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DESCRIPTION

Description

TECHNICAL FIELD

[0001] The invention relates to methods for treating a human subject who has X-linked
Retinitis Pigmentosa (XLRP) or another ophthalmological condition due to a loss-of-function
mutation in the gene encoding the retinitis pigmentosa GTPase regulator (RPGR) protein, the
method comprising administering to the subject a nucleic acid comprising an adeno-associated
viral vector comprising an abbreviated human RPGR cDNA.

BACKGROUND

[0002] Retinitis pigmentosa (RP) is a leading form of inherited blindness in humans. Of the
three general modes of inheritance (autosomal dominant, autosomal recessive, and X-linked),
X-linked RP (XLRP) is associated with a severe form of disease involving both rod and cone
photoreceptors as primary targets (Berson 1993; Sandberg and others 2007). Over 70% of X-
linked RP and 10% - 20% of all RP cases are caused by mutations in the gene encoding RPGR
(Bader and others 2003; Branham and others 2012; Churchill and others; Pelletier and others
2007). Given that mutations in well over 100 genes are currently known to cause RP and the
greater severity of X-linked disease, RPGR is one of the most important RP disease genes.

[0003] WO2014011210 describes methods of ameliorating vision loss and other conditions
associated with retinitis pigmentosa and x- linked retinitis pigmentosa in a subj ect.

[0004] WO0177380 describes methods for diagnosing a disease or a predisposition to disease
by genotyping a RPGR gene from an individual and identifying the presence of one or more
disease causing mutation(s).

[0005] WOO0138578 describes methods for identifying dogs which have X-linked progressive
retinal atrophy (XLPRA) by testing a biological sample with genetic markers which co-
segregate with a XLPRA gene locus.

[0006] Pawlyk et al. (2016) describes photoreceptor rescue by an abbreviated human RPGR
gene in a murine model of X-linked retinitis pigmentosa.

[0007] Hong et al (2000) describes a single abbreviated RPGR-ORF15 variant reconstitutes
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RPGR function in vivo.

[0008] Human retinitis pigmentosa GTPase regulator (RPGR)-ORF15 gene (SEQ ID: 5) is
given in Geneseq Accession No. BCK76671.

[0009] Human retinitis pigmentosa GTPase regulator (RPGR)-ORF15 protein (SEQ: 6) is given
in Geneseq, Accession No. BCK76672.

SUMMARY

[0010] The present invention is based on the discovery of an abbreviated form of human
RPGR that successfully recreates functional RPGR activity, and thus includes nucleic acids for
use in methods for treating subjects who have RP caused by mutations in RPGR. Subjects who
can be treated include those who have loss of visual function (e.g., impaired response on
electroretinographic (ERG) testing), but retain some photoreceptor cells as determined by
optical coherence tomography (OCT).

[0011] The invention is defined by the claims. In particular, the invention provides a nucleic
acid encoding an abbreviated human RPGR protein, wherein the abbreviated human RPGR
protein is at least 95% identical to the full length of SEQ ID NO:2.

[0012] Also provided is:
a viral vector comprising the nucleic acid of the invention;
an isolated host cell comprising the viral vector of the invention;

a nucleic acid of the invention, for use in treating a human subject who has X-linked Retinitis
Pigmentosa (XLRP) or another ophthalmological condition due to a loss-of-function mutation in
the gene encoding the retinitis pigmentosa GTPase regulator (RPGR) protein;

a viral vector of the invention, for use in treating a human subject who has X-linked Retinitis
Pigmentosa (XLRP) or another ophthalmological condition due to a loss-of-function mutation in
the gene encoding the retinitis pigmentosa GTPase regulator (RPGR) protein; and

an adeno-associated viral vector comprising a nucleic acid encoding an abbreviated human
RPGR protein, wherein the abbreviated human RPGR protein is at least 95% identical to the
full length of SEQ ID NO:2, for use in treating a human subject who has X-linked Retinitis
Pigmentosa (XLRP) or another ophthalmological condition due to a loss-of-function mutation in
the gene encoding the retinitis pigmentosa GTPase regulator (RPGR) protein.

Aspects of the disclosure
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[0013] Also disclosed are methods for treating a human subject who has XLRP or another
clinically-defined ophthalmological condition due to a loss-of-function mutation in the gene
encoding the retinitis pigmentosa GTPase regulator (RPGR) protein. The methods include
administering to the subject a nucleic acid comprising an adeno-associated viral vector
comprising an abbreviated human RPGR cDNA, wherein the abbreviated human RPGR cDNA
encodes a protein that is at least 80% identical to the full length of SEQ ID NO:2, optionally with
a deletion of up to a total of 200 additional amino acids in the region surrounding the deleted
region in SEQ ID NO:2 (i.e., between amino acids 861 and 862 of SEQ ID NO:2).

[0014] In some aspect, the RPGR cDNA is under the control of a human rhodopsin kinase
(hRK) promoter, e.g., an hRK promoter that comprises or consists essentially SEQ ID NO:5.

[0015] In some aspects, the adeno-associated viral vector is AAV-2, serotype-8 (AAV2/8) or
AAV-8.

[0016] In some aspects, the RPGR cDNA comprises or consists essentially of a sequence that
is at least 80% identical to SEQ ID NO: 1.

[0017] In some aspects, the human RPGR cDNA encodes a protein that is at least 95%
identical to the full length of SEQ ID NO:2.

[0018] In some aspect, the methods include administering the nucleic acid in a low dose of

about 2 x 1010 vg/mL, a middle dose of about 2 x 10" vg/mL, or a high dose of about 2 x 1012
vg/mL. In some aspect, the nucleic acid is administered into the subretinal space. In some
aspect, a micro injection cannula is inserted into the subretinal space, temporal to the optic
nerve and just above the major arcade vessels, so that fluid flow can be directed towards the
macula.

[0019] In another aspect, the nucleic acids encoding an abbreviated human RPGR are
described, wherein the abbreviated human RPGR cDNA encodes a protein that is at least 80%
identical to the full length of SEQ ID NO:2, optionally with a deletion of up to 200 additional
amino acids surrounding the deleted region of SEQ ID NO:2.

[0020] In some aspect, the RPGR cDNA is under the control of a human rhodopsin kinase
(hRK) promoter, e.g., an hRK promoter that comprises or consists essentially SEQ ID NO:5.

[0021] In some aspect, the RPGR cDNA comprises or consists essentially of a sequence that
is at least 80% identical to SEQ ID NO: 1.

[0022] In some aspect, the human RPGR cDNA encodes a protein that is at least 95% identical
to the full length of SEQ ID NO:2.
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[0023] In some aspect, the human RPGR cDNA is at least 80% identical to the full length of
SEQ ID NO:1, optionally with a deletion of nucleotides encoding up to 200 additional amino
acids surrounding the deleted region.

[0024] Also provided herein are vectors, e.g., adeno-associated viral vectors, e.g., AAV-2,
serotype-8 (AAV2/8) or AAV-8, comprising the nucleic acids encoding an abbreviated human
RPGR as described herein, as well as isolated cells (i.e., cells that are not present in a living
human subject or host animal) that harbor the nucleic acids encoding an abbreviated human
RPGR and optionally express the abbreviated human RPGR protein.

[0025] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Methods and materials are described herein for use in the present invention; other,
suitable methods and materials known in the art can also be used. The materials, methods,
and examples are illustrative only and not intended to be limiting.

[0026] Other features and advantages of the invention will be apparent from the following
detailed description and figures, and from the claims.

DESCRIPTION OF DRAWINGS

[0027]

Figures 1A-B. (A) Maps of the native human RPGR ORF 15 coding region and both shortened
forms of AAV-delivered human ORF15cDNA. (B) Immunoblots for the two recombinant forms
of human RPGR-ORF15. AAV delivery of the small-deletion human cDNA (AAV-ORF15-L, "long
form") leads to expression of a human RPGR-ORF15 protein of ~ 160 kD in size. AAV delivery
of the large-deletion human cDNA (AAV-ORF15-S, "short form") leads to expression of a
protein of ~130 kD in size. Both forms of human RPGR-ORF15 protein are smaller than
endogenous human RPGR ORF15 found in human retinal tissue (~ 200 kD).

Figures 2A-D. RPGR ORF15 expression in RPGK™ mouse retinas following subretinal delivery
of AAV-RPGR ORF15. (A) Fluorescence images of both the short (ORF15-S) and long
(ORF15- L) forms of human RPGR ORF15 protein expression superimposed on Nomarski
images to illustrate the layers of the outer retina. Staining of unfixed frozen retinal sections was
performed at 3 weeks following treatment at 1-2 months of age. (B) Fluorescence images of
both forms of human RPGR ORF15 co-localized with rootletin. Similar to WT, both forms of
human RPGR ORF15 correctly localized to the photoreceptor connecting cilium just distal to
rootletin. RPE, retinal pigment epithelium; OS, outer segment;, CC (TZ), connecting cilium
(transition zone); IS, inner segment; ONL, outer nuclear layer. (C) Ratio of hRPGR fluorescent

particles to fluorescent rootletin fibers at the connecting cilium for Rpgr - eyes (n=3) treated

with ORF15-S, Rpgr "eyes (n=3) treated with ORF15-L, and wt eyes (n=3). Counts were
obtained for both rootletin within the inner segment and RPGR just distal to rootletin over a
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100um length of midperipheral retina. Values are means + 1 standard error. (D) Expression

pattern of short and long form ORF15 protein in fixed floating retinal sections of Rpgr’~ mice.
Sections were stained for human RPGR ORF 15 protein localization 4-6 weeks following
treatment at 2-3 months of age. In wt retina, murine RPGR ORF15 protein was seen as a
discrete green fluorescent signal (dots) occupying the region between the photoreceptor inner
and outer segments, at the level of the transition zone or connecting cilium. In contrast, the
fluorescent signal for the short form of ORF15 (AAV-ORF15-S) is not limited to level of the
photoreceptor connecting cilium but is also seen as diffuse signal throughout the inner and
outer segments as well. The fluorescent signal for the long form of ORF15 shows very little, if
any mislocalization, and is largely limited to the connecting cilium region similar to wt. OS, outer
segment; CC (TZ), connecting cilium (transition zone); IS, inner segment; ONL, outer nuclear
layer.

Figure 3. Immunohistochemical (yellow in original) analyses of rod and cone photoreceptors in
treated (short and long form of ORF15) and control RPGR-/- mouse retinas at age 13 months
(6-months post injection). In the RPGR-/- mouse retina treated with the short form of ORF15
(AAV8-ORF15-s), rhodopsin and cone opsin (mixed S & M cones in the inferior retina)
mislocalization staining patterns are virtually indistinguishable from those seen in the control
retina. Note the cone opsin mislocalization in the inner segments and synaptic layer in both of
these mouse retinas. Similarly, rod and cone outer segments are shortened and disorganized
with a reduced outer nuclear layer compared to an age matched wt retina. In contrast, in the
RPGR-/- mouse retina treated with the long form of ORF15 (AAV8-ORF15-I) rhodopsin shows
outer segment partitioning similar to WT mouse retina. Also in the ORF15 long form treated
retina rod outer segments are longer and well organized and the ONL is thicker compared with
the control retina. Cone opsin staining shows more numerous cone photoreceptors with
elongated and well-organized outer segments in the ORF 15 long form treated RPGR-/- mouse
retina compared with control.

