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Gene Therapy for the Treatment of a Disease of Retinal Cone Cells

[0001] The present invention relates to a polynucleotide configured for the
treatment of a disease of retinal cone cells, such as achromatopsia, a nucleic acid vector
comprising said polynucleotide, a pharmaceutical composition comprising said nucleic
acid vector, a kit comprising said polynucleotide or said nucleic acid vector, a method of
making said nucleic acid vector, and a method for treating a disease of the retinal cone

cells.

[0002] Inherited retinal dystrophies are chronic and disabling disorders of visual
function. Achromatopsia (ACHM) is a specific form thereof. ACHM is characterized by
reduced visual acuity, pendular nystagmus, increased sensitivity to light (photophobia), a
small central scotoma, eccentric fixation, and reduced or complete loss of color discrimi-
nation. All individuals with ACHM, so-called achromats, have impaired color discrimination
along all three axes of color vision corresponding to the three cone classes: the protan or
long-wavelength-sensitive cone axis (red), the deutan or middle-wavelength-sensitive
cone axis (green), and the tritan or short-wavelength-sensitive cone axis (blue). Most
individuals have complete ACHM, with total lack of function of all three types of cones.
Rarely, individuals have incomplete ACHM, in which one or more cone types may be
partially functioning. The symptoms are similar to those of individuals with complete
ACHM, but generally less severe.

[0003] ACHM is estimated to affect 1 in 40,000 live births worldwide. It is inher-
ited In an autosomal recessive manner. At conception, each sib of an affected individual
has a 25% chance of being affected, a 50% chance of being an asymptomatic carrier, and
a 25% chance of being unaffected and not a carrier. Carrier testing for at-risk relatives and
prenatal testing for pregnancies at increased risk are possible if the pathogenic variants
have been identified in the family.

[0004] There are various genetic causes of inherited ACHM. Currently muta-
tions in the following genes have been implicated in ACHM: cone cyclic nucleotide-gated
channel alpha 3 [CNGA3] and beta 3 subunit [CNGB3], guanine nucleotide binding protein
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(G protein) alpha transducing activity polypeptide 2 [GNATZ2], phosphodiesterase 6C,
CGMP-specific, cone, alpha prime [PDE6C], and phosphodiesterase 6H, CGMP-specific,
cone, gamma [PDE6H], AFT6.

[0005] The most common cause of ACHM in the western population is muta-
tions in the two genes CNGA3 and CNGB3. CNGB3 (ACHM type 1, ACHM1) mutations
are found in ca. 50% of cases, and CNGA3 (ACHMZ2) mutations in about 28% of patients.
Mutations in CNGAS3 are the most common cause of ACHM in Chinese, Middle East and
Arabic populations accounting for up to 60% of ACHM cases. The frequency in other
genes involved in ACHM, such as guanine nucleotide binding protein (G protein) alpha
transducing activity polypeptide 2 [GNATZ2], phosphodiesterase 6C, CGMP-specific, cone,
alpha prime [PDE6C] and phosphodiesterase 6H, CGMP-specific, cone, gamma [PDEG6H],
and AFT6, Is very low and below 1.5%, respectively.

[0006] In general, the molecular pathomechanism of ACHM is either the inabil-
ity to properly control or respond to altered levels of cGMP. cGMP is particularly important
In visual perception as its level controls the opening of cyclic nucleotide-gated ion chan-
nels (CNGs). Decreasing the concentration of cGMP results in closure of CNGs and
resulting hyperpolarization and cessation of glutamate release. Native retinal CNGs are
composed of 3 a- and 1 B-subunits, which are CNGA3 and CNGB3, respectively, in cone
cells.

[0007] Due to the genetic nature of inherited retinal dystrophies like ACHM
conventional treatments are not applicable. The burden of disease Is so severe that

clinical experts put ACHM currently on top of their list of candidates for such therapy.

[0008] At present, there is no treatment available for CNGAS-linked achroma-
topsia (ACHM?2).

[0009] Komaromy et al., Gene therapy rescues cone function in congenital
achromatopsia, Human Molecular Genetics, 19(13): 2581-2593 (2010), describe studies
In dogs suggesting some promise for the use of recombinant adeno-associated virus
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(rAAV)-based gene therapy for the treatment of ACHM caused by mutations in the
CNGB3 gene. In the canine studies, the rAAV vectors used packaged a human CNGB3
(hCNGB3) expression cassette that contained a 2.1 kb cone red opsin promoter (PR2.1)
and a human CNGB3 (hCNGB3) cDNA. One limitation of the studies was that the
hCNGBS3 driven by the PR2.1 promoter was expressed only in red and green cones,
whereas endogenous hCNGB3 is expressed in all three types of cones (red, green and
blue cones). Another limitation was that the overall size of the expression cassette utilized
(5,230 bp) was well beyond the normal packaging capacity (<4.9 kb) of AAV particles; the
over-stuffed rAAV particles dramatically impaired the rAAV packaging efficiency, resulting

In low yields, a higher empty-to-full particle ratio, and likely a lower infectivity of the vector.

[0010] WO 2012/094560 describes rAAV-based vectors comprising the
hCNGA3 coding sequence under the control of specific short promoters comprising 5' -
NTR sections of the CNGB3 gene and a cytomegalovirus (CMV) enhancer. According to
the authors the shortness of the promoters would allow the hCNGB3 expression cassette
to fit within the normal packaging capacity of rAAV allegedly resulting in several benefits,
such as improved yields, a lower empty-to-full particle ratio, and higher infectivity of the

vector. However, the inventors were not able to verify these features.

[0011] Pang et al., AAV-mediated gene therapy restores cone function in the
Cnga3/Nrl double knockout mouse, Invest. Ophthalmol. Vis. Sci. 54, Meeting Abstract,
2723 (2013), describe an rAAV5 vector comprising the coding sequence of the hCNGA3
gene. The vector was injected into the eye of Cnga3/Nrl double knockout (Cnga3/Nrl
DKO) mice. The authors mention that the cone degeneration in the treated mice was
stopped. However, according to the inventors in this approach the yield of gene replace-
ment Is not satisfactory suggesting that this strategy might be less promising for the
treatment of humans suffering from inherited retinal dystrophies like ACHM.

[0012] Ye et al., Cone-specific promoters for gene therapy of achromatopsia
and other retinal diseases, Hum. Gene Ther. 27, 72-82 (2016), disclose an AAV vector
expressing a human CNGB3 gene driven by a 1.7-kb L-opsin promoter (PR1.7). Sub-

retinal injection of said vector into CNGB3-deficient mice partially rescued the cone
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function. However, even though suggested by the authors so far a clinical use of this

vector has not proven successtul.

