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Factor VIII Sequences

Field of the Invention
The present invention relates to a coagulation factor VIII nucleotide sequence containing a

modified B domain sequence. The invention also relates to the use of this factor VHI

nucleotide sequence in the treatment of haemophilia, in particular haemophilia A.

Background to the Invention

Haemophilia A (HA) 1s an X-linked recessive bleeding disorder that affects approximately
I in 5,000 males. It is caused by mutations in the coagulation factor VHI (FVHI) gene that
codes for FVIH protein, an essential cofactor in the coagulation cascade. Clinical
manifestations of severe FVII deficiency are frequent unprovoked bleeding episodes,
which can be life threatening and cause permancnt disability. Treatment in Western
couniries consists of intravenous injection of plasma derived or recombinant FVIII protein
concentrates at the time of a bleed, or prophylactically, to prevent bleeding episodes. The
short half-life for FVHI (8—18 hours) necessitates frequent infusions, making this treatiment
prohibitively expensive (>£100,000/year for prophylaxis) for the majority of the world’s
haemophilia A patients. Chemical modification (e.g., direct conjugation of polyethylene
glycol (PEG) polymers) and bioengineering of FVII (e.g. FVIII-FAB f{usion proteins) to
improve the half-life of the FVII protein show promise. However, these long acting FVH]
variants do not eliminate the need for lifelong FVIII protein administration or problems of

FVII inhibitor formation which occurs in 30% of patients on standard FVIII replacernent

therapy.

Geune therapy, 1o contrast, offers the polential of a cure through continuous endogenous
production of FVIII following a single administration of vector. Haemophilia A is in fact
well suited for a gene replacement approach because its clinical manifestations are entirely
attributable to the lack of a single gene product (FVI) that circulates in minute amounts
{200ng/ml) in the plasma. Tightly regulated control of gene expression is not essential and
a modest increase in the level of FVIII (>1% of normal) can ameliorate the severe
phenotype. The consequences of gene transfer can be assessed uvsing simple guantitative

endpoints that can be easily assayed in most clinical laboratories.
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Several different gene transfer strategies for FVIII replacement have been evaluated, but
adeno-associated viral (AAV) vectors show the greatest promise. They have an excellent
safety profile and can direct long-term transgene expression from post-mitotic tissues such
as the liver. Indeed, an on-going clinical trial for gene therapy of haemophilia B has
established that stable (>18 months) expression of human factor IX at levels that are
sufficient for conversion of the haemophilia phenotype {rom severe to moderate or mild is
achievable following a single peripheral vein administration of AAV vector. Several
participants in this trial have been able to discontinue prophylaxis without suifering from
spontaneous bleeding episodes. Similar encouraging results have emerged from clinical
trials of AAV mediated gene transfer to the retina for the treatment of Leber's congenital

amaurosis.

The use of AAV vectors for haemophilia A gene therapy, however, poses new challenges
due to the distinct molecular and biochemical properties of human FVHI (hFVIHI). When
compared to other proteins of comparable size, expression of hFVIHI is highly inetficient
due to mRNA instability, interaction with endoplasmic reticulum (ER) chaperones, and a
requirement for facilitated ER to Golgi transport through interaction with the mauonose-
binding lectin, LMAN1. Consequently, higher vector doses would be required to achieve
therapeutic levels of hFVIII following gevne iransfer. Aside from increased pressure on
vector production, this will increase the risk of toxicity since the potential toxicities appear

to be related to the vector dose.

Bioengineering of the FVII molecule has resulted in improvement of the FVIII
expression. For instance, deletion of the FVIII B-dowain, which is ot required for
cofactor activity, resulted in a 17-fold increase in mRNA levels over full iength wild-type
FVHI and a 30% increase in secreted protein (Kanfman er al, 1997; Miao er ¢l, 2004). This
has led to the development of B-domain deleted (BDD) FVIII protein concentrate, which is
now widely used in the clinic. However, a significant portion of the full length FVHI and
the BDD-FVHI is misfolded and retained within the endoplasmic reticulum (ER) and
ultimately degraded. It has been shown that the addition of a short 226 amino-acid B-
domain spacer rich in asparagine-linked oligosaccharides to BDD-hFVII (known as N6-
hFVII) appears to further increase expression by 10 fold over that achieved with BDD-
hEVI (Cerallo er af, 2007; Miao er a¢l, 2004). Unlike the full length and BDD-hFVHI

variant, the N6-hFVII variant does not appear to evoke an unfolded protein response
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(UPR) with resultant apoptosis of murine hepatocytes, thus making it a useful variant for

further evaluation in the context of gene transfer (Malhotra e af, 2008).

Codon optimisation has also been used to increase expression of the FVHI protein. Codon
optimised N6 (codop-hFVIII-N6) causes secretion of FVIII from cells at levels that are at
5 least 10 fold higher than observed with wi-hFVIII-N6 (WO 2011/005968). A codon
optimised version of the full length and B domain deleted FVII have also been developed
(WO 2005/0052171). Using lentiviral vectors, the in virro potency of codon-optimised
BDD-FVHI (codop-BDD-hFVHI) has been shown to be greater than wild type-BDD-
FVIIL. Codon optimisation of the FVII sequence is also described in US 2010/0284971.

10 Another obstacle to AAV mediated gene transfer of FVIII for haemophilia A gene therapy
is the size of the FVII gene. which at 7.0 kb far exceeds the normal packaging capacity of
AAV vectors. Packaging of large expression casseties into AAV vectors has been reported
but this is a highly inconsistent process that results in low vield of vector particles with
reduced infectivity. AAV vectors encoding the smaller BDD-FVIII (~4.4kb} variant under

15 the control of a small promoter show promise. In particular, one study showed persistent
expression of canine FVIHI at 2.5-5% of normal over a period of 4 years in haemophilia A
dogs following a single administration of rAAV encoding canine BDD-FVII (Jiang e al,
2006). This approach has, however, not been critically assessed with human BDD-FVI]
instead of its canine cognate. Another innovative approach to overcome the size constraint

20 involves packaging the heavy (HC) and light chain (LC) ¢cDNAs into two separate AAV

vectors, taking advantage of the biochemical re-association of the HC and LC of FVIIH to

regenerate coagulation activily. An allernative strategy involves molecular re-association
or concatemerization of the 57 and 3’ regions of the large FVIII expression cassette

delivered to a target cells by two separate AAV vectors (Chao er al, 2002; Chen et al,

[\
L

2009). Whilst these approaches solve the packaging limitations of FVIII they create other
disadvantages including the need for two AAV vectors for functional FVIII activity and
risk of immunogenicity due to imbalance between expression of the LC and HC or as a

result of expression of half genome sized protein product.

Summary of the Invention
30 The present invention provides a nucleic acid molecule comprising a nucleotide sequence

encoding for a functional factor VIII protein, wherein the portion of the nucleotide
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sequence encoding for the B domain of the {actor VIII protein is between 90 and 111 base
pairs (or nucleotides) in length and encodes for an amino acid sequence comprising a
sequence having at least 85% identity to SEQ ID NO: 4 and which comprises six

asparagine residues.

5 In a particular embodiment, the present invention provides a nucleic acid molecule
comprising a nucleotide sequence encoding for a functional factor VHI protein, wherein
the portion of the nucleotide sequence encoding {or the B domain of the factor VIII protein
is between 90 and 111 base pairs in length and comprises a sequence having at least 95%
identity to the nucleotide sequence of SEQ ID NO: 1 and which encodes for six asparagine

10 residues.

Preferably, the nucleotide sequence is isolated. The term "isolated” when used io relation
to a nucleic acid molecule of the invention typically refers to a nucleic acid sequence that
is identified and separated from at least one countaminant nucleic acid with which it 1s
ordinarily associated in its natural source. Isolated nucleic acid may be present in a form or
15 setting that is different from that in which it s found in nature. In contrast, non-isolated
nucleic acids are nucleic acids such as DNA and RNA found in the state they exist in
nature. For cxample, a given DNA sequence (e.g. a gene) is found on the host cell
chromosome in proximity to neighbouring genes; RNA sequences, such as a specific
mRNA sequence encoding a specific protein, are found in the cell as a mixture with
20 numerous other mRNAs which encode a multitude of proteins. The isolated nucleic acid
molecule of the invention may be present in single-stranded or double-stranded form.
When an isolated nucleic acid molecule 15 to be utilized to express a protein, it will
typically contain at a minimum the sense or coding strand (i.c., nucleic acid molecule may
be single-stranded), but may contain both the sense and anti-sense sirands (i.e., the nucleic

25  acid molecule may be double-stranded).

The portion of the nacleotide sequence encoding for the B domain of the factor VIII
protein encodes for an amino acid sequence comprising a sequence having at least 85%
dentity to SEQ 1D NO: 4 and which comprises six asparagine residues. o some
embodiments, the portion of the nucleotide sequence encoding for the B domain of the
30 factor VI protein encodes for an amino acid sequence comprising a sequence having at

least 90% identity to SEQ ID NO: 4 and which comprises six asparagine residues. In
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particular embodiments, the portion of the nucleotide sequence encoding for the B domain
of the factor VIII protein encodes for an amino acid sequence comprising a sequence
having at least 95% identity to SEQ 1D NO: 4 and which comprises six asparagine

residues.

