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OPTIMIZED RPE65 PROMOTER AND CODING SEQUENCES

Field of the invention

The present invention relates to gene therapy for the treatment and/or prevention of
retinal dystrophies, in particular disorders of the retinal pigment epithelium, such as Leber

congenital amaurosis.

Background of the invention

Retinal dystrophies, including inherited retinal dystrophies (IRDs), form a large group
of genetically and phenotypically heterogeneous diseases that are characterised by
progressive loss of photoreceptor cells and concomitant loss of vision. IRDs affect
approximately 1 in 3000 people in Europe and the United States. To date about 200 genes
and a further 50 loci associated with retinal dystrophy have been identified. The majority of
these disorders are caused by loss-of-function mutations acquired by recessive or X-linked
inheritance.

Substantial variation exists with respect to the onset, rate of vision loss, and the
primary cell type affected. The most severe forms of inherited retinal degeneration are the
various types of Leber congenital amaurosis (LCA), in which there is severe visual
impairment from birth and often complete loss of vision during the first two decades.
Although the primary cell type most commonly affected in retinal degeneration is the
photoreceptor cell, defects in other cell types such as the retinal pigment epithelium (RPE)
can lead to reduced photoreceptor function and their subsequent loss.

An example of an inherited retinal dystrophy owing to a defect in the RPE is a form
of LCA caused by defects in the RPE-predominant iron-dependent retinoid isomerohydrolase
RPEG65, which accounts for between 6 and 16% of LCA cases. Its absence results in the
disruption of the visual cycle leading to absent rod function and, consequently, to
photoreceptor degeneration.

Several clinical and pre-clinical gene-replacement therapy studies have shown that

subretinal delivery of adenoviral AAV2 vectors is safe, and can result in increased visual
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function (Bainbridge et al. 2008, Maguire et al. 2008, 2009, Hauswirth et al. 2008, Cideciyan
et al 2008, 2009) and activity in the visual cortex (Ashtari et al. 2011).

However, in a previous investigation into gene-therapy replacement of RPE65 in the
RPE (Bainbridge et al. 2008), the authors reported that though there were improvements to
retinal sensitivity and visual-guided mobility in one patient upon treatment, there were no
significant improvements in visual acuity and peripheral field vision. Additionally, there were
no significant improvements in all measured parameters in the other treated patients.
Improvements in electroretinographic responses have yet to be reported in any study. It has
also been observed that treating RPE65-/- dogs at 30 months with AAV2/4 vector-mediated
therapy did not rescue vision or retinal function (Le Meur et al. 2007).

Therefore, there is a need for improvements in gene-replacement therapies for retinal
dystrophies, especially inherited retinal dystrophies, in particular for disorders of the retinal

pigment epithelium (RPE) such as Leber congenital amaurosis.

Summary

The present invention is based on the creation of an optimised promoter for
expressing genes in the RPE. This optimised promoter is shown in SEQ ID NO: 2. The
promoter comprises nucleotides 865 to 1614 of the human RPE65 promoter used in
Bainbridge et al. (2008), which is shown in SEQ ID NO:1. The use of this promoter in a
vector to drive expression of a control gene in the RPE was effective with an expression level
approximately 20x higher than that with the original RPE65 promoter. The optimised RPE65
promoter was both more potent than the original RPE65 promoter and more stringent in
driving expression in RPE cells in relation to photoreceptor cells.

In addition, the native coding sequence of RPE65, which is shown in SEQ ID NO: 3,
has been optimised to give an optimised sequence which is shown in SEQ ID NO: 4. The
optimised RPE65 sequence was tested alongside the original RPE65 sequence in vitro in
(human) 293T cells to determine the effect on RPE65 protein production levels, after
transfection of an AAV2/8 expression plasmid carrying the ubiquitous CMV promoter. In
vitro protein production in 2937 cells after optimisation of the RPE65 coding sequence
showed a seven-fold increase in the amount of RPEG65 protein produced from the vector

carrying the optimised coding sequence compared to the wild type coding sequence.

2



10

15

20

25

30

The optimised promoter and optimised RPE65 sequence have also been combined in a
vector to test their ability to rescue retinal function iz vivo in RPE65-deficient mice. Efficacy
of rescue was compared against the clinical grade vector previously used in Bainbridge et al
(2008). Lower vector doses were administered to allow comparison of treatment efficacy
under limiting circumstances. b-wave amplitude was used as a measure of rescue.
Surprisingly, the b-wave amplitudes from the eyes treated with the optimised vector were as
high as or higher than amplitudes from eyes injected with a 300-fold higher dose of the
original vector. Optimisation of the promoter and/or the coding sequence according to the

invention is therefore highly advantageous compared to using the native sequences.

Accordingly, the invention refers to an expression construct comprising a retinal
pigment epithelium (RPE)-specific promoter and an operably linked polynucleotide
sequence, wherein the RPE-specific promoter consists of (a) a sequence of no more than 800
contiguous nucleotides from SEQ ID NO:1, wherein the sequence comprises nucleotides 12-
761 of SEQ ID NO: 2; or (b) a sequence having at least 90% sequence identity to said
sequence of (a), wherein the sequence comprises nucleotides 12-761 of SEQ ID NO: 2, and
wherein the operably linked polynucleotide sequence comprises the sequence of SEQ ID NO:
4. In another aspect, the present invention refers to a retinal pigment epithelium (RPE)-
specific promotor as defined in the present invention. In yet another aspect, the present
invention refers to an expression construct comprising the promoter of the present invention,
operably linked to a sequence to be expressed in an RPE-specific manner. In one aspect, the
present invention refers to a vector comprising an expression construct according to the
present invention or the promotor according to the present invention. In another aspect, the
present invention refers to a host cell that contains a vector according to the present invention
or produces a viral vector according to the present invention, optionally wherein the host cell
is a HEK293 or HEK293T cell. In yet another aspect, the present invention refers to a
pharmaceutical composition comprising a vector according to the present invention and a
pharmaceutically acceptable carrier. In still another aspect, the present invention refers to the
use of a vector according to the present invention in the manufacture of a medicament for the
treatment or prevention of retinal dystrophy. In another aspect, the present invention refers to
the use of a vector according to the present invention, in the manufacture of a medicament for

the treatment or prevention of retinal dystrophy, wherein the retinal dystrophy is Leber
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congenital amaurosis (LCA), age-related macular degeneration (AMD), oculo-cutaneous type
1 or Nettleship-Falls type ocular albinism or MERTK deficiency. In yet another aspect, the
present invention refers to the use of a vector according to the present invention in the
manufacture of a medicament for the treatment or prevention of retinal dystrophy, wherein
the vector according to the present invention is to be administered to a patient by direct
retinal, subretinal or intravitreal injection, optionally wherein said vector is to be
administered directly into the retinal, subretinal space or intravitreal space. Also described
herein is a retinal pigment epithelium (RPE)-specific promoter which comprises: (a) a
sequence of contiguous nucleotides from SEQ ID NO:1 that confers RPE-specific expression
on an operably linked polynucleotide sequence, or (b) a sequence having at least 90%
sequence identity to said sequence of (a) and that retains RPE-specific promoter activity.

In another related example, disclosed herein is an expression construct comprising a
promoter of the invention, operably linked to a sequence to be expressed in an RPE-specific
manner.

In another related example, disclosed herein is a vector comprising a promoter
described herein or an expression cassette described herein.

In another related example, disclosed herein is a host cell that contains a vector
described herein or produces a viral vector described herein.

In another related example, disclosed herein is a pharmaceutical composition
comprising a vector described herein and a pharmaceutically acceptable carrier.

In another related example, disclosed herein is a vector described herein for use in a
method of preventing or treating retinal dystrophy.

In another related example, disclosed herein is the use of a vector described herein in
the manufacture of a medicament for the treatment or prevention of retinal dystrophy.

In another related example, disclosed herein is a method of treating or preventing
retinal dystrophy in a patient in need thereof, comprising administering a therapeutically

effective amount of a vector described herein to said patient.
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The disclosure also describes expression constructs and vectors comprising the
promoters described herein, as well as pharmaceutical compositions comprising such vectors,
and the use of such vectors in treatment or prevention of retinal dystrophies, in particular

disorders of the retinal pigment epithelium such as Leber congenital amaurosis.

Brief description of the Figures

Figure 1:GFP expression levels and pattern driven by original RPE65 promoter and
new RPE65 promoter configurations in murine retinas following subretinal injection.
Assessment of promoter activity using quantitative PCR (A) and protein blot (B). (C)
Cryosections of eyes 4 weeks following subretinal injection of either AAV-RPE65-eGFP
(top) or AAV-NA-eGFP (bottom).

Figure 2:Western blot assessment (A) and subsequent quantification (B) of in vitro
RPE65 protein production in 293T cells after optimisation of the RPE6S coding sequence.
The white bar shows RPE65 protein production using the unoptimised RPE65 coding
sequence, the black bar shows RPE65 protein production using the optimised RPE65 coding
sequence (SEQ ID NO:4).

Figure 3:Comparison of treatment efficacy of the optimised vector (AAVS5-
OptimisedRPE65) and the original vector (AAV2-hRPE65, Bainbridge et al 2008), 4 weeks
post treatment. The graph shows average scotopic b-wave amplitudes (mean = SD) at 4
weeks post-treatment, when both vectors had reached peak expression. The optimised vector
comprises the new (NA) RPE65 promoter configuration and the optimised RPE6S5 coding

sequence.

Brief description of the sequences

SEQ ID NO: 1 shows the DNA sequence of the human RPE65 promoter in the form used in
Bainbridge et al (2008)
SEQ ID NO: 2 shows the DNA sequence of the optimised RPE65 promoter fragment
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SEQ ID NO: 3 shows the native cDNA sequence of the human RPE65 gene

SEQ ID NO: 4 shows the cDNA sequence of the optimised RPE65 gene (Kozak sequence
and coding sequence)

SEQ ID NO: 5 shows the cDNA sequence of the human MERTK gene

SEQ ID NO: 6 shows the cDNA sequence of the human LRAT gene

SEQ ID NO: 7 shows the cDNA sequence of the human TYR gene

SEQ ID NO: 8 shows the cDNA sequence of the human GRP143 gene

SEQ ID NOs: 9 and 10 show primer sequences that hybridise to RPE65

SEQ ID NOs: 11 and 12 show primer sequences that hybridise to eGFP

SEQ ID NOs:13 and 14 show primer sequences that hybridise to 3-actin

Detailed description of the invention

It is to be understood that different applications of the disclosed polynucleotide
sequences may be tailored to the specific needs in the art. It is also to be understood that the
terminology used herein is for the purpose of describing particular embodiments of the
invention only, and is not intended to be limiting.

In addition as used in this specification and the appended claims, the singular forms

2

a”, “an”, and “the” include plural references unless the content clearly dictates otherwise.
Thus, for example, reference to “a polynucleotide” includes “polynucleotides”, reference to
“a promoter” includes “promoters”, reference to “a vector” includes two or more such
vectors, and the like.

All publications, patents and patent applications cited herein, whether supra or infra,
are hereby incorporated by reference in their entirety.

The present invention concerns gene therapy for the treatment and/or prevention of
retinal dystrophy, in particular disorders of the retinal pigment epithelium such as Leber
congenital amaurosis, in a patient.

The patient is preferably a mammal. The mammal may be a commercially farmed
animal, such as a horse, a cow, a sheep or a pig, a laboratory animal, such as a mouse or a rat,
or a pet, such as a cat, a dog, a rabbit or a guinea pig. The patient is more preferably human.

The promoters of the present invention can be used to treat retinal dystrophies. The

retinal dystrophies may be inherited retinal dystrophies. Retinal dystrophy can be defined as a
5
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disease of the retina, characterised by progressive loss of photoreceptor cells and concomitant

loss of vision.

The retina

The retina is composed of the retinal pigment epithelium (RPE) cell layer and 3 layers
of neurosensory cells; namely (from outer to inner), the outer nuclear layer (containing
photoreceptor cells), the inner nuclear layer (containing bipolar cells), and the ganglion cell

layer.

The retinal pigment epithelium (RPE)

The RPE cells interdigitate with the photoreceptor outer segments. The space between the
photoreceptors and the RPE cells contains a matrix through which compounds of the retinoid
cycle move. The RPE has several noteworthy contributions to the function of the retina and
the retinoid cycle. These include phagocytosis of photoreceptor outer segment discs,
reduction of light scatter, contributing to the outer blood-retinal barrier, metabolism of
vitamin A and maintenance of an immunosuppressive microenvironment (ocular immune
privilege).

Retinal dystrophy or degeneration can be related to aberrations in the retinoid cycle.
The retinoid cycle is the process by which the visual chromophores are regenerated.
Photoisomerisation of the chromophore 11-cis-retinal creates all-frans-retinal, which, in turn,
dissociates from rhodopsin. All-frans-retinal is then reduced to all-frans-retinol by the
NADPH-dependent enzyme all-frans-retinol dehydrogenase (Baehr et al. 2003). All-trans-
retinol subsequently leaves the photoreceptor cell, travels through the intercellular matrix and
enters the RPE, wherein the final stages of pigment regeneration occur. Lecithin retinol
acyltransferase (LRAT) esterifies all-frans-retinol to all-trans-retinyl ester. This is then
converted into 11-cis-retinol by the RPE-predominant iron-dependent retinoid
isomerohydrolase RPE65 ((Jin et al. 2005; Moiseyev et al. 2005; Redmond et al. 2005). The
NAD- and NADP-dependent enzyme 11-cis-retinol dehydrogenase finally regenerates 11-cis-
retinal through the oxidation of 11-cis-retinol. As such RPE65 protein is an essential

component of the retinoid cycle.
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Inherited retinal dystrophies of the RPE

Inherited retinal dystrophies of the RPE can include, amongst others, Leber congenital

amaurosis, ocular albinism and MER proto-oncogene tyrosine kinase (MERTK) deficiency.