[0013] Dyka et al., Cone specific promotor for use in gene therapy of retinal de-
generative diseases, in: Ash et al. (Ed.) et al., Retinal Diseases — Mechanisms and
Experimental Therapy, Chapter 87, 695-701 (2014), describe several cone specific
promotors. A reasonable strategy for the treatment of inherited retinal dystrophies like

ACHM is, however, not provided.

[0014] Against this background it is an object of the present invention to provide
a polypeptide and a nucleic acid vector which address these limitations and, therefore, will
be valuable tools in the treatment of a disease of the retinal cone cells, such as ACHM, in
particular ACHM2.

[0015] This object is met by a polynucleotide, comprising a transgene expres-
sion cassette, said transgene expression cassette comprises (a) a nucleic acid encoding
the promoter of human retinal arrestin 3 gene (hArr3), (b) a nucleic acid encoding the
human cone cyclic nucleotide-gated channel alpha 3 subunit (hCNGA3) or fragments

thereof, and (c) a nucleic acid encoding regulatory elements.

[0016] The object underlying the invention is herewith fully achieved.

[0017] The inventors were able to realize that the polynucleotide of the inven-
tion embodies the essential components of a genetic tool allowing a successful therapy of
a disease of the retinal cone cells, such as ACHM, which can be applied to a human

patient.

[0018] It was experimentally demonstrated by the inventors that CNGAS3-
deficient mice which received a subretinal injection of the polynucleotide according to the
invention as a component of a vector plasmid express the hCNGAS3 transgene efficiently
and specifically in the cone photoreceptor cells. In addition, it was demonstrated that
cone-mediated vision was conferred to these mice that lack cone function from birth.
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[0019] This finding was surprising. It was not rendered obvious by the art that a
polynucleotide having a structure as suggested by the invention would result in a targeted
hCNGAS3 transgene expression in the retina. Actually, the contrary was expected. The art

explicitly advises against the solution provided by the invention.

[0020] Dyka et al. (/.c.) describe that mouse and human cone arrestin promot-
ers when used with the intention to express in the retina such genes which are involved In

the pathology of ACHM, a low target tissue specificity will occur.

[0021] [In WO2012/094560 (/.c.) it is asserted that expression cassettes encod-
ing retinal CNGs which are under the control of a cone arrestin promoter will be little

effective In restoring visual function.

[0022] The same is taught by Komaromy et al. (/.c.).

[0023] Therefore, the observed high specificity and selectivity as well as the
significant biological effectivity of the polynucleotide of the invention in restoring the visual

function were not self-evident for a person skilled in the art.

[0024] As demonstrated by the inventors In primate experiments after being in-
jected into the retina the polynucleotide of the invention will remain in situ with only
minimal transduction of off-target organs. It was also found that after the injection into the
retina of the polynucleotide of the invention no induction of anti-drug antibodies against
the administered polynucleotide will occur. Finally, it was experimentally found that the
polynucleotide of the invention can be successfully delivered to the retinal cone photo
receptor cells of human patients with CNGA3 based ACHM via an appropriate rAAV
vector. This allows the conclusion that the polynucleotide of the invention is well suited as
an active agent of a pharmaceutical composition for the treatment of a disease of retinal

cone cells, such as ACHM.

[0025] According to the invention, a "polynucleotide” i1s a biopolymer molecule

composed of 13 or more nucleotide monomers covalently bonded in a chain. An example
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of a preferred polynucleotide is a DNA molecule. While the polynucleotide according to

the invention may be single-stranded or double-stranded, in a preferred embodiment the
polynucleotide Is single-stranded.

[0026] A "promoter” is a region of DNA that facilitates the transcription of a par-
ticular gene. As part of the process of transcription, the enzyme that synthesizes RNA,
known as RNA polymerase, attaches to the DNA near a gene. Promoters contain specific
DNA sequences and response elements that provide an initial binding site for RNA

polymerase and for transcription factors that recruit RNA polymerase.

[0027] The promoter of the human retinal arrestin 3 gene (hArr3) refers to the
region of DNA that facilitates the transcription of human arrestin 3, retinal (X-arrestin). The
entire nucleotide sequence of the promotor of hArr3 iIs disclosed In Li et al., Retinoic acid
upregulates cone arrestin expression in retinoblastoma cells through a Cis element in the
distal promoter region, Invest. Ophthalmol. Vis. Sci. 43(5): 1375-1383 (2002).

[0028] In an embodiment the entire promotor nucleotide sequence is employed.
In another embodiment of the invention only functional parts of the promotor are used
which are required for a targeted expression of the hCNGAS. In still another embodiment
of the invention fusions of the before mentioned nucleotide sequences with other promoter

nucleotide sequences, intronic sequences or regulatory element sequences are used.

[0029] A "transgene expression cassette” or "expression cassette” comprises

the gene sequences that a nucleic acid vector is to deliver to target cells. These sequenc-

es include the gene of interest (e.g., the hCNGAS3 nucleic acid), one or more promoters,
and regulatory elements.

[0030] "Regulatory elements” are regulatory elements that are necessary for ef-
fective expression of a gene in a target cell (e.g., the hCNGAS nucleic acid), and thus
should be included in a transgene expression cassette. Such sequences could include, for

example, enhancer sequences, polylinker sequences facilitating the insertion of a DNA
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fragment within a plasmid vector, or sequences responsible for intron splicing and poly-
adenlyation of mRNA transcripts.

[0031] A "nucleic acid" or "nucleic acid molecule” is a molecule composed of
chains of monomeric nucleotides, such as, for example, DNA molecules (e.g., cDNA or
genomic DNA). A nucleic acid may encode, for example, a promoter, the hCNGA3 gene
or a fragment thereof, or regulatory elements. A nucleic acid molecule can be single-

stranded or double-stranded.

[0032] A "nucleic acid encoding hCNGAS" refers to a nucleic acid that compris-
es a nucleotide sequence which codes for the human CNGA3 or, in one embodiment of
the invention, a fragment or a functional variant of the human CNGAS. A "fragment" of the
hCNGAS3 refers to a segment or part of the hCNGAS3 which still exhibits hCNGAS3 activity.
A "functional variant” of the hCNGAS includes a variant of the protein with minor variations
such as, for example, silent mutations, single nucleotide polymorphisms, missense
mutations, and other mutations or deletions, that do not significantly impair or alter the
function of the wild type hCNGAS.

[0033] The amino acid sequence of hCNGAS3 which is encoded, at least partial-
ly, by the "nucleic acid encoding hCNGA3" according to the invention is depicted under
SEQ ID No. 3.

[0034] The polynucleotide of the invention includes an "isolated” polynucleotide
or nucleic acid molecule, respectively, which is one which Is separated from other nucleic
acid molecules which are present in the natural source of the nucleic acid. For example,
with regard to genomic DNA, the term "isolated" includes nucleic acid molecules which
are separated from the chromosome with which the genomic DNA is naturally associated.
Preferably, an "Isolated" nucleic acid molecule is free of sequences which naturally flank
the nucleic acid molecule in the genomic DNA of the organism from which the nucleic acid

molecule is derived.
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[0035] In a preferred embodiment of the invention said regulatory elements
comprise ¢1) a nucleic acid encoding woodchuck stomatitis virus posttranscriptional

regulatory element (WPRE).

