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TREATMENT OF RETINITIS PIGMENTOSA
FIELD OF THE INVENTION

The present invention relates to compounds for use in the gene therapy of eye diseases.
More specifically, the invention relates to viral vectors, in particular adeno-associated viral
(AAV) vectors, for use in the treatment or prevention of retinitis pigmentosa (RP), wherein
the viral vectors enable delivery of the retinitis pigmentosa GTPase regulator ORF15 isoform
(RPGRFF™) to the eye.

BACKGROUND TO THE INVENTION

Retinitis pigmentosa (RP) is a phenotypically linked group of inherited retinal dystrophies

that leads to gradual reduction in vision. RP affects approximately 1 in 3000-4000 people.

Early symptoms of RP include deterioration of night and peripheral vision. As the disease
progresses, detailed, central and colour vision may also be affected. The age of onset of RP
symptoms is variable, but typically between 10 and 30, and the rate of deterioration varies

between individuals.

RP is commonly caused by the progressive degeneration of rod photoreceptor cells.
However, the retinal pigment epithelium (RPE) and cone photoreceptor cells may also

degenerate during progression of the disease.

RP may be caused, for example, by mutations in one of many different genes relevant for
the health and function of the eye. Of all the single gene causes of RP, the X-linked disease
that results from defects in the retinitis pigmentosa GTPase regulator (RPGR) gene is the

most common.

X-linked retinitis pigmentosa (XLRP) is regarded as the most severe form of retinitis
pigmentosa. Subjects suffering from XLRP experience restriction of the peripheral visual
field and night blindness within the first two decades of life. In addition, glare, involuntary
pendular movement of the eyes, colour vision disturbances and reduced central visual acuity
characterise this condition. As a result, patients typically become legally blind even before

completion of their secondary education.

The RPGR gene is highly mutagenic, which increases the likelihood of disease-causing
mutations being generated in vivo. However, this mutagenic nature also gives rise to
problems when producing vectors encoding RPGR for use in gene therapy. Indeed, previous

strategies to develop gene replacement therapies for XLRP have been hampered by such

1



10

15

20

25

30

35

40

mutations: only very recently a promising research programme was delayed due to a
mutation discovered in the ORF15 region of the transgene cassette. In another programme,
alternative RPGR splice variants were detected by Western blot (Wu, Z. et al. (2015) Hum.
Mol. Genet. 24: 3956-3970).

There is currently no approved therapy to prevent the development of RP or to improve
vision following the onset of the disease. Accordingly, there remains a significant need for
treatments of RP, in particular to prevent deterioration in visual function or to enable
improvement in the vision of affected individuals.

SUMMARY

The present inventors have surprisingly found that the sequence of the retinitis pigmentosa
GTPase regulator ORF15 isoform (RPGROCRF15) gene can be engineered to increase
sequence stability, such as by reducing or preventing the occurrence of mutations during
replication (i.e. increasing the fidelity of replication). The present inventors have also
unexpectedly discovered that risks of the engineering affecting the function of the gene can
be mitigated. Moreover, the engineered genes have been demonstrated by the present
inventors to successfully treat animal models of retinitis pigmentosa.

Accordingly, in one example, the disclosure provides a polynucleotide comprising a
nucleotide sequence encoding the retinitis pigmentosa GTPase regulator ORF15 isoform
(RPGRORF15) - wherein the RPGROCRF15-encoding nucleotide sequence has been codon
optimised to increase fidelity of replication of the sequence.

In one aspect, the present disclosure refers to a composition comprising a nucleic acid
comprising

(a) a sequence encoding a rhodopsin kinase promoter, and

(b) a sequence encoding a retinitis pigmentosa GTPase regulator ORF15 isoform
(RPGRORF15) and comprising the nucleic acid sequence of SEQ ID NO: 3.

In another aspect, the present disclosure refers to a composition comprising a nucleic acid
comprising

(a) a sequence encoding a rhodopsin kinase promoter, and
(o) a sequence encoding a retinitis pigmentosa GTPase regulator ORF15 isoform
(RPGRORF15) and comprising a nucleotide sequence that has at least 97% identity to the
nucleic acid sequence of SEQ ID NO: 3, wherein the sequence encoding the RPGRORF15
exhibits increased fidelity of replication as compared to a wild type RPGRORF> sequence.

Preferably, the RPGRORF5-encoding nucleotide sequence of the disclosure has been codon
optimised to reduce the generation of alternative splice variants.

Preferably, the RPGRORF5-encoding nucleotide sequence of the disclosure has been codon
optimised to minimise or avoid the creation of new CpG sites in comparison to the wild type
sequence. In one example, the RPGROR'5-encoding nucleotide sequence of the disclosure
comprises less than 220, 210, 200, 190, 170, 165, 160, 150, 140, 130, 120, 110 or 100 CpG
sites.

Preferably, the RPGRORF5-encoding nucleotide sequence of the disclosure has been codon
optimised by replacing some or all GGN codons with GGC codons (when the GGN codons
were not originally GGC codons).

Preferably, the RPGRORF'5-encoding nucleotide sequence of the disclosure has been codon
optimised to minimise or avoid the introduction of new thymine nucleotides in the purine-rich
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(i.e. GA-rich) regions of the RPGR°*'>-encoding nucleotide sequence, for example the ORF
15 exon region (which corresponds to nucleotides 1754-3459 of RPGR°""'%, e.g. nucleotides
1754-3459 of SEQ ID NO: 2).

Preferably, the RPGR°*'%-encoding nucleotide sequence of the disclosure has been codon
optimised to reduce the number of GT sites (i.e. potential splice donor sites) in comparison
to the wild type sequence. In one example, the RPGR®"F'5-encoding nucleotide sequence of
the disclosure comprises less than 120, 115, 110, 105, 100, 90, 80, 70, 60, 50, 40, 30, 20 or
10 GT sites. In a preferred example, the RPGR°""">-encoding nucleotide sequence of the
disclosure comprises less than 105 GT sites.

Preferably, the RPGR°*'%-encoding nucleotide sequence of the disclosure has been codon
optimised to avoid the creation of anomalous polyA signals (e.g. AATAAA).

In one example, the RPGR™ '

-encoding nucleotide sequence of the disclosure has been
codon optimised to reduce the number of purine nucleotides in comparison to the wild type

sequence. The wild type sequence may, for example, be the sequence of SEQ ID NO: 2.

Preferably, the number of purine nucleotides is reduced by replacing purine nucleotides with
pyrimidine nucleotides.

In one example, the number of purine nucleotides is reduced in purine-rich (i.e. GA-rich)
regions of the RPGR®"""%-encoding nucleotide sequence, for example the ORF 15 exon
region (which corresponds to nucleotides 1754-3459 of RPGR°"" "%, e.g. nucleotides 1754-
3459 of SEQ ID NO: 2).

In another example, the RPGR*"*-encoding nucleotide sequence of the disclosure does
not comprise purine nucleotides at positions corresponding to nucleotides 1761, 1776, 1788,
1803, 1824, 1845, 1854, 1881, 1893, 1902, 1909, 1910, 1929, 1932, 1960, 1987, 1988,
1992, 1998, 2020, 2031, 2047, 2049, 2062, 2067, 2076, 2121, 2167, 2169, 2190, 2193,
2208, 2229, 2259, 2283, 2298, 2323, 2343, 2346, 2361, 2373, 2382, 2388, 2403, 2409,
2410, 2412, 2448, 2457, 2472, 2476, 2478, 2505, 2520, 2547, 2574, 2622, 2634, 2661,
2673, 2706, 2712, 2763, 2775, 2796, 2811, 2817, 2832, 2838, 2871, 2886, 2892, 2898,
2910, 2922, 2931, 2937, 2958, 2970, 2997, 3033, 3039, 3069, 3075, 3117, 3129, 3156,
3166, 3235, 3246, 3273, 3285, 3306, 3321, 3369, 3399, 3405 and/or 3438 of SEQ ID NO: 2.
Preferably the nucleotides at these positions correspond to those found in SEQ ID NO:3. In
another example, the RPGR°""'®
comprise purine nucleotides at at least 2, 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 or all of
these nucleotide positions. Preferably, the nucleotide sequence encodes an amino acid

-encoding nucleotide sequence of the disclosure does not
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sequence with at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity to
SEQ ID NO: 1. More preferably, the nucleotide sequence encodes the amino acid sequence
of SEQ ID NO: 1.

In another example, the RPGR™"®

-encoding nucleotide sequence of the disclosure is
derived from SEQ ID NO: 2 by replacing the purine nucleotides at positions 1761, 1776,
1788, 1803, 1824, 1845, 1854, 1881, 1893, 1902, 1909, 1910, 1929, 1932, 1960, 1987,
1988, 1992, 1998, 2020, 2031, 2047, 2049, 2062, 2067, 2076, 2121, 2167, 2169, 2190,
2193, 2208, 2229, 2259, 2283, 2298, 2323, 2343, 2346, 2361, 2373, 2382, 2388, 2403,
2409, 2410, 2412, 2448, 2457, 2472, 2476, 2478, 2505, 2520, 2547, 2574, 2622, 2634,
2661, 2673, 2706, 2712, 2763, 2775, 2796, 2811, 2817, 2832, 2838, 2871, 2886, 2892,
2898, 2910, 2922, 2931, 2937, 2958, 2970, 2997, 3033, 3039, 3069, 3075, 3117, 3129,
3156, 3166, 3235, 3246, 3273, 3285, 3306, 3321, 3369, 3399, 3405 and/or 3438 with
pyrimidine nucleotides (e.g. thymine or cytosine). Preferably the nucleotides at these
positions correspond to those found in SEQ ID NO:3. In another example, the purine
nucleotides have been replaced at at least 2, 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 or all
of these nucleotide positions. Preferably, the nucleotide sequence encodes an amino acid
sequence with at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity to
SEQ ID NO: 1. More preferably, the nucleotide sequence encodes the amino acid sequence
of SEQ ID NO: 1.

According to the disclosure, the number of purine nucleotides may be reduced by at least
0.5%, 1%, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5% or 5% of the number of purine nucleotides
in the wild type sequence (e.g. SEQ ID NO: 2).

According to the disclosure, the number of purine nucleotides may be reduced by 0.5-10%,
0.5-7.5%, 0.5-5%, 0.5-4.5%, 0.5-4%, 0.5-3.5%, 0.5-3%, 1-5%, 1-4.5%, 1-4%, 1-3.5% or 1-
3% of the number of purine nucleotides in the wild type sequence (e.g. SEQ ID NO: 2).

In one example, the RPGR®"""®-encoding nucleotide sequence of the disclosure has been
codon optimised to reduce the number of adenine nucleotides in comparison to the wild type
sequence. The wild type sequence may, for example, be the sequence of SEQ ID NO: 2. In
another example, the number of adenine nucleotides has been reduced by at least 10, 20,
30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190 or 200. In one
example, adenines at positions corresponding to nucleotides 58, 114, 123, 129, 181, 213,
219, 226, 237, 285, 306, 309, 315, 324, 330, 339, 400, 444, 456, 478, 480, 594, 606, 618,
697, 744, 807, 852, 877, 888, 891, 921, 930, 960, 1042, 1050, 1116, 1140, 1183, 1194,
1197, 1221, 1249, 1257, 1273, 1276, 1281, 1290, 1293, 1357, 1372, 1413, 1446,
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1452, 1464, 1474, 1482, 1519, 1542, 1584, 1608, 1653, 1674, 1692, 1734, 1761, 1776,
1788, 1803, 1824, 1854, 1881, 1893, 1902, 1909, 1929, 1960, 1987, 1992, 1998, 2020,
2047, 2049, 2062, 2067, 2076, 2167, 2169, 2190, 2208, 2229, 2259, 2298, 2323, 2361,
2373, 2382, 2403, 2410, 2412, 2448, 2457, 2472, 2476, 2622, 2661, 2673, 2712, 2775,
2811, 2832, 2886, 2910, 2931, 2958, 3033, 3117, 3129, 3156, 3166, 3235, 3246, 3273,
3306, 3321, 3369, 3405 and/or 3438 of SEQ ID NO: 2 are replaced with pyrimidine
nucleotides (e.g. thymine or cytosine). Preferably the nucleotides at these positions
correspond to those found in SEQ ID NO:3.

In one example, the RPGR*'®*-encoding nucleotide sequence of the disclosure does not
comprise a purine nucleotide at at least one position, preferably at least 5, 10, 20, 30, 40, 50,
60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170 or 180 positions, preferably all
positions, corresponding to a position where a purine nucleotide in SEQ ID NO: 2 (wtRPGR)
aligns with a pyrimidine nucleotide in SEQ ID NO: 3 (coRPGR), for example in the sequence
alignment of Figure 2 (wtRPGR, “Original”’; coRPGR, “Optimized”).

RO"".encoding nucleotide sequence of the disclosure does

In another example, the RPG
not comprise purine nucleotides at positions corresponding to nucleotides 33, 58, 59, 114,
123, 129, 181, 182, 213, 219, 226, 227, 237, 267, 285, 306, 309, 315, 324, 330, 339, 400,
401, 444, 456, 478, 480, 510, 594, 606, 618, 639, 697, 726, 744, 777, 807, 852, 877, 879,
888, 891, 921, 930, 960, 1042, 1050, 1116, 1140, 1183, 1184, 1194, 1197, 1221, 1249,
1251, 1257, 1273, 1276, 1281, 1290, 1293, 1357, 1372, 1373, 1413, 1446, 1452, 1464,
1474, 1475, 1482, 1519, 1520, 1542, 1584, 1590, 1599, 1608, 1653, 1668, 1674, 1689,
1692, 1734, 1761, 1776, 1788, 1803, 1824, 1845, 1854, 1881, 1893, 1902, 1909, 1910,
1929, 1932, 1960, 1987, 1988, 1992, 1998, 2020, 2031, 2047, 2049, 2062, 2067, 2076,
2121, 2167, 2169, 2190, 2193, 2208, 2229, 2259, 2283, 2298, 2323, 2343, 2346, 2361,
2373, 2382, 2388, 2403, 2409, 2410, 2412, 2448, 2457, 2472, 2476, 2478, 2505, 2520,
2547, 2574, 2622, 2634, 2661, 2673, 2706, 2712, 2763, 2775, 2796, 2811, 2817, 2832,
2838, 2871, 2886, 2892, 2898, 2910, 2922, 2931, 2937, 2958, 2970, 2997, 3033, 3039,
3069, 3075, 3117, 3129, 3156, 3166, 3235, 3246, 3273, 3285, 3306, 3321, 3369, 3399,
3405 and/or 3438 of SEQ ID NO: 2. Preferably the nucleotides at these positions correspond
to those found in SEQ ID NO:3. In another example, the RPGR®"*F">-encoding nucleotide
sequence of the disclosure does not comprise purine nucleotides at at least 2, 3, 4, 5, 10,
20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180 or all of these
nucleotide positions. Preferably, the nucleotide sequence encodes an amino acid sequence
with at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity to
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SEQ ID NO: 1. More preferably, the nucleotide sequence encodes the amino acid sequence
of SEQ ID NO: 1.

It should be noted that in this application nucleotide positions are identified by those
‘corresponding’ to a particular position in SEQ ID NO:2. This is not to be interpreted as
meaning the sequences of the present disclosure must include sequences present in SEQ
ID NO:2. Herein, the nucleotides of the RPGR°""'®-encoding nucleotide sequence are
numbered following a convention whereby the 5" adenine of SEQ ID NO: 2 is assigned to be
nucleotide 1. Identities of individual nucleotides and positions of mutations are described
herein with reference to this numbering convention. A skilled person would readily be able to
determine analogous positions in homologous sequences by performing a sequence
alignment to SEQ ID NO: 2. An example of such an alignment is shown in Figure 2.

In another example, the RPGR®""'®-encoding nucleotide sequence of the disclosure is
derived from SEQ ID NO: 2 by replacing the purine nucleotides at positions 33, 58, 59, 114,
123, 129, 181, 182, 213, 219, 226, 227, 237, 267, 285, 306, 309, 315, 324, 330, 339, 400,
401, 444, 456, 478, 480, 510, 594, 606, 618, 639, 697, 726, 744, 777, 807, 852, 877, 879,
888, 891, 921, 930, 960, 1042, 1050, 1116, 1140, 1183, 1184, 1194, 1197, 1221, 1249,
1251, 1257, 1273, 1276, 1281, 1290, 1293, 1357, 1372, 1373, 1413, 1446, 1452, 1464,
1474, 1475, 1482, 1519, 1520, 1542, 1584, 1590, 1599, 1608, 1653, 1668, 1674, 1689,
1692, 1734, 1761, 1776, 1788, 1803, 1824, 1845, 1854, 1881, 1893, 1902, 1909, 1910,
1929, 1932, 1960, 1987, 1988, 1992, 1998, 2020, 2031, 2047, 2049, 2062, 2067, 2076,
2121, 2167, 2169, 2190, 2193, 2208, 2229, 2259, 2283, 2298, 2323, 2343, 2346, 2361,
2373, 2382, 2388, 2403, 2409, 2410, 2412, 2448, 2457, 2472, 2476, 2478, 2505, 2520,
2547, 2574, 2622, 2634, 2661, 2673, 2706, 2712, 2763, 2775, 2796, 2811, 2817, 2832,
2838, 2871, 2886, 2892, 2898, 2910, 2922, 2931, 2937, 2958, 2970, 2997, 3033, 3039,
3069, 3075, 3117, 3129, 3156, 3166, 3235, 3246, 3273, 3285, 3306, 3321, 3369, 3399,
3405 and/or 3438 with pyrimidine nucleotides (e.g. thymine or cytosine). Preferably the
nucleotides at these positions correspond to those found in SEQ ID NO:3. In another
example, the purine nucleotides have been replaced at at least 2, 3, 4, 5, 10, 20, 30, 40, 50,
60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180 or all of these nucleotide
positions. Preferably the purine nucleotides have been replaced at all of these nucleotide
positions. Preferably, the nucleotide sequence encodes an amino acid sequence with at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity to SEQ ID NO: 1.
More preferably, the nucleotide sequence encodes the amino acid sequence of SEQ ID NO:
1.
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In one example, the RPGR®*"'%-encoding nucleotide sequence is such that the nucleotide
corresponding to position 33 of SEQ ID NO:2 is T, the nucleotide corresponding to position
58 is T, the nucleotide corresponding to position 59 is C, the nucleotide corresponding to
position 114 is C, the nucleotide corresponding to position 123 is T, the nucleotide
corresponding to position 129 is C, the nucleotide corresponding to position 181 is T, the
nucleotide corresponding to position 182 is C, the nucleotide corresponding to position 213
is C, the nucleotide corresponding to position 219 is T, the nucleotide corresponding to
position 226 is T, the nucleotide corresponding to position 227 is C, the nucleotide
corresponding to position 237 is C, the nucleotide corresponding to position 267 is C, the
nucleotide corresponding to position 285 is C, the nucleotide corresponding to position 306
is C, the nucleotide corresponding to position 309 is C, the nucleotide corresponding to
position 315 is C, the nucleotide corresponding to position 324 is C, the nucleotide
corresponding to position 330 is C, the nucleotide corresponding to position 339 is C, the
nucleotide corresponding to position 400 is T, the nucleotide corresponding to position 401 is
C, the nucleotide corresponding to position 444 is C, the nucleotide corresponding to
position 456 is T, the nucleotide corresponding to position 478 is C, the nucleotide
corresponding to position 480 is C, the nucleotide corresponding to position 510 is C, the
nucleotide corresponding to position 594 is C, the nucleotide corresponding to position 606
is C, the nucleotide corresponding to position 618 is C, the nucleotide corresponding to
position 639 is C, the nucleotide corresponding to position 697 is C, the nucleotide
corresponding to position 726 is T, the nucleotide corresponding to position 744 is C, the
nucleotide corresponding to position 777 is T, the nucleotide corresponding to position 807 is
C, the nucleotide corresponding to position 852 is C, the nucleotide corresponding to
position 877 is C, the nucleotide corresponding to position 879 is C, the nucleotide
corresponding to position 888 is T, the nucleotide corresponding to position 891 is C, the
nucleotide corresponding to position 921 is C, the nucleotide corresponding to position 930
is C, the nucleotide corresponding to position 960 is C, the nucleotide corresponding to
position 1042 is C, the nucleotide corresponding to position 1050 is C, the nucleotide
corresponding to position 1116 is T, the nucleotide corresponding to position 1140 is T, the
nucleotide corresponding to position 1183 is T, the nucleotide corresponding to position
1184 is C, the nucleotide corresponding to position 1194 is T, the nucleotide corresponding
to position 1197 is C, the nucleotide corresponding to position 1221 is T, the nucleotide
corresponding to position 1249 is C, the nucleotide corresponding to position 1251 is C, the
nucleotide corresponding to position 1257 is T, the nucleotide corresponding to position
1273 is C, the nucleotide corresponding to position 1276 is C, the nucleotide corresponding
to position 1281 is C, the nucleotide corresponding to position 1290 is T, the nucleotide

corresponding to position 1293 is C, the nucleotide corresponding to position 1357 is C, the
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nucleotide corresponding to position 1372 is T, the nucleotide corresponding to position
1373 is C, the nucleotide corresponding to position 1413 is C, the nucleotide corresponding
to position 1446 is C, the nucleotide corresponding to position 1452 is C, the nucleotide
corresponding to position 1464 is T, the nucleotide corresponding to position 1474 is T, the
nucleotide corresponding to position 1475 is C, the nucleotide corresponding to position
1482 is C, the nucleotide corresponding to position 1519 is T, the nucleotide corresponding
to position 1520 is C, the nucleotide corresponding to position 1542 is T, the nucleotide
corresponding to position 1584 is T, the nucleotide corresponding to position 1590 is C, the
nucleotide corresponding to position 1599 is T, the nucleotide corresponding to position
1608 is C, the nucleotide corresponding to position 1653 is C, the nucleotide corresponding
to position 1668 is C, the nucleotide corresponding to position 1674 is T, the nucleotide
corresponding to position 1689 is C, the nucleotide corresponding to position 1692 is T, the
nucleotide corresponding to position 1734 is T, the nucleotide corresponding to position
1761 is C, the nucleotide corresponding to position 1776 is C, the nucleotide corresponding
to position 1788 is C, the nucleotide corresponding to position 1803 is T, the nucleotide
corresponding to position 1824 is C, the nucleotide corresponding to position 1845 is C, the
nucleotide corresponding to position 1854 is C, the nucleotide corresponding to position
1881 is T, the nucleotide corresponding to position 1893 is T, the nucleotide corresponding
to position 1902 is C, the nucleotide corresponding to position 1909 is T, the nucleotide
corresponding to position 1910 is C, the nucleotide corresponding to position 1929 is T, the
nucleotide corresponding to position 1932 is C, the nucleotide corresponding to position
1960 is C, the nucleotide corresponding to position 1987 is T, the nucleotide corresponding
to position 1988 is C, the nucleotide corresponding to position 1992 is C, the nucleotide
corresponding to position 1998 is T, the nucleotide corresponding to position 2020 is C, the
nucleotide corresponding to position 2031 is C, the nucleotide corresponding to position
2047 is C, the nucleotide corresponding to position 2049 is C, the nucleotide corresponding
to position 2062 is C, the nucleotide corresponding to position 2067 is T, the nucleotide
corresponding to position 2076 is C, the nucleotide corresponding to position 2121 is C, the
nucleotide corresponding to position 2167 is C, the nucleotide corresponding to position
2169 is C, the nucleotide corresponding to position 2190 is C, the nucleotide corresponding
to position 2193 is C, the nucleotide corresponding to position 2208 is C, the nucleotide
corresponding to position 2229 is C, the nucleotide corresponding to position 2259 is C, the
nucleotide corresponding to position 2283 is C, the nucleotide corresponding to position
2298 is C, the nucleotide corresponding to position 2323 is C, the nucleotide corresponding
to position 2343 is C, the nucleotide corresponding to position 2346 is C, the nucleotide
corresponding to position 2361 is C, the nucleotide corresponding to position 2373 is C, the

nucleotide corresponding to position 2382 is C, the nucleotide corresponding to position
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2388 is C, the nucleotide corresponding to position 2403 is C, the nucleotide corresponding
to position 2409 is C, the nucleotide corresponding to position 2410 is C, the nucleotide
corresponding to position 2412 is C, the nucleotide corresponding to position 2448 is C, the
nucleotide corresponding to position 2457 is C, the nucleotide corresponding to position
2472 is C, the nucleotide corresponding to position 2476 is C, the nucleotide corresponding
to position 2478 is C, the nucleotide corresponding to position 2505 is C, the nucleotide
corresponding to position 2520 is C, the nucleotide corresponding to position 2547 is C, the
nucleotide corresponding to position 2574 is C, the nucleotide corresponding to position
2622 is C, the nucleotide corresponding to position 2634 is C, the nucleotide corresponding
to position 2661 is C, the nucleotide corresponding to position 2673 is C, the nucleotide
corresponding to position 2706 is C, the nucleotide corresponding to position 2712 is C, the
nucleotide corresponding to position 2763 is C, the nucleotide corresponding to position
2775 is C, the nucleotide corresponding to position 2796 is C, the nucleotide corresponding
to position 2811 is C, the nucleotide corresponding to position 2817 is C, the nucleotide
corresponding to position 2832 is C, the nucleotide corresponding to position 2838 is C, the
nucleotide corresponding to position 2871 is C, the nucleotide corresponding to position
2886 is C, the nucleotide corresponding to position 2892 is C, the nucleotide corresponding
to position 2898 is C, the nucleotide corresponding to position 2910 is C, the nucleotide
corresponding to position 2922 is C, the nucleotide corresponding to position 2931 is C, the
nucleotide corresponding to position 2937 is C, the nucleotide corresponding to position
2958 is C, the nucleotide corresponding to position 2970 is C, the nucleotide corresponding
to position 2997 is C, the nucleotide corresponding to position 3033 is C, the nucleotide
corresponding to position 3039 is C, the nucleotide corresponding to position 3069 is C, the
nucleotide corresponding to position 3075 is C, the nucleotide corresponding to position
3117 is C, the nucleotide corresponding to position 3129 is C, the nucleotide corresponding
to position 3156 is C, the nucleotide corresponding to position 3166 is C, the nucleotide
corresponding to position 3235 is C, the nucleotide corresponding to position 3246 is C, the
nucleotide corresponding to position 3273 is C, the nucleotide corresponding to position
3285 is C, the nucleotide corresponding to position 3306 is C, the nucleotide corresponding
to position 3321 is C, the nucleotide corresponding to position 3369 is T, the nucleotide
corresponding to position 3399 is C, the nucleotide corresponding to position 3405 is T

and/or the nucleotide corresponding to position 3438 is C.
In one example, the RPGR®" "®-encoding nucleotide sequence does not comprise purine
nucleotides at positions corresponding to nucleotides 1689 and/or 3438 of SEQ ID NO: 2.
The nucleotide at position 1689 may be replaced with a pyrimidine, preferably a C. The
adenine at position 3438 may be replaced with a pyrimidine, preferably a C.
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In one example, the RPGR"F"®

-encoding nucleotide sequence is derived from SEQ ID NO:2
by replacing the adenine nucleotide at position 3405 with a pyrimidine nucleotide without

introducing a CpG dinucleotide.