Figures 4A-B. Rescue of photoreceptor cells following treatment with RPGR ORF15-l in
RPGR-/- mice. (A) Shown are stacked bar graphs for ONL thickness (top) and IS/OS length
(bottom) for treated (red in original) and fellow control (blue in original) eyes in 3 mice at 18
months of age. (B) Representative light micrographs from a WT mouse and an ORF15-|
treated and fellow control eye from an RPGR-/- mouse at 18 months of age. Images were
taken from the mid periphery along the vertical meridian in the superior retina,

Figures 5A-C. (A) Rod a-wave, rod b-wave, and cone b-wave amplitudes from 16 RPGR-/-
mice at 11-14 months of age. Control eyes (OD) showed disproportionate loss of cone b-wave
amplitude relative to rod b-wave amplitude compared with the lower limits for wild-type mice.
Except in one instance, treated eyes (OS) all had larger responses than fellow control eyes In
particular, note that more than half of the treated eyes at this age had rod ERG b-wave
amplitudes that were at or above the lower limit of wild-type. Mean values for all three
measures were significantly different between eyes (P<0. 01). (B) Scatterplots of ERG
amplitude for 22 RPGR-/- mice between 9 and 18 months of age on a log scale for the dark-
adapted (rod) b-wave (upper graph) and light-adapted (cone) b-wave (lower graph). Data
points have been shifted slightly horizontally for each age group to minimize data overlap. The
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regression lines for treated and control eyes were fitted by repeated measures longitudinal
regression using PROC MIXED of SAS based on all available data. (C) Representative Dark-
adapted (DA) and Light-adapted (LA) ERG waveforms from a pair of ORF15-| treated and
fellow control RPGR-/- eyes at 18 months of age. WT (age-matched) ERG waveforms are
shown for comparison. The control eye has severely reduced or nearly extinguished rod and
cone ERGs, respectively, at this age. The treated eye, however, still has substantial rod and
cone function at this time point that are approximately 70% and 35% of WT values,
respectively.

Figure 6. Full-field ERGs to 0.5 Hz flashes of white light and to 30 Hz flashes of the same white
light from 5 patients with XLRP due to RPGR ORF 15 mutations. Three or more traces are
superimposed to illustrate reproducibility. Dots above traces designate flash onset. While the
responses to 0.5 Hz responses were reduced by only 6% to 65% below the lower limit of
normal (350 pV), the responses to 30 Hz flashes were nondetectable as illustrated (i.e., without
bandpass filtering and signal averaging).

DETAILED DESCRIPTION

[0028] Viral vector-mediated somatic gene therapy has shown great promise in treating animal
models of human retinal degenerative disease. To date, there have been a number of
successful studies using adeno-associated virus (AAV)-mediated gene delivery to rescue
photoreceptor degeneration in small animal models (Ali and others 2000; Pang and others
2012; Pawlyk and others 2010; Pawlyk and others 2005; Tan and others 2009) and large
animal models (Acland and others 2001; Alexander and others 2007; Beltran and others 2012,
Komaromy and others 2010; Lheriteau and others 2009). In these cases, the retinal pigment
epithelium (RPE) or photoreceptors have been the primary targets for transgene expression. In
addition, phase | clinical trials involving gene therapy for patients with Leber Congenital
Amaurosis (LCA) targeting the RPE (Bainbridge and others 2008; Cideciyan and others 2008;
Maguire and others 2008) and more recently choroideremia (Maclaren and others 2014), have
already met with some success. There are currently no clinical trials using AAV-mediated gene
replacement therapy for the treatment of patients with X-linked RP.

[0029] The present inventors have previously demonstrated functional and morphological
rescue of both rod and cone photoreceptor cells in mice lacking RPGR using an abbreviated
murine RPGR ORF 15 isoform lacking about 600 bp in the purine-rich carboxyl terminus using
a transgenic approach (Hong and others 2005). Some variation in the length of the repetitive
region is frequently found in normal individuals (Bader and others 2003; Jacobi and others
2005; Karra and others 2006). However, the function of an abbreviated human RPGR has not
been described.

[0030] In the present study, a shortened human RPGR ORF15 replacement gene, driven by a
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previously described rhodopsin kinase (RK) promoter (Khani and others 2007; Sun and others
2010) and delivered in the fast acting AAV8 vector (Allocca and others 2007; Natkunarajah and
others 2008), was able to rescue the photoreceptor degeneration phenotype in the RPGR
knockout mouse model. The purine-rich repetitive region of ORF 15 exon is required for
correct subcellular localization and function of RPGR, but that shortening of its length by up to
one third appears not to compromise its function. This shortened RPGR replacement gene
offers a viable alternative to the so far evasive "full-length” RPGR ORF15 in future human gene
therapy trials.

RPGR

[0031] RPGR is expressed in a complex pattern, with both default and ORF 15 variants having
been described (Vervoort and others 2000). The default or constitutive form of RPGR spans
exons 1-19 and ORF 15 terminates in a large alternative exon designated ORF 15 before the
onset of exons 16-19. The ORF15 exon is unique in that it contains a long stretch of purine rich
repetitive sequence that proved difficult to clone into cDNA and unstable in many procedures of
recombinant DNA manipulations. While the smaller default form of RPGR is the predominant
form in tissues with motile cilia (Hong et al., 2003) and many types of primary cilia (our
unpublished data), the ORF15 isoform of RPGR is necessary for normal rod and cone function
in the retina (Vervoort and others 2000; Vervoort and Wright 2002) and is expressed primarily
in photoreceptors (Hong and others 2003). ORF15 is also a common site for mutations in
RPGR, with mutations identified in 22-60% of patients with X-linked RP (Breuer and others
2002; Vervoort and others 2000).

[0032] The present inventors contributed to the development of the first mouse model of X-
linked RP carrying a null mutation in RPGR with no detectable levels of any isoforms of RPGR
(Hong and others 2000). RPGR null mice manifest a slowly progressive retinal degeneration
that is characterized by early cone opsin mislocalization in cell bodies and synapses and
reduced levels of rhodopsin in rods. As a result, these mice have a cone-rod degeneration. By
12 months of age significant photoreceptor cell loss and decline in cone and rod function, as
measured by electroretinograms (ERG), become apparent. In the retina, RPGR is bound to the
photoreceptor connecting cilium located in between the inner and outer segments via an
RPGR interacting protein (RPGRIP1) (see, e.g., Boylan and Wright 2000; Hong and others
2001; Roepman and others 2000). The connecting cilium is analogous to the transition zone of
motile or primary cilia that may serve as a gateway to the outer segment. This subcellular
localization pattern and the mutant mouse phenotype suggest that RPGR may have a role in
protein trafficking between the inner and outer segment of both rods and cones (Hong and Li
2002; Hong and others 2000; Hong and others 2001). In attempts to develop an RPGR mutant
mouse model with a faster course of degeneration, several other RPGR mouse lines have
been recently developed (Brunner, et al, 2010; Huang et al, 2012). There has also been a
recent report of a naturally occurring model (rd9) of X-linked RPGR (Thompson and others
2012). In all of these cases, including the RPGR null mice display a slowly progressive loss
photoreceptors but with varying degree of rod and cone involvement which may be due, in
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part, to differences in strain and/or pigmentation. These findings indicate that the slow rate of
degeneration in the knockout model is due to species differences rather than the ablation
being incomplete, and confirm the applicability of this murine model in therapeutic studies of
null RPGR mutations in patients.

[0033] Two variants (A and C) of the full-length human RPGR (also known as CRD; RP3;
COD1; PCDX; RP15; XLRP3; orf15; and CORDX1) are described in GenBank; Isoform A is at
Accession No. NM_000328.2 (nucleic acid) and NP_000319.1 (protein); Isoform C is at
Accession No. NM_001034853.1 (nucleic acid) and NP_001030025.1 (protein). Variant (A)
uses an alternate splice site and contains multiple alternative exons in the 3' coding region,
compared to variant C, and encodes isoform A (also referred to as isoform 1) that is shorter
and has a distinct C-terminus, compared to isoform C. The sequence used in the exemplary
compositions described herein is set forth below as SEQ ID NO: 1. The sequences of human
RPGR useful in the compositions and methods described herein can be at least 80%, e.g.,
85%, 90%, 95%, or 100% identical to the full length of SEQ ID NO:1, with up to an additional
50, 100, 150, or 200 amino acids deleted from the deleted region, indicated by dashes in the
sequence below.

Abbreviated form of Human RPGRORF15 sequence with 378bp deleted, and deleted
region shown by dashes ("-"; number of dashes does not correlate with size of
deletion)

[0034]

ATGAGGGAGCCGGAAGAGCTGATGCCCGATTCGGGTGCTGTGTTTACATTTGGGAAAAGTAAATTTGCT
GAAAATAATCCCGGTAAATTCTGGTTTAAAAATGATGTCCCTGTACATCTTTCATGTGGAGATGAACAT
TCTGCTGTTGTTACCGGAAATAATAAACTTTACATGTTTGGCAGTAACAACTGGGGTCAGTTAGGATTA
GGATCAAAGTCAGCCATCAGCAAGCCAACATGTGTCAAAGCTCTAAAACCTGAAAAAGTGAAATTAGCT
GCCTGTGGAAGGAACCACACCCTCGTCTCAACAGAAGGAGGCAATGTATATGCAACTCCTGGAAATAAT
GAAGGACAGTTGGGGCTTGGTGACACCGAAGAAAGAAACACTTTTCATGTAATTAGCTTTTTTACATCC
GAGCATAAGATTAAGCAGCTCTCTGCTGGATCTAATACTTCAGCTGCCCTAACTGAGGATGGAAGACTT
TTTATGTGGGGTGACAATTCCGAAGGGCARATTGGTTTARAAAATGTAAGTAATGTCTGTGTCCCTCAG
CAAGTGACCATTGGGARACCTGTCTCCTGGATCTCTTGTGGATATTACCATTCAGCTTTTGTAACAACA
GATGGTGAGCTATATGTGTTTGGAGAACCTGAGAATGGGAAGTTAGGTCTTCCCAATCAGCTCCTGGGC
AATCACAGAACACCCCAGCTGGTGTCTGAAATTCCGGAGAAGGTGATCCAAGTAGCCTGTGGTGGAGAG
CATACTGTGGTTCTCACGGAGAATGCTGTGTATACCTTTGGGCTGGGACAATTTGCTCAGCTGGGTCTT
GGCACTTTTCTTTTTGAAACTTCAGAACCCAAAGTCATTGAGAATATTAGGGATCAAACAATAAGTTAT