Leber congenital amaurosis (LCA)

Leber congenital amaurosis (LCA), one of the most severe forms of inherited retinal
degeneration, is caused by autosomal recessive mutations in numerous genes, one of which is
RPE65 (Gu et al.,, 1997; Marlhens et al. 1997, Morimura et al., 1998).

Leber congenital amaurosis (LCA) was first described by Theodor Karl Gustav Leber
in 1869. It is a rare form of retinal degeneration, which accounts for a significant proportion
of childhood blindness. Varying estimates of LCA incidence and prevalence are available
from current data. For example, Alstrom and Olson estimated the worldwide prevalence of
LCA to be 3 in 100,000 newborns (1957). A more recent analysis estimates LCA to be less
prevalent, at 1 in 80,000 (Stone 2007). LCA is said to account for over 5% of all inherited
retinopathies and roughly 20% of children attending schools for the blind worldwide
(Schappert-Kimmijser et al. 1959). These statistics serve to illustrate the significant burden of
morbidity inflicted by LCA, on both the individual and on society as a whole.

The clinical characteristics of LCA, first described by Leber in 1869, remain the
primary criteria for the diagnosis today; namely, the quartet of severe visual loss at or near
birth, wandering nystagmus (a form of involuntary eye movement), amaurotic pupils (a
unresponsive pupil on the ipsilateral side to the affected eye, if the affected eye is stimulated
by light), and pigmentary retinopathy (Ahmed and Loewenstein 2008; Koenekoop 2004;
Leber 1869). In addition, the demonstration of absent electroretinographic (ERG) signals
represents an absolute criterion for LCA diagnosis (den Hollander et al. 2008). Although
often appreciated in retrospect (due to delayed diagnosis), one of the first clinical signs of
LCA occurs in infants when they fail to track visually. This is, of course, a non-specific

behavioural sign of severe visual impairment.

RPE specific genes involved in LCA
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RPEG65

RPEGS is a retinyl ester-binding protein located primarily in the RPE cells. RPE6S is
highly preferentially localised in the smooth endoplasmic reticulum of RPE cells, where the
11-cis-retinal chromophore is formed. Although the expression of RPE6S is relatively tissue-
specific, RPE65 is also expressed in cone photoreceptors (Znoiko et al. 2002). RPE65 was
originally shown to be a necessary component of the pathway by which 11-cis-retinol is
regenerated from all-frans-retinyl ester (Gollapalli et al. 2003; Mata et al. 2004). It was
hypothesised that RPE6S functioned as a substrate chaperone in this reaction.

However, subsequent studies have confirmed that RPE65 has an enzymatic role and
represents the vital isomerohydrolase which recycles all-frans-retinoids to 11-cis-retinoids
(Jin et al. 2005; Moiseyev et al. 2005; Redmond et al. 2005). The RPE65 isomerohydrolase
activity was also found to be dependent upon Fe?*, as mutations in Fe’*-binding residues
abolish its enzymatic activity (Moiseyev et al. 2006; Redmond et al. 2005). Mutations in the
key enzymatic and iron-binding residues abolished this isomerohydrolase activity, caused
accumulation of retinyl esters in the RPE, and blocked the retinoid cycle (Redmond et al.
1998; Redmond et al. 2005). There is also massive accumulation of all-frans-retinyl ester (the
enzymatic substrate of RPE65), which appears as lipid droplets, in the murine RPE65-/-
knockout model (Katz and Redmond 2001).

RPE65 mutations are responsible for a subtype of LCA (Gu et al., 1997; Marlhens et
al. 1997; Morimura et al., 1998). Mutations in RPE65 are responsible for 6 to 16% of LCA
cases and, in addition 2% of recessive Retinitis pigmentosa (RP) cases (Morimura et al. 1998;
Hanein et al. 2004; Simonelli et al. 2007). Several studies have reported a higher prevalence
of LCA-associated RPE65 mutations in the Mediterranean population compared to the rest of
Europe and the United States (Hanein et al. 2004; Simonelli et al. 2007; Yzer et al. 2006).

Mutations in RPE65 are associated with several phenotypic features, including night
blindness and the preservation of minimal visual function into the first decade of life
(Simonelli et al. 2007). RPE65 mutations are also associated with a particular fundoscopic
appearance; namely, salt-and-pepper retinal dystrophy (see Figure 7; Stone 2007). In contrast

to other LCA-associated mutations, such as those in CRB/, RPE65 mutations are associated
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with normal retinal thickness and detectable autofluorescence signals (Simonelli et al. 2007;
Van Hooser et al. 2000).

The human RPE65 promoter region used in Bainbridge et al. 2008 is shown in SEQ
ID NO:1. The human RPE65 ¢cDNA sequence is shown in SEQ ID NO:3.

Lecithin Retinol Acyltransferase (LRAT)

Apart from RPEG6S, there are three other forms of severe retinal dystrophy caused by
mutations in genes encoding proteins that function in the visual cycle — a set of biochemical
reactions that regenerate visual pigment upon exposure to light. One of these, lecithin retinol
acyltransferase (LRAT), is RPE-specific like RPE6S. LRAT is the visual cycle enzyme that
generates the substrate for RPE6S5, and defects in either result in virtually indistinguishable
conditions. However, whereas the RPE65 gene is responsible for approximately 6% of all
cases of LCA, mutations in LRAT only account for isolated cases of LCA. The cDNA
sequence of human LRAT is shown in SEQ ID NO:6.

Ocular albinism

Gene involved in Ocular albinism

Tyrosinase (TYR)

Tyrosinase (TYR) is the rate-limiting enzyme responsible for melanin biosynthesis in
the RPE. Melanin has an important role in retinal development, function, and protection
against light-induced oxidative stress, and melanin levels are associated with AMD. As well
as being involved in AMD, mutations in Tyrosinase can also cause Oculo-cutaneous albinism
type 1 (OCA1), which is characterised by congenital hypopigmentation.

Melanin can exert a protective function in tyrosinase-expressing cells in several ways.
First, melanin shields these cells from the damage induced by sunlight and ultraviolet
radiation. Second, melanin may counteract the oxidative stress caused by free radicals
derived from lipid peroxidation products and accumulated iron in the RPE. Such prooxidants

may contribute to age-related degeneration of this tissues. Third, the high binding capacity of
9
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melanin for metal ions and exogenous chemicals also lends support for a protective role of
melanin in the eye. In concordance with these findings, melanin and its precursors are
essential for the proper development of the retina in mammals. Malfunctions in normal
expression of tyrosinase, its post-translational modification, or trafficking into melanosomes
can decrease pigmentation, the stability of the melanosomes, and the normal functions of the
RPE. Researchers have shown that the content of the RPE cells declines with age, perhaps in
part due to oxidative degradation. In addition, several age-related changes occur in melanin,
contributing to its functional decline. The cDNA sequence of human TYR is shown in SEQ
ID NO:7.

G protein-coupled receptor 143 (GRP143)

GRP143 is expressed in the RPE. More than 60 G protein-coupled receptor 143
(GPR143) mutations have been identified in people with the most common form of ocular
albinism, which is called the Nettleship-Falls type or type 1. The cDNA sequence of human
GRP143 is shown in SEQ ID NO:8.

MER proto-oncogene tyrosine kinase (MERTK) deficiency

MERTK is a membrane tyrosine kinase that is expressed in RPE cells and is essential
for normal phagocytosis of photoreceptor cell outer segments. Lack of functioning MERTK
results in the accumulation of debris between the RPE and photoreceptor cells that adversely
effects essential metabolic pathways.

In contrast to the photoreceptor cells, the RPE can be transduced efficiently with a
variety of viral vectors and a number of studies have demonstrated improvements following
gene supplementation of MERTK in the Royal College of Surgeons rat, which is a naturally
occurring model of MERTK deficiency. The first of these studies used an adenovirus vector
to transfer the Mertk gene to the RPE, leading to a short-term improvement in photoreceptor
cell structure and function, as assessed by ERG. Subsequent studies have demonstrated that
gene supplementation using AAV2 vector and HIV1-based lentiviral vectors can reduce
deposition of debris, prolong photoreceptor cell survival and sustain ERG responses in the

Royal College of Surgeons rats for up to 3 and 7 months, respectively. However, even
10
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lentiviral vector-mediated rescue, the most effective of the three vectors tested, has not
prevented photoreceptor cell loss in the long term.

In the Royal College of Surgeons rats, the deficiency of MERTK compromises
critical metabolic support, leading to a more rapid loss of cells. The cDNA sequence of

human MERTK is shown in SEQ ID NO:5.

Age-related Macular Degeneration (AMD)

As well as inherited retinal dystrophies, the invention is also applicable to the
treatment of AMD. Progressive retinal degenerative diseases, such as age-related macular
degeneration (AMD) and retinitis pigmentosa (RP), are major causes of untreatable blindness
and have a tremendous social and financial burden on society. As many as 30 million people
worldwide are aftlicted with AMD, and this diagnosis is expected to increase dramatically in
the coming decades because of aging populations. AMD is an aging-associated multifactorial
disease that affects the photoreceptor-RPE—choroid interface in the macula and is caused by
the interaction of genetic susceptibility factors and environment. The RPE is the source and
the target of many retinal degenerative diseases and defects in RPE function can affect the
integrity and viability of neighbouring cells-primarily photoreceptors.

For the purposes of treating AMD, the coding sequence linked to the promoter of the
invention will typically encode an anti-angiogenic polypeptide, for example sFlt1, sFlt-4, a
VEGF-sequestering protein such as an antibody or antibody fragment that binds to VEGF, a
soluble receptor for VEGF, angiostatin or endostatin; or a polypeptide with anti-apoptotic
effects in the RPE, such as Bcl2 and other Bcl2 family members, XIAP (also known as
BIRC4) and other IAP/BIRC family members.

Further genes suitable for expression from vectors of the invention

Sequences that can be expressed from vectors of the invention for the purpose of
correcting a range of ocular disorders also include genes encoding neurotrophic factors that
support the survival of neurons, for example GDNF, CNTF, PEDF, VEGF, EPO, IGF1 and
RdACVF1; anti-angiogenic polypeptides such as sFlt1, sFlt-4; a VEGF-sequestering protein

such as an antibody or antibody fragment that binds to VEGF, a soluble receptor for VEGF,
11
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angiostatin or endostatin; and sequences that encode polypeptides with anti-apoptotic effects
in the RPE, such as Bc¢l2 and other Bel2 family members, XIAP (also known as BIRC4) and
other IAP/BIRC family members.

Neurotrophic factors that support the survival of neurons, for example GDNF, CNTF,
PEDF, VEGF, EPO, IGF1 and RACVF1 may be useful for the treatment of Stargardt disease.

Anti-angiogenic polypeptides such as sFltl, sFlt-4; a VEGF-sequestering protein such
as an antibody or antibody fragment that binds to VEGF, a soluble receptor for VEGF,
angiostatin or endostatin; and sequences that encode polypeptides with anti-apoptotic effects
in the RPE, such as Bc¢l2 and other Bel2 family members, XIAP (also known as BIRC4) and
other IAP/BIRC family members may be useful for the treatment of diabetic retinopathy.

Another gene that can be expressed from vectors of the invention is MYO7A, which
is involved in the disease Usher 1B, which is thought to be partly caused by the absence of
the protein encoded by MYO7A in the RPE.

Promoters of the Invention

The promoters of the invention are fragments and/or variants of the human RPE65
promoter and have RPE-specific promoter activity. They may be in isolated form.

A promoter of the invention may comprise a sequence of nucleotides, typically
contiguous nucleotides, from SEQ ID NO:1 that confers RPE-specific expression on an
operably linked polynucleotide sequence. The sequence of SEQ ID NO: 1 is 1614 nucleotides
in length and does not have RPE-specific activity. Any truncation of SEQ ID NO: 1 that does
have RPE-specific activity is a sequence of the invention. Promoter sequences of the
invention may for example therefore comprise up to 1500 or 1600 nucleotides of SEQ ID
NO: 1 but preferably they contain no more than 1300, no more than 1200, no more than 1100,
no more than 1000, no more than 900, no more than 800, no more than 775, no more than
750, no more than 700, no more than 650, no more than 600 or no more than 500 nucleotides
of SEQ ID NO: 1. Preferably, sequences of the invention however comprise at least 500, 550,
600, 650, 700, 750, 800, 900, 1000, 1100 or 1200 nucleotides of SEQ ID NO: 1. Preferably,
the sequence of the invention is derived from the 3’ end of SEQ ID NO: 1 and includes the 3’
500, 600 , 650, 700, 750, 800, 900, 1000, 1100 or 1200 contiguous nucleotides of SEQ ID

12



10

15

20

25

30

WO 2016/128722 PCT/GB2016/050289

NO: 1, or lacks only up to 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 nucleotides of SEQ ID
NO: 1.

Preferred promoters of the invention comprise the sequence of SEQ ID NO: 2 or the
sequence of nucleotides 12-761 of SEQ ID NO:2 (nucleotides 1-11 of SEQ ID NO: 2 differ
from the corresponding sequence of SEQ ID NO: 1; this is a cloning artefact whose presence
does not detract from RPE-specific activity but is not necessary to it), typically within a
sequence of no more than 800, no more than 850, no more than 900, no more than 1000, no
more than 1100 or no more than 1200 contiguous nucleotides of SEQ ID NO: 1. Further
preferred promoters comprise at least 750, at least 700, at least 650, at least 600, at least 550
or at least 500 contiguous nucleotides of SEQ ID NO: 2, preferably at least the 500, 550, 600,
650, 700 or 750 nucleotides that are at the 3’ end of SEQ ID NO: 2 or at least the 550, 600,
650, 700 or 750 nucleotides that begin with nucleotide 12 of SEQ ID NO: 2.