RORF15

In one example, the RPG -encoding nucleotide sequence comprises an adenine

nucleotide at the position corresponding to position 3405 of SEQ ID NO:2.
In one example, the encoded RPGR*'® protein is human RPGR®FF'®,

In one example, the RPGR°*'*-encoding nucleotide sequence comprises one or more
nucleotides selected from: C at the position corresponding to position 30 of SEQ ID NO: 2, T
at the position corresponding to position 33 of SEQ ID NO: 2, A at the position
corresponding to position 966 of SEQ ID NO: 2, A at the position corresponding to position
969 of SEQ ID NO: 2, T at the position corresponding to position 1011 of SEQ ID NO:2, T at
the position corresponding to position 1014 of SEQ ID NO:2, T at the position corresponding
to position 1029 of SEQ ID NO:2, A at the position corresponding to position 1299 of SEQ ID
NO:2, C at the position corresponding to position 1689 of SEQ ID NO:2, G at the position
corresponding to position 3363 of SEQ ID NO:2, T at the position corresponding to position
3405 of SEQ ID NO:2, A at the position corresponding to position 3408 of SEQ ID NO:2, A at
the position corresponding to position 3409 of SEQ ID NO:2, G at the position corresponding
to position 3410 of SEQ ID NO:2, G at the position corresponding to position 3432 of SEQ ID
NO:2, C at the position corresponding to position 3438 of SEQ ID NO:2 and A at the position
corresponding to position 3456 of SEQ ID NO:2.

In one example, the RPGR°""'®

-encoding nucleotide sequence comprises one or more
nucleotides selected from: C at the position corresponding to position 30 of SEQ ID NO: 2, T
at the position corresponding to position 33 of SEQ ID NO: 2, A at the position
corresponding to position 48 of SEQ ID NO: 2, A at the position corresponding to position 57
of SEQ ID NO: 2, T at the position corresponding to position 60 of SEQ ID NO: 2, T at the
position corresponding to position 69 of SEQ ID NO: 2, A at the position corresponding to
position 72 of SEQ ID NO: 2, C at the position corresponding to position 171 of SEQ ID NO:
2, C at the position corresponding to position 189 of SEQ ID NO: 2, T at the position
corresponding to position 441 of SEQ ID NO: 2, T at the position corresponding to position
537 of SEQ ID NO: 2, C at the position corresponding to position 546 of SEQ ID NO: 2, T at
the position corresponding to position 786 of SEQ ID NO: 2, T at the position corresponding
to position 792 of SEQ ID NO: 2, A at the position corresponding to position 966 of SEQ ID
NO: 2, A at the position corresponding to position 969 of SEQ ID NO: 2, A at the position
corresponding to position 990 of SEQ ID NO: 2, T at the position corresponding to position
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1011 of SEQ ID NO: 2, T at the position corresponding to position 1014 of SEQ ID NO: 2, T
at the position corresponding to position 1029 of SEQ ID NO: 2, A at the position
corresponding to position 1299 of SEQ ID NO: 2, C at the position corresponding to position
1689 of SEQ ID NO: 2, A at the position corresponding to position 3355 of SEQ ID NO: 2, G
at the position corresponding to position 3357 of SEQ ID NO: 2, G at the position
corresponding to position 3363 of SEQ ID NO: 2, T at the position corresponding to position
3403 of SEQ ID NO: 2, C at the position corresponding to position 3404 of SEQ ID NO: 2, T
at the position corresponding to position 3405 of SEQ ID NO: 2, A at the position
corresponding to position 3408 of SEQ ID NO: 2, A at the position corresponding to position
3409 of SEQ ID NO: 2, G at the position corresponding to position 3410 of SEQ ID NO: 2, G
at the position corresponding to position 3432 of SEQ ID NO: 2, C at the position
corresponding to position 3438 of SEQ ID NO: 2 and A at the position corresponding to
position 3456 of SEQ ID NO: 2.

RORF15

In one example, the RPG -encoding nucleotide sequence of the disclosure comprises

a sequence selected from the group consisting of:

(@) a nucleotide sequence encoding an amino acid sequence that has at least
80% identity to SEQ ID NO: 1;

(b) a nucleotide sequence that has at least 80% identity to SEQ ID NO: 3;
and

(c) the nucleotide sequence of SEQ ID NO: 3,

preferably wherein the protein encoded by the nucleotide sequence substantially retains the
natural function of the protein represented by SEQ ID NO: 1.

In another example, the RPGR°"'>-encoding nucleotide sequence of the disclosure
comprises a nucleotide sequence encoding an amino acid sequence that has at least 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity to SEQ ID NO: 1,
preferably wherein the amino acid sequence substantially retains the natural function of the
protein represented by SEQ ID NO: 1.

The present disclosure further provides a polynucleotide comprising a nucleotide sequence
encoding the retinitis pigmentosa GTPase regulator ORF15 isoform (RPGR°"F'%) or a
functional variant thereof having at least 80% identity to SEQ ID NO: 1, wherein the
nucleotide sequence comprises one or more, preferably all, of the nucleotides selected from:
C at the position corresponding to position 30 of SEQ ID NO: 2, T at the position
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corresponding to position 33 of SEQ ID NO: 2, A at the position corresponding to position
966 of SEQ ID NO: 2, A at the position corresponding to position 969 of SEQ ID NO: 2, T at
the position corresponding to position 1011 of SEQ ID NO:2, T at the position corresponding
to position 1014 of SEQ ID NO:2, T at the position corresponding to position 1029 of SEQ ID
NO:2, A at the position corresponding to position 1299 of SEQ ID NO:2, C at the position
corresponding to position 1689 of SEQ ID NO:2, G at the position corresponding to position
3363 of SEQ ID NO:2, T at the position corresponding to position 3405 of SEQ ID NO:2, A at
the position corresponding to position 3408 of SEQ ID NO:2, A at the position corresponding
to position 3409 of SEQ ID NO:2, G at the position corresponding to position 3410 of SEQ ID
NO:2, G at the position corresponding to position 3432 of SEQ ID NO:2, C at the position
corresponding to position 3438 of SEQ ID NO:2 and A at the position corresponding to
position 3456 of SEQ ID NO:2. The polynucleotide may comprise 2, 3, 4, 5, 6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16 or 17 of said nucleotides

The disclosure also provides a polynucleotide comprising a nucleotide sequence encoding
the retinitis pigmentosa GTPase regulator ORF15 isoform (RPGR®"'®) or a functional
variant thereof having at least 80% identity to SEQ ID NO: 1, wherein the nucleotide
sequence is selected from the group consisting of:

(a) nucleotide sequence that has at least 80% identity to SEQ ID NO: 3, wherein said
sequence comprises one or more, preferably all, of the nucleotides selected from: C at the
position corresponding to position 30 of SEQ ID NO: 2, T at the position corresponding to
position 33 of SEQ ID NO: 2, A at the position corresponding to position 48 of SEQ ID NO: 2,
A at the position corresponding to position 57 of SEQ ID NO: 2, T at the position
corresponding to position 60 of SEQ ID NO: 2, T at the position corresponding to position 69
of SEQ ID NO: 2, A at the position corresponding to position 72 of SEQ ID NO: 2, C at the
position corresponding to position 171 of SEQ ID NO: 2, C at the position corresponding to
position 189 of SEQ ID NO: 2, T at the position corresponding to position 441 of SEQ ID NO:
2, T at the position corresponding to position 537 of SEQ ID NO: 2, C at the position
corresponding to position 546 of SEQ ID NO: 2, T at the position corresponding to position
786 of SEQ ID NO: 2, T at the position corresponding to position 792 of SEQ ID NO: 2, A at
the position corresponding to position 966 of SEQ ID NO: 2, A at the position corresponding
to position 969 of SEQ ID NO: 2, A at the position corresponding to position 990 of SEQ ID
NO: 2, T at the position corresponding to position 1011 of SEQ ID NO: 2, T at the position
corresponding to position 1014 of SEQ ID NO: 2, T at the position corresponding to position
1029 of SEQ ID NO: 2, A at the position corresponding to position 1299 of SEQ ID NO: 2, C
at the position corresponding to position 1689 of SEQ ID NO: 2, A at the position
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corresponding to position 3355 of SEQ ID NO: 2, G at the position corresponding to position
3357 of SEQ ID NO: 2, G at the position corresponding to position 3363 of SEQ ID NO: 2, T
at the position corresponding to position 3403 of SEQ ID NO: 2, C at the position
corresponding to position 3404 of SEQ ID NO: 2, T at the position corresponding to position
3405 of SEQ ID NO: 2, A at the position corresponding to position 3408 of SEQ ID NO: 2, A
at the position corresponding to position 3409 of SEQ ID NO: 2, G at the position
corresponding to position 3410 of SEQ ID NO: 2, G at the position corresponding to position
3432 of SEQ ID NO: 2, C at the position corresponding to position 3438 of SEQ ID NO: 2
and A at the position corresponding to position 3456 of SEQ ID NO: 2; or (b) the nucleotide
sequence of SEQ ID NO: 3. The polynucleotide may comprises 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33 or 34 of
said nucleotides.

Preferably the functional variant substantially retains the natural function of the protein
represented by SEQ ID NO:1.

In one example, the RPGR* "*-encoding nucleotide sequence of the disclosure comprises
a nucleotide sequence that has at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98% or 99% identity to SEQ ID NO: 3, preferably wherein the protein encoded by the
nucleotide sequence substantially retains the natural function of the protein represented by
SEQ ID NO: 1.

Preferably, the protein encoded by the RPGRO™'®

-encoding nucleotide sequence of the
disclosure provides for the same or improved functioning of the cells of the retina and/or

visual function as provided for by the protein represented by SEQ ID NO: 1.

In a preferred example, the RPGR°*"">-encoding nucleotide sequence of the disclosure
encodes a protein of SEQ ID NO: 1.

The polynucleotide of the disclosure may have substantially the same or increased fidelity of
replication relative to an equivalent polynucleotide comprising the human wild type
RPGR°"""® of SEQ ID NO: 2.

The polynucleotide of the disclosure may have increased stability and/or be less prone to
mutations occurring during cycles of polynucleotide replication relative to an equivalent
polynucleotide comprising the human wild type RPGR?'® of SEQ ID NO: 2.

The polynucleotide of the disclosure may confer higher rates of translation and/or protein
expression relative to an equivalent polynucleotide comprising the human wild type
RPGR°"""® of SEQ ID NO: 2.
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The polynucleotide of the disclosure may reduce or avoid the generation of alternatively
spliced variants and/or truncated proteins relative to an equivalent polynucleotide comprising
the human wild type RPGR®™'® of SEQ ID NO: 2.

RO"F1%.encoding nucleotide sequence of the disclosure has

In a preferred example, the RPG
substantially the same or increased fidelity of replication as SEQ ID NO: 3. Fidelity of
replication can be measured by any of a number of methods known to the skilled person, for

example the methods described herein.

RORF15

In a preferred example, the RPG -encoding nucleotide sequence of the disclosure

comprises the nucleotide sequence of SEQ ID NO: 3.

The RPGR°*".encoding nucleotide sequence may comprise fewer than 165 CpG
dinucleotides and/or comprises no more than two CpG islands. CpG islands can readily be
identified using routine  methods, for example, wusing EMBOSS Cpgplot
(http://www.ebi.ac.uk/Tools/seqstats/emboss_cpgplot/help/).

The polynucleotide of the disclosure may encode an RPGR®""® that has been shortened
relative to the wild type sequence. In this regard, the codon optimization described herein is
applied to the corresponding portions of the shortened sequence. Preferably, the shortened
RPGR®" has the ability to rescue loss of RPGR function.

The RPGR®™"® encoding sequence of the disclosure may encode the shortened RPGR™®

disclosed in WO2016/001693.

In one example, the RPGR*"® encoding sequence of the disclosure is shortened by removal
of some or all of the nucleotides corresponding to positions 2485 to 2940 of SEQ ID NO:2.
According to this example, the RPGR°*"'>-encoding nucleotide sequence preferably does
not comprise purine nucleotides at positions corresponding to nucleotides 33, 58, 59, 114,
123, 129, 181, 182, 213, 219, 226, 227, 237, 267, 285, 306, 309, 315, 324, 330, 339, 400,
401, 444, 456, 478, 480, 510, 594, 606, 618, 639, 697, 726, 744, 777, 807, 852, 877, 879,
888, 891, 921, 930, 960, 1042, 1050, 1116, 1140, 1183, 1184, 1194, 1197, 1221, 1249,
1251, 1257, 1273, 1276, 1281, 1290, 1293, 1357, 1372, 1373, 1413, 1446, 1452, 1464,
1474, 1475, 1482, 1519, 1520, 1542, 1584, 1590, 1599, 1608, 1653, 1668, 1674, 1689,
1692, 1734, 1761, 1776, 1788, 1803, 1824, 1845, 1854, 1881, 1893, 1902, 1909, 1910,
1929, 1932, 1960, 1987, 1988, 1992, 1998, 2020, 2031, 2047, 2049, 2062, 2067, 2076,
2121, 2167, 2169, 2190, 2193, 2208, 2229, 2259, 2283, 2298, 2323, 2343, 2346, 2361,
2373, 2382, 2388, 2403, 2409, 2410, 2412, 2448, 2457, 2472, 2476, 2478, 2958, 2970,
2997, 3033, 3039, 3069, 3075, 3117, 3129, 3156, 3166, 3235, 3246, 3273,
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3285, 3306, 3321, 3369, 3399, 3405 and/or 3438 of SEQ ID NO: 2. Preferably the
nucleotides at these positions correspond to those found in SEQ ID NO:3. A preferred
RPGR®"".encoding nucleotide sequence according to this example comprises or consists
of the sequence shown in SEQ ID NO:9.

The polynucleotide of the disclosure may comprise:
(a) a nucleotide sequence shown in SEQ ID NO:9;

(b) a nucleotide sequence comprising the sequence of SEQ ID NO:3 but with a deletion
corresponding to (i) the sequence of SEQ ID NO: 10, (ii) the sequence of SEQ ID NO: 10
and up to 75 additional nucleotides flanking SEQ ID NO: 10 on one or both sides of SEQ ID
NO:10 in the sequence of SEQ ID NO: 3, or (iii) 390 or more contiguous nucleotides from
within SEQ ID NO:10; or

(c) a nucleotide sequence according to (a) or (b) but truncated at one or both of its 5'and 3
ends by up to 150 nucleotides per end.

Preferably the deletion comprises at least 400, 420 or 450 contiguous nucleotides of SEQ ID
NO:10.

ATGAGAGAGCCAGAGGAGCTGATGCCAGACAGTGGAGCAGTGTTTACATTCGGAAAATCTAAGTTCGCTGAAAAT
AACCCAGGAAAGTTCIGGTITTAAAAACGACGTGCCCGTICCACCTIGTCTTGTGGCGATGAGCATAGTGCCGTGGTC
ACTGGGAACAATAAGCTGTACATGTTCGGGTCCAACAACTGGGGACAGCTGGGGCTGGGATCCAAATCTGCTATC
TCTAAGCCAACCTGCGTGAAGGCACTGAAACCCGAGAAGGTCAAACTGGCCGCTTGTGGCAGAAACCACACTCTG
GTGAGCACCGAGGGCGGGAATGTCTATGCCACCGGAGGCAACAATGAGGGACAGCTGGGACTGGGGGACACTGAG
GAAAGGAATACCTTTCACGTGATCTICCTTCTTTACATCTGAGCATAAGATCAAGCAGCTGAGCGCTGGCTCCAAC
ACATCTGCAGCCCTGACTGAGGACGGGCGCCTGTTCATGTGGGGAGATAATTCAGAGGGCCAGATTGGGCTGAAA
AACGTGAGCAATGTGTGCGTCCCTCAGCAGGTGACCATCGGAAAGCCAGTCAGTTGGATTTCATGTGGCTACTAT
CATAGCGCCTTCGTGACCACAGATGGCGAGCTGTACGTICTITGGGGAGCCCGAAAACGGAAAACTGGGCCTGCCT
AACCAGCTGCTGGGCAATCACCGGACACCCCAGCTGGTIGTCCGAGATCCCTGAAAAAGTGATCCAGGTCGCCTGC
GGGGGAGAGCATACAGTGGTCCTGACTGAGAATGCTGTGTATACCTTCGGACTGGGCCAGTTTGGCCAGCTGGGG
CTGGGAACCTTCCTGTTTGAGACATCCGAACCAAAAGTGATCGAGAACATTCGCGACCAGACTATCAGCTACATT
TCCTGCGGAGAGAATCACACCGCACTGATCACAGACATTGGCCTGATGTATACCTTTGGCGATGGACGACACGGG
AAGCTGGGACTGGGACTGGAGAACTTCACTAATCATTTITATCCCCACCCTGTGTTCTAACTTCCTGCGGTTCATC
GTGAAACTGGTCGCTTGCGGCGGGTGTCACATGGTGGTCTTCGCTGCACCTCATAGGGGCGTGGCTAAGGAGATC
GAATTTGACGAGATTAACGATACATGCCTGAGCGTGGCAACTTTCCTGCCATACAGCTCCCTGACTTCTGGCAAT
GTGCTGCAGAGAACCCTGAGTGCAAGGATGCGGAGAAGGGAGAGGGAACGCTCTCCTGACAGTTTCTCAATGCGA
CGAACCCTGCCACCTATCGAGGGAACACTGGGACTGAGTGCCTGCTTCCTGCCTAACTCAGTGTTTCCACGATGT
AGCGAGCGGAATCTGCAGGAGTCTGTCCTGAGTGAGCAGGATCTGATGCAGCCAGAGGAACCCGACTACCTGCTG
GATGAGATGACCAAGGAGGCCGAAATCGACAACTCTAGTACAGTGGAGTCCCTGGGCGAGACTACCGATATCCTG
AATATGACACACATTATGTCACTGAACAGCAATGAGAAGAGTCTGAAACTGTCACCAGTGCAGAAGCAGAAGAAA
CAGCAGACTATTGGCGAGCTGACTCAGGACACCGCCCTGACAGAGAACGACGATAGCGATGAGTATGAGGAAATG
TCCGAGATGAAGGAAGGCAAAGCTTGTAAGCAGCATGTCAGTCAGGGGATCTTCATGACACAGCCAGCCACAACT
ATTGAGGCTTITTTCAGACGAGGAAGTGGAGATCCCCGAGGAAAAAGAGGGCGCAGAAGATTCCAAGGGGAATGGA
ATTGAGGAACAGGAGGTGGAAGCCAACGAGGAAAATGTGAAAGTCCACGGAGGCAGGAAGGAGAAAACAGAAATC
CTGTCTGACGATCTGACTGACAAGGCCGAGGTGTCCGAAGGCAAGGCAAAATCTGTCGGAGAGGCAGAAGACGGA
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CCAGAGGGACGAGGGGATGGAACCTGCGAGGAAGGCTCAAGCGGGGCTGAGCATTGGCAGGACGAGGAACGAGAG
AAGGGCGAAAAGGATAAAGGCCGCGGGGAGATGGAACGACCTGGAGAGGGCGAAAAAGAGCTGGCAGAGAAGGAG
GAATGGAAGAAAAGGGACGGCGAGGAACAGGAGCAGAAAGAAAGGGAGCAGGGCCACCAGAAGGAGCGCAACCAG
GAGATGGAAGAGGGCGGCGAGGAAGAGCATGGCGAGGGAGAAGAGGAAGAGGGCGATAGAGAAGAGGAAGAGGAA
AAAGAAGGCGAAGGGAAGGAGGAAGGAGAGGGCGAGGAAGTGGAAGGCGAGAGGGAAAAGGAGGAAGGAGAACGG
AAGAAAGAGGAAAGAGCCGGCAAAGAGGAAAAGGGCGAGGAAGAGGGCGATCAGGGCGAAGGCGAGGAGGAAGAG
ACCGAGGGCCGCGGGGAAGAGAAAGAGGAGGGAGGAGAGGTGGAGGGCGGAGAGGTCGAAGAGGGAAAGGGCGAG
CGCGAAGAGGGGGAGGAAGAGGAAGGCGAAGGAGAAGGCGAGGAAGAAGAGGGAGAGGAGGAAGGCGAGGAGGAA
GGAGAGGGGGAGGAGGAGGGAGAAGGCGAGGGCGAAGAAGAAGAAGAGGGAGAAGTGGAGGGCGAAGTCGAGGGG
GAGGAGGGAGAAGGGGAAGGGGAGGAAGAAGAGGGCGAAGAAGAAGGCGAGGAAAGAGAAAAAGAGGGAGAAGGC
GAGGAAAACCGGAGAAATAGGGAAGAGGAGGAAGAGGAAGAGGGAAAGTACCAGGAGACAGGCGAAGAGGAAAAC
GAGCGGCAGGATGGCGAGGAATATAAGAAAGTGAGCAAGATCAAAGGATCCGTCAAGTACGGCAAGCACAAAACC
TATCAGAAGAAAAGCGTGACCAACACACAGGGGAATGGAAAAGAGCAGAGGAGTAAGATGCCTGTGCAGTCAAAA
CGGCTGCTGAAGAATGGCCCATCTGGAAGTAAAAAATTCTGGAACAATGTGCTGCCCCACTATCTGGAACTGAAA

taa (SEQ ID NO:9)

GAAGAGGAAGAGGGCGAGGGCGAGGAAGAAGAGGGCGAGGGGGAAGAAGAGGAGGGAGAGGGCGAAGAGGAAGAG
GGGGAGGGAAAGGGCGAAGAGGAAGGAGAGGAAGGGGAGGGAGAGGAAGAGGGGGAGGAGGGCGAGGGGGAAGGC
GAGGAGGAAGAAGGAGAGGGGGAAGGCGAAGAGGAAGGCGAGGGGGAAGGAGAGGAGGAAGAAGGGGAAGGCGAA
GGCGAAGAGGAGGGAGAAGGAGAGGGGGAGGAAGAGGAAGGAGAAGGGAAGGGCGAGGAGGAAGGCGAAGAGGGA
GAGGGGGAAGGCGAGGAAGAGGAAGGCGAGGGCGAAGGAGAGGACGGCGAGGGCGAGGGAGAAGAGGAGGAAGGG
GAATGGGAAGGCGAAGAAGAGGAAGGCGAAGGCGAAGGCGAAGAAGAGGGCGAAGGGGAGGGCGAGGAGGGCGAA

ceeeaa (SEQ ID NO: 10)

The RPGR®™® encoding sequence of the disclosure may encode the shortened RPGR"®

disclosed in WO2016/014353.

In one example, the RPGR*"® encoding sequence of the disclosure is shortened by removal
of some or all of the nucleotides corresponding to positions 2086 to 3027 of SEQ ID NO:2.

According to this example, the RPGR™'®

-encoding nucleotide sequence preferably does
not comprise purine nucleotides at positions corresponding to nucleotides 33, 58, 59, 114,
123, 129, 181, 182, 213, 219, 226, 227, 237, 267, 285, 306, 309, 315, 324, 330, 339, 400,
401, 444, 456, 478, 480, 510, 594, 606, 618, 639, 697, 726, 744, 777, 807, 852, 877, 879,
888, 891, 921, 930, 960, 1042, 1050, 1116, 1140, 1183, 1184, 1194, 1197, 1221, 1249,
1251, 1257, 1273, 1276, 1281, 1290, 1293, 1357, 1372, 1373, 1413, 1446, 1452, 1464,
1474, 1475, 1482, 1519, 1520, 1542, 1584, 1590, 1599, 1608, 1653, 1668, 1674, 1689,
1692, 1734, 1761, 1776, 1788, 1803, 1824, 1845, 1854, 1881, 1893, 1902, 1909, 1910,
1929, 1932, 1960, 1987, 1988, 1992, 1998, 2020, 2031, 2047, 2049, 2062, 2067, 2076,
3033, 3039, 3069, 3075, 3117, 3129, 3156, 3166, 3235, 3246, 3273, 3285, 3306, 3321,
3369, 3399, 3405 and/or 3438 of SEQ ID NO: 2. Preferably the nucleotides at these

RORF15

positions correspond to those found in SEQ ID NO:3. A preferred RPG -encoding
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nucleotide sequence according to this example comprises or consists of the sequence
shown in SEQ ID NO:11.

RORF15

In one example, the RPG -encoding nucleotide sequence comprises SEQ ID NO:3 but

with a deletion corresponding to some or all of the sequence of SEQ ID NO: 12.