ATTTCTTGTGGAGAAAATCACACAGCTTTGATAACAGATATCGGCCTTATGTATACTTTTGGAGATGGT
CGCCACGGAAAATTACCACTTGGACTCCGAGAATTTTACCAAT CACTTCATTCCTACTTTGTGCTCTAAT
TTTTTGAGGTTTATAGTTAAATTGGTTGCTTGTGGTGGATGTCACATGGTAGTTTTTGCTGCTCCTCAT
CGTGGTGTGGCAAAAGAAATTGAATTCGATGAAATAAATGATACTTGCTTATCTGTGGCGACTTTTCTG
CCGTATAGCAGTTTAACCTCAGGAAATGTACTGCAGAGGACTCTATCAGCACGTATGCGGCGAAGAGAG
AGGGAGAGGTCTCCAGATTCTTTTTCAATGAGGAGAACACTACCTCCAATAGAAGGGACTCTTGGCCTT
TCTGCTTGTTTTCTCCCCAATTCAGTCTTTCCACGATGTTCTGAGAGAAACCTCCAAGAGAGTGTCTTA
TCTGAACAGGACCTCATGCAGCCAGAGGAACCAGATTATTTGCTAGATGAAATGACCAAAGAAGCAGAG
ATAGATAATTCTTCAACTGTAGAAAGCCTTGGAGAAACTACTGATATCTTAAACATGACACACATCATG
AGCCTGAATTCCAATGAAAAGTCATTAAAATTATCACCAGTTCAGAAACAARAGAAACAACAAACAATT
GGGGAACTGACGCAGGATACAGCT CTTACT GAAAACGATGATAGT GATCAATATGAAGAAAT GTCAGAA
ATGAAAGAAGGGAAAGCATGTAAACAACATGTGTCACAAGGGATTTTCATGACGCAGCCAGCTACGACT
ATCGAAGCATTTTCAGATGAGGAAGTAGAGAT CCCAGAGGAGAAGGAAGGAGCAGAGGATTCAAAAGGA
AATGGAATAGAGGAGCAAGAGGTAGAAGCAAATGAGGAAAATGTGAAGGTGCATGCAGGAAGAAAGCGAG
AAAACAGAGATCCTATCAGATGACCTTACAGACAAAGCAGAGGTGAGCTGAAGGCAAGGCAAAATCACTG
GGAGAAGCAGAGGATGGGCCTGAAGGCGTAGAGGGCGATGGAACCTGTGAGGAAGGTAGTTCAGGAGCAGAA
CACTGGCAAGATGCAGGAGAGCCGAGAAGCGGCGAGAAAGACAAGGGTAGAGGAGAAATGGAGAGGCCAGGA
GAGGGAGAGAAGGAACTAGCAGAGARAGGAAGAAT GGAAGRAAGAGGGATGGGGAAGAGCAGGAGCAAAAG
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GAGAGGGAGCAGGGCCATCAGAAGGAAAGAAACCAAGAGATGGAGGAGGGAGGGGAGGAGGAGCAT GGA
GAAGGAGAAGAAGAGGAGGGAGACAGAGAAGAGGAAGAAGAGAAGGAGGGAGAAGGGAAAGAGGAAGGA
GAAGGGGAAGAAGT GGAGCGAGAACGTGAAAAGCAGGAAGGAGAGAGGAAANAGGAGGAANGAGCGGGE
ADLGGAGGAGAAAGGAGAGGAAGAAGGAGACCAAGGAGAGGGGGAAGAGGAGGAAACAGAGGGGAGAGGE
GAGGAAAAAGAGGAGGGAGGGGAAGTAGAGGGAGGGGAAGTAGAGGAGGGGAAAGGAGAGAGGGAAGAG
GAAGAGGAGGAGGGTGAGGGGGAAGAGGAGGAAGGGGAGGGGGAAGAGGAGGAAGGGGAGGGGGAAGAG
GAGGAAGGAGAAGGGAAAGGGGAGGAAGAA-GGGGAGGGGGAAGAGGAGGAAGGGGAAGAAGAAGGGGA
GGAAGAAGGAGAGGGAGAGGAAGAAGGEGGAGGGAGAAGGGCAGGAAGAAGAGGAAGGGGAAGTGGAAGG
GGAGGTGGAAGGGGAGCCAAGCAGAGGGCCCAAGCACAGCAACAGCAACCAGAGCAGCGAAGCAGAAGARAG
GGARAAAGGAGGGGGAAGGAGAAGARAACAGGAGGAACAGAGAAGAGGAGGAGGAAGAAGAGGGGAAGTA
TCAGGAGACAGGCGAAGAAGAGAATGAAAGGCAGGAT GGAGAGGAGTACAAAAAAGT GAGCAAAATAAA
AGGATCTGCTGAAATATGGCAAACATAAAACATATCAAAAAAAGT CAGTTACTAACACACAGGGARAATGGE
GAAAGAGCAGAGGTCCAAAATGCCAGTCCAGTCAARACGACTTTTAAARAATGGGCCATCAGGTTCCAA

AAAGTTCTGGAATAATATATTACCACATTACTTGGAATTGAAGTAA  (SEQ ID NO:1)

Protein sequence for abbreviated form of Human RPGRORF15 with deleted region
shown by dashes ("-"; number of dashes does not correlate with size of deletion)

[0035]
atgagggagccggaagagctgatgcccgattecgggtgetgtgtttacatttgggaaaagt
M R E P E E L M P D S G A V F T F G K 8
aaatttgctgaaaataatcceggtaaattectggtttaaaaatgatgtececctgtacatett
XK F A ENNP G K F W F KNDV P V H L
tcatgtggagatgaacattectgetgttgttaccggaaataataaactttacatgtttgge
s ¢ 6 b EH S AV V T GGNDN K L Y M F G
agtaacaactggggtcagttaggattaggatcaaagtcagccatcagcaagccaacatgt
s NN W G @ L &6 L G s K s A I s K P T C
gtcaaagctctaaaacctgaaaaagtgaaattagctgectgtggaaggaaccacaccctyg
v K A L K P E K V K L A A C G RN H T L
gtgtcaacagaaggaggcaatgtatatgcaactggtggaaataatgaaggacagttgggg
v s T E 6 6 N Vv ¥ A T 6 66 N N E G ¢ L G
cttggtgacaccgaagaaagaaacacttttcatgtaattagettttttacatccgagcecat
L 6 D TEERNTF HV I & F F T S E H
aagattaagcagctgtctgectggatectaatacttcagetgecctaactgaggatggaaga
X I K ¢ L. 3 A G 8 N T 3 A A L T E D G R
ctttttatgtggggtgacaattccgaagggcaaattggtttaaaaaatgtaagtaatgte
L ¥F M W GG D N S E G Q@ I 6 L K N V 8§ N V
tgtgtcecctecagecaagtgaccattgggaaacctgtetectggatetettgtggatattac
c v p ¢ Q@ v T I 6 K P V S W I s C G Y Y
cattcagecttttgtaacaacagatggtgagectatatgtgtttggagaacctgagaatggg
iH s A F Vv 7 T D G E L ¥ V F G E P E N G
aagttaggtctteccaatcagetectgggcaatcacagaacacceccagetggtgtetgaa

XK L.« L P N ¢ L L 6 N H R T P Q@ L V 3 E
attcecggagaaggtgatceccaagtagecetgtggtggagagcatactgtggttetcacggag
I P E K V I ¢ Vv A C G G E H T V V L T E
aatgctgtgtatacctotgggctgggacaatttggtcagectgggtcttggcactottcett
N A Y ¥ T =~ 66 L 6 @ F G ¢ L 6 L G T F L
tttgaaacttcagaacccaaagtcattgagaatattagggatcaaacaataagttatatt
F B T 838 B 2 K V I E N I R D Q T I 5 Y I
tcttgtggagaaaatcacacagctttgataacagatatcggeccttatgtatactz-tigga
5 ¢ 6 E N K T AL I TDTI GGL M Y T F G
gatggtcgcocacggaaaattaggacttggactggagaattttaccaatcacttecattect
D 6 R ¥ 6 K1 ¢6 L G L E N F T N H F I P
actttgtgetetaattotttgaggtttatagttaaattggttgettgtggtggatgteac
T . ¢ s N = L R F I Vv K L Vv A C G &G C H
atggtagtttttgctogctectecategtggtgtggecaaaagaaattgaattcgatgaaata
M v vV F A AP 4 R GV A K E I E F D E I
aatgatacttgcttatctgtggocgacttttetgecgtatagecagtttaacctcaggaaat
N D T C L & V A T F L P Y & & L T 5 G N
gtactgcagaggactctatecagtacgtatgcggcgaagagagagggagaggtctccagat
v L. ¢ R T L 3 A R M R R R E R E R 3 P D
tctttttecaatgaggagaacactacctccaatagaagggactcettggectttetgettgt
s r 3 M R R T L P P I B 66 T L G L S A C
tttectecccaattcagzcttteccacgatgttctgagagaaacctccaagagagtgtctta



¥F L P N 3V FP P R C S E RN L @ E 3 V L
tetgaacaggacectoatgeagenagaggaaccagattatttgotagatgaaatgaccaaa
s £ @ D L. M ¢ P E E P D Y L L DEM T K
gaagcagagatagataattcottcaactgtagaaagecttggagaaactactgatatetta
E A E I DN s 58 TV E S L G E T T D I L
aacatgacacacatcacgagcectgaattccaatgaaaagtcattaaaattatecaccagtt
N M T H I M 3 L N 3 N E K 3 L K L 3 P V
cagaaacaaaagaaacaacaaacaattggggaactgacgcaggatacagcectettactgaa
Q K ¢ K K ¢ ¢ T I ¢ E L T @ D T A L T E
aacgatgatagtgatgaatatgaagaaatgtcagaaatgaaagaagggaaagecazgtaaa
N D D S D E Y EEM S E M K E G K A C K
caacatgtgtcacaagggattttcatgacgecageccagectacgactatecgaagecattttcea
Q #H v s ¢ 6 I FP M T @ P A T T I E A F =3
gatgaggaagtagagatcccagaggagaaggaaggagcagaggattcaaaaggaaatgga
LD £ E V E I P E E K E G A B D 5 K G N G
atagaggagcaagagygtagaagcaaatgaggaaaatgtgaaggtgecatggaggaagaaag
I £ EQ BV FE A N EEDN V KV H G G R K
gagaaaacaygagalceceoalecagalyaccellacagacaaagcadagglyaglygazggeaay
E X T E I L 3 D D L T D K A E V 8 E G K
gcaaaatcagtgggagaagcagaggatgggcctgaaggtagaggggatggaacectgtgayg
A K 8V G E A E D G P E G R G D G T C E
gaaggtagttcaggageagaacactggcaagatgaggagagggagaagggggagaaagac
E ¢ 58 8 6 A K 4 W @ D E E R E K G E K D
aagggtagaggagaaacggagaggccaggagagggagagaaggaactagcagagaaggaa
K 6 R 6 EM FEF R P G E G E K FE L A E K E
gaatggaagaagagggatggggaagageaggagaaaaaggagagggagaeaggganatoag
E wW K K R D 6 E E 0 E O K E R E O G H 0
aaggaaagaaaccaagagatggaggagggaggggaggaggagcatggagaaggagaagaa
K £ R N Q EM EE G GG E E E H G E G E E
gaggagggagacagagaagaggaagaagagaaggagggagaagggaaagaggaaggagaa
E £ 6 D R E E E E E K E G E G K E E G R
ggggaagaagtggagggagaacgtgaaaaggaggaaggagagaggaaaaaggaggaaaga
G £E E V E 66 £E R E K EE G E R K K E E R
gcggggaaggaggagaaaggagaggaagaaggagaccaaggagagggggaagaggaggaa
A ¢ K E E K 6 E E E 6 D ¢ G E G E E E E
acagaggggagagggzaggaaaaagaggagggaggggaagtagagggaggggaagtagag
T B G R G E F K E E G G E V E G G E V E
gaggggaaaggagagagggaagaggaagaggaggagggtgagggggaagaggaggaaggyg
E 6 K 6 E R £EEEEEE G E G E E E E G

gagggggaagaggaggaaggggagggggaagaggaggaaggagaagggaaaggggaggaa
E GG EE EE G E G E E E E G E G K G E E

gaa----ToT oo oo T T T dgggagggdggaagaggaggaaggggaagaagaaggggag
E ——————————— G E G E E E E G E E E G E

dgaagaaggagagggagaggaagaaggdggagggagaaggdgggaggaagaagaggaaggggaa
E E GG E G E E E G E G E G E E E E E G E

gtggaaggggaggtggaaggggaggaaggagagggggaaggagaggaagaggaaggagag
v E 6 BV E G E E G E G E G E E E E G E

gaggaaggagaagaaagggaaaaggagggggaaggagaagaaaacaggaggaacagagaa
E E G EEUREZKE G E G EEN R RN R E

gaggaggaggaagaagaggggaagtatcaggagacaggegaagaagagaatgaaaggeag
E E E E E E G K Y ¢Q E T G E E E N E R @

gatggagaggagtacaaaaaagtgagcaaaataaaaggatctgtgaaatatggcaaacat
D 6 E E Y K KV s K I K 66 s V K Y G K H

aaaacatatcaaaaaaagtcagttactaacacacagggaaatygggaaagagcagaggtcce
K T ¥ ¢ K K 5 v T N T ¢ G N G K E ¢ R 5

aaaatgccagtccagtcaaaacgacttttaaaaaatgggceccatcaggtteccaaaaagtte
KM P VvV ¢ 35 K R L L KN G P 85 G & K K F

tggaataatatattaccacattacttggaattgaagtaa (SEQ ID NO:1)

