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Gene Therapy

FIELD OF INVENTION
The present invention relates to viral vector comprising a COL4A3, COL4A4 or
COL4A5 transgene and kidney specific promoters, as well as use of the viral

vectors in treating Alport syndrome.

BACKGROUND TO THE INVENTION

Alport syndrome (AS) is a genetic condition affecting approximately 1 in 5,000-
10,000 of all individuals in continental Europe and the USA. AS is also known as
familial nephritis, hereditary nephritis, thin basement membrane disease and thin
basement membrane nephropathy. The condition usually presents during
childhood and is associated with a spectrum of phenotypes that include a
progressive loss of kidney function, and can also include hearing loss and eye

abnormalities.

AS is caused by pathogenic variants in the COL4A3, COL4A4 and COL4A5 genes,
which result in abnormalities of the collagen IV a345 network of basement
membranes. The condition can be transmitted in an X-linked, autosomal
dominant, or autosomal recessive pattern, with X-linked being the common while
autosomal recessive and autosomal dominant account for around 15% and 20%

of cases respectively.

In the absence of treatment, renal disease progresses from microhematuria to
proteinuria, progressive renal insufficiency and end-stage renal disease in all
males with the X-linked form, and in all males and females with the autosomal

recessive form.

AS can be diagnosed by genetic testing and current treatments include
angiotensin converting enzyme (ACE) inhibitors or angiotensin receptor blockers
(ARB) to delay onset of end-stage kidney disease. However, at present there is no
way to prevent end-stage renal failure, with a renal transplant being the only

option.
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There are significant challenges to overcome in developing a successful gene
therapy for AS. The first is that the COL4A5, COL4A3 and COL4A4 proteins are
1685, 1670 and 1690 amino acids each, rendering them challenging for transport
by an adeno-associated virus (AAV) vector, due to limited AAV cargo capacity.
The second significant challenge is to successfully deliver the gene therapy to
podocyte cells in the glomerulus of the kidney, which produce collagen IV in the
glomerular basement membrane.

The present invention aims to provide a novel gene therapy vector that can
efficiently deliver a COL4A3, COL4A4 or COL4A5 transgene to podocytes and
thereby provide a therapy for the treatment of Alport syndrome.

SUMMARY OF THE INVENTION

The present invention provides a viral vector, wherein the viral vector comprises a
COL4A3, COL4A4 or COL4AS transgene. The viral vector can be used to target
podocytes within the glomerulus of the kidney in order to treat Alport syndrome.

Without being bound by theory, the present inventors believe that podocytes offer
a highly tractable target for gene therapy approaches in kidney disease and that
by targeting COL4A3, COL4A4 or COL4A5 to podocytes the collagen IV a345
network of the glomerular basement membrane can be changed and at least
partially normalised.

In one aspect, present invention provides a viral vector, wherein the viral vector
comprises a COL4A3, COL4A4 or COL4A5S transgene.

The COL4A3 transgene may encode a COL4A3 polypeptide which comprises or
consists of the polypeptide sequence having at least 70% identity to SEQ ID NO:
1, or a fragment thereof; the COL4A4 transgene may encode a COL4A4
polypeptide which comprises or consists of the polypeptide sequence having at
least 70% identity to SEQ ID NO: 2, or a fragment thereof; and/or the COL4A5
transgene may encode a COL4AS5 polypeptide which comprises or consists of the
polypeptide sequence having at least 70% identity to SEQ ID NO: 3, or a
fragment thereof. In some embodiments, the COL4A3 transgene encodes a full-
length COL4A3 polypeptide, the COL4A4 transgene encodes a full-length COL4A4
polypeptide; and/or the COL4A5 transgene encodes a full-length COL4A5
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polypeptide. Suitably, the COL4A3, COL4A4 or COL4A5 transgene is human
and/or comprises a hemagglutinin (HA) tag.

Preferably, the viral vector comprises a podocyte-specific promoter. Suitably, the
podocyte-specific promoter is minimal nephrin promoter NPHS1 or podocin
promoter NPHS2. In some embodiments, the podocyte-specific promoter is
minimal nephrin promoter NPHS1.

The present inventors have developed a minimal nephrin promoter which is
shorter than known minimal nephrin promoters and surprisingly capable of driving
transgene expression in podocytes. The promoter also surprisingly retains
podocyte-specificity. Such a minimal nephrin promoter can be used to minimise
the cargo size and aid packaging of full length COL4A3, COL4A4 or COL4A5.
Accordingly, the minimal nephrin promoter NPHS1 may comprise or consist of the
nucleotide sequence shown as SEQ ID NO: 10, or a variant which is at least 70%
identical to SEQ ID NO: 10.

Suitably, the viral vector is an adeno-associated virus (AAV). Suitably, the AAV
vector is in the form of an AAV vector particle. In some embodiments, the AAV
vector particle is a podocyte-specific AAV vector. In some embodiments, the AAV
vector is AAV serotype 2/9, LK0O3 or 3B.

In some embodiments, the COL4A3, COL4A4 or COL4AS transgene is @ mini-gene.

In some embodiments, the viral vector additionally comprises a Woodchuck
hepatitis post-transcriptional regulatory element (WPRE). In some embodiments,
the viral vector does not comprise Woodchuck hepatitis post-transcriptional

regulatory element (WPRE).

In some embodiments, the viral vector additionally comprises a Kozak sequence
between the promoter and the COL4A3, COL4A4 or COL4A5 transgene.

Suitably, the viral vector additionally comprises a polyadenylation signal such as
bovine growth hormone (bGH) polyadenylation signal or an early Sv40
polyadenylation signal. In some embodiments, the polyadenylation signal is an
early SV40 polyadenylation signal.
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In one aspect, the present invention provides a viral vector gene therapy, wherein
the viral vector comprises a COL4A3, COL4A4 or COL4AS transgene.

In preferred embodiments, the viral vector is a viral vector according to the

present invention.

In one aspect, the present invention provides a viral vector gene therapy, wherein
the gene therapy comprises:

a first viral vector comprising at least a portion of a COL4A3, COL4A4 or
COL4AS transgene; and

a second viral vector comprising at least a portion of a corresponding
COL4A3, COL4A4 or COL4A5 transgene.

In preferred embodiments, the first viral vector is a viral vector according to the
present invention, and/or the second viral vector is a viral vector according to the

present invention.

In one aspect, the present invention provides a viral vector or viral vector gene
therapy according to the present invention, for use in treating or preventing
Alport Syndrome.

Suitably, the viral vector or viral vector gene therapy is administered to a human
patient. In some embodiments, the viral vector or viral vector gene therapy is
administered systemically. In some embodiments, the viral vector or viral vector
gene therapy is administered by intravenous injection. In some embodiments, the
viral vector or viral vector gene therapy is administered by injection into the renal
artery.

Viral vectors

Adeno-associated viral (AAV) vectors

The viral vector may be an adeno-associated virus (AAV) and suitable AAV vector
serotypes include 2/9, LKO3 and 3B.

The viral vector may be in the form of an AAV vector particle.
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The AAV vector particle may be encapsidated by capsid proteins. The serotype
may facilitate the transduction of podocytes, for example specific transduction of
podocytes. Preferably, the AAV vector particle is a podocyte-specific vector
particle. The AAV vector particle may be encapsidated by a podocyte-specific
capsid. The AAV vector particle may comprise a podocyte-specific capsid protein.
Targeted transduction to the podocytes should remove the impact of liver
tropism, following systemic application.

Suitably, the AAV vector particles may be 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 vector particle also includes mosaic forms wherein a
mixture of unmodified capsid proteins from two or more different serotypes
makes up the viral capsid. The AAV vector 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.

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

vector may be in the form of a pseudotyped AAV vector particle.

Chimeric, shuffled or capsid-modified derivatives will be typically selected to
provide one or more desired functionalities for the AAV 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 podocytes compared to an AAV vector comprising a naturally
occurring AAV genome. Increased efficiency of gene delivery may be effected by
improved receptor or co-receptor binding at the cell surface, improved
internalisation, improved trafficking within the cell and into the nucleus, improved
uncoating of the viral particle and improved conversion of a single-stranded
genome to double-stranded form. Increased efficiency may also relate to an
altered tropism range or targeting of podocytes, such that the vector dose is not
diluted by administration to tissues where it is not needed.
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Chimeric capsid proteins include those generated by recombination between two
or more capsid coding sequences of naturally occurring AAV serotypes. This may
be performed for example by a marker rescue approach in which non-infectious
capsid sequences of one serotype are co-transfected with capsid sequences of a
different serotype, and directed selection is used to select for capsid sequences
having desired properties. The capsid sequences of the different serotypes can be
altered by homologous recombination within the cell to produce novel chimeric
capsid proteins.

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

Shuffled or chimeric capsid proteins may also be generated by DNA shuffling or by
error-prone PCR. Hybrid AAV capsid genes can be created by randomly
fragmenting the sequences of related AAV genes e.g. those encoding capsid
proteins of multiple different serotypes and then subsequently reassembling the
fragments in a self-priming polymerase reaction, which may also cause crossovers
in regions of sequence homology. A library of 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 typically be selected so as not to interfere with other
functions of the viral particle e.g. internalisation, trafficking of the viral particle.
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The capsid protein may be an artificial or mutant capsid protein. The term
“artificial capsid” as used herein means that the capsid particle comprises an
amino acid sequence which does not occur in nature or which comprises an amino
acid sequence which has been engineered (e.g. modified) from a naturally
occurring capsid amino acid sequence. In other words the artificial capsid protein
comprises a mutation or a variation in the amino acid sequence compared to the
sequence of the parent capsid from which it is derived where the artificial capsid
amino acid sequence and the parent capsid amino acid sequences are aligned.

The capsid protein may comprise a mutation or modification relative to the wild
type capsid protein which improves the ability to transduce podocytes relative to
an unmodified or wild type viral particle. Improved ability to transduce podocytes
may be measured for example by measuring the expression of a transgene, e.g.
GFP, carried by the AAV vector particle, wherein expression of the transgene in
podocytes correlates with the ability of the AAV vector particle to transduce
podocytes.

AAVO serotype

The AAV 2/9 serotype has shown significant tropism for newborn and adult mouse
kidney, localising to the glomeruli and tubules (Luo et al., 2011; Picconi et al.,
2014; Schievenbusch et a/., 2010), and AAV2/9 vector combined with renal vein
injection has been shown to be suitable for kidney-targeted gene delivery (Rocca
et al., 2014). AAV 2/9 is therefore one suitable vector for use in the viral vector of

the present invention.

The AAV vector particle may comprise an AAV9 capsid protein. Suitably, the AAV
vector particle may be encapsidated by AAV9 capsid proteins.

The AAV vector particle may comprise an AAV9 VP1 capsid protein, an AAV9 VP2
capsid protein, and/or an AAV9 VP3 capsid protein. Suitably, the AAV vector
particle may be encapsidated by AAV9 VP1 capsid proteins, AAV9 VP2 capsid
proteins, and/or AAV9 VP3 capsid proteins. Suitably, the AAV vector particle may
be encapsidated by AAV9 VP1, VP2, and VP3 capsid proteins.
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Suitably, the AAV9 VP1 capsid protein may comprise or consist of the amino acid
sequence shown as SEQ ID NO: 31, or a variant which is at least 0% identical to
SEQ ID NO: 31.

Exemnplary AAVS VP1 capsid protein (SEQ ID NO: 31):

MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQOHODNARGLVLPGYKYLGPGNGLDKGEPVNAAD
AAALEHDRAYDQOLKAGDNPYLKYNHADAEFQERLKEDT SEGGNLGRAVEFOAKKRLLEPLGLVEEAAKT
APGKKREVEQSPQEPDSSAGIGKSGAQPAKKRLNFGQTGDTESVPDPQPIGEPPAAPSGVGSLTMASGG
GAPVADNNEGADGVGS SSGNWHCDSQWLGDRVITT STRTWALPTYNNHLYKQISNSTSGGSSNDNAYFEFG
YSTPWGYFDFNRFHCHEFSPRDWOQRLINNNWGFRPKRLNFKLENIQVKEVTDNNGVKTIANNLT STVQVE
TDSDYQLPYVLGSAHEGCLPPFPADVEMIPQYGYLTLNDGSQAVGRSSEYCLEYFPSQMLRTGNNFEFQFE'S
YEFENVPFHSSYAHSOSLDRIMNPLIDOYLYYLSKTINGSGONQOTLKESVAGPSNMAVOGRNYIPGPS
YROORVSTTVTONNNSEFAWPGAS SWALNGRNSLMNPGPAMASHKEGEDRFFPLSGSLIEFGKOGTGRDN
VDADKVMITNEEETIKTTNPVATESYGQVATNHOSAQAQAQTGWVONQGTI LPGMVWQDRDVYLOGPIWAK
IPHTDGNFHPSPLMGGFGMKHPPPQILIKNT PVPADPPTAEFNKDKLNSEFITQYSTGQVSVEIEWELQKE
NSKRWNPEIQYTSNYYKSNNVEFAVNTEGVYSEPRPIGTRYLTRNL

Suitably, the variant may be at least 95%, at least 96%, at least 97%, at least
98% or at least 99% identical to SEQ ID NO: 31.

Suitably, the AAV9 VP2 and VP3 capsid proteins may be N-terminal truncations of
SEQ ID NO: 31, or N-terminal truncations of a variant which is at least 90%
identical, at least 95%, at least 96%, at least 97%, at least 98% or at least 99%
identical to SEQ ID NO: 31.

AAV LKO3 serotype

Synthetic AAV capsids such as LKO3 can also be suitable vectors for use in the
viral vector of the present invention. This vector has been shown to transduce
human primary hepatocytes at high efficiency in vitro and in vivo. However, until
now it has not been utilised in kidney-targeted gene delivery. Surprisingly, AAV-
LKO3 vectors can achieve high transduction of close to 100% in human podocytes
in vitro and can be used to transduce podocytes specifically in vitro (see
PCT/GB2020/050097).
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The AAV-LKO3 cap sequence consists of fragments from seven different wild-type
serotypes (AAV1, 2, 3B, 4, 6, 8, 9) and is described in Lisowski, L., et al., 2014.
Nature, 506(7488), pp.382-386, although AAV-3B represents 97.7% of the cap
gene sequence and 98.9% of the amino acid sequence.

The AAV vector particle may comprise an LKO3 capsid protein. Suitably, the AAV
vector particle may be encapsidated by LKO3 capsid proteins.

The AAV vector particle may comprise an LKO3 VP1 capsid protein, an LKO3 VP2
capsid protein, and/or an LKO3 VP3 capsid protein. Suitably, the AAV vector
particle may be encapsidated by LKO03 VP1 capsid proteins, LKO3 VP2 capsid
proteins, and/or LKO3 VP3 capsid proteins. Suitably, the AAV vector particle may
be encapsidated by LK03 VP1, VP2, and VP3 capsid proteins.

Suitably, the LKO3 VP1 capsid protein may comprise or consist of the amino acid
sequence shown as SEQ ID NO: 32, or a variant which is at least 90% identical to
SEQ ID NO: 32.

Exemplary LKO3 VP1 capsid protein (SEQ ID NO: 32):

MAADGYLPDWLEDNLSEGIREWWALQPGAPKPKANQQHQDNARGLVLPGYKYLGPGNGLDKGEPVNAAD
AAALEHDKAYDOQOLKAGDNPYLKYNHADAEFQERLKEDT SEGGNLGRAVFOQAKKRLLEPLGLVEEAAKT
APGKKRPVDOSPOEPDSSSGVGKSGKOPARKRLNFGOTGDSESVPDPOQPLGEPPAAPTSLGSNTMASGG
GAPMADNNEGADGVGNSSGNWHCDSQWLGDRVITTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYS
TPWGYFDENRFHCHES PRDWORLINNNWGERPKKLSFKLENIQVKEVTONDGTTTIANNLTSTVQVETD
SEYQLPYVLGSAHQGCLPPFPADVEMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSOMLRTGNNEFQFSYT
FEDVPFHSSYAHSQSLDRLMNPLIDQYLYYLNRTQGTTSGTTNQSRLLESQAGPQSMSLOARNWLPGPC
YROORLSKTANDNNNSNEPWTAASKYHLNGRDSLVNPGPAMASHKDDEEKEEFPMHGNLIEGKEGTTASN
AELDNVMITDEEEIRTTNPVATEQYGTVANNLOSSNTAPTTRTVNDQGALPGMVWODRDVYLOQGPIWAK
IPHTDGHFHPSPLMGGFGLKHPPPQIMIKNT PVPANPPTTESPAKFASEFITQYSTGQVSVEIEWELQKE
NSKRWNPEIQYTSNYNKSVNVDETVDTNGVYSEPRPIGTRYLTRPL

Suitably, the variant may be at least 95%, at least 96%, at least 97%, at least
98% or at least 99% identical to SEQ ID NO: 32.

Suitably, the LK03 VP2 and VP3 capsid proteins may be N-terminal truncations of

SEQ ID NO: 32, or N-terminal truncations of a variant which is at least 90%
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identical, at least 95%, at least 96%, at least 97%, at least 98% or at least 99%
identical to SEQ ID NO: 32.

AAV3B serotype

AAV-3B is also known for its human hepatocyte tropism and is another a suitable
vector for use in the viral vector of the present invention. To date it has not been
utilised in kidney-targeted gene delivery.

The AAV vector particle may comprise an AAV3B capsid protein. Suitably, the AAV
vector particle may be encapsidated by AAV3B capsid proteins.

Two distinct AAV3 isolates (AAV3A and AAV3B) have been cloned. In comparison
with vectors based on other AAV serotypes, it is thought that AAV3 vectors
inefficiently transduce most cell types. However, AAV3B may efficiently transduce
podocytes. AA3B has been described in Rutledge, E.A., et al., 1998. Journal of
virology, 72(1), pp.309-319.

The AAV vector particle may comprise an AAV3B VP1 capsid protein, an AAV3B
VP2 capsid protein, and/or an AAV3B VP3 capsid protein. Suitably, the AAV vector
particle may be encapsidated by AAV3B VP1 capsid proteins, AAV3B VP2 capsid
proteins, and/or AAV3B VP3 capsid proteins. Suitably, the AAV vector particle may
be encapsidated by AAV3B VP1, VP2, and VP3 capsid proteins.

Suitably, the AAV3B VP1 capsid protein may comprise or consist of the amino acid
sequence shown as SEQ ID NO: 33, or a variant which is at least 90% identical to
SEQ ID NO: 33.

Exemplary AAV3B VP1 capsid protein (SEQ ID NO: 33):

MAADGYLPDWLEDNLSEGIREWWALKPGVPOQPKANQQOHODNRRGLVLPGYKYLGPGNGLDKGEPVNEAD
AAALEHDKAYDQOQLKAGDNPYLKYNHADAEFQERLQEDT SEGGNLGRAVFQAKKRILEPLGLVEEAAKT
APGKKRPVDQSPQEPDSSSGVGKSGKQPARKRLNFGQTGDSESVPDPQPLGEPPAAPTSLGSNTMASGG
GAPMADNNEGADGVGNSSGNWHCDSQWLGDRVITTSTRTWALPTYNNHLYKQISSQSGASNDNHYFEGY S
TPWGYFDENRFHCHESPRDWOQRLINNNWGEFRPKKLSFKLENIQVKEVTONDGTTTIANNLTSTVQVETD
SEYQOLPYVLGSAHQGCLPPFPADVEMVPQYGYLTLNNGSQAVGRSSEFYCLEYFPSOMLRTGNNEQESYT
FEDVPFOSSYAHSQOSLDRLMNPLIDOYLYYLNRTOGTTSGTTNOSRLLESOAGPOSMSLOARNWLPGPC
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YROQORLSKTANDNNNSNEFPWTAASKYHLNGRDSLVNPGPAMASHKDDEEKEFFPMHGNLIEFGKEGTTASN
AELDNVMITDEEEIRTTNPVATEQYGTVANNLOSSNTAPTTRTVNDQGALPGMVWQDRDVYLQGPIWAK
IPHTDGHEFHPSPLMGGFGLKHPPPQIMIKNTPVPANPPTTESPAKFASEFITQYSTGQVSVEIEWELQKE
NSKRWNPEIQYTSNYNKSVNVDETVDTNGVYSEPRPIGTRYLTRN

Suitably, the variant may be at least 95%, at least 96%, at least 97%, at least
98% or at least 99% identical to SEQ ID NO: 33.