Further promoters of the invention are promoters that differ in sequence from the
sequences above but retain RPE-specific promoter activity. Such sequences have at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or at least 99%
sequence identity to a sequence of contiguous nucleotides from SEQ ID NO:1 as defined
above.

Percentage sequence identity of variants is preferably measured over the full length of
the corresponding portion of SEQ ID NO: 1, or over a 500, 600, 700, 800, 900, 1000, 1100 or
1200 nucleotide section of SEQ ID NO:1 aligned with the variant sequence.

Sequence identity may be calculated using any suitable algorithm. For example the
PILEUP and BLAST algorithms can be used to calculate identity or line up sequences (such
as identifying equivalent or corresponding sequences (typically on their default settings), for
example as described in Altschul S. F. (1993) J Mol Evol 36:290-300; Altschul, S, F et al
(1990) J Mol Biol 215:403-10. Software for performing BLAST analyses is publicly
available through the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/). This algorithm involves first identifying high scoring
sequence pair (HSPs) by identifying short words of length W in the query sequence that
either match or satisfy some positive-valued threshold score T when aligned with a word of
the same length in a database sequence. T is referred to as the neighbourhood word score
threshold (Altschul et al, supra). These initial neighbourhood word hits act as seeds for

initiating searches to find HSPs containing them. The word hits are extended in both
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directions along each sequence for as far as the cumulative alignment score can be increased.
Extensions for the word hits in each direction are halted when: the cumulative alignment
score falls off by the quantity X from its maximum achieved value; the cumulative score goes
to zero or below, due to the accumulation of one or more negative-scoring residue

alignments; or the end of either sequence is reached. The BLAST algorithm parameters W, T
and X determine the sensitivity and speed of the alignment. The BLAST program uses as
defaults a word length (W) of 11, the BLOSUMG62 scoring matrix (see Henikoff and Henikoff
(1992) Proc. Natl. Acad. Sci. USA 89: 10915-10919) alignments (B) of 50, expectation (E) of
10, M=5, N=4, and a comparison of both strands.

The BLAST algorithm performs a statistical analysis of the similarity between two
sequences; see e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90: 5873-5787.
One measure of similarity provided by the BLAST algorithm is the smallest sum probability
(P(N)), which provides an indication of the probability by which a match between two
polynucleotide or amino acid sequences would occur by chance. For example, a sequence is
considered similar to another sequence if the smallest sum probability in comparison of the
first sequence to the second sequence is less than about 1, preferably less than about 0.1,
more preferably less than about 0.01, and most preferably less than about 0.001.
Alternatively, the UWGCG Package provides the BESTFIT program which can be used to
calculate identity (for example used on its default settings) (Devereux et al (1984) Nucleic

Acids Research 12, 387-395).

A promoter of the invention may also include additional nucleotide sequences not
naturally found in the RPE65 promoter region. The promoter sequence of the invention may
thus be positioned anywhere within a larger sequence as long as RPE 65-specific promoter
activity is retained. The additional sequence can be 5’ or 3°, or both, to the sequence defined
above.

The promoter of the invention can also be used in tandem with other regulatory
elements such as one or more further promoters or enhancers or locus control regions

(LCRs).

The promoters of the invention can be used to drive expression of genes in the RPE in

an RPE-specific manner. RPE-specific expression may be defined as expression that is only
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present in the RPE, but not in other cell types. RPE-specific expression may be defined as
expression that is more than about 10 times greater, 20 times greater, 50 times greater or 100
or more times greater in the RPE than in other cell types, especially photoreceptor cells.
Expression in the RPE and other cells types can be measured by any suitable standard
technique known to the person skilled in the art. For example, RNA expression levels can be
measured by quantitative real-time PCR. Protein expression can be measured by western
blotting or immunohistochemistry.

The promoters of the invention can be used to drive significantly increased expression
of genes in the RPE. Significant increased expression can be defined as more than about 10
times, 20 times, 50 times, 100 times, 200 times or 300 times the expression of the gene in the
RPE when compared with expression driven by the original RPE65 promoter (Bainbridge et
al 2008). Expression in the RPE and other cells types can be measured by any suitable
standard technique known to the person skilled in the art. For example, RNA expression
levels can be measured by quantitative real-time PCR. Protein expression can be measured
by western blotting or immunohistochemistry.

The promoters of the invention can be used to drive expression of any protein in the
RPE. The promoters if the invention can be used to drive the expression of proteins which

are not normally expressed in the RPE, in the RPE, such as GFP.

Expression constructs

The present invention also provides expression constructs comprising the promoters
of the invention operably linked to a sequence to be expressed in an RPE-specific manner.

An expression construct may be defined as a polynucleotide sequence capable of
driving protein expression from a polynucleotide sequence containing a coding sequence.

Thus, the expression construct may for example comprise an RPE65, MERTK,
LRAT, TYR or GRP143 coding sequence, for example a polynucleotide selected from SEQ
ID NOs: 3 to 8, or a variant of SEQ ID NOs: 3 to 8 that retains the functionality of the protein
translated from the sequence selected from SEQ ID NOs: 3 to 8.

A variant of a polynucleotide selected from the group consisting of SEQ ID NOs:3 to
8 may be defined as any variant of the sequence of SEQ ID NOs: 3 to 8, including naturally

occurring variants in the nucleic acid sequence. The variant may be defined as having at least
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about 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% or 99% sequence identity to any one of
SEQ ID NOs 3 to 8, wherein the polypeptide translated from the variant sequence retains its
functionality. The variant may be defined as having at least about 60%, 70%, 80%, 90%,
95%, 96%, 97%, 98% or 99% sequence identity to any one of SEQ ID NOs 3 to 8, wherein
the polypeptide translated from the variant sequence has the ability to rescue RPE function.
Rescuing RPE function can be defined as rescuing at least about 50%, 60%, 70%, 80% 90%,
95%, 96%, 97%, 98%, 99% or 100% of RPE function. RPE function can be analysed by any
suitable standard technique known to the person skilled in the art, for example, by
electroretinography analysis of retinal responses.

The variant may be defined as having at least about 60%, 70%, 80%, 90%, 95%, 96%,
97%, 98% or 99% sequence identity to any one of SEQ ID NOs 3 to 8, wherein the resultant
polypeptide translated from the variant sequence is the same as that translated from SEQ ID
NOs:3 to 8.

The term “operably linked” refers to a juxtaposition wherein the components
described are in a relationship permitting them to function in their intended manner. A
control sequence “operably linked” to a coding sequence is ligated in such a way that
expression of the coding sequence is achieved under conditions compatible with the control
sequences. Multiple copies of the same or different polynucleotide may be introduced into
the expression construct.

The expression construct may comprise a promoter of the invention operably linked to
SEQ ID NO: 4.

“Codon optimization” relates to the process of altering a naturally occurring
polynucleotide sequence to enhance expression in the target organism, for example, humans.
In one embodiment of the present invention, the human RPE65 gene, SEQ ID NO: 3 has been
optimised to create SEQ ID NO: 4. In the optimised RPE65 of SEQ ID NO: 4 seven rare
codons (including a pair in tandem) have been replaced with those that occur more frequently
and/or those which are frequently found in highly expressed human genes. In addition a
cryptic splice site, 4 cryptic premature polyadenylation site and a direct repeat of 50 base

pairs were removed.

Vectors
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The present invention provides vectors comprising the promoters and expression
constructs of the invention. The vector may be of any type, for example it may be a plasmid
vector or a minicircle DNA.

Typically, vectors of the invention are however viral vectors. The viral vector may be
based on the herpes simplex virus, adenovirus or lentivirus. The viral vector may be an
adeno-associated virus (AAV) vector or a derivative thereof.

The viral vector derivative may be a chimeric, shuffled or capsid modified derivative.

The viral vector may comprise an AAV genome from a naturally derived serotype,
isolate or clade of AAV.

The serotype may for example be AAV2, AAVS or AAVS.

The efficacy of gene therapy is, in general, dependent upon adequate and efficient
delivery of the donated DNA. This process is usually mediated by viral vectors. Adeno-
associated viruses (AAV), a member of the parvovirus family, are commonly used in gene
therapy. Wild-type AAV, containing viral genes, insert their genomic material into
chromosome 19 of the host cell (Kotin, et al. 1990). The AAYV single-stranded DNA genome
comprises two inverted terminal repeats (ITRs) and two open reading frames, containing
structural (cap) and packaging (rep) genes (Hermonat et al. 1984).

For therapeutic purposes, the only sequences required iz cis, in addition to the
therapeutic gene, are the ITRs. The AAYV virus is therefore modified: the viral genes are
removed from the genome, producing recombinant AAV (rAAV). This contains only the
therapeutic gene, the two ITRs. The removal of the viral genes renders rAAV incapable of
actively inserting its genome into the host cell DNA. Instead, the rAAV genomes fuse via the
ITRs, forming circular, episomal structures, or insert into pre-existing chromosomal breaks.
For viral production, the structural and packaging genes, now removed from the rAAYV, are
supplied in trans, in the form of a helper plasmid.

AAYV is a particularly attractive vector as it is generally non-pathogenic; the majority
people have been infected with this virus during their life with no adverse effects (Erles et al.
1999). Despite this, there are several drawbacks to the use of rAAV in gene therapy, although
the majority of these only apply to systemic administration of rAAV. Nevertheless, it is
important to acknowledge these potential limitations, even if not directly relevant to ocular

administration of rAAV. Infection can trigger the following immunological responses:
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As the majority of the human population is seropositive for AAV, neutralising
antibodies against rAAV can impair gene delivery (Moskalenko et al. 2000; Sun et al. 2003).

Systemically delivered rAAYV can trigger a capsid protein-directed T-cell response,
leading to the apoptosis of transduced cells (Manno et al. 2006).

rAAV vectors can trigger complement activation (Zaiss et al. 2008).

As the rAAV delivery is generally unspecific, the vector can accumulate in the liver
(Michelfelder et al. 2009).

The immune privilege of ocular tissue, a result of anatomical barriers and
immunomodulatory factors, renders the eye largely exempt from the adverse immunological
responses listed above (Taylor 2009).

AAYV vectors are limited by a relatively small packaging capacity of roughly 4.8kb
and a slow onset of expression following transduction (Dong et al. 1996). Despite these
minor drawbacks, AAV has become the most commonly used viral vector for retinal gene
therapy.

Most vector constructs are based on the AAV serotype 2 (AAV2). AAV2 binds to the
target cells via the heparin sulphate proteoglycan receptor (Summerford and and Samulski
1998). The AAV2 genome, like those of all AAV serotypes, can be enclosed in a number of
different capsid proteins. AAV2 can be packaged in its natural AAV2 capsid (AAV2/2) or it
can be pseudotyped with other capsids (e.g. AAV2 genome in AAV1 capsid; AAV2/1,
AAV2 genome in AAVS capsid; AAV2/5 and AAV2 genome in AAVS capsid; AAV2/8).

rAAYV transduces cells via serotype specific receptor-mediated endocytosis. A major
factor influencing the kinetics of rAAYV transgene expression is the rate of virus particle
uncoating within the endosome (Thomas et al. 2004). This, in turn, depends upon the type of
capsid enclosing the genetic material (Ibid.). After uncoating the linear single-stranded rAAV
genome is stabilised by forming a double-stranded molecule via de novo synthesis of a
complementary strand (Vincent-Lacaze et al. 1999). The use of self-complementary DNA
may bypass this stage by producing double-stranded transgene DNA. Natkunarajah et al.
found that self-complementary AAV2/8 gene expression was of faster onset and higher
amplitude, compared to single-stranded AAV2/8 (2008). Thus, by circumventing the time lag
associated with second-strand synthesis, gene expression levels are increased, when
compared to transgene expression from standard single-stranded constructs. Subsequent

studies investigating the effect of self-complementary DNA in other AAV pseudotypes (e.g.
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AAV?2/5) have produced similar results (Kong et al. 2010; Petersen-Jones et al. 2009). One
caveat to this technique is that, as AAV has a packaging capacity of approximately 4.8kb, the
self-complementary recombinant genome must be appropriately sized (i.e. 2.3kb or less).

In addition to modifying packaging capacity, pseudotyping the AAV?2 genome with
other AAV capsids can alter cell specificity and the kinetics of transgene expression. For
example, when AAV?2 is pseudotyped with the AAV4 capsid, transgene expression is
targeted specifically to RPE cells (Le Meur et al. 2007). In addition, AAV2/8 is reported to
transduce photoreceptors more efficiently than either AAV2/2 or AAV2/5 (Natkunarajah et
al. 2008).

AAV genome

The vector of the invention may comprise an adeno-associated virus (AAV) genome
or a derivative thereof.

An AAV genome is a polynucleotide sequence which encodes functions needed for
production of an AAV viral particle. These functions include those operating in the
replication and packaging cycle for AAV in a host cell, including encapsidation of the AAV
genome into an AAV viral particle. Naturally occurring AAV viruses are replication-deficient
and rely on the provision of helper functions in frans for completion of a replication and
packaging cycle. Accordingly and with the additional removal of the AAV rep and cap
genes, the AAV genome of the vector of the invention is replication-deficient.

The AAV genome may be in single-stranded form, either positive or negative-sense,
or alternatively in double-stranded form. The use of a double-stranded form allows bypass of
the DNA replication step in the target cell and so can accelerate transgene expression.