W N N I L P H Y L E L K - (SEQ ID NO:2)

DK/EP 3821912 T3

Full-Length Human RPGRORF15 cDNA sequence; 378bp deleted in Abbreviated form

are bolded and underlined in sequence below

[0036]

ATGAGGGAGCCGGAAGAGCTGATGCCCGATTCGGGTGCTGTGTTTACATTT GGCGAAAAGTAAATTTGCT
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GAAAATAATCCCGGTAAATTCTGGTTTAAAAATGATGTCCCTGTACATCTTTCATGTGGAGATGAACAT
TCTGCTGTTGTTACCGGAAATAATAAACTTTACATGTTTGGCAGTAACAACTGGGGTCAGTTAGGATTA
GGATCAAAGTCAGCCATCAGCAAGCCAACATGTGTCARAGCTCTAAAACCTGAAAAAGT GAAATTAGCT
GCCTGTGGAAGGAACCACACCCTGGTGTCAACAGAAGGAGGCAATGTATATGCAACTGGTGGAAATAAT
GAAGGACAGTTGGGGCTTGGTGACACCGAAGAAAGAAACACTTTTCATGTAATTAGCTTTTTTACATCC
GAGCATAAGATTAAGCAGCTGTCTGCTGGATCTAATACTTCAGCTGCCCTAACTGAGGATGGAAGACTT
TTTATGTGGGGTGACAATTCCGAAGGGCAAATTGGTTTARAAAATGTAAGTAATGTCTGTGTCCCTCAG
CAAGTGACCATTGGGAAACCTGTCTCCTGGATCTCTTGTGGATATTACCATTCAGCTTTTGTAACAACA
GATGGTGAGCTATATGTGTTTGGAGAACCTGAGAATGGGAAGTTAGGTCTTCCCAATCAGCTCCTGGGC
AATCACAGAACACCCCAGCTGGTGTCTGAAATTCCGGAGAAGGTGATCCAAGTAGCCTGTGGTGGAGAG
CATACTGTGGTTCTCACGGAGAATGCTGTGTATACCTTTGGGCTGGGACAATTTGGTCAGCTGGGTCTT
GGCACTTTTCTTTTTGAAACTTCAGAACCCAAAGT CATTGAGAATATTAGGGAT CAAACAATAAGTTAT
ATTTCTTGTGGAGAAAATCACACAGCTTTGATAACACGATATCGGCCTTATGTATACTTTTGGAGATGGT
CGCCACGGAAAATTAGGACTTGGACTGGAGAATTTTACCAATCACTTCATTCCTACTTTGTGCTCTAAT
TTTTTGAGGTTTATAGTTAAATTGGTTGCTTGTGGTGGATGTCACATGGTAGTTTTTGCTGCTCCTCAT
CGTGGTGTGGCAARAGARAATTGAATTCGATGAAATARATGATACTTGCTTATCTGTGGCGACTTTTCTG
CCGTATAGCAGTTTAACCTCAGGAAATGTACTGCAGAGGACTCTATCAGCACGTATGCGGCGAAGAGAG
AGGGAGAGGTCTCCAGATTCTTTTTCAATGAGGAGAACACTACCTCCAATAGAAGCGACTCTTGGCCTT
TCTGCTTGTTTTCTCCCCAATTCAGTCTTTCCACGATGTTCTGAGAGAAACCTCCAAGAGAGTGTCTTA
TCTGAACAGGACCTCATGCAGCCAGAGCGAACCACGATTATTTCCTAGATGAAATGCACCAAACGAAGCACAG
ATAGATAATTCTTCAACTGTAGAAAGCCTTGGAGARACTACTGATATCTTAAACATGACACACATCATG
AGCCTGAATTCCAATGAAAAGTCATTAAAATTATCACCAGTTCAGAAACAAAAGAAACAACAAACAATT
GGGGAACTGACGCAGGATACAGCTCTTACTGAAAACGATGATAGT GATGAATATGAAGAAATGTCAGAA
ATGAAAGAAGGGAAAGCATGTAAACAACATGTGTCACAAGGGATTTTCATGACGCAGCCAGCTACGACT
ATCGAAGCATTTTCAGATGAGGAAGTAGAGAT CCCAGAGGAGAAGGAAGGAGCAGAGGATTCAAAAGGA
AATGGAATAGAGGAGCAAGAGGTAGAAGCAAATGAGGAAAATGTGAAGGTGCATGCAGGAAGAAAGGAG
ADAACAGAGATCCTATCAGATGACCTTACAGACAAAGCAGAGGTGAGTGAAGGCAAGGCAAAATCAGTG
GGAGAAGCAGAGGATGGGCCTGAAGGCTAGAGGGGATGGAACCTGTGAGGAAGGTAGTTCAGGAGCAGAA
CACTGGCAAGATGAGGAGAGGGAGAAGGGGGAGAAAGACAAGGGTAGAGGAGAAATGGAGAGGCCAGGA
GAGGGAGAGAAGGAACTAGCAGAGAAGGAAGAAT GGAAGAAGAGGGATGGGGAAGAGCAGGAGCAAAAG
GAGAGGGAGCAGGGCCATCAGAAGGAAAGAAACCAAGAGATGCGAGGAGGGAGGGGAGGAGGAGCATGGA
GAAGGAGAAGAAGAGGAGGGAGACAGAGAAGAGGAAGAAGAGRAGGAGGGAGAAGGGARMAGAGGAAGGA
GAAGGGGAAGAAGTGGAGGGAGAACGTGAAAAGGAGGAAGGAGAGAGGAAANAAGGAGGAAAGAGCGGGE
AAGGAGGAGAAAGGAGAGGAAGAAGGAGACCAAGGAGAGGGGGAAGAGGAGGAAACAGAGGGGAGAGGG

GAGGAAANMNGAGGAGGGAGGGGAAGTAGAGGGAGGGGAAGTAGAGGAGGGCGAANGCAGAGAGGGAAGAG
GAAGAGGAGGAGGGTGAGGGGGAAGAGGAGGAAGGGGAGGGGGAAGAGGAGGAAGGGGAGGGGGAAGAG
GAGGAAGGAGAAGGGAAAGGGGAGGAAGAAGGGGAAGAAGGAGAAGGGGAGGAAGAAGGGGAGGAAGGA
GAAGGGGAGGGGGAAGAGGAGCAAGGAGAAGGECAGGGAGAAGAGGAAGGAGAAGGGGAGCGGAGAAGAG
GAGGAAGGAGAAGGGGAGGGAGAAGAGGAAGGAGAAGGGGAGGGAGAAGAGGAGGAAGGAGAAGGGAAA
GGGGAGGAGGAAGGAGAGGAAGGAGAAGGGGAGGGGGAAGAGGAGCAAGGAGAAGGGGAAGGGGAGGAT
GGAGAAGGGGAGGGGGAAGAGGAGGAAGGAGAATGGGAGGGGGAAGAGGAGGAAGGAGAAGGGGAGGGG
GAAGAGGAAGGAGAAGGGGAAGGGGAGGAAGGAGAAGGGGAGGGGGAAGAGGAGGAAGGAGAAGGGGAG
GGGGAAGAGGAGGAAGGGGAAGAAGARAGGGGAGGAAGAAGGAGAGGGAGAGGAAGAAGGGGAGGGAGAA
GGGGAGGAAGAAGAGGAAGGGGAAGTGCAAGGGCAGGTGGAAGGGCGAGGAAGGAGAGGGGGAAGGAGAG
GAAGAGGAAGGAGAGGAGGAAGGAGAAGAAAGGGAAAAGGAGGGGGAAGGAGAAGAAAACAGGAGGAAC
AGAGAAGAGGAGGAGGAAGARGAGGGGAAGTATCAGGAGACAGGCGAAGAAGAGAAT GAAAGGCAGGAT
GGAGAGGAGTACAAAANAAGTGAGCAAAATAAANGGATCTGTGAAATATGGCAAACATAAAACATATCAA
AAAAAGTCAGTTACTAACACACAGGGAAATGGGAAAGAGCAGAGGTCCAAAATGCCAGTCCAGTCAAAA
CGACTTTTAAAAAATGGGCCATCAGGTTCCAAAAAGTTCTGGAATAATATATTACCACATTACTTGGAA
TTGAAGTAA (SEQ ID NO:3)

Full-Length Human RPGRORF15 amino acid sequence; amino acids deleted in
Abbreviated form are bolded and underlined in sequence below