Suitably, the AAV3B VP2 and VP3 capsid proteins may be N-terminal truncations
of SEQ ID NO: 33, or N-terminal truncations of a variant which is at least 90%
identical, at least 95%, at least 96%, at least 97%, at least 98% or at least 99%
identical to SEQ ID NO: 33.

AAV genome

The AAV vector or AAV vector particle may comprise an AAV genome or a

fragment or derivative thereof.

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

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

is in single-stranded form.

AAVs occurring in nature may be classified according to various biological
systems. The AAV genome may be from any naturally derived serotype, isolate or
clade of AAV.
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AAV may be 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, an AAV vector particle having a
particular AAV serotype does not efficiently cross-react with neutralising
antibodies specific for any other AAV serotype. AAV serotypes include AAV1,
AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAVE, AAV9, AAV10 and AAV11l. In some
embodiments, the AAV vector of the invention may be an AAV3B, LK0O3, AAV9, or
AAVS8 serotype.

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

recognisably distinct population at a genetic level.

Typically, the AAV genome of a naturally derived serotype, isolate or clade of AAV
comprises at least one inverted terminal repeat sequence (ITR). An ITR sequence
acts in cis to provide a functional origin of replication and allows for integration
and excision of the vector from the genome of a cell. ITRs may be the only

sequences required in cis next to the therapeutic gene.

The AAV genome may also comprise packaging genes, such as rep and/or cap
genes which encode packaging functions for an AAV particle. A promoter may be
operably linked to each of the packaging genes. Specific examples of such
promoters include the p5, p19 and p40 promoters. For example, the p5 and p19
promoters are generally used to express the rep gene, while the p40 promoter is
generally used to express the cap gene. The rep gene encodes one or more of the
proteins Rep78, Rep68, Rep52 and Rep40 or variants thereof. The cap gene
encodes one or more capsid proteins such as VP1, VP2 and VP3 or variants
thereof. These proteins make up the capsid of an AAV particle, which determines
the AAV serotype. VP1, VP2, and VP3 may be produced by alternate mRNA
splicing (Trempe, J.P. and Carter, B.]., 1988. Journal of virology, 62(9), pp.3356-
3363). Thus, VP1, VP2 and VP3 may have identical sequences, but wherein VP2 is
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truncated at the N-terminus relative to VP1, and VP3 is truncated at the N-

terminus relative to VP2.

The AAV genome may be the full genome of a naturally occurring AAV. For
example, a vector comprising a full AAV genome may be used to prepare an AAV
vector or vector particle.

Preferably, the AAV genome is derivatised for the purpose of administration to
patients. Such derivatisation is standard in the art and the invention encompasses
the use of any known derivative of an AAV genome, and derivatives which could
be generated by applying techniques known in the art. The AAV genome may be a
derivative of any naturally occurring AAV. Suitably, the AAV genome is a
derivative of AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAVS, AAV9, AAV10,
or AAV11. Suitably, the AAV genome is a derivative of AAV2.

Derivatives of an AAV genome include any truncated or modified forms of an AAV
genome which allow for expression of a transgene from an AAV 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.

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, derivatives may additionally include one or more
rep and/or cap genes or other viral sequences of an AAV genome. Naturally
occurring AAV integrates with a high frequency at a specific site on human
chromosome 19, and shows a negligible frequency of random integration, such
that retention of an integrative capacity in the AAV vector may be tolerated in a

therapeutic setting.

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
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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.

Mini-gene approach

At almost 1700 amino acids, COL4A3, COL4A4 and COL4A5 are challenging to
package into an AAV vector in their full length form due to AAV packaging
constraints. However, the present inventors have developed a minimal nephrin
promoter which is shorter than known minimal nephrin promoters and surprisingly
capable of driving transgene expression in podocytes. Such a minimal nephrin
promoter can be used to minimise the cargo size and aid packaging of full length
COL4A3, COL4A4 or COL4AS.

One alternative option to packaging full length COL4A3, COL4A4 or COL4A5 may
be to provide the COL4A3, COL4A4 or COL4A5 transgene as a mini-gene. The
mini-gene approach has been successfully employed in the development of gene
therapies for the treatment of Duchenne's muscular dystrophy (Kodippili et al
2018). In this approach the transgene is truncated so as to fit the vector, without

losing the activity of the protein encoded by the transgene.

COL4A3, COL4A4 and COL4A5 proteins are approximately 170-185 kDa
homologous polypeptides containing collagenous Gly-X-Y repeat sequences
frequently interrupted by non-collagenous sequences and forming a triple helix
repeat. Each polypeptide also contains a large globular non-collagenous domain at
the carboxyl-terminal end. Approximately 200-300 amino acids should be
removed from each of the COL4A3, COL4A4 and COL4AS polypeptides to produce
a truncated transgene suitable for a mini-gene approach. The amino acids may be
removed from the triple helix repeat. Preferably the amino acids are not removed

from the non-collagenous region.
A COL4A5 mini-gene with an N-terminal HA tag or N-terminal MyC tag may be
ligated into AAV2/9, AAVLKO3 and AAVL3 vectors containing a human minimal

nephrin promoter (NPHS2).

Viral vector gene therapy
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The present invention provides a viral vector gene therapy, wherein the viral
vector comprises a COL4A3, COL4A4 or COL4AS5 transgene.

The viral vector used in the viral vector gene therapy may be any viral vector of
the present invention described herein. Accordingly, it will be understood that
when a viral vector is referred to herein, this may also refer to a viral vector gene
therapy unless context dictates otherwise.

Dual vector approach

An alternative option for the viral vector gene therapy may be to use a dual
vector approach. In this approach, the viral vector gene therapy comprises a first
viral vector comprising at least a portion of a COL4A3, COL4A4 or COL4AS
transgene; and an optional a podocyte-specific promoter; and a second viral
vector comprising at least a portion of a corresponding COL4A3, COL4A4 or
COL4AS transgene; and an optional a podocyte-specific promoter. In other words,
the transgene is divided into two separate sequences, each of which can be
incorporated into a viral vector gene therapy as described herein. AAV dual vector
approaches are described in,. e.g., McClements and MaclLaren 2017, incorporated
herein by reference. The transgene sequences used in the dual vector approach
may have overlapping exonic or intronic sequences, which when transduced will
combine through, e.g., homologous recombination, to reform a single transgene
sequence. Alternatively, the two sequences may not overlap and will instead be
combined by, e.g., an intein protein trans-splicing approach. It is also possible to
incorporate in one of the two vectors a splice donor signal and in the second
vector a splice acceptor signal that allow after ITR mediated head-to-tail
concatemerisation trans-splicing resulting in a mature mRNA. It is further possible
to combine these approaches into various hybrid approaches that, e.g., combines
recombination with trans-splicing.

The first viral vector may be a viral vector according to the present invention as
described herein, and/or the second viral vector may be a viral vector according
to the present invention as described herein. In preferred embodiments, the first
viral vector and the second viral vector are both viral vectors according to the
present invention as described herein.
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COL4A3, COL4A4 and COL4A5 transgenes

The COL4A3, COL4A4 or COL4AS5 transgene may comprise an intron or intronic
sequences, which can be used to improve gene expression. An intron or intronic
sequences may be used in either the mini-gene or dual vector approach. In the
dual vector approach this can allow for recombination of the first and second
portions of the transgene via homologous sequences of an intron. This is
particularly useful when the dual vector approach is combined with a splice donor
and acceptor method as using an exonic sequence would lead to part of the
protein being spliced out, which is usually not desirable.

The COL4A3, COL4A4 or COL4AS5 transgene may encode a COL4A3, COL4A4 or
COL4AS5 polypeptide, or a fragment or derivative thereof.

The COL4A3, COL4A4 or COL4AS polypeptide or a fragment or derivative thereof
may be capable of forming a collagen IV a345 network. Suitably, the fragment
has about 200-300 amino acids removed.

In some embodiments, the COL4A3, COL4A4 or COL4A5 polypeptide is a full-
length polypeptide.

Preferably, the COL4A3, COL4A4 or COL4A5 polypeptide is human. An example
human COL4A3 is the COL4A3 having the UniProtKB accession number Q01955.
An example human COL4A4 is the COL4A3 having the UniProtKB accession
number P53420. An example human COL4A5 is the COL4A5 having the UniProtKB
accession number P29400.

Suitably, the COL4A3 peptide may comprise or consist of the polypeptide
sequence shown as SEQ ID NO: 1, or a variant which is at least 70% identical to
SEQ ID NO: 1. Suitably, the variant may be at least 75%, at least 80%, at least
85%, atl least 90%, at least 95%, at least 98%, at least 99% identical to SEQ ID
NO: 1.

Suitably, the COL4A4 peptide may comprise or consist of the polypeptide
sequence shown as SEQ ID NO: 2, or a variant which is at least 70% identical to
SEQ ID NO: 2. Suitably, the variant may be at least 75%, at least 80%, at least
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85%, at least 90%, at least 95%, at least 98%, at least 99% identical to SEQ ID
NO: 2.

Suitably, the COL4AS5 peptide may comprise or consist of the polypeptide
sequence shown as SEQ ID NO: 3, or a variant which is at least 70% identical to
SEQ ID NO: 3. Suitably, the variant may be at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 98%, at least 99% identical to SEQ ID
NO: 3.

Exemplary COL4A3 amino acid sequence (SEQ ID NQO: 1)

MSARTAPRPQVLLLPLLLVLLAAAPAASKGCVCKDKGQCFCDGAKGEKGEKGFPGPPGSPGOKGEFTGPE
GLPGPQGPKGEFPGLPGLTGSKGVRGISGLPGEFSGSPGLPGTPGNTGPYGLVGVPGCSGSKGEQGEPGLP
GTLGYPGIPGAAGLKGOKGAPAKEEDI ELDAKGDPGLPGAPGPQGLPGPPGFPGPVGPPGPPGEFEGEPG
AMGPRGPKGHMGERVIGHKGERGVKGLTGPPGPPGTVIVTLTGPDNRTDLKGEKGDKGAMGEPGPPGPS
GLPGESYGSEKGAPGDPGLOGKPGKDGVPGEFPGSEGVKGNRGEFPGLMGEDGIKGOKGDIGPPGERGPTE
YYDTYQEKGDEGTPGPPGPRGARGPOGPSGPPGVPGSPGSSRPGLRGAPGWPGLKGSKGERGRPGKDAM
GTPGSPGCAGSPGLPGSPGPPGPPGDIVFRKGPPGDHGLPGYLGSPGIPGVDGPKGEPGLLCTQCPYIP
GPPGLPGLPGLHGVKGIPGRQGAAGLKGSPGSPGNTGLPGEFPGFPGAQGDPGLKGEKGETLQPEGQVGY
PGDPGLRGOPGRKGLDGIPGTPGVKGLPGPKGELALSGEKGDOGPPGDPGSPGSPGPAGPAGPPGYGPQ
GEPGLOGTOGVPGAPGPPGEAGPRGELSVSTPVPGPPGPPGPPGHPGPOGPPGIPGSLGKCGDPGLPGP
DGEPGIPGIGEFPGPPGPKGDQGFPGTKGSLGCPGKMGEPGLPGKPGLPGAKGEPAVAMPGGPGTPGEPG
ERGNSGEHGEIGLPGLPGLPGTPGNEGLDGPRGDPGOPGPPGEQGPPGRCIEGPRGAQGLPGLNGLKGQ
QGRRGKTGPKGDPGIPGLDRSGFPGETGSPGIPGHQGEMGPLGQRGYPGNPGILGPPGEDGVIGMMGEP
GAIGPPGPPGNPGTPGQRGIPGIPGVKGOQRGTPGAKGEQGDKGNPGPSEI SHVIGDKGEPGLKGEFAGNP
GEKGNRGVPGMPGLKGLKGLPGPAGPPGPRGDLGSTGNPGEPGLRGIPGSMGNMGMPGSKGKRGTLGEP
GRAGRPGLPGIHGLOGDKGEPGYSEGTRPGPPGPTGDPGLPGDMGKKGEMGOPGPPGHLGPAGPEGAPG
SPGSPGLPGKPGPHGDLGFKGIKGLLGPPGIRGPPGLPGFPGSPGPMGIRGDQGRDGIPGPAGEKGETG
LLRAPPGPRGNPGAQGAKGDRGAPGEFPGLPGRKGAMGDAGPRGPTGIEGIFPGPPGLPGATITIPGOTGNRG
PPGSRGSPGAPGPPGPPGSHVIGIKGDKGSMGHPGFKGPPGTAGDMGPPGRLGAPGTPGLPGPRGDPGE
QGFPGVKGEKGNPGFLGSIGPPGPIGPKGPPGVRGDPGTLKITISLPGSPGPPGTPGEPGMQGEPGPPGP
PGNLGPCGPRGKPGKDGKPGTPGPAGEKGNKGSKGEPGPAGSDGLPGLKGKRGDSGSPATWITRGEVET
RHSQTTAIPSCPEGTVPLYSGESFLEVQGNQRAHGODLGTLGSCLORFTTMPFLECNVNDVCNEASRND
YSYWLSTPALMPMNMAPITGRALEPYISRCTVCEGPAIATIAVHSQTTDIPPCPHGWISLWKGESFIMET
SAGSEGTGOALASEGSCLEEI'RASPI'LECIIGRGTCNYYSNSY SIWLASLNPERMI'RKPTESTVKAGELE
KITISRCQVCMKKRH

Exemplary COL4A4 amino acid sequence (SEQ ID NO: 2)
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MWSLHIVLMRCSFRLTKSLATGPWSLILILESVQYVYGSGKKYIGPCGGRDCSVCHCVPEKGSRGPPGP
PCPQCPICPLCAPCPICLSCEKCMRCDRCPPCAACDKCDKCPTCVPCFPCLDCIPCHPCPPCPRCGKPCM
SGHNGSRGDPGEPGGRGALGPGGPLGHPGEKGEKGNSVEILGAVKGIQGDRGDPGLPGLPGSWGAGGPA
GPTGYPGEPGLVGPPGQPGRPGLKGNPGVGVKGOMGDPGEVGQQGSPGPTLLVEPPDFCLYKGEKGIKG
IPGMVGLPGPPGRKGESGIGAKGEKGI PGFPGPRGDPGSYGSPGFPGLKGELGLVGDPGLFGLIGPKGD
PGNRGHPGPPGVLVTPPLPLKGPPGDPGFPGRYGETGDVGPPGPPGLLGRPGEACAGMIGPPGPQGEFPG
LPGLPGEAGIPGRPDSAPGKPGKPGSPGLPGAPGLOGLPGSSVIYCSVGNPGPQGIKGKVGPPGGRGPK
GEKGNEGLCACEPGPMGPPGPPGLPGRQGSKGDLGLPGWLGTKGDPGPPGAEGP PGLPGKHGASGPPGN
KGAKGDMVVSRVKGHKGERGPDGPPGFPGQPGSHGRDGHAGEKGDPGPPGDHEDATPGGKGEFPGPLGPP
GKAGPVGPPGLGFPGPPGERGHPGVPGHPGVRGPDGLKGOKGDTISCNVTYPGRHGPPGEDGPPGPKGE
PGPOGAPGLSGSDGHKGRPGTPGTAEI PGPPGFRGDMGDPGEFGGEKGSSPVGPPGPPGSPGVNGQKGI P
GDPAFGHLGPPGKRGLSGVPGIKGPRGDPGCPGAEGPAGIPGFLGLKGPKGREGHAGFPGVPGPPGHSC
ERGAPGIPGQPGLPGYPGSPGAPGGKGQPGDVGPPGPAGMKGLPGLPGRPGAHGPPGLPGIPGPEGDDG
LPGPPGPKGPRGLPGFPGFPGERGKPGAEGCPGAKGEPGEKGMSGLPGDRGLRGAKGATIGPPGDEGEMA
IISOKGTPGEPGPPGDDGEFPGERGDKGTPGMOGRRGEPGRYGPPGFHRGEPGEKGOPGPPGPPGPPGST
GLRGFIGFPGLPGDOGEPGSPGPPGESGIDGARGPKGNKGDPASHFGPPGPKGEPGSPGCPGHEGASGE
QGLPGIQGPRGSPGRPGPPGSSGPPGCPGDHGMPGLRGOPGEMGDPGPRGLQGDPGIPGPPGIKGPSGS
PGLNGLHGLKGQKGTKGASGLHDVGPPGPVGIPGLKGERGDPGSPGISPPGPRGKKGPPGPPGSSGPPG
PAGATGRAPKDIPDPGPPGDQGPPGPDGPRGAPGPPGLPGSVDLLRGEPGDCGLPGPPGPPGPPGPPGY
KGFPGCDGKDGOKGPVGFPGPOQGPHGEFPGPPGEKGLPGPPGRKGPTGLPGPRGEPGPPADVDDCPRIPG
LPGAPGMRGPEGAMGLPGMRGPSGPGCKGEPGLDGRRGVDGVIPGSPGPPGREKGDTGEDGYPGGPGP PGP
IGDPGPKGEFGPGYLGGFLLVLHSOTDOEPTCPLGMPRLWTIGY SLLYLEGOQEKAHNODLGLAGSCLPVES
TLPFAYCNIHQVCHYAQRNDRSYWLASAAPLPMMPLSEEAIRPYVSRCAVCEAPAQAVAVHSQDQSIPP
CPQTWRSLWIGYSFLMHTGAGDQGGGQAIMSPGSCLEDFRAAPFLECQGRQGTCHFFANKYSFWLTTVK
ADLQFSSAPAPDTLKESQAQRQKI SRCQVCVKYS

Exemplary COL4A5 amino acid sequence (SEQ ID NO: 3)
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LPGIPGSKGEPGIPGIGLPGPPGPKGEFPGIPGPPGAPGTPGRIGLEGPPGPPGFPGPKGEPGFALPGPP
GPPGLPGFKGALGPKGDRGFPGPPGPPGRTGLDGLPGPKGDVGPNGQPGPMGPPGLPGIGVQGPPGPPG
IPGPIGQPGLHGIPGEKGDPGPPGLDVPGPPGERGSPGIPGAPGPIGPPGSPGLPGKAGASGEPGTKGE
MGMMGPPGPPGPLGIPGRSGVPGLKGDDGLOGOQPGLPGPTGEKGSKGEPGLPGPPGPMDPNLLGSKGEK
GEPGLPGIPGVSGPKGYQGLPGDPGOPGLSGOPGLPGPPGPKGNPGLPGOPGLIGPPGLKGTIGDMGEP
GPOGVEGPPGPSGVPGOPGSPGLPGOKGDKGDPGISSIGLPGLPGPKGEPGLPGYPGNPGIKGSVGDPG
LPGLPGTPGAKGQPGLPGEFPGTPGPPGPKGI SGPPGNPGLPGEPGPVGGGGHPGOQPGPPGEKGKPGQDG
IPGPAGQKGEPGQPGFGNPGPPGLPGLSGOKGDGGLPGI PGNPGLPGPKGEPGFHGFPGVQGPPGPPGS
PGPALEGPKGNPGPQGPPGRPGLPGPEGPPGLPGNGGIKGEKGNPGQPGLPGLPGLKGDQGPPGLQGNP
GRPGLNGMKGDPGLPGVPGFPGMKGP3GVPGSAGPEGEPGLIGPPGPPGLPGPSGOSIIIKGDAGPPGI
PGQPGLKGLPGPQGPQGLPGPTGPPGDPGRNGLPGEFDGAGGRKGDPGLPGQPGTRGLDGPPGPDGLQGPE
PGPPGTSSVAHGEFLITRHSQTTDAPQCPOGTLOVYEGESLLYVOGNKRAHGODLGTAGSCLRRESTMPE
MEFCNINNVCNEFASRNDYSYWLSTPEPMPMSMQPLKGQSIQPFISRCAVCEAPAVVIAVHSQTIQIPHCP
QGWDSLWIGYSFMMHT SAGAEGSGQALASPGSCLEEFRSAPFIECHGRGTCNYYANSYSEFWLATVDVSD
MEFSKPQSETLKAGDLRTRI SRCQVCMKRT

An example nucleotide sequence encoding COL4A3 is NM_000091.5. An example
nucleotide sequence encoding COL4A4 is NM_000092.5. An example nucleotide
sequence encoding COL4A5 is NM_000495.5.

