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Constructs comprising neuronal viability factors and uses thereof

FIELD OF THE INVENTION

The present invention relates to retinal neurodegenerative disorders, and more
particularly to a pharmaceutical composition for treating and/or preventing

neurodegenerative disorders.

BACKGROUND OF THE INVENTION

Neurodegenerative disorder encompasses a range of seriously debilitating
conditions that are characterized by neuron degeneration.

Rod-cone dystrophies, such as retinitis pigmentosa (RP), are genetically
heterogeneous retinal degenerative diseases characterized by the progressive death of rod
photoreceptors followed by the consecutive loss of cones. RP is one of the most common
forms of inherited retinal degeneration, affecting around 1:3,500 people worldwide (1).
Mutations causing RP in over 63 distinct genes have been identified to date with a
significant proportion of these mutations in rod-specific transcripts. RP patients initially
present with loss of vision under dim-light conditions as a result of rod dysfunction, with
relative preservation of macular cone-mediated vision. As the disease progresses,
however, the primary loss of rods is followed by cone degeneration, and a deficit in
corresponding cone-mediated vision. In modern society, in which much of the
environment is artificially lit, and many activities rely on high acuity color vision,
retention of cone-mediated sight in RP patients would lead to a significant improvement
in quality of life.

The loss of cones in RP subsets caused by rod-specific mutations is not perfectly
understood, although several mechanisms, which are not necessarily mutually exclusive,
have been proposed. Some hypothesized mechanisms implicate a ‘neighbor effect’
whereby cone death is a consequence of the release of endotoxins from the degeneration
of surrounding rods, or as a result of the loss of contact with rods, retinal pigment

epithelium (RPE) or Miiller glia. Alternatively, activation of Miiller cells and the release
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of toxic molecules may play a role. Another hypothesis is that the quantities of oxygen or
retinoids delivered to the photoreceptor layer by the RPE from the choroidal blood
circulation are excessive and toxic as the metabolic load of rods is lost (2). Punzo et al.
showed evidence that in murine models of retinal degeneration cones die in part as a
result of starvation and nutritional imbalance, driven by the insulin/mammalian target of
rapamycin pathway (3). Additionally, it has been suggested that the loss of a survival
factor secreted by rods and required for cone survival may contribute to cone loss (4, 5).

In agreement with the last hypothesis, transplanted healthy retinal tissue has been
shown to support cone survival in areas distant from the grafted tissue in the rd/ mouse
(6, 7).

International patent application WO2008/148860A1 describes a family of trophic
factors, called rod-derived cone viability factor (RACVF) and RACVE2 that are able to
increase neuron survival and are useful for treating and/or preventing neurodegenerative
disorders such as RP.

The rod-derived cone viability factor (RACVF) was originally identified from a
high-throughput method of screening cDNA libraries as a candidate molecule responsible
for this rescue effect (4). Rods secrete RACVF, and therefore, as rods die, the source of
this paracrine factor is lost and RACVF levels decrease. The loss of expression of RACVF,
and secreted factors like it, may therefore contribute to the secondary wave of cone
degeneration observed in rod-cone dystrophies. RACVF has been shown to mediate cone
survival both in culture (8) and when injected subretinally in mouse and rat models of
recessive and dominant forms of retinitis pigmentosa (4, 9). Disruption of Nxnll, the gene
encoding RdACVF, renders mouse photoreceptors increasingly susceptible to
photoreceptor dysfunction and cone loss over time (10).

Nxnll codes for two protein isoforms through differential splicing. The isoform
mediating cone survival, RACVF is a truncated thioredoxin-fold protein of its longer
counterpart, RACVFL, which includes a C-terminal extension conferring enzymatic thiol-
oxidoreductase activity (11). RACVFL, which contains all the amino acids of RACVF, is
encoded by exons 1 and 2 of the Nxnll gene and is a member of the thioredoxin family

(12). Thioredoxins have diverse functions, including maintaining the proper reducing
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environment in cells and participating in apoptotic pathways. These functions are
accomplished via thioloxidoreductase reactions mediated by a conserved CXXC catalytic
site within a thioredoxin fold (13).

Byrne et al. (32) have shown that the two isoforms of RACVF have complementary
functions. Systemic administration of an adeno-associated virus (AAV) encoding RACVF
improved cone function and delayed cone loss, while RACVFL increased rhodopsin
mRNA and reduced oxidative stress. RACVFL prevents photo-oxidative damage to the
rods (36).

International patent application WO 2016/185037 describes AAV vectors encoding
both RACVF and RACVFL, in particular the AAV CT35, and the use of said vectors for
treating pathologies such as retinitis pigmentosa.