[0037]
atgagggagccggaagagctgatgecccgattecgggtgectgtgtttacatttgggaaasgt
M R E P E E L M P D S G A V F T F G K 8
aaatttgctgaaaataatcceggtaaattectggtttaaaaatgatgteccctgtacatett
K F A EN NP G K F W F KN D V P V H L
tcatgtggagatgaacattctgctgttgttaccggaaataataaactttacatgtttgge
5 ¢ G b EH s AV V T GGNDN KL Y M F G
agtaacaactggggtecagttaggattaggatcaaagtcagecatcagecaageccaacatgt
S N N W G Q L 6L G s K s A I s K P T C



gtcaaagctctaaaacctgaaaaagtgaaattagectgecctgtggaaggaaccacacectyg
v K A L K P E KV K L A A C G R N H T L
gtgtcaacagaaggaggcaatgtatatgcaactggtggaaataatgaaggacagttgggg
v s T BE G 6 N V Y A T G G N N E G @ L G
cttggtgacaccgaagaaagaaacacttttcatgtaattagcttttttacatcecgageat
L 6 DT E RN T F HV I 8 F F T 3 E H
aagattaagcagctgtctgctggatctaatacttcagetgecctaactgaggatggaaga
X I K ¢ L. 8 A G S N T S A A L T E D G R
ctttttatgtggggtgacaattccgaagggcaaattggtttaaaaaatgtaagtaatgte
L F M W 6 D N S E GG QQ I G L K N V S N V
tgtgtccctecagecaagtgaccattgggaaacctgtetectggatetettgtggatattac
c v P Q g VvV T I G K P V S W I 8 C G Y Y
cattcagecttttgtaacaacagatggtgagectatatgtgtttggagaacctgagaatggg
iH s A F v 7T T D G E L ¥ V F G E P E N G
aagttaggtctteccaatcagetcecectgggcaatcacagaacaccecagetggtgtetgaa
X L & L PN @ L L. G N HIRT P Q L V 3 E
attccggagaaggtgatccaagtagectgtggtggagageatactgtggttetcacggag
I Pp E K V I ¢ vV A C G GG E H T V V L T E
aatgctgtgtatacctttgggectgggacaatttggtcagetgggtettggeacttttett
N A V ¥ T F 6 L 6 ¢ F G Q@ L 6 L GG T F L
tttgaaacttcagaacccaaagtcattgagaatattagggatcaaacaataagttatatt
F E T 5 E P K Vv I E N I R D @ T I S Y I
tcttgtggagaaaatcacacagetttgataacagatatcggecttatgtatacttttgga
s ¢ G &E N H TAUL I T DI G L M Y T F G
gatggtcygccacggaaaattaggacttggactggagaattttaccaatcacttecattecect
r 6 R H G KL 6L 6L ENF TN HF I P
actttgtgctctaattttttgaggtttatagttaaattggttgettgtggtggatgtcac
T L. ¢ s N F L R F I V K L V A C G G C H
atggtagtttttgectgectecctecategtggtgtggecaaaagaaattgaattecgatgaaata
MyVvVY v FA A P HIRGV A KE I E F D E I
aatgatacttgcttatctgtggegacttttcetgecgtatagcagtttaacctcaggaaat
N oD T CUL 8 VvV A T F L P Y 858 S L T S8 G N

gtactgcagaggactctatcagcacgtatgecggcgaagagagagggagaggtctecagat
v L ¢ R T L 3 A R M R R R E R E R 8 P O
tcdtttttecaatgaggagaacactacctccaatagaagggactettggectttetgettgt
5 F S M R R T L P P I E G T L G L 8 A C
tttcteccececaattecagtetttccacgatgttctgagagaaacctcececaagagagtgtetta
rF L P N 8 V. F P R C S E R N L @ E S V L
tctgaacaggaccteatgcagecagaggaaccagattatttgectagatgaaatgaccaaa
s & Q D . M ¢ P E E P D Y L L D E M T X
gaagcagagatagataattcttcaactgtagaaagccecttggagaaactactgatatcetta
E A E I D N 3 3 T Vv E 3 L 66 E T T D I L
aacatgacacacatcatgagcctgaattccaatgaaaagtcattaaaattatcaccagtt
N ™M T H I M 38 L N 8 N BE K 3 L K L 8 F V
cagaaacaazagaaacaacaaacaattggggaactgacgcaggatacagectcttactgaa
g K ¢ K K ¢ ¢ T I 6 £E L T ¢ D T A L T =
aacgatgatagtgatgaatatgaagaaatgtcagaaatgaaagaagggaaagcatgtaaa
N D D S5 D E Y E E M 8 E M K E G K A C X
caacatgtgtcacaagggattttecatgacgcageccagectacgactatecgaagecattttca
Q H Vv 5 ¢ 6 I FMM T Q P A T T I E A F S5
gatgaggaagtagagatcccagadggagaaggaaggagcagaggattcaaaaggaaatgga
b & E v E I F E E K E G A E D 5 K G N G
atagaggagcaagaggtagaagcaaatgaggaasatgtgaaggtgcatggaggaagaaaqg
| BeooKQ KoV ok AN oK N VO OK VO OH G G R <
gagaaaacagagatcctatcagatgaccttacagacaaagecdgaggtgagtgaaggcaag
E K T I L 5 D D L T D K A E V 8 E G X
gcecaaaatcagtgggagaagcagaggatgggocctgaaggtagaggggatggaacctgtgag
A K $ V 6 £E A E D G P E G R GG D 6 T C =
gaaggtagttcaggagcagaacactggcaagatgaggagagggagaagggggagaaagac
E 6 &8 3 G A B H W Q D E E R E K G E K D
aagggtagaggagaaatggagaggccaggagagggagagaaggaactagcagagaagygaa
K 6 R 6 EM £ R P G E 6 E K E L A E K =z
gaatggaagaagagggatggggaagagecaggagcaaaaggagagggagcagggccakteag
E W K K R D ¢ E E ¢ E ¢ K E R E Q G H ¢
aaggaaagaaaccaagagatggaggiagggaggggaggaggagcatggagaaggagaagaa
K E RN ¢ E M EE G GG E E E H G E G E 3
gaggagggagacagagaagaggaagaagagaaggagggagaagggaaagaggaaggagaa
E E G D R EEE EE K E G E G K E E G =
ggggaagaagtggagggagaacgtgaaaaggaggaaggagagaggaaaaaggaggaaaga
G BE E V E GG E R E K E E G E R K K E E R
gcgyggaaggaggagaaaggagaggaagaaggagaccaaggagagggggaagaggaggaa
A G K E E XK ¢ B E E G D ¢ G E G E E E =
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acagaggggagaggggaggaasaagaggagggaggggaagtagagggaggggaagtagag
T E G R G EE KETETGGTEUVEG G E V 3
gaggggaaaggagagagggaagaggaagaggaggagggtgagggggaagaggaggaaggy
E 6 K G E R EETETETETETGTEGETETE E G
gagggggaagaggaggaaggggagygggaagaggaggaaggagaagygaaaggggaggaa
E 6 E E EE ¢ E 3 EETETEGE G K G E =
gaaggggaagaaggagaaggggaggaagaaggggaggaaggagaaggggagggggaagag
E G E E G E G E EE GEZE G E GE G E E
& aa agaa a agaaga aa agaa A agaaga a aa a
E E GE G E G EEZEGEGE G EEEE G
gaaggggagggagaagaggaaggagaaggggagggagaagaggaggaaggagaagggaasa
E G E G E E E GE GEGETETETEGE G K
a QL aa aga aa agaas au aaga a aa. agaa aa
G E E E G EE GEGEGTETETETEGTEGE
ggggaggatggagaaggggagggggaagaggaggaaggagaatgggagggggaagaggag
¢ E D 6 E 6 E 6 E E E E G E W E G E E E
aa agaa a aagal aa agaa aal a aa agaa a
E G E G E G EEZEGEGTEGTETETGTEG E
dggggaagaggaggaaggagaaggggagggggaagaggaggaaggggaagaagaaggggag
G E EEE GE G E G EEEE G E E E G =
geagaaggagagggagaggaagaaggggagggagaaggggaggaagaagaggaaggggaa

E E 6 E G E E E G E G E G E E E E E G E
gtggaaggggaggtggaaggggaggaaggagagggggaaggagaggaagaggaaggagag
v E 6 EV E 66 E E G E 66 E G E E E E G E
gaggaaggagaagaaagggaaaaggagggggaaggagaagaaaacaggaggaacagagaa
E E G E E R E K E 6 E G E EN R R N R E
gaggaggaggaagaagaggggaagtatcaggagacaggcgaagaagagaatgaaaggcag
E E EE E E G K ¥ Q ET G E E E N E R Q
gatggagaggagtacaadaaagtgagcaaaataaaaggatctgtgaaatatggcaaacat
p 6 EE Y K KV s K I K GG s VvV K ¥ G K H
aaaacatatcaaaaaaagtcagttactaacacacagggaaatgggaaagagcagaggtee
X T ¥y ¢ K K s v T N T @ 6 N 6 K E ¢ R 3
aaaatgccagtccagtcaaaacgacttttaaaaaatgggccatcaggtteceaaaaagtte
K M P V. 9 3 K R L L XN G P 8 G 8 K K F
tggaataatatattaccacattacttggaattgaagtaa (SEQ ID NO:3)
W N N I L P H Y L E L K - (SEQ ID NO:4)
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[0038] The comparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm. For example, the percent
identity between two amino acid sequences can determined using the Needleman and Wunsch
((1970) J. Mol. Biol. 48:444-453) algorithm which has been incorporated into the GAP program
in the GCG software package (available on the world wide web at gcg.com), using the default
parameters, e.g., a Blossum 62 scoring matrix with a gap penalty of 12, a gap extend penalty

of 4, and a frameshift gap penalty of 5.

RK Promoter

[0039] In some embodiments of the methods described herein, a replacement gene construct
is used in which an abbreviated human RPGR cDNA as described herein is placed under the
control of a human rhodopsin kinase (hRK) promoter. In some embodiments, the RK promoter
is approx. 200 bp in length (a short promoter derived from the rhodopsin kinase (RK) gene,
which has been shown to drive cell-specific expression in rods and cones (Khani et al., 2007;
Sun et al.,, 2010; Young et al., 2003)). An exemplary hRK promoter sequence is -112/+87

(Khani et al., 2007):

GGGCCCCAGAAGCCTGGTGGTTGTTTGTCCTTCTCAGGGGAAAAGTGAGGCG
GCCCCTTGGAGGAAGGGGCCGGGCAGAATGATCTAATCGGATTCCAAGCAGC
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TCAGGGGATTGTCTTTTTCTAGCACCTTCTTGCCACTCCTAAGCGTCCTCCG
TGACCCCGGCTGGGATTTAGCCTGGTGCTGTGTCAGCCCCGGT (SEQ ID
NO:5)

Viral Delivery Vector

[0040] The abbreviated human RPGR cDNA, as described above, is packaged into a delivery
vector, e.g., an AAV8 or AAV2/8 vector.

[0041] Replacement genes (cDNA) can be administered in any effective carrier, e.g., any
formulation or composition capable of effectively delivering the component gene to cells in vivo.
Approaches include insertion of the gene into non-pathogenic, non-replicating viral vectors,
including recombinant retroviruses, adenovirus, adeno-associated virus, lentivirus, and herpes
simplex virus-1, or recombinant bacterial or eukaryotic plasmids. Viral vectors transfect cells
directly; plasmid DNA can be delivered naked or with the help of, for example, cationic
liposomes (lipofectamine) or derivatized (e.g., antibody conjugated), polylysine conjugates,
gramacidin S, artificial viral envelopes or other such intracellular carriers, as well as direct
injection of the gene construct or CaPOy4 precipitation carried out in vivo.

[0042] A preferred approach for in vivo introduction of nucleic acid into a cell is by use of a viral
vector containing nucleic acid, e.g., a cDNA. Infection of cells with a viral vector has the
advantage that a large proportion of the targeted cells can receive the nucleic acid.
Additionally, molecules encoded within the viral vector, e.g., by a cDNA contained in the viral
vector, are expressed efficiently in cells that have taken up viral vector nucleic acid.