Suitably, the COL4A3 transgene may comprise or consist of the polynucleotide
sequence shown as SEQ ID NO: 4, or a variant which is at least 70% identical to
SEQ ID NO: 4. Suitably, the variant may be at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 98%, at least 99% identical to SEQ ID
NO: 4.

Suitably, the COL4A4 transgene may comprise or consist of the polynucleotide
sequence shown as SEQ ID NO: 5, or a variant which is at least 70% identical to
SEQ ID NO: 5. Suitably, the variant may be at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 98%, at least 99% identical to SEQ ID
NO: 5.

Suitably, the COL4A5 transgene may comprise or consist of the polynucleotide
sequence shown as SEQ ID NO: 6, or a variant which is at least 70% identical to
SEQ ID NO: 6. Suitably, the variant may be at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 98%, at least 99% identical to SEQ ID
NO: 6.
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Exermnplary COL4A3 transgene sequence (SEQ ID NO: 4)

atgagcgcccggaccgcecccccaggccgcaggtgetecctgetgecgetecctgetggtgectecctggeggeg
gcgcccecgcecagccagcaagggttgtgtetgtaaagacaaaggccagtgettetgtgacggggeccaaaggg
gagaagggggagaagggctttcecctggacccecceggttectectggccagaaaggattcacaggtcecetgaa
ggcttgcctggaccgcagggacccaagggctttecaggacttceccaggactcacgggttecaaaggtgta
aggggaataagtggattgccaggattttcectggttctectggacttecaggecaccccaggecaataccgygyg
ccttacggacttgtcggtgtaccaggatgcagtggttctaagggtgagcaggggtttccaggactccca
gggacactgggctacccagggatcccgggtgectgectggtttgaaaggacaaaagggtgctecctgectaaa
gaagaagatatagaacttgatgcaaaaggcgaccccgggttgccaggggctceccaggaccccagggtttyg
ccaggccctcecaggtttteooctgggectgttggeccacactggtectacgggattetttggaetttacagga
gccatgggacctagaggacctaagggtcacatgggtgaaagagtgataggacataaaggagagcggggt
gtgaaagggttaacaggacccccecgggaccaccaggaacagttattgtgacecctaactggecccagataac
agaacggacctcaagggggaaaagggagacaagggagcaatgggcgageccectggacectcecectggacectcea
ggactgcctggagaatcatatggatctgaaaagggtgctcecctggagaccetggectgcagggaaaaccc
ggaaaagatggtgttcctggecttccctggaagtgagggagtcaagggcaacaggggtttcecctgggtta
atgggtgaagatggcattaagggacagaaaggggacattggcccteccaggatttegtggtceccaacagaa
tattatgacacataccaggaaaagggagatgaaggcactccaggceccaccagggcecccagaggagetegt
ggcccacaaggtcccagtggtcececceccceggagttectggaagtectggatecatecaaggectggecteaga
ggagcccctggatggccaggectgaaaggaagtaaaggggaacgaggccgeccaggaaaggatgecatg
gggactcctgggtccccaggttgtgctggttcaccaggtcttccaggatcaccgggaccteccaggaccg
ggaatcccaggagttgatgggcccaaaggagaaccaggcctcectgtgtacacagtgeccecttatatccca
gggcctccecoggtcecteccaggattgeccagggttacatggtgtaaaaggaatceccaggaagacaaggegea
gctggcttgaaaggaagcecccagggtcececcaggaaatacaggtettecaggattteccaggttteccaggt
gcccagggtgacccaggacttaaaggagaaaaaggtgaaacacttcageccectgaggggcaagtgggtgte
ccaggtgacccggggctcagaggccaacctgggagaaagggcttggatggaattcecctggaactcecggga
gtgaaaggattaccaggacctaaaggcgaactggctctgagtggtgagaaaggggaccaaggtcctcca
ggggatcctggctecccctgggtcecccaggacctgcaggaccagetggaccacctggetacggaccccaa
ggagaacctggtctccagggcacgcaaggagttcecctggageocccacggaccacccggagaagecggeoct
aggggagagctcagtgtttcaacaccagttccaggcccaccaggacctccagggecccectggecatect
ggcccccaaggtccacctggtatccctggatcectggggaaatgtggagatectggtecttecagggect
gatggtgaaccaggaattccaggaattggatttcctgggecctecctggacctaagggagaccaaggtttt
ccaggdgtacaaaaggatcactgggttgtcctggaaaaatgggagagecctgggttacctggaaagccagge
ctcccaggagccaagggagaaccagcagtagccatgectggaggaccaggaacaccaggttttceccagga
gaaagaggcaattctggggaacatggagaaattggactccctggacttceccaggtectccctggaactecca
ggaaatgaagggcttgatggaccacgaggagatccagggcagectggaccacctggagaacaaggaccce
ccaggaaggtgcatagagggtcccaggggagceccaaggacttccaggcecttaaatggattgaaagggecaa
caaggcagaagaggtaaaacggggccaaagggagacccaggaattceccaggettggatagatcaggattt
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cctggagaaactggatcaccaggaattccaggtcatcaaggtgaaatgggaccactgggtcaaagagga
tatccaggaaatccgggaattttagggecaccaggtgaagatggagtgattgggatgatgggetttect
ggagccattggceccteccagggecccectgggaacccaggcacaccagggcagagggggagecctggaatt
ccaggagtaaagggccagagaggaaccccaggagceccaagggggaacaaggagataaaggaaatcececggg
ccttcagagatatcccacgtaataggggacaaaggagaaccaggtctcaaaggattcgcaggaaatcca
ggtgagaaaggaaacagaggcgttccagggatgccaggtttaaagggecctcaaaggactacccggacca
gcaggaccaccaggccccagaggagatttgggcagecactgggaatcectggagaaccaggactgecgtggt
ataccaggaagcatggggaacatgggcatgccaggttctaaaggaaaaaggggaactttgggattccca
ggtcgagcaggaagaccaggcctcccaggtattcatggtctccagggagataagggagageccaggttat
tcagaaggtacaaggccaggaccaccgggaccaacgggggatccaggactgecgggtgatatgggaaag
aaaggagaaatggggcaacctggcccacctggacatttggggcctgctggacctgagggagecccetgga
agtcctggaagtcctggcctecccaggaaagccaggtcecctcatggtgatttgggttttaaaggaatcaaa
ggcctcecctgggcccteccaggaatcagaggceccctceccaggtectteccaggatttecaggatectectggacca
atgggtataagaggtgaccaaggacgtgatggaattcctggtccagccggagaaaagggagaaacgggt
ttattgagggccceccteccaggeccaagagggaaccctggtgetcaaggagceccaaaggagacaggggagacc
ccaggttttcecctggeccteccecgggcagaaaaggggccatgggagatgectggacctecgaggacccacaggce
atagaaggattcccagggccaccaggtctgecceggtgecaattatcecectggecagacaggaaategtggt
ccaccaggctcaagaggaagcccaggtgcgectggtecccecctggacctceccagggagtcatgtaatagge
ataaaaggagacaaagggtctatgggccaccctggcccaaaaggtccacctggaactgcaggagacatg
ggaccaccaggtcgtctgggagcaccaggtactccaggtcttccaggacccagaggtgatcctggattc
cagggdtttccaggcgtgaaaggagaaaagggtaatcectggatttetaggatccattggacctcecagga
ccaattgggccaaaaggaccacctggtgtacgtggagaccctggcacacttaagattatctcecccttcecea
ggaagcccagggccacctggecacacctggagaaccagggatgcagggagaacctgggeccaccagggaca
cctggaaacctaggaccctgtgggccaagaggtaagccaggcaaggatggaaaaccaggaactcecctgga
ccagctggagaaaaaggcaacaaaggttctaaaggagagccaggaccagctggatcagatggattgcca
ggtttgaaaggaaaacgtggagacagtggatcacctgcaacctggacaacgagaggctttgtcttcacc
cgacacagtcaaaccacagcaattccttecatgtccagaggggacagtgccactcetacagtgggttttet
tttctttttgtacaaggaaatcaacgagcccacggacaagaccttggaactettggecagectgectgeag
cgatttaccacaatgccattcttattctgcaatgtcaatgatgtatgtaattttgcatctcgaaatgat
tattcatactggctgtcaacaccagctctgatgccaatgaacatggctcccattactggcagageccctt
gagccttatataagcagatgcactgtttgtgaaggtcctgecgatcgeccatagecgttcacageccaaacc
actgacattcctccatgtcctcacggctggatttcectcectcectggaaaggattttcattcatcatgttcaca
agtgcaggttctgagggcacacgggcaagcactggectocccatggectacctgaeatggaagaattaccgagaa
agcccatttctagaatgtcatggaagaggaacgtgcaactactattcaaattcecctacagtttectggetyg
gcttcattaaacccagaaagaatgttcagaaagcecctattccatcaactgtgaaagectggggaattagaa
aaaataataagtcgctgtcaggtgtgcatgaagaaaagacactga

Exemplary COL4A4 transgene sequence (SEQ ID NO: 5)
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atgtggtctctgcacatagtactaatgaggtgctccttcagattgaccaagtccttggccacaggtccc
tggtcacttatactcattctettttctgtacaatatgtatatgggagtggaaagaaatacattggtect
tgtggaggaagagattgctectgtttgecactgtgttectgaaaaggggteteggggtccaccaggaceca
ccagggccacagggtccaattggaccecctgggagecccaggacccattgggetttcaggagagaaagga
atgagaggggaccgcggccctectggagcagcaggggacaaaggagataagggtccaactggtgttect
ggatttccaggtttagatggcatacctgggcacccagggcctcecctggacccagaggcaaacctggtatg
agtggccacaatggctcaagaggtgacccagggtttccaggaggaagaggagctcttggecccaggaggce
cccctaggeocatcecctggggaaaagggagaaaaaggaaattcagtgttecattttaggtgecaogttaaaggt
attcagggagacagaggggacccaggactgcctggcttaccaggatcttggggtgcaggaggaccggcea
ggtcccacaggatatcctggagagccagggttagtgggacctececgggccaaccagggecgtecaggtttyg
aagggaaatcccggtgtgggagtaaaggggcaaatgggagaccecgggtgaggttggtcagcaaggttcet
cctggacccaccctgttggtagagccacctgacttttgtcectcectataaaggagaaaagggtataaaagga
attcctggaatggttggactgccaggaccaccaggacgcaagggagaatctggtattggggcaaaagga
gaaaaaggtattcctggatttccagggcctcggggggatcctggttcctatggatctccaggttttcca
ggattaaagggagaactaggactggttggagatcctgggcectatttggattaattggecccaaagggggat
cctggaaatcgagggcacccaggaccaccaggtgttttggtgacteccacectettecactcaaaggecca
ccaggggacccagggttcecctggecgetatggagaaacaggggatgttggaccacctggtecececcaggt
ctcttgggcagaccaggggaagcctgtgcaggcatgataggacccectgggccacaaggatttecetggt
cttcctgggcttccaggagaagctggtattcctgggagacctgattctgectccaggaaaaccagggaag
ccaggatcacctggcttgcctggagcaccaggcctgcagggcctcccaggatcaagtgtgatatactgt
agtgttgggaaccccggaccacaaggaataaaaggcaaadttggteccccaggaggaagaggcecccaaaa
ggagaaaaaggaaatgaaggactctgtgcctgtgagectggacccatgggecceccecectggecctcecagga
cttecctgggaggcaggggagtaagggagacttggggecteccctggetggettggaacaaaaggtgaccca
ggacctcctggtgectgaaggacctccagggectaccaggaaagcatggtgectcetggaccacctggecaac
aaaggggcgaagggtgacatggttgtatcaagagttaaagggcacaaaggagaaagaggtcctgatggg
cccccaggatttccagggcagceccaggatcacatggtcgggatggacatgectggagaaaaaggggatcca
ggacctccaggggatcatgaagatgcgaccccagdtggtaaaggatttcecetggacctectgggecccccea
ggcaaagcaggacctgtggggcccccaggactgggatttecctggteccaccaggagagcgaggccaccca
ggagttccaggccacccaggtgtgaggggcecctgatggecttgaagggtcagaaaggtgacacaatttct
tgcaacgtaacctaccctgggaggcatggccctceccaggttttgatggaccteccaggtccgaagggattt
ccaggtccccaaggtgcccecctgggctgagtggttcagatgggcataaaggcagacctggcacaccagga
acagcggaaataccaggtccacctggttttecgtggtgacatgggagatcecgggttttggaggtgaaaag
gggtacctaccctgttgggcccccaggaeacctaocaggetcaccaggagtgaatggtcagaaaggaatccag
ggagaccctgecatttggtcacctgggaccececcgggaaagaggggtetttcaggagtgeccagggataaaa
ggacccagaggtgatccgggatgtccaggggctgaagggcecagctggcattectggattecctaggtete
aaaggtcccaaaggcagagagggacatgctgggtttccaggtgtecccaggteccacctggecattectgt
gaaagaggtgctccagggataccagggcaaccgggactccctgggtatccaggtagecccaggtgectcca
ggtgggaaaggacagccgggagatgtggggcectcececcgggccagcectggaatgaaaggectececcggacte
ccaggacggcctggggcacatggtcccccaggcecctcccaggaatcccaggtcecctttggagatgatggg
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ctacctggtcctccaggtccaaagggacccecgggggcectgecctggtttcccaggttttceccggagaaaga
ggaaagcctggtgcagagggatgtcecctggegcaaagggagaacctggagagaagggcatgtetggectt
cctggagaccggggactgagaggggccaaaggagceccataggaccteccggagatgaaggagaaatgget
atcatttcacaaaagggaacacctggggaacctggacctcecctggagatgatggattcecccaggagaaaga
ggtgataaaggaactcccgggatgcaagggagaagaggagagccgggaagatacggaccacctggattt
cacagaggggaacctggtgagaaaggtcagccagggcctcecctggacccccaggceccecctccaggctcaact
ggtctaagagggttcattggttttccaggacttccaggtgaccagggtgageccaggttctceccaggtecce
cctggattttcaggaattgatggagcaagaggacctaaaggaaacaaaggtgaccctgccagtcecacttt
ggtccacctggtccaaagggtgagccaggtageccctggatgtccagggcattttggagecateccggagag
cagggcttgcctggtattcaagggcccagaggatcacctggaaggcecagggccacctggctectetgga
ccaccagggtgcccaggtgatcacgggatgecctgggectgaggggacageccaggagaaatgggagaccct
gggccaagaggcctceccagggggatccagggataccaggtcecctececgggaataaaaggtcecctecggatca
cctggcecctgaacggecttgecatggattgaaaggtcagaaaggaactaaaggtgecttcaggtttgeatgat
gtggggccacctggtccagtgggaatacctgggctaaaaggggagagaggagaccctgggagcccagga
atctctcecteccaggtecctecgtggaaagaaaggtcecccccaggacccecagggagttcaggaccacetggt
cctgcaggtgccacaggaagagctcecctaaggacattectgaccecgggteccacctggagatcagggaccet
cctggtcectgatggecccaagaggagcacctgggectceccaggectecectgggagtgttgaccttetgaga
ggggagccaggtgactgtggtctaccagggccaccaggtcceccecctggecccaccaggcecccteccaggatac
aaaggctttccaggatgtgatggaaaagatggccagaaaggaccagtgggattcccgggaccgcaggga
ccacatggatttcctgggccacctggagagaagggtttacctggacctccagggagaaaagggcccact
ggtcttcegggtcecccagaggtgaaccggggaccacctgcagatgtggatgactgteccccgaatcecccagge
cttcctggggcgccaggcatgagaggaccagaaggagccatggggetceocetggaatgagaggecectea
ggaccagggtgcaaaggagagectgggetggatggcaggaggggtgtggatggegteccectgggtetect
gggcctccececggacgtaaaggtgacacaggagaagacggctaccecctggaggaccagggectecectggtecce
attggggatcctgggcccaaagggtttggcecctggataccteggtggecttcecctectggttcectccacagt
cagacggaccaggagcccacctgcccecctgggecatgecccaggectcectggactgggtatagtectgttatac
ctggaagggcaadagaaagctcacaatcaagaccttggtcectggcagggtettgectteccgtatttage
acgctgccctttgecctactgcaacatccaccaggtgtgeccactatgecccagagaaacgacagatcectac
tggctggccagecgctgecgccecectcecceccecatgatgeccactetectgaagaggegatcecgeccctatgtcage
cgctgtgcggtatgcgaggcccecggeccaggecggtggeggtgcacageccaggaccagtccatcccecccca
tgtccgcagacctggaggagecctcectggatecgggtattcattectgatgcacacaggagectggggaccaa
ggaggagggcaggcccttatgtcacctggcagetgecctggaagatttcagagecagcaccatteccttgaa
tgccagggocggcagggaacttgocactttttagecaaataagtatagettetggetcacaacggtgaaa
gcagacttgcagttttecctctgectccagcaccagacaccttaaaagaaagccaggocccaacgecagaaa