[0036] This further development of the polynucleotide according to the invention
has the advantage that the expression of the hCNGAS in the photoreceptor cells is
significantly enhanced. The long term expression that is achieved by the inclusion of
WPRE qualifies the polynucleotide for its use in gene therapy. The WPRE contains the
woodchuck hepatitis virus X open reading frame (WHX ORF) gene promoter and an open-
reading frame coding for the first 61 AA of WHX in its 30 region; see Zanta-Boussif et al.,
Validation of a mutated PRE sequence allowing high and sustained transgene expression
while abrogating WHV-X protein synthesis: application to the gene therapy of WAS, Gene
Ther., 16(5), 605- 619 (2009).

[0037] In another embodiment of the invention in the polynucleotide according
to the invention said WPRE is a mutated WPRE (WPREm), comprising a WHX OR of

non-expressible WHX protein.

[0038] This measure has the advantage that it precludes the non-intended ex-

pression of the WHX protein from the expression cassette.

[0039] In another embodiment of the invention said regulatory elements com-

prise (c2) a nucleic acid encoding a polyadenylation signal (pA).

[0040] This measure has the advantage that the polynucleotide is provided with
such a regulatory element that is important for the nuclear export, translation, and stability
of the hCNGAS-encoding mRNA, thereby improving the expression efficiency.

[0041] In a further embodiment of the invention said polyadenylation signal is a

bovine growth hormone pA (BGH pA).
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[0042] The inventors have realized that this specific polyadenylation signal en-
sures especially good results when used in conjunction with the remaining genetic ele-

ments of the polynucleotide of the invention.

[0043] In another embodiment the polynucleotide of the invention further com-
prises a nucleic acid encoding inverted terminal repeats (ITRs) flanking said transgene
expression cassette, preferably it comprises at least one |TR adjacent to said hArr3
promoter (L-ITR) at the first end of the expression cassette, and at least one ITR adjacent

to said pA (R-ITR) at the second end of the expression cassette opposite to the first end.

[0044] This measure has the advantage that it allows for efficient replication
and packaging during manufacturing. "Flanking" means that the ITRs are located at both
sides of the transgene expression cassette, i.e. at the 5' and 3' termini. The ITRs thereby

frame the transgene expression cassette.

[0045] In an embodiment of the invention said ITRs are derived from Adeno-
associated Virus (AAV) serotype 2 (ITR AAV2).

[0046] As it could be found this specific ITRs are particularly suited for the poly-

nucleotide of the invention.

[0047] In another embodiment of the invention the polynucleotide comprises the
following arrangement order: (a) - (b) — (c), preferably (a) - (b) — (c1) — (c2), further
preferably (L-ITR) - (a) - (b) — (c1) — (c2) — (R-ITR).

[0048] The indicated order of the genetic elements has been proven as benefi-

cial for the expression efficiency of the polynucleotide according to the invention.

[0049] In another embodiment of the invention said hArr3 promoter comprises
the nucleotide sequence of SEQ ID No. 1, said nucleic acid encoding hCNGA3 comprises
the nucleotide sequence of SEQ ID No. 2, said nucleic acid encoding hCNGA3 comprises
a nucleotide sequence encoding the amino acid sequence of SEQ ID No. 3, said nucleic
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acid encoding WPREmM comprises the nucleotide sequence of SEQ ID No. 4, said nucleic
acid encoding BGH pA comprises the nucleotide sequence of SEQ ID No. 5, said nucleic
acid encoding L-ITR comprises the nucleotide sequence of SEQ ID No. 6 and/or said

nucleic acid encoding R-ITR comprises the nucleotide sequence of SEQ ID No. 7.

[0050] This measure has the advantage that with the specific nucleotide se-
guences of the respective genetic elements of the polynucleotide according to the inven-
tion a precise construction manual iIs provided. This allows an easy and time-saving

synthesis of the polynucleotide, e.g. by means of a nucleic acid synthesizer.

[0051] Another subject-matter of the invention is a nucleic acid vector compris-
Ing the above-referenced polynucleotide according to the invention. Therefore, the fea-
tures, advantages and characteristics of the polynucleotide apply likewise to the nucleic

acid vector of the invention.

[0052] In preferred embodiments, the nucleic acid vector according to the In-
vention 1s a viral vector, such as a vector derived from an adeno-associated virus, an
adenovirus, a retrovirus, a lentivirus, a vaccinia/poxvirus, or a herpesvirus (e.g., herpes
simplex virus (HSV)). In the most preferred embodiments, the vector is an adeno-
associated viral (AAV) vector (see below).

[0053] In an embodiment of the invention the nucleic acid vector is a circular
plasmid which further comprises a backbone having a length of = 5,000 bp, preferably =
5.500 bp.

[0054] According to the invention, the term "backbone" refers to the section of
the vector molecule beyond the expression cassette or, if present, the inverted terminal
repeats (ITRs). In other words, the backbone of the vector is adjacent to the 5' and 3’
termini of the expression cassette or ITRs, respectively, and forms the rest of the vector's
nucleic acids besides the polynucleotide according to the invention.
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[0055] The inventors have realized that a backbone of this preferred size will
minimize a false or reverse packaging of the backbone into a virus particle, instead of a
packaging of the expression cassette. Therefore, this measure ensures that essentially

only the hCNGAS3 will be available for an expression in the target cell.

[0056] In another embodiment of the invention said backbone comprises <5
open reading frames (ORFs), preferably < 4 ORFs, further preferably < 3 ORFs, further
preferably < 2 ORFs, further preferably < 1 ORFs, highly preferably 0 ORFs.

[0057] The inventors have realized that the backbone should be low in ORFs,
preferably free in ORFs, besides any selection markers or origins of replication (ORI), if
applicable. This measure has the advantage that it will further minimize the possibility for
expression of side products in case of reverse packaging. In addition, it minimizes the

possibility for expression of side products during manufacturing of rAAV vectors.

[0058] In still another embodiment of the nucleic acid vector according to the
iInvention said backbone comprises a selection marker, preferably an antibiotic resistance

encoding nucleic acid, further preferably a kanamycin resistance encoding nucleic acid
(KanR).

[0059] This measure provides for the constructive preconditions allowing the
selection of cells in vitro which incorporate the nucleic acid vector. Such cells may be

used to amplify the vector.