[0043] Retrovirus vectors and adeno-associated virus vectors can be used as a recombinant
gene delivery system for the transfer of exogenous genes in vivo, particularly into humans.
These vectors provide efficient delivery of genes into cells, and the transferred nucleic acids
are stably integrated into the chromosomal DNA of the host. The development of specialized
cell lines (termed "packaging cells") which produce only replication-defective retroviruses has
increased the utility of retroviruses for gene therapy, and defective retroviruses are
characterized for use in gene transfer for gene therapy purposes (for a review see Miller,
Blood 76:271 (1990)). A replication defective retrovirus can be packaged into virions, which
can be used to infect a target cell through the use of a helper virus by standard techniques.
Protocols for producing recombinant retroviruses and for infecting cells in vitro or in vivo with
such viruses can be found in Ausubel, et al., eds., Current Protocols in Molecular Biology,
Greene Publishing Associates, (1989), Sections 9.10-9.14, and other standard laboratory
manuals. Examples of suitable retroviruses include pLJ, pZIP, pWE and pEM which are known
to those skilled in the art. Examples of suitable packaging virus lines for preparing both
ecotropic and amphotropic retroviral systems include WCrip, WCre, W2 and WAmM. Retroviruses
have been used to introduce a variety of genes into many different cell types, including
epithelial cells, in vitro and/or in vivo (see for example Eglitis, et al. (1985) Science 230:1395-
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1398; Danos and Mulligan (1988) Proc. Natl. Acad. Sci. USA 85:6460-6464; Wilson et al.
(1988) Proc. Natl. Acad. Sci. USA 85:3014-3018; Armentano et al. (1990) Proc. Natl. Acad. Sci.
USA 87:6141-6145; Huber et al. (1991) Proc. Natl. Acad. Sci. USA 88:8039-8043; Ferry et al.
(1991) Proc. Natl. Acad. Sci. USA 88:8377-8381; Chowdhury et al. (1991) Science 254:1802-
1805; van Beusechem et al. (1992) Proc. Natl. Acad. Sci. USA 89:7640-7644 ; Kay et al. (1992)
Human Gene Therapy 3:641-647; Dai et al. (1992) Proc. Natl. Acad. Sci. USA 89:10892-
10895; Hwu et al. (1993) J. Immunol. 150:4104-4115; U.S. Patent No. 4,868,116; U.S. Patent
No. 4,980,286; PCT Application WO 89/07136; PCT Application WO 89/02468; PCT Application
WO 89/05345; and PCT Application WO 92/07573).

[0044] Another viral gene delivery system useful in the present methods utilizes adenovirus-
derived vectors. The genome of an adenovirus can be manipulated, such that it encodes and
expresses a gene product of interest but is inactivated in terms of its ability to replicate in a
normal lytic viral life cycle. See, for example, Berkner et al., BioTechniques 6:616 (1988);
Rosenfeld et al., Science 252:431-434 (1991); and Rosenfeld et al., Cell 68:143-155 (1992).
Suitable adenoviral vectors derived from the adenovirus strain Ad type 5 dI324 or other strains
of adenovirus (e.g., Ad2, Ad3, or Ad7 etc.) are known to those skilled in the art. Recombinant
adenoviruses can be advantageous in certain circumstances, in that they are not capable of
infecting non-dividing cells and can be used to infect a wide variety of cell types, including
epithelial cells (Rosenfeld et al., (1992) supra). Furthermore, the virus particle is relatively
stable and amenable to purification and concentration, and as above, can be modified so as to
affect the spectrum of infectivity. Additionally, introduced adenoviral DNA (and foreign DNA
contained therein) is not integrated into the genome of a host cell but remains episomal,
thereby avoiding potential problems that can occur as a result of insertional mutagenesis in
situ, where introduced DNA becomes integrated into the host genome (e.g., retroviral DNA).
Moreover, the carrying capacity of the adenoviral genome for foreign DNA is large (up to 8
kilobases) relative to other gene delivery vectors (Berkner et al., supra; Haj-Ahmand and
Graham, J. Virol. 57:267 (1986).

[0045] Yet another viral vector system useful for delivery of nucleic acids is the adeno-
associated virus (AAV). Adeno-associated virus is a naturally occurring defective virus that
requires another virus, such as an adenovirus or a herpes virus, as a helper virus for efficient
replication and a productive life cycle. (For a review see Muzyczka et al., Curr. Topics in Micro.
and Immunol.158:97-129 (1992). It is also one of the few viruses that may integrate its DNA
into non-dividing cells, and exhibits a high frequency of stable integration (see for example
Flotte et al., Am. J. Respir. Cell. Mol. Biol. 7:349-356 (1992); Samulski et al., J. Virol. 63:3822-
3828 (1989); and McLaughlin et al., J. Virol. 62:1963-1973 (1989). Vectors containing as little
as 300 base pairs of AAV can be packaged and can integrate. Space for exogenous DNA is
limited to about 4.5 kb. An AAV vector such as that described in Tratschin et al., Mol. Cell. Biol.
5:3251-3260 (1985) can be used to introduce DNA into cells. A variety of nucleic acids have
been introduced into different cell types using AAV vectors (see for example Hermonat et al.,
Proc. Natl. Acad. Sci. USA 81:6466-6470 (1984 ); Tratschin et al., Mol. Cell. Biol. 4:2072-2081
(1985); Wondisford et al., Mol. Endocrinol. 2:32-39 (1988); Tratschin et al., J. Virol. 51:611-619
(1984); and Flotte et al., J. Biol. Chem. 268:3781-3790 (1993).
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[0046] In preferred embodiments, the viral delivery vector is a recombinant AAV2/8 virus.

[0047] Prior to administration, the final product will undergo a series of ultrapurification steps to
meet clinical grade criteria.

Subject Selection

[0048] Subjects who are candidates for the present methods of treatment include those who
have a diagnosis of RP caused by mutations in the gene encoding RPGR. Subjects suffering
from other ophthalmological clinically-defined conditions caused by mutations in the gene
encoding RPGR, e.g., X-linked cone-rod dystrophy, can also be treated using the methods
described herein. A diagnosis of XLRP or another ophthalmological condition caused by
mutations in the gene encoding RPGR can be made using methods known in the art.

[0049] The methods described herein can include identifying a subject, e.g., a child,
adolescent, or young adult subject, who has XLRP or another ophthalmological condition
caused by mutations in the gene encoding RPGR, or who is suspected of having XLRP or
another ophthalmological condition caused by mutations in the gene encoding RPGR (e.g.,
based on the presence of symptoms of the condition and no other obvious cause), and
obtaining a sample comprising genomic DNA from the subject, detecting the presence of a
mutation in RPGR using known molecular biological methods, and selecting a patient who has
a mutation in RPGR that causes XLRP or another condition. Detecting a mutation in RPGR can
include detecting a mutation in ORF15, e.g., as described in Sandberg et al., (2007). Invest
Ophthalmol Vis Sci 48, 1298-304; Dror et al., Am J Hum Genet. Nov 2003; 73(5): 1131-1146.

[0050] Mutations in RPGR ORF15 include frameshift mutations, nonsense mutations, splice-
site mutations, and missesnse mutations. Exemplary mutations include ORF15G/u446 (1-bp-
del), ORF15Glu447 (2-bp-del), and ORF15GLys521(1-bp-ins).

[0051] Detecting a mutation in RPGR can also include sequencing all or part of (e.g., the ORF
15 region) the RPGR gene in a subject, and comparing the sequence to a reference sequence
(e.g., GenBank Accession No. NG_009553.1), to detect a mutation. Frameshift mutations,
truncation mutations, mutations that alter a conserved amino acid, or mutations that affect a
regulatory (e.g., promoter) region can be considered to be mutations that can cause XLRP or
another ophthalmological condition as described herein; an alteration in function can be
confirmed by expressing the mutant in vitro (e.g., in cultured cells) or in vivo (e.g., in a
transgenic animal), and assaying, e.g., function or subcellular localization.

[0052] Patients with XLRP or another ophthalmological condition due to RPGR mutations that
can be treated using a method described herein preferably retain some photoreceptors and
visual function, e.g., as measured by standard visual function or field tests and/or Optical
Coherence Tomography (OCT, e.g., Spectral Domain-OCT (SD-OCT)); see, e.g., Sandberg et
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al., Invest Ophthalmol Vis Sci. 2007;48:1298-1304. The methods described herein can include
identifying subjects who have been diagnosed with XLRP or another ophthalmological
condition due to RPGR mutations, who have a confirmed mutation in RPGR that causes their
condition, and testing their visual ability and detecting the presence of residual central
photoreceptors. Subjects, e.g., child, adolescent, young adult, or adult subjects, who can be
treated using the present methods will preferably have visual acuity of at least 20/200
(methods for determining visual acuity are well known in the art; see, e.g., Johnson, Deafness
and Vision Disorders: Anatomy and Physiology, Assessment Procedures, Ocular Anomalies,
and Educational Implications, Charles C. Thomas Publisher; 1999) Carlson, N; Kurtz, D.;
Heath, D.; Hines, C. Clinical Procedures for Ocular Examination. Appleton & Lange; Norwalk,
CT. 1990) and a detectable outer nuclear layer in the central fovea (e.g., at least 75%, 80%,
90%, 95%, or 99% of normal thickness).

EXAMPLES

[0053] The invention is further described in the following examples, which do not limit the
scope of the invention described in the claims.

Materials and Methods

[0054] The following materials and methods were used in the Examples set forth below.

Animals

[0055] The generation and analysis of RPGR’ mice have been described previously (Hong
and others 2000). The RPGK” mice used in this study were bred from sibling mating among

nullizygous RPGR males and homozygous (RPGK™") females maintained in our institutional
animal facility. WT mice used in the study were C57BL from Charles River Laboratory
(Wilmington, MA). Mice were maintained under 12hr light/12hr dark lighting cycle. The studies
were done in accordance with the ARVO Statement for the Use of Animals in Ophthalmic and
Vision Research, and approved by the IACUC of the Massachusetts Eye and Ear Infirmary.

Plasmid construction and production of recombinant AA V8

[0056] Human RPGR ORF 15 cDNA were amplified from human retinal cDNA by PCR using
primers designed to encompass the entire RPGR ORF 15 isoform coding region. No full-length
ORF15 cDNAs were obtained despite repeated attempts using a variety of methods, consistent
with the experience of other investigators and that of our own (Hong and others 2005).
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Instead, we obtained an abbreviated ORF 15 cDNA containing a large 314 codon (942 bp) in-
frame deletion in the ORF15 exon (2,517-bp remaining) with the bulk of the purine rich
repetitive region removed (codons 696-1010del, "short form™) (Fig. 1A). A second ORF15
cDNA was constructed through recombinant DNA manipulation which contained a 126-codon
(378 bp) in-frame deletion within the highly repetitive region of exon 15 (with 3,081-bp
remaining in the ORF15 exon) (codons 862-988del,"long form"). These ORF15 cDNAs were
sequenced to verify fidelity. To construct the AAV vectors, RPGR cDNAs were inserted into the
multiple cloning site of the parental pAAV-RK-zsGreen vector. The resulting pAAV-RK-mRPGR
and pAAV-RK-hRPGR vectors were packaged into AAV. AAV2/8 pseudotyped vector was
generated by tripartite transfection: (1) AAV vector plasmid encoding the gene of interest, (2)
AAV helper plasmid pLT-RC03 encoding AAV Rep proteins from serotype 2 and Cap proteins
from serotype 8, and (3) adenovirus helper miniplasmid pHGTI-Adeno1) into 293A cells. The
transfection was performed using a protocol developed by Xiao and co-workers (Xiao, et al.,
1998). Two days after transfection, cells were lysed by repeated freeze and thaw cycles. After
initial clearing of cell debris, the nucleic acid component of the virus producer cells was
removed by Benzonase treatment. The recombinant AAV vector particles were purified by
iodixanol density gradient. The purified vector particles were dialyzed extensively against PBS
and tittered by dot blot hybridization.