In some embodiments, the portion of the nucleotide sequence encoding for the B domain
of the factor VIII protein encodes for an amino acid sequence comprising the sequence of
SEQ ID NO: 4 with up to two amino acid substitutions in the amino acid residues which
are not asparagine. In a preferred embodiment, there may be up to one substitution in the

amino acid residues which are not asparagine.

In a preferred embodiment, the portion of the nucleotide sequence encoding for the B
domain of the factor VIII protein encodes for an amino acid sequence comprising the

sequence of SEQ ID NO: 4.

The portion of the nucleotide sequence encoding for the B domain of the factor VIII
protein may comprise a sequence having at least 85% identity to the nucleotide sequence
of SEQ ID NO: 1. The portion of the nucleotide sequence encoding for the B domain of
the factor VIII protein may comprise a sequence having at least 90% identity to the
nucleotide sequence of SEQ ID NO: 1. The portion of the nucleotide sequence encoding
for the B domain of the {actor VHI protein may comprise a sequence having at least 95%
identity to the nucleotide sequence of SEQ ID NO: 1. Preferably, the portion of the
nucleotide sequence encoding {or the B domain of the factor VII proiein comprises a
sequence having at least 96% identity to the nucleotide sequence of SEQ ID NO: 1. The
portion of the nucleotide sequence encoding for the B domain of the factor VIII protein
preferably comprises a sequence having at least 97%, more preferably at least 98%, more
preferably still at least 99%, and even more preferably at least 99.5% identity to the
nucleotide sequence of SEQ ID NO: 1. In one embodiment, the portion of the nucleotide
sequence encoding for the B domain of the factor VI protein comprises a sequence

having the nucleotide sequence of SEQ ID NO: 1.

The sequence having a specified percentage identity to the nucleotide sequence of SEQ 1D

NO: 1 is preferably between 48 and 60 base pairs in length. Preferably, this sequence is
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between 48 and 57 base pairs in length. More preferably, this sequence is between 48 and

54 base pairs in length. Most preferably, this sequence is 51 base pairs in length.

The portion of the nucleotide sequence encoding for the B domain of the factor VIII
protein is between 90 and 111 base pairs in length. Preferably, the portion of the
nucleotide sequence encoding for the B domain of the factor VHI protein is between 90
and 108 base pairs in length. More preferably, the portion of the nucleotide sequence
encoding for the B domain of the factor VIII protein is between 90 and 105, between 90
and 102, between 90 and 99, or between 90 and 96 base pairs in length. Most preferably,
the portion of the nucleotide sequence encoding {or the B domain of the factor VIII protein

is 93 base pairs in length.

The nucleotide sequence of the invention encodes for a sequence comprising an amino acid
sequence having at least 85% identity to SEQ ID NO: 4 and which comprises six
asparagine residues. This amino acid sequence may be flanked on one side by a first
flanking sequence and on the other side by a second flanking sequence. The first flanking
sequence is a first portion of a sequence having at least 70% identity to SEQ ID NO: 7 and
the second flanking sequence is a second portion of a sequence having at least 70%
identity to SEQ ID NO: 7, wherein the first portion and the second portion together
comprise the whole of the sequence having at least 70% identity to SEQ ID NO: 7. The
first portion and the second portion may be of a sequence having at least 75% identity to
SEQ ID NO: 7. In some embodiments, the first portion and the second portion may be of a
sequence having at least 80% identity to SEQ 1D NO: 7. The first portion and the second
portion may be of a sequence having at least 85%, at least 0% or at least 95% identity to
SEQ ID NO: 7. In some embodiments, the first portion and the second portion may be of
SEQ ID NO: 7. For example, in one embodiment, the first flanking sequence may be the
first five amino acids of SEQ ID NO: 7 and the second flanking sequence may be the last
nine amino acids (i.e. the 6% to 14 amino acids) of SEQ 1D NO: 7. In this way, the first
and second flanking sequences together comprise the whole of SEQ ID NO: 7. In some
embodiments, the first flanking sequence is between 4 and 10 amino acids in length.
Likewise, the second flanking sequence may be between 4 and 10 amino acids in length.
Io soroe emnbodiruents, the {irst flanking sequence is between 4 and 8 amino acids in length
and the second flanking sequence is between 6 and 10 amino acids in length. In a

particular embodiment, the first flanking sequence is between 4 and 6 amino acids in
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length and the second flanking sequence is between 8 and 10 amino acids in length.  The
portion of the nucleotide sequence encoding for the B domain of the factor VIII protein

will encode for these flanking regions.

In a particular embodiment, the present invention provides a nucleic acid molecule
5  comprising a nucleotide sequence encoding for a functional factor VHI protein, wherein
the portion of the nucleotide sequence encoding for the B domain of the factor VIII protein
is between 90 and 111 base pairs in length and comprises a sequence having at least 95%
identity to the nucleotide sequence of SEQ ID NO: 1 and which encodes for six asparagine
residues.
10
In some embodiments, the portion of the nucleotide sequence encoding for the B domain
of the factor VIII protein has a sequence having at least 85% identity to the nucleotide
sequence of SEQ ID NO: 2. In other embodiments, the portion of the nucleotide sequence
encoding for the B domain of the factor VIII protein has a sequence having at least 90%
15  identity to the nucleotide sequence of SEQ ID NO: 2. In further embodiments, the portion
of the nucleotide sequence encoding for the B domain of the factor VIH protein has a
sequence having at least 95% identity to the nucleotide sequence of SEQ ID NO: 2. The
portion of the nucleotide sequence encoding for the B domain of the factor VIII protein
preferably has a seguence having at least 96%, more preferably at least 97%, more
20 preflerably still at least 98%, and even more preferably at least 99% identily to the

nucleotide sequence of SEQ 1D NG: 2.

In one embodiment, the portion of the nucleotide sequence encoding for the B domain of

the factor VII protein has the sequence of SEQ ID NO: 2.

The nucleic acid molecule encodes for a functional factor VII protein, that is to say it
encodes {or factor VIH which, when expressed, has the functionality of wild type factor
VII. The nucleic acid molecule, when expressed in a suitable system (e.g. a host cell),
produces a functional factor VII protein and at a relatively high level. Since the factor
30 VI that is produced is functional, it will have a conformation which is the same as at least
a portion of the wild type factor VIII. A functional factor VIII protein produced by the
invention allows at least some blood coagulation to take place in a subject. This causes a

decrease in the time it takes for blood to clot in a subject suffering from haemophilia, e.g.
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haemophilia A. Normal factor VIII participates in blood coagulation via the coagulation
cascade. Normal factor VIII is a cofactor for factor IXa which, in the presence of Ca*” and
phospheolipids, formos a complex that converts factor X to the activated form Xa.
Therefore, a functional factor VIII protein according to the invention can form a functional

complex with {actor IXa which can convert factor X to the activated form Xa.

Previously used factor VHI nucleotide sequences have had problems with expression of
functional protein. This is thought to be due to inefficient expression of mRNA, protein
misfolding with subsequent intracellular degradation, and inefficient transport of the
primary translation product from the endoplasmic reticulum to the Golgi apparatus. The
inventors have found that the nucleic acid molecule provided by the invention causes
surprisingly high levels of expression of a factor VI protein both in vitro and in vivo.
This means that this nucleic acid molecule could be used in gene therapy to treat
haemophilia such as haemophilia A. Fuorther, this nucleic acid, due to its smaller size, can

effectively be packaged into an AAV vector.

The domain organization of FVIH is normally made uvp of AI-A2-B-A3-C1-C2. As
described above, the portion of the nucleotide sequence encoding for the B domain of the
factor VIII protein is modified. The nucleotide sequence can have any sequence for the
other domains (i.c. Al, A2, A3, Cl and C2) as long as it encodes for a functional FVII
protein. For example, the portions of the nucleotide sequence encoding for the Al, A2,
A3, C1 and C2 domains of the factor VIII protein may have the wild type sequence.
Alternatively, the portions of the nucleotide sequence encoding for the Al, A2, A3, Cl and
2 domains of the factor VIII protein may have a modified sequence. For example, the
portions of the nucleotide sequence encoding for the Al, A2, A3, Cl and C2 domains of
the {actor VIII protein may have codon optimised sequences of the wild type sequence, for
example, such as those disclosed in WO 2011/005968, WO 2005/0052171 or US
2010/0284971. Preferably, the portions of the nucleotide sequence encoding for the Al,
A2, A3, C1 and C2 domains of the factor VIII protein have the codon optimised sequences
of the codop-hFVII-N6 sequence disclosed in WO 2011/005968. In one embodiment, the
nucleic acid molecule of the invention comprises the nucleotide sequence of SEQ ID NO:
3. In any event, the portions of the nucleotide sequence encoding for the Al, A2, A3, C1

and C2 domains of the factor VIII protein preferably have a sequence which encodes for
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the wild type domains so that a functional protein is produced which is the same as the

wild type protein except for the modification to the B domain.

In a particular embodiment, the nucleotide sequence encodes for a protein comprising the
sequence of SEQ ID NO: 4. The portion of the nucleotide sequence encoding for the B
domain of the factor VIII protein may encode for an amino acid sequence comprising the

sequence of SEQ ID NO: 4.