ATGAGAGAGCCAGAGGAGCTGATGCCAGACAGTGGAGCAGTIGTTTACATTCGGAAAATCTAAGTTCGCTGAAAAT
AACCCAGGAAAGTTCTGGTITTAAAAACGACGTGCCCGTCCACCTGTCTTGTGGCGATGAGCATAGTGCCGTGGTC
ACTGGGAACAATAAGCTGTACATGTTCGGGTCCAACAACTGGGGACAGCTGGGGCTGGGATCCAAATCTGCTATC
TCTAAGCCAACCTGCGTGAAGGCACTGAAACCCGAGAAGGTCAAACTGGCCGCTTGTGGCAGAAACCACACTCTG
GTGAGCACCGAGGGCGGGAATGTCTATGCCACCGGAGGCAACAATGAGGGACAGCTGGGACTGGGGGACACTGAG
GAAAGGAATACCTTTCACGTGATCTCCTTCTTTACATCTGAGCATAAGATCAAGCAGCTGAGCGCTGGCTCCAAC
ACATCTGCAGCCCTGACTGAGGACGGGCGCCTIGTTCATGTGGGGAGATAATTCAGAGGGCCAGATTGGGCTGAAA
AACGTGAGCAATGTGTIGCGTCCCTCAGCAGGTGACCATCGGAAAGCCAGTCAGTTGGATTITCATGTGGCTACTAT
CATAGCGCCTTCGTGACCACAGATGGCGAGCTGTACGTCTTTGGGGAGCCCGAAAACGGAAAACTGGGCCTGCCT
AACCAGCTGCTGGGCAATCACCGGACACCCCAGCTGGTGTCCGAGATCCCTGAAAAAGTGATCCAGGTCGCCTGC
GGGGGAGAGCATACAGTGGTCCTGACTGAGAATGCTGTGTATACCTTICGGACTGGGCCAGTTTIGGCCAGCTGGGG
CTGGGAACCTTCCTGTTTGAGACATCCGAACCAAAAGTGATCGAGAACATTCGCGACCAGACTATCAGCTACATT
TCCTGCGGAGAGAATCACACCGCACTGATCACAGACATTGGCCTGATGTATACCTTTGGCGATGGACGACACGGG
AAGCTGGGACTGGGACTGGAGAACTTCACTAATCATTTITATCCCCACCCTGTGTTCTAACTTCCTGCGGTTCATC
GTGAAACTGGTCGCTTGCGGCGGGTGTCACATGGTGGTCTTICGCTGCACCTCATAGGGGCGTGGCTAAGGAGATC
GAATTTGACGAGATTAACGATACATGCCTGAGCGTGGCAACTTTCCTGCCATACAGCTCCCTGACTTCTGGCAAT
GTGCTGCAGAGAACCCTGAGTGCAAGGATGCGGAGAAGGGAGAGGGAACGCTCTCCTGACAGTTTCTCAATGCGA
CGAACCCTGCCACCTATCGAGGGAACACTGGGACTGAGTGCCTGCTTCCTGCCTAACTCAGTGTTTCCACGATGT
AGCGAGCGGAATCTGCAGGAGTICTGTCCTGAGTGAGCAGGATCTGATGCAGCCAGAGGAACCCGACTACCTGCTG
GATGAGATGACCAAGGAGGCCGAAATCGACAACTCTAGTACAGTGGAGTCCCTGGGCGAGACTACCGATATCCTG
AATATGACACACATTATGTCACTGAACAGCAATGAGAAGAGTCTGAAACTGTCACCAGTGCAGAAGCAGAAGAAA
CAGCAGACTATTGGCGAGCTGACTCAGGACACCGCCCTGACAGAGAACGACGATAGCGATGAGTATGAGGAAATG
TCCGAGATGAAGGAAGGCAAAGCTTGTAAGCAGCATGTCAGTCAGGGGATCTTCATGACACAGCCAGCCACAACT
ATTGAGGCTTTTTCAGACGAGGAAGTGGAGATCCCCGAGGAAAAAGAGGGCGCAGAAGATTCCAAGGGGAATGGA
ATTGAGGAACAGGAGGTGGAAGCCAACGAGGAAAATGTGAAAGTCCACGGAGGCAGGAAGGAGAAAACAGAAATC
CTGTCTGACGATCTGACTGACAAGGCCGAGGTGTCCGAAGGCAAGGCAAAATCTGTCGGAGAGGCAGAAGACGGA
CCAGAGGGACGAGGGGATGGAACCTGCGAGGAAGGCTCAAGCGGGGCTGAGCATTGGCAGGACGAGGAACGAGAG
AAGGGCGAAAAGGATAAAGGCCGCGGGGAGATGGAACGACCTGGAGAGGGCGAAAAAGAGGAAGGCGAGGGCGAA
GAAGAAGAAGAGGGAGAAGTGGAGGGCGAAGTCGAGGGGGAGGAGGGAGAAGGGGAAGGGGAGGAAGAAGAGGGC
GAAGAAGAAGGCGAGGAAAGAGAAAAAGAGGGAGAAGGCGAGGAAAACCGGAGAAATAGGGAAGAGGAGGAAGAG
GAAGAGGGAAAGTACCAGGAGACAGGCGAAGAGGAAAACGAGCGGCAGGATGGCGAGGAATATAAGAAAGTGAGC
AAGATCAAAGGATCCGTCAAGTACGGCAAGCACAAAACCTATCAGAAGAAAAGCGTGACCAACACACAGGGGAAT
GGAAAAGAGCAGAGGAGTAAGATGCCTGTGCAGTCAAAACGGCTGCTGAAGAATGGCCCATCTGGAAGTAAAAAA

TTCTGGAACAATGTGCTGCCCCACTATCTGGAACTGAAATAA (SEQ ID NO:11)

CTGGCAGAGAAGGAGGAATGGAAGAAAAGGGACGGCGAGGAACAGGAGCAGAAAGAAAGGGAGCAGGGCCACCAG
AAGGAGCGCAACCAGGAGATGGAAGAGGGCGGCGAGGAAGAGCATGGCGAGGGAGAAGAGGAAGAGGGCGATAGA
GAAGAGGAAGAGGAAAAAGAAGGCGAAGGGAAGGAGGAAGGAGAGGGCGAGGAAGTGGAAGGCGAGAGGGAAAAG
GAGGAAGGAGAACGGAAGAAAGAGGAAAGAGCCGGCAAAGAGGAAAAGGGCGAGGAAGAGGGCGATCAGGGCGAA
GGCGAGGAGGAAGAGACCGAGGGCCGCGGGGAAGAGAAAGAGGAGGGAGGAGAGGTGGAGGGCGGAGAGGTCGAA
GAGGGAAAGGGCGAGCGCGAAGAGGAAGAGGAAGAGGGCGAGGGCGAGGAAGAAGAGGGCGAGGGGGAAGAAGAG
GAGGGAGAGGGCGAAGAGGAAGAGGGGGAGGGAAAGGGCGAAGAGGAAGGAGAGGAAGGGGAGGGAGAGGAAGAG
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GGGGAGGAGGGCGAGGGGGAAGGCGAGGAGGAAGAAGGAGAGGGGGAAGGCGAAGAGGAAGGCGAGGGGGAAGGA
GAGGAGGAAGAAGGGGAAGGCGAAGGCGAAGAGGAGGGAGAAGGAGAGGGGGAGGAAGAGGAAGGAGAAGGGAAG
GGCGAGGAGGAAGGCGAAGAGGGAGAGGGGGAAGGCGAGGAAGAGGAAGGCGAGGGCGAAGGAGAGGACGGCGAG
GGCGAGGGAGAAGAGGAGGAAGGGGAATGGGAAGGCGAAGAAGAGGAAGGCGAAGGCGAAGGCGAAGAAGAGGGC
GAAGGGGAGGGCGAGGAGGGCGAAGGCGAAGGGGAGGAAGAGGAAGGCGAAGGAGAAGGCGAGGAAGAAGAGGGA

GAGGAGGAAGGCGAGGAGGAAGGAGAGGGGGAGGAGGAGGGA (SEQ ID NO: 12)

In another example, the RPGR*"® encoding sequence of the disclosure is shortened by
removal of some or all of the nucleotides corresponding to positions 2584 — 2961 of SEQ ID
NO:2.

According to this example, the RPGR®*"'">-encoding nucleotide sequence preferably does
not comprise purine nucleotides at positions corresponding to nucleotides 33, 58, 59, 114,
123, 129, 181, 182, 213, 219, 226, 227, 237, 267, 285, 306, 309, 315, 324, 330, 339, 400,
401, 444, 456, 478, 480, 510, 594, 606, 618, 639, 697, 726, 744, 777, 807, 852, 877, 879,
888, 891, 921, 930, 960, 1042, 1050, 1116, 1140, 1183, 1184, 1194, 1197, 1221, 1249,
1251, 1257, 1273, 1276, 1281, 1290, 1293, 1357, 1372, 1373, 1413, 1446, 1452, 1464,
1474, 1475, 1482, 1519, 1520, 1542, 1584, 1590, 1599, 1608, 1653, 1668, 1674, 1689,
1692, 1734, 1761, 1776, 1788, 1803, 1824, 1845, 1854, 1881, 1893, 1902, 1909, 1910,
1929, 1932, 1960, 1987, 1988, 1992, 1998, 2020, 2031, 2047, 2049, 2062, 2067, 2076,
2121, 2167, 2169, 2190, 2193, 2208, 2229, 2259, 2283, 2298, 2323, 2343, 2346, 2361,
2373, 2382, 2388, 2403, 2409, 2410, 2412, 2448, 2457, 2472, 2476, 2478, 2505, 2520,
2547, 2574, 2970, 2997, 3033, 3039, 3069, 3075, 3117, 3129, 3156, 3166, 3235, 3246,
3273, 3285, 3306, 3321, 3369, 3399, 3405 and/or 3438 of SEQ ID NO: 2. Preferably the
nucleotides at these positions correspond to those found in SEQ ID NO:3. A preferred
RPGR®"*"'%.encoding nucleotide sequence according to this example comprises or consists
of the sequence shown in SEQ ID NO:13.

In one example, the RPGR®""">-encoding nucleotide sequence comprises SEQ ID NO:3 but
with a deletion corresponding to some or all of the sequence of SEQ ID NO:14.

ATGAGAGAGCCAGAGGAGCTGATGCCAGACAGTGGAGCAGTIGTTTACATTCGGAAAATCTAAGTTCGCTGAAAAT
AACCCAGGAAAGTTCTGGTITTAAAAACGACGTGCCCGTCCACCTGTCTTGTGGCGATGAGCATAGTGCCGTGGTC
ACTGGGAACAATAAGCTGTACATGTTCGGGTCCAACAACTGGGGACAGCTGGGGCTGGGATCCAAATCTGCTATC
TCTAAGCCAACCTGCGTGAAGGCACTGAAACCCGAGAAGGTCAAACTGGCCGCTTGTGGCAGAAACCACACTCTG
GTGAGCACCGAGGGCGGGAATGTCTATGCCACCGGAGGCAACAATGAGGGACAGCTGGGACTGGGGGACACTGAG
GAAAGGAATACCTTTCACGTGATCTICCTTCTTTACATCTGAGCATAAGATCAAGCAGCTGAGCGCTGGCTCCAAC
ACATCTGCAGCCCTGACTGAGGACGGGCGCCTGTTCATGTGGGGAGATAATTCAGAGGGCCAGATTGGGCTGAAA
AACGTGAGCAATGTGTGCGTCCCTCAGCAGGTGACCATCGGAAAGCCAGTCAGTTGGATTTCATGTGGCTACTAT
CATAGCGCCTTCGTGACCACAGATGGCGAGCTGTACGTICTTITGGGGAGCCCGAAAACGGAAAACTGGGCCTGCCT
AACCAGCTGCTGGGCAATCACCGGACACCCCAGCTGGTIGTCCGAGATCCCTGAAAAAGTGATCCAGGTCGCCTGC
GGGGGAGAGCATACAGTGGTCCTGACTGAGAATGCTGTGTATACCTTICGGACTGGGCCAGTTTGGCCAGCTGGGG
CTGGGAACCTTCCTGTTTGAGACATCCGAACCAAAAGTGATCGAGAACATTCGCGACCAGACTATCAGCTACATT
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TCCTGCGGAGAGAATCACACCGCACTGATCACAGACATTGGCCTGATGTATACCTTTGGCGATGGACGACACGGG
AAGCTGGGACTGGGACTGGAGAACTTCACTAATCATTTITATCCCCACCCTGTGTTCTAACTTCCTGCGGTTCATC
GTGAAACTGGTCGCTTGCGGCGGGTGTCACATGGTGGTCTTCGCTGCACCTCATAGGGGCGTGGCTAAGGAGATC
GAATTTGACGAGATTAACGATACATGCCTGAGCGTGGCAACTTTCCTGCCATACAGCTCCCTGACTTCTGGCAAT
GTGCTGCAGAGAACCCTGAGTGCAAGGATGCGGAGAAGGGAGAGGGAACGCTCTCCTGACAGTTTCTCAATGCGA
CGAACCCTGCCACCTATCGAGGGAACACTGGGACTGAGTGCCTGCTTCCTGCCTAACTCAGTGTTTCCACGATGT
AGCGAGCGGAATCTGCAGGAGTCTGTCCTGAGTGAGCAGGATCTGATGCAGCCAGAGGAACCCGACTACCTGCTG
GATGAGATGACCAAGGAGGCCGAAATCGACAACTCTAGTACAGTGGAGTCCCTGGGCGAGACTACCGATATCCTG
AATATGACACACATTATGTCACTGAACAGCAATGAGAAGAGTCTGAAACTGTCACCAGTGCAGAAGCAGAAGAAA
CAGCAGACTATTGGCGAGCTGACTCAGGACACCGCCCTGACAGAGAACGACGATAGCGATGAGTATGAGGAAATG
TCCGAGATGAAGGAAGGCAAAGCTTGTAAGCAGCATGTCAGTCAGGGGATCTTCATGACACAGCCAGCCACAACT
ATTGAGGCTTTTTCAGACGAGGAAGTGGAGATCCCCGAGGAAAAAGAGGGCGCAGAAGATTCCAAGGGGAATGGA
ATTGAGGAACAGGAGGTGGAAGCCAACGAGGAAAATGTGAAAGTCCACGGAGGCAGGAAGGAGAAAACAGAAATC
CTGTCTGACGATCTGACTGACAAGGCCGAGGTGTCCGAAGGCAAGGCAAAATCTGTCGGAGAGGCAGAAGACGGA
CCAGAGGGACGAGGGGATGGAACCTGCGAGGAAGGCTCAAGCGGGGCTGAGCATTGGCAGGACGAGGAACGAGAG
AAGGGCGAAAAGGATAAAGGCCGCGGGGAGATGGAACGACCTGGAGAGGGCGAAAAAGAGCTGGCAGAGAAGGAG
GAATGGAAGAAAAGGGACGGCGAGGAACAGGAGCAGAAAGAAAGGGAGCAGGGCCACCAGAAGGAGCGCAACCAG
GAGATGGAAGAGGGCGGCGAGGAAGAGCATGGCGAGGGAGAAGAGGAAGAGGGCGATAGAGAAGAGGAAGAGGAA
AAAGAAGGCGAAGGGAAGGAGGAAGGAGAGGGCGAGGAAGTGGAAGGCGAGAGGGAAAAGGAGGAAGGAGAACGG
AAGAAAGAGGAAAGAGCCGGCAAAGAGGAAAAGGGCGAGGAAGAGGGCGATCAGGGCGAAGGCGAGGAGGAAGAG
ACCGAGGGCCGCGGGGAAGAGAAAGAGGAGGGAGGAGAGGTGGAGGGCGGAGAGGTCGAAGAGGGAAAGGGCGAG
CGCGAAGAGGAAGAGGAAGAGGGCGAGGGCGAGGAAGAAGAGGGCGAGGGGGAAGAAGAGGAGGGAGAGGGCGAA
GAGGAAGAGGGGGAGGGAAAGGGCGAAGAGGAAGGAGAAGGCGAGGAAGAAGAGGGAGAGGAGGAAGGCGAGGAG
GAAGGAGAGGGGGAGGAGGAGGGAGAAGGCGAGGGCGAAGAAGAAGAAGAGGGAGAAGTGGAGGGCGAAGTCGAG
GGGGAGGAGGGAGAAGGGGAAGGGGAGGAAGAAGAGGGCGAAGAAGAAGGCGAGGAAAGAGAAAAAGAGGGAGAA
GGCGAGGAAAACCGGAGAAATAGGGAAGAGGAGGAAGAGGAAGAGGGAAAGTACCAGGAGACAGGCGAAGAGGAA
AACGAGCGGCAGGATGGCGAGGAATATAAGAAAGTGAGCAAGATCAAAGGATCCGTCAAGTACGGCAAGCACAAA
ACCTATCAGAAGAAAAGCGTGACCAACACACAGGGGAATGGAAAAGAGCAGAGGAGTAAGATGCCTGTGCAGTCA
AAACGGCTGCTGAAGAATGGCCCATCTGGAAGTAAAAAATTCTGGAACAATGTGCTGCCCCACTATCTGGAACTG

aaaTAA (SEQ ID NO:13)

GGAGAGGAAGGGGAGGGAGAGGAAGAGGGGGAGGAGGGCGAGGGGGAAGGCGAGGAGGAAGAAGGAGAGGGGGAA
GGCGAAGAGGAAGGCGAGGGGGAAGGAGAGGAGGAAGAAGGGGAAGGCGAAGGCGAAGAGGAGGGAGAAGGAGAG
GGGGAGGAAGAGGAAGGAGAAGGGAAGGGCGAGGAGGAAGGCGAAGAGGGAGAGGGGGAAGGCGAGGAAGAGGAA
GGCGAGGGCGAAGGAGAGGACGGCGAGGGCGAGGGAGAAGAGGAGGAAGGGGAATGGGAAGGCGAAGAAGAGGAA
GGCGAAGGCGAAGGCGAAGAAGAGGGCGAAGGGGAGGGCGAGGAGGGCGAAGGCGAAGGGGAGGAAGAGGAAGGC

caa (SEQ ID NO: 14)

The RPGR®""5-encoding nucleotide sequence of the disclosure may be operably linked to a
polynucleotide comprising a promoter element capable of driving expression of RPGRRF'S

or a functional variant thereof in human rod and cone photoreceptor cells.

The RPGR®""®-encoding nucleotide sequence of the disclosure may be operably linked to
the rhodopsin kinase (GRK1) promoter, preferably the human GRK1 promoter.

Preferably, aside from the promoter, no additional enhancer elements are used to control
expression of RPGR*'®. Thus, in one example, the nucleotide sequence of the disclosure
does not comprise an enhancer element. In one example, the nucleotide sequence does

not comprise a woodchuck hepatitis postregulatory element (WPRE) element.
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In another example, the disclosure provides a viral vector comprising the polynucleotide of
the disclosure.

In one example, the viral vector is an adeno-associated viral (AAV), retroviral, lentiviral or

adenoviral vector.
In a preferred example, the viral vector is in the form of a viral particle.
In a preferred example, the viral vector is an AAV vector.

The AAV vector may be of any serotype (e.g. comprise any AAV serotype genome and/or
capsid protein), provided that the vector is capable of infecting or transducing cells of the

eye.

In one example, the AAV vector comprises an AAV serotype 1, 2, 3,4, 5,6, 7, 8,9, 10, or 11
genome. In another example, the AAV vector comprises an AAV serotype 2, 4, 5 or 8
genome. Preferably, the AAV vector comprises an AAV serotype 2 genome.

In one example, the AAV vector particle comprises an AAV serotype 1, 2, 3,4, 5,6, 7, 8, 9,
10, or 11 capsid protein. In another example, the AAV vector particle comprises an AAV
serotype 2, 4, 5 or 8 capsid protein. Preferably, the AAV vector particle comprises an AAV
serotype 8 capsid protein. The AAV serotype 8 capsid protein may, for example, be a
AAV8/Y733F mutant capsid protein.

In one example, the AAV vector particle comprises an AAV2 genome and AAV2 capsid
proteins (AAV2/2); an AAV2 genome and AAV5 capsid proteins (AAV2/5); or an AAV2
genome and AAV8 capsid proteins (AAV2/8). Preferably, the AAV vector particle
comprises an AAV2 genome and AAV8 capsid proteins (AAV2/8).

The AAV vector particle of the disclosure may be a chimeric, shuffled or capsid-modified
derivative of one or more naturally occurring AAVs. In particular, the AAV vector particle may
comprise capsid protein sequences from different serotypes, clades, clones or isolates of
AAV within the same vector (i.e. a pseudotyped vector). Thus, in one example the AAV
vector is in the form of a pseudotyped AAV vector particle.

In another example, the disclosure provides a viral vector production system comprising a
set of polynucleotides encoding the components required for production of the viral vector,
wherein the viral vector genome comprises the polynucleotide of the disclosure.

In one example, the viral vector is an adeno-associated viral (AAV), retroviral, lentiviral or
adenoviral vector. Preferably, the viral vector is an AAV vector.
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In another example, the disclosure provides a DNA construct for use in the viral vector
production system of the disclosure comprising the polynucleotide of the disclosure.

In another example, the disclosure provides a viral vector production cell comprising the
polynucleotide, viral vector production system or DNA construct of the disclosure. The viral
vector production cell may, for example, be a HEK293, HEK293T, Sf9, C12 or Hela cell.
Preferably, the viral vector production cell is a HEK293 or HEK293T cell.

In another example, the disclosure provides a process for producing a viral vector
comprising introducing the polynucleotide of the disclosure into a cell and culturing the cell
under conditions suitable for the production of the viral vector.

In another example, the disclosure provides a viral vector obtainable using the viral vector
production cell of the disclosure or by the process of the disclosure.

In another example, the disclosure provides a cell transfected with the polynucleotide of the
disclosure or transduced by the viral vector of the disclosure.

In another example, the disclosure provides a pharmaceutical composition comprising the
polynucleotide, viral vector or cell of the disclosure in combination with a pharmaceutically
acceptable carrier, diluent or excipient.

In another example, the disclosure provides the polynucleotide or viral vector of the
disclosure for use in treating or preventing retinitis pigmentosa. The disclosure also provides
the polynucleotide or viral vector of the disclosure for use in reducing photoreceptor cell
death in a subject suffering from or at risk of developing retinitis pigmentosa.

In one example, the retinitis pigmentosa is X-linked retinitis pigmentosa.

In one example, the polynucleotide or viral vector is administered to the eye of a subject by
subretinal, direct retinal or intravitreal injection. Preferably, the polynucleotide or viral vector
is administered to the eye of a subject by subretinal injection. The subretinal injection may
be performed using the two-step subretinal injection method described herein.

The subretinal injection preferably comprises the steps:

(a) administering a solution to the subject by subretinal injection in an amount
effective to at least partially detach the retina to form a subretinal bleb, wherein the
solution does not comprise the polynucleotide or viral vector; and
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(b) administering a medicament composition by subretinal injection into the bleb
formed by step (a), wherein the medicament comprises the polynucleotide or viral

vector.
In one example, the AAV vector is administered to a subject in a single dose.

The AAV vector may, for example, be in a suspension at a concentration of about 1-2x10°,
1-2x10'"%, 1-2x10"", 1-2x10" or 1-2x10'® genome particles (gp) per mL. Thus a dose of AAV
vector of about 2x10'° gp may, for example, be administered by injecting about a 10 pL dose
of AAV vector at a concentration of about 2x10" gp per mL. The skilled person is readily
able to adjust the dose, volume and concentration of the AAV vector as necessary.

The volume of the AAV vector administered may be, for example, about 1-500 puL, for
example about 10-500, 50-500, 100-500, 200-500, 300-500, 400-500, 50-250, 100-250, 200-
250, 50-150, 1-100 or 1-10 pL. The volume may be, for example, about 1, 2, 5, 10, 50, 100,
150, 200, 250, 300, 350, 400, 450 or 500 pL. Preferably, the volume of the AAV vector
composition injected is about 100 pL.

In one example, the AAV vector is administered at a dosage of at least 2x107, 2x10%, 2x10°,
2x10'%, 2x10"" or 2x10'? gp per eye. In another example, the AAV vector is administered at
a dosage of about 1-2x10”, 1-2x108, 1-2x10° 1-2x10'°, 1-2x10"" or 1-2x10' gp per eye.
Preferably, the AAV vector is administered at a dosage of about 2x10"" gp per eye,
preferably by subretinal injection.

In one example, photoreceptor cell degeneration due to retinitis pigmentosa is substantially
prevented for the lifetime of the subject. The photoreceptor cells may comprise cone cells
and/or rod cells, preferably cone and rod cells. In another example, less than about 90%,
80%, 70%, 60%, 50%, 40%, 30%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or
1% of the number of photoreceptor cells (e.g. cone cells and/or rod cells) present in the
treated eye at the time of administration of the polynucleotide or viral (e.g. AAV) vector
subsequently degenerate due to retinitis pigmentosa over the lifetime of the subject.
Preferably, the surviving cells remain functional.

In one example, visual function is substantially restored or maintained in the treated eye.
Visual function (e.g. as determined by a test of visual function described herein) may, for
example, be restored to about the same level in an affected eye as existed before the onset
of retinitis pigmentosa. Alternatively, visual function may, for example, be maintained at
about the same level in a healthy subject at risk of developing retinitis pigmentosa, or in a
subject already suffering from retinitis pigmentosa (e.g. substantially no deterioration or
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further deterioration of visual function occurs as a result of retinitis pigmentosa following the
administration of the polynucleotide or viral (e.g. AAV) vector of the disclosure).

If left untreated, most or all rod cells may degenerate (e.g. die) over time as a result of
retinitis pigmentosa. Cone cells may also degenerate during progression of the disease.

In another example, the disclosure provides a method of treating or preventing retinitis
pigmentosa comprising administering the polynucleotide or viral vector of the disclosure to a
subject in need thereof. The disclosure also provides a method of reducing photoreceptor
cell death in a subject suffering from or at risk of developing retinitis pigmentosa comprising
administering the polynucleotide or viral vector of the disclosure to the subject.

The mode (e.g. method and dosage) and effect of administration, and the subject to be
treated may be as described herein.

The disclosure further provides the use of the polynucleotide or viral vector of the disclosure
for reducing or avoiding the generation of alternatively spliced variants and/or truncated
RPGR°*'® proteins relative to a vector or polynucleotide comprising the wild type
RPGR®"** ' gene.

The disclosure further provides the use of the polynucleotide or viral vector of the disclosure

for increasing the stability and/or fidelity of replication of a nucleotide sequence comprising

the RPGR°™'® gene relative to a nucleotide sequence comprising the wild type RPGR°"7'®

gene.

The disclosure further provides the use of the polynucleotide or viral vector of the disclosure

for effecting higher rates of translation and/or protein expression of RPGR™'®

ROHF15

protein

relative a vector or polynucleotide comprising the wild type RPG gene.

The disclosure further provides the use of the polynucleotide or viral vector of the disclosure

RORF15

for increasing the yield of an RPG -encoding nucleotide sequence relative to a

nucleotide sequence comprising the wild type RPGRO™"'°

gene.
DESCRIPTION OF THE DRAWINGS
Figure 1

Comparison of the human, mouse and dog genome sequences of RPGR.

Figure 2
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Comparison of the codon optimised (top) and wild type (bottom) RPGR®®""° sequences. The

differences in the primary sequences are highlighted in red and underlined.
Figure 3

Comparison of cloning efficiency and sequence fidelity between wild type (A, B) and codon

optimised (C, D) RPGR sequences in a standard cloning vector.

Comparison of plasmid yields from minipreparations (E) and megapreparations (G), and

comparison of sample purity (F) between the same sequences.
Figure 4

Comparison of sequence fidelity between wild type (A) and codon optimised (B) RPGR

sequences in a standard cloning vector.
Figure 5

Liquid chromatography with tandem mass spectrometry (LC/MS-MS) of the protein product
of the codon optimised RPGR sequence identified approximately 80% of the amino acids

(amino acids which could not be confirmed are marked red).
Figure 6

Western blots confirming identical molecular masses (220 kDa) of wild type and codon

optimised RPGR-derived (WtRPGR and coRPGR, respectively) peptides (top panel).

A plot of the difference in Western blot signal intensity indicates approximately 4-fold higher

RPGR protein production from the coRPGR sequence (bottom panel).
Figure 7

Overview of the treatment effect using AAV.coRPGR in a mouse model with a naturally
occurring mutation in RPGR (C57BL/67%5%).

Western blot on whole retinal lysate 6 months after treatment shows the RPGR protein
product at approximately 200 kDa in the treated eye (TE), but not in the untreated eye (UE)
of C57BL/6™¥"° mice (A). L, protein ladder; +, positive control (HEK293T cell protein lysate
transfected with coORPGR expression plasmid); -, negative control (untransfected HEK293T

cell protein lysate).
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Immunohistochemistry of unfixed cryosections 6 months after treatment (B). Top panel
demonstrates lack of RPGR staining (green) in the untreated eye. In the treated eye
(bottom), RPGR staining can be seen to co-localise to the ciliary protein Rpgrip (red). Scale

bar = 20um.

Dark adapted (DA) ERG single flash intensity series 3 (C) and 6 (D) months after treatment.
Red traces of the mean are from the treated eye (TE), black traces are from the untreated

eye (UE). Whiskers display 95% confidence interval.
Figure 8

Plasmid Identity and Structural Stability, plasmid prepared from the RCB of
pAAV.RK.coRPGR. Endonuclease restriction digest fragment sizes for plasmid DNA
generated from the RCB for pAAV.RK.coORPGR. Expected pattern with restriction enzyme
Xmnl: 11 + 11 + 161 + 211 + 2681 + 4006 bp; Smal: 11 + 11 + 161 + 211 + 2681 + 4006 bp

(the 11bp fragments pass through the agarose gel and are not visualised).

Marker 1 kbp ladder (PlasmidFactory, Item no. MSM-865-50), 300 ng
Lane 1 DNA RCB1729-151023, undigested , 250 ng

Lane 2 DNA RCB1729-151023, undigested , 250 ng

Lane 3 DNA RCB1729-151023, digested with Xmn/, 250 ng

Lane 4 DNA RCB1729-151023, digested with Smal, 250 ng

Figure 9

Plasmid Identity and Structural Stability, for the 100mg plasmid preparation of
pAAV.RK.coRPGR. Endonuclease restriction digest fragment sizes for plasmid
pAAV.RK.RPGR. Expected pattern with restriction enzyme Xmnl: 11 + 11 + 161 + 211 +
2681 + 4006 bp (the 11bp fragments pass through the agarose gel and are not visualised).