A synergistic effect between RACVF and RACVFL has been demonstrated (34).
On the one hand, RACVF is produced and secreted by the retinal pigmented epithelium
(RPE), protecting the cones by stimulating aerobic glycolysis through the RACVF
receptor at the cell surface of the cones by a non-cell autonomous mechanism(37). On the
other hand, RACVFL, protects the cones against oxidative damage in a cell autonomous

manner, due to its thioloxidoreductase function.

The inventors have now observed that the production of such AAV vectors
unexpectedly presents a problem of encapsidation of the AAV genome. This problem of
incomplete packaging leads to a defect in the production of AAV particles with full
genome.

This presents a limitation for the production of GMP-compliant AAV vectors for

use in human therapy.

Thus, there is still a need for improved constructs for the expression of RACVF

and RACVFL factors for treating retinal neurodegenerative disorders.



SUMMARY

The inventors have found that the production of a single AAV vector comprising a
first nucleic acid encoding RACVF and a second nucleic acid encoding RACVFL could be
subject to problems of incomplete packaging of the AAV single strand DNA within the
viral capsid. This incomplete encapsidation leads to the production of an incomplete
AAV genome, so a DNA of a smaller size.

The inventors have surprisingly discovered that this incomplete encapsidation was
due to the presence of direct repeated sequences within the AAV genome and that
limiting the length of nucleotides that are identical between the first and second
expression cassettes to at most 200 contiguous identical nucleotides, AAV can be fully

packaged.

Thus, the present disclosure provides a solution to this problem, by providing AAV
vectors comprising a first expression cassette comprising a first nucleic acid encoding
RACVF and a second expression cassette comprising a second nucleic acid encoding

RdACVFL, in which production of AAV particles is optimized.

AAV according to the disclosure comprise a first and a second expression cassettes which
display at most 200 contiguous identical nucleotides, preferably at most 190, even more
preferably at most 180, 170, 167, 165, 164, 160, 150, 140, 130, 120, 110, 100, 90, 80, 70,
60, 55, 54, 50, 40, 30, 20, 15, 10, 9 or 8 contiguous identical nucleotides.

The inventors have developed several alternative and/or cumulative solutions to the

problem of direct repeated sequences between the first and second expression cassettes.

Thus, in one example, the present disclosure refers to an adeno-associated vector
(AAV) comprising:

- a first expression cassette comprising a first nucleic acid encoding RACVF

and

- a second expression cassette comprising a second nucleic acid encoding



RACVFL,
wherein said first and second expression cassettes display less than 200 contiguous
identical nucleotides.

In another example, the present disclosure relates to an adeno-associated vector
(AAV) comprising:

- a first expression cassette comprising a first nucleic acid encoding RACVF

and

- a second expression cassette comprising a second nucleic acid encoding

RACVFL,

for use in a method of treatment of a retinal neurodegenerative disorder,
wherein said first and second expression cassettes display less than 200 contiguous
identical nucleotides.

In one aspect, the present disclosure refers to an AAV comprising a first expression
cassette comprising a first nucleic acid encoding RACVF and a second expression
cassette comprising a second nucleic acid encoding RACVFL, wherein said first and
second expression cassettes display at most 70 contiguous identical nucleotides. In
another aspect, the present disclosure refers to a pharmaceutical composition comprising
an AAYV as disclosed herein and a pharmaceutically acceptable carrier.

In another aspect, the present disclosure refers to an AAV as disclosed herein,

wherein said AAV is for use in a method of treatment of a retinal neurodegenerative
disorder. In yet another aspect, the present disclosure refers to use of an AAV as
disclosed herein in the manufacture of a medicament for the treatment of a retinal
neurodegenerative disease.

The present disclosure also relates to a method for treating a patient suffering from a
retinal degenerative disease comprising the step consisting of administering to said
patient a therapeutically effective amount of an adeno-associated vector (AAV)
comprising:

- a first expression cassette comprising a first nucleic acid encoding RACVF

and

- a second expression cassette comprising a second nucleic acid encoding

RdACVFL,
wherein said first and second expression cassettes display less than 200 contiguous
identical nucleotides.
The disclosure also relates to the use of an inert human DNA sequence in an AAV construct.
In one example, the disclosure relates to an AAV comprising a nucleic acid having the
sequence set forth in SEQ ID NO: 10, wherein said nucleic acid having the sequence as set

forth in SEQ ID NO: 10 is not present in an expression cassette.
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DETAILLED DESCRIPTION OF THE INVENTION

Thus, in one aspect, the present invention relates to an adeno-associated vector
(AAV) comprising:

- a first expression cassette comprising a first nucleic acid encoding RACVF

and

- a second expression cassette comprising a second nucleic acid encoding

RACVFL,

wherein said first and second expression cassettes display less than 200 contiguous
identical nucleotides.
The fact that the first and the second expression cassettes display less than 200
contiguous identical nucleotides means that the first and the second expression cassettes

have less than 200 contiguous identical nucleotides in common.