atcagccggtgccaggtctgcecgtgaagtatagctag

Exemplary COL4A5 transgene sequence (SEQ ID NO: 6)
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atgaaactgcgtggagtcagcctggctgccggettgttcttactggeccctgagtctttgggggcagect
gcagaggctgcecggcecttgctatgggtgttcectaocaggatcaaagtgtgactgcagtggcataaaaggggaa
aagggagagagagggtttccaggtttggaaggacacccaggattgectggattteccaggteccagaaggg
cctececggggectecggggacaaaagggtgatgatggaattceccagggecaccaggaccaaaaggaatcaga
ggtcctcctggacttectggatttccagggacaccaggtecttecctggaatgecaggeccacgatggggec
ccaggacctcaaggtattccecggatgcaatggaaccaagggagaacgtggatttccaggcagtcceccggt
tttcctggtttacagggtcctccaggacccecctgggatecccaggtatgaagggtgaaccaggtagtata
attatgtcatcactgccaggaccaaagggtaatccaggatatccaggtacctectggaatacaaggecta
cctggtccrcactggtataccagggccaattggtccceccaggaccaccaggtttgatgggcecctectggt
ccaccaggacttccaggacctaaggggaatatgggcttaaatttccagggacccaaaggtgaaaaaggt
gagcaaggtcttcagggcccacctgggceccacctgggcagatcagtgaacagaaaagaccaattgatgta
gagtttcagaaaggagatcagggacttcctggtgaccgagggcctecctggacctccagggatacgtggt
cctccaggtccecccaggtggtgagaaaggtgagaagggtgagcaaggagageccaggcaaaagaggtaaa
ccaggcaaagatggagaaaatggccaaccaggaattcctggtttgecctggtgatcctggttaccctggt
gaacccggaagggatggtgaaaagggccaaaaaggtgacactggcecacctggacctecctggacttgta
attcctagacctgggactggtataactataggagaaaaaggaaacattgggttgcctgggttgcetgga
gaaaaaggagagcgaggatttcctggaatacagggtccacctggecttecectggaccteccaggggetgea
gttatgggtcctcctggccctecctggatttecctggagaaaggggtcagaaaggtgatgaaggaccacct
ggaatttccattcctggacctcctggacttgacggacagcecctggggctecctgggecttccagggecctect
ggccctgctggccctcacattcctcecctagtgatgagatatgtgaaccaggccctccaggccccccagga
tctceccaggtgataaaggactccaaggagaacaaggagtgaaaggtgacaaaggtgacacttgettcaac
tgcattggaactggtatttcagggcctceccaggtcaacctggtttgecaggtetecccaggtectcecagga
tcectettggttteccctggacagaaaggggaaaaaggacaagetggtgcaactggtcecccaaaggattacea
ggcattccaggagctccaggtgctccaggectttectggatectaaaggtgaacctggtgatatecctcact
tttccaggaatgaagggtgacaaaggagagttgggttcccctggagctccagggecttcecctggtttacct
ggcactcctggacaggatggattgccagggcttcecctggecccgaaaggagagectggtggaattactttt
aagggtgaaagaggtccccectgggaacccaggtttaccaggectceccagggaatatagggectatgggt
cccceccectggttteggecctecaggecccagtaggtgaaaaaggcatacaaggtgtggcaggaaatccaggce
cagccaggaataccaggtcctaaaggggatccaggtcagactataacccageccggggaagectggettyg
cctggtaacccaggcagagatggtgatgtaggtcttceccaggtgacecctggacttceccagggcaaccaggce
ttgccagggatacctggtagcaaaggagaaccaggtatccctggaattgggecttcectggaccacetggt
cccaaaggctttcctggaattccaggaccteccaggagcacctgggacacctggaagaattggtctagaa
ggccctocctgggoccaccacggetttccaggaccaaagggtgaaccaggatttgecattacctgggoccacat
gggccaccaggacttccaggtttcaaaggagcacttggtccaaaaggtgategtggtttececcaggacct
ccgggtceccectceccaggacgcactggcecttagatgggcectcecectggaccaaaaggtgatgttggaccaaatgga
caacctggaccaatgggacctcecctgggectgccaggaataggtgttcagggaccaccaggaccaccaggg
attcctgggccaataggtcaacctggtttacatggaataccaggagagaagggggatccaggacctcct
ggacttgatgttccaggacccccaggtgaaagaggcagtccagggatccececggagcacctggtecctata

ggacctccaggatcaccagggcttccaggaaaagcaggtgcctctggatttccaggtaccaaaggtgaa
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atgggtatgatgggacctccaggcccaccaggacctttgggaattcctggcaggagtggtgtacctggt
cttaaaggtgatgatggcttgcagggtcagecaggacttectggecctacaggagaaaaaggtagtaaa
ggagagcctggecttccaggecctectggaccaatggatceccaaatettetgggectcaaaaggagagaag
ggggaacctggcttaccaggtatacctggagtttcagggccaaaaggttatcagggtttgectggagac
ccagggcaacctggactgagtggacaacctggattaccaggaccaccaggtcccaaaggtaaccctggt
ctccctggacagccaggtcttataggacctectggacttaaaggaaccatcggtgatatgggttttcca
gggcctcagggtgtggaagggcctcecctggaccttcectggagttcctggacaacctggectceccccaggatta
cctggacagaaaggcgacaaaggtgatcctggtatttcaagecattggtcttceccaggtettecctggteca
aagggtgagcctggtctgcctggatacccagggaaccctggtatcaaaggttcectgtgggagatcectggt
ttgcccggattaccaggaacccecctggagcaaaaggacaaccaggcettectggattecccaggaacccca
ggccctcecctggaccaaaaggtattagtggececctectgggaaccececggecttecaggagaacectggtect
gtaggtggtggaggtcatcctgggcaaccagggcctccaggcgaaaaaggcaaacccggtcaagatggt
attcctggaccagctggacagaagggtgaaccaggtcaaccaggcectttggaaacccaggaccccctgga
cttccaggactttctggccaaaagggtgatggaggattacctgggattccaggaaatcctggccttcca
ggtccaaagggcgaaccaggctttcacggtttecctggtgtgcagggteccecaggecctectggttet
ccgggtccagcectctggaaggacctaaaggcaaccctgggecccaaggtecectectgggagaccaggtcecta
ccaggtccagaaggtcctccaggtctececctggaaatggaggtattaaaggagagaagggaaatccaggce
caacctgggctacctggcttgcctggtttgaaaggagatcaaggaccaccaggactccagggtaatcct
ggccggccgggtctcaatggaatgaaaggagatcctggtcectcecctggtgtteccaggattceccaggecatyg
aaaggacccagtggagtacctggatcagctggccctgagggggaaccgggacttattggtcctccaggt
cctcocctggattacectggtceccttcaggacagagtatcataattaaaggagatgectggtecctecaggaate
cctggccagcecctgggctaaagggtctaccaggaccccaaggacctcaaggcecttaccaggtecaactgge
ccteccaggagatcecctggacgecaatggactecctggetttgatggtgecaggagggegecaaaggagaccca
ggtctgccaggacagccaggtaccecgtggtttggatggtcecceccecctggteccagatggattgcaaggtecce
ccaggtccccecctggaacctcecctcectgttgcacatggatttecttattacacgccacagccagacaacggat
gcaccacaatgcccacagggaacacttcaggtctatgaaggcttttctctectgtatgtacaaggaaat
aaaagagcccacggtcaagacttggggacggctggcagetgecttegtegetttagtaccatgecttte
atgttctgcaacatcaataatgtttgcaactttgcttcaagaaatgactattcttactggcectctcetacc
ccagagcccatgccaatgagcatgcaacccecctaaagggccagagcatccageccattcattagtcgatgt
gcagtatgtgaagctccagctgtggtgatcgcagttcacagtcagacgatccagattccccattgtect
cagggatgggattctctgtggattggttattccttcatgatgcatacaagtgcaggggcagaaggcectca
ggtcaagccctagecctceccecctggttecctgettggaagagtttegttcageteccttcatecgaatgtecat
gggaggggtacctgtaactactatgccaactoctacagettttggaetggecaactgtagatgtgtcagac
atgttcagtaaacctcagtcagaaacgctgaaagcaggagacttgaggacacgaattagcecgatgtcaa
gtgtgcatgaagaggacataa

The COL4A3, COL4A4, or COL4AS5 transgene may be codon-optimised. Different
cells differ in their usage of particular codons. This codon bias corresponds to a
bias in the relative abundance of particular tRNAs in the cell type. By altering the
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codons in the sequence so that they are tailored to match with the relative
abundance of corresponding tRNAs, it is possible to increase expression. By the
same token, it is possible to decrease expression by deliberately choosing codons
for which the corresponding tRNAs are known to be rare in the particular cell
type. Thus, an additional degree of translational control is available. Codon usage
tables are known in the art for mammalian cells (e.g. humans), as well as for a
variety of other organisms.

Regulatory sequences

Promoter

The viral vector of the invention may comprise a promoter to facilitate expression
of the COL4A3, COL4A4, or COL4A5 polypeptide. Suitably, the promoter may be
operably linked to the COL4A3, COL4A4, or COL4AS5 transgene.

Preferably, the promoter is operable in a podocyte cell. Preferably, the promoter
is capable of driving transgene expression in podocytes. Preferably, the viral
vector of the invention comprises a podocyte-specific promoter. Suitably,
COL4A3, COL4A4, or COL4AS5 transgene is operably linked to the podocyte-
specific promoter.

As described above, the present inventors have developed a minimal nephrin
promoter which is shorter than known minimal nephrin promoters and surprisingly
capable of driving transgene expression in podocytes. The promoter also
surprisingly retains podocyte-specificity. Such a minimal nephrin promoter can be
used to minimise the cargo size and aid packaging of full length COL4A3, COL4A4
or COL4A5.

Use of a podocyte-specific promoter, such as a minimal nephrin promoter, allows
the viral vector to be targeted specifically to podocytes (Moeller et af., 2002;
Picconi et al., 2014). Suitable minimal nephrin promoters include NPHS1 and
podocin promoter NPHS2. This enables transgene expression to be specifically
targeted to podocytes in the glomerular basement membrane of the kidney and
minimises off-target expression. As podocytes are terminally differentiated and
non-dividing cells they can be targeted for stable expression of the transgene and
reduce or avoid any risk of vector dilution effect. In preferred embodiments of the
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invention the promoter is NPHS1. One example of a suitable DNA sequence for
the NPHS1 promoter is shown in Figure 1. As with the transgene, the species of
the promotor is preferably matched to the patient species. For example, when

treating a human patient one would typically use human NHPS1 or human NPHS2.

As used herein, a “podocyte-specific promoter” may be a promoter which
preferentially facilitates expression of a transgene in podocytes. Suitably, a
podocyte-specific promoter may facilitate higher expression of a transgene in
podocytes as compared to other cell-types. For example, a podocyte-specific
promoter may be a promoter which facilitates transgene expression levels at least
10% higher, at least 209% higher, at least 30% higher, at least 40% higher, at
least 50% higher, at least 100% higher, at least 200% higher, at least 300%
higher, at least 400% higher, at least 500% higher, or at least 1000% higher in
podocytes as compared to expression levels in other cell-types.

Transgene expression may be measured by any suitable method known in the art.
For example by measuring the expression of a reporter transgene, e.g. GFP,
operably linked to the promoter, wherein expression of the reporter transgene
correlates with the ability of the promoter to facilitate expression of a gene.
Expression of the reporter transgene, e.g. GFP may be determined by any
suitable method e.g. FACS. For example, a podocyte-specific promoter may
facilitate higher expression of a reporter transgene in conditionally immortalised
podocytes compared to other cell-types e.g. glomerular endothelial cells. Suitable
podocyte cell lines will be well known to those of skill in the art, for example
CIHP-1. Methods to generate immortalized podocytes will be well known to those
of skill in the art. Suitable methods are described in Ni, L., et al., 2012.
Nephrology, 17(6), pp.525-531.

Suitably, the promoter may be a minimal podocyte-specific promoter. The
promoter may have a length of about 1.2 kb or less. Suitably, the promoter has a
length of about 1.18 kb or less, about 1.17 kb or less, about 1.16 kb or less,
about 1.15 kb or less, about 1.14 kb or less, about 1.13 kb or less, about 1.12 kb
or less, about 1.11 kb or less, or about 1.10 kb or less. Suitably, the promoter
has a length of about 1.15 kb or less. The promoter may have a length of about
1.1 kb or less. In some embodiments, the promoter has a length of about 1.1 kb
or less, 1.0 kb or less, about 0.9 kb or less, about 0.8 kb or less, about 0.7 kb or
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less, about 0.6 kb or less, about 0.5 kb or less, about 0.4 kb or less, or about 0.3

kb or less.

In some embodiments, the promoter has a length of about 0.8 kb or less, about
0.7 kb or less, about 0.6 kb or less, about 0.5 kb or less, about 0.4 kb or less, or
about 0.3 kb or less. In some embodiments, the promoter has a length of 818 bp
or less. In some embodiments, the promoter has a length of 800 bp or less. In
some embodiments, the promoter has a length of about 0.5 kb or less, about 0.4
kb or less, or about 0.3 kb or less. In some embodiments, the promoter has a
length of about 0.3 kb or less.

The promoter may have a length of about 250 bp or more. In some embodiments,
the promoter has a length of about 250-1100 bp, 250-1000 bp, 250-900 bp, 250-
800 bp, 250-700 bp, 250-600 bp, 250-500 bp, 250-400 bp, 250-300 bp. The
promoter may have a length of about 265 bp or more. In some embodiments, the
promoter has a length of about 265-1100 bp, 265-1000 bp, 265-900 bp, 265-800
bp, 265-700 bp, 265-600 bp, 265-500 bp, 265-400 bp, 265-300 bp. In one
embodiment, the promoter has a length of 250-300 bp, 250-280 bp, 255-275 bp,
260-270 bp, or about 265 bp. In one embodiment, the promoter has a length of
800-850 bp, 800-840 bp, 810-830 bp, 815-825 bp, or about 819 bp.

Minimal nephrin promoter

The viral vector of the invention may comprise a minimal nephrin promoter.
Suitably, the minimal nephrin promoter may be operably linked to the COL4A3,
COL4A4, or COL4AS transgene.

The minimal nephrin promoter may be a minimal NPHS1 promoter. For example,
the NPHS1 promoter may have a length of 1.2 kb or less. The NPHS1 gene
encodes nephrin, which is selectively expressed in podocytes.

A minimal human NPHS1 promoter has been described in Moeller et al. 2002 J Am
Soc Nephral, 13(6):1561-7 and Wong MA et al. 2000 Am J Physial Renal Physiol,
279(6):F1027-32. This minimal NPHS1 is a 1.2kb fragment and appears to be
podocyte-specific. The 1.2kb promoter region lacks a TATA box, but has
recognition motifs for other transcription factors e.g. PAX-2 binding element,
E-box and GATA consensus sequences.
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Suitably, the minimal nephrin promoter may comprise or consist of the nucleotide
sequence shown as SEQ ID NO: 7, or a variant which is at least 70% identical to
SEQ ID NO: 7 (also shown in Fig. 1).

Exemplary minimal NPHS1 promoter (SEQ ID NO: 7):

cacctgaggtcaggagttcgagaccagecgtggecaacatgatgaaacccegtctcectagtaaaaatacaa
aaattagccaggcatggtgctatatacctgtagcaccagctacttgggagacagaggtgggagaattac
ttgaacctgggaggttcaagccatgggaggtggaagttgcagtgagccgagatgccactgecactceccage
ctgagcaacagagcaagactatctcaagaaaagaaagaaagaaagaaagagacttgccaaggtcatgta
tcagggcaaggaagagctgggggcccagctggectgecteccecctgectgagectgggagaccaccttgatetyg
acttctcccatcttcccagecctaagccaggeocectggggtcacggaggectggggaggcaccgaggaacgc
gcctggcatgtgctgacaggggattttatgetecagetgggeccagetgggaggagectgetgggecagag
gccagagctgggggcectcectggaaggtacctgggggaggttgcactgtgagaatgagectcaagetgggtea
gagagcagggctgactcectgecagtgecctgecatcagectecategetetectaggetecetggectgetgga
ctctgggctgcaggtccttecttgaaaggctgtgagtagtgagacaaggagcaggagtgaggggtggcag
gagagaagatagagattgagagagagagagagagagagacagagagagaggaagagacagagacaaaag
tgtaatcccaacacttggggaggccaaggtgggaggatggcttgaaggaaagagtctgagatcaacctg
gccaacatagtgagaccccecgtcectctaaaaaaaaaagaaaaaaaaaagaaaaaagaaaaaaaagtttttt
taaagagacagagaaagagactcagagattgagactgagagcaagacagagagagatactcacagggaa
gaggggaagaggaaaacgagaaagggaggagagtaacggaaagagataaaaaagaaaagcaggtggcag
agacacacagagagggacccagagaaagccagacagacgcaggtggctggcagecgggcgctgtgggagt
cacagtagggggacctgtg

Suitably, the variant may be at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 98% or at least 99% identical to SEQ ID NO: 7.

Suitably, the minimal nephrin promoter may comprise or consist of the nucleotide
sequence shown as SEQ ID NO: 8, or a variant which is at least 70% identical to
SEQ ID NO: 8.

Exemplary minimal NPHS1 promoter (SEQ ID NO: 8):

cctgcagggcccactagtctgtaatcccagecattttgggaggctgaggcagatggatcacctgaggtcea
ggagttcgagaccagcctggccaacatgatgaaaccececgtectctagtaaaaatacaaaaattageccagg

catggtgctatatacctgtagtaccagctacttgggagacagaggtgggagaattacttgaacctggga
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ggttcaagccatgggaggtggaagttgcagtgagccgagatgccactgcactccagcecctgagcaacaga
gcaagactatctcaagaaaaaaaagaaagaaagaaagggacttgccaaggtecatgtatcagggcaagga
agagctgggggceccagetggetgetceceectgectgagetgggagaccaccttgatectgacttetececate
ttcccagecctaagecaggececctggggtcacggaggectggggaggcaccgaggaacgegectggeatgtyg
ctgacagggaattttatgctccagctgggccagectgggaggagectgectgggcagaggeccagagetggyg
ggctctggaaggtacctgggggaggttgcactgtgagaatgagctcaagectgggtcagagagcagggcet
gactctgccagtgcctgcatcagcecctcatcgectctectaggectcecctggecctgectggactcectgggetgea
ggtccttettgaaaggctgtgagtagtgagacaaggagcaggagtgaggggtggcaggagagaagatag
agattgagagagagagagagagagacagagagagaggaagagacagagacaaaaggagagagaacggct
tagacaaggagagaaagatggaaagataaagagactgggcgcagtggctcacgcecctgtaatcccaacac
ttggggaggccaaggtgggaggatggcecttgaaggaaagagtctgagatcaacctggccaacatagtgag
accccgtctctaaaaaaaaaaaagaaaaaaaaaagaaaaaagaaaaaaaagtttttttaaagagacaga
gaaagagactcagagattgagactgagagcaagacagagagagacactcacagggaagaggggaagagyg
aaaacgagaaagggaggagagtaacggaaagagataaaaaagaaaagcaggtggcagagacacagagag
agggacccagagaaagccagacagacgcaggtggectggecagegggegectgtgggggtcacagtaggggg
acctgtc

Suitably, the variant may be at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 98% or at least 99% identical to SEQ ID NO: 8.

In some embodiments, the minimal nephrin promoter comprises or consists of the
nucleotide sequence shown as SEQ ID NO: 9, or a variant which is at least 70%
identical to SEQ ID NO: 9.