Marker 1 kbp ladder (PlasmidFactory, Item no. MSM-865-50), 300 ng
Lane 1 pAAV.RK.coRPGR, 250 ng

Lane2 pAAV.RK.coRPGR, 250 ng

Marker 1 kbp ladder (PlasmidFactory, Item no. MSM-865-50), 300 ng
Lane3 pAAV.RK.coRPGR, Xmal digestion, 250 ng

Lane4 pAAV.RK.co.RPGR, Xmal digestion, 250 ng

Marker 1 kbp ladder (PlasmidFactory, Item no. MSM-865-50), 300 ng
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Figure 10

Plasmid DNA concentration by A260, for the 100mg plasmid preparation of
PAAV.RK.coRPGR. Calculated averaged concentration: 1.0 mg mL™

Figure 11

DNA Purity. Method: UV-Scan between 220 nm and 320 nm. Determination of plasmid
purity by UV between 220 nm and 320 nm, for the 100mg plasmid preparation of
pAAV.RK.coRPGR.

Figure 12

Western blot analysis of RPGR®"® expression in HEK293 cells. (A) RPGR®F'® (black
arrow) expression was detected in cells transfected with either CAG.coRPGR®F"® (co) or
CAG.WtRPGR®®F® (wt) compared to untransfected samples (UNT) in three independent
experiments. (B) Boxplot shows the quantitation of RPGR°®' expression levels by
densitometry, expressed in arbitrary units (AU), after normalizing for the endogenous control
(BActin).

Figure 13

Western blot analysis of RPGR°?'® expression in HEK293T cells. (A) RPGR®®F" (black
arrow) expression was detected in cells transfected with either CAG.coRPGR°R*" (co) or
CAG.WtRPGR®F"® (wt) compared to untransfected samples (UNT). A truncated protein
(white arrow) was detected in cells transfected with the wt sequence. (B) Bar graph shows
the quantitation of RPGR™'® expression level by densitometry after normalizing for the

endogenous control (BActin) in each sample.

DETAILED DESCRIPTION OF THE INVENTION

Various preferred features and embodiments of the invention will now be described by way

of non-limiting examples.

The practice of the invention will employ, unless otherwise indicated, conventional
techniques of chemistry, biochemistry, molecular biology, microbiology and immunology,
which are within the capabilities of a person of ordinary skill in the art. Such techniques are

explained in the literature. See, for example, Sambrook, J., Fritsch, E.F. and Maniatis, T.
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(1989) Molecular Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbor Laboratory
Press; Ausubel, F.M. et al. (1995 and periodic supplements) Current Protocols in Molecular
Biology, Ch. 9, 13 and 16, John Wiley & Sons; Roe, B., Crabtree, J. and Kahn, A. (1996)
DNA Isolation and Sequencing: Essential Techniques, John Wiley & Sons; Polak, J.M. and
McGee, J.O'D. (1990) In Situ Hybridization: Principles and Practice, Oxford University Press;
Gait, M.J. (1984) Oligonucleotide Synthesis: A Practical Approach, IRL Press; and Lilley,
D.M. and Dahlberg, J.E. (1992) Methods in Enzymology: DNA Structures Part A: Synthesis
and Physical Analysis of DNA, Academic Press. Each of these general texts is herein

incorporated by reference.

In one aspect, the invention provides a polynucleotide comprising a nucleotide sequence
encoding the retinitis pigmentosa GTPase regulator ORF15 isoform (RPGR®®F'%), wherein
the RPGR"F">-encoding nucleotide sequence has been codon optimised to increase fidelity

of replication of the sequence.
Retinitis pigmentosa GTPase regulator (RPGR)

Retinitis pigmentosa GTPase regulator (RPGR) likely acts as a guanine-nucleotide releasing

factor and is essential for normal vision.

Studies have suggested that RPGR plays a role in the generation of cilia, possibly through
involvement in microtubule organisation and regulation of transport. Cilia are finger-like
projections from the surface of a cell, which may be involved in a number of biological
activities, including signalling and cell movement. Cilia are also necessary for a range of
sensory perceptions, including hearing, smell and vision, and they are crucial photoreceptor

cell organelles.

A number of RPGR protein isoforms are expressed from the RPGR gene. The isoform

comprising the ORF15 exon is of particular relevance to the present invention and is

sometimes referred to as ORF15. This isoform is referred to herein as RPGRCRF'®,

RPGR°®'® is expressed predominantly in the retina, in particular in the photoreceptor cells,
while other isoforms are expressed elsewhere and are probably also involved in cilia

formation and/or function.

ORF15 ;
R

An example amino acid sequence of human wild type RPG is:

MREPEELMPDSGAVETEGKSKEFAENNPGKEWEKNDVPVHLSCGDEHSAVVTGNNKLYMEGSNNWGQLGLG
SKSAISKPTCVKALKPEKVKLAACGRNHTLVSTEGGNVYATGGNNEGOLGLGDTEERNTFHVISEFEFTSEH
KIKQLSAGSNTSAALTEDGRLEMWGDNSEGQIGLKNVSNVCVPQOVTIGKPVSWISCGYYHSAFVITDGE
LYVEGEPENGKLGLPNQLLGNHRTPQLVSEIPEKVIQVACGGEHTVVLTENAVYTFGLGOFGQOLGLGTEL
FETSEPKVIENIRDQTISYISCGENHTALITDIGLMYTFGDGRHGKLGLGLENFTNHE IPTLCSNELRE L
VKLVACGGCHMVVEAAPHRGVAKEIEFDEINDTCLSVATFLPYSSLTSGNVLORTLSARMRRRERERSPD
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In one embodiment, the nucleotide sequence encoding human wild type RPG

WO 2017/042584 PCT/GB2016/052802

SESMRRTLPPIEGTLGLSACELPNSVEPRCSERNLOQESVLSEQDLMOPEEPDYLLDEMTKEAEIDNSSTV
ESLGETTDILNMTHIMSLNSNEKSLKLSPVOKOKKQQTIGELTODTALTENDDSDEYEEMSEMKEGKACK
QHVSQGIFMTQPATTIEAFSDEEVEIPEEKEGAEDSKGNGIEEQEVEANEENVKVHGGRKEKTEILSDDL
TDKAEVSEGKAKSVGEAEDGPEGRGDGTCEEGS SGAEHWQDEEREKGEKDKGRGEMERPGEGEKELAEKE
EWKKRDGEEQEQKEREQGHOKERNQEMEEGGEEEHGEGEEEEGDREEEEEKEGEGKEEGEGEEVEGEREK
EEGERKKEERAGKEEKGEEEGDQGEGEEEETEGRGEEKEEGGEVEGGEVEEGKGEREEEEEEGEGEEEEG
EGEEEEGEGEEEEGEGKGEEEGEEGEGEEEGEEGEGEGEEEEGEGEGEEEGEGEGEEEEGEGEGEREEGEG
EGEEEEGEGKGEEEGEEGEGEGEEEEGEGEGEDGEGEGEEEEGEWEGEEEEGCGEGEGEEEGEGEGEEGEGE
GEEEEGEGEGEEEEGEEEGEEEGEGEEEGEGEGEEEEEGEVEGEVEGEEGEGEGEEEEGEEEGEEREKEG
EGEENRRNREEEEEEEGKYQETGEEENEROQDGEEYKKVSKIKGSVKYGKHKTYQKKSVINTQGNGKEQRS
KMPVQSKRLLKNGPSGSKKEWNNVLPHYLELK

(SEQ ID NO: 1)

RORF15 |S

ATGAGGGAGCCGGAAGAGCTGATGCCCGATTCGGGTGCTIGTGTTTACATTTGGGAAAAGTAAATTTGCTG
AAAATAATCCCGGTAAATTCTGGTTTAAAAATGATGTCCCTGTACATCTTTICATGTGGAGATGAACATTIC
TGCTIGTIGTTACCGGAAATAATAAACTTTACATCGTTTGGCAGTAACAACTGGGGTCAGTTAGGATTAGGA
TCAAAGTCAGCCATCAGCAAGCCAACATGTGTCAAAGCTCTAAAACCTGAAAAAGTGAAATTAGCTGCCT
GTGGAAGGAACCACACCCTIGGTGTCAACAGAAGGAGGCAATGTATATGCAACTGGTGGAAATAATGAAGG
ACAGTTGGGGCTTGGTGACACCGAAGAAAGAAACACTTTITCATGTAATTAGCTTTITTTACATCCGAGCAT
AAGATTAAGCAGCTIGICIGCTGGATCTAATACTTCAGCTGCCCTAACTGAGGATGGAAGACTTTTTATGT
GGGGTGACAATTCCGAAGGGCAAATTGGTTTAAAAAATGTAAGTAATGTCTIGTGTCCCTCAGCAAGTGAC
CATTGGGAAACCTIGTICTCCIGGATCICTIGTGGATATTACCATTCAGCTTTTGTAACAACAGATGGTGAG
CTATATGTGTITTGGAGAACCTGAGAATGGGAAGTTAGGTCTICCCAATCAGCTCCTGGGCAATCACAGAA
CACCCCAGCTIGGIGTCTGAAATTICCGGAGAAGGTGATCCAAGTAGCCTGTGGTGGAGAGCATACTGTGGT
TCTCACGGAGAATGCTIGTGTATACCTITTGGGCTGGGACAATTTGGTCAGCTGGGTCTIGGCACTTTICTT
TTTGAAACTTCAGAACCCAAAGTCATTGAGAATATTAGGGATCAAACAATAAGTTATATTICTIGTGGAG
AAAATCACACAGCTTTGATAACAGATATCGGCCTTATGTATACTTITTGGAGATGGTCGCCACGGAAAATT
AGGACTTIGGACTGGAGAATTTTACCAATCACTTCATTCCTACTTIGTGCTCTAATTTTTTGAGGTTTATA
GITTAAATTGGTTGCTIGTIGGTGGATGTCACATGGTAGTTITTTIGCTIGCTICCTICATCCTGGTGTGGCAAAAG
AAATTGAATTCGATGAAATAAATGATACTTGCTITATCTGTGGCGACTTITTCTGCCGTATAGCAGTTTAAC
CTCAGGAAATGTACTGCAGAGGACTCTATCAGCACGTATGCGGCGAAGAGAGAGGGAGAGGTCTCCAGAT
TCTTITTICAATGAGGAGAACACTACCTCCAATAGAAGGGACTCTIGGCCTTITCIGCTTIGTITTICTICCCCA
ATTCAGICTTITCCACGATGTITCTIGAGAGAAACCTCCAAGAGAGTGTCTITATCTGAACAGGACCTCATGCA
GCCAGAGGAACCAGATTATTTGCTAGATGAAATGCGACCAAAGAAGCAGAGATAGATAATTCTITCAACTGTA
GAAAGCCTTGGAGAAACTACTGATATCTTAAACATGACACACATCATGAGCCTGAATTICCAATGAAAAGT
CATTAAAATTATCACCAGTTICAGAAACAAAAGAAACAACAAACAATTGGGGAACTGACGCAGGATACAGC
TCTTACTGAAAACGATGATAGTGATGAATATGAAGAAATGTCAGAAATGAAAGAAGGGAAAGCATGTAAA
CAACATGTGTICACAAGGGATTTTICATGACGCAGCCAGCTACGACTATCGAAGCATTTTCAGATGAGGAAG
TAGAGATCCCAGAGGAGAAGGAAGGAGCAGAGGATTCAAAAGGAAATGGAATAGAGGAGCAAGAGGTAGA
AGCAAATGAGGAAAATGTGAAGGTGCATGGAGGAAGAAAGGAGAAAACAGAGATCCTATCAGATGACCTT
ACAGACAAAGCAGAGGTGAGTGAAGGCAAGGCAAAATCAGTGGGAGAAGCAGAGGATGGGCCTGAAGGTA
GAGGGGATGGAACCTGTGAGGAAGGTAGTTCAGGAGCAGAACACTGGCAAGATGAGGAGAGGGAGAAGGG
GGAGAAAGACAAGGGTAGAGGAGAAATGGAGAGGCCAGGAGAGGGAGAGAAGGAACTAGCAGAGAAGGAA
GAATGGAAGAAGAGGGATGGGGAAGAGCAGGAGCAAAAGGAGAGGGAGCAGGGCCATCAGAAGGAAAGAA
ACCAAGAGATGGCAGGAGGGAGGGGAGGAGGAGCATGGAGAAGGAGAAGAAGAGGAGGGAGACAGAGAAGA
GGAAGAAGAGAAGGAGGGAGAAGGGAAAGAGGAAGGAGAAGGGGAAGAAGTGCAGGGAGAACGTGAAAAG
GAGGAAGGAGAGAGGAAAAAGGAGGAAAGAGCGGGGAAGGAGGAGAAAGGAGAGGAAGAAGGAGACCAAG
GAGAGGGGGAAGAGGAGGAAACAGAGGGGAGAGGGGAGGAAAAAGAGGAGGGAGGGGAAGTAGAGGGAGG
GGAAGTAGAGGAGGGGAAAGGAGAGAGGGAAGAGGAAGAGGAGGAGGGTGAGGGGGAAGAGGAGGAAGGG
GAGGGGGAAGAGGAGGAAGGGGAGGGGGAAGAGCGAGCAAGGCGAGAAGGGAAAGGGGAGGAAGAAGGGGAAG
AAGGAGAAGGGGAGGAAGAAGGGGAGGAAGGCAGAAGGGGAGGGGGAAGAGGAGGAAGGAGAAGGGGAGGG
AGAAGAGGAAGGAGAAGGGGAGGGAGAAGAGGAGGAAGGAGAAGGGGAGGGAGAAGAGGAAGGAGAAGGG
GAGGGAGAAGAGGAGGAAGGAGAAGGGAAAGGGGAGCAGGAAGGCGAGAGGAAGGCAGAAGGGGAGGGGGAAG
AGGAGGAAGGAGAAGGGGAAGGGGAGGATGCAGAAGGGGAGGGGGAAGAGGAGGAAGGAGAATGGGAGGG
GGAAGAGGAGGAAGGAGAAGGGGAGGGGGAAGAGGAAGGCGAGAAGGGGAAGGGGCAGCGAAGGCGAGAAGGGGAG
GGGGAAGAGGAGGAAGGAGAAGGGGAGGGGGAAGAGCAGGAAGGGGAAGAAGAAGGGGAGGAAGAAGGAG
AGGGAGAGGAAGAAGGGGAGGGAGAAGGGGAGGAAGAAGAGGAAGGGGAAGTGGAAGGGGAGGTGGAAGG
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GGAGGAAGGAGAGGGGGAAGGAGAGGAAGAGGAAGGAGAGGAGGAAGGAGAAGAAAGGGAAAAGGAGGGG
GAAGGAGAAGAAAACAGGAGGAACAGAGAAGAGGAGGCAGGAAGAAGAGGGGAAGTATCAGGAGACAGGCG
AAGAAGAGAATGCAAAGGCAGGATGGAGAGGAGTACAAAAAAGTGAGCAAAATAAAAGGATCTGTGAAATA
TGGCAAACATAAAACATATCAAAAAAAGTCAGTTACTAACACACAGGGAAATGGGAAAGAGCAGAGGTCC
AAAATGCCAGTCCAGTCAAAACGACTTTTAAAAAACGGGCCATCAGGTTCCAAAAAGTTCTGGAATAATG
TATTACCACATTACTTGGAATTGAAGTAA

(SEQ ID NO: 2)

More than 300 mutations in the RPGR gene have been linked to X-linked retinitis
pigmentosa (XLRP). Moreover, RPGR mutations are observed in approximately 70% of
XLRP cases. Most XLRP-associated RPGR mutations occur in the ORF15 exon (which
corresponds to nucleotides 1754-3459 of RPGR“"F"°, e.g. nucleotides 1754-3459 of SEQ ID
NO: 2) and usually result in a truncated, dysfunctional protein. Mutation in RPGR likely
disrupt the normal function of photoreceptor cilia, however it is unclear how this gives rise to
the gradual loss of photoreceptors and resulting vision problems that are characteristic of the

disease.

RPGR is a common cause of RF due to a highly mutagenic region in the purine rich region
of exon 15 of the RPGR gene. Similar problems were expected to occur in AAV vector
cloning if the wild-type RPGR nuclectide sequence was usad for this purpose. To solve this
problem we used codon-optimisation 1o add pyrimidine nucleotides 1o break up the repetitive
GA sequences in exon 15 of the RPGR gene and to avoid other potential splice sites in the
wt cDNA that may be responsible for a large proportion of truncated RPGR variants reported
{(Wu et al., Human Molecular Genetics 2015: 24(14); 3956-70). The coRPGR of the present
invention was designed to avoid CpG sequences, cryplic splice sites and anomalous poly A

signals.
Codon optimisation

The RPGR®®"®-encoding nucleotide sequence of the invention has been codon optimised
with respect to the wild type gene sequence, for example the nucleotide sequence of SEQ
ID NO: 2.

The codon optimised RPGR gene of the present invention made using the oplimization
strategy disclosed herein is therefore more stable than the wild type c¢DNA sequence,
thereby aveiding the problems associated with wiRPGR which may generate alternatively
spliced variants and truncated protains if the wiRPGR is reintroduced into the transcriptional
machinery through gene therapy (Wu et al., Human Molecular Genetics 2015: 24(14); 3956-
70).
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Codon optimisation takes advantage of redundancies in the genetic code to enable a
nucleotide sequence to be altered while maintaining the same amino acid sequence of the

encoded protein.

Typically, codon optimisation is carried out to facilitate an increase or decrease in the
expression of an encoded protein. This is effected by tailoring codon usage in a nucleotide
sequence to that of a specific cell type, thus taking advantage of cellular codon bias
corresponding to a bias in the relative abundance of particular tRNAs in the cell type. By
altering the codons in the nucleotide sequence so that they are tailored to match the relative
abundance of corresponding tRNAs, it is possible to increase expression. Conversely, it is
possible to decrease expression by selecting codons for which the corresponding tRNAs are

known to be rare in the particular cell type.

However, the codon optimisation of the invention is not particularly targeted at influencing
cellular expression levels. Instead, the invention has taken advantage of the redundancy in
the genetic code to engineer the mutation-prone wild type nucleotide sequence of
RPGR®®F'® (e.g. SEQ ID NO: 2) to provide a sequence that demonstrates increased fidelity
of replication (i.e. is less prone to mutations occurring during cycles of polynucleotide
replication, e.g. during cloning processes or during the natural cell cycle) in comparison to
the wild type sequence (e.g. SEQ ID NO: 2).

Furthermore, the present inventors having shown that: (i) it is possible to avoid alternate
splice variants with the codon optimised sequence, which have been seen with non-codon
optimised human cDNA RPGR constructs; and (ii) levels of protein expression from the
codon optimised sequence are higher than those of the wild type sequence, thus making the
construct more efficient for general translation (while not wishing to be bound by theory, this
may be due to a reduction in the number of the repetitive GAN codons which use up the

cellular pool of glutamate and glycine tRNAs).

The wild type ORF15 region contains far fewer T and C nucleotides than would be predicted
in the genome. For instance, the 750 base pair sequence between positions 2410 and 3160
contains no C nucleotides at all in the wild type sequence. This leads to many repeating
sequences that may recombine incorrectly during cloning and vector production. Since most
codons start with G at position 1 in this region, the addition of C nucleotides to position 3 of
the preceding codon has been done with consideration of limiting the number of CpG
dinucleotides in the codon optimization sirategy of the present invention. This is because too
many of these dinucleotides may identify the transgens DNA as being unnatural, which may

make it prone to methylation-based silencing of the C nucleotide. For instance, in the 750
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base pair sequence between positions 2410 and 3160 of SEQ ID NO: 3, a total of 45 C
nucleotides have been added through the codon optimisation process, resulting in 45 CpG
dinucleotides (6.00%). This compares favourably to the predicted wild type frequency of
these dinucleotides (6.25%).

A further reason limiting CpG dinucleotides while optimizing the codon sequence of
RPGR®®'® is that eukaryotic cells have evolutionary conserved mechanisms of innate
immunity, which serve them (or rather the surrounding cells) as defense mechanisms
against e.g. viral infections (Willett et al., Frontiers in immunology 2013;4:261).
Unmethylated CpG islands can be identified as viral DNA from host cells, thereby triggering
pathways (Toll-/Nod-/RIG I-like receptor signaling etc.) potentially leading to programmed
cell death (Krieg et al. The Journal of laboratory and clinical medicine 1996;128:128-133).

Yet further, unmethylated CpG dinucleotides can stimulate an immune response triggering

inflammation.

Furthermore, the C codon optimisation has been applied where possible to the four-fold
degenerate codon ‘GGN’, encoding glycine. This is because any subsequent methylation of
the C nucleotide of the CpG dinucleotide within the transgene and subsequent deamination
to thymine (T), even if it did occur, would not change the RPGR protein sequence because
GGC and GGT both encode glycine.

Insertion of T nucleotides within the GA rich region of RPGR has also been limited in the
nucleotide sequence of the invention to avoid creating anomalous polyA signals (e.g.
AATAAA) and possible splice donor sites (GT) in the codon optimization process of the
present invention. Avoiding splice donor sites is a consideration as this region contains many
splice acceptor (AG) sequences with repeating G pyrimidine bases and potential A
nucleotide branch points in the 5’ direction. The codon optimisation pattern was extensively
modelled in silico to determine the optimal modification to reduce the GA repeats and also to
reduce the risk of anomalous splicing and creation of premature polyA signals. The codon
optimised gene of the present invention made using the optimization strategy disclosed
heraein is therefore more stable than the wild type cDNA sequence, which may generate
alternatively spliced variants and truncated proteins when reintroduced into the
transcriptional machinery through gene therapy (Wu et al., Human Molecular Genetics 2015:
24(14), 3956-70). The codon optimized gene of the present invention thereby avoids the

disease causing problems associated with wiRPGR.
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The principles that have been developed and proven by the present inventors can be
adapted and applied to create variants of SEQ ID NO: 3 that display similar advantageous
characteristics. Accordingly, the invention should not be viewed as limited to the specific
sequence of SEQ ID NO: 3.

Fidelity of replication can be measured by any of a number of methods known to the skilled

person.

For example, an RPGR°*"-encoding nucleotide sequence may be PCR-amplified and
ligated into a standard cloning vector. The ligation product may then be transformed into a
cell line (e.g. standard a E. coli strain) and a number of the resulting transformant colonies

ORF15
R

may be analysed to determine the nucleotide sequence of the RPG gene comprised

therein. Sequencing results may be compared between different RPGROR™'®

-encoding
nucleotide sequences (for example, including, a reference expected sequence) to determine

the fraction of tested colonies that comprised mutated and non-mutated sequences.

In one embodiment, less than 9, for example less than 8, 7, 6, 5, 4, 3 or 2, mutations are

present in the RPGRORF'®

-encoding nucleotide sequence when a polynucleotide comprising
the sequence (e.g. a polynucleotide isolated from a cell colony, such as an E. coli colony,
such as by isolation of a plasmid comprising the sequence from the colony) is analysed by
polynucleotide sequencing, for example using the Sanger sequencing method. Preferably, 0

mutations are present when the RPGR®F*">-encoding nucleotide sequence is sequenced.

In another embodiment, less than 25%, for example less than 20%, 15%, 10%, 9%, 8%, 7%,
6%, 5%, 4%, 3%, 2% or 1%, of tested clones (i.e. polynucleotides comprising an
RPGR®"*_encoding nucleotide sequence of the invention isolated from a cell colony, such
as plasmids isolated from an E. coli colony) comprise an RPGR°"F"*-encoding nucleotide
sequence comprising at least one mutation, for example when 4, 5, 6, 7, 8, 9, 10, 20, 30, 40,
50, 100, 200, 300, 400 or 500 clones are analysed. Preferably, 0% of the tested clones

comprise an RPGR¥"°.encoding nucleotide sequence comprising at least one mutation.

In one embodiment, the RPGR¥ "®-encoding nucleotide sequence of the invention has been
codon optimised to reduce the number of purine nucleotides in comparison to the wild type
sequence (e.g. SEQ ID NO: 2).

Adenine and guanine are the two purine nucleotides that are found in the wild type

RPGR°*F"®_encoding nucleotide sequence.
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In one embodiment, the number of purine nucleotides is reduced in purine-rich (i.e. GA-rich)
regions of the RPGR%".encoding nucleotide sequence, for example the ORF 15 exon

region.

In one embodiment, the number of purine nucleotides is reduced by at least 0.5%, 1%,
1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5% or 5% of the number of purine nucleotides in the wild
type sequence (e.g. SEQ ID NO: 2).

In another embodiment, the number of purine nucleotides is reduced by 0.5-10%, 0.5-7.5%,
0.5-5%, 0.5-4.5%, 0.5-4%, 0.5-3.5%, 0.5-3%, 1-5%, 1-4.5%, 1-4%, 1-3.5% or 1-3% of the

number of purine nucleotides in the wild type sequence (e.g. SEQ ID NO: 2).