The AAV genome may be from any naturally derived serotype or isolate or clade of
AAV. As is known to the skilled person, AAV viruses occurring in nature may be classified
according to various biological systems.

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

efficiently cross-react with neutralising antibodies specific for any other AAV serotype. AAV
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serotypes include AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT7, AAVS, AAVY,
AAV10 and AAV11, also recombinant serotypes, such as Rec2 and Rec3, recently identified
from primate brain. In vectors of the invention, the genome may be derived from any AAV
serotype. The capsid may also be derived from any AAYV serotype. The genome and the
capsid may be derived from the same serotype or different serotypes.

In vectors of the invention, it is preferred that the genome is derived from AAV
serotype 2 (AAV2), AAV serotype 4 (AAV4), AAYV serotype 5 (AAVS) or AAV serotype 8
(AAVS). It is most preferred that the genome is derived from AAV2 but other serotypes of
particular interest for use in the invention include AAV4, AAVS and AAV8, which
efficiently transduce tissue in the eye, such as the retinal pigmented epithelium. It is
preferred that the capsid is derived from AAVS or AAVS.

Reviews of AAV serotypes may be found in Choi et al (Curr Gene Ther. 2005; 5(3);
299-310) and Wu et al (Molecular Therapy. 2006; 14(3), 316-327). The sequences of AAV
genomes or of elements of AAV genomes including ITR sequences, rep or cap genes for use
in the invention may be derived from the following accession numbers for AAV whole
genome sequences: Adeno-associated virus 1 NC_ 002077, AF063497; Adeno-associated
virus 2 NC_001401; Adeno-associated virus 3 NC_001729; Adeno-associated virus 3B
NC 001863; Adeno-associated virus 4 NC _001829; Adeno-associated virus 5 Y18065,
AF085716; Adeno-associated virus 6 NC _001862; Avian AAV ATCC VR-865 AY 186198,
AY629583, NC 004828; Avian AAV strain DA-1 NC 006263, AY629583; Bovine AAV
NC 005889, AY388617.

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

Examples of clades and isolates of AAV that may be used in the invention include:

Clade A: AAVI1 NC 002077, AF063497, AAV6 NC 001862, Hu. 48 AY 530611,

Hu 43 AY530606, Hu 44 AY530607, Hu 46 AY530609
20



10

15

20

25

30

WO 2016/128722 PCT/GB2016/050289

Clade B: Hu. 19 AY530584, Hu. 20 AY530586, Hu 23 AY530589, Hu22 AYS530588,
Hu24 AY 530590, Hu21 AY530587, Hu27 AY530592, Hu28 AY530593, Hu 29 AY530594,
Hu63 AY 530624, Hu64 AY530625, Hul3 AY530578, Hu56 AYS530618, HuS7 AY530619,
Hu49 AY 530612, HuS8 AY 530620, Hu34 AY 530598, Hu35 AY530599, AAV2
NC 001401, Hu45 AY530608, Hu47 AYS530610, Hu51 AY530613, Hu52 AY530614, Hu
T41 AY695378, Hu S17 AY695376, Hu T88 AY695375, Hu T71 AY695374, Hu T70
AY695373, Hu T40 AY695372, Hu T32 AY695371, Hu T17 AY695370, Hu LG15
AY695377,

Clade C: Hu9 AY 530629, Hul0 AY530576, Hull AY530577, Hu53 AYS530615,
Hu55 AY530617, HuS4 AY530616, Hu7 AY530628, Hul8 AY530583, Hul5 AYS530580,
Hul6 AY530581, Hu25 AY530591, Hu60 AY530622, Ch5 AY243021, Hu3 AY530595,
Hul AYS530575, Hu4 AY530602 Hu2, AY530585, Hu61 AY530623

Clade D: Rh62 AY530573, Rh48 AY530561, Rh54 AY530567, Rh55 AYS530568,
Cy2 AY243020, AAV7 AF513851, Rh35 AY243000, Rh37 AY242998, Rh36 AY242999,
Cy6 AY243016, Cy4 AY243018, Cy3 AY243019, Cy5 AY243017, Rh13 AY243013

Clade E: Rh38 AY 530558, Hu66 AY530626, Hu42 AY530605, Hu67 AY530627,
Hu40 AY530603, Hu41 AY530604, Hu37 AY530600, Rh40 AYS530559, Rh2 AY243007,
Bbl AY243023, Bb2 AY243022, Rh10 AY243015, Hul7 AY530582, Hu6 AY530621, Rh25
AY530557, Pi2 AY530554, Pil AY530553, Pi3 AYS530555, Rh57 AY530569, Rh50
AY530563, Rh49 AY530562, Hu39 AY530601, Rh58 AYS530570, Rh61 AY530572, Rh52
AY530565, Rh53 AY530566, Rh51 AYS530564, Rh64 AY530574, Rh43 AY530560, AAVS
AF513852, Rh8 AY242997, Rh1 AY530556

Clade F: Hul4 (AAV9) AY530579, Hu31 AY530596, Hu32 AY530597, Clonal
Isolate AAVS Y 18065, AF085716, AAV 3 NC 001729, AAV 3B NC 001863, AAV4
NC 001829, Rh34 AY243001, Rh33 AY243002, Rh32 AY243003/

The skilled person can select an appropriate serotype, clade, clone or isolate of AAV
for use in the present invention on the basis of their common general knowledge.

It should be understood however that the invention also encompasses use of an AAV
genome of other serotypes that may not yet have been identified or characterised. The AAV
serotype determines the tissue specificity of infection (or tropism) of an AAV virus.

Accordingly, preferred AAV serotypes for use in AAV viruses administered to patients in
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accordance with the invention are those which have natural tropism for or a high efficiency of
infection of target cells within the RPE.

Typically, the AAV genome of a naturally derived serotype or isolate or clade of
AAYV comprises at least one inverted terminal repeat sequence (ITR). Vectors of the
invention typically comprise two ITRs, preferably one at each end of the genome. An ITR
sequence acts in cis to provide a functional origin of replication, and allows for integration
and excision of the vector from the genome of a cell. Preferred ITR sequences are those of
AAV2 and variants thereof. The AAV genome typically comprises packaging genes, such as
rep and/or cap genes which encode packaging functions for an AAV viral particle. The rep
gene encodes one or more of the proteins Rep78, Rep68, Rep52 and Rep40 or variants
thereof. The cap gene encodes one or more capsid proteins such as VP1, VP2 and VP3 or
variants thereof. These proteins make up the capsid of an AAV viral particle. Capsid variants
are discussed below.

Preferably the AAV genome will be derivatised for the purpose of administration to
patients. Such derivatisation is standard in the art and the present invention encompasses the
use of any known derivative of an AAV genome, and derivatives which could be generated
by applying techniques known in the art. Derivatisation of the AAV genome and of the AAV
capsid are reviewed in Coura and Nardi (Virology Journal, 2007, 4:99), and in Choi et al and
Wau et al, referenced above.

Derivatives of an AAV genome include any truncated or modified forms of an AAV
genome which allow for expression of a Rep-1 transgene from a vector of the invention in
vivo. Typically, it is possible to truncate the AAV genome significantly to include minimal
viral sequence yet retain the above function. This is preferred for safety reasons to reduce the
risk of recombination of the vector with wild-type virus, and also to avoid triggering a
cellular immune response by the presence of viral gene proteins in the target cell.

Typically, a derivative will include at least one inverted terminal repeat sequence
(ITR), preferably more than one ITR, such as two ITRs or more. One or more of the ITRs
may be derived from AAV genomes having different serotypes, or may be a chimeric or
mutant ITR. A preferred mutant ITR is one having a deletion of a #rs (terminal resolution
site). This deletion allows for continued replication of the genome to generate a single-

stranded genome which contains both coding and complementary sequences i.e. a self-
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complementary AAV genome. This allows for bypass of DNA replication in the target cell,
and so enables accelerated transgene expression.

The one or more ITRs will preferably flank the expression construct cassette
containing the promoter and transgene of the invention. The inclusion of one or more ITRs is
preferred to aid packaging of the vector of the invention into viral particles. In preferred
embodiments, ITR elements will be the only sequences retained from the native AAV
genome in the derivative. Thus, a derivative will preferably not include the rep and/or cap
genes of the native genome and any other sequences of the native genome. This is preferred
for the reasons described above, and also to reduce the possibility of integration of the vector
into the host cell genome. Additionally, reducing the size of the AAV genome allows for
increased flexibility in incorporating other sequence elements (such as regulatory elements)
within the vector in addition to the transgene.

With reference to the AAV2 genome, the following portions could therefore be
removed in a derivative of the invention: One inverted terminal repeat (ITR) sequence, the
replication (rep) and capsid (cap) genes. However, in some embodiments, including in vitro
embodiments, derivatives may additionally include one or more rep and/or cap genes or other
viral sequences of an AAV genome.

A derivative may be a chimeric, shuffled or capsid-modified derivative of one or more
naturally occurring AAV viruses. The invention encompasses the provision of capsid protein
sequences from different serotypes, clades, clones, or isolates of AAV within the same
vector. The invention encompasses the packaging of the genome of one serotype into the
capsid of another serotype i.e. pseudotyping.

Chimeric, shuffled or capsid-modified derivatives will be typically selected to provide
one or more desired functionalities for the viral vector. Thus, these derivatives may display
increased efficiency of gene delivery, decreased immunogenicity (humoral or cellular), an
altered tropism range and/or improved targeting of a particular cell type compared to an AAV
viral vector comprising a naturally occurring AAV genome, such as that of AAV2. Increased
efficiency of gene delivery may be effected by improved receptor or co-receptor binding at
the cell surface, improved internalisation, improved trafficking within the cell and into the
nucleus, improved uncoating of the viral particle and improved conversion of a single-

stranded genome to double-stranded form. Increased efficiency may also relate to an altered
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tropism range or targeting of a specific cell population, such that the vector dose is not
diluted by administration to tissues where it is not needed.

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

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

Shuffled or chimeric capsid proteins may also be generated by DNA shuffling or by
error-prone PCR. Hybrid AAYV capsid genes can be created by randomly fragmenting the
sequences of related AAV genes e.g. those encoding capsid proteins of multiple different
serotypes and then subsequently reassembling the fragments in a self-priming polymerase
reaction, which may also cause crossovers in regions of sequence homology. A library of
hybrid AAV genes created in this way by shuffling the capsid genes of several serotypes can
be screened to identify viral clones having a desired functionality. Similarly, error prone PCR
may be used to randomly mutate AAV capsid genes to create a diverse library of variants
which may then be selected for a desired property.

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

The unrelated protein or peptide may advantageously be one which acts as a ligand
for a particular cell type, thereby conferring improved binding to a target cell or improving
the specificity of targeting of the vector to a particular cell population.

The unrelated protein may also be one which assists purification of the viral particle

as part of the production process i.e. an epitope or affinity tag. The site of insertion will
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typically be selected so as not to interfere with other functions of the viral particle e.g.
internalisation, trafficking of the viral particle. The skilled person can identify suitable sites
for insertion based on their common general knowledge. Particular sites are disclosed in Choi
et al, referenced above.

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

The vector of the invention takes the form of a viral vector comprising the promoters
and expression constructs of the invention.

For the avoidance of doubt, the invention also provides an AAV viral particle
comprising a vector of the invention. The AAV particles of the invention include
transcapsidated forms wherein an AAV genome or derivative having an ITR of one serotype
is packaged in the capsid of a different serotype. The AAV particles of the invention also
include mosaic forms wherein a mixture of unmodified capsid proteins from two or more
different serotypes makes up the viral envelope. The AAV particle also includes chemically
modified forms bearing ligands adsorbed to the capsid surface. For example, such ligands
may include antibodies for targeting a particular cell surface receptor.

The invention additionally provides a host cell comprising a vector or AAV viral

particle of the invention.

Preparation of vector

The vector of the invention may be prepared by standard means known in the art for
provision of vectors for gene therapy. Thus, well established public domain transfection,
packaging and purification methods can be used to prepare a suitable vector preparation.

As discussed above, a vector of the invention may comprise the full genome of a
naturally occurring AAV virus in addition to a promoter of the invention or a variant thereof.

However, commonly a derivatised genome will be used, for instance a derivative which has
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at least one inverted terminal repeat sequence (ITR), but which may lack any AAV genes
such as rep or cap.

In such embodiments, in order to provide for assembly of the derivatised genome into
an AAV viral particle, additional genetic constructs providing AAV and/or helper virus
functions will be provided in a host cell in combination with the derivatised genome. These
additional constructs will typically contain genes encoding structural AAV capsid proteins
i.e. cap, VP1, VP2, VP3, and genes encoding other functions required for the AAV life cycle,
such as rep. The selection of structural capsid proteins provided on the additional construct
will determine the serotype of the packaged viral vector.

A particularly preferred packaged viral vector for use in the invention comprises a
derivatised genome of AAV2 in combination with AAVS or AAVS capsid proteins.

As mentioned above, AAV viruses are replication incompetent and so helper virus
functions, preferably adenovirus helper functions will typically also be provided on one or
more additional constructs to allow for AAV replication.

All of the above additional constructs may be provided as plasmids or other episomal
elements in the host cell, or alternatively one or more constructs may be integrated into the
genome of the host cell.

Promoter sequences of the invention have the ability to rescue loss of RPE function,
which may occur for example by mutations in the RPE65 gene. “Rescue” generally means
any amelioration or slowing of progression of a retinal dystrophy phenotype, for example
restoring presence of RPE6S protein in the RPE, improving ERG activity or slowing loss of
ERG activity, improving retinal sensitivity or slowing/halting progressive loss of retinal
sensitivity, slowing or halting loss of photoreceptor cells, improving vision or slowing/halting
vision loss.