Exemnplary minimal nephrin prormoter - 819 bp (SEQ ID NO: 9)

Ggccctggggtcacggaggctggggaggcaccgaggaacgcgectggecatgtgetgacagggaatttta
tgctccagctgggccagctgggaggagecctgectgggcagaggeccagagectgggggectctggaaggtacce
tgggggaggttgcactgtgagaatgagctcaagctgggtcagagagcagggcetgactctgecagtgect
gcatcagcctcatcgectctcocctaggectecctggectgetggactectgggetgecaggtecttettgaaagyg
ctgtgagtagtgagacaaggagcaggagtgaggggtggcaggagagaagatagagattgagagagagag
agagagagacagagagagaggaagagacagagacaaaaggagagagaacggcttagacaaggagagaaa
gatggaaagataaagagactgggcgcagtggctcacgcctgtaatcccaacacttggggaggccaaggt
gggaggatggcttgaaggaaagagtctgagatcaacctggccaacatagtgagaccccgtctctaaaaa
aaaaaaagaaaaaaaaaadaaaaaadgaaaaaaaagtttttttaaagagacagagaaagagactcagaga
ttgagactgagagcaagacagagagagacactcacagggaagaggggaagaggaaaacgagaaagggag
gagagtaacggaaagagataaaaaagaaaagcaggtggcagagacacagagagagggacccagagaaad

ccagacagacgcaggtggctggcagegggegetgtgggggtcacagtagggggacctgte
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Suitably, the variant may be at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
identical to SEQ ID NO: 9.

In preferred embodiments, the minimal nephrin promoter comprises or consists of
the nucleotide sequence shown as SEQ ID NO: 10, or a variant which is at least
70% identical to SEQ ID NO: 10.

Exemplary minimal nephrin promoter - 265 bp (SEQ ID NO: 10)

Ggccctggggtcacggaggectggggaggcaccgaggaacgcegcectggecatgtgetgacagggaatttta
tgctccaggagcaagacagagagagacactcacagggaagaggggaagaggaaaacgagaaagggagga
gagtaacggaaagagataaaaaagaaaagcaggtggcagagacacagagagagggacccagagaaagcc

agacagacgcaggtggctggcagcgggegcectgtgggggtcacagtagggggacctgtce

Suitably, the variant may be at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
identical to SEQ ID NO: 10.

Suitably, the minimal nephrin promoter is derived from SEQ ID NO: 8 or a variant
that has at least 70% identity to SEQ ID NO: 8. Suitably, the minimal nephrin
promoter has one or more deletions compared to SEQ ID NO: 8 or a variant that
has at least 70% identity to SEQ ID NO: 8. Suitably, the variant may be at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% identical to SEQ ID NO: 8. An exemplary
variant is SEQ ID NO: 7.

Suitably, the minimal nephrin promoter comprises or consists of a nucleotide
sequence according to SEQ ID NO: 8 and having one or more deletions, e.g. one
or two deletions, or nucleotide sequence with at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% identity thereto. Suitably, the minimal nephrin
promoter comprises or consists of a nucleotide sequence according to SEQ ID NO:
8 and having two or more deletions, or nucleotide sequence with at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identity thereto. The deletions may
be any size. Suitably, the deletions are each at least 50 bp, at least 100 bp, at
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least 150 bp, at least 200 bp, at least 250 bp, at least 300 bp, at least 350 bp, or
at least 400 bp in size. Suitably, the deletions are each from 50 to 500 bp, from
100 to 500 bp, from 150 to 500 bp, from 200 to 500 bp, from 250 to 500 bp,
from 300 to 500 bp, from 350 to 500 bp, or from 400 to 500 bp in size.

In some embodiments, the minimal nephrin promoter comprises or consists of a
nucleotide sequence according to SEQ ID NO: 8, but wherein:

(i) position 1 to position nl1 of SEQ ID NO: 8 is deleted, wherein nl is an integer
from 1 to 430; and/or

(ii) position n2 to position n3 of SEQ ID NO: 8 is deleted, wherein n3 = n2, n2 is
an integer from 508 to 1061, and n3 is an integer from 508 to 1061;

or a nucleotide sequence with at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identity thereto.

For example, the minimal nephrin promoter may comprise or consist of a
nucleotide sequence having at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identity to a nucleotide sequence according to SEQ ID NO: 8, but

wherein:

(i) position 1 to position nl1 of SEQ ID NO: 8 is deleted, wherein nl1 is an integer
from 1 to 430; and/or

(ii) position n2 to position n3 of SEQ ID NO: 8 is deleted, wherein n3 = n2, n2 is
an integer from 508 to 1061, and n3 is an integer from 508 to 1061.

Suitably, nl is an integer from 50 to 430, from 100 to 430, from 150 to 430, from
200 to 430, from 250 to 430, from 300 to 430, from 350 to 430, or from 400 to
430. In some embodiments, nl is an integer from 100 to 430. In some
embodiments, nl = 430, i.e. position 1 to position 430 of SEQ ID NO: 8 is
deleted.
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The difference between n3 and n2 specifies the size of the deletion. Suitably, n3 =
N2 +49, N3 =2n2+99,Nn3=n2+ 149, n3 = n2 + 199, n3 =z n2 + 249, n3 = n2
+ 299, N3 =2 N2+ 349, N3 =2 n2 + 399, N3 =2 n2 + 449, n3 =z n2 + 499, or n3 =
nZ2 + 549. In some embodiments, n3 = n2 + 49.

The values that n2 and n3 take determine where the deletion is. Suitably, n2 and
n3 are each integers from 550 to 1050, n2 and n3 are each integers from 600 to
1000, n2 and n3 are each integers from 650 to 950, n2 and n3 are each integers
from 700 to 900, n2 and n3 are integers from 750 to 850. In some
embodiments, n2 = 508 and n3 = 1061, i.e. position 508 to 1061 of SEQ ID NO:
8 is deleted.

Minimal nephrin promoter regions

The present inventors have determined the regions of the nephrin promoter which
drive transgene expression.

I"

A promoter typically comprises a “core” and a “proximal” region. The “coare
promoter region” may comprise a transcription start site, a RNA polymerase
binding sites and a general transcription factor binding site. The “proximal
promoter region” may comprise primary regulatory elements and specific
transcription factor binding sites which are required, for example, to facilitate
effective and controllable transcription. The size and components of both the core
and proximal promoter regions typically vary in a gene specific manner. A
promoter may also comprise a 5’ untranslated region (5’ UTR) (also known as a
leader sequence) downstream of the core promoter region and upstream from the

initiation codon.

The minimal nephrin promoter may be a hybrid promoter. As used herein, a
“hybrid promoter” comprises a combination of elements derived from different
promoters. For example, a hybrid promoter may comprise a proximal promoter
region derived from one pre-existing promoter and a core promoter from another
pre-existing promoter to achieve the desired transgene expression. A muscle
hybrid promoter is described in Piekarowicz, K., et al. (2019). Methods & clinical
development, 15, 157-169.
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In some embodiments, the minimal nephrin promoter comprises (i) the nucleotide
sequence shown as SEQ ID NO: 12, or a variant which is at least 70% identical to
SEQ ID NO: 12. Without wishing to be bound by theory, it is considered that a
nucleotide sequence having at least about 70% identity to SEQ ID NO: 12 may

provide a proximal promoter region.

Exemplary proximal promoter region (SEQ ID NQO: 12)
GGCCCTGGGGTCACGGAGGCTGGEGAGGCACCGAGGAACGCGCCTGGCATGTGCTGACAGGGAATTTTA

TGCTCCAG

Suitably, the variant may be at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 9%
identical to SEQ ID NO: 12. The minimal nephrin promoter may comprise a
variant of SEQ ID NO: 12 shown as SEQ ID NO: 13.

Exernplary variant proximal promoter region (SEQ ID NO: 13)
GGCCCTGGGGTCACGGAGGCTGGEGAGGCACCGAGGAACGCGCCTGCCATGTGCTGACAGGGGATTTTA
TGCTCCAG

In some embodiments, the minimal nephrin promoter comprises (ii) the
nucleotide sequence shown as SEQ ID NO: 14, or a variant which is at least 70%
identical to SEQ ID NO: 14; the nuclectide sequence shown as SEQ ID NO: 15, or
a variant which is at least 70% identical to SEQ ID NO: 15; and/or the nucleotide
sequence shown as SEQ ID NQO: 16, or a variant which is at least 70% identical to
SEQ ID NO: 16.

In some embodiments, the minimal nephrin promoter comprises (ii) the
nucleotide sequence shown as SEQ ID NO: 14, or a variant which is at least 70%
identical to SEQ ID NO: 14. Without wishing to be bound by theory, it is
considered that a nucleotide sequence having at least about 70% identity to SEQ
ID NO: 14 may provide a core promoter region

Exemplary core promoter region (SEQ ID NQO: 14)
GAGCAAGACAGAGAGAGACACTCACAGGGAAG

Suitably, the variant may be at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
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identical to SEQ ID NO: 14. The minimal nephrin promoter may comprise a
variant of SEQ ID NO: 14 shown as SEQ ID NO: 17.

Exemplary variant core promoter region (SEQ ID NQO: 17)
GAGCAAGACAGAGAGAGATACTCACAGGGAAG

In some embodiments, the minimal nephrin promoter comprises (ii) the
nucleotide sequence shown as SEQ ID NO: 15, or a variant which is at least 70%
identical to SEQ ID NO: 15. Without wishing to be bound by theory, it is
considered that a nucleotide sequence having at least about 70% identity to SEQ
ID NO: 15 may provide a 5'UTR.

Exemplary 5°UTR (SEQ ID NO: 15)
AGGGGAAGAGGAAAACGAGAAAGGGAGGAGAGTAACGGAAAGAGATAAAARAAGAAAAGCAGGT GGCAGA
GACACAGAGAGAGGGACCCAGAGAAAGCCAGACAGACGCAGGT GGCTGGCAGCGGGCGCTGTGGGGGTC
ACAGTAGGGGGACCTGTC

Suitably, the variant may be at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
identical to SEQ ID NO: 15. The minimal nephrin promoter may comprise a
variant of SEQ ID NO: 15 shown as SEQ ID NO: 18.

Exemnplary variant 5°UTR (SEQ ID NO: 18)
AGGGGAAGAGGAAAACGAGAAAGCEGAGGAGAGTAACGGAAAGAGATAAAARAGAAAAGCAGGTGGCAGA
GACACACAGAGAGGGACCCAGAGARAGCCAGACAGACGCAGETGGCTGGCAGCGGGLECTGTGGGEGEGETC
ACAGTAGGGGGACCTGTG

In some embodiments, the minimal nephrin promoter comprises (ii) the
nucleotide sequence shown as SEQ ID NO: 16, or a variant which is at least 70%
identical to SEQ ID NO: 16. Without wishing to be bound by theory, it is
considered that a nucleotide sequence having at least about 70% identity to SEQ

ID NO: 16 may provide a core promoter region and a 5'UTR.

Exemnplary core promoter region and 5°UTR (SEQ ID NO: 16)
GAGCAAGACAGAGAGAGACACTCACAGGGAAGAGGGGAAGAGGAAAACGAGARAGGGAGGAGAGTAACG
GAAAGAGATAAAMAAAGARAAGCAGGTGGCAGAGACACACAGCAGCAGGCACCCAGAGAAAGCCAGACAGAC
GCAGGTGGCTGGCAGCGGGCGCTCTGEGCGT CACAGTAGCCGGCACCTGTC
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Suitably, the variant may be at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
identical to SEQ ID NO: 16. The minimal nephrin promoter may comprise a
variant of SEQ ID NO: 16 shown as SEQ ID NO: 19.

Exemplary variant core promoter region and 5°'UTR (SEQ ID NO: 19)
GAGCAAGACAGAGAGAGATACTCACAGGGAAGAGGGGAAGAGGARAACGAGARAGGGAGGAGAGTAACG
GAAAGAGATAAAAAAGAAAAGCAGGTGGCAGAGACACACAGAGAGGGACCCAGAGAAAGCCAGACAGAC

GCAGGTGGCTGGCAGCGGGCGCTGTGGGGGT CACAGTAGGGGGACCTGTG

In some embodiments, the minimal nephrin promoter comprises (iii) a nucleotide
sequence having at least 70% identity to SEQ ID NO: 20, or one or more
fragments thereof. Suitably, the minimal nephrin promoter comprises a nucleotide
sequence having at least about 70% identity to SEQ ID NO: 20, or one or more
fragments thereof, immediately downstream of the proximal promoter region

and/or immediately upstream of the core promoter region.

The minimal nephrin promoter may comprise a nucleotide sequence that has at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98% or at least 99% identity to SEQ ID NO:
20, or one or more fragments thereof. The minimal nephrin promoter may
comprise the nucleotide sequence of SEQ ID NO: 20, or one or more fragments
thereof.

Exemplary optional promoter region (SEQ ID NO: 20)
CTGGGCCAGCTGGGAGGAGCCTGCTGEGCAGAGGCCAGAGCTGGGGGCTCTGGAAGGTACCTGGGGGAG
GTTGCACTGTGAGAAT GAGCTCAAGCTGGGT CAGAGAGCAGGGCTGACTCTGCCAGTGCCTGCAT CAGC
CTCATCGCTCTCCTAGGCTCCTGGCCTGCTGGACTCTGGGCTGCAGGTCCTTCTTGAAAGGCTGTGAGT
AGTGAGACAAGGAGCAGGAGTGAGGGGTGGCAGGAGAGAAGATAGAGAT TGAGAGAGAGAGAGAGAGAG
ACAGAGAGAGAGGAAGAGACAGAGACAAAAGGAGAGAGAACGGCTTAGACAAGGAGAGAAAGATGGAAA
CATARAGAGCACTGGGCGCAGTGGCTCACCCCTGTAATCCCAACACTTGGGGAGGCCAAGCETGCGAGGAT
GGCTTGAAGGAAAGAGTCTGAGATCAACCTGGCCAACATAGT GAGACCCCGTCTCTARAAARARAAAAG
ARAAAAAAAAGAAAAAAGAAAAAAAAGTTTTTTTARAGAGACAGAGAAAGAGACTCAGAGATTGAGACT
GA
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Suitably, the one or more fragments are (a) a 5’ terminal fragment; and/or (b) a
3’ terminal fragment. Suitably, the 5" terminal fragment may be immediately
downstream of the proximal promoter region. Suitably, the 3’ terminal fragment
may be immediately upstream of the core promoter region. For example, the
minimal nephrin promoter may comprise:

(a) a nucleotide sequence having at least 70% to positions 1 to x of SEQ ID NO:
20; and/or

(b) a nucleotide sequence having at least 70% identity to positions y to 554 of
SEQ ID NO: 20;

wherein x and y are integers, and y > X.

The fragment(s) of SEQ ID NO: 20 may be any length. Suitably, the fragment(s)
may have a length of about 500 bp or less, 450 bp or less, 400 bp or less, 350 bp
or less, 300 bp or less, 250 bp or less, 200 bp or less, 150 bp or less, 100 bp or
less, 50 bp or less, 40 bp or less, 30 bp or less, 20 bp or less, or 10 bp or less.

In some embodiments, the minimal nephrin promoter does not comprise SEQ ID
NO: 20.

In some embodiments, the minimal nephrin promoter comprises (iv) a nucleotide
sequence having at least 70% identity to SEQ ID NO: 21, or a fragment thereof.
Suitably, the minimal nephrin promoter comprises a nucleotide sequence having
at least about 70% identity to SEQ ID NO: 21, or a fragments thereof,

immediately upstream of the proximal promoter region.

The minimal nephrin promoter may comprise a nucleotide sequence that has at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98% or at least 99% identity to SEQ ID NO:
21, or a fragment thereof. The minimal nephrin promoter may comprise the
nucleotide sequence of SEQ ID NO: 21, or one or more fragments thereof.

Exemplary optional upstream promoter region (SEQ ID NQO: 21)

CCTGCAGGGCCCACTAGTCTGTAATCCCAGCATTTTGGGAGGCTGAGGCAGATGGATCACCTGAGGTCA
GGAGTTCGAGACCAGCCTGGCCAACATGATGAAACCCCGTCTCTAGTAAAAATACAAAAATTAGCCAGG
CATGGTGCTATATACCTGTAGTACCAGCTACTTGGGAGACAGAGGTGGGAGAATTACTTGAACCTGGGA
GGTTCAAGCCATGGGAGGCTGGAAGTTGCAGT GAGCCGAGATGCCACTGCACTCCAGCCTGAGCAACAGA
GCAAGACTATCTCAAGAARAAAAAGARAGCARAGAAAGGGACTTGCCAAGCTCATGCTATCAGGGCAAGGA
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AGAGCTGGGGGCCCAGCTGGCTGCTCCCCTGCTGAGCTGGGAGACCACCTTGATCTGACTTCTCCCATC
TTCCCAGCCTAAGCCA

Suitably, the fragments is a 3’ terminal fragment. For example, the minimal
nephrin promoter may comprise a nucleotide sequence having at least 70%
identity to positions z to 430 of SEQ ID NQO: 21, wherein z is an integer.

The fragment of SEQ ID NO: 21 may be any length. Suitably, the fragment may
have a length of about 400 bp or less, 350 bp or less, 300 bp or less, 250 bp or
less, 200 bp or less, 150 bp or less, 100 bp or less, 50 bp or less, 40 bp or less,
30 bp or less, 20 bp or less, or 10 bp or less.

In some embodiments, the minimal nephrin promoter does not comprise SEQ ID
NO: 21.

In some embodiments, the minimal nephrin promoter comprises or consists of
from 5" to 3":

(i) a nucleotide sequence having at least 70% identity to SEQ ID NO: 12;

(iii) optionally a nucleotide sequence having at least 70% identity to SEQ ID NO:
20, or one or more fragments thereof; and

(ii) a nucleotide sequence having at least 70% identity to SEQ ID NO: 14, a
nucleotide sequence having at least 70% identity to SEQ ID NO: 15, and/or a
nucleotide sequence having at least 70% identity to SEQ ID NO: 16.

In some embodiments, the minimal nephrin promoter comprises or consists of
from 5" to 3’:

(i) a nucleotide sequence having at least 70% identity to SEQ ID NO: 12;

(iii) optionally (a) a nucleotide sequence having at least 70% identity to a 5’
terminal fragment of SEQ ID NO: 20; and/or (b) a nucleotide sequence having at
least 70% identity to a 3’ terminal fragment of SEQ ID NO: 20; and

(ii) a nucleotide sequence having at least 70% identity to SEQ ID NO: 14, a
nucleotide sequence having at least 70% identity to SEQ ID NO: 15, and/or a
nucleotide sequence having at least 70% identity to SEQ ID NO: 16.

Minimal nephrin promoter elements
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The present inventors have determined the functional elements of the nephrin

promoter which drive transgene expression.

The minimal nephrin promoter may comprise one or more of the following
elements: (a) a retinoic acid receptor binding site; (b) a WT1 binding site; (c) an
enhancer box; (d) a transcription factor binding region; and (e) a transcription

initiation site.

Suitably, the minimal nephrin promoter comprises all of the following elements:
(a) a retinoic acid receptor binding site; (b) a WT1 binding site; (¢) an enhancer
box; (d) a transcription factor binding region; and (e) a transcription initiation
site.

A retinoic acid receptor (RAR) binding site refers to a polynucleotide sequence
which is capable of binding RAR alpha, RAR beta, and/or RAR gamma. The RAR
binding site may comprise or consist of a nucleotide sequence shown as SEQ ID
NO: 22, or a nucleotide sequence having one or two substitutions, deletions, or
insertions compared to SEQ ID NO: 22. The substitutions, deletions, or insertions
may be any substitution, deletion, or insertion of a single nucleotide such that the

RAR binding site retains at least one of its endogenous functions.

Exemplary RAR binding site (SEQ ID NO: 22)
GGGGTCA

A WT1 binding site refers to a polynucleotide sequence which is capable of binding
the zinc finger polypeptide encoded by the Wilms' tumor suppressor gene, WT1.
The WT1 binding site may comprise or consist of a nucleotide sequence shown as
SEQ ID NO: 23, or a nucleotide sequence having one, two or three substitutions,
deletions, or insertions compared to SEQ ID NO: 23. The substitutions, deletions,
or insertions may be any substitution, deletion, or insertion of a single nucleotide

such that the WT1 binding region retains at least one of its endogenous functions.