An example codon-optimised sequence of RPGR“®F'° of the invention is:

ATGAGAGAGCCAGAGGAGCTGATGCCAGACAGTGGAGCAGTGTTTACATTCGGAAAATCTAAGTTCGCTG
AAAATAACCCAGGAAAGTTCTGGTTTAAAAACGACGTGCCCGTCCACCTGICTIGTGGCGATGAGCATAG
TGCCGTGGTCACTGGGAACAATAAGCTGTACATGTTCGGGTCCAACAACTGGGGACAGCTGGGGCTGGGA
TCCAAATCTGCTATCICTAAGCCAACCTGCGTGAAGGCACTGAAACCCGAGAAGGTCAAACTGGCCGCTT
GTGGCAGAAACCACACTCTIGGTGAGCACCGAGGGCGGGAATGTCTATGCCACCGGAGGCAACAATGAGGG
ACAGCTGGGACTGGGGGACACTGAGGAAAGGAATACCTTITCACGTIGATCTCCTICTTTACATCTGAGCAT
AAGATCAAGCAGCTGAGCGCTGGCTCCAACACATCTIGCAGCCCTGACTGAGGACGGGCGCCTGTTCATGT
GGGGAGATAATTCAGAGGGCCAGATTGGGCTGAAAAACGTGAGCAATGTGTGCGTCCCTCAGCAGGTGAC
CATCGGAAAGCCAGTCAGTTGGATTTICATGTGGCTACTATCATAGCGCCTTICGTGACCACAGATGGCGAG
CTGTACGICTITTGGGGAGCCCGAAAACGGAAAACTGGGCCTGCCTAACCAGCTGCTGGGCAATCACCGGA
CACCCCAGCTIGGTIGTCCGAGATCCCTGAAAAAGTGATCCAGGTCGCCTGCGGGGGAGAGCATACAGTGET
CCTGACTGAGAATGCIGTGTATACCTITCGGACTGGGCCAGTTITGGCCAGCTGGGGCTGGGAACCTTCCTG
TTTGAGACATCCGAACCAAAAGTGATCGAGAACATTCGCGACCAGACTATCAGCTACATTICCTIGCGGAG
AGAATCACACCGCACTGATCACAGACATTGGCCTGATGTATACCTITTGGCGATGGACGACACGGGAAGCT
GGGACTGGGACTGGAGAACTTCACTAATCATTTTATCCCCACCCTIGTGTTCTAACTTICCTGCGGTTCATC
GTGAAACTGGTCGCTTIGCGGCGGGTGTCACATGGTGCTICTTCGCTGCACCTCATAGGGGCGTGGCTAAGG
AGATCGAATTTGACGAGATTAACGATACATGCCTGAGCGTGGCAACTTITCCTGCCATACAGCTCCCTIGAC
TTCTGGCAATGTGCTGCAGAGAACCCTGAGTGCAAGCGATGCGGAGAAGGGAGAGGGAACGCTCTICCTIGAC
AGTTTCTCAATGCGACGAACCCTIGCCACCTATCGCAGGGAACACTGGGACTGAGTGCCTIGCTITCCTGCCTA
ACTCAGTGTTTCCACGATGTAGCGAGCGGAATCTGCAGGAGTICTGTCCTGAGTGAGCAGGATCTGATGCA
GCCAGAGGAACCCGACTACCTGCTGGATGAGATCGACCAAGGAGGCCGAAATCGACAACTCTAGTACAGTG
GAGTCCCTGGGCGAGACTACCGATATCCTIGAATATGACACACATTATGTCACTGAACAGCAATGAGAAGA
GTCTGAAACTGTCACCAGTGCAGAAGCAGAAGAAACAGCAGACTATTGGCGAGCTGACTCAGGACACCGC
CCTGACAGAGAACGACGATAGCGATGAGTATGAGGAAATGTCCGAGATGAAGGAAGGCAAAGCTTGTAAG
CAGCATGTCAGTCAGGGGATCTICATGACACAGCCAGCCACAACTATTIGAGGCTTTTTCAGACGAGGAAG
TGGAGATCCCCGAGGAAAAAGAGGGCGCAGAAGATTCCAAGGGGAATGGAATTGAGGAACAGGAGGTGGA
AGCCAACGAGGAAAATGTGAAAGTCCACGGAGGCAGGAAGGAGAAAACAGAAATCCTIGTICIGACGATCTG
ACTGACAAGGCCGAGGIGTCCGAAGGCAAGGCAAAATCTGTCGGAGAGGCAGAAGACGGACCAGAGGGAC
GAGGGGATGGAACCTGCGAGGAAGGCTCAAGCGGGGCTGAGCATTIGGCAGGACGAGGAACGAGAGAAGGG
CGAAAAGGATAAAGGCCGCGGGGAGATGGAACGACCTGGAGAGGGCGAAAAAGAGCTGGCAGAGAAGGAG
GAATGGAAGAAAAGGGACGGCGAGGAACAGGAGCAGAAAGAAAGGGAGCAGGGCCACCAGAAGGAGCGCA
ACCAGGAGATGGAAGAGGGCGGCGAGGAAGAGCATGGCGAGGGAGAAGAGGAAGAGGGCGATAGAGAAGA
GGAAGAGGAAAAAGAAGGCGAAGGGAAGGAGGAAGGAGAGGGCGAGGAAGTGCAAGGCGAGAGGGAAAAG
GAGGAAGGAGAACGGAAGAAAGAGGAAAGAGCCGGCAAAGAGGAAAAGGGCGAGGAAGAGGGCGATCAGG
GCGAAGGCGAGGAGGAAGAGACCGAGGGCCGCGGGGAAGAGAAAGAGGAGGGAGGAGAGGTGGAGGGCGG
AGAGGTCGAAGAGGGAAAGGGCGAGCGCGAAGAGGAAGAGGAAGAGGGCGCAGGGCGAGGAAGAAGAGGGC
GAGGGGGAAGAAGAGGAGGGAGAGGGCGAAGAGGCAAGAGGGGGAGGGAAAGGGCGAAGAGGAAGGAGAGG
AAGGGGAGGGAGAGGAAGAGGGGGAGGAGGGCGAGGGGGAAGGCGAGGAGGAAGAAGGAGAGGGGGAAGG
CGAAGAGGAAGGCGAGGGGGAAGGAGAGGAGGAAGAAGGGGAAGGCGAAGGCGAAGAGGAGGGAGAAGGA
GAGGGGGAGGAAGAGGAAGGAGAAGGGAAGGGCGCAGCAGGAAGGCGAAGAGGGCAGAGGGGGAAGGCGAGG
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AAGAGGAAGGCGCAGGGCGAAGGAGAGGACGGCGAGGGCGAGGGAGAAGAGGAGGAAGGGGAATGGGAAGG
CGAAGAAGAGGAAGGCGAAGGCGAAGGCGAAGAAGAGGGCGAAGGGGAGGGCGAGCAGGGCGAAGGCGAA
GGGGAGGAAGAGGAAGGCGAAGGAGAAGGCGAGGAAGAAGAGGGAGAGGAGGAAGGCGAGGAGGAAGGAG
AGGGGGAGGAGGCAGGGAGAAGGCGAGGGCGAAGAAGAAGAAGAGGGAGAAGTGGAGGGCGAAGTCGAGGG
GGAGGAGGGAGAAGGGGAAGGGGAGGAAGAAGAGGGCGAAGAAGAAGGCGAGGAAAGAGAAAAAGAGGGA
GAAGGCGAGGAAAACCGGAGAAATAGGGAAGAGGAGGCAAGAGGAAGAGGGAAAGTACCAGGAGACAGGCG
AAGAGGAAAACGCAGCGGCAGGATGGCGAGGAATATAAGAAAGTGAGCAAGATCAAAGGATCCGTICAAGTA
CGGCAAGCACAAAACCTATCAGAAGAAAAGCGTGACCAACACACAGGGGAATGGAAAAGAGCAGAGGAGT
AAGATGCCTGTGCAGTCAAAACGGCTGCTGAAGAATGGCCCATCTGGAAGTAAAAAATTCTGGAACAATG
TGCTGCCCCACTATCTGGAACTGAAATAA

(SEQ ID NO: 3)

In another embodiment, the RPGR°*'-encoding nucleotide sequence of the invention

comprises a sequence selected from the group consisting of:

(a) a nucleotide sequence encoding an amino acid sequence that has at least
80% identity to SEQ ID NO: 1;

(b) a nuclectide sequence that has at least 80% identity to SEQ ID NO: 3; and
(¢) the nucleotide sequence of SEQ ID NO: 3,

preferably wherein the protein encoded by the nucleotide sequence substantially retains the

natural function of the protein represented by SEQ ID NO: 1.

In another embodiment, the RPGR°®F®

-encoding nucleotide sequence of the invention
comprises a nucleotide sequence encoding an amino acid sequence that has at least 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity to SEQ ID NO: 1,
preferably wherein the amino acid sequence substantially retains the natural function of the

protein represented by SEQ ID NO: 1.

In another embodiment, the RPGRORF®

comprises a nucleotide sequence that has at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, or
99.9% identity to SEQ ID NO: 3, preferably wherein the protein encoded by the nucleotide

-encoding nucleotide sequence of the invention

sequence substantially retains the natural function of the protein represented by SEQ ID NO:
1.

RORF15

In a preferred embodiment, the RPG -encoding nucleotide sequence of the invention

comprises the nucleotide sequence of SEQ ID NO: 3.

Preferably, the RPGR®RF'*-encoding nucleotide sequence of the invention encodes a protein

which assists in providing similar or higher prevention of:
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€) the clinical appearance of the retinal pigment changes that are associated
with RP;

(b) photoreceptor (e.g. cone cell, preferably cone and rod cell) cell death;

and/or
(© deterioration in visual function

in a subject suffering from or at risk of developing retinitis pigmentosa compared to the
protein of SEQ ID NO: 1.

As used herein, the nucleotide symbol “N” indicates any nucleotide may be present at that

position (e.g. G, A, T or C), following the IUPAC-IUB convention.
Retinitis pigmentosa

Retinitis pigmentosa (RP) is a phenotypically linked group of inherited retinal dystrophies,
which is commonly caused by the progressive degeneration of rod photoreceptor cells. The
retinal pigment epithelium (RPE) and cone photoreceptor cells may also degenerate during

progression of the disease.

X-linked retinitis pigmentosa (XLRP), a form of the disease inherited in an X chromosome-
linked pattern (i.e. genes associated with the disease are located on the X chromosome), is

regarded as the most severe form of retinitis pigmentosa.

RP is characterised in clinical appearance by changes in the pigment of the retina, which
may be accompanied by arteriolar attenuation and optic nerve atrophy. Changes in the
retina may result from dispersion and aggregation of the retinal pigment. This may give rise
to an appearance ranging from granular or mottled to distinctive focal aggregates resembling
bone spicules. Black or dark brown star-shaped concentrations of pigment may appear.
Furthermore, pigmentation limited to one quadrant of the retina, abnormalities which appear
to be radiating out from the disc and changes associated with severe vasculopathy may be

observed.

The treatment or prevention of RP described herein may reduce or prevent the appearance
of the RP phenotype described above. It may result in protection of the photoreceptor cells,
such as the cone cells, from degeneration. Preferably, the treatment protects both cone and

rod cells from degeneration.
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Numbers of rods and cones can be estimated by the skilled person in the clinic using
techniques such as adaptive optics, autofluorescence and optical coherence tomography
(OCT) scans.

Preferably, the treatment of RP enables maintenance or improvement in visual function.

Visualisation of the appearance of a retina and assessment of visual function may be readily
carried out by the skilled person. For example, visual function tests that might be carried out
by the skilled person include best corrected visual acuity, visual field testing, microperimetry,
colour vision, dark adaptometry, electroretinography and cone flicker fusion tests. As used
herein, “maintenance or improvement in visual function” is to be understood as the
maintenance of substantially the same level or an improvement in the level of vision as
assessed by one or more such test of visual function, when the vision in a treated eye is

compared before and after the methods of the invention have been performed.
Structure of the eye

The medicaments disclosed herein may be delivered to a mammalian, preferably human eye

in relation to the treatment or prevention of retinitis pigmentosa (RP).

The person skilled in the treatment of diseases of the eye will have a detailed and thorough
understanding of the structure of the eye. However, the following structures of particular

relevance to the invention are described.
Retina

The retina is the multi-layered membrane, which lines the inner posterior chamber of the eye
and senses an image of the visual world which is communicated to the brain via the optic
nerve. In order from the inside to the outside of the eye, the retina comprises the layers of
the neurosensory retina and retinal pigment epithelium, with the choroid lying outside the

retinal pigment epithelium.
Neurosensory retina and photoreceptor cells

The neurosensory retina harbours the photoreceptor cells that directly sense light. It
comprises the following layers: internal limiting membrane (ILM); nerve fibre layer; ganglion
cell layer; inner plexiform layer; inner nuclear layer; outer plexiform layer; outer nuclear layer
(nuclei of the photoreceptors); external limiting membrane (ELM); and photoreceptors (inner

and outer segments) of the rods and cones.
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The skilled person will have a detailed understanding of photoreceptor cells. Briefly,
photoreceptor cells are specialised neurons located in the retina that convert light into
biological signals. Photoreceptor cells comprise rod and cone cells, which are distributed

differently across the retina.

Rod cells are distributed mainly across the outer parts of the retina. They are highly sensitive
and provide for vision at low light levels. There are on average about 125 million rod cells in

a normal human retina.

Cone cells are found across the retina, but are particular highly concentrated in the fovea, a
pit in the neurosensory retina that is responsible for central high resolution vision. Cone cells
are less sensitive than rod cells. There are on average about 6-7 million cone cells in a

normal human retina.
Retinal pigment epithelium

The retinal pigment epithelium (RPE) is a pigmented layer of cells located immediately to the
outside of the neurosensory retina. The RPE performs a number of functions, including
transport of nutrients and other substances to the photoreceptor cells, and absorption of

scattered light to improve vision.
Choroid

The choroid is the vascular layer situated between the RPE and the outer sclera of the eye.

The vasculature of the choroid enables provision of oxygen and nutrients to the retina.
Vectors

A vector is a tool that allows or facilitates the transfer of an entity from one environment to
another. In accordance with the invention, and by way of example, some vectors used in
recombinant nucleic acid techniques allow entities, such as a segment of nucleic acid (e.g. a
heterologous DNA segment, such as a heterologous cDNA segment), to be transferred into
a target cell. The vector may serve the purpose of maintaining the heterologous nucleic acid
(e.g. DNA or RNA) within the cell, facilitating the replication of the vector comprising a
segment of nucleic acid or facilitating the expression of the protein encoded by a segment of

nucleic acid.

Vectors may be non-viral or viral. Examples of vectors used in recombinant nucleic acid

techniques include, but are not limited to, plasmids, chromosomes, artificial chromosomes
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and viruses. The vector may also be, for example, a naked nucleic acid (e.g. DNA or RNA).

In its simplest form, the vector may itself be a nucleotide of interest.
In one aspect, the invention provides a vector comprising the polynucleotide of the invention.

The vectors used in the invention may be, for example, plasmid or viral vectors and may
include a promoter for the expression of a polynucleotide and optionally a regulator of the

promoter.
Viral Vectors

In a preferred embodiment, the vector of the invention is a viral vector. Preferably, the viral

vector is in the form of a viral vector particle.

The viral vector may be, for example, an adeno-associated viral (AAV), retroviral, lentiviral or

adenoviral vector.

The skilled person is readily able to select a suitable virus for a required purpose as a vector
in the invention, for example based on the size and type of the transgene to be delivered
and the type of target cell. Furthermore, methods of preparing and modifying viral vectors
and viral vector particles, such as those derived from AAV, retroviruses, lentiviruses or
adenoviruses, are well known in the art and can be readily adapted by the skilled person to

the required purpose.
Adeno-associated viral (AAV) vectors

In a preferred embodiment, the vector of the invention is an adeno-associated viral (AAV)

vector. Preferably, the AAV vector is in the form of an AAV particle.
The AAV vector may comprise an AAV genome or a derivative thereof.

An AAV genome is a polynucleotide sequence, which encodes functions needed for
production of an AAV particle. These functions include those operating in the replication and
packaging cycle of AAV in a host cell, including encapsidation of the AAV genome into an
AAYV particle. Naturally occurring AAVs are replication-deficient and rely on the provision of
helper functions in trans for completion of a replication and packaging cycle. Accordingly, the

AAV genome of the vector of the invention is typically replication-deficient.

The AAV genome may be in single-stranded form, either positive or negative-sense, or
alternatively in double-stranded form. The use of a double-stranded form allows bypass of

the DNA replication step in the target cell and so can accelerate transgene expression.
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The AAV genome may be from any naturally derived serotype, isolate or clade of AAV.
Thus, the AAV genome may be the full genome of a naturally occurring AAV. As is known to
the skilled person, AAVs occurring in nature may be classified according to various biological

systems.

Commonly, AAVs are referred to in terms of their serotype. A serotype corresponds to a
variant subspecies of AAV which, owing to its profile of expression of capsid surface
antigens, has a distinctive reactivity which can be used to distinguish it from other variant
subspecies. Typically, a virus having a particular AAV serotype does not efficiently cross-

react with neutralising antibodies specific for any other AAV serotype.

AAV serotypes include AAV1, AAV2, AAV3, AAV4, AAV5, AAVB, AAV7, AAVS, AAVY,
AAV10 and AAV11, and also recombinant serotypes, such as Rec2 and Rec3, recently
identified from primate brain. Any of these AAV serotypes may be used in the invention.
Thus, in one embodiment of the invention, the AAV vector particle is an AAV1, AAV2, AAV3,
AAV4, AAV5, AAVB, AAV7, AAVS, AAVY, AAV10, AAV11, Rec2 or Rec3 AAV vector

particle.

Reviews of AAV serotypes may be found in Choi et al. (2005) Curr. Gene Ther. 5. 299-310
and Wu et al. (2006) Molecular Therapy 14: 316-27. The sequences of AAV genomes or of
elements of AAV genomes including ITR sequences, rep or cap genes for use in the
invention may be derived from the following accession numbers for AAV whole genome
sequences: Adeno-associated virus 1 NC_002077, AF063497, Adeno-associated virus 2
NC_001401; Adeno-associated virus 3 NC_001729; Adeno-associated virus 3B
NC_001863; Adeno-associated virus 4 NC_001829; Adeno-associated virus 5 Y18065,
AF085716; Adeno-associated virus 6 NC_001862; Avian AAV ATCC VR-865 AY186198,
AY629583, NC_004828; Avian AAV strain DA-1 NC_006263, AY629583; Bovine AAV
NC_005889, AY388617.

AAV may also be referred to in terms of clades or clones. This refers to the phylogenetic
relationship of naturally derived AAVs, and typically to a phylogenetic group of AAVs which
can be traced back to a common ancestor, and includes all descendants thereof.
Additionally, AAVs may be referred to in terms of a specific isolate, i.e. a genetic isolate of a
specific AAV found in nature. The term genetic isolate describes a population of AAVs which
has undergone limited genetic mixing with other naturally occurring AAVs, thereby defining a

recognisably distinct population at a genetic level.

The skilled person can select an appropriate serotype, clade, clone or isolate of AAV for use

in the invention on the basis of their common general knowledge. For instance, the AAV5
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capsid has been shown to transduce primate cone photoreceptors efficiently as evidenced
by the successful correction of an inherited colour vision defect (Mancuso et al. (2009)
Nature 461: 784-7).

The AAV serotype determines the tissue specificity of infection (or tropism) of an AAV virus.
Accordingly, preferred AAV serotypes for use in AAVs administered to patients in
accordance with the invention are those which have natural tropism for or a high efficiency of
infection of target cells within the eye. In one embodiment, AAV serotypes for use in the
invention are those which infect cells of the neurosensory retina, retinal pigment epithelium

and/or choroid.

Typically, the AAV genome of a naturally derived serotype, isolate or clade of AAV
comprises at least one inverted terminal repeat sequence (ITR). An ITR sequence acts in cis
to provide a functional origin of replication and allows for integration and excision of the
vector from the genome of a cell. In preferred embodiments, one or more ITR sequences
flank the nucleotide sequence encoding the RPGR®RF'®. The AAV genome typically also
comprises packaging genes, such as rep and/or cap genes which encode packaging
functions for an AAV particle. The rep gene encodes one or more of the proteins Rep78,
Rep68, Rep52 and Rep40 or variants thereof. The cap gene encodes one or more capsid
proteins such as VP1, VP2 and VP3 or variants thereof. These proteins make up the capsid

of an AAV particle. Capsid variants are discussed below.

A promoter will be operably linked to each of the packaging genes. Specific examples of
such promoters include the p5, p19 and p40 promoters (Laughlin et al. (1979) Proc. Natl.
Acad. Sci. USA 76: 5567-5571). For example, the p5 and p19 promoters are generally used

to express the rep gene, while the p40 promoter is generally used to express the cap gene.

As discussed above, the AAV genome used in the vector of the invention may therefore be
the full genome of a naturally occurring AAV. For example, a vector comprising a full AAV
genome may be used to prepare an AAV vector or vector particle in vitro. However, while
such a vector may in principle be administered to patients, this will rarely be done in practice.
Preferably the AAV genome will be derivatised for the purpose of administration to patients.
Such derivatisation is standard in the art and the invention encompasses the use of any
known derivative of an AAV genome, and derivatives which could be generated by applying
techniques known in the art. Derivatisation of the AAV genome and of the AAV capsid are
reviewed in Coura and Nardi (2007) Virology Journal 4: 99, and in Choi et al. and Wu et al.,

referenced above.
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Derivatives of an AAV genome include any truncated or modified forms of an AAV genome
which allow for expression of a transgene from a vector of the invention in vivo. Typically, it
is possible to truncate the AAV genome significantly to include minimal viral sequence yet
retain the above function. This is preferred for safety reasons to reduce the risk of
recombination of the vector with wild-type virus, and also to avoid triggering a cellular

immune response by the presence of viral gene proteins in the target cell.

Typically, a derivative will include at least one inverted terminal repeat sequence (ITR),
preferably more than one ITR, such as two ITRs or more. One or more of the ITRs may be
derived from AAV genomes having different serotypes, or may be a chimeric or mutant ITR.
A preferred mutant ITR is one having a deletion of a trs (terminal resolution site). This
deletion allows for continued replication of the genome to generate a single-stranded
genome which contains both coding and complementary sequences, i.e. a self-
complementary AAV genome. This allows for bypass of DNA replication in the target cell,

and so enables accelerated transgene expression.

The one or more ITRs will preferably flank the nucleotide sequence encoding the RPGR°R*'*
at either end. The inclusion of one or more ITRs is preferred to aid concatamer formation of
the vector of the invention in the nucleus of a host cell, for example following the conversion
of single-stranded vector DNA into double-stranded DNA by the action of host cell DNA
polymerases. The formation of such episomal concatamers protects the vector construct
during the life of the host cell, thereby allowing for prolonged expression of the transgene in

Vivo.

In preferred embodiments, ITR elements will be the only sequences retained from the native
AAV genome in the derivative. Thus, a derivative will preferably not include the rep and/or
cap genes of the native genome and any other sequences of the native genome. This is
preferred for the reasons described above, and also to reduce the possibility of integration of
the vector into the host cell genome. Additionally, reducing the size of the AAV genome
allows for increased flexibility in incorporating other sequence elements (such as regulatory

elements) within the vector in addition to the transgene.

The following portions could therefore be removed in a derivative of the invention: one
inverted terminal repeat (ITR) sequence, the replication (rep) and capsid (cap) genes.
However, in some embodiments, derivatives may additionally include one or more rep and/or
cap genes or other viral sequences of an AAV genome. Naturally occurring AAV integrates

with a high frequency at a specific site on human chromosome 19, and shows a negligible
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frequency of random integration, such that retention of an integrative capacity in the vector

may be tolerated in a therapeutic setting.

Where a derivative comprises capsid proteins i.e. VP1, VP2 and/or VP3, the derivative may
be a chimeric, shuffled or capsid-modified derivative of one or more naturally occurring
AAVs. In particular, the invention encompasses the provision of capsid protein sequences
from different serotypes, clades, clones, or isolates of AAV within the same vector (i.e. a

pseudotyped vector).

Chimeric, shuffled or capsid-modified derivatives will be typically selected to provide one or
more desired functionalities for the viral vector. Thus, these derivatives may display
increased efficiency of gene delivery, decreased immunogenicity (humoral or cellular), an
altered tropism range and/or improved targeting of a particular cell type compared to an AAV
vector comprising a naturally occurring AAV genome, such as that of AAV2. Increased
efficiency of gene delivery may be effected by improved receptor or co-receptor binding at
the cell surface, improved internalisation, improved trafficking within the cell and into the
nucleus, improved uncoating of the viral particle and improved conversion of a single-
stranded genome to double-stranded form. Increased efficiency may also relate to an altered
tropism range or targeting of a specific cell population, such that the vector dose is not

diluted by administration to tissues where it is not needed.

Chimeric capsid proteins include those generated by recombination between two or more
capsid coding sequences of naturally occurring AAV serotypes. This may be performed for
example by a marker rescue approach in which non-infectious capsid sequences of one
serotype are co-transfected with capsid sequences of a different serotype, and directed
selection is used to select for capsid sequences having desired properties. The capsid
sequences of the different serotypes can be altered by homologous recombination within the

cell to produce novel chimeric capsid proteins.

Chimeric capsid proteins also include those generated by engineering of capsid protein
sequences to transfer specific capsid protein domains, surface loops or specific amino acid
residues between two or more capsid proteins, for example between two or more capsid

proteins of different serotypes.

Shuffled or chimeric capsid proteins may also be generated by DNA shuffling or by error-
prone PCR. Hybrid AAV capsid genes can be created by randomly fragmenting the
sequences of related AAV genes e.g. those encoding capsid proteins of multiple different
serotypes and then subsequently reassembling the fragments in a self-priming polymerase

reaction, which may also cause crossovers in regions of sequence homology. A library of
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hybrid AAV genes created in this way by shuffling the capsid genes of several serotypes can
be screened to identify viral clones having a desired functionality. Similarly, error prone PCR
may be used to randomly mutate AAV capsid genes to create a diverse library of variants

which may then be selected for a desired property.

The sequences of the capsid genes may also be genetically modified to introduce specific
deletions, substitutions or insertions with respect to the native wild-type sequence. In
particular, capsid genes may be modified by the insertion of a sequence of an unrelated
protein or peptide within an open reading frame of a capsid coding sequence, or at the N-

and/or C-terminus of a capsid coding sequence.

The unrelated protein or peptide may advantageously be one which acts as a ligand for a
particular cell type, thereby conferring improved binding to a target cell or improving the
specificity of targeting of the vector to a particular cell population. An example might include
the use of RGD peptide to block uptake in the retinal pigment epithelium and thereby
enhance transduction of surrounding retinal tissues (Cronin et al. (2008) ARVO Abstract:
D1048). The unrelated protein may also be one which assists purification of the viral particle
as part of the production process, i.e. an epitope or affinity tag. The site of insertion will
typically be selected so as not to interfere with other functions of the viral particle e.g.
internalisation, trafficking of the viral particle. The skilled person can identify suitable sites for
insertion based on their common general knowledge. Particular sites are disclosed in Choi

et al., referenced above.

The invention additionally encompasses the provision of sequences of an AAV genome
in a different order and configuration to that of a native AAV genome. The invention also
encompasses the replacement of one or more AAV sequences or genes with sequences
from another virus or with chimeric genes composed of sequences from more than one
virus. Such chimeric genes may be composed of sequences from two or more related

viral proteins of different viral species.

The vector of the invention may take the form of a nucleotide sequence comprising an
AAV genome or derivative thereof and a sequence encoding the RPGR°®"'"* transgene

or a variant thereof.

The AAV particles of the invention include transcapsidated forms wherein an AAV
genome or derivative having an ITR of one serotype is packaged in the capsid of a
different serotype. The AAV particles of the invention also include mosaic forms wherein
a mixture of unmodified capsid proteins from two or more different serotypes makes up

the viral capsid. The AAV particle also includes chemically modified forms bearing
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ligands adsorbed to the capsid surface. For example, such ligands may include antibodies

for targeting a particular cell surface receptor.

Thus, for example, the AAV particles of the invention include those with an AAV2 genome
and AAV2 capsid proteins (AAV2/2), those with an AAV2 genome and AAVS5 capsid proteins
(AAV2/5) and those with an AAV2 genome and AAVS8 capsid proteins (AAV2/8).

Retroviral and lentiviral vectors
In another embodiment of the invention, the viral vector is a retroviral vector.

Retroviruses and lentiviruses have been adapted for use as gene therapy vectors for a wide

range of purposes.

Retroviruses may be broadly divided into two categories, “simple” and “complex’.
Retroviruses may be even further divided into seven groups. Five of these groups represent
retroviruses with oncogenic potential. The remaining two groups are the lentiviruses and the
spumaviruses. A review of these retroviruses is presented in Coffin, J.M. et al. (1997)
Retroviruses, pp. 758-763, Cold Spring Harbor Laboratory Press, Eds: J.M. Coffin, S.M.
Hughes, H.E. Varmus.

The retroviral vector used in the invention may be derived from or may be derivable from any
suitable retrovirus. A large number of different retroviruses have been identified and the
skilled person is well able to select a suitable retrovirus for a particular purpose. Examples
include: murine leukaemia virus (MLV), human T-cell leukaemia virus (HTLV), mouse
mammary tumour virus (MMTV), Rous sarcoma virus (RSV), Fujinami sarcoma virus
(FuSV), Moloney murine leukaemia virus (MoMLV), FBR murine osteosarcoma virus (FBR
MSV), Moloney murine sarcoma virus (Mo-MSV), Abelson murine leukaemia virus (A-MLV),
Avian myelocytomatosis virus-29 (MC29) and Avian erythroblastosis virus (AEV). A detailed
list of retroviruses may be found in Coffin, J.M. et al. (1997) Retroviruses, pp. 758-763, Cold
Spring Harbor Laboratory Press, Eds: J.M. Coffin, S.M. Hughes, H.E. Varmus.