In some embodiments, the portion of the nucleotide sequence encoding for the B domain
of the factor VI protein encodes {or a sequence having at least 85% identity to the amino
acid sequence of SEQ ID NO: 5. In other embodiments, the portion of the nucleotide
sequence encoding for the B domain of the factor VIII protein encodes for a sequence
having at least 90% identity to the amino acid sequence of SEQ ID NO: 5. In further
embodiments, the portion of the nucleotide sequence encoding for the B domain of the
factor VI protein encodes for a sequence having at least 95% identity to the amino acid
sequence of SEQ ID NO: 5. The portion of the nucleotide sequence encoding for the B
domain of the factor VIII protein preferably encodes for a sequence having at least 96%,
more preferably at least 97%, more preferably still at least 98%, and even more preferably

at least 99% identity to the amino acid sequence of SEQ ID NO: 5.

In some embodiments, the portion of the nucleotide sequence encoding for the B domain

of the factor VIII protein encodes for the sequence of SEQ ID NO: 5.

The sequence having a specified percentage identity to the nucleotide sequence of SEQ 1D
NO: 1 encodes for six asparagine residues within the B domain nucleotide sequence as a
whole. Further, the sequences having identity to SEQ ID NO: 4 comprise six asparagine
residues. This means that out of the 30 to 37 amino acids that are encoded for by the B
domain nucleotide sequence, six of them are asparagine residues. The six asparagine
residues are believed to be required for glycosylation and help the FVIII protein to be
expressed. In this regard, the six asparagine residues should be positioned within the
sequence so that they can be glycosylated during cellular processing. It is possible that the
portion of the nucleotide sequence encoding for the B domain of the factor VIII protein
may encode for more than six asparagine residues. However, the sequence having a

specified percentage identity to the nucleotide sequence of SEQ ID NO: 1 should
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preferably encode for six asparagine residues. Likewise, the sequences having identity to

SEQ ID NO: 4 should preferably encode for six asparagine residues.

It would be well with the capabilities of a skilled person to produce a nucleic acid molecule
according to the invention. This could be done, {or example, using chemical syathesis of a

given sequence.

Further, a skilled person would readily be able to determine whether a nucleic acid
according to the invention expresses a functional protein. Suitable methods would be
apparent to those skilled in the art. For example, one suitable in vifro method involves
inserting the nucleic acid into a vector, such as a lentiviral or an AAV vector, transducing
host cells, such as 2937 or Hela cells, with the vector, and assaying for factor VIII
activity. Alternatively, a suitable in vivo method involves transducing a vector containing
the nucleic acid into hacmophiliac mice and assaying for functional factor VHI in the
plasma of the mice. Suitable methods are described in more detail below and in WO

2011/005968.

The nucleic acid can be any type of nucleic acid composed of nucleotides. The nucleic
acid should be able to be expressed so that a protein is produced. Preferably, the nucleic

acid is DNA or RNA.

The above description refers to the length of nucleotide sequences in base pairs, for
example, between 90 and 111 base pairs in length. The term “base pair” is equivalent to
the term “nucleotide” and thesc terms are interchangeable. Therefore, for example, the
expression “between 90 and 111 base pairs in length” 1s equivalent to “between 90 and 111
nucleotides in length”. The term “base pair” is not intended to imply that the nucleic acid

molecule is double stranded, although in some embodiments, this is the case.

The present invention also provides a functional factor VI protein, wherein the B domain
of the factor VIII protein is between 30 and 37 amino acids in length, and comprises the
sequence of SEQ ID NO: 4. In some embodiments, the B domain of the factor VIII protein
comprises the sequence of SEQ ID NO: 5. In one embodiment, the factor VIII protein has
the sequence of SEQ ID NO: 6. Some of the description above relating to the nucleic acid,

in particular the parts discussing the amino acid sequence encoded by the nucleic acid, are
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also relevant to this aspect of the invention. Therefore, the relevant feature of the nucleic

acid molecule are also intended to be features of the protein of the invention.

In a particular embodiment, there is provided a factor VHI protein encoded by the nucleic

acid described above.

Also provided is a vector comprising the nucleic acid molecule of the invention. The
vector may be any appropriate vector, including viral and non-viral vectors. Viral vectors
inchade lenti-, adeno-, herpes viral vectors. The vector is preferably a recombinant adeno-
associaled viral (fAAV) vector or a lentiviral vector. More preferably, the vector is an
rAAYV vector. Alternatively, non-viral systems may be used, including using naked DNA
(with or without chromatin attachment regions) or conjugated DNA that s introduced into

cells by various transfection methods such as lipids or electroporation.

The vector preferably also comprises any other components required for expression of the
nucleic acid molecule, such as promoters. Any appropriate promoters may be used, such as
LP1, HCR-hAAT, ApoE-hAAT, and LSP. These promoters are described in more detail in
the following references: LP1: Nathwam er af, 2006; HCR-hAAT: Miao er al, 2000;
ApoE-hAAT: Okuyama et ¢/, 1996; and LSP: Wang et af, 1999. A preferred promoter is
also described in WO 2011/005968.

A vector according to the invention may be a gene delivery vector. Such a gene delivery

vector may be a viral geoe delivery vector or a non-viral gene delivery vector.

Non-viral gene delivery may be carried out using naked DNA which is the simplest
method of non-viral transfection. It may be possible, for example, to administer a nucleic
acid of the invention using naked plasmid DNA. Alternatively, methods such as
electroporation, sonoporation or the use of a “gene gun”, which shoots DNA coated gold
particles into the cell using, for example, high pressure gas or an inverted .22 calibre gun,

may be used.

To 1mprove the delivery of a nucleic acid into a cell, it may be necessary to protect it from

damage and its entry into the cell may be facilitated. To this end, lipoplexes and polyplexes
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may be used that have the ability to protect a nucleic acid from undesirable degradation

during the transfection process.

Plasmid DNA may be coated with lipids in an organized structure such as a micelle or a
liposome. When the organized structure is complexed with DNA it is called a lipoplex.
Anionic and neutral lipids may be used for the construction of lipoplexes for synthetic
vectors. Preferably, however, cationic lipids, due to their positive charge, may be used to
condense negatively charged DNA molecules so as to facilitate the encapsulation of DNA
nto liposomes. If may be necessary to add helper lipids (usually electroncutral lipids, such

as DOPE) to cationic lipids so as to form lipoplexes.

Complexes of polymers with DNA, called polyplexes, may be used to deliver a nucleic
acid of the invention. Most polyplexes consist of cationic polymers and their production is
regulated by ionic interactions. Polyplexes typically cannot release their DNA load into the
cytoplasm. Thaus, co-transfection with endosome-lytic agents (to lyse the endosome that is
made during endocytosis, the process by which the polyplex enters the cell), such as

inactivated adenovirus, may be necessary.

Hybrid methods may be used to deliver a nucleic acid of the invention that combines two
or more techniques. Virosomes are onc example; they combine liposomes with an
inactivated HIV or mofluenza virus. Other methods involve mixing other viral vectors with
cationic lipids or hybridizing viruses and may be used to deliver a nucleic acid of the

invention.

A dendrimer may be used to deliver a nucleic acid of the invention, in particular, a cationic
dendrimer, i.e. one with a positive surface charge. When in the presence of genetic material
such as DNA or RNA, charge complimentarity leads to a temporary association of the
nucleic acid with the cationic dendrimer. On reaching its destination the dendrimer-nucleic

acid complex is then imported into the cell via endocytosis.

More typically, a suitable viral gene delivery vector may be used to deliver a nucleic acid
of the invention. Viral vectors suitable for use in the invention may be a parvovirus, an
adenovirus, a retrovirus, a lentivirus or a herpes simplex virus. The parvovirus may be an

adenovirus-associated virus (AAV).
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As used herein, in the context of gene delivery, the term "vector” or "gene delivery vector”
may refer to a particle that {unctions as a gene delivery vehicle, and which comprises
nucleic acid (i.e., the vector genome) packaged within, for example, an envelope or capsid.
Alternatively, 1n some contexts, the term "vector” may be used to refer only o the vector

genome.

Accordingly, the present invention provides gene delivery vectors {(comprising a nucleic
acid of the invention) based on animal parvoviruses, in particular dependoviruses such as
infectious human or simian AAV, and the components thereof (e.g., an animal parvovirus
genome) for use as vectors for introduction and/or expression of a factor VIII polypeptide
in a mammalian cell. The ferm “parvoviral” as uvsed herein thus encompasses

dependoviruses such as any type of AAV.

Viruses of the Parvoviridae family are small DNA animal viruses. The family Parvoviridae
may be divided between two subfamilies: the Parvovirinae, which infect vertebrates, and
the Densovirinae, which infect insects. Members of the subfamily Parvovirinae are herein
referred to as the parvoviruses and include the genus Dependovirus. As may be deduced
from the name of their genus, members of the Dependovirus are unigue in that they usually
require coinfection with a helper virus such as adenovirus or herpes virus for productive
infection in cell culture. The genus Dependovirus includes AAV, which normally infects
humans (e.g., serotypes 1, 2, 3A, 3B, 4, 5, and 6) or primates {e.g., serotypes 1 and 4), and
related viruses that infect other warm-blooded animals (e.g.. bovine, canine, equine, and
ovine adeno-associated viruses). Further information on parvoviruses and other members
of the Parvoviridae is described in Kenneth I. Berns, "Parvovinidae: The Viruses and Their
Replication,” Chapter 69 in Fields Virology (3d Ed. 1996). For convenience the present
invention is further exemplified and described herein by reference to AAV. It is, however,
understood that the invention is not limited to AAV but may equally be applied to other

parvoviruses.