[0060] In another embodiment of the invention said selection marker of the
backbone of the nucleic acid vector i1s at its 5' and 3' termini remotely spaced apart from
the polynucleotide, preterably maximally remotely spaced apart from the polynucleotide or
expression cassette, further preferably = 1,000 bp, further preferably = 1,500 bp, highly
preferably = 1,900 bp spaced apart from the polynucleotide or expression cassette
according to the invention.
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[0061] As the inventors have realized this measure has the advantage that the
resistance encoding nucleic acid (KanR) is maximally spaced apart from the ITRs and

regulatory elements of the expression cassette, e.g. the promoter.

[0062] In a further development of the nucleic acid vector the backbone com-
prises < 10 restriction enzyme recognition sites (RERSSs), preferably < 5 RERSs, further
preferably < 3 RERSSs, further preferably < 2 RERSSs, further preferably <1 RERSSs, highly
preferably 0 RERSs.

[0063] This measure has the advantage that the stabllity of the nucleic acid

vector in bacteria used for DNA amplification is significantly increased.

[0064] In a further development of the nucleic acid vector according to the in-
vention the backbone comprises < 5 promoters, preferably < 4 promoters, further prefera-
bly < 3 promoters, further preferably < 2 promoters, further preferably < 1 promoters,

highly preferably O promoters.

[0065] This measure further minimizes the possibility for expression of side
products in case of reverse packaging which may cause adverse effects or interference
with the transgene. In this embodiment "promoters” are to be understood as excluding the
promoter necessary for expressing the selection marker, e.g. the KanR, which will typical-

ly represented by an appropriate prokaryotic promoter.

[0066] In a further embodiment of the nucleic acid vector according to the In-
vention said backbone further comprises an origin of replication (ORI), preferably a
pUC18 ORI.

[0067] This measure provides the structural preconditions for the vector being

replicable.
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[0068] The backbone preferably comprises as the only encoding or information-
carrying sequences the selection marker and the ORI, and for the rest random sequences
but no ORFs, promoters or RERSSs.

[0069] The nucleotide sequence comprised by the vector backbone is depicted
in the enclosed sequence listing under SEQ ID No. 8.

[0070] In a preferred embodiment the nucleic acid vector of the invention Is an

adeno-associated viral (AAV) vector.

[0071] Multiple serotypes of adeno-associated virus (AAV), including 12 human
serotypes (AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAVS, AAV9, AAV10,
AAV11, and AAV12) and more than 100 serotypes from nonhuman primates have now
been identified. Howarth et al., Using viral vectors as gene transfer tools. Cell Biol.
Toxicol. 26: 1-10 (2010). The serotype of the inverted terminal repeats (ITRs) or the
capsid sequence of the AAV vector may be selected from any known human or nonhu-
man AAV serotype. In some embodiments a pseudotyping approach is employed, wherein
the genome of one ITR serotype is packaged into a different serotype capsid. See e.g.,
Zolutuhkin et al. Production and purification of serotype 1, 2, and 5 recombinant adeno-
associlated viral vectors, Methods 28(2): 158-67 (2002).

[0072] While any kind of AAV could be used it is further preferred if the sero-
type of the AAV capsid sequence and/or the inverted terminal repeats (ITRs) of said AAV
vector is selected from the group consisting of AAV2, AAV5, AAV8, modifications or

combinations thereof.

[0073] The inventors have realized that the AAV2, AAV5, AAV8 subtypes are

particularly suited for the creation of the nucleic acid vector according to the invention.

[0074] The production, purification, and characterization of the recombinant
AAV vectors of the present invention may be carried out using any of the many methods
known in the art. For reviews of laboratory-scale production methods, see, e.g., Clark,
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Recent advances in recombinant adeno-associated virus vector production. Kidney Int.
61s:9-15 (2002); Choi et al., Production of recombinant adeno-associated viral vectors for
in vitro and in vivo use. Current Protocols in Molecular Biology 16.25.1-16.25.24 (2007);
Grieger and Samulski, Adeno-associated virus as a gene therapy vector: Vector develop-
ment, production, and clinical applications. Adv. Biochem. Engin/Biotechnol 99: 119-145
(2005); Heilbronn and Weger, Viral Vectors for Gene Transfer: Current Status of Gene
Therapeutics, in M. Schafer-Korting (Ed.), Drug Delivery, Handbook of Experimental
Pharmacology, 197: 143-170 (2010); Howarth et al. (/.c.). The production methods de-

scribed below are intended as non-limiting examples.

[0075] Another subject-matter of the invention relates to a pharmaceutical
preparation comprising the nucleic acid vector as described in detail further above, and a
pharmaceutically acceptable carrier. Therefore, the features, advantages and characteris-
tics of the polynucleotide and the nucleic acid vector apply likewise to the pharmaceutical

preparation of the invention.

[0076] Pharmaceutically acceptable carriers are well known In the art. By way
of example, reference is made to Rowe (Ed.) (2012), Handbook of Pharmaceutical
Excipients, 6" Edition, Pharmaceutical Press. The pharmaceutical preparation may further
contain additives. These include any compound or composition which are advantageous
for the effectiveness of the nucleic acid vector according to the invention, such as salts,
binders, solvents, dispersants, adjuvants and other substances commonly used in con-

nection in gene therapeutic approaches.

[0077] In an embodiment of the pharmaceutical preparation said pharmaceuti-
cally acceptable carrier comprises saline solution, preferably balanced sterile saline
solution, and optionally a surfactant, preferably micronized poloxamer (Kolliphor® P 188

MICrO).

[0078] The inventors have realized that with such specific formulation drug in-

duced adverse effects and loss of rAAV particles at surfaces are minimized.
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[0079] In a preferred embodiment the pharmaceutical preparation according to
the invention Is configured for a use In the treatment of a disease associated with a
genetic mutation, substitution, or deletion that affects retinal cone cells, further preferably
in the treatment of achromatopsia (ACHM), in particular ACHM type 2 (ACHM2).

[0080] With the polynucleotide and the nucleic acid vector described in detalil
further above the inventors provide a therapeutic tool which, for the first time, allows a

causative treatment of CNGA3-linked achromatopsia.

[0081] Another subject-matter of the present invention relates to a kit compris-
INg (a) the polynucleotide according to the invention and/or the nucleic acid according to
the invention, and/or the pharmaceutical preparation according to the invention, and (b)

Instructions for use thereof.

[0082] A further subject-matter of the present invention relates to method of
making a recombinant adeno-associated viral (rAAV) vector comprising inserting into an
adeno-associated viral vector the polynucleotide according to the invention, preferably
sald recombinant adeno-associated viral vector is the nucleic acid vector according to the

Invention.

[0083] Another subject-matter of the invention is a method for treating a dis-
ease associated with a genetic mutation, substitution, or deletion that affects retinal cone
cells, wherein the method comprises administering to a subject in need of such treatment
the nucleic acid vector according to the invention and/or the pharmaceutical preparation
according to the invention, thereby treating the subject. Preferably the disease is ACHM,
further preferably ACHM type 2 (ACHM?2). Preferably the vector is administered sub-

retinally and/or intravitreally.