Subretinal injections

[0057] Mice were placed under general anaesthesia with an intraperitoneal injection of
ketamine (90 mg/kg)/xylazine (9 mg/kg). A 0.5% proparacaine solution was applied to the
cornea as a topical anesthetic. Pupils were dilated with topical application of cyclopentolate and
phenylephrine hydrochloride. Under an ophthalmic surgical microscope, a small incision was
made through the cornea adjacent to the limbus using an 18-gauge needle. A 33-gauge blunt
needle fitted to a Hamilton syringe was inserted through the incision behind the lens and
pushed through the retina. All injections were made subretinally in a location within the nasal
quadrant of the retina. Injections were made subretinally within the nasal quadrant of the

retina. Each eye received either 2 x 109 vector genome (AAV- ORF15-L) or 5 x 10° vector
genome (AAV- ORF15-S) in a 1 pl volume. RPGR-ORF15 vectors were administered to the left
eye (OS, oculus sinister) and control vector (AAV8-RK- EGFP) were administered to the right
eye (OD, oculus dexter). These are referred throughout this text as "treated" or "control",
respectively. Visualization during injection was aided by the addition of fluorescein (100mg/ml
AK-FLUOR, Alcon, Inc.) to the vector suspensions at 0.1% by volume. Fundus examination
following the injection found > 30% of the retina detached in most cases, confirming successful
subretinal delivery. Cohorts of mice (n=50 total) were injected at 1 month of age for protein
expression studies and at 3 to 7 months of age (since ERGs remained normal during this age
period) for functional (ERG) and histological studies, prior to major photoreceptor loss.

Histology and immunofluorescence
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[0058] For both light microscopy and transmission electron microscopy, enucleated eyes were
fixed for 10 minutes in 1% formaldehyde, 2.5% glutaraldehyde in 0.1 M cacodylate buffer
(pH7.5). Following removal of the anterior segments and lens, the eyecups were left in the
same fixative at 4°C overnight. Eye cups were washed with buffer, post-fixed in osmium
tetroxide, dehydrated through a graded alcohol series and embedded in Epon. Semi-thin
sections (1 um) were cut for light microscopy observations. For EM, ultrathin sections were
stained in uranyl acetate and lead citrate before viewing on a JEOL 100CX electron
microscope.

[0059] For immunofluorescence staining of ciliary proteins, eyes were enucleated, shock
frozen, and sectioned at 10-um thick in a cryostat. Unfixed frozen sections were then collected
on glass and stained. For immunostaining of all other proteins, floating retinal sections were
collected and stained. For this process eyes were placed in fixative (2% formaldehyde, 0.25%
glutaraldehyde/PBS) and their anterior segments and lens were removed. Duration of fixation
was typically 20 minutes. The fixed tissues were soaked in 30% sucrose/PBS for at least 2
hours, shock frozen and sectioned similar to unfixed tissues. Sections were then collected into
PBS buffer and remained free floating for the duration of the immunostaining process. Stained
sections were viewed and photographed on a laser scanning confocal microscope (model TCS
SP2; Leica). Antibodies used were mouse RPGR (S1), human RPGR C100, anti-rootletin, 1D4
(anti-rhodopsin), mixed blue/green cone anti-opsin, and Hoechst 33342, nuclear dye stain.

Immunoblotting analysis

[0060] Retinal tissues were homogenized in RIPA buffer, boiled in Laemmli buffer and loaded
at 15 pg/lane on 5% SDS-PAGE gels. After gel separation, proteins were blotted to PVDF
membrane by electrotransfer. The membranes were blocked with 5% non-fat milkk and
incubated with primary antibodies overnight at room temperature. After washing, membranes

were incubated with peroxidase-conjugated secondary antibodies. SuperSignal® West Pico
Chemiluminescent Substrate (Pierce) was used for detection. For normalization, protein
samples were separated on standard SDS-PAGE and probed with a transducin a antibody (gift
of Dr. Heidi Hamm, Vanderbilt University).

ERG recording

[0061] Mice were dark-adapted overnight and anesthetized with sodium pentobarbital injected
intraperitoneally prior to testing. Both pupils of each animal were topically dilated with
phenylephrine hydrochloride and cyclopentolate hydrochloride, and mice were then placed on
a heated platform. Rod dominated responses were elicited in the dark with 10-ps flashes of

white light (1.37 x 10° cd/m?) presented at intervals of 1 minute in a Ganzfeld dome. Light-

adapted, cone responses were elicited in the presence of a 41 cd/m? rod-desensitizing white
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background with the same flashes (1.37 x 10° cd/m?) presented at intervals of 1 Hz. ERGs
were monitored simultaneously from both eyes with a silver wire loop electrode in contact with
each cornea topically anesthetized with proparacaine hydrochloride and wetted with Goniosol,
with a subdermal electrode in the neck as the reference; an electrically-shielded chamber
served as ground.

[0062] All responses were differentially amplified at a gain of 1,000 (-3db at 2 Hz and 300 Hz;
AMS502, Tektronix Instruments, Beaverton, OR), digitized at 16-bit resolution with an adjustable
peak-to-peak input amplitude (PCI-6251, National Instruments, Austin, TX), and displayed on a
personal computer using custom software (Labview, version 8.2, National Instruments).
Independently for each eye, cone responses were conditioned by a 60 Hz notch filter and an
adjustable artifact-reject window, summed (n=4-20), and then fitted to a cubic spline function
with variable stiffness to improve signal:noise without affecting their temporal characteristics; in
this way we could resolve cone b-wave responses as small as 2 uV.

Statistical analysis

[0063] JMP, version 6 (SAS Institute, Cary, NC) was used to compare cross-sectional ERG
amplitudes and implicit times. Repeated - measures analyses with PROC MIXED OF SAS,
version 9.3 (SAS Institute) were used for histologic comparisons and for comparing longitudinal
ERG data of treated versus untreated eyes.

Patients

[0064] Full-field electroretinographic (ERG) data, obtained from the dataset described by
Sharon, et al (2003), for 111 patients with XLRP due to ORF15 RPGR mutations were reviewed
to compare b-wave amplitudes to 0.5 Hz white light, which reflect remaining rod + cone
function, and to 30 Hz flashes of the same white light, which reflect remaining cone function
alone. To determine whether they had rod-cone or cone-rod disease, we calculated the ratio of
their amplitude to 0.5 Hz flashes divided by their amplitude to 30 Hz flashes for OD and for OS;
the same ratio for the lower limit of normal in our system is 350 uV/50 uV = 7. For more precise
quantification of response amplitudes to 0.5 Hz flashes and to minimize possible effects
secondary to the primary photoreceptor degeneration, we focused on those patients (n=14)
with amplitudes to 0.5 Hz flashes > 50 yV that reflected earlier or milder disease.

ERGs of patients with ORF15 mutations

[0065] For the 14 patients with the most robust responses to 0.5 Hz white flashes, reflecting
remaining rod + cone function, amplitudes to that condition ranged from 53 yV to 329 yV OD
and from 59 pV to 282 uV OS. Their amplitudes to 30 Hz flashes of the same white light,
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reflecting cone function alone and monitored with bandpass filtering and signal averaging for
amplitudes < 10 pV, ranged from 0.98 pV to 23.5 pV OD and from 0.95 pyV to 20 pvV OS. The
ratio of response amplitude to 0.5 Hz flashes divided by response amplitude to 30 Hz flashes
had a mean + standard error of 47.0 £ 12.7 OD and 48.7 £ 13.0 OS. These mean values were
significantly different from 7.0, the value for the ratio based on the lower limits of normal
(nonparametric signed-rank test, p = 0.0004 OD and p = 0.001 OS). In other words, these
patients with ORF15 mutations had markedly disproportionate loss of cone function. Examples
of these ERGs are shown in Fig. 6.

Example 1. AA V-mediated Expression of human RPGR ORF15

[0066] We constructed two human RPGR ORF15 replacement genes, one with an in frame
deletion of 126 codons (the long form, ORF15-L) and the other with an in frame deletion of 314
codons (the short form, ORF15-S). Both were inserted into an AAV8 vector under the control of
a human rhodopsin kinase promoter (Fig. 1A) (Khani and others 2007; Sun and others 2010).
Subretinal delivery of the two human RPGR ORF15 replacement genes (left eyes) led to the
production of recombinant RPGR proteins. By western blotting, 2 weeks following AAV vector
administration, the long form of ORF 15 produced an approximately 160-kD protein while the
short form of ORF 15 produced an approximately 125-kD protein. Both protein products were
smaller than native ORF15 seen in human retinal tissue (approximately 200 kD) (Figs. 1B, C).
Both forms of replacement ORF15 appeared as a single band when probed with an antibody
against the C-terminus of human RPGR. Under our experimental conditions and the dosages
given, the expression levels of ORF 15-S and ORF15-L were comparable. Control eyes (right
eyes) received AAV-GFP.

[0067] Both forms of ORF 15 could be seen in the retina of RPGR’ mice by
immunofluorescence staining of unfixed cryosections (3 weeks following subretinal injections)
and correctly localized to the layer in between the inner and outer segments where the
connecting cilia reside. However, the short form (AAV8-ORF15-s) gave much weaker signals
(Fig. 2A) than the long form (AAV8-ORF15-I). In well-transduced retinal areas the signal from
the long form treated retinas appeared indistinguishable from the WT signal (Fig. 2A, B).
Double-labeling with an antibody for the ciliary rootlets, which originate from the proximal ends
of basal bodies and extend toward the cell interior and thus serve as an excellent marker for
the ciliary region (Hong and others 2003; Yang and others 2002), confirmed the correct
subcellular localization of the recombinant RPGR to the connecting cilia (Fig. 2B). In contrast to
the similarity in protein expression level determined by western blotting, only the long form of
ORF 15 appeared to have a robust signal in every CC matching the number of rootlets,
whereas in the short form treated retinas, many rootlets did not have an RPGR signal at their
distal ends. Figure 2C shows a bar graph representing RPGR label counts relative to the
counts of rooteletin fibers in Rpgr -/- mouse retinas treated with either the long or short form of
human ORF 15 as well as in untreated wildtype mouse retinas. There was no difference in the
mean ratios (RPGR signal count divided by Rootletin fiber count) for the ORF15 long form
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versus the wild type (Dunnett's method, p = .24) but a significantly lower mean ratio for the
ORF15 short form versus the wildtype (p =.0019).

[0068] Given the similar level of expression by immunoblotting, this disparity in protein
localization at the connecting cilium suggested that perhaps some fraction of the short form of
ORF 15 might have mislocalized elsewhere within the photoreceptors. Further analysis by
immunostaining of fixed retinal sections, which afforded better preservation of tissues at the
expense of signal strength, revealed a pattern of ORF15 mislocalized to photoreceptor inner
and outer segments for the short form of ORF 15 (Fig. 2D). No mislocalization was seen for
the long form of ORF 15 which had a staining pattern similar to WT. Thus, the lack of staining
for the short form RPGR at the CC is due to a reduced ability to localize or be confined at this
subcellular compartment, rather than a lower level of expression overall.