In another embodiment of the invention, the viral vector is a lentiviral vector.

Lentiviral vectors are part of the larger group of retroviral vectors. A detailed list of

lentiviruses may be found in Coffin, J.M. et al. (1997) Retroviruses, pp. 758-763, Cold Spring

Harbor Laboratory Press, Eds: J.M. Coffin, S.M. Hughes, H.E. Varmus. In brief, lentiviruses

can be divided into primate and non-primate groups. Examples of primate lentiviruses

include but are not limited to: the human immunodeficiency virus (HIV), the causative agent

of human auto-immunodeficiency syndrome (AIDS); and the simian immunodeficiency virus
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(SIV). The non-primate lentiviral group includes the prototype “slow virus” visna/maedi virus
(VMV), as well as the related caprine arthritis-encephalitis virus (CAEV), equine infectious
anaemia virus (EIAV), and the more recently described feline immunodeficiency virus (FIV)

and bovine immunodeficiency virus (BIV).
Adenoviral vectors
In another embodiment of the invention, the viral vector is an adenoviral vector.

The adenovirus is a double-stranded, linear DNA virus that does not go through an RNA
intermediate. There are over 50 different human serotypes of adenovirus divided into 6
subgroups based on the genetic sequence homology. The natural targets of adenovirus are
the respiratory and gastrointestinal epithelia, generally giving rise to only mild symptoms.
Serotypes 2 and 5 (with 95% sequence homology) are most commonly used in adenoviral
vector systems and are normally associated with upper respiratory tract infections in the

young.

Adenoviruses have been used as vectors for gene therapy and for expression of
heterologous genes. The large (36 kb) genome can accommodate up to 8 kb of foreign
insert DNA and is able to replicate efficiently in complementing cell lines to produce very
high titres of up to 10" Adenovirus is thus one of the best systems to study the expression

of genes in primary non-replicative cells.

The expression of viral or foreign genes from the adenovirus genome does not require a
replicating cell. Adenoviral vectors enter cells by receptor mediated endocytosis. Once inside
the cell, adenovirus vectors rarely integrate into the host chromosome. Instead, they function
episomally (independently from the host genome) as a linear genome in the host nucleus.
Hence the use of recombinant adenovirus alleviates the problems associated with random

integration into the host genome.
Promoters and regulatory sequences

The vector of the invention may also include elements allowing for the expression of the
RPGR®' transgene in vitro or in vivo. These may be referred to as expression control
sequences. Thus, the vector typically comprises expression control sequences (e.g.
comprising a promoter sequence) operably linked to the nucleotide sequence encoding the

transgene.

Any suitable promoter may be used, the selection of which may be readily made by the
skilled person. The promoter sequence may be constitutively active (i.e. operational in any
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host cell background), or alternatively may be active only in a specific host cell environment,
thus allowing for targeted expression of the transgene in a particular cell type (e.g. a tissue-
specific promoter). The promoter may show inducible expression in response to presence of
another factor, for example a factor present in a host cell. In any event, where the vector is
administered for therapy, it is preferred that the promoter should be functional in the target

cell background.

In some embodiments, it is preferred that the promoter shows retinal-cell specific expression
in order to allow for the transgene to only be expressed in retinal cell populations. Thus,
expression from the promoter may be retinal-cell specific, for example confined only to cells

of the neurosensory retina and retinal pigment epithelium.

Preferred promoters include the chicken beta-actin (CBA) promoter, optionally in
combination with a cytomegalovirus (CMV) enhancer element. An example promoter for use
in the invention is a hybrid CBA/CAG promoter, for example the promoter used in the rAVE
expression cassette (GeneDetect.com). A further example promoter for use in the invention

has the sequence:

ATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTICCATTGACGTICAATGGGTG
GAGTATTITACGGTAAACTGCCCACTIGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTG
ACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTITCCTACTTG
GCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCACGTTICTGCTTCACTICTIC
CCCATCTICCCCCCCCICCCCACCCCCAATTTTIGTATTTATTTATTITTTITAATTATTTTIGTGCAGCGATGG
GGGCGEGEGEGEEELEEEEEEEEECECECECCAGGCEEEELCEEEECEGEEECEAGGEECEGEEGLEEEGLGAGECG
GAGAGGTGCGGCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTITATGGCGAGGCGGCGGCEG
CGGCGGCCCTATAAAAAGCGAAGCGCGCGGCGEGCGEGGAGTCGCTGCGCGCTGCCTICGCCCCGTGCCCC
GCTCCGCCGCCGCCTCGLCGECCGCCCGECCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCG
GGACGGCCCTITCICCICCGGGCTIGTAATTAGCGCTTGGTTTAATGACGGCTTGTITTICITTICTGTGGCTG
CGTGAAAGCCTTGAGGGGCTCCGGGAGGGCCCTTTIGTGCGGGGEGEGAGCGGCTCGGGGECTGTCCGCGEEEGE
GACGGCTGCCTTCGGGGGGEGACGGGGECAGGGCEGGETTCGGCTTCTGGCGTGTGACCGGCGGCTCTAGAG
CCICTGCTAACCATGTITCATGCCTITCTITCTTTITTICCTACAGCTCCTGGGCAACGTGCTIGGTITATTGTIGCT
GTICTICATCATTTTIGGCAAAGAATT

(SEQ ID NO: 4)

Examples of promoters based on human sequences that would induce retina-specific gene
expression include rhodopsin kinase for rods and cones (Allocca et al. (2007) J. Virol. 81:
11372-80), PR2.1 for cones only (Mancuso et al. (2009) Nature 461: 784-7) and/or RPEG5
for the retinal pigment epithelium (Bainbridge et al. (2008) N. Engl. J. Med. 358: 2231-9). In
some embodiments, the RPGR®"">-encoding polynucleotide is operably linked to the,
preferably human, rhodopsin kinase (GRK1) promoter, which may comprise the nucleotide

sequence of SEQ ID NO: 7, or a functional variant having at least 90 or 95% identity thereto.

GGGCCCCAGAAGCCTGGTGGTTGTTTGTCCTTCTCAGGGGAAAAGTGAGGCGGCCCCTTGGAGG
AAGGGGCCGGGCAGAATGATCTAATCGGATTCCAAGCAGCTCAGGGGATTGTCTTTTTCTAGCA
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CCTTCTTGCCACTCCTAAGCGTCCTCCGTGACCCCGGCTGGGATTTAGCCTGGTGCTGTGTCAG
CCCCGGG

(SEQ ID NO: 7)

In other embodiments the promoter element to which the RPGR“*'*-encoding
polynucleotide is operably linked is the, preferably human, interphotoreceptor retinoid-
binding protein (IRBP) promoter, which may comprise the nucleic acid sequence of SEQ ID

NO: 8 or a functional variant having at least 90 or 95% identity thereto.

agcacagtgtctggcatgtagcaggaactaaaataatggcagtgattaatgttatgatatgcagacacaacacagcaagataag
atgcaatgtaccttctgggtcaaaccaccctggccactcctcccecgatacccagggttgatgtgcettgaattagacaggattaaag

gcttactggagetggaagcecttgecccaactcaggagtttagecccagacctictgtccaccage  (SEQ ID NO: 8)

Preferably, aside from the promoter, no additional regulatory elements are used to control

expression of RPGR°FF'3,

However, the vector of the invention may also comprise one or more additional regulatory
sequences which may act pre- or post-transcriptionally. The regulatory sequence may be
part of the native transgene locus or may be a heterologous regulatory sequence. The vector
of the invention may comprise portions of the 5-UTR or 3'-UTR from the native transgene

transcript.

Regulatory sequences are any sequences which facilitate expression of the transgene, i.e.
act to increase expression of a transcript, improve nuclear export of mRNA or enhance its
stability. Such regulatory sequences include for example enhancer elements, postregulatory
elements and polyadenylation sites. A preferred polyadenylation site is the Bovine Growth
Hormone poly-A signal which may be as shown below:
TCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCC
TTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAARATGAGGARATTGCATCGCATTGTCTGA

GTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAG
CAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTICTGAGGCGGAAAGAACCAGCTGGGG

(SEQ ID NO: 5)

In the context of the vector of the invention, such regulatory sequences will be cis-acting.
However, the invention also encompasses the use of trans-acting regulatory sequences

located on additional genetic constructs.
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A preferred post-regulatory element for use in a vector of the invention is the woodchuck
hepatitis postregulatory element (WPRE) or a variant thereof. An example sequence of the
WPRE is shown below:

ATCAACCTCIGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTITGCTCCTTTITACGCT
ATGTGGATACGCTIGCTITAATGCCTTITGTATCATGCTATTGCTTCCCGTATGGCTTTCATTITTICTCCTCC
TTGTATAAATCCIGGTITGCIGICICTITTATGAGCGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGT
GCACTGIGTTITGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTIGTCAGCTICCTITTCCGGGAC
TTTCGCTITTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGG
GCTCGGCTGTITGGGCACTGACAATTCCGTIGGTIGTTIGTCGGGGAAATCATCGTCCTTTCCTIGGCTGCTCG
CCIGTGITGCCACCTGGATTICTGCGCGGGACGTCCTTCTGCTACGTCCCTTICGGCCCTCAATCCAGCGGA
CCTICCTITCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGT
CGGATCTICCCTTTGGGCCGCCTCCCCGC

(SEQ ID NO: 6)

The invention encompasses the use of any variant sequence of the WPRE which increases
expression of the transgene compared to a vector without a WPRE. Preferably, variant
sequences display at least 70% identity to SEQ ID NO: 6 over its entire sequence, more
preferably 75%, 80%, 85%, 90% and more preferably at least 95%, 96% 97%, 98% or 99%
identity to SEQ ID NO: 6 over its entire sequence.

Another regulatory sequence which may be used in a vector of the invention is a scaffold-
attachment region (SAR). Additional regulatory sequences may be readily selected by the

skilled person.
Method of administration

In one embodiment of the invention, the viral (e.g. AAV) vector is administered to the eye of

a subject by subretinal, direct retinal or intravitreal injection.

The skilled person will be familiar with and well able to carry out individual subretinal, direct

retinal or intravitreal injections.
Preferably, the viral (e.g. AAV) vector is administered by subretinal injection.
Subretinal injection

Subretinal injections are injections into the subretinal space, i.e. underneath the
neurosensory retina. During a subretinal injection, the injected material is directed into, and

creates a space between, the photoreceptor cell and retinal pigment epithelial (RPE) layers.

When the injection is carried out through a small retinotomy, a retinal detachment may be
created. The detached, raised layer of the retina that is generated by the injected material is

referred to as a “bleb”.
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The hole created by the subretinal injection must be sufficiently small that the injected
solution does not significantly reflux back into the vitreous cavity after administration. Such
reflux would be particularly problematic when a medicament is injected, because the effects
of the medicament would be directed away from the target zone. Preferably, the injection
creates a self-sealing entry point in the neurosensory retina, i.e. once the injection needle is
removed, the hole created by the needle reseals such that very little or substantially no

injected material is released through the hole.

To facilitate this process, specialist subretinal injection needles are commercially available
(e.g. DORC 41G Teflon subretinal injection needle, Dutch Ophthalmic Research Center
International BV, Zuidland, The Netherlands). These are needles designed to carry out

subretinal injections.

Unless damage to the retina occurs during the injection, and as long as a sufficiently small
needle is used, substantially all injected material remains localised between the detached
neurosensory retina and the RPE at the site of the localised retinal detachment (i.e. does not
reflux into the vitreous cavity). Indeed, the typical persistence of the bleb over a short time
frame indicates that there is usually little escape of the injected material into the vitreous.

The bleb may dissipate over a longer time frame as the injected material is absorbed.

Visualisations of the eye, in particular the retina, for example using optical coherence

tomography, may be made pre-operatively.
Two-step subretinal injection

The vector of the invention may be delivered with increased accuracy and safety by using a
two-step method in which a localised retinal detachment is created by the subretinal injection
of a first solution. The first solution does not comprise the vector. A second subretinal
injection is then used to deliver the medicament comprising the vector into the subretinal
fluid of the bleb created by the first subretinal injection. Because the injection delivering the
medicament is not being used to detach the retina, a specific volume of solution may be

injected in this second step.
In one embodiment of the invention, the viral (e.g. AAV) vector is delivered by:

€) administering a solution to the subject by subretinal injection in an amount
effective to at least partially detach the retina to form a subretinal bleb,

wherein the solution does not comprise the vector; and
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(b) administering a medicament composition by subretinal injection into the

bleb formed by step (a), wherein the medicament comprises the vector.

The volume of solution injected in step (a) to at least partially detach the retina may be, for
example, about 10-1000 pL, for example about 50-1000, 100-1000, 250-1000, 500-1000,
10-500, 50-500, 100-500, 250-500 uL. The volume may be, for example, about 10, 50, 100,
200, 300, 400, 500, 600, 700, 800, 900 or 1000 pL.

The volume of the medicament composition injected in step (b) may be, for example, about
10-500 pL, for example about 50-500, 100-500, 200-500, 300-500, 400-500, 50-250, 100-
250, 200-250 or 50-150 uL. The volume may be, for example, about 10, 50, 100, 150, 200,
250, 300, 350, 400, 450 or 500 pL. Preferably, the volume of the medicament composition
injected in step (b) is 100 yL. Larger volumes may increase the risk of stretching the retina,

while smaller volumes may be difficult to see.

The solution that does not comprise the medicament (i.e. the “first solution” of step (a)) may
be similarly formulated to the solution that does comprise the medicament, as described
below. A preferred solution that does not comprise the medicament is balanced saline
solution (BSS) or a similar buffer solution matched to the pH and osmolality of the subretinal

space.
Visualising the retina during surgery

Under certain circumstances, for example during end-stage retinal degenerations, identifying
the retina is difficult because it is thin, transparent and difficult to see against the disrupted
and heavily pigmented epithelium on which it sits. The use of a blue vital dye (e.g. Brilliant
Peel®, Geuder; MembraneBlue-Dual®, Dorc) may facilitate the identification of the retinal
hole made for the retinal detachment procedure (i.e. step (a) in the two-step subretinal
injection method of the invention) so that the medicament can be administered through the

same hole without the risk of reflux back into the vitreous cavity.

The use of the blue vital dye also identifies any regions of the retina where there is a
thickened internal limiting membrane or epiretinal membrane, as injection through either of
these structures would hinder clean access into the subretinal space. Furthermore,
contraction of either of these structures in the immediate post-operative period could lead to
stretching of the retinal entry hole, which could lead to reflux of the medicament into the

vitreous cavity.
Pharmaceutical compositions and injected solutions
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The medicaments, for example vectors, of the invention may be formulated into
pharmaceutical compositions. These compositions may comprise, in addition to the
medicament, a pharmaceutically acceptable carrier, diluent, excipient, buffer, stabiliser or
other materials well known in the art. Such materials should be non-toxic and should not
interfere with the efficacy of the active ingredient. The precise nature of the carrier or other
material may be determined by the skilled person according to the route of administration,

e.g. subretinal, direct retinal or intravitreal injection.

The pharmaceutical composition is typically in liquid form. Liquid pharmaceutical
compositions generally include a liquid carrier such as water, petroleum, animal or vegetable
oils, mineral oil or synthetic oil. Physiological saline solution, magnesium chloride, dextrose
or other saccharide solution, or glycols such as ethylene glycol, propylene glycol or
polyethylene glycol may be included. In some cases, a surfactant, such as pluronic acid
(PF68) 0.001% may be used.

For injection at the site of affliction, the active ingredient may be in the form of an aqueous
solution which is pyrogen-free, and has suitable pH, isotonicity and stability. The skilled
person is well able to prepare suitable solutions using, for example, isotonic vehicles such as
Sodium Chloride Injection, Ringer's Injection or Lactated Ringer's Injection. Preservatives,

stabilisers, buffers, antioxidants and/or other additives may be included as required.

For delayed release, the medicament may be included in a pharmaceutical composition
which is formulated for slow release, such as in microcapsules formed from biocompatible

polymers or in liposomal carrier systems according to methods known in the art.
Method of treatment

It is to be appreciated that all references herein to treatment include curative, palliative and
prophylactic treatment; although in the context of the invention references to preventing are
more commonly associated with prophylactic treatment. Treatment may also include

arresting progression in the severity of a disease.

The treatment of mammals, particularly humans, is preferred. However, both human and

veterinary treatments are within the scope of the invention.
Variants, derivatives, analogues, homologues and fragments

In addition to the specific proteins and nucleotides mentioned herein, the invention also
encompasses the use of variants, derivatives, analogues, homologues and fragments

thereof.
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In the context of the invention, a variant of any given sequence is a sequence in which the
specific sequence of residues (whether amino acid or nucleic acid residues) has been
modified in such a manner that the polypeptide or polynucleotide in question substantially
retains its function. A variant sequence can be obtained by addition, deletion, substitution,
modification, replacement and/or variation of at least one residue present in the naturally-

occurring protein.

The term “derivative” as used herein, in relation to proteins or polypeptides of the invention
includes any substitution of, variation of, modification of, replacement of, deletion of and/or
addition of one (or more) amino acid residues from or to the sequence providing that the

resultant protein or polypeptide substantially retains at least one of its endogenous functions.

The term “analogue” as used herein, in relation to polypeptides or polynucleotides includes
any mimetic, that is, a chemical compound that possesses at least one of the endogenous

functions of the polypeptides or polynucleotides which it mimics.

Typically, amino acid substitutions may be made, for example from 1, 2 or 3 to 10 or 20
substitutions provided that the modified sequence substantially retains the required activity

or ability. Amino acid substitutions may include the use of non-naturally occurring analogues.

Proteins used in the invention may also have deletions, insertions or substitutions of amino
acid residues which produce a silent change and result in a functionally equivalent protein.
Deliberate amino acid substitutions may be made on the basis of similarity in polarity,
charge, solubility, hydrophobicity, hydrophilicity and/or the amphipathic nature of the
residues as long as the endogenous function is retained. For example, negatively charged
amino acids include aspartic acid and glutamic acid; positively charged amino acids include
lysine and arginine; and amino acids with uncharged polar head groups having similar

hydrophilicity values include asparagine, glutamine, serine, threonine and tyrosine.

Conservative substitutions may be made, for example according to the table below. Amino
acids in the same block in the second column and preferably in the same line in the third

column may be substituted for each other:

ALIPHATIC Non-polar GAP
ILV
Polar - uncharged CSTM
NQ
Polar - charged DE
KRH
AROMATIC FWY
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The term “homologue” as used herein means an entity having a certain homology with the
wild type amino acid sequence and the wild type nucleotide sequence. The term “homology”

can be equated with “identity”.

A homologous sequence may include an amino acid sequence which may be at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% , 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%,
99.7%, 99.8% or 99.9% identical, preferably at least 95% or 97% or 99% identical to the
subject sequence. Typically, the homologues will comprise the same active sites etc. as the
subject amino acid sequence. Although homology can also be considered in terms of
similarity (i.e. amino acid residues having similar chemical properties/functions), in the

context of the invention it is preferred to express homology in terms of sequence identity.

A homologous sequence may include a nucleotide sequence which may be at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85% or 90% identical, preferably at least 95% or 97% or
99% identical to the subject sequence. Although homology can also be considered in terms
of similarity, in the context of the invention it is preferred to express homology in terms of

sequence identity.

Preferably, reference to a sequence which has a percent identity to any one of the SEQ ID
NOs detailed herein refers to a sequence which has the stated percent identity over the
entire length of the SEQ ID NO referred to.

Homology comparisons can be conducted by eye or, more usually, with the aid of readily
available sequence comparison programs. These commercially available computer

programs can calculate percentage homology or identity between two or more sequences.

Percentage homology may be calculated over contiguous sequences, i.e. one sequence is
aligned with the other sequence and each amino acid in one sequence is directly compared
with the corresponding amino acid in the other sequence, one residue at a time. This is
called an “ungapped” alignment. Typically, such ungapped alignments are performed only

over a relatively short number of residues.

Although this is a very simple and consistent method, it fails to take into consideration that,
for example, in an otherwise identical pair of sequences, one insertion or deletion in the
nucleotide sequence may cause the following codons to be put out of alignment, thus
potentially resulting in a large reduction in percent homology when a global alignment is
performed. Consequently, most sequence comparison methods are designed to produce

optimal alignments that take into consideration possible insertions and deletions without
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penalising unduly the overall homology score. This is achieved by inserting “gaps” in the

sequence alignment to try to maximise local homology.

However, these more complex methods assign “gap penalties” to each gap that occurs in
the alignment so that, for the same number of identical amino acids, a sequence alignment
with as few gaps as possible, reflecting higher relatedness between the two compared
sequences, will achieve a higher score than one with many gaps. “Affine gap costs” are
typically used that charge a relatively high cost for the existence of a gap and a smaller
penalty for each subsequent residue in the gap. This is the most commonly used gap
scoring system. High gap penalties will of course produce optimised alignments with fewer
gaps. Most alignment programs allow the gap penalties to be modified. However, it is
preferred to use the default values when using such software for sequence comparisons. For
example when using the GCG Wisconsin Bestfit package the default gap penalty for amino

acid sequences is -12 for a gap and -4 for each extension.

Calculation of maximum percentage homology therefore firstly requires the production of an
optimal alignment, taking into consideration gap penalties. A suitable computer program for
carrying out such an alignment is the GCG Wisconsin Bestfit package (University of
Wisconsin, U.S.A.; Devereux et al. (1984) Nucleic Acids Res. 12: 387). Examples of other
software that can perform sequence comparisons include, but are not limited to, the BLAST
package (see Ausubel et al. (1999) ibid — Ch. 18), FASTA (Atschul et al. (1990) J. Mol. Biol.
403-410) and the GENEWORKS suite of comparison tools. Both BLAST and FASTA are
available for offline and online searching (see Ausubel et al. (1999) ibid, pages 7-58 to 7-60).
However, for some applications, it is preferred to use the GCG Bestfit program. Another tool,
called BLAST 2 Sequences is also available for comparing protein and nucleotide
sequences (see FEMS Microbiol. Lett. (1999) 174. 247-50; FEMS Microbiol. Lett. (1999)
177: 187-8).

Although the final percent homology can be measured in terms of identity, the alignment
process itself is typically not based on an all-or-nothing pair comparison. Instead, a scaled
similarity score matrix is generally used that assigns scores to each pairwise comparison
based on chemical similarity or evolutionary distance. An example of such a matrix
commonly used is the BLOSUM62 matrix — the default matrix for the BLAST suite of
programs. GCG Wisconsin programs generally use either the public default values or a
custom symbol comparison table if supplied (see the user manual for further details). For
some applications, it is preferred to use the public default values for the GCG package, or in
the case of other software, the default matrix, such as BLOSUM®62.
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Once the software has produced an optimal alignment, it is possible to calculate
percent homology, preferably percent sequence identity. The software typically does this as

part of the sequence comparison and generates a numerical result.

“Fragments” of full length RPGR°® " are also variants and the term typically refers to a
selected region of the polypeptide or polynucleotide that is of interest either functionally or,
for example, in an assay. “Fragment’ thus refers to an amino acid or nucleic acid sequence

that is a portion of a full-length polypeptide or polynucleotide.

Such variants may be prepared using standard recombinant DNA techniques such as site-
directed mutagenesis. Where insertions are to be made, synthetic DNA encoding the
insertion together with 5' and 3' flanking regions corresponding to the naturally-occurring
sequence either side of the insertion site may be made. The flanking regions will contain
convenient restriction sites corresponding to sites in the naturally-occurring sequence so that
the sequence may be cut with the appropriate enzyme(s) and the synthetic DNA ligated into
the cut. The DNA is then expressed in accordance with the invention to make the encoded
protein. These methods are only illustrative of the numerous standard techniques known in

the art for manipulation of DNA sequences and other known techniques may also be used.

All publications mentioned in the above specification are herein incorporated by reference.
Various modifications and variations of the described products, systems, uses, processes
and methods of the invention will be apparent to those skilled in the art without departing
from the scope and spirit of the invention. Although the invention has been described in
connection with specific preferred embodiments, it should be understood that the invention
as claimed should not be unduly limited to such specific embodiments. Indeed, various
modifications of the described modes for carrying out the invention, which are obvious to
those skilled in biochemistry and biotechnology or related fields, are intended to be within

the scope of the following claims.

EXAMPLES

EXAMPLE 1

Example 1A — Mouse model systems for X-linked retinitis pigmentosa

Certain species, for example mice and dogs, have genes that are homologous to human
RPGR (compare the yellow exonic sequences shown in Figure 1). Such species may
therefore serve as potential models for X-linked retinitis pigmentosa caused by mutations in
human RPGR.
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Two mouse models were obtained to test the safety and efficacy of the therapeutic vector in

this study. Both have alterations in the homologous gene Rpgr.

1. The Rpgr ™" strain: this strain was engineered by targeted disruption of parts of exon
4 though part of exon 6 by a sequence containing genes encoding p-galactosidase
and a neomycin resistance marker (Hong D.H. et al. (2000) Proc. Natl. Acad. Sci.
USA 97: 3649-3654).

2. The Rd9 strain: this strain features a naturally occurring insertional mutation of 32 bp
which leads to a frameshift (Thompson D.A. et al. (2012) PLoS One 7: e35865).

Both Rpgr ™ and Rd9 mouse models lack Rpgr protein expression, but only feature a very
mild phenotype (Thompson D.A. et al. (2012) PLoS One 7: €35865).

Example 1B — Codon optimisation of RPGR
RPGR codon optimisation

A synthetic RPGR®F"® sequence was prepared using codon optimisation (coRPGR,

“Optimized”; SEQ ID NO: 3) to stabilise the highly mutagenic purine-rich region (Figure 2).
Characterisation of the codon optimised RPGR gene

Cloning efficiency and sequence fidelity were compared between the wild type and codon

optimised sequences in a standard cloning vector (Figure 3A-D).

Using a restriction digest analysis, only 3 out of 24 clones were found to successfully feature
the wild type sequence (WtRPGR; Figure 3B, successful clones highlighted with asterisks).
In contrast, 18 out of 24 clones successfully featured the correct codon optimised sequence
(coRPGR,; Figure 3D).

Plasmid yields from minipreparations were found to be higher using the coRPGR sequence
than the wtRPGR (Figure 3E), even though a similar level of sample purity was maintained
(Figure 3F). In support of this finding, total plasmid yield from megapreparations (Figure 3G)

was also higher when using the coRPGR sequence.
Analysis of the frequency of RPGR mutations during cloning

Sanger-sequencing of the resulting clones was found to be easier and associated with a
better overall signal-to-noise ratio when using the coRPGR sequence as ambiguous base

calls were found to be less likely (Figure 4).
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Due to multiple G-runs and the purine-rich nature of wtRPGR, 34 individual sequencing
reactions had to be performed to cover approximately 4 kb of DNA sequence. In the ORF15
region, 6 potential mutations (2 deletions and 4 insertions) were found, as well as 74

ambiguous base calls with the potential of further point mutations.