The genomic organization of all known AAV serotypes is very similar. The genome of
AAYV is a linear, single-stranded DNA molecule that is less than about 5,000 nucleotides
(nt) in length. Inverted terminal repeats (ITRs) flank the unigue coding nucleotide

sequences for the non-structural replication (Rep) proteins and the structural (VP) proteins.
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The VP proteins (VP1, -2 and -3) form the capsid. The terminal 145 nt are self-
complementary and are organized so that an energetically stable intramolecular duplex
forming a T-shaped hairpin may be formed. These hairpin stractures function as an origin
for viral DNA replication, serving as primers for the cellular DNA polymerase complex.
Following wild type (wi) AAV infection in mammalian cells the Rep genes (i.e. encoding
Rep78 and RepS52 proteins) are expressed {rom the PS5 promoter and the P19 promoter,
respectively, and both Rep proteins have a function in the replication of the viral genome.
A splicing event in the Rep ORF results in the expression of actually four Rep proteins (i.e.
Rep78, Rep68, RepS2 and Rep40). However, it has been shown that the unspliced mRNA,
encoding Rep78 and RepS52 proteins, in mammalian cells are sufficient for AAV veclor
production. Also in insect cells the Rep78 and Rep52 proteins suffice for AAV vector

production.

In an AAV suitable for use as a gene therapy vector, the vector genome typically
comprises a nucleic acid of the invention (as described herein) to be packaged for delivery
to a target cell. According to this particular embodiment, the heterologous nucleotide
sequence 1s located between the viral I'TRs at either end of the vector genome. In further
preferred embodiments, the parvovirus (e.g2. AAV) cap genes and parvovirus (e.g. AAV)
rep genes are deleted from the template genome (and thus from the virion DNA produced
therefrom). This configuration maximizes the size of the nucleic acid sequence(s) that can

be carried by the parvovirus capsid.

According to this particular embodiment, the nucleic acid of the invention is located
between the viral ITRs at either end of the substrate. It is possible for a parvoviral genome
to function with only one ITR. Thus, in a gene therapy vector of the invention based on a
parvovirus, the vector genome is flanked by at least one I'TR, but, more typically, by two
AAV ITRs (generally with one either side of the vector genome, i.e. one at the 5" end and
one at the 3° end). There may be intervening sequences between the nucleic acid of the

invention in the vector genome and one or more of the ITRs.

Preferably, the nucleic acid encoding a functional factor VIII polypeptide (for expression
in the mammalian cell) will be incorporated into a parvoviral genome located between two

regular I'TRs or located on either side of an I'TR engineered with two D regions.
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AAY sequences that may be used in the present invention for the production of AAV gene
therapy vectors can be derived from the genome of any AAV serotype. Generally, the
AAV serotypes have genomic sequences of significant homology at the amino acid and the
nucleic acid levels, provide an identical set of genetic functions, produce virions which are
essentially physically and f{unctionally equivalent, and replicate and assemble by
practically identical mechanisms. For the genomic sequence of the various AAVY serotypes
and an overview of the genomic similaritics sec ¢.g. GenBank Accession number U§9790;
GenBank Accession number J01901; GenBank Accession number AFG43303; GenBank
Accession number AF085716; Chiorini er «f, 1997; Srivastava ef al, 1983; Chiorini ef al,
1999; Rutledge er al, 1998; and Wu e al, 2000. AAV serotype 1, 2,3, 4,5,6,7, 80r 9
may be used in the present invention. However, AAV serotypes 1, 5 or § are preferred
sources of AAV sequences [or use in the context of the present invention. The sequences
from the AAV serotypes may be mutated or engineered when being used in the production

of gene therapy vectors.

Preferably the AAV ITR sequences for use in the context of the present invention are
derived from AAV1, AAVZ, AAV4 and/or AAV6. Likewise, the Rep {Rep78 and Rep32)
coding sequences arc preferably derived from AAV1, AAV2, AAV4 and/or AAV6. The
sequences coding for the VP1, VP2, and VP3 capsid proteins for use in the context of the
present invention may however be taken from any of the known 42 serotypes, more
preferably from AAVI, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVE or AAVY or
newly developed AAV-like particles obtained by e.g. capsid shuffling techniques and
AAY capsid libraries.

AAV Rep and ITR sequences are particularly conserved among most serotypes. The
Rep78 proteins of various AAV serotypes are e.g. more than 89% identical and the total
nucleotide sequence identity at the genome level between AAVZ, AAV3A, AAV3B, and
AAVE6 is around 82% (Bantel-Schaal ef af, 1999). Moreover, the Rep sequences and ITRs
of many AAV serotypes are known to cfficiently cross-complement (i.e., functionally
substitate) corresponding sequences {rom other serotypes in production of AAV particles
in mammalian celis. US 2003148506 reports that AAV Rep and ITR sequences also

efficiently cross-complement other AAV Rep and ITR sequences in insect cells.
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The AAV VP proteins are known to determine the cellular tropicity of the AAV virion.
The VP protein-encoding sequences are significantly less conserved than Rep proteins and
genes among different AAV serotypes. The ability of Rep and ITR sequences to cross-
complement corresponding sequences of other serotypes allows for the production of
pseudotyped AAV particles comprising the capsid proteins of a serotype {(e.g., AAVL, 5or
8) and the Rep and/or ITR sequences of another AAV serotype {e.g., AAV2). Such

pseudotyped rAAV particles are a part of the present invention.

Modified "AAV" sequences also can be used in the context of the present invention, e.g.
{or the production of AAV geoe therapy vectors. Such modilied sequences e.g. include
sequences having at least about 70%, at least about 75%, at least about 80%, at least about
85%, at least about 90%, at least about 95%, or more nucleotide and/or amino acid
sequence identity {e.g., a sequence having about 75-99% nucleotide sequence identity) to
an AAV1, AAV2, AAV3, AAV4, AAVS, AAVS, AAVT, AAVE or AAVY ITR, Rep, or
VP can be used in place of wild-type AAV ITR, Rep, or VP sequences.

Although similar to other AAV serotypes in many respects, AAVS differs from other
human and simian AAV scrotypes more than other known human and simian serotypes. In
view thereof, the production of rAAVS can differ from production of other serotypes in
insect cells. Where methods of the invention are employed to produce rAAVS, it is
preferred that one or more constructs comprising, collectively in the case of more than one
construct, a nucleotide sequence comprising an AAVS5 ITR. a nucleotide sequence
comprises an AAVS Rep coding sequence (i.e. a nucleotide sequence comprises an AAVS
Rep78). Such ITR and Rep sequences can be modified as desired to obtain efficient
production of AAVS or pseudotyped AAVS vectors. For example, the start codon of the
Rep sequences can be modified, VP splice sites can be modified or eliminated, and/or the
VP1 start codon and nearby nucleotides can be modified to improve the production of

AAVS vectors.

Thus, the viral capsid vsed in the invention may be from any parvovirus, either an
autonomous parvovirus or dependovirus, as described above. Preferably, the viral capsid is
an AAV capsid (e. g., AAVIL, AAVZ, AAV3, AAV4, AAVS or AAV6 capsid). In general,
the AAV1 capsid or AAV6 capsid are preferred. The choice of parvoviras capsid may be

based on a number of considerations as known in the art, ¢.g., the target ccll type, the
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desired level of expression, the nature of the heterologous nucleotide sequence to be
expressed, issues related to viral production, and the like. For example, the AAV1 and
AAV6 capsid may be advantageously employed for skeletal muscle; AAVI, AAVS and
AAVSE for the liver and cells of the central nervous system (e.g., brain); AAVS for cells in
the airway and lung or brain; AAV3 {or bone marrow cells; and AAV4 for particular cells

in the brain {(e. g., appendable cells).

It is within the technical skills of the skilled person to select the most appropriate virus,
virus subtype or virus scrotype. Some subtypes or serotypes may be more appropriate than

others {or a certain type of tissue.

For example, liver-specific expression of a unucleic acid of the invention may
advantageously be induced by AAV-mediated transduction of liver cells. Liver is
amenable to AAV-mediated transduction, and different scrotypes may be used (for
example, AAV1, AAVS or AAVS). Transduction of muscle may be accomplished by
administration of an AAV encoding a nucleic acid of the invention via the blood stream.

Thus, intravenous or intra-arterial administration is applicable.

A parvovirus gene therapy vector prepared according to the invention may be a "hybrid”
particle in which the viral TRs and viral capsid arc from different parvoviruses. Preferably,
the viral TRs and capsid are from different serotypes of AAV. Likewise, the parvovirus

"

may have a "chimeric" capsid (e. g., containing sequences from different parvoviruses,

preferably different AAV serotypes) or a "targeted” capsid (e. g., a directed tropism).