[0084] The features, advantages and characteristics of the polynucleotide and
the nucleic acid vector apply likewise to the kit, the method of making and the method for

treating according to the invention.
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[0085] Itis to be understood that the before-mentioned features and those to be
mentioned In the following cannot only be used in the combination indicated in the respec-
tive case, but also in other combinations or in an isolated manner without departing from

the scope of the invention.

[0086] The invention is now further explained by means of embodiments result-
INg In additional features, characteristics and advantages of the invention. The embodi-
ments are of pure illustrative nature and do not limit the scope or range of the invention.
The features mentioned In the specific embodiments are general features of the invention
which are not only applicable in the specific embodiment but also in an isolated manner in

the context of any embodiment of the invention.

[0087] The invention is now described and explained in further detail by refer-

ring to the following figures and non-limiting examples.

Fig. 1 shows the structure of the rAAV.nCNGAS vector genome;

Fig. 2 shows two embodiments of the phArr3.hCNGA3.WPREmM cis vector

plasmid map;

Fig. 3 shows representative ERG measurements from CNGA3-deficient mice

treated on one eye with the vector according to the invention; and

Fig. 4 depicts representative confocal images from immunohistological stain-
ings of hCNGA3 in CNGA3-deficient mice (A3KO) treated with
rAAV.hCNGAS3 vector.

Fig. 5 shows the longitudinal course of best corrected visual acuity (BCVA) af-
ter treatment with AAV8.hCNGA3. Upper graph (A) shows data from the
treated study eyes, lower graph (B) from the untreated fellow control
eyes. Each line represents one patient. BCVA was determined by
means of the standardized EDTRS charts under constant illumination.
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The absolute numbers of letters correctly read by each patient relative to
his/her pre-injection baseline (0) are plotted against time (days) after in-
jection. Immediately after injection BCVA drops in most patients but after
180 day every single patient's BCVA has improved in comparison to
baseline, indicating a clear tendency of improvement not observed in the
control eyes.

Fig. 6 A, B: depicts the change in metabolic peak activity in the visual cortex
after treatment with AAV8B8.hCNGA3 (example). Before treatment (6A),
this achromatic patient responded to a luminance contrast pattern (left
column), but not to an isoluminant chromatic contrast pattern (right col-
umn =0). After treatment, the isoluminant chromatic signal (6B, right col-

umn) reached similar levels as after luminance contrast stimulation.

C, D: fMRI signals from the same patient, resolved over time after stimu-
lus presentation. Grey lines present signal amplitude in response to con-
trast stimuli; blue lines in response to Isoluminant chromatic contrast
stimuli. Before treatment (C) chromatic stimuli do not produce increase
In fMRI signal amplitude, after treatment (D) signal amplitude is clearly
Increased.

Examples

1. Nucleic acid vector of the invention

[0088] In this exemplary embodiment the rAAV.nCNGA3 vector is a hybrid
AAV-based vector carrying the cDNA of the human CNGAS3 subunit of the cone photore-
ceptor cyclic nucleotide-gated (CNG) cation channel. The hCNGA3 cDNA expression is
under the control of the cone-specific human arrestin 3 (hArr3) promoter and is enhanced
using a mutated woodchuck stomatitis virus posttranscriptional regulatory element
(WPRE) sequence. The expression cassette Is flanked by the AAV serotype 2 inverted

terminal repeats (ITRs) and the recombinant genome is packaged in the AAV serotype 8
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capsid, resulting in an AAV2/8 hybrid vector. The expression cassette comprises the

following elements:

* Promoter of the human arrestin 3 (hArr3) gene: 0.4 Kb

» cDNA of the human CNGAS3 subunit of the cone photoreceptor cyclic nucleotide-

gated cation channel: 2 Kb

« Woodchuck stomatitis virus posttranscriptional regulatory element (WPRE) with a
point mutation in the ATG codon of the WHV-X open reading frame: 0.54 Kb

 Polyadenylation signal of the Bovine Growth Hormone (BGH): 0.2 Kb

* AAV serotype 2 inverted terminal repeats (ITRs): 0.13 Kb

The structure of the rAAV.hCNGA3 vector genome is depicted in Fig. 1.

2. pGL2.hArr3.hnCNGA3.WPREmMmM cis vector plasmid

[0089] In one exemplary embodiment the pGL2.hArr3.hCNGA3.WPREm cis
vector-plasmid backbone is used that contains an expression cassette comprising a 405
bp cone photoreceptor-specific human cone arrestin (hArr3) promoter [see Li et al,
Retinoic acid upregulates cone arrestin expression in retinoblastoma cells through a Cis
element in the distal promoter region, Investigative ophthalmology & visual science, 43
(2002) 1375-1383, and Carvalho et al., Long-term and age-dependent restoration of visual
function in a mouse model of CNGB3-associated achromatopsia following gene therapy,
Human molecular genetics, 20 (2011) 3161-3175] and the full-length (2085 bp) human
CNGAS3 cDNA [see Wissinger et al., Cloning, chromosomal localization and functional
expression of the gene encoding the alpha-subunit of the cGMP-gated channel in human
cone photoreceptors]. The expression cassette also contains a 543 bp woodchuck
hepatitis virus post-transcriptional regulatory element (WPRE) with mutated WXF-open

reading frame [Zanta-Boussifet al., Validation of a mutated PRE sequence allowing high
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and sustained transgene expression while abrogating WHV-X protein synthesis: applica-
tion to the gene therapy of WAS, Gene therapy, 16 (2009), 605-619] and a 207 bp bovine
growth hormone polyadenylation signal (BGHpA). The 5591 bp vector backbone with the
nucleotide sequence depicted in SEQ ID No. 8 containing a kanamycin resistance (KanR)
positioned 1943 bp from the L-ITR and 2853 bp from the R-ITR and 2024 bp from a
pUC18 ori.

[0090] The rAAV.nCNGAS vector is produced using transient double-
transfection of the cis vector plasmid and a trans pDP8-KanR helper plasmid in the human
embryonic kidney 293 cells (HEK293). The cell lysate is clarified by a low-speed centrifu-
gation and the vector Is then purified by 2 consecutive rounds of cesium chloride gradients
ultracentrifugation followed by a tangential flow filtration step for concentration and buffer
exchange. The resulting rAAV.hCNGA3 vector suspension is then sterile-filtered and

vialed as drug product.

[0091] Two embodiments of the phArr3.hCNGA3.WPREmM vector plasmid map
are shown in Fig. 2A,B.