Typically, the first and second expression cassettes share at most 200 contiguous
identical nucleotides, preferably at most 190, even more preferably at most 180, 170, 167,
165, 164, 160, 150, 140, 130, 120, 110, 100, 90, 80, 70, 60, 55, 54, 50, 40, 30, 20, 15, 10,

9 or 8 contiguous identical nucleotides.

In another aspect, the present invention relates to an adeno-associated vector (AAV)

comprising:
- a first expression cassette comprising a first nucleic acid encoding RACVF
and
- a second expression cassette comprising a second nucleic acid encoding
RACVFL,

for use in a method of treatment of a retinal neurodegenerative disorder,
wherein said first and second expression cassettes display less than 200 contiguous

identical nucleotides.

The present invention also relates to a method for treating a patient suffering from a

retinal degenerative disease comprising the step consisting of administering to said
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patient a therapeutically effective amount of an adeno-associated vector (AAV)
comprising:
- a first expression cassette comprising a first nucleic acid encoding RACVF
and
- a second expression cassette comprising a second nucleic acid encoding
RdACVFL,
wherein said first and second expression cassettes display less than 200 contiguous

identical nucleotides.

As used herein, the term Rod-derived Cone Viability Factor (RACVF) refers to the
protein encoded by the thioredoxin-like 6 (TXNL6) or Nucleoredoxin-like 1 (NXNLI)
gene. It encompasses the RACVF proteins of any animal species. Typically, the RACVF
proteins according to the present invention can be mammalian RACVF proteins, including,
but not limited to mice, rats, cats, dogs, non-human primates and human.

Unless otherwise specified, the term “RACVF” refers to the short isoform of the
NXNLI gene and “RACVFL” or ‘RdCVF-L” the long isoform of the NXNLI gene.

Typically, in mice, the short isoform (RACVF) is a 109 amino-acid long protein
references under Uniprot accession number Q91W38. The murine long isoform

(RACVFL) is a 217 amino-acid long protein referenced under Q8VC33.

In one embodiment of the invention, the short isoform of RACVF is the human short

isoform of RACVF (hRdCVF), having the following sequence:

10 20 30 40 50
MASLEFSGRIL IRNNSDQDEL DTEAEVSRRL ENRLVLLEFG AGACPQCQAF

60 70 80 90 100
VPILKDFFVR LTDEFYVLRA AQLALVYVSQ DSTEEQQDLEF LKDMPKKWLE
109

LPFEDDLRR (SEQID NO: 1)
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Accordingly, the first nucleic acid, encoding the short isoform of RACVF can
comprise the following human nucleic acid sequence:
ATGGCCTCCCTGTICTICTGGCCGCATCCTGATCCGCAACAATAGCGACCAGGACGAGCTG
GATACGGAGGCTGAGGTCAGTCGCAGGCTGGAGAACCGGCTGGTGCTGCTGTTICTTTGGT
GCTGGGGCTTGTCCACAGTGCCAGGCCTTCGTGCCCATCCTCAAGGACTTCTTCGTGCGG
CTCACAGATGAGTTCTATGTACTGCGGGCGGCTCAGCTGGCCCTGGTGTACGTGTCCCAG
GACTCCACGGAGGAGCAGCAGGACCTGTTCCTCAAGGACATGCCAAAGAAATGGCTTTTIC

CTGCCCTTTGAGGATGATCTGAGGAGGTGA (SEQ ID NO: 3)

Alternatively, the first nucleic acid can comprise a nucleic acid which differs from
SEQ ID NO: 3 but encodes the same amino acid sequence.

Suitable nucleic acid sequences include, but are not limited to:

- polymorphisms of the cDNA encoding human RACVF;

- combinations of polymorphisms (rare haplotypes) of the cDNA encoding human
RdACVF. An example of rare haplotype cDNA is set forth as SEQ ID NO: 11;

- “optimized” sequences in which certain codons are replaced by codons that code
for the same amino-acid. Suitable codon-optimized sequences encoding RACVF
include, but are not limited to, the sequence as set forth in SEQ ID NO: 12;

- homologous sequences. For instance, the inventors have found that the
chimpanzee cDNA sequence encoding the short isoform of chimpanzee RACVF
can be used, since it encodes the same amino acid sequence as the human cDNA.

The chimpanzee cDNA has the sequence as set forth in SEQ ID NO: 4.