In the context of the invention "at least one parvoviral ITR nucleotide sequence” is
understood to mean a palindromic sequence, comprising mostly complementary,
symmetrically arranged sequences also referred to as "A,” "B," and "C" regions. The ITR
functions as an origin of replication, a site having a "cis" role in replication, i.e., being a
recognition site for trans-acting replication proteins such as e.g. Rep 78 {or Rep68) which
recognize the palindrome and specific sequences internal to the palindrome. One exception
to the symmetry of the I'TR sequence is the "D" region of the ITR. It is unique (not having
a complement within one ITR). Nicking of single-stranded DNA occurs at the junction
between the A and D regions. It is the region where new DNA synthesis initiates. The D

region normally sits to one side of the palindrome and provides directionality to the nucleic
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acid replication step. A parvovirus replicating in a mammalian cell typically has two ITR
sequences. It is, however, possible to engineer an TR so that binding sites are on both
strands of the A regions and D regions are located symmetrically, one on each side of the
palindrome. On a double-stranded circular DNA template (e.g., a plasmid), the Rep78- or
Rep68-assisted nucleic acid replication then proceeds in both directions and a single ITR
suffices for parvoviral replication of a circular vector. Thus, one I'TR nucleotide sequence
can be used in the context of the present invention. Preferably, however, two or another
even number of regular ITRs are used. Most preferably, two ITR sequences are used. A
preferred parvoviral ITR is an AAV ITR. For safety reasons it may be desirable to
construct a parvoviral (AAV) vector that is unable to further propagate after initial
introduction into a cell. Such a safety mechanism for limiting undesirable vector
propagation in a recipient may be provided by using AAV with a chimeric TR as

described in US 2003148506.

Those skilled in the art will appreciate that the viral Rep protein(s) used for producing an
AAV vector of the invention may be selected with consideration for the source of the viral
I'TRs. For example, the AAVS ITR typically interacts more efficiently with the AAVS Rep
protein, although it is not necessary that the scrotype of ITR and Rep protein(s) are

matched.

The ITR(s) used in the invention are typically functional, i.e. they may be {ully resolvable
and are preferably AAV sequences, with serotypes 1, 2, 3, 4, 5 or 6 being preferred.
Resolvable AAV ITRs according to the present invention need not have a wild-type ITR
sequence (e. g., a wild-type sequence may be altered by insertion, deletion, truncation or
missense mutations), as long as the ITR mediates the desired functions, e. g., virus

packaging, integration, and/or provirus rescue, and the like.

Advantageously, by using a gene therapy vector as compared with previous approaches,
the restoration of protein synthesis, i.e. factor VIII synthesis, is a characteristic that the
transduced cells acquire permanently or for a sustained period of time, thus avoiding the

need for continuous administration to achieve a therapeutic effect.

Accordingly, the vectors of the invention therefore represent a tool for the development of

strategies for the in vive delivery of a nucleic acid of the invention, by engineering the
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nucleic acid within a gene therapy vector that efficiently transduces an appropriate cell

type, such as a liver cell.

In a further aspect of the invention, a host is provided comprising the vector described
above. Preferably, the vector is capable of expressing the nucleic acid molecule of the

invention in the host. The host may be any suitable host.

As used herein, the term "host” refers to organisins and/or cells which harbour a nucleic
acid molecule or a vector of the invention, as well as organisms and/or cells that are
suitable for use in expressing a recombinant gene or protein. It is not intended that the
present invention be limited to any particular type of cell or organism. Indeed, it is
contemplated that any suitable organism and/or cell will find use in the present invention
as a host. A host cell may be in the form of a single cell, a population of similar or
different cells, for example in the form of a culture (such as a hiquid culture or a culture on

a solid substrate), an organism or part thereof.

A host cell according to the invention may permit the expression of a nucleic acid
molecule of the invention. Thus, the host cell may be, for example, a bacterial, a yeast, an

insect or a mammalian cell.

Any insect cell which allows for replication of a recombinaunt parvoviral (rAAV) vector
and which can be maintained in culture can be used in accordance with the present
nvention. For example, the cell line used can be {rom Spodoptera frugiperda, drosophila
cell lines, or mosquito cell lines, e.g., Acdes albopictus derived cell lines. Preferred insect
cells or cell lines are cells from the insect species which are susceptible to baculovirus
infection, including e.g. Se301, SelZD2109, SeUCRI, 59, S1900+, 521, BTI-TN-5B1-4,
MG-1, Tn368, HzAml, Ha2302, Hz2ES5, High Five (Invitrogen, CA, USA) and
expresSF—fr@ (US 6,103,526; Protein Sciences Corp., CT, UUSA).

In addition, the invention provides a method for the preparation of a parvoviral gene
delivery vector, the method comprising the steps of:
(a)y providing an insect cell comprising one or more nucleic acid constructs

comprising:
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a nucleic acid molecule of the invention that is flanked by at least one
parvoviral inverted terminal repeat nucleotide sequence;

(i1) a first expression cassette comprising a nucleotide sequence encoding one
or more parvoviral Rep proteins which is operably linked to a promoter
that is capable of driving expression of the Rep protein(s) in the insect
cell;

(iii) a second expression cassette comprising a nucleotide sequence cncoding
one or more parvoviral capsid proteins which is operably linked to a
promoter that is capable of driving expression of the capsid protein(s) in
the insect cell;

{(by culturing the insect cell defined in (a) under conditions conducive to the
expression of the Rep and the capsid proteins; and, optionally,

(<) recovering the parvoviral gene delivery vector.

In general, therefore, the method of the invention allows the production of a parvoviral
gene delivery vector (comprising a nucleic acid of the invention) in an insect cell.
Preferably, the method comprises the steps of: {a) culturing an insect cell as defined above
under conditions such that the parvoviral (e.g. AAV) vector is produced; and, (b)
recovering the recombinant parvoviral (e.g. AAV) vector. Preferably, the parvoviral gene

delivery vector is an AAV gene delivery vector.

It is understood here that the (AAV) vector produced in such a method preferably is an
infectious parvoviral or AAV virion that comprises a parvoviral genome, which itself
comprises a nucleic acid of the invention. Growing conditions for insect cells in culture,
and production of heterologous products in insect cells in culture are well-known 1n the art

and described e.g. in the above cited references on molecular engineering of insects cells.

In a method of the invention, a nucleic acid of the invention that is flanked by at least one
parvoviral ITR sequence is provided. This type of sequence is described in detail above.
Preferably, the nucleic acid of the invention is sequence is located between two parvoviral

I'TR sequences.



i5

20

25

WO 2013/186563 PCT/GB2013/051551

21

The first expression cassette comprises a nucleotide sequence encoding one or more
parvoviral Rep proteins which is operably linked to a first promoter that is capable of

driving expression of the Rep protein(s) in the insect cell.

A nucleotide sequence encoding animal parvoviruses Rep proteins is herein understood as
a nucleotide sequence encoding the non-structural Rep proteins that are required and
sufficient for parvoviral vector production in insect cells such the Rep78 and Rep32

proteins, or the Rep68 and Repdl} proteins, or the combination of two or more thereof.

The animal parvovirus nucleotide sequence preferably is from a dependovirus, more
preferably from a human or simian adeno-associated virus (AAV) and most preferably
from an AAYV which normally infects humans (e.g., serotypes 1, 2, 3A, 3B, 4, 5, and 6) or
primates (e.g., serotypes 1 and 4). Rep coding sequences are well known to those skilled
in the art and suitable sequences are referred to and described in detail in W0O2007/148971

and also in W(O2009/014445.

Preferably, the nucleotide sequence encodes animal parvoviruses Rep proteins that are

required and sufficient for parvoviral vector production in insect cells.

The second expression cassette comprises a nucleotide sequence encoding one or more
parvoviral capsid proteins which 1s operably linked to a promoter that is capable of driving
expression of the capsid protein(s) in the insect cell. The capsid protein(s) expressed may

be one or more of those described above,

Preferably, the nucleotide sequence encodes animal parvoviruses cap proteins that are

required and sufficient for parvoviral vector production in insect cells.

These three sequences (genome, rep encoding and cap encoding) are provided in an insect
cell by way of one or more nucleic acid constructs, for example one, two or three nucleic
acid constructs. Preferably then, the one or nucleic acid constructs for the vector genome
and expression of the parvoviral Rep and cap proteins in insect cells is an insect cell-
compatible vector. An "insect cell-compatible vector™ or "vector” is understood to a
nucleic acid molecule capable of productive transformation or transfection of an insect or

insect cell. Exemplary biological vectors include plasmids, lincar nucleic acid molecules,
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and recombinant viruses. Any vector can be emploved as long as it is insect cell-
compatible. The vector may integrate into the insect cells genome but the presence of the
vector in the insect cell need not be permanent and transient episomal vectors are also
included. The vectors can be introduced by any means known, for example by chemical
treatment of the cells, electroporation, or infection. In a preferred embodiment, the vecior
is a baculovirus, a viral vector, or a plasmid. In a more preferred embodiment, the vector
is a baculovirus, i.e. the construct is a baculoviral vector. Baculoviral vectors and methods

for their use are well known to those skilled in the art.

Typically then, a method of the jnvention for producing a parvoviral gene delivery vector
comprises: providing to a cell permissive for parvovirus replication (a) a nucleotide
sequence encoding a template for producing vector genome of the invention (as described
in detail herein); (b) nucleotide sequences sufficient for replication of the template to
produce a vector genome (the first expression cassette defined above); (¢) nucleotide
sequences sufficient to package the vector genome into a parvovirus capsid (the second
expression cassette defined above), under conditions sufficient for replication and
packaging of the vector genome into the parvovirus capsid, whereby parvovirus particles
comprising the vector genome encapsidated within the parvovirus capsid are produced in
the cell. Preferably, the parvovirus replication and/or capsid coding sequences are AAV

SCquences.