3. Biological activity and transgene expression conferred by the rAAV.hCNGAS3
vector

[0092] To verify biological activity and transgene expression the inventors de-
livered the rAAV.hCNGA3 vector into the subretinal space of 2-week-old Cnga3-deficient
mice [Biel et al., Selective loss of cone function in mice lacking the cyclic nucleotide-gated
channel CNGS3, Proc Natl Acad Sci U S A, 96(13):7553-7557 (1999). The delivery proce-
dure was similar to the one described for the mouse-specific vector [Michalakis et al.,
Restoration of cone vision in the CNGA3-/- mouse model of congenital complete lack of
cone photoreceptor function, Molecular therapy: The Journal of the American Society of
Gene Therapy, 18 2057-2063 (2010)]. The mice received a subretinal injection in the
treated eye (TE), whereas the other, untreated eye (UE) served as control. The vector
efficacy was evaluated at 8 weeks following the injection by means of electroretinography
(ERG), an objective functional in vivo assay. Cnga3-deficient mice lack any cone-
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mediated vision. Therefore, ERG protocols specifically testing for cone function are
suitable as an indirect measure for CNGA3 function and for the assessment of biological
activity (BAA) of the rAAV.hCNGAS3 vector.

[0093] For representative results see Figure 3: Representative ERG measure-
ments from CNGAS3-deficient mice treated on one eye (treated eye, black traces) with
rAAV.hCNGAS3 vector. The traces from the untreated control eye are shown in grey. The
biological activity conferred by the rAAV.hCNGAS3 vector-mediated expression of hCNGA3
IS clearly evident as elevation of specific ERG components (7Hz scotopic flicker, 5Hz
photopic flicker and photopic flash) that are mediated by cone photoreceptors and are

missing in CNGA3-deficient mice.

[0094] The rAAV.hCNGAS3 vector treatment resulted in a clear therapeutic ef-
fect in the treated eye reflected by elevation of specific ERG components. After comple-
tion of the ERG measurements mice were sacrificed, the eyes enucleated and processed
for immunohistological analysis of hCNGAS3 transgene expression (transgene expression
assay, EA). For this, the tissue was fixed and cryoembedded. Vertical cryosections were
stained with a rat monoclonal antibody that binds to mouse and human CNGAS3 protein.
The immunosignal was detected with a Cy3 tagged donkey anti-rat IgG secondary anti-
body. Confocal images from the immunostained cryosections were collected using a Leica
SP8 SMD confocal laser scanning microscope. The anti-CNGA3 antibody also detects
mouse Cnga3 protein and gives a specific signal in cone photoreceptor outer segments of
wildtype mouse retina and no signal in Cnga3-deficient retina. After treatment with
rAAV.hCNGAS3 vector a clear and specific signal for CNGA3 was observed in the cone

photoreceptor outer segments In the treated eye, which was absent in the untreated eye.

[0095] For representative results see Figure 4. Representative confocal images
from immunohistological stainings of hCNGA3 in CNGAS3-deficient mice (A3KO) treated
with the rAAV.hCNGAS vector. The anti-CNGAS antibody (working dilution in all experi-
ments 1:50) also detects mouse Cngad3 protein and gives a specific signal in cone photo-
receptor outer segments (rod-shaped structures in the upper part of the image) of wildtype
mouse retina (left two panels) and no specific signal in the retina of untreated CNGAS3-

deficient mice (right two panels). The specific signal for the hCNGAS protein encoded by
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the rAAV.hCNGA3 vector is shown in the third panel, which is absent in the untreated
A3KO shown in the fourth panel. Panel two shows a secondary antibody only control
staining. The lower panels show an overlay of the CNGAS3 signal with the cone photore-

ceptor-specific marker peanut agglutinin and the nuclear dye Hoechst 4322.

[0096] In conclusion, the rAAV.hCNGAS3 vector expresses the hCNGA3
transgene efficiently and specifically in cone photoreceptors of CNGA3-deficient mice and
confers cone-mediated vision to these mice that lack cone function from birth (biological

activity).

4. AAVS8 biodistribution and shedding after subretinal injection in non-human primates

[0097] In another study the virus distribution and shedding was analysed after a
single subretinal administration of clinical grade recombinant adeno-associated virus
(rAAV) In non-human primates. This is important for an environmental risk assessment of

the gene therapeutic method according to the invention.

[0098] 18 non-human primates (Macacca fascicularis) underwent 23G pars
plana vitrectomy and subretinal injection in three cohorts (high dose: 1x10'“ vector
genomes [vg], low dose: 1x10"" vg, or vehicle only). Four additional animals received
Intravitreal injections to mimic via falsa biodistribution. Tissues samples were harvested at
necropsy (day 91) from the treated eye, draining lymph nodes, salivary gland and spleen,
optic nerve, brain and spinal cord, heart, lung, liver, adrenal glands and gonads. Blood,
urine, lacrimal and nasal swabs were harvested from each animal prior to dosing and 1, 2
and 3 days and 1, 4 and 13 weeks after application of the vector for DNA extraction and

quantification of vector genomes by gqPCR.

[0099] Dose dependent rAAV DNA was found in the treated retina and optic
nerve. Quantifiable levels of rAAV DNA were also detected in optic chiasm of 2 animals of
the high dose group.. Transient shedding was found in all bio fluids. The highest concen-
trations were found in lacrimal fluid of the high dose group. DNA was not detected in the

germ line tissues and apart from sporadic signals detected in a small number of animals in
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the lymph nodes and spleen, all remaining tissues were negative. Blood samples showed
quantifiable levels of rAAV vector DNA at 24 and 72 hours after treatment, but were

negative at all other time points tested.

[00100] These data are relevant for the clinical implementation of the invention,
where trial subjects, investigators and regulators alike are interested to identify environ-
mental risks associated with application of genetically modified organisms. While shed-
ding into biofluids seems to occur in a dose dependent manner, transduction of off-target

organs seems minimal.

5. Humoral Immune response to subretinal AAV8 Iin non-human primates

[00101] Knowledge of the humoral immune response to single subretinal admin-
istration of clinical grade recombinant adeno-associated virus (rAAV) in non-human
primates Is a key factor for the development of safe and efficient clinical trial protocols for
the retinal gene therapy according to the invention. For this reason the inventors explored
anti-drug-antibody (ADA) titres in non-human primates (Macacca fascicularis) after single

subretinal administration of a rAAV8-pseudotyped virus.

[00102] 18 monkeys received subretinal injections in three cohorts (high dose:
1x10'# vector genomes [vg], low dose: 1x10'" vg, or vehicle only) and concomitant
Immunosuppressive therapy equivalent to a clinical trial scenario. Four additional animals
received intravitreal injections to mimic biodistribution e.g. after surgical complications.
Baseline samples were compared to those taken 1, 2 and 3 days and 1, 4 and 13 weeks

after application of the vector.

[00103] The anti-drug-antibody (ADA) titres in all animals of the low dose group
stayed constant over the 13 week observation period. The subretinal high dose group

showed greatest variability over time, but no clear pattern of humoral immune response.