In one embodiment of the invention, the long isoform of the NXNLI gene is the
human long isoform RACVFL (hRACVFL), having the sequence referenced under
accession number Q96CM4 and set forth below:

10 20 30 40 50
MASLFSGRIIL IRNNSDQDEL DTEAEVSRRIL ENRLVLLEEFG AGACPQCQAF
60 70 80 90 100
VPILKDFFVR LTDEFYVLRA AQLALVYVSQ DSTEEQQODLEF LKDMPKKWLE
110 120 130 140 150

ILPFEDDLRRD LGRQFSVERIL PAVVVLKPDG DVLTRDGADE TQRLGTACFA
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160 170 180 190 200
NWQEAAEVLD RNFQLPEDLE DQEPRSLTEC LRRHKYRVEK AARGGRDPGG
210

GGGEEGGAGG LF (SEQID NO:?2)

Accordingly, the second nucleic acid, encoding RACVFL can comprise the
following human nucleic acid sequence:
ATGGCCTCCCTGTICTICTGGCCGCATCCTGATCCGCAACAATAGCGACCAGGACGAGCTG
GATACGGAGGCTGAGGTCAGTCGCAGGCTGGAGAACCGGCTGGTGCTGCTGTTICTTTGGT
GCTGGGGCTTGTCCACAGTGCCAGGCCTTCGTGCCCATCCTCAAGGACTTCTTCGTGCGG
CTCACAGATGAGTTCTATGTACTGCGGGCGGCTCAGCTGGCCCTGGTGTACGTGTCCCAG
GACTCCACGGAGGAGCAGCAGGACCTGTTCCTCAAGGACATGCCAAAGAAATGGCTTTTIC
CTGCCCTTTGAGGATGATCTGAGGAGGGACCTCGGGCGCCAGTTCTCAGTGGAGCGCCTIG
CCGGCGGTCGTGGTGCTCAAGCCGGACGGGGACGTGCTCACTCGCGACGGCGCCGACGAG
ATCCAGCGCCTGGGCACCGCCTGCTTCGCCAACTGGCAGGAGGCGGCCGAGGTGCTGGAC
CGCAACTTCCAGCTGCCAGAGGACCTGGAGGACCAGGAGCCACGGAGCCTCACCGAGTGC
CTGCGCCGCCACAAGTACCGCGTGGAAAAGGCGGCGCGAGGCGGGCGCGACCCCGGGGGA

GGGGGTGGGCGAGGAGGGCGGGGCCGGGGEGCTGTTCTCA (SEQ ID NO: 5)

Alternatively, the second nucleic acid can comprise a nucleic acid which differs
from SEQ ID NO:5 but encodes the same amino acid sequence.
Suitable nucleic acid sequences include, but are not limited to:
- polymorphisms of the cDNA encoding human RACVF or combinations thereof;
- ‘“optimized” sequences in which certain codons are replaced by codons that code
for the same amino-acid; Suitable codon-optimized sequences encoding RACVF
include, but are not limited to, the sequence as set forth in SEQ ID NO:12;

- homologous sequences in other species.

The sequences of the RACVF and RACVFL proteins are described in Chalmel et al. 2007
(39) and in the international patent application W02008/148860.

As used herein, the term “adeno-associated vector” or “AAV” has its general meaning in
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the art.

AAVs have been extensively described in the art as suitable vectors for gene delivery.
Indeed, AAVs are non-pathogenic and display a broad range of tissue specificity,
depending of their serotype. Typically, AAVs according to the present invention are
AAVs that are able to target retinal cells.

Examples include, but are not limited to, AAV2, AAV8, AAV2/8, AAV2/5, AAV2/9,
and AAV7mS.

In one embodiment, the AAV according to the present invention is obtained according to

the method described in international patent application W02012/158757.

Typically, the first and second nucleic acids, encoding respectively the short and long
isoform of the NXNLI gene, are under the control of a promoter that allows the
expression of said short and long isoform in the target cells.

Suitable promoters can be ubiquitous promoters, such as the CMV/CBA promoter.
Suitable promoters can be promoters that enable the expression in the retina, preferably in
retinal pigmented epithelial cells and photoreceptor cells.

In one embodiment, the promoter allows gene expression in retinal pigmented epithelial
cells.

In one embodiment, the promoter allows gene expression in cone photoreceptors. A non-

limiting example is the cone-opsin promoter.

Typically, the short isoform of the NXNL1 gene is expressed at least by retinal pigmented

epithelial cells and the long isoform is expressed at least by cone photoreceptor cells.

In one embodiment of the invention, different promoters are used to drive the expression
of the short isoform and of the long isoform.

