-Ki{ mice with more sdvanced cone dysfuncuon would sull benefit from the
ireatment, the vecior was administered to 10-month ofd Fp2-KO nuce at a dose of 371 o
v/eve, and their retinal fRmction and structore was examined when they reached 18-movth of
age. The vector-treated eyes displayed sigmificantly higher light-adapted b-wave amplitude
than vehicle-treated eyes as compared to vehicle-treated cyes, although no difference was
seen in rod ERG. Consistent with this, substantial M- and S-opsin and cone PDEG-

expressing cells were observed in the vector-ireated reting, jn conirast to the vehicle-treated

refina.
EXAMPLE 12
{8123] This example demonstrates an effective dosage of the RPZ vector for use 1o Kp-
KO mice.
{3124] Yeetor doses ranging from 5% 107 1o 3x 10" vgleye were found to be efficacious in

rescuing the function and viability of cone photoreceptors in Bp2-KO mice, as deseribed
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ahove. These doses did not seern to affect rod function during the 18-month study period,
aithough shight reductons were seen at 8 and 12 months mn the 3210° vy dose group. Most
toxicity was confined {o the dark-sdapted HRG responase, indicating transient toxicity of the
vector at this dose towards rods. However, cone function was significantly improved at the
dose of 3x10% v, T coutrast, mice that received the dose of 1x10° vg/eye oxhubited
significantly impaired rod function at all the time points of ERG examination (4 months, 8
months, and 18 montha), as reflected by remarkably reduced amplitudes of dark-adapted a-
and b-waves, Although this dose preserved cone function at 4 and 3 months, tus reatment
henetit eveniually diminished at 18 months, Without being bound to a particular theory or
mechanismg, it is believed that this is probably due to secondary cone cell death caused by
eventual loss of rods. Tmununotivorescence analysis of retinal sections at the final I3-month
time point revealed much thinper or even diminished outer nuclear layer at voultiple regions
fu the 1x10° ve-freated eye, in contrast o no obvious changes in the 1x 108 vg-treated eye.

. 4 N . s
Therefors, the dose of 1x10° veleye was toxic to the retina,

{B825] All references, inchiding publications, patent applications, and patents, cited
herein are hereby incorporated by reference 1o the same extent as if each reference were
individually and specifically indicated to be incorporated by veference and were set forth in
its enfirety herein,

{6126] The use of the terms “a” and “an” and “ithe” and “at least one” and sumalar
referents in the context of describing the invention {especially in the context of the following
claims) are o be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The use of the term “at least one”
followad by a hst of one or more items {for example, “at least one of A and B} is to be
construed to mean one item selected from the Hated items {A or B or any combination of two
or more of the lsted e (A and B), unless otherwise indicated berein or clearly

contradicted by context. The terms “comprising,” “baving,” “inchuding.” and “contaming”

o

are to be construed as open-ended terms {i.e., meaning “juchuding, but not limited t0,”} unless
otherwise noted. Recitation of ranges of values herein are merely intended o serve as a
shorthand method of referring individually to each separate value falling within the range,
unless otherwise fndicated herein, and each separate value 1s incorporated into the
specification as if it were individually reciled herein. Al methods described herein can be

performed i any suitsble order unless otherwise indicated herain or otherwise clearly
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contradicted by context. The use of any and all examples, or exemplary language (e.g., “such
as”) provided herein, is intended merely to better illuminate the invention and does not pose a
limitation on the scope of the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the
practice of the invention.

[0100] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or
otherwise clearly contradicted by context.

[0101] This invention was made with Government support under project number

1ZIAEY 000443 by the National Institutes of Health, National Eye Institute. The Government

has certain rights in this invention.
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CLAIM(S):

1. An adeno-associated virus (AAV) vector comprising a nucleic acid comprising the
following components:

(a) a nucleotide sequence encoding RP2 or a functional fragment thereof;

(b) afirst AAV2 Inverted Terminal Repeat (ITR) or a functional fragment thereof, and
a second ITR or a functional fragment thereof;

(c) a human B-globin polyadenylation signal or a functional fragment thereof;

(d) a cytomegalovirus (CMV)/human B-globin intron; and

(e) a human rhodopsin kinase promoter comprising the nucleotide sequence of SEQ ID
NO: 10; wherein the nucleotide sequence encoding RP2 or functional fragment thereof is under
the transcriptional control of the rhodopsin kinase promoter; and

wherein the components of the vector are 5’ to 3’ in the following order: the first ITR
or a functional fragment thereof, the human rhodopsin kinase promoter, the CMV/human p-
globin intron, the nucleotide sequence encoding RP2 or a functional fragment thereof, the
human B-globin polyadenylation signal or a functional fragment thereof, and the second ITR or

a functional fragment thereof.