The properties of promoters of the invention can also be tested using techniques based
on those in the Examples. In particular, a sequence of the invention can be assembled into a
vector of the invention and delivered to the retina of an to RPE65-deficient test animal, such
as a mouse, and the effects observed and compared to a control. Preferably, the control will
be the other eye of the same animal, which is either untreated or treated with a control vector
such as one containing a reporter gene as opposed to a sequence of the invention.
Electroretinography analysis of retinal responses to light can then be used to confirm that

photoreceptor cells in the eyes that are treated with are more sensitive to light than
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photoreceptors from eyes that are untreated or treated with a control vector. The sensitivity of
the treated eye to light may for example be at least 1.1, 1.2, 1.5, 2, 5, 10, 20, 50, 100, 200,
500 or 1000-fold greater than that of the untreated or control-treated eye.

Methods of therapy and medical uses

The promoters of the invention may be used to treat retinal dystrophy, in particular
LCA. This provides a means whereby the degenerative process of the disease can be treated,
arrested, palliated or prevented.

The invention therefore provides a pharmaceutical composition comprising the vector
of the invention and a pharmaceutically acceptable carrier.

The invention also provides a vector for use in a method of preventing or treating
retinal dystrophy.

The invention also provides the use of a vector of the invention in the manufacture of
a medicament for the treatment or prevention of retinal dystrophy.

The invention also provides a method of treating or preventing retinal dystrophy in a
patient in need thereof comprising administering a therapeutically effective amount of a
vector of the invention to the patient.

The invention also provides a method of treating or preventing retinal dystrophy in a
patient in need thereof wherein the retinal dystrophy is Leber congenital amaurosis (LCA),
age-related macular degeneration (AMD), oculo-cutaneous type 1, Nettleship-Falls type
ocular albinism or MERTK deficiency.

According to the invention, in general treatment with RPE6S is preferred. More
particularly, it is preferred that LCA will be treated with vectors that express an RPE65 or
LRAT coding sequence, AMD with vectors that express genes whose expressed proteins
suppress blood vessel growth or reduce or prevent RPE apoptosis, ocular albinism with a
tyrosinase or GRP143 coding sequence and MERTK deficiency with a MERTK coding
sequence.

In general, direct retinal, subretinal or intravitreal delivery of vectors of the invention,
typically by injection, is preferred. Delivery to the retinal, subretinal space or intravitreal

space is thus preferred.
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The invention therefore also provides a method of treating or preventing retinal
dystrophy in a patient in need thereof, comprising administering a therapeutically effective
amount of a vector of the invention to the patient by direct retinal, subretinal or intravitreal
injection. Accordingly, retinal dystrophy is thereby treated or prevented in said patient.

In a related aspect, the invention provides for use of a vector of the invention in a
method of treating or preventing retinal dystrophy by administering said vector to a patient by
direct retinal, subretinal or intravitreal injection. Additionally, the invention provides the use
of a vector of the invention in the manufacture of a medicament for treating or preventing
retinal dystrophy by direct retinal, subretinal or intravitreal injection.

The invention also provides a vector for use wherein said vector is administered
directly into the retinal, subretinal space or intravitreal space.

In all these embodiments, the vector of the invention may be administered in order to
prevent the onset of one or more symptoms of retinal dystrophy. The patient may be
asymptomatic. The subject may have a predisposition to the disease. The method or use may
comprise a step of identifying whether or not a subject is at risk of developing, or has, retinal
dystrophy. A prophylactically effective amount of the vector is administered to such a
subject. A prophylactically effective amount is an amount which prevents the onset of one or
more symptoms of the disease.

Alternatively, the vector may be administered once the symptoms of the disease have
appeared in a subject i.e. to cure existing symptoms of the disease. A therapeutically
effective amount of the antagonist is administered to such a subject. A therapeutically
effective amount is an amount which is effective to ameliorate one or more symptoms of the
disease.

The subject may be male or female. The subject is preferably identified as being at
risk of, or having, the disease.

The administration of the vector is typically by direct retinal or subretinal injection.
This includes direct delivery to cells of the RPE. The delivery is made typically directly to or
subretinally to the degenerating retina in a patient suffering from retinal dystrophy. The
vector may transduce the above target cells without entering any other cell populations.
Intravitreal injection may also be used to deliver the vector of the invention. The delivery
may not be subretinal or may not be by subretinal injection. The delivery may not be

transvitreal.
28



10

15

20

25

30

WO 2016/128722 PCT/GB2016/050289

The dose of a vector of the invention may be determined according to various
parameters, especially according to the age, weight and condition of the patient to be treated,;
the route of administration; and the required regimen. Again, a physician will be able to
determine the required route of administration and dosage for any particular patient.

A typical single dose is between 10'° and 10'? genome particles, depending on the
amount of remaining retinal tissue that requires transduction. A genome particle is defined
herein as an AAV capsid that contains a single stranded DNA molecule that can be quantified
with a sequence specific method (such as real-time PCR). That dose may be provided as a
single dose, but may be repeated for the fellow eye or in cases where vector may not have
targeted the correct region of retina for whatever reason (such as surgical complication). The
treatment is preferably a single permanent treatment for each eye, but repeat injections, for

example in future years and/or with different AAV serotypes may be considered.

Host Cells

Any suitable host cell can be used to produce the vectors of the invention. In general,
such cells will be transfected mammalian cells but other cell types, e.g. insect cells, can also
be used. In terms of mammalian cell production systems, HEK293 and HEK293T are
preferred for AAV vectors. BHK or CHO cells may also be used.

Pharmaceutical Compositions and Dosages

The vector of the invention can be formulated into pharmaceutical compositions.
These compositions may comprise, in addition to the vector, a pharmaceutically acceptable
excipient, carrier, buffer, stabiliser or other materials well known to those skilled in the art.
Such materials should be non-toxic and should not interfere with the efficacy of the active
ingredient. The precise nature of the carrier or other material may be determined by the
skilled person according to the route of administration, i.e. here direct retinal, subretinal or
intravitreal injection.

The pharmaceutical composition is typically in liquid form. Liquid pharmaceutical
compositions generally include a liquid carrier such as water, petroleum, animal or vegetable

oils, mineral oil or synthetic oil. Physiological saline solution, magnesium chloride, dextrose
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or other saccharide solution or glycols such as ethylene glycol, propylene glycol or
polyethylene glycol may be included. In some cases, a surfactant, such as pluronic acid
(PF68) 0.001% may be used.

For injection at the site of affliction, the active ingredient will be in the form of an
aqueous solution which is pyrogen-free and has suitable pH, isotonicity and stability. Those
of relevant skill in the art are well able to prepare suitable solutions using, for example,
isotonic vehicles such as Sodium Chloride Injection, Ringer's Injection, Lactated Ringer's
Injection, Hartmann's solution. Preservatives, stabilisers, buffers, antioxidants and/or other
additives may be included, as required.

For delayed release, the vector may be included in a pharmaceutical composition
which is formulated for slow release, such as in microcapsules formed from biocompatible
polymers or in liposomal carrier systems according to methods known in the art.

Dosages and dosage regimes can be determined within the normal skill of the medical

practitioner responsible for administration of the composition.
Combination therapies

The promoters, expression constructs, vectors and/or pharmaceutical compositions
can be used in combination with any other therapy for the treatment or prevention of retinal
dystrophy.
Kits

The promoters, expression constructs, vectors and/or pharmaceutical
compositions can be packaged into a kit.
Examples
Materials and Methods

Plasmid constructions

To create fragments of the RPE65 promoter, the ‘full length’
30
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human RPE65 promoter (bp 1556 to +23 — Nicolletti et al. 1998, Le Meur et al. 2007) was
cloned into the parent plasmid pD10.CMV .eGIP, creating pD10/RPE65prom.eGFP
plasmid construct. Restriction sites were identified using CloneManager®. Three
restriction modifications were selected, including: Nsil, Accl and BglII.
pD10/RPE65prom.eGFP was digested at the appropriate temperature for at least 1 hour

in appropriate buffers. Products were then run on a 0.8% gel for 40-60mins, and the
correct bands were extracted using NBS® Spin Column Gel Extraction Kit (NBS
Biological Ltd, Cambridgeshire, UK), and ligated (post-blunting if necessary). Ligation
products were transformed into E-coli (competent cells — Bioline) incubated for 30-60
minutes in Soc Media (Invitrogen), then plated on LB/Agar Ampicillin plates for overnight
incubation at 37°C. Colonies were picked and grown in 12.5% LB medium (1/1000
Ampicillin) overnight. DNA was extracted from these bacterial preps using GenElute™
Plasmid Miniprep kit (Sigma Aldrich). DNA was digested at least twice to ascertain
correct plasmid construct. Enzymes used to create new plasmid constructs were as
follows: Nsil and Accl for ‘NA-RPE65.eGFP', Bglll for ‘BgllI-RPE65.eGIP’.

For the optimised gene construct study, the pD10/CMV .SV40 kozak RPE650pti was
created by cloning the codon-, intron- and Kozak-optimised human RPE65 sequence from a
pUCS57 plasmid (produced by GenScript) into the CMV promoter-containing pD10plasmid
pD10.CMV.eGFP (Siinkel-Laing and Buch, unpublished investigation). The ‘full-length’
RPE65 promoter was then cloned into the plasmid carrying the optimised

construct.

Codon optimization

Codon optimization was achieved through GenScript’s proprietary OptimumGeneTM codon

optimization tool.

Virus production protocol AAV2/8

Recombinant AAV2 serotype 8 virus was produced using the triple transfection of
293T cells method previously described (Gao et el. 2002). 145cm? plates of 293T cell plates

(20 plates per virus batch) were transfected with a mix comprising of Plasmid of
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interest: Viral Capsid plasmid:Helper plasmid DNA in the ratio of 1:1:3, polyethylenimine
(PEI - Polysciences Inc., Eppelheim, Germany) and DMEM after a 10 minute incubation.
The transfected cells were bedded for 24 hours. 48 hours after transfection, cells were
harvested, concentrated by centrifugation, resuspended in TD buffer (140 mMNaCl, 5
mMKCI, 0.7 mM KoHPOy4, 3.5 mM MgCly, 25 mMTris Base [pH = 7.5]). This was then
lysed by 3-4 freeze-thaw cycles, followed by Benzonase (Sigma Aldrich, Dorset, UK)
treatment, and then cellular debris was removed by successive centrifugation and

syringe filtration steps.

Purification was performed by ion exchange chromatography (using a method based
on that by Davidoff et al. 2004). The eluate was concentrated in a Vivaspin 4 10kDa
concentrator tube (Sartorius Stedim Biotech, Fisher Scientific, Loughborough, UK),washed
in PBS-MK, then concentrated to a 100-150ul volume, then aliquoted for -80°C

(long term) or +4°C (short term) storage.

Transfection of 293Ts

A 150cm’ plate of HEK-293T cells was split into a 16-well plate. Each well was
transfected using 0.5ug of the desired plasmid DNA and 2ug of PEI and left to bed for
~60 hours. Cells were then harvested using the syringe plunger, then centrifuged at

14,000rpm to pellet.

Immunohistochemistry

Eyes were prepared for fixation by corneal piercing, and then immersed in 1%
paraformaldehyde (PFA, pH 7.4, using minute volumes of 0.07 M sodium cacodylate-
HCI). Eyes were left to fix at room temperature for up to an hour, before being removed
from solution, and fully immersed in Optimal cutting temperature (OCT) embedding
matrix, with the anterior-posterior of the eye suspended in the horizontal-vertical axis
within embedding tubes. These were then frozen and stored at -20°C until required for
sectioning.

13.5 micron coronal sections were prepared using Bright® OTF5000 Cryostat (Bright

Instrument Co Ltd, Cambridgeshire, UK), thereby enabling the visualization of both the
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superior and inferior aspects of the retina. Slices were collected immediately after
sectioning on polylysine-coated microscope slides, and allowed to air dry at room
temperature. Slides were either stored at -20°C or prepared for mounting in fluorescent
mounting medium (DAKO). Slides were stained with DAPI either as an addition to the
mounting medium (0.1% DAPI in medium) or by immersion in 0.2% DAPI in TBS and
PBS-washing prior to mounted. Mounted slides were stored at 4°C.

Mounted slides were imaged using Zeiss AxioObserver Z1 (Carl Zeiss Inc, Goéttingen,
Germany). Pictures were taken at 2.5x, 10x and 20x magnification using appropriate
fluorescence filters. GFP images were exposed at 200ms and 5000ms at magnifications

of 10x and 20x, and at 9000ms for 2.5x magnifications.

Tissue dissection and RNA/Protein extraction

Mice were sacrificed by cervical dislocation. Eyes were removed by pulling at the
optic nerve, followed by a wash in PBS. The retina and RPE-choroid were carefully extracted
by peeling, and immediately stored on ice in dry collection tubes for no more than 1
hour. Samples were processed using Qiagen® All-Prep DNA/RNA/Protein Kit. Note: the

homogenisation step was carried out using the pestle-and-mortar technique.

RNA extraction and Quantitative Real-Time PCR

RNA was eluted in 40ul of RNAse-free H20, and stored immediately on ice or at -
20°C. RNA concentration was quantified using Nanodrop® ND-1000 Spectrophotometer. Up
to 1ug of RNA (in each investigation the amount of used RNA corresponded to the sample
containing the lowest amount of RNA within a given group of samples for comparison)
was processed into cDNA using Qiagen® Quantitect® Reverse Transcription Kit. 1ul of
this was loaded into each well, along with a 29ul volume of RT-PCR master mix;
containing 50% 2x Bioline® Sensimix, 1.67% primer mix (both forward and reverse
primers) in dH20. Each sample was loaded in triplicate. A standard logarithmic ladder of
a plasmid construct containing the respective gene of interested was also loaded in
parallel for absolute quantification. The PCR was run using standard conditions.