Typically, the short isoform of the NXNLI gene can be expressed under the control of the
CMV/CBA promoter and the long isoform of the NXNLI gene can be expressed under

the control of the cone-opsin promoter.

In one embodiment of the invention, the two expression cassettes are inverted, with one

10
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expression cassette being 5° to 3’ and the other expression cassette being 3° to 5°.
The inventors have found that this configuration was also suitable to avoid incomplete

packaging.

In one embodiment of the invention, said adeno-associated vector (AAV) above

described further comprises a stuffer sequence of SEQ ID NO: 10.

In a specific embodiment, the present invention relates an adeno-associated vector
(AAV) comprising:
- a first expression cassette comprising a first nucleic acid comprising a codon-
optimized cDNA encoding RACVF, under the control of an ubiquitous promoter,
preferably the CMV/CBA promotor,
and
- a second expression cassette comprising a second nucleic acid comprising a
codon-optimized cDNA encoding RACVFL under the control of the cone-opsin
promoter (OPN1L/MW).

In one embodiment, the first nucleic acid comprising a codon-optimized cDNA encoding
RdACVF has the sequence set forth in SEQ ID NO: 12.
In one embodiment, the second nucleic acid comprising a codon-optimized cDNA

encoding RACVFL has the sequence set forth in SEQ ID NO: 13.

In one embodiment the adeno-associated vector has the sequence as set forth in SEQ ID

NO: 6 (corresponding to construct 3 of the Examples below).

In the context of the invention, the term "treating" or "treatment”, as used herein, means
reversing, alleviating, inhibiting the progress of, or preventing the disorder or condition to
which such term applies, or one or more symptoms of such disorder or condition (e.g.,

retinal degenerative diseases).

The term “retinal degenerative diseases” encompasses all diseases associated with cone

11
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degeneration. retinal degenerative disease include but are not limited to Retinitis
Pigmentosa, age-related macular degeneration, Bardet-Biedel syndrome, Bassen-
Kornzweig syndrome, Best disease, choroidema, gyrate atrophy, Leber congenital
amaurosis, Refsum disease, Stargardt disease or Usher syndrome.

In one embodiment of the invention, the retinal degenerative disease is Retinitis

Pigmentosa.

According to the invention, the term "patient" or "patient in need thereof” is intended for
a human or non-human mammal affected or likely to be affected with retinal degenerative

diseases.

According to the present invention, a "therapeutically effective amount" of a composition
is one which is sufficient to achieve a desired biological effect, in this case increasing the
neuron viability. It is understood that the effective dosage will be dependent upon the age,
sex, health, and weight of the recipient, kind of concurrent treatment, if any, frequency of
treatment, and the nature of the effect desired. However, the preferred dosage can be
tailored to the individual subject, as is understood and determinable by one of skill in the

art, without undue experimentation.

The expression vector of the invention can be suitable for intraocular administration. In a

particular embodiment, the expression vector is administered by sub-retinal injection.

In one aspect, the invention also relates to a pharmaceutical composition comprising
an adeno-associated vector (AAV) and a pharmaceutically acceptable carrier, wherein
said AAV comprises:

- a first expression cassette comprising a first nucleic acid encoding RACVF

- a second expression cassette comprising a second nucleic acid encoding RACVFL,
wherein said first and second expression cassettes display less than 200 contiguous

identical nucleotides.

In another aspect, the invention relates to an AAV comprising a nucleic acid having

12
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the sequence set forth in SEQ ID NO:10, wherein said nucleic acid having the sequence
as set forth in SEQ ID NO:10 is not present in an expression cassette. This sequence SEQ
ID NO: 10 has the role of stuffer DNA in the AAV. The role of a stuffer sequence is to
increase the size of the vector in order to avoid that the proviral plasmid is encapsidated
instead of the gene of interest.

Usually, stuffers corresponding to bacteriophage lambda DNA are used in AAV.
However, the sequences of bacteriophage lambda most commonly used as stuffer contain
open reading frames, the nin regions. Although there are considered as inert because of
phylogenetic distance to Human, Cheng et al. (38) have demonstrated that such stuffer
were not as inert as expected because the nin regions may have strong transcription
activity. Thus, when AAV with such stuffer are administrated to a human patient, there is
a risk of transcription of the bacteriophage lambda DNA.

Thus, it was important to develop a new inert stuffer. The inventors have found that
the nucleic acid having the sequence as set forth in SEQ ID NO: 10 could unexpectedly
be used as a “stuffer” DNA, in order to increase the size of the AAV constructs, in
replacement of the bacteriophage lambda stuffer.. Said nucleic acid having the sequence
as set forth in SEQ ID NO:10 has the great advantage of being inert because this
sequence is a non-translated sequence, is not a miRNA target, is a non-telomeric
sequence, it does not contain any origin of DNA replication and contains no nucleotides
repeat. This sequence having any functional activity, there is not risk of transcription
when it is used as a stuffer in an AAV.