[00104] This study provides data relevant for a clinical application of the inven-
tion, where rAAV8 might be used for subretinal delivery of the hCNGAS3 transgene. When
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mimicking the clinical scenario with clinical grade vector, surgery and concomitant immu-

nosuppression, no induction of anti-drug-antibodies occurred in non-human primates.

6. Successful delivery of rAAV8.CNGAS3 in_a patient with CNGA3 based achromatop-
sia

[00105] The aim of this clinical interventional study (NCT02610582) was to test
safety aspects of the AAV8 based supplementation gene therapy according to the inven-
tion in patients with CNGA3 based achromatopsia.

[00106] After extensive safety testing in a dose escalation study in 34 non-
human primates (NHP) the inventors selected a dosing range of 1x10'%, 5x10'°, and
1x10"" vector genomes (vg) for an exploratory, dose-escalation clinical phase I/1l trial. A
total of 9 patients with homozygous or compound heterozygous mutations in CNGA3
received a single subretinal injection of either 1x10'° vg (n=3), 5x10"° vg (n=3), or 1x10"
vg (n=3) each in 0.2ml balanced salt solution. Concomitant steroid treatment (Predniso-
lone 1mg/kg/d) was initiated 1 day prior surgery. The primary endpoint - safety of applica-

tion - was assessed by clinical examination and best corrected visual acuity (BCVA).

[00107] NHP safety data showed no persisting test item-related changes after
application of < 1x10'® vg 90 days after dosing. In the clinical trial, all patients received the
respective dose (1x10'° =1 x 10"" vg) safely and without surgical or post-surgical compli-
cations such as retinal detachment, hemorrhage or inflammation unresponsive to treat-
ment. BCVA reached baseline levels as soon as 14 days post treatment. Structural
changes at the level of the retinal pigment epithelium and inner/outer photoreceptor
segments were attributed to the surgical procedure (see above).

[00108] The NHP safety study showed that < 1x10'# vg can be applied without
relevant sequelae. This was the first clinical application of AAV8 mediated subretinal gene
therapy in the eye. The application was well tolerated and did not lead to clinically appar-
ent inflammation under concomitant Prednisolone treatment. Even though the application

iInvolved macular detachment, visual acuity reached baseline levels within 14 days.
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7. Safety after subretinal delivery of AAV8.nCNGA3 in patients with achromatopsia

[00109] Safety as the primary endpoint was assessed by clinical examination of
ocular inflammation (slit lamp, fundus biomicroscopy, angiography, perimetry or electro-
physiology). At the current stage (15 months into the trial) with all patients having been
treated and followed up for minimum of three months, not a single serious adverse event
had to be documented. Additionally, there was not a single ocular adverse event, which
required additional action and no non-ocular adverse events, which were not resolved
without sequelae. Generally, this reflects the excellent safety profile already seen in the

pre-clinical toxicology study in NHPs.

8. Efficacy after subretinal delivery of AAV8.hCNGA3 in patients with achromatopsia

[00110] Although not representing a main goal of this safety study, explorative
efficacy endpoints were chosen to screen for their suitability in future efficacy studies.
These included best corrected visual acuity, patient reported outcome measures and

others.

[00111] One of the most relevant endpoints in ocular clinical trials is the best cor-
rected visual acuity. In this endpoint, all available data at this time-point of submission of
this document indicate no sustained and/or substantial deleterious effect of the treatment.
While the surgery can lead to transient reduction of visual acuity (as expected), all pa-
tients with a follow up of at least 6 months show improvement in visual acuity and all
patients with a follow up of 12 months continue to show also improvement in visual acuity.
This is illustrated by the graphs depicted in Fig. 5, top (A) for the treated eye, bottom (B)
for the untreated eye.

[00112] Patient reported outcome measures gain importance in trial protocols as
they typically reflect parameters important for our patients' quality of life. Interim results of
the ongoing trial (NCT02610582) demonstrate that the vast majority of the study patients
reported a fast and relevant improvement of their key symptom glare after subretinal
injection of rAAV.hCNGAS. The majority also reported an improvement in recognition of
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letters and numbers and in their fixation ability. These preliminary results were found

distributed quite homogenously in all three dosage groups.

[00113] Ganzfeld stimulation and functional magnetic resonance (fMRI) imaging
was used to quantify localized metabolic activity in the visual cortex dependent on stimuli
originating from the treated area and the cone photoreceptor system. Three groups of
three patients each were treated with low-, medium- or high-dose of AAV8.hCNGAS gene
therapy in the study eye to restore local cone function. fMRI| was performed before and at
three months after the treatment. This allowed us to assess the (re)organization of the
visual cortex as well the whole brain network at these time-points, and to compare with
the corresponding responses we collected from normal-trichromatic subjects. In each
fMRI session the subjects performed three visual stimulation experiments under mesopic
light conditions: a) retinotopic mapping, b) isoluminant color contrast (not resolved by
achromatic retinae) vs luminance contrast, and c) spatial frequency gratings (0.3, 1, 5
cycles per degree) at low (3%) and high (50%) contrast. For all patients, the baseline
response before the treatment was, as expected, much higher for luminance contrast
(grey columns on the left in fig 6A) In comparison to iIsoluminant chromatic stimuli (on the
right in fig 6A) that gave very weak to no response. In comparison with the control group
all responses were lower and slower. Three months after, a general increase of the signal
was observed in all cases. Importantly, in some subjects from the medium-, and high-dose
groups (blue column on the right of fig 6B), the amplitude of the MRI signals reached
levels similar to those observed In response to luminance contrast stimulation (grey
column on the left of fig 6B). Fig 6C (before treatment) and 6D (after treatment) show
similar data as 6A and 6B, respectively; however, here the tMRI signals are resolved over
time (in s) after presenting the stimuli (contrast stimulus in grey, isoluminant colour stimuli
In blue). The peak of the signal is reached after approximately 10 s. patients (representa-
tive case from the intermediate dose group).

[00114] An increase of the responses to intermediate and higher spatial frequen-
cles was also observed (not shown). These results are an indication of brain activation
with isoluminant chromatic stimuli not resolved without cone function and also point to

brain plasticity after AAV8.hCNGAS3 gene therapy and provide the first evidence of suc-
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cessfully activating cone-related brain pathways in these patients (representative case
from the intermediate dose group).

9. Nucleic acid sequences

[00115] The following nucleotide and amino acid sequences are identified in the
sequence listing.

hArr3 promoter nucleotide sequence: SEQ ID No. 1
hCNGAS3 nucleotide sequence: SEQ ID No. 2
hCNGA3 amino acid sequence: SEQ ID No. 3
WPREmM nucleotide sequence: SEQ ID No. 4
BGH pA nucleotide sequence: SEQ ID No. 5
L-ITR nucleotide sequence: SEQ ID No. 6
R-ITR nucleotide sequence: SEQ ID No. 7
pGL2.KanR vector backbone nucleotide sequence: SEQ ID No. 8
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Claims

1. A polynucleotide, comprising

a transgene expression cassette, comprising

(a) a nucleic acid encoding the promoter of human retinal arrestin 3
gene (hArr3);

(b) a nucleic acid encoding the human cone cyclic nucleotide-gated
channel alpha 3 subunit (hCNGAS3) or fragments thereof, and

(C) a nucleic acid encoding regulatory elements.