Example 2. Human ORF15-I (long form) expression in RPGR null mice promotes rod and
cone survival

[0069] To investigate the therapeutic efficacy of the two replacement genes, we evaluated

RPGK- mouse photoreceptors by immunostaining to look for signs of improvement in rod and
cone morphology. By 13 months of age (6 months post treatment) there was no obvious
difference in rod or cone morphology observed with the short form of human ORF 15 (Fig. 3);
both control and ORF15 short form treated eyes had the typical degenerative appearance for
this age. Rod and cone outer segments were shortened and disorganized compared to WT
eyes with rod opsin mislocalization seen throughout the outer nuclear layer and cone opsin
mislocalization additionally in the synaptic layer. The outer nuclear layer, in control and ORF15
short form treated eyes, was also comparably reduced in thickness.

[0070] In contrast, eyes treated with the long form of human ORF15 had rhodopsin expression
in rods that was properly partitioned to the outer segments with no obvious signs of
mislocalization. Similarly, cone opsin mislocalization was rare in these eyes treated with the
longer ORF 15 construct. In addition, ORF15-| treated eyes were found to have more rod and
cone cells (with nearly normal-appearing outer segments) than control or ORF 15-S treated
eyes.

[0071] Based on these findings longitudinal studies were carried out in mice treated with the
long form of ORF 15. To quantify the extent of rescue in ORF15-| treated eyes relative to the
control eyes, we measured the thickness of the outer nuclear layer (ONL) and the length of

photoreceptor inner /outer segments in fellow eyes of 3 Rpgr’” mice. These were measured in
3 regions of the superior hemisphere and in 3 regions of the inferior hemisphere, each region
separated by 600um and beginning 600 um to either side of the optic nerve head along the
vertical meridian; Repeated-measures full-factorial regression at ages 11 months and 18
months was used to identify differences by eye, hemisphere, and region as main effects, as
well as their cross-products to determine whether a treatment effect varied geographically. At
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11 months of age, ONL thickness was normally distributed but inner segment/outer segment
length was not (Shapiro-Wilk W goodness of fit test, p = .016); at 18 months of age, neither
ONL thickness nor inner segment/outer segment length was normally distributed (p = .0011
and p = .0002, respectively). At 11 months of age mean ONL thickness was significantly
greater for treated eyes (48.0 ym) than for control eyes (38.0 ym, p = .0015); mean inner
segment/outer segment length was also significantly greater for treated eyes (45.1 ym) than
for control eyes (29.5 ym, p < .0001, p < .0001 for normalized ranks). The treatment benefits
with respect to ONL thickness and IS/OS length were comparable for the inferior and superior
hemispheres at this age. At 18 months of age the differences in retinal morphology between
fellow eyes were even more marked: mean ONL thickness was 22.8 um for treated eyes and
13.7 ym for control eyes (p < .0001, p < .0001 for normalized ranks), while mean inner
segment/outer segment length was 19.8 um for treated eyes and 7.3 pym for control eyes (p <
.0001, p < .0001 for normalized ranks). At this age we initially observed that the treatment
benefit for IS/OS length was significantly greater in the superior retina than in the inferior retina
at 18 months (p = .0036), but this did not hold up after converting length to normalized ranks (p
= 17). Figure 4A illustrates ONL thickness and IS/OS length by region for treated and control
eyes in the three mice at 18 months of age.

[0072] Figure 4B shows representative light micrographs taken from a representative ORF15-
L treated and fellow control eye at 18 months of age. In the control retina, the best-preserved
area has only about 2-3 rows of loosely arranged photoreceptor nuclei with shortened and
disorganized photoreceptor inner/outer segments. Note that the margins of the inner and outer
segments are no longer distinct. The treated retina, on the other hand, has about 5-6 rows of
photoreceptor cells throughout, with longer, better organized, and distinct inner and outer
segments.

Example 3. Human RPGR ORF15 long-form expression improves rod and cone function

[0073] Retinal function as monitored by full-field rod and cone ERGs was evaluated in a cohort

(n=22) of RPGR™ mice from 9-months to 18-months of age. Mice received treatment between
3 and 7 months of age, and follow-up ERGs were recorded no sooner than 6-months following
injection. Figure 5A shows rod and cone ERG amplitudes by eye for 16 mice who were tested
between 11 and 14 months of age. Control eyes (OD) showed disproportionate loss of cone b-
wave amplitude relative to rod b-wave amplitude compared with the lower limits for wild-type

mice, as previously observed in this murine model of RPGR™- mice and evidence for a cone-
rod degeneration. In every case but one, the treated eye (OS) had a larger ERG a-wave and
b-wave amplitude compared with the fellow control eye (OD), demonstrating improvement of
rod and cone photoreceptor function. In fact, more than half of the treated eyes (9/16) had rod
b-wave amplitudes that were at or above the lower limit of age-matched WT values (dotted
line). Geometric mean values for rod ERG a-wave and b-wave amplitude were 121 yV OS and
65 yV OD for the a-wave and 482 pV OS and 267 pV OD for the b-wave. Mean cone ERG b-
wave amplitudes was 22 yV OS and 11 pV OD. These data show an 81-86% improvement of
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rod function and a 100% improvement of cone function with AAV- ORF15 treatment for this age
range.

[0074] In the full cohort of 22 mice, we used repeated measures longitudinal regression to
compare rates of change for rod and cone b-wave amplitudes by eye (Fig. 5B). Estimated
mean rates of change were -8.6%/month for rod b-wave amplitude of the control eyes and
-3.8%/month for rod b-wave amplitude of the treated eyes; the difference between these two
means was significant (p=0.0001). Estimated mean rates of change were -5.8%/month for
cone b-wave amplitude of the control eyes and -0.8%/month for cone b-wave amplitude of the
treated eyes; the difference between these two means was also significant (p<0.0001). In
addition, the decline in cone b-wave amplitude for the treated eyes was found to be not
significantly different from zero (p = 0.54), indicating stability in cone function with no
observable progression.

[0075] Representative rod and cone ERGs are shown in Fig. 5C to illustrate waveforms in
treated and control eyes, including a WT, at 18 months of age (the final time point). Rod
function in control eyes at this age is severely reduced (by 75%, on average), while cone
function is minimal and in some cases virtually non-detectable. In contrast, treated eyes at this
time point still have substantial rod and cone function although below those seen in WT eyes.
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PATENTKRAV

1. Nukleinsyre, der koder for et afkortet, humant RPGR-protein, hvor det
afkortede, humane RPGR-protein er mindst 95 % identisk med fuldleengden af SEQ
ID NO: 2.

2. Nukleinsyre ifglge krav 1, hvor:

nukleinsyren, der koder for det afkortede, humane RPGR-protein er under
kontrol af en human rhodopsinkinase- (hRK) promotor; hvor

(a) hRK-promotoren omfatter SEQ ID NO: 5; eller
(b) hRK-promotoren i det veesentlige bestar af SEQ ID NO: 5.

3. Nukleinsyre ifglge krav 1 eller 2, hvor nukleinsyren koder for et afkortet,
humant RPGR-protein, der omfatter SEQ ID NO: 2.

4. Nukleinsyre ifglge et hvilket som helst af krav 1 til 3, hvor nukleinsyren
koder for et afkortet, humant RPGR-protein, der bestar af SEQ ID NO: 2.

5. Nukleinsyre ifglge et hvilket som helst af krav 1 til 4, hvor nukleinsyren, der
koder for det afkortede, humane RPGR-protein, er mindst 95 % identisk med
fuldlaengden af SEQ ID NO: 1.

6. Nukleinsyre ifglge et hvilket som helst af krav 1 til 5 til anvendelse i
behandling af et menneske, der har X-bundet retinitis pigmentosa (XLRP) eller en
anden oftalmologisk tilstand grundet funktionstabsmutation i det gen, der koder for
retinitis pigmentosa-GTPase-regulator- (RPGR) proteinet.

7. Viral vektor, der omfatter nukleinsyren ifglge et hvilket som helst af krav 1
til 5.

8. Viral vektor ifglge krav 7, der er en adenoassocieret, viral vektor, eventuelt
hvor den adenoassocierede, virale vektor er AAV2 eller AAVS.

9. Viral vektor ifglge krav 8, hvor den adenoassocierede, virale vektor er
AAV2/8.
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10. Viral vektor ifglge et hvilket som helst af krav 7-9 til anvendelse i
behandling af et menneske, der har X-bundet retinitis pigmentosa (XLRP) eller en
anden oftalmologisk tilstand grundet funktionstabsmutation i det gen, der koder for
retinitis pigmentosa-GTPase-regulator- (RPGR) proteinet.

11. Isoleret veertscelle, der omfatter den virale vektor ifglge krav 7 til 9 eller
nukleinsyren ifglge et hvilket som helst af krav 1 til 5.

12. Isoleret veertscelle ifolge krav 11, hvor cellen udtrykker det afkortede,
humane RPGR-protein.

13. Adenoassocieret, viral vektor omfattende en nukleinsyre, der koder for et
afkortet, humant RPGR-protein, hvor det afkortede, humane RPGR-protein er
mindst 95 % identisk med fuldleengden af SEQ ID NO: 2, til anvendelse i behandling
af et menneske, der har X-bundet retinitis pigmentosa (XLRP) eller en anden
oftalmologisk tilstand grundet funktionstabsmutation i det gen, der koder for retinitis
pigmentosa-GTPase-regulator-(RPGR) proteinet.

14. Viral vektor til anvendelse ifglge krav 13, hvor nukleinsyren, der koder for
det afkortede, humane RPGR-protein, er under kontrol af en human
rhodopsinkinase- (hRK) promotor.

15. Viral vektor til anvendelse ifglge krav 13 eller 14, hvor:

(a) hRK-promotoren omfatter eller i det veesentlige bestar af SEQ ID NO: 5;
og/eller

(b) nukleinsyren, der koder for det afkortede, humane RPGR-protein omfatter
eller i det veesentlige bestar af en sekvens, der er mindst 95 % identisk med SEQ
ID NO: 1.

16. Viral vektor til anvendelse ifglge et hvilket som helst af krav 13-15, hvor
den adenoassocierede, virale vektor er AAV2 eller AAVS.

17. Viral vektor til anvendelse ifglge et hvilket som helst af krav 13-15, hvor
den adenoassocierede, virale vektor er AAV2/8.

18. Viral vektor til anvendelse ifglge et hvilket som helst af krav 13 til 17, hvor
det afkortede, humane RPGR-protein omfatter SEQ ID NO: 2.



10

DK/EP 3821912 T3

3

19. Viral vektor til anvendelse ifglge et hvilket som helst af krav 13 til 18, hvor
det afkortede, humane RPGR-protein bestar af SEQ ID NO: 2.

20. Viral vektor til anvendelse ifalge et hvilket som helst af krav 13 til 19;

(a) hvor anvendelsen omfatter administration af nukleinsyren i en lav dosis
paca. 2 x 10'° vg/mL, en mellemdosis pa ca. 2 x 10" vg/m eller en hgj dosis pa ca.
2 x 10'2 vg/mL; og/eller

(b) hvor nukleinsyren administreres i det subretinale rum;

eventuelt hvor en mikroinjektionskanyle indfgres i det subretinale rum,
temporalt for synsnerven og lige over de store arkadekar, saledes at fluidstrgm kan
dirigeres mod makula.
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Full-field ERGs of Patients with XLRP due to RPGR Mutations
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.
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