Exemplary WT1 binding site (SEQ ID NQ: 23)
CGGAGGCTGGGGAGGCA

An enhancer box refers to a DNA response element found in some eukaryotes
that acts as a protein-binding site. The enhancer box may comprise or consist of a
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nucleotide sequence shown as SEQ ID NO: 24, or a nucleotide sequence having
one or two substitutions, deletions, or insertions compared to SEQ ID NO: 24. The
substitutions, deletions, or insertions may be any substitution, deletion, or
insertion of a single nucleotide such that the enhancer box retains at least one of

its endogenous functions.

Exemplary enhancer box (SEQ ID NO: 24)

ATGTG

One or more of (a) a retinoic acid receptor binding site; (b) a WT1 binding site;
and (¢) an enhancer box may be present in the proximal promoter region.
Suitably, each of (a) a retinoic acid receptor binding site; (b) a WT1 binding site;
and (¢) an enhancer box are present in the proximal promoter region.

In some embodiments, one or more of the following elements is present in (i) the
nucleotide sequence having at least 70% identity to SEQ ID NO: 12: (a) a RAR
binding site at a position corresponding approximately to position 7 to position 13
of SEQ ID NO: 12; (b) a WT1 binding site at a position corresponding
approximately to position 14 to position 30 of SEQ ID NO: 12; and (c) an
enhancer box at a position corresponding approximately to position 49 to position
53 of SEQ ID NO: 12. In some embodiments, each of the elements are present in
(i) the nucleotide sequence having at least 70% identity to SEQ ID NO: 12.

In some embodiments, one or more of the following nucleotide sequences is
present in (i) the nucleotide sequence having at least 70% identity to SEQ ID NO:
12: (a) GGGGTCA at a position corresponding to position 7 to position 13 of SEQ
ID NO: 12; (b) CGGAGGCTGGGGAGGCA at a position corresponding to position 14
to position 30 of SEQ ID NO: 12; and (¢) ATGTG at a position corresponding to
position 49 to position 53 of SEQ ID NO: 12. In some embodiments, each of the
nucleotide sequences are present in (i) the nucleotide sequence having at least
70% identity to SEQ ID NO: 12.

Suitably, the minimal nephrin promoter may comprise a transcription factor
binding region comprising or consisting of a nucleotide sequence shown as SEQ ID
NO: 25 or a nucleotide sequence having one, two, three, four or five
substitutions, deletions, or insertions compared to SEQ ID NO: 25. The

substitutions, deletions, or insertions may be any substitution, deletion, or
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insertion of a single nucleotide such that the transcription factor binding region

retains at least one of its endogenous functions.

Exemplary transcription factor binding region (SEQ ID NO: 25)
GAGCAAGACAGAGAGAGACACTCACAGGGA

Other suitable transcription factor binding regions will be well known to those of
skill in the art. For example, other suitable transcription factor binding regions
include TACGAT (SEQ ID NO: 36), TATAAT (SEQ ID NO: 37), GATACT (SEQ ID
NO: 38), TATGAT (SEQ ID NO: 39), and TATGTT (SEQ ID NO: 40).

Suitably, the minimal nephrin promoter may comprise a transcription initiation

site which comprises or consists of an “AG” dinucleotide.

Suitably, the transcription factor binding site is operably linked to the
transcription initiation site. Suitably, the transcription factor binding site may be
directly upstream of the transcription initiation site. Without wishing to be bound
by theory, it is considered that the transcription factor binding site and the

transcription initiation site may provide a core promoter region.

Suitably the minimal nephrin promoter may comprise a 5" untranslated region.
The 5" untranslated region may comprises or consists of a nucleotide sequence
having at least about 70%, 80%, 90%, 95% or 99% sequence identity to SEQ ID
NO: 15. The 5’ untranslated region may comprise or consist of SEQ ID NO: 15.

Suitably, the 5 untranslated region is operably linked to the transcription
initiation site. Suitably, the 5" untranslated region may be directly downstream of

the transcription initiation site.

In some embodiments, the minimal nephrin promoter comprises or consists of
from 5’ to 3':

(i) a nucleotide sequence having at least 70% identity to SEQ ID NO: 12, wherein
each of the following elements is present: (a) a RAR binding site at a position
corresponding approximately to position 7 to position 13 of SEQ ID NO: 12; (b) a
WT1 binding site at a position corresponding approximately to position 14 to
position 30 of SEQ ID NO: 12; and (c) an enhancer box at a position
corresponding approximately to position 49 to position 53 of SEQ ID NO: 12;
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(iii) optionally a nucleotide sequence having at least 70% identity to SEQ ID NO:
20, or one or more fragments thereof; and

(ii) a nucleotide sequence having at least 70% identity to SEQ ID NO: 14, a
nucleotide sequence having at least 70% identity to SEQ ID NO: 15, or a
nucleotide sequence having at least 70% identity to SEQ ID NO: 16.

Exemplary minimal nephrin promoters

In some embodiments, the minimal nephrin promoter comprises or consists of the
nucleotide sequence shown as SEQ ID NO: 9, or a variant which is at least 70%
identical to SEQ ID NO: 9.

In some embodiments, the minimal nephrin promoter comprises the nucleotide
sequence shown as SEQ ID NO: 9, or a variant which is at least 70% identical to
SEQ ID NO: 9 and wherein the promoter has a length of about 1.1 kb or less.

In some embodiments, the minimal nephrin promoter consists of the nucleotide
sequence shown as SEQ ID NO: 9, or a variant which is at least 70% identical to
SEQ ID NO: 9.

Suitably, the variant may be at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
identical to SEQ ID NO: 9. The minimal nephrin promoter may comprise or consist
of a variant of SEQ ID NO: 9 shown as SEQ ID NO: 34.

Exemplary minimal nephrin promoter variant - 819 bp (SEQ ID NO: 34)

GGCCCTGGEGTCACGGAGGCTGGECAGECACCEAGGAACCECGCCTGGCAT GTGCTCGACAGGGGATTTTA
TGCTCCAGCTGEGCCAGCTGGGACGAGCCTGCTGGGCAGAGGCCAGAGCTCEGGECTCTGGAAGGTACC
TGGEGGAGGTTGCACT GTGAGAAT GAGCTCAAGCT GGGT CAGAGAGCAGGECTGACTCTGCCAGTGCCT
GCATCAGCCTCATCGCTCTCCTAGGCTCCTGGCCTGCTGGACTCTGGGCTGCAGGTCCTTCTTGAAAGG
CTGTGAGTAGTGAGACAAGGAGCAGGAGTGAGGGGTGGCAGGAGAGAAGATAGAGATTGAGAGAGAGAG
AGAGAGAGAGACAGAGAGAGAGGAAGAGACAGAGACAAAAGGAGAGAGAACGGCTTAGACAAGGAGAGA
AAGATGGAARAGATAAAGAGACTGGGCGCAGT GGCTCACGCCTGTAATCCCAACACTTGGGGAGGCCAAG
GTGGGAGGATGGCTTGAAGGAAAGAGTCTGAGATCAACCTGGCCAACATAGT GAGACCCCGTCTCTAAR
AAAAAAAGAARAAARAAAGAAAAAAGAAARAAAAGT T TTTT TAAAGAGACAGAGAAAGAGACTCAGAGA
TTGAGACT GAGAGCAAGACAGAGAGAGATACT CACAGGGAAGAGGGCAAGAGGAARACGAGAAAGGGAG
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GAGAGTAACGGAAAGAGATAAAANAGAAAAGCAGGTGGCAGAGACACACAGAGAGGGACCCAGAGAAAG
CCAGACAGACGCAGGTGGCTGGCAGCGGGCGCTGTGGGGGETCACAGTAGGGGGACCTGTG

In some embodiments, the minimal nephrin promoter comprises or consists of the
nucleotide sequence shown as SEQ ID NO: 10, or a variant which is at least 70%
identical to SEQ ID NO: 10.

In some embodiments, the minimal nephrin promoter comprises the nucleotide
sequence shown as SEQ ID NO: 10, or a variant which is at least 70% identical to
SEQ ID NO: 10 and wherein the promoter has a length of about 1.1 kb or less.

In some embodiments, the minimal nephrin promoter consists of the nucleotide
sequence shown as SEQ ID NO: 10, or a variant which is at least 70% identical to
SEQ ID NO: 10.

Suitably, the variant may be at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
identical to SEQ ID NO: 10. The minimal nephrin promoter may comprise or
consist of a variant of SEQ ID NO: 10 shown as SEQ ID NQO: 35.

Exemplary minimal nephrin promoter variant - 265 bp (SEQ ID NO: 35)
GGCCCTGGGGTCACGGAGGCTGGGGAGGCACCGAGGAACGCGCCTGGCATGTGCTGACAGGGGATTTTA
TGCTCCAGGAGCAAGACAGAGAGAGATACTCACAGGGAAGAGGGGAAGAGGARAACGAGAAAGGGAGGA
GAGTAACGGAAAGAGATAAAAAAGARAAAGCAGGTGGCAGAGACACAGAGAGAGGGACCCAGAGAAAGCC
AGACAGACGCAGGTGGCTGGCAGCGGEGGCGCTGTGGGEGET CACAGTAGGGGGACCTGTC

Minimal podocin promoter

The viral vector of the invention may comprise a minimal podocin promoter.
Suitably, the minimal podocin promoter may be operably linked to the COL4A3,
COL4A4, or COL4AS transgene.

The minimal podocin promoter may be a minimal NPHS2 promoter. For example,
the NPHS2 promoter may have a length of 0.6 kb or less. The NPHS2 gene
encodes podocin, which is selectively expressed in podocytes.
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A minimal human NPHS2 promoter has been described in Oleggini R, et al., 2006.
Gene Expr. 13(1):59-66. This minimal NPHS2 is a 630bp fragment which has

shown expression in podocytes in vitro.

Suitably, the minimal podocin promoter may comprise or consist of the nucleotide
sequence shown as SEQ ID NO: 11, or a variant which is at least 70% identical to
SEQ ID NO: 11.

Exemplary minimal NPHSZ2 promoter (SEQ ID NO: 11):

ggaaagttggggatgaggcgaaatttctgattttaccttaaagtgaccctaattcgatgaccttttgtyg
gtttttttcttttttecttttttecttttttacttggccctgecccaagcaggacctaaaaacaaacagaca
aaaaaggttactaacaactgttcctctccacgaaaatctgcagtaaaaggtaaaagatgtattcgtttt
gaagagaaaccagagcttgcgatgagcttctgtatctcecgtcagcaectctagecatgacattaggaaccce
tccaggagatgagtcttcacageccgggttggecacctgecagacacgcacttttcaacgececgecacecctg
cccggggecggetectecccacceccaggectcectetetgecttecagegecgecceggecgtgggagteggegygyg
cgcagtccacagctccaccaagacacagcectgteggggtteccgggtgegeccegecaegeggeccaeggtgt
cccgcccctecgecctcagecccecccaccecgacggtectttagggteccceccgggcacgeccacgecggacccgcea
gcgactccacagggactgcgctcecccecgtgceccectagecgectcecegegetgectgeteccageccgeccggecagce
tctgacc

Suitably, the variant may be at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 98% or at least 99% identical to SEQ ID NO: 11.

Other promoters

Other non-podocyte-specific promoters for use in the present invention will be
well known to those of skill in the art. In some embodiments, the promoter may
have a length of about 300 bp or less. In some embodiments, the promoter has a
length of about 290 bp or less, 280 bp or less, 270 bp or less, 260 bp or less, 250
bp or less, 240 bp or less, 230 bp or less, 220 bp or less, 210 bp or less, or 200
bp or less. Using a promoter which is about 300 bp or less in length may aid
packaging of COL4A3, COL4A4 and COL4AS transgenes into an AAV vector in their
full length form.

Exemplary promoters which have a length of about 300 bp or less are described
in Wang, D., et al., 1999. Gene therapy, 6(4), pp.667-675. Wang et al. describes
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four short promoters that have significantly higher activity than the AAV ITR alone
and are 102bp to 200bp in size. These promoters are the AAV-P5 (150bp),
SV40e (200 bp), TK1 (110 bp) and a second TK promoter (TK2) with an additional
10 bp deletion between the distal and the proximal element (102 bp).

Woodchuck hepatitis post-transcriptional regulatory element

The viral vector may additionally comprise a Woodchuck hepatitis post-
transcriptional regulatory element (WPRE). Suitably, the WPRE may be operably
linked to the COL4A3, COL4A4, or COL4AS5 transgene. WPRE is a DNA sequence
that, when transcribed, creates a tertiary structure enhancing expression.
Inclusion of WPRE may increase expression of the transgene delivered by the
vector. The WPRE sequence may be mutated to reduce oncogenicity without
significant loss of RNA enhancement activity (Schambach et al., 2005,
incorporated herein by reference). One example of a suitable WPRE sequence is

shown in Figure 2.

Suitably, the WPRE may comprise or consist of the nucleotide sequence shown as
SEQ ID NO: 26, or a variant which is at least 70% identical to SEQ ID NO: 26
(also shown in Fig. 2).

Exemplary WPRE (SEQ ID NO: 26)

aatcaacctctggattacaaaatttgtgaaagattgactggtattcecttaactatgttgectcettttacg
ctatgtggatacgctgctttaatgcctttgtatcatgctattgcttccecgtatggetttcattttcetcece
tccttgtataaatcctggttgctgtctcectttatgaggagttgtggeccgttgtcaggcaacgtggegtg
gtgtgcactgtgtttgectgacgcaacccecccactggttggggecattgccaccacctgtcagetectttec
gggactttcgectttceccceccctceectattgeccacggeggaactecategeecgectgecttgecegetgetygyg
acaggggctcggctgttgggcactgacaattcegtggtgttgtcecggggaaatcategtecectttecttygg
ctgctcgcecctgtgttgeccacctggattetgegegggacgteccttetgctacgtcececttecggecctecaat
ccagcggaccttccttceccgecggecctgectgeccggectectgeggectecttcecgegtecttecgeccttegecct
cagacgagtcggatctccctttgggccgecctccccge

Suitably, the variant may be at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 98%, at least 99% identical to SEQ ID NO: 26.
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In some embodiments, the viral vector of the present invention does not comprise

a WPRE sequence.

Protein tag

The COL4A3, COL4A4 or COL4AS transgene may comprise a protein tag, such as
a hemagglutinin (HA) tag. HA can be used as an epitope tag and has been shown
not to interfere with bioactivity or biodistribution of proteins to which it has been
added. The protein tag can facilitate detection, isolation, and purification of the
transgene. Other suitable protein tags may include Myc tags, polyhistidine tags
and flag tags.

In some embodiments, the COL4A3, COL4A4 or COL4AS transgene comprises one
or more flag tags. In some embodiments, the COL4A3, COL4A4 or COL4A5

transgene comprises three flag tags.

Kozak sequence

The viral vector may additionally comprise a Kozak sequence between the
promoter and the COL4A3, COL4A4 or COL4AS transgene. The Kozak sequence is
known to play a major role in the initiation of the translation process and can
therefore enhance expression of the COL4A3, COL4A4 or COL4A5 transgene.
Suitable Kozak sequences will be well known to those of skill in the art.

Suitably, the Kozak sequence may comprise or consist of the nucleotide sequence
shown as SEQ ID NO: 27, or a variant which is at least 65% identical to SEQ ID
NO: 27.

Exemplary Kozak sequence (SEQ ID NO: 27)

GCCGCCACCAUGG

Suitably, the variant may be at least 75%, at least 85%, or at least 90% identical
to SEQ ID NO: 27.

In some embodiments, the viral vector of the present invention does not comprise

a Kozak sequence.
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Polyadenylation signal

The viral vector may additionally comprise a polyadenylation signal, such as
bovine growth hormone (bGH) polyadenylation signal, e.g. as shown in Figure 3.
Suitably, the polyadenylation signal may be operably linked to the COL4A3,
COL4A4, or COL4A5 transgene. Polyadenylation is the addition of a poly(A) tail to
a messenger RNA. The poly(A) tail consists of multiple adenosine
monophosphates; in other words, it is a stretch of RNA that has only adenine
bases. The poly(A) tail is important for the nuclear export, translation, and
stability of mRNA. Inclusion of a polyadenylation signal can therefore enhance
expression of the COL4A3, COL4A4 or COL4A5 transgene.

Suitable polyadenylation signals include an early SV40 polyadenylation signal
(SV40pA), a chicken beta-globin polyadenylation signal, bovine growth hormone
polyadenylation signal (bGH), or a soluble neuropilin-1 polyadenylation signal. In
some embodiments, the polyadenylation signal is an early SV40 polyadenylation
signal (SV40pA) or a chicken beta-globin polyadenylation signal. Preferably, the
polyadenylation signal is an early SV40 polyadenylation signal (SV40pA).

Suitably, the polyadenylation signal may comprise or consist of the nucleotide
sequence shown as SEQ ID NO: 28, or a variant which is at least 70% identical to
SEQ ID NO: 28 (also shown in Fig. 3). Suitably, the variant may be at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least
99% identical to SEQ ID NO: 28.

Exemplary bGH poly(A) signal sequence (SEQ ID NO: 28):

ctgtgccttctagttgccageccatctgttgtttgeccectecceccegtgecttecttgacectggaaggtyg
ccactcccactgtcctttcecctaataaaatgaggaaattgcatcgcattgtcectgagtaggtgtcattcta
ttctggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagcaggcatgetgggy
atgcggtgggctctatgg

Suitably, the polyadenylation signal may comprise or consist of the nucleotide
sequence shown as SEQ ID NQO: 29, or a variant which is at least 70% identical to
SEQ ID NO: 29. Suitably, the variant may be at least 75%, at least 80%, at least
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85%, at least 90%, at least 95%, at least 98%, at least 99% identical to SEQ ID
NO: 29.

Exemplary soluble neuropilin-1 polyadenylation signal (SEQ ID NQ: 29XX):

aaataaaatacgaaatg

Suitably, the polyadenylation signal may comprise or consist of the nucleotide
seqgquence shown as SEQ ID NQO: 30, or a variant which is at least 70% identical to
SEQ ID NO: 30. Suitably, the variant may be at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 98%, at least 99% identical to SEQ ID
NO: 30.

Exemplary SV40pA signal sequence (SEQ ID NQO: 30):

aacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagca

tttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctggatc

Suitably, the polyadenylation signal may comprise or consist of the nucleotide
sequence shown as SEQ ID NQO: 41, or a variant which is at least 70% identical to
SEQ ID NO: 41. Suitably, the variant may be at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 98%, at least 99% identical to SEQ ID
NO: 41.

Exemplary chicken beta-globin polyadenylation signal (SEQ ID NO: 41)

caataaaagatctttattttcattagatctgtgtgttggttttttgtgtyg

Inverted Terminal Repeat sequences

The viral vector may additionally comprise Inverted Terminal Repeat (ITR)
sequences at either end of the vector. For example, the vector structure may be,
in order: ITR - promotor - transgene (with optional protein tag) - optional WRPE -
polyadenylation signal - ITR.