2. The vector according to claim 1, wherein the vector is self-complementary.

3. The vector according to claim 1 or 2, comprising the nucleotide sequence of SEQ ID

NO: 14.

4. The vector according to any one of claims 1-3, wherein the vector is an AAVS or

AAVO vector.

5. A pharmaceutical composition comprising the vector of any one of claims 1-4,

further comprising a pharmaceutically acceptable carrier.

6. A method of treating or preventing X-linked retinitis pigmentosa (XLRP) in a
mammal in need thereof, the method comprising administering to the mammal the vector of any
one of claims 1-4 or the pharmaceutical composition of claim 5 in an amount effective to treat

or prevent XLRP in the mammal.
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7. A method of increasing photoreceptor number in a retina of a mammal, the method
comprising administering to the mammal the vector of any one of claims 1-4 or the
pharmaceutical composition of claim 5 in an amount effective to increase photoreceptor number

in the retina of the mammal.

8. A method of increasing visual acuity of a mammal, the method comprising
administering to the mammal the vector of any one of claims 1-4 or the pharmaceutical

composition of claim 5 in an amount effective to increase visual acuity in the mammal.

9. A method of decreasing retinal detachment in a mammal, the method comprising
administering to the mammal the vector of any one of claims 1-4 or the pharmaceutical

composition of claim 5 in an amount effective to decrease retinal detachment in the mammal.

10. A method of increasing the electrical response of a photoreceptor in a mammal, the
method comprising administering to the mammal the vector of any one of claims 1-4 or the
pharmaceutical composition of claim 5 in an amount effective to increase the electrical

response of the photoreceptor in the mammal.

11. A method of increasing expression of a protein in a retina of a mammal, the method
comprising administering to the mammal the vector of any one of claims 1-4 or a
pharmaceutical composition comprising the vector in an amount effective to increase
expression of the protein in the retina of the mammal, wherein the protein is RP2, cone opsin,

or cone PDE®6.

12. The method of any one of claims 6-11, comprising administering the vector
comprising the nucleotide sequence encoding RP2 at a dose of about 5 x 10° to about 5 x 102

vector genomes (vg) per eye.
13. The method of any one of claims 6-12, wherein the mammal is a human.
14. Use of the vector of any one of claims 1-4 or the pharmaceutical composition of

claim 5 in the manufacture of a medicament for the treatment or prevention of X-linked retinitis

pigmentosa (XLRP) in a mammal.
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15. Use of the vector of any one of claims 1-4 or the pharmaceutical composition of
claim 5 in the manufacture of a medicament for the increase of the number of photoreceptors in

a retina of a mammal.

16. Use of the vector of any one of claims 1-4 or the pharmaceutical composition of

claim 5 in the manufacture of a medicament for the increase of visual acuity of a mammal.

17. Use of the vector of any one of claims 1-4 or the pharmaceutical composition of
claim 5 in the manufacture of a medicament for the decrease of retinal detachment in a

mammal,

18. Use of the vector of any one of claims 1-4 or the pharmaceutical composition of
claim 5 in the manufacture of a medicament for the increase of the electrical response of a

photoreceptor in a mammal.

19. Use of the vector of any one of claims 1-4 or a pharmaceutical composition
comprising the vector in the manufacture of a medicament for the increase of the expression of

a protein in a retina of a mammal, wherein the protein is RP2, cone opsin, or cone PDE6.

20. The use of any one of claims 14-19, comprising the use of the nucleotide sequence

encoding RP2 at a dose of about 5 x 10° to about 5 x 10'2 vector genomes (vg) per eye.
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