A method of the invention may preferably comprise the step of affinity-purification of the
(virions comprising the) recombinant parvoviral (FAAV) veclor using an anii-AAV
antibody, preferably an immobilised antibody. The anti-AAV antibody preferably is a
monoclonal antibody. A particularly suitable antibody is a single chain camelid antibody or
a fragment thereof as e.g. obtainable from camels or llamas (see e.g. Muyldermans, 2001).
The antibody for affinity-purification of rAAV preferably is an antibody that specifically
binds an epitope on a AAV capsid protein, whereby preferably the epitope is an epitope
that is present on capsid protein of more than one AAV serotype. E.g. the antibody may be
raised or selected on the basis of specific binding to AAV2 capsid but at the same time also

it may also specifically bind to AAV1, AAV3, AAVS, AAVG, AAVE or AAVY capsids.

The invention also provides a means for delivering a nucleic acid of the invention into a

broad range of cells, including dividing and non-dividing cells. The present invention may
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be employed to deliver a nucleic acid of the invention to a cell in vitro, e. g. to produce a

polypeptide encoded by such a nucleic acid molecule in vitro or for ex vive gene therapy.

The nucleic acid molecule, vector, cells and methods/use of the present invention are
additionally useful in a method of delivering a nucleic acid of the invention to a host in

need thereof, typically a host suffering from haemophilia such as haemophilia A.

The present invention finds use in both veterinary and medical applications. Suitable
subjects for gene delivery methods as described herein include both avians and mammals,
with maromals being preferred. The term "avian”™ as used herein includes, but is not limited
to, chickens, ducks, geese, quail, turkeys and pheasants. The term "mammal” as used
herein includes, but is not himited to, hamans, bovines, ovines, caprines, equines, felines,
canines, lagomorphs, etc. Human subjects are most preferred. Human subjects include

foctuses, neonates, infants, juveniles, and adults.

The invention thus provides a pharmaceutical composition comprising a nucleic acid or a
vector of the invention and a pharmaceutically acceptable carrier or diluent and/or other

medicinal agent, pharmacecutical agent or adjuvant, ctc.

For injection, the carrier will typically be a liquid. For other methods of administration, the
carrier may be either solid or liguid. For inhalation adminmistration, the carrier will be
respirable, and will preferably be in solid or liquid particulate form. As an injection
medium, it is preferred lo use water that contains the additives usual for injection solutions,

such as stabilizing agents, salts or saline, and/or buffers.

In general, a "pharmaceutically acceptable carrier” is one that is not toxic or unduly
detrimental to cells. Excmplary pharmaceutically acceptable carriers include sterile,
pyrogen-free water and sterile, pyrogen-free, phosphate buffered saline. Pharmaceutically
acceptable carriers include physiclogically acceptable carriers. The term
“pharmaceutically acceptable carrier” includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, and

the like that are physiologically compatible.
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By "pharmaceutically acceptable” it is meant a material that is not biologically or
otherwise undesirable, 1.e., the material may be administered to a subject without causing
any undesirable biological effects. Thus, such a pharmaceutical composition may be used,
for example, in transfection of a cell ex vivo or in administering a viral particle or cell

directly to a subject.

A carrier may be suitable for parenteral administration, which includes intravenous,
intraperitoneal or intramuscular administration, Alternatively, the carrier may be suitable
for sublingual or oral administration. Pharmaccutically acceptable carriers include sterile
aqueous solutions or dispersions and sterile powders {or the exlemporaneous preparation of
sterile injectable solutions or dispersion. The use of such media and agents for
pharmaceutically active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the active compound, use thereof in the

pharmaceutical compositions of the invention is contemplated.

Pharmacecutical compositions are typically sterile and stable under the conditions of
manufactare and storage. Pharmaceutical compositions may be formulated as a solution,
microemulsion, liposome, or other ordered structure suvitable to accommodate high drug
concentration. The carrier may be a solvent or dispersion medium containing, for example,
water, cthanol, polyol (for example, glycerol, propylene glycol, and liquid polycthylene
glycol, and the like), and suitable mixtures thereof. The proper fluidity can be maintained,
for example, by the use of a coating such as lecithin, by the maintenance of the required
particle size in the case of dispersion and by the use of surfactants. In many cases, it will be
preferable to include isotonic agents, for example, sugars, polyalcohols such as mannitol,
sorbitol, or sodium chloride in the composition. Prolonged absorption of the injectable
compositions can be brought about by including in the composition an agent which delays
absorption, for example, monostearate salts and gelatin. A nucleic acid or vector of the
invention may be administered in a time or controlled release formulation, for example in a
composition which includes a slow release polymer or other carriers that will protect the
comppound against rapid release, wncluding implants and microencapsulated delivery
systems. Biodegradable, biocompatible polymers may for example be used, such as
ethylene vinyl acetate, polyanhydrides, polyglyeolic acid, collagen, polyorthoesters,

polylactic acid and polylactic, polyglycolic copolymers (PLG).
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The parvoviral, for example AAV, vector of the invention may be of use in transferrin

genetic material to a cell. Such transfer may take place in vitro, ex vive or in vivo.

Accordingly, the invention provides a method for delivering a nucleotide sequence to a
cell, which method comprises contacting a nucleic acid, a vector, or a pharmaceutical
composition as described herein under conditions such the nucleic acid or vector of the

invention enters the cell. The cell may be a cell in vitro, ex vivo or in vivo.

The invention also provides a method of treating hacmophilia comprising administering an
effective amount of a nucleic acid, a protein or a vector according to the inveniion to a
patient suffering from haemophilia. Preferably the patient is suffering from haemophilia A.

Preferably, the patient is human.

When hacmophilia, e.g. hacmophilia A, is “treated” in the above method, this means that
one or more symptoms of haemophilia are ameliorated. It does not mean that the
symptoms of hacmophilia are completely remedied so that they are no longer present in the
patient, although in some methods, this may be the case. The method of treating results in
onc or more of the symptoms of haemophilia, ¢.g. hacmophilia A, being less severe than

before treatment.

Further, the invention also provides a method for delivering or administering a nucleotide
sequence to a subject, which method comprises administering to the said subject a nucleic
acid, a vector, or a pharmaceutical composition as described herein. In particular, the
present invention provides a method of administering a nucleic acid molecule of the
invention to a subject, comprising administering to the subject a parvoviral gene therapy
vector according to the invention, optionally together with a pharmaceutically acceptable
carrier. Preferably, the parvoviral gene therapy vector is administered in a therapeutically-
effective amount to a subject in need thereof. That is to say, administration according to
the invention is typically carried out under conditions that result in the expression of
functional factor VI at a leve] that provides a therapeutic effect in a subject in need

thereof.
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Delivery of a nucleic acid or vector of the invention to a host cell in vivo may result in an
increase of functional factor VHI in the host, for example to a level that ameliorates one or

more symptoms of a blood clotting disorder such as haemophilia A.

The level of paturally occurring factor VII in a subject suffering {rom haemophilia A
varies depending on the severity of the haemophilia. Patients with a severe form of the
disease have factor VIH levels of less than about 1% of the level found in a normal healthy
subject (referred to herein as “a normal level”. A normal level is about 50-150 [U/dL).
Patients with a moderate form of the disease have factor VIII levels of between about 1%
and about 5% of a normal level. Patients with a mild form of the disease have factor VIII
levels of more than about 5% of a normal level; typically between about 5% and about

30% of a normal level.

It has been found that when the method of treatment of the invention 1s used, it can cause
an increase in the level of functional factor VI of at least about 1% of normal levels, i.e.
in addition to the factor VIII level present in the subject before treatment. In a subject
suffering from haemophilia A, such an increase can cause amelioration of a symptom of
haemophilia. In particular, an increase of at least 1% can reduce the frequency of bleeding
that occurs in sufferers of haemophilia A, especially those with a severe form of the
disease. In one embodiment, the method of treatment causes an increase in the level of
functional f{actor VIH of at least about 5% of normal levels. This could change the
phenotype of the disease from severe to mild. Patients with a mild form of the disease
rarely have spontaneous bleeding. In other embodiments, the method of treatment of the
invention causes an increase in the level of functional factor VIHI of at least about 2%, at
least about 3%, at least about 4%, at least about 10%, at least about 15%. at least about
20% or at least about 25% of normal levels. In a particular embodiment, the method of
treatment of the invention causes an increase in the level of functional factor VIII of at
least about 30% of normal levels. This level of increase would virtnally normalise
coagulation of blood in subjects suffering haemophilia A. Such subjects are unlikely to

require {actor VII concentrates {ollowing trauma or during surgery.

In another embodiment, the method of treatment of the invention may cause an increase n
the level of functional factor VI to at least about 1% of normal levels. The method of

treatment may cause an increase in the level of functional factor VIIH to at least about 5%
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of normal levels. In other embodiments, the method of treatment of the invention may
cause an increase in the level of functional factor VIII to at least about 2%, at least about
3%, at least about 4%, at least about 10%, at least about 15%, at least about 20% or at least
about 25% of normal levels. In a particular embodiment, the method of treatment of the
invention causes an increase in the level of functional {actor VHI to at least about 30% of
normal levels. A subject whose functional factor VI level has been increase to 30% or

more will have virtually normal coagulation of blood.

In one embodiment, the method of treatment of the invention causes an increase in the

level of functional factor VI to, at most, normal levels.