Primers used include:
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RPE65: 5-AATTACCAAATATTGTAAACGGTTCCATC-3’(SEQ ID NO: 9),
5-TGTTTGAAACTGTGGAGGAACTGTC-3’(SEQ ID NO: 10),

eGFP: 5’-GAAGCGCGATCACATGGT-3’ (SEQ ID NO: 11) and
5-CCATGCCGAGAGTGATCC-3’ (SEQ ID NO: 12);

B-actin: 5’-GTGGTACGACCAGAGGCATAC-3’(SEQ ID NO: 13) and
5’-AAGGCCAACCGTGAAAAGAT-3’(SEQ ID NO: 14).

In all relative expression experiments, B-actin was used as a loading control. Data was

analysed using One-way ANOVA using statistical software (GraphPad, PRISM).

Protein extractions and Western blots

Protein extracts were obtained using Qiagen® All-Prep DNA/RNA/Protein Kit, but
resuspended and heat-treated at 95°C in 100ul 5% SDS in PBS containing protease
inhibitor cocktail ((Sigma Aldrich, Gillingham, UK), then stored at -20°C. Prior to
SDS-PAGE, protein concentrations were quantified using the Bio-Rad® Protein Assay
(DC protein assay kit, Bio-Rad, Hemel Hempstead UK). Protein samples were made
up to 20ul with diluent, heat-shocked at 95°C with 4ul loading dye, then loaded and run
on a gel for SDS-PAGE for 120V for ~70 mins, bathed in 1x Tank Buffer (1.64% Tris
base, 7.82% glycine, 0.54% SDS). 9% and 12% gels were utilised for RPE65 and GFP
blots respectively. The electrophorised gel was then semi-dry transferred onto a PVDF
membrane (Millipore Watford UK), then membrane blocked for an hour in 5% skimmed
milk/1% BSA in PBS +0.05% Tween. Membranes were then blocked in primary antibody
(a~-GFP or a-RPE65), washed with PBS +0.05% Tween, then blocked with a 1:5,000-
10,000 dilution of secondary (HRP-conjugated) antibody (Pierce Immunopure goat anti-
rabbit and goat anti-mouse IgG, Perbio Science UK Ltd., Northumberland UK). Washed
blots were then immersed in ECL luminescence reagent (ECL plus GE Healthcare UK
Ltd. Amersham, UK) then imaged using chemiluminescence detection (Fujifilm® LAS-
1000 Luminescence Image Analyser). Densometric analysis was carried out this using

Image]® software, and statistically analysed using non-parametric paired T-test.

Subretinal injection
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Subretinal injections were performed on Rd/2 (Pang et al. 2005) and C57BL/6 mice
at least 4 weeks after birth. An operating microscope was utilised throughout ophthalmic
surgery. A 1.5 cm, 34-gauge hypodermic needle (Hamilton, Switzerland) was inserted
tangentially through the sclera, creating a self-sealing scleral tunnel wound (Tan et al.
2009). 1.5-2.0 ul of the viral suspension was injected within the superior and inferior
hemispheres of the subretinal space, each creating an ophthalmoscopically-visible
bullous retinal detachment. C57BL/6 were utilised for the promoter study, and injected
with 1x10'? viral titre. Rd/2 mice were used in the RPE65 rescue studies. Mice were
injected with RPEG6S5 viral constructs in a designated eye, with the RPE65opti viral
constructs injected in the contralateral eye. Titres for ‘low dose’ (LD) experiments were
1x10° and 1x10'° (two mice injected with each titre), and 1x10'! vg/mL (viral genomes per

millilitre) for all other rescue experiments. All mice were injected bilaterally.

In vivo treatment efficacy

To compare the treatment efficacy of the optimised vector (AAV2/5-OptimisedRPE65) and the
original vector (AAV2/2-hRPE65), Rpe65” mice were injected with AAV2/2-hRPE65 or with
AAV?2/5-optimisedRPE65 at titres ranging from 3x10” to 1x10° vg/mL (optimised construct)

and from 1x10'° to 1x10'? vg/mL (original construct).

Restoration of retinal function was assessed by electroretinography. The graph figure 3 shows
average scotopic b-wave amplitudes (mean + SD) at 4 weeks post-treatment, when both vectors
had reached peak expression. The b-wave amplitudes from the eyes treated with the optimised
vector were as high as or higher than amplitudes from eyes injected with a 300-fold greater
dose of the original vector. This demonstrates that the new vector is at least 300-fold more
effective than the original vector. This assessment does not take into account the effect of codon

optimisation, which does not lead to more efficient protein translation in the mouse.

Example 1: Optimisation of the promoter driving RPE expression

As described in the “Plasmid Constructs” section above the ‘full length’ RPE65

promoter was digested with the Nsil and Accl restriction enzymes to create the “NA” RPE65
35



10

15

20

25

30

WO 2016/128722 PCT/GB2016/050289

promoter fragment. This fragment is shown in SEQ ID NO:2. The ‘full length” RPE65
promoter was also digested with the BglII restriction enzyme to create the “Bgl” promoter
fragment. These promoter configurations (fragments of genomic DNA around the RPE65
transcription start site) were tested along side the ‘full-length’ promoter to determine the
relative expression levels and the tissue specificity of expression. Assessments were done
with the promoters driving GFP expression to facilitate localisation of transgene expression
(Figure 1). Figure 1A shows Real-Time PCR analysis of GFP mRNA expression in RPE-
choroid extracts, from AAV2/8 vectors harbouring the full-length RPE65 promoter “RPE65”,
or the “NA” or “Bgl” fragments. The “NA” fragment of the RPE65 promoter was effective
with an expression level approximately 20x higher than the original RPE65 promoter (Figure
1A). The “Bgl” fragment had no effect. For all values, p<0.05.

Figure 1B shows a representative Western blot of GFP expression. The “NA” sample
was diluted 1/20 in lane 2.

Figure 1C shows thin cryosection fluorescent imaging of eyes injected with AAV2/8
vectors harbouring different promoters driving eGFP. Left panels show eGFP expression at
20x magnification, middle panels show co-staining with DAPI, right panels show eGFP
expression at 2.5 x magnification. The fluorescent images show that the optimised hRPE65
promoter was more potent than the normal hRPE65 promoter as well as more stringent in
driving expression in RPE cells, as shown by eGFP intensity in the RPE and absence from

the photoreceptors.

Example 2: Optimisation of the RPE6S cDNA

In order to attempt to improve the efficacy of post-transcriptional processing of the
human RPE65 mRNA (RNA stability, nuclear export and translation) a number of
modifications to the coding sequence of the RPE65 cDNA were made. This resulted in the
sequence shown in SEQ ID NO:4. The Kozak sequence was optimised to “CCACCATG”,
see nucleotides 1 to 8 of SEQ ID NO:4, to attempt to achieve better recognition of the start
codon and consequently more efficient translation. The natural Kozak sequence of the human
RPEG6S gene differed considerably from the obtained optimal consensus sequence.

In addition, the coding sequence of RPE6S was subjected to codon optimisation, to

attempt to improve the codon usage bias and CG content, and remove any cryptic processing
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sites and potential stem-loop structures in the mRNA. During optimisation of the RPE65
coding sequence 7 rare codons (including a pair in tandem), a cryptic splice site, 4 cryptic
premature polyadenylation sites and a direct repeat of 50 base pairs were replaced. These
changes significantly improved the codon usage frequency. These changes were tested
together in vifro in (human) 293T cells to determine their effect on RPE65 protein production
levels, after transfection of an AAV2/8 expression plasmid carrying the ubiquitous CMV
promoter (Figure 2). Figure 2A shows a Western blot of RPE65 expression. Figure 2B
shows a quantification of the Western Blot. /n vifro protein production in 293T cells after
optimisation of the RPE65 coding sequence showed a seven-fold increase in the amount of
RPEG6S protein produced from the vector carrying the optimised coding sequence

(AAV2/8.0ptim) compared to the wild type coding sequence (AAV2/8. RPE65) (p<0.05).

Example 3: In vivo assessment of treatment efficacy

A construct consisting of the promoter that resulted in the highest level of expression,
the “NA” fragment shown in SEQ ID NO:2, and the optimised RPE65 coding sequence
shown in SEQ ID NO:4, was packaged in AAVS5 and AAVS capsids and tested for its ability
to rescue retinal function in vivo in RPE65-deficient mice. Efficacy of rescue was compared
against the clinical grade vector previously used in Bainbridge et al (2008), “AAV2-
hRPE65”. This vector contained the human RPE65 coding sequence driven by a 1400-bp
fragment of the human RPE6S5 promoter. As the previous vector already led to rescue in
animals, lower vector doses were administered to allow comparison of treatment efficacy
under limiting circumstances (Figure 3). b-wave amplitude was used as a measure of rescue.
Surprisingly, the b-wave amplitudes from the eyes treated with the optimised vector were as
high as or higher than amplitudes from eyes injected with a 300-fold higher dose of the
original vector. This showed that the new vector was at least 300-fold more effective than the

original vector.
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Sequence Information

Boxed sequence in SEQ ID NO:1 shows the nucleotides of SEQ ID NO:1 that were removed
in SEQ ID NO:2 and their position. Boxed sequence in SEQ ID NO: 2 shows the nucleotides

that were added in the place of those removed from the box shown in SEQ ID NO: 1. Bold
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and underlined text in SEQ ID NO: 1 and 2 shows the relative position of the beginning of
SEQ ID NO: 2.

SEQ ID NO: 1 RPEG6S promoter region Genbank No.NG_008472.1

TATTGTGCAAATAAGTGCTCACTCCAAATTAGTGGTATATTTATTGAAGTTTAATATTGTGTTTGTGATACAGAA
GTATTTGCTTTAATTCTAAATAAAAATTTTATGCTTTTATTGCTGGTTTAAGAAGATTTGGATTATCCTTGTACT
TTGAGGAGAAGTTTCTTATTTGAAATATTTTGGAAACAGGTCTTTTAATGTGGAAAGATAGATATTAATCTCCTC
TTCTATTACTCTCCAAGATCCAACAAAAGTGATTATACCCCCCAAAATATGATGGTAGTATCTTATACTACCATC
ATTTTATAGGCATAGGGCTCTTAGCTGCAAATAATGGAACTAACTCTAATAAAGCAGAACGCAAATATTGTAAAT
ATTAGAGAGCTAACAATCTCTGGGATGGCTAAAGGATGGAGCTTGGAGGCTACCCAGCCAGTAACAATATTCCGG
GCTCCACTGTTGAATGGAGACACTACAACTGCCTTGGATGGGCAGAGATATTATGGATGCTAAGCCCCAGGTGCT
ACCATTAGGACTTCTACCACTGTCCCTAACGGGTGGAGCCCATCACATGCCTATGCCCTCACTGTAAGGAAATGA
AGCTACTGTTGTATATCTTGGGAAGCACTTGGATTAATTGTTATACAGTTTTGTTGAAGAAGACCCCTAGGGTAA
GTAGCCATAACTGCACACTAAATTTAAAATTGTTAATGAGTTTCTCAAAAAAAATGTTAAGGTTGTTAGCTGGTA
TAGTATATATCTTGCCTGTTTTCCAAGGACTTCTTTGGGCAGTACCTTGTCTGTGCTGGCAAGCAACTGAGACTT
AATGAAAGAGTATTGGAGAT%TGAATGAATTGATGCTGT%TACTCTCAGAGTGCCAAACATATACCAATGGACAA
GAAGGTGAGGCAGAGAGCAGACAGGCATTAGTGACAAGCAAAGATATGCAGAATTTCATTCTCAGCAAATCAAAA
GTCCTCAACCTGGTTGGAAGAATATTGGCACTGAATGGTATCAATAAGGTTGCTAGAGAGGGTTAGAGGTGCACA
ATGTGCTTCCATAACATTTTATACTTCTCCAATCTTAGCACTAATCAAACATGGTTGAATACTTTGTTTACTATA
ACTCTTACAGAGTTATAAGATCTGTGAAGACAGGGACAGGGACAATACCCATCTCTGTCTGGTTCATAGGTGGTA
TGTAATAGATATTTTTAAAAATAAGTGAGTTAATGAATGAGGGTGAGAAT GAAGGCACAGAGGTATTAGGGGGAG
GTGGGCCCCAGAGAATGGTGCCAAGGTCCAGTGGGGTGACTGGGATCAGCTCAGGCCTGACGCTGGCCACTCCCA
CCTAGCTCCTTTCTTTCTAATCTGTTCTCATTCTCCTTGGGAAGGATTGAGGTCTCTGGAAAACAGCCAAACAAC
TGTTATGGGAACAGCAAGCCCAAATAAAGCCAAGCATCAGGGGGAT CTGAGAGCTGAAAGCAACTTCTGTTCCCC
CTCCCTCAGCTGAAGGGGTGGGGAAGGGCTCCCAAAGCCATAACTCCTTTTAAGGGATTTAGAAGGCATAAAAAG
GCCCCTGGCTGAGAACTTCCTTCTTCATTCTGCAGTTGG