The sequence as set forth in SEQ ID NO: 10 was selected through a thorough process as
described in Figure 3. It is a bioinformatic approach which consists of identifying in the
human genome region that does not contains any elements as centromeres, genes, pseudo
genes, replication origins, micro RNA targeted sequences or repeats. The sequence NO:

10 was selected among these loci.

The invention will be further illustrated through the following examples and figures.

13
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FIGURES LEGENDS

Figure 1: Schematic representation of preferred constructs according to the
invention:

Figure 1A represents the construct CT35, a comparative example (thus not a construct
according to the present invention) disclosed in W02016/185037. Figures 1B, 1C and 1D
respectively represent constructs 3 (C03), 6 (C06) and 11 (C11) according to the

invention.

Figure 2: Single strand DNA of AAV genome size analyzed by denaturing gel
electrophoresis
The size of the single strand DNA of the AAV genome of different constructs was
analyzed by gel electrophoresis under denaturing conditions:
- Construct 3 (C03) which expresses both RACVF and RACVFL (7V7. AAV2-
CMV/CBA®¢-RdCVF-5’_1.7.0PN1L/MW-RdCVFL)
- CT35 which expresses both RACVF and RACVFL (AAV2-CMV/CBA-RdCVF-
CMV/CBA-RACVFL) (SEQ ID NO: 15)
- CT37 which only expresses RACVF (AAV2-CMV/CBA-RdCVF + stuffer) (SEQ
ID NO: 16).

Figure 3: Schematic representation of the selection process for an inert “stuffer”
DNA

Figure 4: Packaging comparison

Figure 4A: Other representation of the AAV CT35. In this AAV expressing both RACVF
and RACVFL, the first and the second expression cassettes have 390 contiguous identical
nucleotides due to the direct repeat of the promoter [CMV/CBA delta 390].

Figure 4B: Graphical simulation of a recombination between the two copies [CMV /
CBA delta 390] which would produce an elimination of the cassette [CMV / CBA delta
390-RdCVF] or a recombination with the cassette [CMYV / CBA delta 390-RdCVFL)].

14
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Figure 4C: Transduction of CT35 (AAV-CMYV / CBA-RACVF_CMYV / CBA-RdCVFL)
in primary cells of porcine pigmented epithelium. Western blot analysis of RACVF and
RdACVFL using rabbit polyclonal anti-RdCVF antibodies (4).

Figure 4D: Other representation of the AAV C06 and graphical simulation of a
recombination. In this AAV, the first and the second expression cassettes share a direct
repeat of 167 contiguous identical nucleotides.

Figure 4E: Other representation of the AAV C03.

Figure 4F: Genome integrity analysis of encapsidated AAVs C06, C03, CT35 and CT37
(capsid proteins plus DNA).

Figures 4G and 4H: Tables representing for C03 and C06 the percentage of capsids
comprising a complete encapsidated AAV (full), the percentage of capsids comprising an
incompletely encapsidated AAV (intermediate) and the percentage of capsids comprising
no AAV (empty; without DNA). Table 4G shows detection results obtained for both
capsid protein and DNA (AAV genome). Table 4H shows detection results obtained only
for DNA.

EXAMPLES

Example 1

The following section provides non-limiting examples of suitable constructs according to

the invention.

Construct 3 (C03): 7. AAV2-CMV/CBA**®-RdCVF-5’_1.7.0PNIL/MW-RdCVFL

As shown on figure 1B, in this construct, the human RACVF cDNA sequence was codon
optimized (using a first optimization process v1) and placed under the ubiquitous
promoter CMV/CBA. The human RACVFL cDNA was also codon optimized (using a
different optimization process v2) and was placed under the control of the cone-opsin
promoter. The direct repeat shared between the first and the second expression cassette is
9 nucleotides long.

The AAYV vector has the sequence as set forth in SEQ ID NO: 6.

15
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Construct 6 (C06):

AAV2_CMV/CBA _orig RACVF_chimp_5p_1.7_OPN1LMW_RdCVFL

As shown on figures 1C and 4D, in this construct, the chimpanzee RACVF cDNA
sequence was used in the first expressed cassette and placed under the ubiquitous
promoter CMV/CBA. The human RACVFL c¢cDNA was placed under the control of the
cone-opsin promoter. The direct repeat shared between the first and the second

expression cassette is 167 nucleotides long.