The ITR may act as promoter (Flotte, T.R., et al. 1993. Journal of Biological
Chemistry, 268(5), pp.3781-3790).
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Typically, an AAV genome will include at least one inverted terminal repeat
sequence (ITR), preferably more than one ITR, such as two ITRs or more. One or
more of the ITRs may be derived from AAV genomes having different serotypes,
or may be a chimeric or mutant ITR. A preferred mutant ITR is one having a
deletion of a trs (terminal resolution site). This deletion allows for continued
replication of the genome to generate a single-stranded genome which contains
both coding and complementary sequences, i.e. a self-complementary AAV
genome. This allows for bypass of DNA replication in the target cell, and so
enables accelerated transgene expression. However, the maximum packaging
capacity of a scAAV is reduced. Suitably, the AAV genome is not a scAAV genome.

The AAV genome may comprise one or more ITR sequences from any naturally
derived serotype, isclate or clade of AAV or a variant thereof. The AAV genome
may comprise at least one, such as two, AAV1, AAV2, AAV3, AAV4, AAVS, AAV6,
AAV7, AAV8, AAV9, AAV10, or AAV11 ITRs, or variants thereof. Suitably, the AAV
genome may comprise at least one, such as two, AAV2 ITRs.

The inclusion of one or more ITRs is preferred to aid concatamer formation of the
AAV vector in the nucleus of a host cell, for example following the conversion of
single-stranded vector DNA into double-stranded DNA by the action of host cell
DNA polymerases. The formation of such episomal concatamers protects the AAV
vector during the life of the host cell, thereby allowing for prolonged expression of

the transgene in vivo.

Suitably, ITR elements will be the only sequences retained from the native AAV
genome in the derivative. 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.

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

thereof.

In the context of the invention, a “variant” of any given sequence is a sequence in
which the specific sequence of residues (whether amino acid or nucleic acid
residues) has been modified in such a manner that the polypeptide or
polynucleotide in question retains at least one of its endogenous functions. A
variant sequence can be obtained by addition, deletion, substitution, modification,
replacement and/or variation of at least one residue present in the naturally
occurring polypeptide or polynucleotide. For example, a variant promoter
sequence retains at least some level of the activity and specificity of the promoter
sequence from which it is obtained.

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

of its endogenous functions.

Typically, amino acid substitutions may be made, for example from 1, 2 or 3, to
10 or 20 substitutions, provided that the modified sequence retains the required
activity or ability. Amino acid substitutions may include the use of non-naturally

occurring analogues.

Proteins used in the invention may also have deletions, insertions or substitutions
of amino acid residues which produce a silent change and result in a functionally
equivalent protein. Deliberate amino acid substitutions may be made on the basis
of similarity in polarity, charge, solubility, hydrophobicity, hydrophilicity and/or
the amphipathic nature of the residues as long as the endogenous function is
retained. For example, negatively charged amino acids include aspartic acid and
glutamic acid; positively charged amino acids include lysine and arginine; and
amino acids with uncharged polar head groups having similar hydrophilicity values
include asparagine, glutamine, serine, threonine and tyrosine.
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Conservative substitutions may be made, for example according to the table
below. Amino acids in the same block in the second column and preferably in the

same line in the third column may be substituted for each other:

ALIPHATIC Non-polar GAP
ILV
Polar - uncharged CSTM
NQ
Polar - charged DE
KRH
AROMATIC FWY

The term “homologue” as used herein means a variant having a certain homology
with the wild type amino acid sequence or the wild type nucleotide sequence. The
term “homology” can be equated with “identity”.

In the present context, a homologous sequence is taken to include an amino acid
sequence which may be at least 50%, 55%, 65%, 75%, 85% or 90% identical,
preferably at least 95%, 96% or 97% or 98% or 99% identical to the subject
sequence. Typically, the homologues will comprise the same active sites etc. as
the subject amino acid sequence. Although homology can also be considered in
terms of similarity (i.e. amino acid residues having similar chemical
properties/functions), in the context of the present invention it is preferred to

express homology in terms of sequence identity.

In the present context, a homologous sequence is taken to include a nucleotide
sequence which may be at least 50%, 55%, 65%, 75%, 85% or 90% identical,
preferably at least 95%, 96% or 97% or 98% or 99% identical to the subject
sequence. Although homology can also be considered in terms of similarity, in the
context of the present invention it is preferred to express homology in terms of
sequence identity.

Preferably, reference to a sequence which has a percent identity to any one of the
SEQ ID NOQOs detailed herein refers to a sequence which has the stated percent
identity over the entire length of the SEQ ID NO referred to.
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Homology comparisons can be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These commercially available
computer programs can calculate percent homology or identity between two or

more sequences.

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

Although this is a very simple and consistent method, it fails to take into
consideration that, for example, in an otherwise identical pair of sequences, one
insertion or deletion in the amino acid or nucleotide sequence may cause the
following residues or codons to be put out of alignment, thus potentially resulting
in a large reduction in percent homology when a global alignment is performed.
Consequently, most sequence comparison methods are designed to produce
optimal alignments that take into consideration possible insertions and deletions
without penalising unduly the overall homology score. This is achieved by

inserting “gaps” in the sequence alignment to try to maximise local homology.

However, these more complex methods assign “gap penalties” to each gap that
occurs in the alignment so that, for the same number of identical amino acids or
nucleotides, a sequence alignment with as few gaps as possible, reflecting higher
relatedness between the two compared sequences, will achieve a higher score
than one with many gaps. “Affine gap costs” are typically used that charge a
relatively high cost for the existence of a gap and a smaller penalty for each
subsequent residue in the gap. This is the most commonly used gap scoring
system. High gap penalties will of course produce optimised alignments with
fewer gaps. Most alignment programs allow the gap penalties to be modified.
However, it is preferred to use the default values when using such software for
sequence comparisons. For example when using the GCG Wisconsin Bestfit
package the default gap penalty for amino acid sequences is -12 for a gap and -4
for each extension.
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Calculation of maximum percent homology therefore firstly requires the
production of an optimal alignment, taking into consideration gap penalties. A
suitable computer program for carrying out such an alignment is the GCG
Wisconsin Bestfit package (University of Wisconsin, USA; Devereux et al. (1984)
Nucleic Acids Research 12: 387). Examples of other software that can perform
sequence comparisons include, but are not limited to, the BLAST package (see
Ausubel et al. (1999) ibid — Ch. 18), FASTA (Atschul et al. (1990) J. Mol. Biol.
403-410), EMBOSS Needle (Madeira, F., et al., 2019. Nucleic acids research,
47(W1), pp.-W636-W641) and the GENEWORKS suite of comparison tools. Both
BLAST and FASTA are available for offline and online searching (see Ausubel et al.
(1999) ibid, pages 7-58 to 7-60). However, for some applications, it is preferred
to use the GCG Bestfit program. Another tool, BLAST 2 Sequences, is also
available for comparing protein and nucleotide sequences (FEMS Microbiol. Lett.
(1999) 174(2):247-50; FEMS Microbiol. Lett. (1999) 177(1):187-8).

Although the final percent homology can be measured in terms of identity, the
alignment process itself is typically not based on an all-or-nothing pair
comparison. Instead, a scaled similarity score matrix is generally used that
assigns scores to each pairwise comparison based on chemical similarity or
evolutionary distance. An example of such a matrix commonly used is the
BLOSUM®B62 matrix (the default matrix for the BLAST suite of programs). GCG
Wisconsin programs generally use either the public default values or a custom
symbol comparison table if supplied (see the user manual for further details). For
some applications, it is preferred to use the public default values for the GCG

package, or in the case of other software, the default matrix, such as BLOSUM®62.

Once the software has produced an optimal alignment, it is possible to calculate
percent homology, preferably percent sequence identity. The software typically
does this as part of the sequence comparison and generates a numerical result.
The percent sequence identity may be calculated as the number of identical

residues as a percentage of the total residues in the SEQ ID NO referred to.

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

sequence that is a portion of a full-length polypeptide or polynucleotide.
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Such variants, derivatives, homologues and fragments may be prepared using
standard recombinant DNA techniques such as site-directed mutagenesis. Where
insertions are to be made, synthetic DNA encoding the insertion together with 5’
and 3’ flanking regions corresponding to the naturally-occurring sequence either
side of the insertion site may be made. The flanking regions will contain
convenient restriction sites corresponding to sites in the naturally-occurring
sequence so that the sequence may be cut with the appropriate enzyme(s) and
the synthetic DNA ligated into the cut. The DNA is then expressed in accordance
with the invention to make the encoded protein. These methods are only
illustrative of the numerous standard techniques known in the art for
manipulation of DNA sequences and other known techniques may also be used.

Cells

In one aspect, the present invention provides a cell comprising the viral vector of
the invention. The cell may be an isolated cell. The cell may be a human cell,
suitably an isolated human cell.

The viral vector may be introduced into cells using a variety of techniques known
in the art, such as transfection, transduction and transformation. Suitably, the
vector of the present invention is introduced into the cell by transfection or

transduction.

The cell may be any cell type known in the prior art.

III

Suitably, the cell may be a producer cell. The term “producer cell” includes a cell
that produces viral particles, after transient transfection, stable transfection or
vector transduction of all the elements necessary to produce the viral particles or
any cell engineered to stably comprise the elements necessary to produce the
viral particles. Suitable producer cells will be well known to those of skill in the
art. Suitable producer cell lines include HEK 293 (e.g. HEK 293T), HelLa, and A549

cell lines.

Suitably, the cell may be a packaging cell. The term “packaging cell” includes a
cell which contains some or all of the elements necessary for packaging an
infectious recombinant virus. The packaging cell may lack a recombinant viral
vector genome. Typically, such packaging cells contain one or more vectors which
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are capable of expressing viral structural proteins. Cells comprising only some of
the elements required for the production of enveloped viral particles are useful as
intermediate reagents in the generation of viral particle producer cell lines,
through subsequent steps of transient transfection, transduction or stable
integration of each additional required element. These intermediate reagents are
encompassed by the term “packaging cell”. Suitable packaging cells will be well
known to those of skill in the art.

Suitably, the cell may be a kidney cell or glomerular cell, for example a podocyte.
Suitably, the cell may be an immortalized kidney cell or glomerular cell, for
example an immortalized podocyte. Suitable podocyte cell lines will be well known
to those of skill in the art, for example CIHP-1. Methods to generate immortalized
podocytes will be well known to those of skill in the art. Suitable methods are
described in Ni, L., et al., 2012. Nephrology, 17(6), pp.525-531.

As described above, although the cells have been described by reference to a viral
vector, it will be understood that a viral vector gene therapy may alternatively be

used.

Methods for treating or preventing Alport syndrome

In one aspect, the present invention provides the viral vector, cell or
pharmaceutical composition according to the present invention for use as a

medicament.

In one aspect, the present invention provides use of the viral vector, cell or
pharmaceutical composition according to the present invention in the manufacture

of a medicament.

In one aspect, the present invention provides a method of administering the viral
vector, cell or pharmaceutical composition according to the present invention to a

subject in need thereof.

In one aspect, the present invention provides the viral vector, cell or
pharmaceutical composition according to the present invention for use in

preventing or treating Alport syndrome.
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In one aspect, the present invention provides use of the viral vector, cell or
pharmaceutical composition according to the present invention for the

manufacture of a medicament for preventing or treating Alport syndrome.

In one aspect, the present invention provides a method of preventing or treating
Alport syndrome comprising administering the viral vector, cell or pharmaceutical
composition according to the present invention to a subject in need thereof.

Targeted podocyte viral COL4A3, COL4A4 or COL4A5 gene therapy may change
and at least partially normalise the glomerular basement membrane in AS
patients. Structural effects of the construct on the glomerular basement
membrane may be tested in vitro using a human spheroid model of wild-type and
Alport syndrome podocytes. The spheroid models may be examined for changes
in the composition of the glomerular basement membrane. Functional testing may
also be performed using a nephron on a chip model comprising co-culturing
glomerular endothelial cells and podocytes on one side of a channel to develop a
mature glomerular basement membrane, which can be used to measure protein
permeability via the channels. Constructs may be tested in mouse alpha 3, or
alpha 5 KO mice, or an alpha 4 spontaneous mouse mutant. Constructs may be
administered by tail vein injection and efficacy will be measured by proteinuria

levels and survival.

The viral vector gene therapies of the present invention can be used to treat or
prevent Alport syndrome (AS). AS patients typically present with haematuria,
which may progress to proteinuria. Haematuria can be determined by the
presence of erythrocytes in urine when viewed microscopically. A basal
microalbuminuria level of less than 30 mg/day is usually considered non-
pathological. Levels of about 30 mg/day to about 300 mg/day are termed
microalbuminuria, which is considered pathologic. Albumin levels of over 300
mg/day are termed macroalbuminuria and levels of proteinuria over 3.5 g/day are
considered to be nephrotic range proteinuria. Patients treated by the viral vector
of the present invention may have haematuria, microalbuminuria,

macroalbuminuria or nephrotic range proteinuria.

Treating patients prior to onset of proteinuria may slow or prevent progression of
proteinuria and thereby delay or prevent end-stage renal failure. Patients with
nephrotic range proteinuria may also be treated. As the collagen IV a345 network
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of the glomerular basement membrane is changed and normalised or repaired by
the transgene, proteinuria levels should be progressively reduced following gene

therapy treatment.

The patient may additionally or alternatively test positive for a pathogenic variant
of COL4A3, COL4A4 or COL4A5. Pathogenic variants of COL4A3 and COL4A4 can
be heterozygous (autosomal dominant), or biallelic (autosomal recessive).
Pathogenic variants in COL4A5 are hemizygous or heterozygous (X-linked). The
patient is preferably treated with one or more viral vectors comprising a
transgene corresponding to the gene(s) for which the patient has a pathogenic
variant. For example, a patient having a pathogenic COL4A5 variant can be
treated with a viral vector comprising a COL4A5 transgene. The patient may test
positive for two or more pathogenic variants of COL4A3, COL4A4 or COL4A5. Such
patients may be treated with two or more viral vectors comprising different
transgenes, i.e., each viral vector comprising transgenes corresponding to the

genes for which the patient has pathogenic variants.

In particular, the patient may have X-chromosome linked AS, which is typically

associated with a pathogenic variant of COL4AS.

The term "patient" as used herein may include any mammal, including a human.
The patient may be an adult or a paediatric patient, such as a neonate or an
infant. The patient may be male or female. The patient may be a male patient

with X-chromosome linked AS, particularly an adolescent male patient.

The viral vector, cell or pharmaceutical composition according to the present
invention may be administered parenterally, for example, intravenously, or by
infusion techniques. The vector, cell or pharmaceutical composition may be
administered in the form of a sterile aqueous solution which may contain other
substances, for example, enough salts or glucose to make the solution isotonic
with blood. The aqueous solution may be suitably buffered (preferably to a pH of
from 3 to 9). The pharmaceutical composition may be formulated accordingly. The
preparation of suitable parenteral formulations under sterile conditions is readily
accomplished by standard pharmaceutical techniques well-known to those skilled
in the art.
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The viral vector, cell or pharmaceutical may be administered systemically, such as

by intravenous injection.

The viral vector, cell or pharmaceutical composition according to the present
invention may be administered locally, for example by targeting administration to
the kidney. Suitably, the viral vector, cell or pharmaceutical composition may be
administered by injection into the renal artery or by ureteral or subcapsular
injection. In embodiments of the invention the viral vector may be administered
by injection into the renal artery. In alternative embodiments of the invention the
viral vector may be administered by retrograde administration, e.g., via the

ureters using a urinary catheter.

The viral vector, cell or pharmaceutical composition may be administered as a
single dose, in other words, subsequent doses of the vector may not be needed.
In the event that repeated doses are needed different viral serotypes can be used
in the vector. For example, vector used in a first dose may comprise AAV-LKO3 or

AAV-3B whereas the vector used in a subsequent dose may comprise AAV 2/9.

The viral vector, cell or pharmaceutical composition may be administered at
varying doses (e.g. measured in vector genomes (vg) per kg). The physician in
any event will determine the actual dosage which will be most suitable for any
individual subject and it will vary with the age, weight and response of the
particular subject. Typically, however, for the AAV vectors of the invention, doses
of 109 to 10** vg/kg, or 10*! to 103 vg/kg may be administered.

Optionally the viral vector, cell or pharmaceutical composition may be
administered in combination with temporary immunosuppression of the patient,
e.g., by administering the viral vector at the same time as, or following treatment
with, oral steroids. Immunosuppression may be desirable before and/or during
gene therapy treatment to suppress the patient's immune response to the vector.
However, an AAV capsid is present only transiently in the transduced cell as it is
not encoded by the vector. The capsid is therefore gradually degraded and
cleared, meaning that a short-term immunomodulatory regimen that blocks the
immune response to the capsid until capsid sequences are cleared from the
transduced «cells can allow long-term expression of the transgene.
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Immunosuppression may therefore be desirable for a period of about six weeks

following administration of the gene therapy.

The viral vector, cell or pharmaceutical composition may additionally or
alternatively be administered in combination with a renin-angiotensin treatment
strategy, such as an angiotensin converting enzyme (ACE) inhibitor, an
aldosterone antagonist (e.g., spironolactone) or an angiotensin receptor blocker
(ARB).

Pharmaceutical composition

The viral vector may be administered in the form of a pharmaceutical
composition. In other words the viral vector may be combined with one or more
pharmaceutically acceptable carriers, diluents and/or excipients. A suitable
pharmaceutical composition is preferably sterile.

Acceptable carriers, diluents, and excipients for therapeutic use are well known in
the pharmaceutical art. The choice of pharmaceutical carrier, excipient or diluent
can be selected with regard to the intended route of administration and standard
pharmaceutical practice. The pharmaceutical compositions may comprise as - or
in addition to - the carrier, excipient or diluent any suitable binder(s),

lubricant(s), suspending agent(s), coating agent(s) or solubilising agent(s).

Examples of pharmaceutically acceptable carriers include, for example, water, salt
solutions, alcohol, silicone, waxes, petroleum jelly, vegetable oils, polyethylene
glycols, propylene glycol, Iliposomes, sugars, gelatin, lactose, amylose,
magnesium stearate, talc, surfactants, silicic acid, viscous paraffin, perfume oil,
fatty acid monoglycerides and diglycerides, petroethral fatty acid esters,

hydroxymethyl-cellulose, polyvinylpyrrolidone, and the like.

The pharmaceutical composition may further comprise one or more other

therapeutic agents.

The invention further includes the use of kits comprising the viral vector, cells
and/or pharmaceutical composition of the present invention. Preferably said kits
are for use in the methods and used as described herein, e.g., the therapeutic
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methods as described herein. Preferably said kits comprise instructions for use of

the kit components.

As described above, although the methods for treating or preventing Alport
syndrome have been described by reference to a viral vector, it will be understood
that a viral vector gene therapy may alternatively be used.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an example DNA sequence for the minimal human nephrin
promoter (NPHS1).

Figure 2 shows an example DNA sequence for a WPRE sequence.

Figure 3 shows an example DNA sequence for a bGH poly(A) signal sequence.

Figure 4 shows exemplary AAV transfer plasmids comprising COL4A3, COL4A4,
and COL4A5 coupled to mini nephrin promoter.