SEQ ID NO: 2 Optimised RPE6S promoter fragment

AGATICTTCGAAATACTCTCAGAGTGCCAAACATATACCAATGGACAAGAAGGT GAGGCAGAGAGCAGACAGGCAT
TAGTGACAAGCAAAGATATGCAGAATTTCATTCTCAGCAAATCAAAAGTCCTCAACCTGGTTGGAAGAATATTGG
CACTGAATGGTATCAATAAGGTTGCTAGAGAGGGTTAGAGGT GCACAATGTGCTTCCATAACATTTTATACTTCT
CCAATCTTAGCACTAATCAARACATGGTTGAATACTTTGTTTACTATAACTCTTACAGAGTTATAAGATCTGTGAA
GACAGGGACAGGGACAATACCCATCTCTGTCTGGTTCATAGGTGGTATGTAATAGATATTTTTAAAAATAAGTGA
GTTAATGAATGAGGGTGAGAATGAAGGCACAGAGGTATTAGGGGGAGGT GGGCCCCAGAGAATGGTGCCAAGGTC
CAGTGGGGTGACTGGGAT CAGCTCAGGCCTGACGCTGGCCACTCCCACCTAGCTCCTTTCTTTCTAATCTGTTCT
CATTCTCCTTGGGAAGGATTGAGGTCTCTGGARAACAGCCARACAACTGTTATGGGAACAGCAAGCCCAAATAAA
GCCAAGCATCAGGGGGATCTGAGAGCTGARAGCAACTTCTGTTCCCCCTCCCTCAGCTGAAGGGGTGGGGAAGGG
CTCCCAAAGCCATAACTCCTTTTAAGGGATTTAGAAGGCATAARAAGGCCCCTGGCTGAGAACTTCCTTCTTCAT
TCTGCAGTTGG

SEQ ID NO: 3 cDNA of human RPE65 Genbank No. NM_000329.2

ATGTCTATCCAGGTTGAGCATCCTGCTGGTGGTTACAAGAAACTGTTTGAAACT GTGGAGGAACTGTCCTCGCCG
CTCACAGCTCATGTAACAGGCAGGATCCCCCTCTGGCTCACCGGCAGTCTCCTTCGATGTGGGCCAGGACTCTTT
GAAGTTGGATCTGAGCCATTTTACCACCTGTTTGATGGGCAAGCCCTCCTGCACAAGTTTGACTTTAAAGAAGGA
CATGTCACATACCACAGAAGGTTCATCCGCACTGATGCTTACGTACGGGCAATGACTGAGAAAAGGATCGTCATA
ACAGAATTTGGCACCTGTGCTTTCCCAGATCCCTGCAAGAATATATTTTCCAGGTTTTTTTCTTACTTTCGAGGA
GTAGAGGTTACTGACAATGCCCTTGTTAATGTCTACCCAGTGGGGGAAGATTACTACGCTTGCACAGAGACCAAC
TTTATTACAAAGATTAATCCAGAGACCTTGGAGACAATTAAGCAGGTTGATCTTTGCAACTATGTCTCTGTCAAT
GGGGCCACTGCTCACCCCCACATTGAAAATGATGGAACCGTTTACAATATTGGTAATTGCTTTGGAAAAAATTTT
TCAATTGCCTACAACATTGTAAAGATCCCACCACTGCAAGCAGACAAGGAAGATCCAATAAGCAAGTCAGAGATC
GTTGTACAATTCCCCTGCAGTGACCGATTCAAGCCATCTTACGTTCATAGTTTTGGTCTGACTCCCAACTATATC
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GTTTTTGTGGAGACACCAGTCAAAATTAACCTGTTCAAGTTCCTTTCTTCATGGAGTCTTTGGGGAGCCAACTAC
ATGGATTGTTTTGAGTCCAATGAAACCATGGGGGTTTGGCTTCATATTGCTGACAAAAAAAGGAAAAAGTACCTC
AATAATAAATACAGAACTTCTCCTTTCAACCTCTTCCATCACATCAACACCTATGAAGACAATGGGTTTCTGATT
GTGGATCTCTGCTGCTGGAAAGGATTTGAGTTTGTTTATAATTACTTATATTTAGCCAATTTACGTGAGAACT GG
GAAGAGGTGAAAAAAAATGCCAGAAAGGCTCCCCAACCTGAAGTTAGGAGATATGTACTTCCTTTGAATATTGAC
AAGGCTGACACAGGCAAGAATTTAGTCACGCTCCCCAATACAACTGCCACTGCAATTCTGTGCAGTGACGAGACT
ATCTGGCTGGAGCCTGAAGTTCTCTTTTCAGGGCCTCGTCAAGCATTTGAGTTTCCTCAAATCAATTACCAGAAG
TATTGTGGGAAACCTTACACATATGCGTATGGACTTGGCTTGAATCACTTTGTTCCAGATAGGCTCTGTAAGCTG
AATGTCAAAACTAAAGAAACTTGGGTTTGGCAAGAGCCTGATTCATACCCATCAGAACCCATCTTTGTTTCTCAC
CCAGATGCCTTGGAAGAAGATGATGGTGTAGTTCTGAGTGTGGTGGTGAGCCCAGGAGCAGGACAAAAGCCTGCT
TATCTCCTGATTCTGAATGCCAAGGACTTAAGTGAAGTTGCCCGGGCTGAAGTGGAGATTAACATCCCTGTCACC
TTTCATGGACTGTTCAAAAAATCTTGA

SEQ ID NO: 4 Optimised RPE6S cDNA (Kozak sequence and coding sequence)

CCACCATGAGTATCCAGGTGGAACATCCCGCAGGGGGGTATAAGAAACTGTTTGAGACCGTCGAAGAACTGAGCA
GCCCTCTGACCGCACATGTCACCGGAAGAATCCCCCTGTGGCTGACAGGAT CACTGCTGAGATGCGGACCAGGAC
TGTTCGAAGTGGGAAGCGAACCTTTCTACCACCTGTTTGACGGACAGGCCCTGCTGCATAAGTTCGACTTCAAGG
AGGGGCACGTGACTTACCATCGGCGGTTCATCCGAACCGACGCCTATGTCCGGGCTATGACAGAGAAGAGAATCG
TGATTACTGAGTTCGGCACCTGCGCCTTTCCAGATCCCTGTAAGAACATTTTCTCCAGGTTCTTTTCTTACTTTC
GCGGCGTCGAGGTGACAGACAACGCACTGGTCAACGTGTACCCTGTGGGGGAGGATTACTATGCCTGCACTGAAA
CCAACTTCATCACCAAGATTAATCCAGAGACACTGGAAACTATCAAACAGGTGGACCTGTGCAACTACGTCAGTG
TGAATGGCGCCACCGCTCACCCCCATATCGAGAACGATGGGACAGTCTACAACATTGGCAATTGCTTCGGGAAGA
ACTTTAGCATCGCCTACAACATCGTGAAGATCCCCCCTCTGCAGGCTGACAAGGAGGATCCTATCTCTAAAAGTG
AAATTGTGGTCCAGTTCCCTTGTTCTGACCGGTTTAAGCCAAGTTACGTCCACTCATTCGGCCTGACACCAAACT
ATATCGTCTTTGTGGAGACTCCCGTGAAGATTAATCTGTTCAAATTTCTGAGCTCCTGGTCTCTGTGGGGGGCTA
ACTACATGGACTGCTTCGAGAGTAATGAAACAATGGGAGTGTGGCTGCACATCGCAGATAAGAAACGAAAGAAAT
ACCTGAACAATAAGTACCGGACTAGCCCCTTCAACCTGTTTCACCATATCAACACCTATGAGGACAATGGATTTC
TGATTGTCGATCTGTGCTGTTGGAAGGGCTTCGAGTTCGTGTACAACTATCTGTACCTGGCAAACCTGCGCGAAA
ATTGGGAGGAAGTGAAGAAAAATGCTCGAAAAGCACCT CAGCCAGAAGTCAGGCGCTACGTGCTGCCACTGAACA
TCGACAAGGCTGATACAGGCAAAAACCTGGTGACTCTGCCCAATACCACAGCAACTGCCATCCTGTGCTCCGACG
AGACCATTTGGCTGGAGCCCGAAGTGCTGTTCTCTGGACCTCGCCAGGCCTTCGAATTTCCACAGATTAATTACC
AGAAGTACTGCGGCAAACCCTATACCTACGCTTATGGACTGGGCCTGAACCACTTCGTGCCTGATAGACTGTGCA
AGCTGAATGTCAAGACCAAAGAGACATGGGTGTGGCAGGAACCTGACTCATACCCCAGCGAGCCTATCTTTGTGA
GCCATCCAGATGCCCTGGAGGAAGACGATGGCGTGGTCCTGAGCGTGGTCGTGTCCCCAGGAGCAGGACAGAAGC
CAGCCTATCTGCTGATTCTGAACGCTAAAGAT CTGTCCGAAGTGGCAAGAGCAGAGGTGGAGATCAATATCCCAG
TCACATTTCACGGGCTGTTCAAAAAGTCCTAA

SEQ ID NO: 5 ¢cDNA of human MERTK Genbank No.NM_006343.2

ATGGGGCCGGCCCCGCTGCCGCTGCTGCTGGGCCTCTTCCTCCCCGCGCTCTGGCGTAGAGCTATCACTGAGGCA
AGGGAAGAAGCCAAGCCTTACCCGCTATTCCCGGGACCTTTTCCAGGGAGCCTGCAAACTGACCACACACCGCTG
TTATCCCTTCCTCACGCCAGTGGGTACCAGCCTGCCTTGATGTTTTCACCAACCCAGCCTGGAAGACCACATACA
GGAAACGTAGCCATTCCCCAGGTGACCTCTGTCGAATCAAAGCCCCTACCGCCTCTTGCCTTCAAACACACAGTT
GGACACATAATACTTTCTGAACATAAAGGTGTCAAATTTAATTGCTCAATCAGTGTACCTAATATATACCAGGAC
ACCACAATTTCTTGGTGGAAAGATGGGAAGGAATTGCTTGGGGCACATCATGCAATTACACAG

TTTTATCCAGATGATGAAGTTACAGCAATAATCGCTTCCTTCAGCATAACCAGTGTGCAGCGTTCAGACAATGGG
TCGTATATCTGTAAGATGAAAATAAACAATGAAGAGATCGTGTCTGATCCCATCTACATCGAAGTACAAGGACTT
CCTCACTTTACTAAGCAGCCTGAGAGCATGAATGTCACCAGAAACACAGCCTTCAACCTCACCTGTCAGGCTGTG
GGCCCGCCTGAGCCCGTCAACATTTTCTGGGTTCAAAACAGTAGCCGTGTTAACGAACAGCCTGAAAAATCCCCC
TCCGTGCTAACTGTTCCAGGCCTGACGGAGATGGCGGTCTTCAGTTGTGAGGCCCACAATGACAAAGGGCTGACC
GTGTCCAAGGGAGTGCAGATCAACATCAAAGCAATTCCCTCCCCACCAACTGAAGTCAGCATCCGTAACAGCACT
GCACACAGCATTCTGATCTCCTGGGTTCCTGGTTTTGATGGATACTCCCCGTTCAGGAATTGCAGCATTCAGGTC
AAGGAAGCTGATCCGCTGAGTAATGGCTCAGTCATGATTTTTAACACCTCTGCCTTACCACATCTGTACCAAATC
AAGCAGCTGCAAGCCCTGGCTAATTACAGCATTGGTGTTTCCTGCATGAATGAAATAGGCTGGTCTGCAGTGAGC
CCTTGGATTCTAGCCAGCACGACTGAAGGAGCCCCATCAGTAGCACCTTTAAATGTCACTGTGTTTCTGAATGAA
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TCTAGTGATAATGTGGACATCAGATGGATGAAGCCTCCGACTAAGCAGCAGGATGGAGAACTGGTGGGCTACCGG
ATATCCCACGTGTGGCAGAGTGCAGGGATTTCCAAAGAGCTCTTGGAGGAAGTTGGCCAGAATGGCAGCCGAGCT
CGGATCTCTGTTCAAGTCCACAATGCTACGTGCACAGTGAGGATTGCAGCCGTCACCAGAGGGGGAGTTGGGCCC
TTCAGTGATCCAGTGAAAATATTTATCCCTGCACACGGTTGGGTAGATTATGCCCCCTCTTCAACTCCGGCGCCT
GGCAACGCAGATCCTGTGCTCATCATCTTTGGCTGCTTTTGTGGATTTATTTTGATTGGGTTGATTTTATACATC
TCCTTGGCCATCAGAAAAAGAGTCCAGGAGACAAAGTTTGGGAATGCATTCACAGAGGAGGATTCTGAATTAGTG
GTGAATTATATAGCAAAGAAATCCTTCTGTCGGCGAGCCATTGAACTTACCTTACATAGCTTGGGAGTCAGTGAG
GAACTACAAAATAAACTAGAAGATGTTGTGATTGACAGGAATCTTCTAATTCTTGGAAAAATTCTGGGTGAAGGA
GAGTTTGGGTCTGTAATGGAAGGAAATCTTAAGCAGGAAGATGGGACCTCTCTGAAAGTGGCAGTGAAGACCATG
AAGTTGGACAACTCTTCACAGCGGGAGATCGAGGAGTTTCTCAGTGAGGCAGCGTGCATGAAAGACTTCAGCCAC
CCAAATGTCATTCGACTTCTAGGTGTGTGTATAGAAATGAGCTCTCAAGGCATCCCAAAGCCCATGGTAATTTTA
CCCTTCATGAAATACGGGGACCTGCATACTTACTTACTTTATTCCCGATTGGAGACAGGACCAAAGCATATTCCT
CTGCAGACACTATTGAAGTTCATGGTGGATATTGCCCTGGGAATGGAGTATCTGAGCAACAGGAATTTTCTTCAT
CGAGATTTAGCTGCTCGAAACTGCATGTTGCGAGATGACATGACTGTCTGTGTTGCGGACTTCGGCCTCTCTAAG
AAGATTTACAGTGGCGATTATTACCGCCAAGGCCGCATTGCTAAGATGCCTGTTAAATGGATCGCCATAGAAAGT
CTTGCAGACCGAGTCTACACAAGTAAAAGTGATGTGTGGGCATTTGGCGTGACCATGTGGGAAATAGCTACGCGG
GGAATGACTCCCTATCCTGGGGTCCAGAACCATGAGATGTATGACTATCTTCTCCATGGCCACAGGTTGAAGCAG
CCCGAAGACTGCCTGGATGAACTGTATGAAATAATGTACTCTTGCTGGAGAACCGATCCCTTAGACCGCCCCACC
TTTTCAGTATTGAGGCTGCAGCTAGAAAAACTCTTAGAAAGTTTGCCTGACGTTCGGAACCAAGCAGACGTTATT
TACGTCAATACACAGTTGCTGGAGAGCTCTGAGGGCCTGGCCCAGGGCTCCACCCTTGCTCCACTGGACTTGAAC
ATCGACCCTGACTCTATAATTGCCTCCTGCACTCCCCGCGCTGCCATCAGTGTGGTCACAGCAGAAGTTCATGAC
AGCAAACCTCATGAAGGACGGTACATCCTGAATGGGGGCAGTGAGGAATGGGAAGATCTGACTTCTGCCCCCTCT
GCTGCAGTCACAGCTGAAAAGAACAGTGTTTTACCGGGGGAGAGACTTGTTAGGAATGGGGTCTCCTGGTCCCAT
TCGAGCATGCTGCCCTTGGGAAGCTCATTGCCCGATGAACTTTTGTTTGCTGACGACTCCTCAGAAGGCTCAGAA
GTCCTGATGTGA