The level of functional factor VIII can be measured relatively easily and methods for
measuring factor VIII levels are well known to those skilled in the art. Many clotting
assays arc available, including chromogenic and clotting based assays. ELISA tests are
also widely available. A particular method is to measure the level of factor VHI:C, which
is a lab measurc of the clotting activity of factor VIII. A normal level of factor VHLC is

46.8 to 141.8 1U/dL or 0.468-1.4 [U/ml.

A further method is to measure the activated partial thromboplastin time (aPTT) whichis a
measure of the ability of blood to clot. A normal aPTT is between about 24 and about 34
seconds. A subject suffering {rom haemophilia, e.g. haemophilia A, will have a longer

aPTT. This method can be used in combination with prothrombin time measurement.

Also provided is a nucleic acid molecule, protein or vector of the invention for use in

therapy, especially in the treatment of hacmophilia, particularly haemophilia A.

The use of a nucleic acid molecule, protein or vector of the invention in the manufacture of
a medicament for the treatment of haemophilia, particularly haemophilia A, is also

provided.

The invention also provides a nucleic acid or a vector of the invention for use in the
treatment of the human or animal body by therapy. In particular, a nucleic acid or a vecior
of the invention is provided for use in the treatment of a blood clotting disorder such as

hacmophilia, for cxample haemophilia A. A nucleic acid or a vector of the invention is
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provided for use in ameliorating one or more symptoms of a blood clotting disorder, for

example by reducing the frequency and/or severity of bleeding episodes.

The invention further provides a method of treatment of a blood clotting disorder, which
method comprises the step of adminisiering an effective amount of a nucleic acid or a

vector of the invention to a subject in need thereof.

Accordingly, the invention further provides use of a nucleic acid or vector as described
herein in the manufacture of a medicament for use in the administration of a nucleic acid to
a subject. Further, the invention provides a nucleic acid or vector as described herein in

the manufacture of a medicament for use in the treatment of a blood clotting disorder.

Typically, a nucleic acid or a vector of the invention may be administered to a subject by
gene therapy, in particular by use of a parvoviral gene therapy vector such as AAV.
General methods for gene therapy are known in the art. The vector, composition or
pharmaceutical composition may be delivered to a cell in vitro or ex vive or to a subject in
vivo by any suitable method known in the art. Alternatively, the vector may be delivered to
a cell ex vivo, and the cell administered to a subject, as known in the art. In general, the
present invention can be employed to deliver any nucleic acid of the invention to a cell in

Vitro, ex vivo, or in vivo.

The present invention further provides a method of delivering a nucleic acid to a cell.
Typically, for in vitro methods, the virus may be introduced into the cell by standard viral

transduction methods, as are known in the art.

Preferably, the virus particles are added to the cells at the appropriate multiplicity of
nfection according to standard transduction methods appropriate for the particular target
cells. Titres of virus to administer can vary, depending upon the target cell type and the
particuiar virus vector, and may be determined by those of skill in the art without undue

experimentation.

Cells may be removed {tom a subject, the parvovirus vector is introduced therein, and the
cells are then replaced back into the subject. Methods of removing cells from subject for

treatment ex vivo, followed by introduction back into the subject are known in the art.
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Alternatively, an AAV vector may be introduced into cells from another subject, into
cultured cells, or into cells from any other suitable source, and the cells are administered to

a subject in need thereof.

A turther aspect of the invention 1s a method of treating subjects in vive with a nucleic acid
or vector of the invention. Administration of a nucleic acid or vector of the present
invention {o a human subject or an animal in need thereof can be by any means known in

the art for administering virus vectors.

A nucleic acid or vector of the invention will typically be included in a pharmaceutical
composition as set out above. Such compositions include the nucleic acid or vector in an
etfective amount, sufficient to provide a desired therapeutic or prophylactic effect, and a
pharmaceutically acceptable carrier or excipient. An "effective amount” includes a

therapeutically effective amount or a prophylactically effective amount.

A "therapeutically effective amount” refers to an amount effective, at dosages and for
periods of time necessary, to achieve the desired therapeutic result, such as raising the level
of functional factor VHI in a subject (so as to lead to functional factor VUI production to a
level sufficient to ameliorate the symptoms of the discase associated with a lack of that

protein).

A therapeutically effective amount of a nucleic acid molecule or vector of the invention
may vary according to factors such as the disease state, age, sex, and weight of the
individual, and the ability of the nucleic acid molecule or vector to elicit a desired response
in the individual. Dosage regimens may be adjusted to provide the optimum therapeutic
response. A therapeutically effective amount is also typically one in which any toxic or
detrimental cffects of the nucleic acid molecule or vector are outweighed by the

therapeutically beneficial effects.

Viral gene therapy veciors may be administered to a cell or host 1o a biologically-effective
amount. A "biologically-effective” amount of the virus vector is an amount that is
sufficient to result in infection (or transduction) and expression of the heterologous nucleic
acid sequence in the cell. If the virus is administered to a cell in vive (e. g., the virus is

administered to a subject), a "biologically-effective” amount of the virus vector is an
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amount that is sufficient to result in transduction and expression of a nucleic acid

according to the invention in a target cell.

For a nucleic acid molecule or vector of the invention, such as a gene therapy vector, the
dosage to be administered may depend to a large extent on the condition and size of the
subject being treated as well as the therapeutic formulation, frequency of treatment and the
route of administration. Regimens for continuing therapy, including dose, formulation, and
frequency may be guided by the initial response and clinical judgment. The parenteral
route of injection into the interstitial space of tissue may be preferred, although other
parenieral routes, such as inhalation of an aerosol formulation, may be required in specific
administration. In some protocols, a formulation comprising the gene and gene delivery

system in an aqueous carrier is injected into tissue in appropriate amounts.

Exemplary modes of administration include oral, rectal, transmucosal, topical, transdermal,
inhalation, parenteral (e. g., infravenous, subcutaneous, intradermal, intramuscular, and
intraarticular) administration, and the like, as well as direct tissue or organ injection,
alternatively,  intrathecal, direct intramuscular, intraventricular, intravenous,
intraperitoneal, intranasal, or intraocular injections. Injcctables can be prepared in
conventional forms, either as liquid solutions or suspensions, solid forms suitable for
solution or suspension in Hquid prior to injection, or as cmulsions. Alternatively, one may
administer the virus in a local rather than systemic manner, for example, in a depot or

sustained-release formulation.

The tissue/cell type to be administered a nucleic acid molecule or vector of the invention
may be of any type, but will typically be a hepatic/liver cell. It is not intended that the
present invention be limited to any particular route of administration. However, in order
that hiver cells are transduced, a nucleic acid molecule or vector of the present invention
may successfully be administered via the portal or arterial vasculature. Alternatively, the
cell may be any progenitor cell. As a further alternative, the cell can be a stem cell {e. g., a
liver stem cell). The tissue target may be specific or it may be a combination of several

tissues, for example the liver and muscle tissues.

In the case of a gene therapy vector, the effective dose range for small animals such as

. . . L ) i1 R
mice, following intramuscular injection, may be between about 1x10° and about 1x10
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genome copy (gc) /kg, and for larger animals (cats) and possibly human subjects, between
about 1x10'° and about 1x10" ge/kg. Dosages of the parvovirus gene therapy vector of the
invention will depend upon the mode of administration, the disease or condition to be
treated, the individual subject's condition, the particular virus vector, and the gene to be
delivered, and can be determined in a routine manner. Typically, an amount of about 10° o
about 10" virus particles per dose may be suitable. Preferably, an amount of about 10° to
about 10" virus particles per dose is used. When treated in this way, a subject may receive
a single dose of virus particles so that the viral particles effect treatment in a single

administration.

The amount of active compound in the compositions of the invention may vary according
to {actors such as the disease state, age, sex, and weight of the individual. Dosage regimens
may be adjusted to provide the optimum therapeutic response. For example, a single bolus
may be administered, several divided doses may be administered over time or the dose
may be proportionally reduced or increased as indicated by the exigencies of the

therapeutic situation.

It may be advantageous to formulate parenteral compositions in dosage unit form for case
of administration and uniformity of dosage. "Dosage unit form" as used herein refers to
physically discrete units suited as unitary dosages for subjects to be treated; cach unit
containing a predetermuned quantily of active compound calculated (o produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The specification
{or the dosage unit forms of the invention may be dictated by the unique characteristics of
the active compound and the particular therapeutic effect to be achieved, and by the
limitations inherent in the art of compounding such an active compound for the treatment

of a condition in individuals.

Many methods for the preparation of such formulations are patented or generally known to

those skilled in the art.

Also provided is a FVIII protein or glycoprotein expressed by a host cell of the invention.

Further provided is a transgenic animal comprising cells comprising a vector according to

the invention. Preferably the animal is a non-human mammal, especially a primate such as
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a macaque. Alternatively, the animal may be a rodent, especially a mouse; or may be

canine, feline, ovine or porcine.

In the description above, the term “identity” is used to refer to the similarity of two
sequences. For the purpose of this invention, it is delined here that in order to determine
the percent identity of two nucleic acid sequences, the sequences are aligned for optimal
comparison purposes (€.g., gaps can be introduced in the sequence of a first nucleic acid
for optimal alignment with a second amino or nucleic acid sequence). The nucleotide
residues at nucleotide positions are then compared. When a position in the first sequence is
occupied by the same amino acid or nucleotide residue as the corresponding position in the
second sequence, then the molecules are identical at that position. The percent identity
between the two sequences is a function of the number of identical positions shared by the
sequences (1.e., % identity = number of identical positions/total number of positions (i.e.

overlapping positions) x 100). Preferably, the two sequences are the same length.