The AAYV vector has the sequence as set forth in SEQ ID NO: 7.

Construct 7 (C07):
AAV?2_rev_CMV/CBA _orig RACVF_chimp_5p_1.7_OPN1LMW_RdACVFL
This construct is similar to construct 6, except that the first expression cassette is placed

in reverse orientation.

The AAV vector has the sequence as set forth in SEQ ID NO: 8.

Construct 8 (C08):
AAV2_CMV/CBA_orig RACVF_chimp_rev_5p_1.7_OPN1LMW_RdCVFL-hGH
This construct is similar to construct 6, except that the second expression cassette is

placed in reverse orientation.

The AAV vector has the sequence as set forth in SEQ ID NO: 9.

Construct 11 (C11):

AAV2_CMV/CBA_orig RACVF rare_haplotype_human_5p_1.7_OPN1LMW_RdCVF
L

As shown on figure 1D, in this construct, the first expression cassette comprises a cDNA
encoding human RACVF that is a combination of polymorphisms (rare haplotype), under
the ubiquitous promoter CMV/CBA. The second expression cassette comprises the
human RACVFL cDNA, under the control of the cone-opsin promoter. The direct repeat

shared between the first and the second expression cassette is 54 nucleotides long.

16



10

15

20

25

30

WO 2019/122403 PCT/EP2018/086744

The AAV vector has the sequence as set forth in SEQ ID NO: 14.

Example 2: AAV constructs displaying long stretches of identical nucleotides are

subject to incomplete packaging.

Material and methods

Production of viral vectors

AAV vectors carrying cDNA encoding mouse-RdCVF, RACVFL or eGFP were
produced by the plasmid co-transfection method (31). Recombinant AAV was purified by
cesium chloride or iodixanol gradient ultracentrifugation. The viral eluent was buffer
exchanged and concentrated with Amicon Ultra-15 Centrifugal Filter Units in PBS and
titrated by quantitative PCR relative to a standard curve.

Denaturing gel electrophoresis
The genomic DNA was extracted and subjected to denaturing gel electrophoresis.

The size of the nucleic acids was compared to a DNA ladder.

Results

The figures 2 and 4F show that the construct CT37, disclosed in W02016/185037 and
thus not a construction according to the invention. This comparative example_which only
expresses RACVF is subject to a complete packaging since its production results in DNA
at the expected sizes of ~5000 bp.

As shown at Figures 2 and 4F, CT35, which comprises a repeat of 390 contiguous
identical nucleotides (Figure 4A), is subject to incomplete packaging since its production
results in abnormal AAV genome sizes instead of AAV genome of 4804 bp.

Thus, it is well demonstrated that expressing a first nucleic acid encoding RACVF and a
second nucleic acid encoding RACVFL in an AAV can lead to incomplete encapsidation
of the AAYV single strand DNA within the viral capsid.

In contrast, the construct C06 according to the invention, which expresses both RACVF
and RACVFL and comprises a direct repeat of only 167 nucleotides long, show a band at
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the expected size of 4942 bp. This result demonstrates a complete encapsidation with the
construct C06.

In the same way, the construct C03, which comprises a repeat of 9 contiguous identical
nucleotides, shows a single band at the expected size of 4926 bp.

It is shown that decreasing the number of contiguous identical nucleotides shared
between the two expression cassettes, allows to increase the proportion of complete
encapsidation of an AAV comprising both a nucleic acid encoding RACVF and a nucleic
acid encoding RACVFL.

Thus, the inventors have demonstrated that complete packaging is obtained when the first

and second expression cassette do not contain more than 200 contiguous nucleic acids.

To further explore the phenomenon, analytical ultracentrifugation was used according to
Burnham et al. (35) to compare the different constructs (Figures 4G and 4H). The results
for C0O3 and C06 show that the extra band observed in the denaturing gel matches that of
the high percentage of AAV particles with intermediary sedimentation coefficients,
represent particles that are between full and empty, and thus corresponding to particles
comprising an AAV incompletely packaged. In accordance with the results obtained in
the denaturing gel electrophoresis, construct C06 shows full encapsidation of 18% and
construct C03 yielded appropriate results in the analytical ultracentrifugation method,
indicating a high percentage of full AAV particles (58%) (Figure 4H).

This confirms that there is an increase of the percentage of particles with integral genome
when the number of contiguous identical nucleotides shared between the two expression

cassettes is no superior to 200.

Example 3: combination of RACVF and RACVFL results in a synergistic
effect
The following constructs have been produced and introduced into an AAV?2 vector.
The proviral plasmid p618 and its elements are described in international patent

application published as W02012158757A1 and in publication (33).
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2xRdACVF: plasmid p857 and AAV CT39
P857/CT39 was designed to increase the level of expression of RACVF as compared to

CT37 (RACVF-stuffer) to achieved sufficient cone protection in patients suffering from
retinitis pigmentosa (RP).