(A) Schematic for pAAV.265.Col4a3.3—flag.sv40, an AAV plasmid comprising
COL4A3 coupled to mini nephrin promoter. Smal sites are shown and the
following fragments are expected following restriction with Smal: 1. 6238 bp, 2.
2753 bp, 3. 56 bp, 4. 11 bp, 5. 11 bp. (B) Schematic for
pPAAV.265.Col4a4.3fl-mag.sv40, an AAV plasmid comprising COL4A4 coupled to
mini nephrin promoter. Smal sites are shown and the following fragments are
expected following restriction with Smal: 1. 4052 bp, 2. 2753 bp, 3. 2224 bp, 4.
56 bp, 5. 11 bp, 6. 11 bp. (€) Schematic for pAAV.265.Col4a5.3fl-ag.sv40, an
AAV plasmid comprising COL4A5 coupled to mini nephrin promoter. Smal sites
are shown and the following fragments are expected following restriction with
Smal: 1. 4272 bp, 2. 2753 bp, 3. 2032 bp, 4. 56 bp, 5. 11 bp, 6. 11 bp. (D)
Restriction digest with Smal. MW = 1 Kb DNA ladder, Lanes 1, 2 and 3
correspond to the digests for plasmids shown in (A), (B), and (C), respectively.
(E) Schematic showing restriction digest.

Figure 5 shows Podocytes transduced with AAV.COL4.nephrin265.5v40 virus



WO 2021/181118 PCT/GB2021/050633

10

15

20

25

30

W
(9

CA 03171232 2022-9-9

61

(A) Immunoprecipitation experiments of the full-length FLAG-tagged Col4a3
(LKO3) or Col4a5 (LK0O3) in human differentiated CiPodocytes (conditionally
immortalised) pulled down with the anti-FLAG antibody. Anti-FLAG antibody
precipitated both Col4a3 and Col4a5. Human-FLAG IgG was used as a control.
(B) Western blots of protein lysates showing the expression levels of Col4a3
(LKO3 capsid serotype), Col4a5 (LKO3) and Col4a5 (2/9 capsid serotype) in
human or mouse differentiated CiPodocytes. Non-infected human and mouse
Cipodocytes were wused as controls. (C) Confocal images showing
immunofluorescence staining of transduced Col4a5 in Human wild-type
CiPodocytes/Col4a5 3xFlag AAV CiPodocytes with F-Actin. Col4a5 is present at the
cytosolic level in the human differentiated podocytes infected with Col4a5 3xFlag
AAV virus in comparison to the wild-type counterpart.

Figure 6 shows a schematic illustration of minimal nephrin promoters

(A) The full-length nephrin promoter is 1249 bp in length (excluding the start
codon), hereafter referred to as the “"FL” nephrin promoter. (B) An exemplary
minimal nephrin promoter with the 5’ region deleted is 819 bp in length
(excluding the start codon), hereafter referred to as the “"midi” nephrin promoter.
(C) An exemplary minimal nephrin promoter with the 5° region deleted and
central region deleted is 265 bp in length (excluding the start codon), hereafter
referred to as the “mini” nephrin promoter. (D) The following regions of the
nephrin promoter are indicated: (i) human mouse homology region, (ii) retinoic
acid receptor (RAR) binding site, (iii) WT1 binding site, (iv) transcription factors
binding region, and (v) transcription initiation site.

Figure 7 shows a schematic of a lentiviral vector comprising GFP operably

coupled to midi nephrin promoter

(A) pACE_hNPHS1 promoter was used as a template, to introduce BamH1 and
Clal restriction sites. (B) Final construct vector comprising GFP operably coupled

to midi nephrin promoter.

Figure 8 shows a schematic of a lentiviral vector comprising GFP operably

coupled to mini nephrin promoter
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(A) pACE_hNPHS1 promoter was used as a template to PCR and gel extract the
two sections of the promoter. (B) Final construct vector comprising GFP operably

coupled to mini nephrin promoter.

Figure 9 shows expression of GFP in ciPodocytes following transduction with

lentiviral vectors

Human CiPodocytes stably expressing GFP-tagged nephrin promoters were
generated using the lentiviral approach. GFP expression was observed by
fluorescence microscopy. (A) Untransduced CiPodocytes. (B) CiPodocytes stably
expressing the GFP-tagged mini nephrin promoter. (C) CiPodocytes stably
expressing the GFP-tagged FL nephrin promoter.

Figure 10 shows expression of GFP in differentiated ciPodocytes following

transduction with lentiviral vectors

Lentiviral vectors comprising GFP operably linked to nephrin promoters were
transduced into differentiated conditionally immortalised podocytes (ciPodocytes).

Immunoprecipitation (IP) was used to detect GFP expression.

Figure 11 shows human glomerular cells transduced with Lentivirus -

GFP.nephrin promoter (minimal or 265)

FACS analysis displaying median GFP fluorescence (AFU) of all live singlets of
conditionally immortalised human podocytes (LY) and glomerular endothelial cells
(GEnC) using a Novocyte Analyser. Untransduced cells (Cell Control) were
compared with those transduced with lentivirus constructs harbouring a GFP
expression cassette controlled by the full length human nephrin promoter
(hNPHS1.GFP) or the micro human nephrin promoter (265.GFP). All cells were
differentiated for 10 days, trypsinised (100 ulL) and diluted in PBS, 2%FBS,
1:1000 DRAQ7 (150uL). Data and error bars represent 3 technical repeats (100
ulL, >2500 cells) £SEM.

EXAMPLES
Alport syndrome, a disease that affects the collagen a3a4a5 (IV) network

of the glomerular basement membrane, lacks a glomerular-specific
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therapeutic strategy. Currently the mainstay of treatment is to target
elevated blood pressure. Elevated glomerular filtration rate and
microalbuminuria, early indicators of Alport syndrome, are both related to
changes in the glomerular basement membrane. Collagen a3a4ab (IV) is

produced by podocytes but not endothelial cells.

The aim of this research is to combine a successful strategy to treat Alport
syndrome, with a safe and successful gene delivery approach so that
COL4A3, COL4A4 or COL4A5 gene expression can be delivered to

podocytes, preferably early in disease and prior to onset of proteinuria.

Example 1 - design, construction, and testing of minimal nephrin
promoter coupled to COL4A3, COL4A4, and COL4AS5

Design and construction of AAV constructs
The following AAV transfer plasmids comprising COL4A3, COL4A4, and COL4AS5

coupled to the mini nephrin promoter (“"265” - see Example 2 for details of

design, construction and testing of the mini nephrin promoter) were designed and

constructed:

e pAAV.265.Col4a3.3flag.sv40, an AAV plasmid comprising COL4A3 coupled
to mini nephrin promoter (see Figure 4A).

e pAAV.265.Col4a4.3flag.sv40, an AAV plasmid comprising COL4A4 coupled
to mini nephrin promoter (see Figure 4B)

e pPAAV.265.Col4a5.3flag.sv40, an AAV plasmid comprising COL4A5 coupled

to mini nephrin promoter (see Figure 4C)
A Smal digestion was performed to confirm that the identity of the plasmids (see
Figures 4D-E). This shows successful cloning of COL4 a3, a4 and a5 into AAV,

with the 265bp mini nephrin promoter and a SV40 polyA tail.

Testing of AAV constructs

The following AAV viral vectors were prepared using standard methods:

e AAV.COL4A3.nephrin265.5v40 with LKO3 serotype
e AAV.COL4A5.nephrin265.5v40 with LKO3 serotype
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e AAV.COL4A5.nephrin265.5v40 with 2/9 serotype

Figure 5A shows immunoprecipitation experiments of the full-length FLAG-
tagged Col4a3 (LKO3) or Col4a5 (LK03) in human differentiated ciPodocytes
pulled down with the anti-FLAG antibody. Anti-FLAG antibody precipitated both
Col4a3 and Col4a5. Human-FLAG IgG was used as a control.

Figure 5B shows western blots of protein lysates showing the expression levels
of Col4a3 (LKO3 capsid serotype), Col4a5 (LKO3) and Col4a5 (2/9 capsid
serotype) in human or mouse differentiated ciPodocytes. Non-infected human and
mouse cipodocytes were used as controls.

Figure 5C shows confocal images showing immunofluorescence staining of
transduced Col4a5 in Human wild-type CiPodocytes/Col4a5 3xFlag AAV
CiPodocytes with F-Actin. Col4a5 is present at the cytosolic level in the human
differentiated podocytes infected with Col4a5 3xFlag AAV virus in comparison to
the wild-type counterpart.

These results show that we have unexpectedly successfully transduced human
podocytes with COL4a3 and COL4a5 full length coupled to the mini nephrin
promoter and that the mini nephrin promoter unexpectedly drives expression of
the full length COL4a3 or COL4a5 in the human podocytes.

Example 2 - design, construction, and testing of minimal nephrin

promoters

Design of minimal nephrin promoters

A human NPHS1 promoter has been described in Moeller et al. 2002 ] Am Soc
Nephrol, 13(6):1561-7 and Wong MA et al. 2000 Am J Physiol Renal Physiol,
279(6):F1027-32. This NPHS1 promoter is a 1.2kb fragment and appears to be
podocyte-specific. This is referred to hereafter as the “FL” nephrin promoter and is
shown in Figure 6A.

The FL nephrin promoter was initially cut to 822 bp (819 bp excluding start
codon) by deleting the N-terminal sequence. This is referred to hereafter as the
“midi” nephrin promoter and is shown in Figure 6B.
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The midi nephrin promoter was further cut to 268 bp (265 bp excluding start
codon) by removing putative general transcription domains from the central
region. This is referred to hereafter as the "mini” nephrin promoter and is shown
in Figure 6C.

Construction of vector constructs

Midi nephrin promoter

pACE_hNPHS1 promoter was used as a template to introduce BamHI and Clal
restriction sites as shown in Figure 7ZA. Fragments were then gel extracted and
digested with Clal and BamHI for 1h at 37°C prior to ligation into pLenti GFP Blast
vector. Ligations were further transformed into stable competent E.Coli cells, DNA
was extracted and sequenced (Midi Promoter). The final lentiviral vector is shown
in Figure 7B.

Mini nephrin promoter

pACE_hNPHS1 promoter was used to PCR the overhangs (OHs) as shown in
Figure 8A. Two sections of the promoter containing OHs were gel extracted for
the NEBuilder HiFi Assembly reaction into pLenti GFP Blast vector. The ligation
reaction was then cleaned using the DNA clean up kit., prior to its transformation
into stable competent E.Coli cells. DNA was extracted and sequenced. The final

lentiviral vector is shown in Figure 8B.

Testing vector constructs

The minimal nephrin promotors were used to express GFP in in vitro cell models

to check efficacy and podocyte-specificity.

pLenti GFP Blast Nephrin Promoter constructs (Full Length, Midi and Mini) were
used to transfect HEK293T cells for 48h to make virus, which was further used to
create human conditionally immortalized podocytes stably expressing either GFP-
tagged FL NPHS1, midi or mini promoters.

Conditionally immortalised human podocytes (ciPodocytes) were transfected with
the lentiviral vectors to determine whether the minimal promoters were able to
drive GFP expression. Both the midi and mini nephrin promoters were shown to
drive GFP expression. Figure 9 shows a representative fluorescence microscopy
image showing GFP expression from the mini nephrin promoter. Figure 10 shows
a representative western blot showing GFP expression from the mini nephrin
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promoter. These results show that the minimal nephrin promoter is able to drive

transgene expression in podocytes.

The lentiviral vectors were also used to transduce human glomerular cells.
ciPodocytes and glomerular endothelial cells were transduced with a lentivirus
comprising GFP coupled to the mini nephrin reporter. Figure 11A-C shows FACS
analysis displaying median GFP fluorescence (AFU) of all live singlets of
conditionally immortalised human podocytes (LY) and glomerular endothelial cells
(GEnC) using a Novocyte Analyser. Untransduced cells (Cell Control) were
compared with those transduced with lentivirus constructs harbouring a GFP
expression cassette controlled by the full length human nephrin promoter
(hNPHS1.GFP) or the mini human nephrin promoter (265.GFP). All cells were
differentiated for 10 days, trypsinised (100 ulL) and diluted in PBS, 29%FBS,
1:1000 DRAQ7 (150uL). Data and error bars represent 3 technical repeats (100
uL, >2500 cells) £SEM. These results show podocyte specificity for the minimal

nephrin promoter when compared to glomerular endothelial cells.

Example 3 - Podocyte targeted gene therapy

We have developed a targeted gene delivery system in human and mouse
podocytes using adeno-associated virus (AAV) (see PCT/GB2020/050097).
Using a podocyte-specific promoter (nephrin), AAV serotype 2/9
successfully infected podocytes in vivo, inducing podocin expression. In
animals where podocin was knocked down using the Cre-Loxp system
(NPHS2fI/fl), resulting in proteinuria, AAV treatment successfully
recovered podocin expression and ameliorated proteinuria. In addition, we
have shown efficient and specific transduction of GFP by AAV LKO3 (with
better efficiency than AAV2/9) in human podocytes using the same

promoter.
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Various features and embodiments of the present invention will now be described

with reference to the following numbered paragraphs (paras).

1. A viral vector gene therapy, wherein the viral vector comprises:
a COL4A3, COL4A4 or COL4A5 transgene; and
an optional podocyte-specific promoter.

2. A viral vector gene therapy according to para 1, wherein the podocyte-
specific promoter is minimal nephrin promoter NPHS1 or podocin promoter
NPHSZ2.

3. A viral vector gene therapy according to para 1 or 2, wherein the viral
vector is an adeno-associated virus (AAV).

4. A viral vector gene therapy according to para 3, wherein the AAV vector is
AAV serotype 2/9, LKO3 or 3B.

5. A viral vector gene therapy according to any of paras 1 to 4, wherein the
COL4A3, COL4A4 or COL4AS transgene is a mini-gene.

6. A viral vector gene therapy according to any of paras 1 to 4, wherein the
gene therapy comprises:

a first viral vector comprising at least a portion of a COL4A3, COL4A4 or
COL4AS5 transgene; and

an optional a podocyte-specific promoter; and

a second viral vector comprising at least a portion of a corresponding
COL4A3, COL4A4 or COL4AS transgene; and

an optional a podocyte-specific promoter.

7. A viral vector gene therapy according to any of paras 1 to 6, wherein the
viral vector additionally comprises a Woodchuck hepatitis post-transcriptional

regulatory element (WPRE).

8. A viral vector gene therapy according to any of paras 1 to 7, wherein the
COL4A3, COL4A4 or COL4A5 transgene is human and/or comprises a
hemagglutinin (HA) tag.
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9. A viral vector gene therapy according to any of paras 1 to 8, wherein the
viral vector additionally comprises a Kozak sequence between the promoter and
the COL4A3, COL4A4 or COL4AS5 transgene.

10. A viral vector gene therapy according to any of paras 1 to 9, wherein the
viral vector additionally comprises a polyadenylation signal such as bovine growth
hormone (bGH) polyadenylation signal.

11. A viral vector gene therapy according to any of paras 1 to 10, for use in
treating or preventing Alport Syndrome.

12. A viral vector gene therapy for use according to para 11, wherein the viral
vector gene therapy is to be administered to a human patient.

13. A viral vector gene therapy for use according to paras 11 or 12, wherein

the viral vector gene therapy is to be administered systemically.

14. A viral vector gene therapy for use according to any of paras 11 to 13,
wherein the viral vector gene therapy is to be administered by intravenous

injection.

15. A viral vector gene therapy for use according to any of paras 11 to 14,
wherein the viral vector gene therapy is to be administered by injection into the

renal artery.
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CLAIMS

1. A viral vector, wherein the viral vector comprises a COL4A3, COL4A4 or
COL4A5 transgene.

2. A viral vector according to claim 1, wherein:

(i) the COL4A3 transgene encodes a COL4A3 polypeptide which comprises or
consists of the polypeptide sequence having at least 70% identity to SEQ ID NO:
1, or a fragment thereof;

(ii) the COL4A4 transgene encodes a COL4A4 polypeptide which comprises or
consists of the polypeptide sequence having at least 70% identity to SEQ ID NO:
2, or a fragment thereof; and/or

(iii) the COL4A5 transgene encodes a COL4AS5 polypeptide which comprises or
consists of the polypeptide sequence having at least 70% identity to SEQ ID NO:
3, or a fragment thereof.

3. A viral vector according to claim 1 or 2, wherein: (i) the COL4A3 transgene
encodes a full-length COL4A3 polypeptide, (ii) the COL4A4 transgene encodes a
full-length COL4A4 polypeptide; and/or (iii) the COL4A5 transgene encodes a full-
length COL4A5 polypeptide

4, A viral vector according to any of the preceding claims, wherein the viral

vector comprises a podocyte-specific promoter.

5. A viral vector according to any of the preceding claims, wherein the
podocyte-specific promoter is minimal nephrin promoter NPHS1 or podocin
promoter NPHS2, preferably wherein the podocyte-specific promoter is minimal
nephrin promoter NPHS1.

6. A viral vector according to claim 5, wherein the minimal nephrin promoter
NPHS1 comprises or consists of the nuclectide sequence shown as SEQ ID NO:
10, or a variant which is at least 70% identical to SEQ ID NO: 10.

7. A viral vector according to any of the preceding claims, wherein the viral
vector is an adeno-associated virus (AAV).
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8. A viral vector according to claim 7, wherein the AAV vector is in the form
of an AAV vector particle.
9. A viral vector according to claim 7 or 8, wherein the AAV vector particle is

a podocyte-specific AAV vector.

10. A viral vector according to any of claims 7 to 9, wherein the AAV vector is
AAV serotype 2/9, LKO3 or 3B.

11. A viral vector according to any of the preceding claims, wherein the
COL4A3, COL4A4 or COL4A5S transgene is a mini-gene.

12. A viral vector according to any of the preceding claims, wherein the viral
vector additionally comprises a Woodchuck hepatitis post-transcriptional
regulatory element (WPRE).

13. A viral vector according to any of claims 1 to 11, wherein the viral vector
does not comprise Woodchuck hepatitis post-transcriptional regulatory element
(WPRE).

14, A viral vector according to any of the preceding claims, wherein the
COL4A3, COL4A4 or COL4A5 transgene is human and/or comprises a
hemagglutinin (HA) tag.

15. A viral vector according to any of the preceding claims, wherein the viral
vector additionally comprises a Kozak sequence between the promoter and the
COL4A3, COL4A4 or COL4AS transgene.

16. A viral vector according to any of the preceding claims, wherein the viral
vector additionally comprises a polyadenylation signal such as bovine growth

hormone (bGH) polyadenylation signal or an early SV40 polyadenylation signal.

17. A viral vector according to claim 16, wherein the polyadenylation signal is an
early Sv40 polyadenylation signal.

18. A viral vector gene therapy, wherein the gene therapy comprises:
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a first viral vector comprising at least a portion of a COL4A3, COL4A4 or
COL4AS5 transgene; and

a second viral vector comprising at least a portion of a corresponding
COL4A3, COL4A4 or COL4AS transgene.

19. A viral vector gene therapy according to claim 18, wherein the first viral
vector is a viral vector as defined in any of claims 1 to 17 and/or the second viral
vector is a viral vector as defined in any of claims 1 to 17.

20. A viral vector or viral vector gene therapy according to any of the
preceding claims, for use in treating or preventing Alport Syndrome.

21. A viral vector or viral vector gene therapy for use according to claim 20,
wherein the viral vector or viral vector gene therapy is administered to a human
patient.

22. A viral vector or viral vector gene therapy for use according to claims 20 or
21, wherein the viral vector or viral vector gene therapy is administered

systemically.

23. A viral vector or viral vector gene therapy for use according to any of
claims 20 to 22, wherein the viral vector or viral vector gene therapy is

administered by intravenous injection.

24. A viral vector or viral vector gene therapy for use according to any of
claims 20 to 23, wherein the viral vector or viral vector gene therapy is
administered by injection into the renal artery.
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