2. The polynucleotide of claim 1, wherein said regulatory elements comprise

(c1) a nucleic acid encoding woodchuck stomatitis virus posttranscrip-
tional regulatory element (WPRE).

3. The polynucleotide of claim 2, wherein said WPRE is a mutated WPRE (WPREm),
sald WPREmM comprising non-expressible woodchuck hepatitis virus X protein
(WHX) open reading frame (WHX OR).

4. The polynucleotide of any of claims 1-3, wherein said regulatory elements com-
prise

(c2) a nucleic acid encoding a polyadenylation signal (pA).

5. The polynucleotide of claim 4, wherein said pA is a bovine growth hormone pA
(BGH pA).
6. The polynucleotide of any of the preceding claims, wherein it further comprises a

nucleic acid encoding inverted terminal repeats (ITRs) flanking said transgene ex-
pression cassette, preferably at least one ITR adjacent to said hArr3 promoter (L-
ITR) and at least one ITR adjacent to said pA (R-ITR).
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The polynucleotide of claim 6, wherein said ITRs are derived from AAV serotype 2
(ITR AAV2).

The polynucleotide of any of the preceding claims comprising the following ar-

rangement order:

(a) - (b) = (c),
preferably (a) - (b) — (c1) — (c2),
further preferably (L-ITR) - (a) - (b) — (c1) — (c2) — (R-ITR).

The polynucleotide of any of the preceding claims, wherein said nucleic acid
encoding the promoter of hArr3 comprises the nucleotide sequence of SEQ ID No.
1.

The polynucleotide of any of the preceding claims, wherein said nucleic acid
encoding hCNGAS3 comprises the nucleotide sequence of SEQ ID No. 2 or a nu-

cleotide sequence encoding the amino acid sequence of SEQ ID No. 3.

The polynucleotide of any of claims 3-10, wherein said nucleic acid encoding
WPREmM comprises the nucleotide sequence of SEQ ID No. 4.

The polynucleotide of any of claims 5-11, wherein said nucleic acid encoding BGH

pA comprises the nucleotide sequence of SEQ ID No. 5.

The polynucleotide of any of claims 6-12, wherein said nucleic acid encoding L-ITR
comprises the nucleotide sequence of SEQ ID No. 6 and/or said nucleic acid en-

coding R-ITR comprises the nucleotide sequence of SEQ ID No. 7.

A nucleic acid vector comprising the polynucleotide of any of claims 1-13.

The nucleic acid vector of claim 14, which is a circular plasmid further comprising a
backbone having a length of = 5,000 bp, preferably = 5.500 bp.
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The nucleic acid vector of claim 15, wherein said backbone comprises < 5 open
reading frames (ORFs), preferably < 4 ORFs, further preferably < 3 ORFs, further
preferably < 2 ORFs, further preferably < 1 ORFs, highly preferably 0 ORFs.

The nucleic acid vector of clam 15 or 16, wherein said backbone comprises a
selection marker, preferably an antibiotic resistance encoding nucleic acid, further
preferably a kanamycin resistance encoding nucleic acid (KanR).

The nucleic acid vector of claim 17, wherein said selection marker is at its 5' and 3’
termini remotely spaced apart from the polynucleotide, preferably maximally re-
motely spaced apart from the polynucleotide, further preferably = 1,000 bp, further
preferably = 1,500 bp, highly preferably = 1,900 bp spaced apart from the polynu-

cleotide.

The nucleic acid vector of any of claims 15-18, wherein said backbone comprises
< 10 restriction enzyme recognition sites (RERSSs), preferably < 5 RERSs, further
preferably < 3 RERSSs, further preferably < 2 RERSs, further preferably <1 RERSSs,
highly preferably 0 RERSs.

The nucleic acid vector of any of claims 15-19, wherein said backbone comprises
< 5 promoters, preterably < 4 promoters, further preferably < 3 promoters, further
preferably 2 < promoters, further preferably < 1 promoters, highly preferably 0

promoters.

The nucleic acid vector of any of claims 15-20, wherein said backbone further
comprises an origin of replication (ORI), preferably a pUC18 ORI.

The nucleic acid vector of any of claims 15-21, wherein said backbone comprises

the nucleotide sequence of SEQ ID No. 8.

The nucleic acid vector of any of claims 15-22, wherein the vector is an adeno-
associated viral (AAV) vector.



CA 03015128 2018-08-20

WO 2017/144610 PCT/EP2017/054229

24.

2.

26.

217.

28.

29.

30.

31.

30

The nucleic acid vector of claim 23, wherein the serotype of the AAV capsid
sequence of said AAV vector Is selected from the group consisting of AAV2, AAVS,

AAV8, or combinations thereof.

A pharmaceutical preparation comprising the nucleic acid vector of any one of
claims 15-24, and a pharmaceutically acceptable carrier.

The pharmaceutical preparation of claim 25, wherein said pharmaceutically
acceptable carrier comprises saline solution, preferably balanced sterile saline so-
lJution, and optionally a surfactant, preferably micronized poloxamer (Kolliphor® P
188 micro).

The pharmaceutical preparation of claim 25 or 26 for use In the treatment of a
disease associated with a genetic mutation, substitution, or deletion that affects

retinal cone cells.

The pharmaceutical preparation of claim 27, wherein the disease is achromatopsia
(ACHM), preferably ACHM type 2 (ACHM2).

A Kit comprising

(a) the polynucleotide of any of claims 1-13 and/or the nucleic acid vector of any
of claims 14-24, and/or the pharmaceutical preparation of any of claims 25-28,

and

(b) Instructions for use thereof.

A method of making a recombinant adeno-associated viral (rAAV) vector compris-
INg Inserting into an adeno-associated viral vector any one of the polynucleotide of
any of claims 1-13.

The method of claim 30, wherein said recombinant adeno-associated viral vector Is
the nucleic acid vector of 14-24.
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32.

33.

34.

31

A method for treating a disease associated with a genetic mutation, substitution, or
deletion that affects retinal cone cells, wherein the method comprises administer-
INng to a subject in need of such treatment the nucleic acid vector of any one of
claims 14-24 and/or the pharmaceutical preparation of any of claims 25-28, there-
by treating the subject.

The method of claim 32, wherein the disease is achromatopsia (ACHM), preferably
ACHM type 2 (ACHM2).

The method of claim 32 and 33, wherein the vector is administered subretinally
and/or intravitreally.
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before treatment after treatment
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