SEQ ID NO: 6 cDNA of human LRAT Genbank No. NM_004744.3

ATGAAGAACCCCATGCTGGAGGTGGTGTCTTTACTACTGGAGAAGCTGCTCCTCATCTCCAACTTCACGCTCTTT
AGTTCGGGCGCCGCGGGCGAAGACAAAGGGAGGAACAGTTTTTATGAAACCAGCTCTTTCCACCGAGGCGACGTG
CTGGAGGTGCCCCGGACCCACCTGACCCACTATGGCATCTACCTAGGAGACAACCGTGTTGCCCACATGATGCCC
GACATCCTGTTGGCCCTGACAGACGACATGGGGCGCACGCAGAAGGTGGTCTCCAACAAGCGTCTCATCCTGGGC
GTTATTGTCAAAGTGGCCAGCATCCGCGTGGACACAGTGGAGGACTTCGCCTACGGAGCTAACATCCTGGTCAAT
CACCTGGACGAGTCCCTCCAGAAAAAGGCACTGCTCAACGAGGAGGTGGCGCGGAGGGCTGAAAAGCTGCTGGGC
TTTACCCCCTACAGCCTGCTGTGGAACAACTGCGAGCACTTCGTGACCTACTGCAGATATGGCACCCCGATCAGT
CCCCAGTCCGACAAGTTTTGTGAGACTGTGAAGATAATTATTCGTGAT CAGAGAAGTGTTCTTGCTTCAGCAGTC
TTGGGATTGGCGTCTATAGTCTGTACGGGCTTGGTATCATACACTACCCTTCCTGCAATTTTTATTCCATTCTTC
CTATGGATGGCTGGCTAA

SEQ ID NO: 7 ¢cDNA of human TYR Genbank No. NM_000372.4

ATGCTCCTGGCTGTTTTGTACTGCCTGCTGTGGAGTTTCCAGACCTCCGCTGGCCATTTCCCTAGAGCCTGTGTC
TCCTCTAAGAACCTGATGGAGAAGGAATGCTGTCCACCGTGGAGCGGGGACAGGAGTCCCTGTGGCCAGCTTTCA
GGCAGAGGTTCCTGTCAGAATATCCTTCTGTCCAATGCACCACTTGGGCCTCAATTTCCCTTCACAGGGGTGGAT
GACCGGGAGTCGTGGCCTTCCGTCTTTTATAATAGGACCTGCCAGTGCTCTGGCAACTTCATGGGATTCAACTGT
GGAAACTGCAAGTTTGGCTTTTGGGGACCAAACTGCACAGAGAGACGACT CTTGGTGAGAAGAAACATCTTCGAT
TTGAGTGCCCCAGAGAAGGACAAATTTTTTGCCTACCTCACTTTAGCAAAGCATACCATCAGCTCAGACTATGTC
ATCCCCATAGGGACCTATGGCCAAATGAAAAATGGATCAACACCCATGTTTAACGACATCAATATTTATGACCTC
TTTGTCTGGATGCATTATTATGTGTCAATGGATGCACTGCTTGGGGGAT CTGAAAT CTGGAGAGACATTGATTTT
GCCCATGAAGCACCAGCTTTTCTGCCTTGGCATAGACTCTTCTTGTTGCGGTGGGAACAAGAAATCCAGAAGCTG
ACAGGAGATGAAAACTTCACTATTCCATATTGGGACTGGCGGGATGCAGAAAAGTGTGACATTTGCACAGATGAG
TACATGGGAGGTCAGCACCCCACAAATCCTAACTTACTCAGCCCAGCATCATTCTTCTCCTCTTGGCAGATTGTC
TGTAGCCGATTGGAGGAGTACAACAGCCATCAGTCTTTATGCAATGGAACGCCCGAGGGACCTTTACGGCGTAAT
CCTGGAAACCATGACAAATCCAGAACCCCAAGGCTCCCCTCTTCAGCTGATGTAGAATTTTGCCTGAGTTTGACC
CAATATGAATCTGGTTCCATGGATAAAGCTGCCAATTTCAGCTTTAGAAATACACTGGAAGGATTTGCTAGTCCA
CTTACTGGGATAGCGGATGCCTCTCAAAGCAGCATGCACAATGCCTTGCACATCTATATGAATGGAACAATGTCC
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CAGGTACAGGGATCTGCCAACGATCCTATCTTCCTTCTTCACCATGCATTTGTTGACAGTATTTTTGAGCAGTGG
CTCCGAAGGCACCGTCCTCTTCAAGAAGTTTATCCAGAAGCCAATGCACCCATTGGACATAACCGGGAATCCTAC
ATGGTTCCTTTTATACCACTGTACAGAAATGGTGATTTCTTTATTTCATCCAAAGATCTGGGCTATGACTATAGC
TATCTACAAGATTCAGACCCAGACTCTTTTCAAGACTACATTAAGTCCTATTTGGAACAAGCGAGTCGGATCTGG
TCATGGCTCCTTGGGGCGGCGATGGTAGGGGCCGTCCTCACTGCCCTGCTGGCAGGGCTTGTGAGCTTGCTGTGT
CGTCACAAGAGAAAGCAGCTTCCTGAAGAAAAGCAGCCACTCCTCATGGAGAAAGAGGATTACCACAGCTTGTAT
CAGAGCCATTTATAA

SEQ ID NO: 8 cDNA of human GRP143 Genbank No. NM_000273.2

ATGACCCAGGCAGGCCGGCGGGGTCCTGGCACACCCGAGCCGCGTCCGCGAACACAGCCCATGGCCTCCCCGLGC
CTAGGGACCTTCTGCTGCCCCACGCGGGACGCAGCCACGCAGCTCGTGCTGAGCTTCCAGCCGCGGGCCTTCCAC
GCGCTCTGCCTGGGCAGCGGCGGGCTCCGCTTGGCGCTGGGCCTTCTGCAGCTGCTGCCCGGCCGCCGGCCCGLCG
GGCCCCGGGTCCCCCGCGACGTCCCCGCCGGCCTCGGTCCGCATCCTGCGCGCTGCCGCTGCCTGCGACCTTCTC
GGCTGCCTGGGTATGGTGATCCGGTCCACCGTGTGGTTAGGATTCCCAAATTTTGTTGACAGCGTCTCGGATATG
AACCACACGGAAATTTGGCCTGCTGCTTTCTGCGTGGGGAGTGCGATGTGGATCCAGCTGTTGTACAGTGCCTGC
TTCTGGTGGCTGTTTTGCTATGCAGTGGATGCTTATCTGGTGATCCGGAGATCGGCAGGACTGAGCACCATCCTG
CTGTATCACATCATGGCGTGGGGCCTGGCCACCCTGCTCTGTGTGGAGGGAGCCGCCATGCTCTACTACCCTTCC
GTGTCCAGGTGTGAGCGGGGCCTGGACCACGCCATCCCCCACTATGTCACCATGTACCTGCCCCTGCTGCTGGTT
CTCGTGGCGAACCCCATCCTGTTCCAAAAGACAGTGACTGCAGTGGCCTCTTTACTTAAAGGAAGACAAGGCATT
TACACGGAGAACGAGAGGAGGATGGGAGCCGTGATCAAGATCCGATTTTTCAAAATCATGCTGGTTTTAATTATT
TGTTGGTTGTCGAATATCATCAATGAAAGCCTTTTATTCTATCTTGAGATGCAAACAGATATCAATGGAGGTTCT
TTGAAACCTGTCAGAACTGCAGCCAAGACCACATGGTTTATTATGGGAAT CCTGAATCCAGCCCAGGGATTTCTC
TTGTCTTTGGCCTTCTACGGCTGGACAGGATGCAGCCTGGGTTTTCAGTCTCCCAGGAAGGAGATCCAGTGGGAA
TCACTGACCACCTCGGCTGCTGAGGGGGCTCACCCATCCCCACTGATGCCCCATGAAAACCCTGCTTCCGGGAAG
GTGTCTCAAGTGGGTGGGCAGACTTCTGACGAAGCCCTGAGCATGCTGTCTGAAGGTTCTGATGCCAGCACAATT
GAAATTCACACTGCAAGTGAATCCTGCAACAAAAATGAGGGTGACCCTGCTCTCCCAACCCATGGAGACCTATGA
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CLAIMS

1. An expression construct comprising a retinal pigment epithelium (RPE)-specific
promoter and an operably linked polynucleotide sequence, wherein the RPE-specific
promoter consists of:

(a) a sequence of no more than 800 contiguous nucleotides from SEQ ID NO:1,
wherein the sequence comprises nucleotides 12-761 of SEQ ID NO: 2; or

(b) a sequence having at least 90% sequence identity to said sequence of (a), wherein
the sequence comprises nucleotides 12-761 of SEQ ID NO: 2,

and wherein the operably linked polynucleotide sequence comprises the sequence of
SEQ ID NO: 4.

2. The expression construct according to claim 1, wherein the RPE-specific promoter
consists of a sequence no more than 800 contiguous nucleotides from SEQ ID NO:1, wherein

the sequence comprises nucleotides 12-761 of SEQ ID NO: 2.

3. The expression construct of claim 2, wherein the RPE-specific promoter consists of
the sequence of SEQ ID NO: 2 or the sequence of nucleotides 12-761 of SEQ ID NO: 2

4. A retinal pigment epithelium (RPE)-specific promotor as defined in any one of claims
1to 3.
5. An expression construct comprising the promoter of claim 4, operably linked to a

sequence to be expressed in an RPE-specific manner.

6. The expression construct according to claim 5, wherein the operably linked sequence
is an RPE65, MERTK, LRAT, TYR, GRP143 or MYO7A coding sequence, or a sequence
encoding a neurotrophic factor, an anti-angiogenic polypeptide or a polypeptide with anti-

apoptotic effects in the RPE.

7. The expression construct according to claim 6, wherein the operably linked sequence
comprises a sequence selected from SEQ ID NOs: 3 to 8, or that has at least 80% sequence
identity to any one of SEQ ID NOs: 3 to 8 and has the ability to rescue RPE function.
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8. A vector comprising an expression construct according to any one of claims 1 to 3 or

5 to 7 or the promotor according to claim 4.

9. The vector according to claim 8, wherein the vector is a viral vector.

10.  The vector according to claim 9, wherein the vector is an adeno-associated virus
(AAV) vector or comprises an AAV genome or a derivative thereof, optionally wherein said
derivative is a chimeric, shuffled or capsid modified derivative.

11.  The vector according to claim 10, wherein said AAV genome is from a naturally
derived serotype or isolate or clade of AAV, optionally wherein said AAV genome is from
AAV serotype 2 (AAV2), AAV serotype 4 (AAV4), AAV serotype 5 (AAV5) or AAV
serotype 8 (AAV8) and/or wherein the capsid is derived from AAV5 or AAVS.

12. The vector according to claim 11, wherein the AAV genome is derived from AAV2
and the capsid is derived from AAVS5 or AAVS.

13. A host cell that contains a vector of claim 8 or produces a viral vector of any one of
claims 9 to 12, optionally wherein the host cell is a HEK293 or HEK293T cell.

14. A pharmaceutical composition comprising a vector of any one of claims 8 to 12 and a

pharmaceutically acceptable carrier.

15.  The vector according to any one of claims 8 to 12 for use in a method of preventing or

treating retinal dystrophy.

16. Use of a vector according to any one of claims 8 to 12 in the manufacture of a

medicament for the treatment or prevention of retinal dystrophy.

17. Use of a vector as defined in claim 16, in the manufacture of a medicament for the
treatment or prevention of retinal dystrophy, wherein the retinal dystrophy is Leber
congenital amaurosis (LCA), age-related macular degeneration (AMD), oculo-cutaneous type

1 or Nettleship-Falls type ocular albinism or MERTK deficiency.
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18. Use of a vector as defined in claim 16 or 17 in the manufacture of a medicament for
the treatment or prevention of retinal dystrophy, wherein the vector according to any one of
claims 8 to 12 is to be administered to a patient by direct retinal, subretinal or intravitreal
injection, optionally wherein said vector is to be administered directly into the retinal,

subretinal space or intravitreal space.
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