In contrast, coRPGR was easier to sequence and a clean confirmation (at least 2x) of its

sequence was achieved with only 17 reactions.
Quantitative analysis of sequence fidelity

Four independently produced plasmid megapreparations of wtRPGR°*'® and coRPGR¥'®
each were sequenced in an ISO 9001 certified, GLP accredited laboratory (Source
BioScience, UK) as a commercial contractor using Sanger sequencing, the gold standard for
validating DNA sequences (Sanger F et al. (1977) Proc. Natl. Acad. Sci. USA 74: 5463-
5467).

Alignment of the sequencing data with published reference data (NCBI Gene ID: 6103)

revealed an average of 20 mutations (mostly single nucleotide deletions, insertions and point

mutations) in the WtRPGR*'® sequencing data, but none in coRPGRR®.
wtRPGR"™ coRPGR®"™
deletions [mean (range)] 1.5(0-4) nil
insertions [mean (range)] 050-1) nil
point mutations [mean 17.8(9 - 33) nil
(range)]
Total [mean (range)] 19.75 (9 - 38) nil

This analysis clearly demonstrates much greater sequence stability in the codon optimised

RPGR sequence.
Analysis of the coRPGR transgene product protein

Liquid chromatography with tandem mass spectrometry (LC/MS-MS) was performed to

confirm the protein sequence of the coRPGR transgene product (Figure 5).

Approximately 80% of the RPGR amino acids were directly identified. Only part of the highly
glutamic acid-rich and repetitive region towards the C-terminus of the protein escaped the
peptide analysis (Figure 5, sequence in red). This was due to a lack of specific motifs to
create oligomers for the spectrometry. However, the perfect match of the C-terminal

sequence suggests the full length protein without any frame shifts was produced.
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In addition, Western analysis indicated identical molecular masses of the wtRPGR and
coRPGR-derived peptides from transfected cells (Figure 6). This supports the conclusion
that there are no differences (e.g. insertions or deletions) that have been introduced by the

codon optimisation approach.

The Western analysis also clearly shows that codon optimisation enables higher rates of

translation and protein production (Figure 6).
Conclusion

Overall, the codon-optimised RPGR°®' (coRPGR) sequence demonstrated superior
sequence fidelity and increased expression levels compared to the wild type sequence and
thus was considered likely to improve the therapeutic potential of XLRP gene replacement

therapy.
Example 1C — AAV-mediated in vivo delivery of codon optimised RPGR

The coRPGR sequence was packaged into an AAV2/8 vector, which was used to introduce
RPGR into the photoreceptor cells of mice lacking RPGR expression (the Rd9 and Rpgr ~
mouse strains). In more detail, the transgene cassette featured a rhodopsin kinase promoter
and Kozak consensus sequence upstream of the coRPGR polynucleotide sequence, and a

polyA sequence from the bovine growth hormone downstream of the coding sequence.
coRPGR leads to RPGR protein expression in Rd9 and Rpgr - mice

Western blot analyses showed that treatment of Rd9 and Rpgr " mice with an AAV.coRPGR
vector leads to RPGR protein expression (Figure 7A). Furthermore, immunohistochemical
staining for RPGR was performed on treated and untreated eyes from Rd9 and Rpgr ” mice

and demonstrated correct localisation of the protein product (Figure 7B).
Gene augmentation with coRPGR leads to a therapeutic effect in Rd9 and Rpgr ”~ mice

Both Rd9 and Rpgr ” mouse models were subjected to gene therapy in one eye only and
electroretinography (ERG) was used to objectively assess function in the treated versus

untreated eyes.

Studies of a- and b-wave amplitudes of single flash intensity series after dark adaptation
(Figure 7C,D) show statistically significant amplitudes (p<0.05) in treated compared to

untreated groups at two time points after treatment.
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In conclusion, the above data, which is described in more detail in Examples 4 and 5, show
that a codon optimised sequence of human RPGR produces wild type RPGR protein with
the predicted size and amino acid sequence. Additionally, codon optimisation leads to higher
sequence fidelity and expression levels. When applied by means of replacement gene
therapy in models with an inherent lack of Rpgr protein expression, the coRPGR sequence
provides for expression of RPGR. Moreover, the RPGR localises to the physiological site of
action in the connecting cilium and is able to improve retinal structure (inner and outer

segment length) and function as shown by ERG studies.

EXAMPLE 2 — pAAV.RK.coRPGR plasmid manufacture at industrial scale
Example 2a

Production of bacterial cell bank for plasmid encoding codon optimised RPGR sequence

A K-12 Escherichia coli bacterial strain, XL10Gold, with the genotype Tet'D(mcrA)183
D(mcrCB-hsdSMR-mr) 173 endA1 supE44 thi-1 recA1 gyrA96 relA1 lac Hte [F° proAB
lacFZDM15 Tn10 (Tet) Amy Cam'] was transformed with the plasmid pAAV.RK.coRPGR
and plated out on agar plates supplemented with ampicillin to select single colonies
containing the plasmid DNA with the codon optimised RPGR sequence. A single colony was
selected, inoculated into culture medium and expanded in small scale liquid culture. Once
the cells were in mid log growth phase they were harvested and resuspended in
cryopreservation media containing glycerol before approximately fifty 1.5mL aliquots were
dispensed into 1.8mL cryovials and frozen at -80°C to produce the bacterial cell bank, RCB
pAAV.RK.coRPGR E.coli XL10Gold.

The cell bank was thawed and plasmid DNA prepared by a miniprep extraction (Birnboim
H.C. and Doly J. 1979; A rapid alkaline extraction procedure for screening recombinant
plasmid DNA in 1979 Nov 24;7(6):1513-23) and tested for plasmid identity and structural
stability by Xmn71 and Sma7 endonuclease restriction digest and subsequent analysis by
0.8% agarose gel electrophoresis and 0.5mg/mL ethidium bromide staining (Figure 8).
Figure 8 clearly shows the expected restriction digest fragment pattern from a stable and
structurally intact pAAV.RK.coRPGR plasmid, demonstrating stable maintenance and

reproduction of the plasmid DNA during cell bank culture expansion and production.

The cell bank was also assessed for plasmid yield following broth culture in shake flasks and
produced 598 g of plasmid DNA per gram of wet cell mass. A high plasmid yield of the

correct plasmid was obtained.
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There was also no evidence of plasmid loss when segregational stability was tested by
replica plating of colonies onto antibiotic-containing and antibiotic-free agar plates. Results

showed 100% plasmid retention.

Plasmid DNA from the cell bank was sequenced using Sanger (Sanger F et al. (1977) Proc.
Natl. Acad. Sci. USA 74: 5463-5467) sequencing, the resultant sequence analysis showed
that the codon optimised RPGR sequence was retained with 100% fidelity when compared
to the theoretical reference sequence of the codon optimised RPGR sequence. Again there
was no evidence of instability.

RCB pAAV.RK.coRPGR E.coli XL10Gold was also tested for bacterial purity (absence of
bacterial contamination was demonstrated) and for the absence of lytic and lysogenic
bacteriophages (none detected). The species identity of RCB pAAV.RK.coRPGR E.coli
XL10Gold was also confirmed by biochemical identification using the API-20E test

(BioMerieux).
Conclusion

Codon optimisation of the RPGR gene has led to an improvement in the stability of the
RPGR gene resulting in the ability to generate an industrially useful bacterial cell bank which
showed 100% sequence fidelity with the reference codon optimised sequence, 100%

plasmid segregational stability and good plasmid yield.
Example 2b

Production of High Quality plasmid encoding codon optimised RPGR sequence at industrial

scale

High Quality plasmid DNA was manufactured and purified (Schmeer et al. (2014)
Pharmaceutical Grade Large-Scale Plasmid DNA Manufacturing Process: 219-242), from
the E.coli XL10Gold bacterial cell bank RCB pAAV.RK.coRPGR generated in example 2a as
briefly described. A single vial of the bacterial cell bank was thawed and expanded and
cultured at an industrial scale, the bacterial cell mass was then harvested by centrifugation.
The plasmid DNA was extracted from the bacterial biomass by alkaline bacterial cell lysis,
the resultant soluble plasmid DNA was separated from insoluble protein and complexed
genomic DNA by centrifugation and filtration. The plasmid DNA was further purified by a
multi-step chromatography process. The fully purified plasmid DNA was finally formulated in
formulation buffer by precipitation and tangential flow filtration and membrane filtration to
generate 100mg of highly purified plasmid DNA at 1.0mg/mL in 10mM Tris + 1mM EDTA,
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pHB8.0 (Figure 10) and was of sufficient purity (Figure 11) for use in further manufacturing

processes for the production of rAAV vectors.

The purified plasmid was tested for plasmid identity and structural stability by Xmnf?
endonuclease restriction digest and subsequent analysis by 0.8% agarose gel
electrophoresis and 0.5mg/mL ethidium bromide staining (Fig 10). Figure 11 clearly shows
the expected restriction digest fragment pattern from a stable and structurally intact
pAAV.RK.coRPGR plasmid, demonstrating stable maintenance and reproduction of the
plasmid DNA during cell culture expansion and plasmid purification.

The purified plasmid was sequenced using Sanger sequencing (Sanger F et al. (1977) Proc.
Natl. Acad. Sci. USA 74: 5463-5467), the resultant sequence analysis showed that the
codon optimised RPGR sequence was retained with 100% fidelity when compared to the

theoretical reference sequence of the codon optimised RPGR sequence.

Conclusion

Codon optimisation of the RPGR gene has led to an improvement in the stability of the
RPGR gene resulting in the ability to generate high purity plasmid DNA in sufficient quantity

(100mg) and quality for further manufacturing processes for the production of rAAV vector
Example 2c
Production of rAAV2/8 encoding codon optimised RPGR sequence at industrial scale

High Quality plasmid DNA manufactured in example 2b was used alongside helper plasmid
pDP8.ape (PlasmidFactory, Bielefeld, Germany and Grimm D, Kay MA, Kleinschmidt JA.
Helper virus-free, optically controllable, and two-plasmid-based production of adeno-
associated virus vectors of serotypes 1 to 6. Mol Ther 2003;7:839-850) to manufacture
rAAV8/2 vector for use in-vivo use by large scale transient transfection and subsequent
purification (Lock et al. 2010; Human Gene Therapy: 1259-1271). Briefly, HEK293 cells were
grown in adherent culture in Dulbecco’s modified Eagles media (DMEM) supplemented with
10% foetal bovine serum (FBS) at 37°C and 5% CO,, until sufficient cells were available to
seed sufficient multi layered cell culture vessels. Unpurified AAV was produced by calcium
phosphate transient transfection of the HEK293 cells growing adherently within multi-layered
cell culture vessels using the pAAV.RK.coRPGR plasmid and pDP8.ape helper plasmid to
produce rAAV particles secreted into the growth media. The rAAV particles were harvested
by removal of the media from the cell culture vessels and filtered to remove cellular debris.
rAAV was initially concentrated by tangential flow filtration (TFF) and ultrafiltration and
partially purified by didfiltration using the same TFF equipment. The rAAV was further
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purified using iodixanol discontinuous gradient ultracentrifugation and column ion exchange
chromatography. The purified rAAV was then formulated into the final formulation buffer at a
concentration of 3.55 x10' gp/ml by further TFF based ultrafiltration and diafiltration. A
second lower rAAV concentration formulation of 1.00 x10'? gp/ml was manufactured by
dilution of the higher dosage form into formulation buffer. Both dosage forms were vialled in
50uL aliquots and stored at <60°C.

Conclusion

Codon optimisation of the RPGR gene has led to an improvement in the stability of the
RPGR gene resulting in the ability to generate purified rAAV vector in sufficient quantity and

quality for use in in-vivo dosing studies.
Example 2d

The aim of the studies was to establish in vivo delivery of the AAV8-RPGR gene therapy
vector administered via sub-retinal dosing, the preferred clinical route of administration
(ROA). The work was conducted with AAV8-RPGR in a GLP-compliant, sub-retinal injection,

single-dose study in C57B/6J mice followed by analysis at 4-week and 26-week periods.

The C57B/6J pigmented mouse strain was selected as a relevant species for these in vivo
delivery studies for the following reasons. Firstly, this strain has pigmented eyes allowing
very close mimicking of the administration procedure applied in the clinical setting. Secondly,
a transgenic variant of this strain, a RPGR knockout mouse model, demonstrated a
biological response to the investigational AAV8-RPGR product similar to that expected in
humans. Thirdly, the human and the mouse RPGR protein share a high amino acid
sequence homology and successful AAV8-RPGR targeting and transduction of mouse

retinal tissue has previously been demonstrated in the in vivo pharmacology studies.

Animals received a single sub-retinal 1 yL injection of vehicle (BSS Plus, Alcon Pharma) or
AAV8-RPGR (at two different gp/eye dosages) in both eyes. Extensive evaluations of any
toxic effects including the assessment of body weights, clinical signs of toxicity, including
food consumption, clinical pathology and histopathology were performed as well as detailed
and regular ophthalmic examinations of the eye globe, external ocular structures, the
anterior segment of the eye, mainly of the cornea and lens and internal structures including
the ocular fundus. Furthermore regular tonometric evaluations and electroretinography
assessments were conducted. Electroretinography (ERG) records electric potentials that
arise in the retina after light stimulation at different light intensities, wave lengths, and

exposure duration. The electroretinogram represents the composite activity of millions
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of retinal cells, extending from the pigment epithelium to the inner nuclear layer. It
was used as an assessment of retinal function and detection of early stages of the retinal

degeneration.

The AAV8-RPGR gene therapy was well tolerated in the mice and no serious adverse
reactions to the treatment were observed. Any observations were transient and consistent
with the dosing and anaesthetic procedures that were also reported in the vehicle treated

groups.

To understand the distribution of the delivered AAV8-RPGR vector, treated animal groups
were divided into sub groups that were sacrificed on Days 8, 29 and 183 after injection.
Additional, non-terminal blood samples were collected on Days 2, 15 and 92 in each of the
subgroups for the determination of vector levels by an AAV8-RPGR specific quantitative
PCR assay (qPCR). Animals received a single sub-retinal 1 uL injection of vehicle (BSS
Plus, Alcon Pharma) or AAV8-RPGR in both eyes.

gPCR samples from several tissues/body fluids (blood, bone marrow, lacrimal fluid, brain,
eye, heart, aqueous and vitreous humour, kidney, liver, lung, lymph node, optic nerve, retina,
saliva, testis, spleen, urine) taken from the animals at necropsy on Days 8, 29 and 183 will
be assayed for vector DNA quantification. Vector DNA quantification in these tissues/fluids
will be performed via a gPCR method at the end of the study. These results will confirm the

successful delivery of the gene therapy and map its distribution through the mice tissues.
EXAMPLE 3 - In vitro analysis of the coRPGR®FF' transgene product protein

In this example, the effect of codon optimisation on the increase of RPGR expression levels
and the improvement of splicing alternative forms synthesis was analysed. For this purpose,
human embryonic kidney 293 cells (HEK293) and HEK293 expressing the simian virus 40
(8v40) T antigen (HEK293T) cells were used. These cells were transfected with
CAG.coRPGRF'® and CAG.WtRPGRR""* plasmid constructs and processed for transgene

detection as described below.

Material and methods

HEK293 and HEK293T cells were seeded at 4 and 2.5 x 10° cells/ml, respectively, in 6-well
plates and cultured in DMEM supplemented with 10% heat inactivated foetal bovine serum
(FBS) and 1% penicillin/streptomycin at 37°C and 5% CO, until they were over 70%
confluent. One microgram of plasmid DNA (CAG.coRPGR°F*"® and CAG.wtRPGR*F"°) was
delivered to the cells using the Mirus TransIT®-LT1 Transfection Reagent (Geneflow Ltd.,
Lichfield, UK) and serum/antibiotic free medium. Transfected cells were incubated at 37°C

for 48 hours.
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Analysis of transgene expression was conducted at protein level. Forty-eight hours after
transfection, cells were washed in phosphate-buffered saline (PBS) before proceeding with
cell lysis and protein solubilisation with Radio-Immunoprecipitation Assay (RIPA) buffer
(Sigma-Aldrich Company Ltd., Dorset, UK) with cOmplete mini EDTA-free protease inhibitor
cocktail tablet (Roche Products Ltd., Welwyn Garden City, UK). Cell pellets were disrupted
by sonication using ultrasonic frequencies and cell fragments were removed by
centrifugation at 13,000 g and 4°C for 10 minutes. Total protein content was quantified in the
supernatant using the Pierce™ bicinchoninic acid (BCA) Protein Assay Kit (Thermo

Scientific) according to the manufacturer’s instructions.

Protein expression was assessed by Western blot analysis. Thirty ug of total protein was
denatured in 2 x Laemmli buffer (Sigma-Aldrich) for 5 minutes at 95°C and separated on a
7.5% sodium dodecyl sulfate polyacrylamide gels (Criterion™ TGX™ Precast Gels, Bio-Rad
Laboratories Ltd., Hemel Hempstead, UK) for electrophoresis at 100 V for 2 hours. Protein
samples separated in the SDS-PAGE were transferred onto polyvinylidene difluoride (PVDF)
membranes (Trans-Blot Turbo™ Midi PVDF, Bio-Rad) using the Trans-Blot Turbo™ Transfer
Starter System (Bio-Rad). The membranes were blocked with 3% bovine serum albumin
(BSA) in PBS containing 0.1% Tween 20 for 45 minutes, and incubated with primary
antibody at room temperature for 1 hour. RPGR, as target protein, and B-actin as loading
control were identified with the following primary antibodies: rabbit polyclonal RPGR (1:500,
Sigma-Aldrich) and mouse monoclonal B-actin (1:30000, Ambion Inc., Thermo Scientific,
Nortumberland, UK). Bands were detected with horseradish peroxide conjugated secondary
antibodies with the use of ECL detection reagent. RPGR protein levels were quantified by

densitometry using Image Studio Lite (version 5.2) and normalised to B-actin.
Results

Western blot analysis on whole protein lysates showed a predominant band around 220
kDa, corresponding to RPGRRF'® protein (Figures 12A and 13A) in HEK293 and HEK293T
cells transfected with CAG.coRPGR°®"® and CAG.wtRPGR®'® plasmids. The quantitation
of RPGR°F*" band intensity, normalised by the intensity of B-actin, revealed that the
expression of RPGR is higher in HEK293 cells transfected with the codon optimised plasmid,
2.79 [1.1 to 17.0] arbitrary units (AU) (median [Q1 to Q3]) than in cells transfected with the
wild type sequence, 0.36 [0.08 to 4.88] AU. Similarly, HEK293T cells transfected with the
codon optimised sequence showed increased RPGR expression levels, 4.23 £+ 0.11 AU
(mean z standard deviation) in comparison with the cells transfected with the wild type
sequence, 3.01 £ 0.07 AU (mean * standard deviation) (Figures 12B and 13B).
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Besides the expression of the whole RPGR°"'* sequence with both plasmid constructs, an
additional clear band of 80 kDa molecular weight was detected in HEK293T cells transfected
with the wild type RPGR""' sequence. This result showed that codon optimisation

improves the sequence stability, thus reducing alternative spliced forms.
Conclusion

These results confirm that the increase of the codon adaptation index (CAl) of RPGR°R*'
coding sequence through introducing synonymous major codons leads to higher transgene
expression levels, while reducing the synthesis of truncated proteins by increasing the

stability and the fidelity of the sequence.
EXAMPLE 4

RPGR gene therapy aims to reconstitute RPGR expression in target cells, which harbour a
disease causing mutation in RPGR leading to a complete loss of RPGR (null mutations) or a
dysfunctional protein. One way of achieving this is by introducing a correct copy of RPGR-
encoding nucleotide sequence, which is then translated to RPGR protein by the target cell’s
own translational machinery. Such a nucleotide sequence can be introduced by means of

transduction with a recombinant AAV.

Here we present data from a pilot trial designed to explore the transduction efficiency of
recombinant AAV vectors AAV2/8.RK.coRPGR and AAV2/8. RKwtRPGR after subretinal
injection in mice. To model RPGR gene therapy more closely to the clinical scenario, we

used Rpgr-/y mice, which lack Rpgr expression.

Rpgr is the murine homologue of RPGR, the gene affected in most cases of X-linked retinitis
pigmentosa and transgenic Rpgr-/y mice thus mimic null mutations in human patients on a
genetic level. Codon optimised RPGR features higher expression levels then wild type
RPGR and crucially provides greater sequence fidelity while leading to the identical RPGR
protein product. Recombinant AAV vectors AAV2/8.RK.coRPGR and AAV2/8.RK.wtRPGR

are able to transduce photoreceptor like cells in vitro.

The aim of this study was to explore whether RPGR would be expressed in vivo following
subretinal injection of AAV2/8.RK.coRPGR or AAV2/8.RKwtRPGR and whether RPGR
would be localised to the connecting cilium in photoreceptor cells lacking inherent Rpgr

expression.

Materials and methods
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Recombinant AAV solutions containing AAV2/8.RK.coRPGR and AAV2/8 RK wtRPGR were
produced and assessed for quality and titer. To control for the surgical intervention and
photoreceptor transduction by AAV2/8, a third construct was used with GFP as reporter
gene under control of the CAG promoter (AAV2/8.CAG.GFP). These vector solutions were
quantified by gPCR to calculate the number of vector genomes/ml. Aliquots stored at -80°C
were thawed on ice immediately before application and diluted in balanced salt solution
(BSS®) for vitreoretinal surgery (Alcon Laboratories, Camberley, UK) with 0.001% Pluronic®
PF68 (BASF, Ludwigshafen, Germany) to allow subretinal delivery of 1 x 1010vg in 2yl

volume.

Rpgr-/y mice were used for this pilot study as they lack Rpgr expression while maintaining a
connecting cilium for the potential localisation of the transgene product RPGR. Mice were

anaesthetised for subretinal injection of 2ul AAV solution under the superior hemiretina.

Three weeks following the surgery, treated Rpgr-/y mice were again anaesthetised for in vivo
retinal imaging using confocal scanning laser ophthalmoscopy (cSLO) to investigate
autofluorescence pattern in the animals, which had received AAV2/8.RK.coRPGR,
AAV2/8 RK.wiRPGR, and GFP fluorescence as readout of transduction efficiency in the
animals treated with AAV2/8.CAG.eGFP.

Immediately after imaging, mice were sacrificed and quickly enucleated. Whole eyes were
rapidly processed for immunohistochemistry without fixation. Briefly, 16um sections of
unfixed retinal samples were stained with Hoechst 33342 dye and a polyclonal antibody
directed against amino acids 379-509 of RPGR (Sigma, HPA001593). Donkey anti-rabbit
with conjugated AlexaFluor 488 (Invitrogen) was used as secondary antibody to indicated
RPGR detection. High powered (x63 with oil immersion) optical sections were recorded on a
confocal microscope (Zeiss LSM710) to investigate RPGR expression and localisation in
photoreceptor cells of treated Rpgr-/y mice. Untreated mice served as negative control to

test the specificity of the assay.

Surgical outcome

All animals received the intended dose of AAV solution in the subretinal space and
recovered well from anaesthesia. This was made possible by the surgical procedure, which
first reduces the intraocular pressure (IOP) by an anterior paracentesis before creating a
hemiretinal detachment with the vector suspension. This technique allowed delivery of up to
21l volume without developing corneal edema and/or limiting the intraocular circulation due
to high IOP. At the same time, the lowered IOP reduced the risk of reflux of subretinal fluid
through the injection canal (i.e. into the choroidal circulation or orbit).
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Fundoscopic evaluation of treated mice 24h after the surgery showed complete reattached
retinae in all cases. Retinal imaging shows safe delivery and reporter gene expression.
After three weeks, cSLO imaging revealed good optical media with clear view of the fundus
in infrared imaging. Autofluorescence imaging showed hyperfluorescent dots in treated and
untreated eyes of Rpgr-/y mice treated with AAV2/8.RK.coRPGR or AAV2/8.RK.wtRPGR.
Mice with AAV2/8.CAG.GFP vector application demonstrated strong and ubiquitous GFP
derived fluorescence. This indicated robust transgene expression and made it likely that the
other recombinant AAV vectors would have had enough time to lead to transgene

expression.

Confocal scanning laser ophthalmoscopy in (un-)treated Rpgr-/y mice was done. Infrared
recordings with focal plane on the inner retina were done. Recordings in the
autofluorescence mode were made. Untreated and mice treated with AAV.RK.wtRPGR or
AAV.RK.coRPGR all showed a punctuate pattern of hyperfluorescence. At the same
sensitivity setting, the eye treated with AAV.CAG.GFP demonstrated widespread and strong
GFP fluorescence beyond the superior hemiretinal detachment indicating successful

transduction of cells beyond the site of subretinal vector delivery.

Immunohistochemistry shows RPGR expression

Specific signal were observed in sections from treated but not in those from untreated mice.
This signal stems from antibody binding to the RPGR epitope and is consistent with RPGR
expression due to transduction with an AAV carrying RPGR as transgene. The more robust
signal was seen in sections from eyes treated with AAV2/8. RK.coRPGR, the AAV carrying
the codon optimised coRPGR.

Immunohistochemistry showed RPGR in treated Rpgr-/y mice. Untreated eye of an Rpgr-/y
animal showed absence of RPGR staining. Single treatment with AAV.RKwtRPGR results in
detected signal, most of which was localised to the region between inner and outer
segments. Rpgr-/y mice treated with codon optimised vector showed the most RPGR

expression with the typical comma-type staining pattern of a connecting cilium marker.
Discussion

The surgical technique applied here allowed safe application of up to 2ul into the subretinal
space of mice. The resulting hemiretinal detachment spontaneously reattached within 24h in
all animals and no ocular sequelae were observed. At the same time it prevented
(temporary) corneal oedema formation and/or cessation of intraocular circulation as can be

observed after subretinal injections without prior paracentesis. Optical media remained clear
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for the following 3 weeks and there was no indication of intraocular pathology such as
cellular infiltrates, anterior/posterior synechiae of the iris or cataract formation. Retinal
imaging demonstrated robust levels of GFP transgene expression in the control group, which
had received AAV2/8.CAG.GFP. Interestingly, the reporter protein GFP was evident across
the whole retina, even though the immediate application was limited to the superior
hemiretina. This indicates at least some degree of transduction of cells outside the
detachment area. GFP expression was driven by the unspecific CAG promoter, which leads
to ubiquitous transgene expression not limited to photoreceptors. This is in contrast to the
vectors carrying the coRPGR of the present invention, in which the rhodopsin kinase

promoter drives photoreceptor specific expression of coRPGR.

Eyes treated with AAV2/8.RK.coORPGR or AAV2/8 RKwtRPGR showed normal retinal
vasculature and nerve fibre layer as indicated by the infrared images focused on the inner
retina. In contrast, mice treated with AAV2/8.CAG.eGFP vector demonstrated strong and
ubiquitous GFP derived fluorescence. Unfixed sections showed RPGR expression and

localisation to the connecting cilium in Rpgr-/y mice.

This is the first evidence for a successful delivery of a codon optimised RPGR vector
sequence via AAV as a gene therapy in a RP animal model. In contrast to previous studies
wherein mutations during the development of the vector used for transgene expression
caused alternative protein products, this work demonstrates expression and correct
localisation of RPGR based on a codon optimised sequence, which translates into a wild

type RPGR protein product.
EXAMPLE 5

Safety and efficacy of coRPGR Gene Therapy

Developing gene therapy for XLRP has remained a challenge for a number of reasons. One
is the purine rich, repetitive sequence of RPGRORF15, which makes it difficult to clone
without encountering spontaneous mutations. Confirming the integrity of the sequence by
Sanger sequencing is also problematic as the frequent poly-guanine runs cause DNA

polymerases to stall or stop.