RACVF-RACVFL: plasmid p853 and AAV CT35

This vector is able to co-express the short and long isoform of RACVF.
However, its production is subject to abnormal incomplete packaging events which limit

its use as a therapeutic agent.

Example 4: Selection of an inert DNA for replacing phage lambda stuffers
The inventors have developed a screening process for identifying a nucleic acid sequence
which could be used as a safer alternative to the phage lambda stuffer sequences
traditionally used in order to obtain AAV constructs having a sufficient size.
Screening of the entire human genome was performed in order to eliminate undesirable
sequences such as centromers, known genes, pseudogenes, repeats, miRNA targets,
replication origins. This inventive screening process resulted in the selection of SEQ ID

NO: 10, which is an inert sequence from human chromosome 15.

Example 5: Recombination analysis
Western blot analysis at Figure 4C shows the expression of RACVF and RACVFL using
rabbit polyclonal anti-RdCVF antibodies. Both proteins are detected for the construct

CT35, which demonstrates that CT35 is not subject to homologue recombination.
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CLAIMS

1. An adeno-associated vector (AAV) comprising:

- a first expression cassette comprising a first nucleic acid encoding RACVF

and

- a second expression cassette comprising a second nucleic acid encoding RACVFL,

wherein said first and second expression cassettes display at most 70 contiguous identical
nucleotides.

2. An AAV according to claim 1, wherein said first and second expression cassettes display at most 54
contiguous identical nucleotides.

3. An AAV according to claim 1, wherein said first and second expression cassettes display at most 9
contiguous identical nucleotides.

4. An AAV according to any one of claims 1 to 3, wherein the AAV is a serotype AAV2/8.

5. An AAV according to any one of claims 1 to 4, wherein the first nucleic acid encoding RACVF is
under the control of an ubiquitous promoter.

6. An AAV according to claim 5 wherein said ubiquitous promoter is the CMV/CBA promoter.

7. An AAV according to any one of claims 1 to 6, wherein the second nucleic acid encoding RACVFL is
under the control of the cone-opsin promoter.

8. An AAV according to any one of claims 1 to 7, wherein the AAV has a nucleic acid sequence as set
forth in the group consisting of SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 9 and SEQ ID NO:14.

9. An AAV according to any one of claims 1 to 7, wherein the AAV has a nucleic acid sequence as set
forth in SEQ ID NO: 6.
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10. An AAV according to any one of claims 1 to 7, wherein the AAV further comprises a stuffer
sequence of SEQ ID NO:10.

11. An AAV according to any one of claims 1 to 7, wherein the first nucleic acid comprises a codon-
optimized cDNA encoding RACVF as set forth in SED 1Q NO:12, and/or wherein the second nucleic
acid comprises a codon-optimized cDNA encoding RACVFL as set forth in SED 1Q NO:13.

12. A pharmaceutical composition comprising an AAV according to any one of claims 1 to 11 and a
pharmaceutically acceptable carrier.

13. An AAV according to any one of claims 1 to 11, wherein said AAV is for use in a method of
treatment of a retinal neurodegenerative disorder.

14. An AAV for use according to claim 13, wherein said retinal neurodegenerative disorder is chosen
in the group consisting of: retinitis pigmentosa, age-related macular degeneration, Bardet-Biedel
syndrome, Bassen- Komzweig syndrome, Best disease, choroidema, gyrate atrophy, Leber congenital
amaurosis, Refsum disease, Stargardt disease or Usher syndrome.

15. An AAV for use according to claim 14, wherein said retinal neurodegenerative disorder is retinitis
pigmentosa.

16. An AAV for use according to any one of claims 13 to 15, wherein said AAV is to be administered
by sub-retinal injection.

17. Use of an AAV according to any of claims 1 to 11 in the manufacture of a medicament for the
treatment of a retinal neurodegenerative disease.

18. Use of an AAV according to claim 17, wherein said retinal neurodegenerative disease is chosen in
the group consisting of: retinitis pigmentosa, age-related macular degeneration, Bardet-Biedel
syndrome, Bassen- Komzweig syndrome, Best disease, choroidema, gyrate atrophy, Leber congenital
amaurosis, Refsum disease, Stargardt disease or Usher syndrome.
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19. Use of an AAV according to claim 18, wherein said retinal neurodegenerative disease is retinitis

pigmentosa.

20. Use of an AAV according to any one of claims 17 to 19, wherein said AAV is to be administered by
sub-retinal injection.
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