A second problem is the mild phenotype in murine disease models such as Rpgr/y and
C57BL/6JRA9/Boc mice. With relatively small structural and functional differences between
these disease models and wild type controls, it is difficult to reach a statistical significance

level in a treatment cohort.
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To address the first point, we applied the principle of codon optimisation to change the
primary nucleotide sequence of the RPGRORF15 coding sequence. Because only
synonymous codons were used, the resulting amino acid sequence remained unchanged
while the codon optimised RPGR construct featured superior sequence stability and
translational efficiency compared to the wild type RPGR construct. This benefit was evident
in vitro when using plasmid transfections and transduction experiments with AAV constructs.
The same AAV constructs were then used in a pilot trial to demonstrate their potential to
transduce photoreceptors (Example 4). Resulting RPGR protein was localised to the

connecting cilium, its physiological compartment in photoreceptors.

To address the second issue with small differences between cohorts with and without
disruptive Rpgr mutations, we performed a sample size and power calculation based on

relevant, objective and quantitative outcome measures.

The aim of this work was to test the efficacy of AAV.RK.coRPGR as gene therapeutic agent
for XLRP3 in two relevant animal models (Rpgr-/y and C57BL/6JRd9/Boc mice) and to
explore any potential toxic effects in wild type animals (C57BL/6J). The study design was
chosen to provide robust statistical evidence with the potential to serve as a basis for

regulatory approval of a clinical phase | trial.

Materials and methods

Sample size and power calculations

Sample size and power calculations were performed using a JavaScript based algorithm
provided by Rollin Brant from the University of California, San Francisco Department of
Epidemiology & Biostatistics, Division of Biostatistics. Primary outcome measure used for
this was the a-wave amplitude [uV] after a dark-adapted single flash stimulus at
0.01cd.s/m2, which reflects the physiology of the vast majority of photoreceptors in the
mouse retina, the target cell population in this study. These electroretinographic (ERG)
responses were measured and mean and standard deviations for n = 4 per cohort
(C57BL/6J, C57BL/6JRAY/Boc, and Rpgr-/y mice) calculated in Excel. Before calculating the
sample size, difference of mean a-wave amplitude between C57BL/6J (target normal value)
and C57BL/6JRd9/Boc (baseline before treatment) and between C57BL/6J and Rpgr-/y was
calculated and . of this added to the current mean of the respective disease models
assuming a 50% gain due to treatment. This provided values for u0 (mean of untreated
cohort) and y1 (mean of treated cohort). Value for ¢ (standard deviation of the sampled

population) was set to the standard deviation of the a-wave amplitude in the respective
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disease model. A one-sided test design was assumed, the type | error rate set to a = 0.05

and the desired power defined as 90% for the sample size calculation.

A comparable sample size was then used to calculate the power to detect toxic effects in
C57BL/6J mice. For this, a loss of 10% of the mean a-wave amplitude at baseline was

assumed as toxic effect and the baseline standard deviation entered as o©.

Trial design

ERG responses were chosen as primary outcome measure as objective and quantitative
biomarker of retinal function that is relevant to the disease process and an appropriate
readout for potential therapeutic and/or toxic effect of the test item, AAV.RK.coRPGR. Due
to relatively high inter-individual variability within cohorts, a intra-individual testing paradigm
was chosen: one eye would be treated with AAV.RK.coRPGR (verum) while the contralateral
eye would serve as control. In order to capture the natural disease process and have a
control injection with an inactive substance (AAV.control) in such a design, two parallel trials
were run: one (necessarily) open label trial with unilateral treatment of randomised eyes with

AAV.RK.coRPGR was used to compare treatment effect vs. natural disease process.

The second design was a masked trial with a random selection of eyes receiving
AAV.RK.coRPGR or AAV.control. The latter trial was used to control for the effect of surgery
and AAV exposure. All 129 animals were treated with weaning at postnatal day P22+2 and
tested at three subsequent time points: postnatal month 2 (PM2), PM4 and PM6 before
sacrifice. ERG was recorded at all three time points and the cSLO was performed

additionally at the last time point PM6.

Design of the efficacy and toxicology study

Rpgr-/y, C57BL/6JRd9/Boc, and C57BL/6J, mice were subjected to either a masked bilateral
treatment testing AAV.RK.coRPGR vs. AAV.control (top) or an unilateral treatment with
AAV.RK.coRPGR alone. All eyes were randomly assigned to verum vs. sham treatment or
treatment vs. no treatment. Surgery was performed at postnatal day 22 (P22) and followed
up at postnatal month 2 (PM2), PM4 and PM6 with electroretinography (ERG). At PM6,
scanning laser ophthalmoscopy (SLO) was performed before sacrifice and processing of

eyes for histology or Western blotting.

C57BL/6J wild type mice

A total of n=47 C57BL/6J mice were treated in the two trials to explore potential toxic effects

of subretinal AAV2/8.RK.coRPGR delivery. 24 animals received unmasked unilateral
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treatment, where the eye was chosen in a randomised fashion. Treatment consisted of a
single subretinal injection of 1.5x10%°vg AAV2/8.RK.coRPGR diluted in BSS® with 0.001%
PF-68. The remaining 23 animals received bilateral injections in a masked and randomised
fashion. Treatment in the verum group was as above, while the control group received
1.5x109vg AAV2/8.control diluted in the same vehicle (BSS® with 0.001% PF-68). Both

vectors are described in detail in Example 4.

Subretinal injections were performed with weaning at 3 weeks of age. A grading system (O-
10) was used by the surgeon to indicate quality of the subretinal injection, where 0/10
denotes no vector delivery and 10/10 full vector delivery without any form of complication
such external (e.g. subconjunctival) or internal (e.g. intra-retinal /-vitreal) haemorrhage
during or after the subretinal injection. A grade 9/10 was for example given in case of
complete vector delivery, but minor subconjunctival bleed. Poor injections were defined as a

grade = 7 and were excluded from the trial.

Surgical intervention was followed by longitudinal observation of intraindividual changes in
ERG recordings at postnatal month two (PM2) and PM4. At PM6, additional SLO imaging of
the retina was performed immediately after ERG recordings. Mice were sacrificed at the last
time point (PM6), and eyes dissected for transgene detection by Western blot or

immunohistochemistry.

C57BL/6JRd9/Boc mice

A total of n=36 C57BL/6JRd9/Boc mice were treated in both trials. 19 animals received
unmasked unilateral treatment, while 17 animals were enrolled to receive masked and
randomised bilateral injections with verum or control as described above for C57BL/6J mice.
This was done to assess efficacy of AAV based RPGR gene replacement gene therapy.

Follow-up was scheduled as above.

Rpar-/y mice

Rpgr-/y mice were used to assess efficacy of AAV based RPGR gene replacement gene
therapy in a second animal model of XLRP. For this, a total of n=46 were treated in the two
separate trials described above. 25 animals received unmasked unilateral treatment, while
21 animals were treated in both eyes (verum and control) as described above. Post-

interventional readout was scheduled as above for C57BL/6J mice.
Results
Sample size and power calculations
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Calculated sample size was based on ERG data collected from four eyes (two animals) per
cohort (C57BL/6J, C57BL/6JRd9/Boc, and Rpgr-/y mice). The average a-wave amplitude of

n = 9 trials was recorded for each eye.

After calculating the u0, y1 and sigma values from the data above, the suggested sample
sizes ranged from 16 to 21. The C57BL/6JRd9/Boc mice featured the smallest amplitude
(65£11uV; meantstandard deviation) compared to the wild type control (81+7uV) and
therefore only required an estimated sample size of n=16. The suggested sample size for
Rpgr-y was n=21 due to its higher amplitude at baseline (728uV). Power calculations
showed that a loss of 10% amplitude from baseline in wild type mice would be detected with

a power of 100% using a cohort size of n=20.
C57BL/6J wild type mice

Six eyes were excluded from the trial due to poor surgery and one was excluded due to pre-
existing anterior segment changes. This resulted in an overall cohort size of n=19 for the
unilateral trial and n=22 for the bilateral trial. The average [and range] of the documented
surgical quality was very similar in all groups: 9.0 [8-10] for the open label, 9.5 [8-10] for the

verum and 9.3 [8-10] in the control group. All mice recovered quickly after surgery.

None of the recorded signal intensity series either under dark or light adapted conditions
showed a significant difference between treated vs. untreated or between verum vs. control
group at any time point. Retinal imaging with scanning laser ophthalmoscopy (SLO) also
confirmed that there was no toxic effect to be observed on retinal structure up to 6 month
after subretinal application of AAV.RK.coRPGR.

ERG recordings in C57BL/6J mice after bilateral subretinal injection of AAV.RK.coRPGR or
AAV . .control provided data from PM2, from PM4 and from PM6, the last time point tested.
Factorial ANOVA for repeated measures retained the null hypothesis (no difference) in all

analyses.

Western blot of whole retinal lysate confirmed RPGR transgene expression in the treated,
but not in the control eye. The band showed the predicted molecular weight and no extra
bands were apparent. Immunohistochemistry of unfixed cryosections also demonstrated
RPGR transgene expression and co-localisation with native Rpgrip in the treated eye, but

not the untreated control eye.

Hematoxylin and eosin (H&E) staining in retinal sections from treated eyes (TE) and
untreated eyes (UE) revealed normal retinal anatomy in both cohorts. Neither of the cohorts
showed any sign of inflammation or degeneration in any of the sections.
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Western blot of whole retinal lysates from treated vs. untreated eyes of C57BL/6J,
C57BL/6JRdAY/Boc, and Rpgr-/y mice was done. RpgrORF15 expression was limited to the
treated eyes and showed a band at ca. 200kDa. The strongest band was visible in
C57BL/6JRA9/Boc, followed by C57BL/6J, while the Rpgr-/y sample showed weakest
expression. GAPDH was used as loading control (red). Naive HEK293T cells were used as
negative control (nc) and HEK293T cells transfected with a coRPGR expression plasmid as

positive control.

Immunohistochemistry in C57BL/6J mice. No RPGR expression in a control treated eye was
seen. Treatment with AAV.coRPGR resulted in RPGR expression and co-localisation of
human RPGR with Rpgrip.

Haematoxylin and eosin staining in C57BL/6J mice showed there were no signs of

inflammation or degeneration visible in any section. Normal anatomy was observed.

C57BL/6JRd9/Boc mice

One mouse of the unilateral open label trial had to be excluded due to a preexisting corneal
infiltrate with associated microphthalmus in the untreated control eye. The microphthalmus
may have led to false low ERG recordings in the untreated eye. This resulted in a total of
n=18 for the unilateral trial, and n=17 animals for bilateral injections. None of the treated
animals had to be excluded due to surgical complications and all animals received injections
rated good or excellent with mean (range was 8-10 in all groups) of 9.7 for the open label,

9.1 for the verum and 9.0 in the control group.

In the longitudinal follow up, two animals from the unilateral trial did not recover from
anaesthesia at PM4. A total of 102 bilateral ERG data sets from three time points were
successfully recorded and saved for further analysis. In the open label, unilateral trial,
factorial ANOVA for repeated measures retained the null hypothesis (no difference) at the
first time point (PM2), but showed a trend for larger amplitudes for the treated eyes at higher
intensities in both dark- and light adapted intensity series. At PM4, the treated eyes
responded with significantly higher amplitudes across the dark adapted intensity series
regarding both a-wave (p = 0.001) and b-wave (p = 0.002). The light adapted responses

were not significantly different. This pattern was sustained until the last time point (PM8).

In the masked bilateral trial null hypothesis was retained at all time points. However, verum
treated eyes always showed a trend for higher amplitudes again especially at higher

stimulus intensities.
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Retinal imaging with scanning laser ophthalmoscopy (SLO) also confirmed that there was no
toxic effect to be observed on retinal structure up to 6 month after subretinal application of
AAV.RK.coRPGR. However, autofluorescence imaging revealed a change in the disease
presentation in treated C57BL/6JRd9/Boc mice: We showed previously that lack of Rpgr
expression in mice is associated with hyperfluorescent dots across the retina visible in
autofluorescence, while wild type mice only have minimal, homogenous autofluorescence
signal. Interestingly, imaging in the verum treated eyes at PM6 showed a reduction of these
hyperfluorescent dots in the superior hemiretina, where the vector was initially applied.
Hemiretinal fields were significantly different within the treated eyes: 1314 (meanztstandard
deviation) in the treated superior hemiretina vs. 59140 in the ipsilateral inferior retina
(p=0.005; n=6, paired t-test). Comparing the superior hemiretina of the treated vs. the

contralateral untreated retina produced a similar result (p=0.037; n=6, paired ttest).

Western blot of whole retinal lysate confirmed RPGR transgene expression in the treated,
but not in the control eye. The band showed the predicted molecular weight and no extra
bands were apparent. Immunohistochemistry of unfixed cryosections also demonstrated
RPGR transgene expression and co-localisation with native Rpgrip in the treated eye, but

not the control eye.

Rpar-/y mice

One mouse of the unilateral open label trial had to be excluded due to preexisting
microphthalmus in the untreated eye that was noticed only after surgical intervention of the
contralateral eye and would have led to false low ERG recordings in the untreated eye.
Additionally, one animal from the bilateral trial of the treated animals had to be excluded due
to surgical complications (part intravitreal injection with intravitreal haemorrhage). This
resulted in a total of n=24 for the unilateral trial, and n=20 animals for bilateral injections. The
surgical success rate was high in all cohorts: Mean [range] ratings were 9.3 [8-10] for the
open label, 9.5 [9-10] for the verum and Immunohistochemistry in C57BL/6JRd9/Boc mice.
Top panels show no RPGR expression in a control-treated eye. Treatment with
AAV.coRPGR resulted in RPGR expression and its co-localisation with Rpgrip. Scale bar
indicates 20um. 9.4 [8-10] in the control group. In the longitudinal follow up, one bilaterally
injected animal at PM2 and two animals with unilateral injections at PM4 did not recover
from anaesthesia. A total of 128 bilateral ERG data sets from three time points were

successfully recorded and saved for further analysis.

In the open label, unilateral trial, there was no apparent difference between eyes at the

earliest time point (PM2), but a robust treatment effect visible in the dark adapted ERG
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responses at PM4 (p<0.001) and PM6 (p<0.001) in both a- and b-wave amplitudes. Photopic
b-wave responses were significantly greater at PM6 (p=0.004). The masked bilateral trial
showed significantly increased amplitudes of dark adaptated b-wave responses at PM6, and

light adapted b-wave amplitude was significantly increased at PM4 (but not at PM6).

Eyes of Rpgr-/y mice treated with AAV.RK.coRPGR showed a reduction of hyperfluorescent
dots in the superior hemiretina, as also seen in treated C57BL/6JRd9/Boc mice. In contrast,
untreated or sham treated eyes of Rpgr-/y mice showed the ubiquitous pattern of

hyperfluorescent dots associated with Rpgr-null mutations.

Western blot of whole retinal lysate confirmed RPGR transgene expression in the treated,
but not in the control eye. The band showed the predicted molecular weight and no extra
bands were apparent. Immunohistochemistry of unfixed cryosections also demonstrated
RPGR transgene expression and co-localisation with native Rpgrip in the treated eye, but
not the control eye. ERG recordings in Rpgr-/y mice after unilateral subretinal injection of
AAV.RK.coRPGR.

ERG recordings in Rpgr-/y mice after bilateral subretinal injection of AAV.RK.coRPGR or
AAV.control. Treatment with AAV.RK.coRPGR led to significant improvement of dark
adapted ERG amplitudes. The treatment effect in the light adapted b-wave amplitudes was

not sustained at PM6.

Using scanning laser ophthalmoscopy imaging in the infrared mode, focal plane was set to
inner retina or outer retina. A distinctly different autofluorescence pattern between the
treated and sham or control eyes: The treated eye shows fewer hyperfluorescent dots in the

superior hemiretina — the area of AAV.RK.coRPGR application.

Immunohistochemistry in Rpgr-/'y mice. No RPGR expression in a control treated eye was
seen. Treatment with AAV.coRPGR resulted in RPGR expression and co-localisation of

human RPGR with Rpgrip. Scale bar indicates 20um.
Discussion

RPGR replacement therapy has attracted interest since the characterisation RPGR as the
genetic cause for XLRP3. The fact that it still is a goal that has not translated into a clinical
trial is mainly due to the fact that RPGR is a complex gene with high propensity for
mutational changes. This has caused serious delays in the development of datasets for the
support of clinical trial applications. And even with regulatory approval for a safety trial,

production of clinical grade AAV for RPGR gene therapy will be a significant challenge.
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These data show no toxic effects in wild type animals, C57BL/6J, and show efficacy of a new
type of vector construct for RPGR gene therapy in two relevant animal models (Rpgr-/y and
C57BL/6JRA9/Boc mice). This AAV based vector features a codon optimised coding
sequence of RPGRORF15, which makes the construct more genetically stable while leading
to the identical protein product, RPGRORF15. After extensive in vitro analyses and a pilot
trial in Rpgr-/y mice (Example 4), the present invention shows that a single subretinal
application of AAV.RK.coRPGR is safe and may stop or slow down the progression of retinal

degeneration due to mutations in Rpgr.

Safety

To explore potential toxic effects of AAV.RK.coRPGR, we tested the same dose (1.5x109 vg
in 1.54l) in forty-one C57BL/6J mice. Nineteen mice were treated in one eye only, while 22
received masked bilateral treatment with either AAV.RK.coRPGR or AAV.control. There
were no significant differences between measures of retinal function in ERG at any time
point of either trial between the verum group and the control or untreated group. Additionally,
in vivo retinal imaging suggests that there was no impact of AAV.RK.coRPGR treatment on
retinal structure. H&E staining showed no toxic effects of the treatment and
immunohistochemistry and Western blotting demonstrated RPGRORF15 expression and
localisation in treated animals, but not in untreated or control treated animals. Taken
together, a single treatment of wild type mice with AAV.RK.coRPGR did not induce any toxic
effects and showed a good safety profile. We therefore concluded that treatment with
AAV.RK.coRPGR was safe.

Efficacy

The therapeutic effect of AAV.RK.coRPGR was demonstrated in two well characterised
mouse models of XLRP3: The transgenic model Rpgr-/y and C57BL/6JRd9/Boc featuring a
naturally occurring mutation in Rpgr. Both models have been shown to lack RpgrORF15
expression in the retina and hence were chosen as relevant animal models for XLRP3.
However, there are some caveats with using these animal models. Most importantly, the
disease phenotype is surprisingly mild, which necessitates relatively large cohorts in a trial to
gain the necessary statistical power. As a consequence, we conducted trials in a total of c.
80 animals and provided robust evidence of efficacy as indicated by significant rescue of

electrophysiological measurements in Rpgr-/y and C57BL/6JRd9/Boc mice.

The treatment did not become evident at the first time point most likely due to the slow

disease progression in both animal models. However, AAV.RK.coRPGR treatment was

associated with significant ERG rescue in both animal models at PM4 and PM6. This rescue
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was more evident in the dark adapted intensity series, which reflects the sum potential of rod
photoreceptors in the lower intensity range (single flashes up to ¢. 0.01cd./m2). Higher flash
intensities are thought to stimulate a mixed cone-rod response. The biggest difference
between the treated and sham-/untreated eyes were seen at intensities around 1cd.s/m2
indicating that both rod and cone photoreceptors might have gained from AAV.RK.coRPGR

transduction.

Taken together, treatment with AAV.RK.coRPGR was safe and effective. Successful
transduction of photoreceptors with AAV.RK.coRPGR in wild type mice did not lead to toxic
effects that are associated with the expression of RPGRORF15. Furthermore, treatment of
animal models of XLRP3 showed a statistically significant rescue of ERG responses in the
treated, but not in the untreated eyes. These data demonstrated that the codon optimised

coding sequence of RPGRORF15 of the present invention can be used to safely treat eyes.
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1.

9.

A composition comprising a nucleic acid comprising

(a) a sequence encoding a rhodopsin kinase promoter, and

(b) a sequence encoding a retinitis pigmentosa GTPase regulator ORF15 isoform
(RPGRORF15) and comprising the nucleic acid sequence of SEQ ID NO: 3.

The composition of claim 1, wherein the sequence encoding the promoter has at
least 90% identity to the nucleic acid sequence of SEQ ID NO: 7.

The composition of claim 1, wherein the sequence encoding the promoter comprises
the nucleic acid sequence of SEQ ID NO: 7.

The composition of claim 1, wherein the sequence encoding the promoter consists
of the nucleic acid sequence of SEQ ID NO: 7.

The composition of claim 1, wherein the sequence encoding the RPGRORF!5
comprises a nucleotide sequence encoding the amino acid sequence of SEQ ID NO:
1.

The composition of claim 1, wherein the nucleic acid further comprises a regulatory
sequence.

The composition of claim 6, wherein the regulatory sequence comprises a
polyadenylation site, and wherein the polyadenylation site comprises a Bovine
Growth Hormone (BGH) polyadenylation (poly-A) signal.

The composition of claim 7, wherein the BGH poly-A signal comprises the sequence
of SEQ ID NO: 5.

A composition comprising a nucleic acid comprising
(@) a sequence encoding a rhodopsin kinase promoter, and
(b) a sequence encoding a retinitis pigmentosa GTPase regulator ORF15 isoform
(RPGRORF15) and comprising a nucleotide sequence that has at least 97% identity to
the nucleic acid sequence of SEQ ID NO: 3, wherein the sequence encoding the
RPGRORF15 exhibits increased fidelity of replication as compared to a wild type
RPGRORF15 sequence.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The composition of claim 9, wherein the sequence encoding the promoter has at
least 90% identity to the nucleic acid sequence of SEQ ID NO: 7.

The composition of claim 9, wherein the sequence encoding the promoter comprises
the nucleic acid sequence of SEQ ID NO: 7.

The composition of claim 9, wherein the sequence encoding the promoter consists
of the nucleic acid sequence of SEQ ID NO: 7.

The composition of claim 9, wherein the sequence encoding the RPGRORFI5
comprises a nucleotide sequence encoding an amino acid sequence that has at
least 80% identity to the amino acid sequence of SEQ ID NO: 1.

The composition of claim 10, wherein the sequence encoding the RPGRORF1S
comprises a nucleotide sequence encoding an amino acid sequence that has at
least 80% identity to the amino acid sequence of SEQ ID NO: 1.

The composition of claim 11, wherein the sequence encoding the RPGRORF1S
comprises a nucleotide sequence encoding an amino acid sequence that has at
least 80% identity to the amino acid sequence of SEQ ID NO: 1.

The composition of claim 12, wherein the sequence encoding the RPGRORF1S
comprises a nucleotide sequence encoding an amino acid sequence that has at
least 80% identity to the amino acid sequence of SEQ ID NO: 1.

The composition of claim 9, wherein the sequence encoding the RPGRORF1S
comprises a nucleotide sequence that has at least 98% identity to the nucleic acid
sequence of SEQ ID NO: 3.

The composition of claim 10, wherein the sequence encoding the RPGRORF1S
comprises a nucleotide sequence that has the nucleic acid sequence of SEQ ID NO:
3.

The composition of claim 11, wherein the sequence encoding the RPGRORF1S
comprises a nucleotide sequence that has the nucleic acid sequence of SEQ ID NO:
3.

The composition of claim 12, wherein the sequence encoding the RPGRORFIS
comprises a nucleotide sequence that has the nucleic acid sequence of SEQ ID NO:
3.
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21. The composition of claim 9, wherein the sequence encoding the RPGRORF!5
comprises a nucleotide sequence that has at least 99% identity to the nucleic acid
sequence of SEQ ID NO: 3.

22. The composition of claim 9, wherein the sequence encoding the RPGRORF15
comprises a nucleotide sequence that has the nucleic acid sequence of SEQ ID NO:
3.

23. The composition of claim 9, wherein the sequence encoding the RPGRORF15
comprises a nucleotide sequence encoding an amino acid sequence that has at
least 85% identity to the amino acid sequence of SEQ ID NO: 1.

24. The composition of claim 9, wherein the sequence encoding the RPGRORF!5
comprises a nucleotide sequence encoding an amino acid sequence that has at
least 90% identity to the amino acid sequence of SEQ ID NO: 1.

25. The composition of claim 9, wherein the sequence encoding the RPGRORF15
comprises a nucleotide sequence encoding an amino acid sequence that has at
least 95% identity to the amino acid sequence of SEQ ID NO: 1.

26. The composition of claim 9, wherein the sequence encoding the RPGRORF!5
comprises a nucleotide sequence encoding an amino acid sequence that has at
least 99% identity to the amino acid sequence of SEQ ID NO: 1.

27. The composition of claim 9, wherein the sequence encoding the RPGRORF15
comprises a nucleotide sequence encoding the amino acid sequence of SEQ ID NO:
1.

28. The composition of claim 9, wherein the sequence encoding the RPGRORF!5
does not comprise a purine nucleotide at a position corresponding to nucleotide 33,
58, 59, 114, 123, 129, 181, 182, 213, 219, 226, 227, 237, 267, 285, 306, 309, 315,
324, 330, 339, 400, 401 , 444, 456, 478, 480, 510, 594, 606, 618, 639, 697, 726,
744, 777, 807, 852, 877, 879, 888, 891 , 921 , 930, 960, 1042, 1050, 1116, 1140,
1183, 1184, 1194, 1197, 1221, 1249, 1251, 1257, 1273, 1276, 1281, 1290, 1293,
13857, 1372, 1373, 1413, 1446, 1452, 1464, 1474, 1475, 1482, 1519, 1520, 1542,
1584, 1590, 1599, 1608, 1653, 1668, 1674, 1689, 1692, 1734, 1761 , 1776, 1788,
1803, 1824, 1845, 1854, 1881, 1893, 1902, 1909, 1910, 1929, 1932, 1960, 1987,
1988, 1992, 1998, 2020, 2031, 2047, 2049, 2062, 2067, 2076, 2121, 2167, 2169,
2190, 2193, 2208, 2229, 2259, 2283, 2298, 2323, 2343, 2346, 2361, 2373, 2382,

2388, 2403, 2409, 2410, 2412, 2448, 2457, 2472, 2476, 2478, 2505, 2520, 2547,
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2574, 2622, 2634, 2661, 2673, 2706, 2712, 2763, 2775, 2796, 2811, 2817, 2832,
2838, 2871, 2886, 2892, 2898, 2910, 2922, 2931, 2937, 2958, 2970, 2997, 3033,
3039, 3069, 3075, 3117, 3129, 3156, 3166, 3235, 3246, 3273, 3285, 3306, 3321,
3369, 3399, 3405 or 3438 of SEQ ID NO: 2.

29. The composition of claim 28, wherein the sequence encoding the RPGRORF15
does not comprise purine nucleotides at at least 2, of the nucleotide positions
provided in claim 28.

30. The composition of claim 9, wherein the nucleic acid further comprises a
regulatory sequence.

31. The composition of claim 30, wherein the regulatory sequence comprises a
polyadenylation site, and wherein the polyadenylation site comprises a Bovine
Growth Hormone (BGH) polyadenylation (poly-A) signal.

32. The composition of claim 31, wherein the BGH poly-A signal comprises the
sequence of SEQ ID NO: 5.
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