A sequence comparison may be carried out over the entire lengths of the two sequences
being compared or over {ragiment of the two sequences. Typically, the comparison will be
carried out over the full length of the two sequences being compared. However, sequence
identity may be carried out over a region of, for example, about twenty, about {ifty, about
one hundred, about two hundred, about five hundred, about 1060, about 2000, about 3000,

about 4000, about 4500, about 5000 or more contiguous nucleic acid residues.

The skilied person will be aware of the fact that several dilferent computer programs are
available to determine the homology between two sequences. For instance, a comparison
of scquences and determination of percent identity between two sequences can be
accomplished using a mathematical algorithm. In a preferred embodiment, the percent
identity between two amino acid or nucleic acid sequences is determined using the
Needleman and Wunsch (1970) algorithm which has been incorporated into the GAP
program  in  the Accelrys GCG software  package {available at
hitp://www .accelrys.com/products/geg/), using etther a Blosum 62 matrix or a PAM250
matrix, and a gap weight of 16, 14, 12, 10, §, 6, or 4 and a length weightof 1,2, 3,4, 5, or
6. The skilled person will appreciate that all these different parameters will yield shightly
different results but that the overall percentage identity of two sequences is not

significantly altered when using different algorithms.
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The nucleic acid sequences of the present invention can further be used as a "query
sequence” to perform a search against public databases to, for example, identify other
family members or related sequences. Such searches can be performed using the BLASTN
and BLASTP programs (version 2.0) ol Altschul, ef af, 1990. BLAST protein searches can
be performed with the BLASTP program, score = 50, wordlength = 3 to obtain amino acid
sequences homologous to protein molecules of the invention. To obtain gapped alignments
for comparison purposes, Gapped BLAST can be utilized as described in Altschul ef al,
1997. When utilizing BLAST and Gapped BLAST programs, the default parameters of the
respective programs (e.g., BLASTP and BLASTN) can be used. See the homepage of the

National Center for Biotechnology Information at hitp://www.ncbi.nlm.nih.gov/.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by onc of ordinary skill in the art to which this
invention belongs. The terminology used in the description of the invention herein is for
the purpose of describing particular embodiments only and is not intended to be limiting of

the invention.

In this document and in its claims, the verb "to comprise” and its conjugations is used in ifs
non-limiting sense to mean that items following the word are included, but items not
specifically mentioned are not excluded. In addition, reference (o an element by the
indefinite article "a" or "an" does not exclude the possibility that more than one of the
element 1s present, unless the context clearly requires that there be one and only one of the

elements. The indefinite article "a" or "an" thus usually means "at least one”.

All patent and literature references cited in the present specification are hereby

incorporated by reference in their entirety.

A skilled person will appreciate that all aspects of the invention, whether they relate to, for
example, the nucleic acid, the vector, the host cell or the use, are equally applicable to all
other aspects of the invention. In particular, aspects of the method of treatment, for
example, the administration of the nucleic acid or vector, may have been described in
greater detail than in some of the other aspects of the invention, for example, relating to the

use of the nucleic acid or vector for treating haemophilia, e.g. haecmophilia A. However,
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the skilled person will appreciate where more detailed information has been given for a
particular aspect of the invention, this information is likely to be equally applicable to
other aspects of the invention. Further, the skilled person will also appreciate that the
description relating to the method of treatment is equally applicable to the use of the

nucleic acid or vector in treating haemophilia, e.g. haemophilia A.

The invention will now be described in detail, by way of example only, with reference to

the drawings in which:

Brief Description of the Figures
Figure 1 is a schematic of rAAV plasmids encoding codon optimised hFVHI-NG (top

panel), codon optimised B domain deleted form (right central panel) and bFVIII variants
(bottom panel) containing the 6 asparagine moieties (in bold} that are thought to be
required for glycosylation. The B domain is in the middle of the constructs shown in
lighter grey. In addition, to the FVII cDNA, the expression cassetie also contains a
smaller HLP promoter and a synthetic polyadenylation (Synth pA) signal. The size of the
FVII cDNA as well as the whole rAAV expression cassette is also shown. The full
sequence of the B domain of the hFVIHI variants (variants 1 and 3) also has a 14 amino
acid sequence which {lanks the sequences shown for each variant. In addition, the B
domain deleted form has the same 14 amino acid sequence which acts as a linker between

the domains on etther side (the A2 and A3 domains).

Figure 2 shows the mean hFVIII levels = SEM in murine plasma after a single tail vein
administration of tAAV-hEFVIH constructs pseudotyped with serotype 8 capsid {dose =

lxl()nvg/mousa N = 6/group).

Figure 3 shows FVII activity level in F8-/- mice following a single tail vein administration
of high dose of rAAV-HLP-codop-hFVII vectors (dose = 1x10'*vg/mouse, N = 5/6

animals/group).

Figure 4 shows alkaline gel analysis of the rAAV-HLP-codop-hFVIII viral genome
derived from: Codop-BDD-hFVIHI, group 3 = low dose (3e13/ml), group 5 = high dose
(9e13/ml); Codop-hifFVII-N6, group 4 = low dose (3el3/ml), group 6 = high dose
(9e13/ml); and Codop-FVIH-V3 = group 7 (high dose, 9e13/ml). High Mass DNA Ladder

is shown by group 1 and Quantification standard by group 2. A discrete band at ~5kb is



(9]

10

i5

WO 2013/186563 PCT/GB2013/051551

35
observed with genome extracted from rAAV-Codop-BDD-hFVII, and rAAV-Codop-
FVIII-V3. However the genome in rAAV-Codop-hfFVIII-N6 appears more heterogeneous.

Figure 5. A: Yield of AAV-HLP-codop-hFVII variants pseudotyped with serotype &
capsid B: Alkaline gel analysis of the AAV-HLP-codop-hFVIII viral genome derived
from: codop-BDD-hFVIIL (BDD, group 1}; codop-N6-hFVHI, (N6, group 2); and codop-
FVII-V3 (V3, group 3). High Mass DNA ladder is shown by group 1 and Quantification
standard by group 2. A discrete band at ~5kb is observed with genowme extracted from
AAV-codop-BDD-hFVII, and AAV-codop-FVIII-V3. However the genome in AAV-

codop-N6-hFVIII appears more heterogeneous.

Figure 6. A: Mean hFVIH levels £ SEM in murine plasma after a single tail vein
administration of AAV-codop-hFVHI constructs pseudotyped with serotype 8 capsid
{dose= 4x10122'g/kg, N=6/group}. B: hFVIHI expression levels in mice transduced with
Zx,lf)mvg/kg corrected for transgene copy number in the liver at 9 weeks after gene

transfer.

Figure 7. FVHI activity level in F8-/- mice following a single tail vein administration of
low (ZXIGBVg/kg, Panel A) or high dose (2x1(}14x'g/kg, Panel B) of AAV-HLP-codop-
hEFVI vectors.

Figure 8. Blood loss in F8-/- mice {ollowing a single tail vein administration of AAV-
HEP-codop-BDD-hFVIL (BDD), AAV-HLP-codop-NO6-hFVI (FVIHI N6) and AAV-
HLP-codop-hFVIHI-V3 (FVII V3) compared to knockout mice treated with vehicle (V)

alone or recombinant homan FVII (tFVIID.

Figure 9. Anti-hFVIH IgG antibody response. A and B: Anti-hFVII IgG antibody level
following gene transfer with low and high doses of AAV-HLP-codop-BDD-hFVII]
(circles), AAV-HLP-codop-N6-hFVIII (squares} and  AAV-HLP-codop-hFVIII-V3
(triangles) respectively. C. For comparison anti-hFVII IgG antibody response following

administration of recombinant hFVII protein is shown.

Figure 10. Biodistribution of vector following peripheral vein administration of

4X1GISAAVg—HLP—COdOP—hFV II-V3. Results of gPCR analysis of genomic DNA, isolated
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from the indicated organs at 9 weeks after tail vein administration of 4x1()j'3\7g/kg of AAVE
vector using primers unique to codop-hFVIIL Shown is transgene copy number per diploid
genome * SE corrected for variation in loading and amplification efficiency using GAPDH

primers.

5 Detailed Description of the Invention
In order to develop a safe and efficient gene transfer strategy for the treatment of

haemophilia A (HA). the most common inherited bleeding disorder, the inventors have
developed a new FVII variant called codop-hFVIII-V3 (Figure 1). This variant builds on a
previous variant, a 5013bp codon-optimised FVIIT called codop-hFVHI-N6. The inventors
10 have further modified codop-hFVII-N6 to improve the efficiency with which it is

packaged into rAAV without compromising its potency in vive.

The ¢cDNA in codop-hFVIHI-V3 has been modified to reduce its size to 4424bp (Figure 1)
through the replacement of the 678bp B domain spacer sequence with a 93bp linker that
codes for 31 amino acids of which 17 amino acids are unique, including the 6 asparagine

15 moieties believed to be required for efficient cellular processing of FVIIL

The context in which these 6 asparagine moieties are brought together is important. rAAVY
vectors encoding codop-hFVIII-V1 mediated FVHI expression that was 16 and 10 fold
lower than vectors encoding codop-hFVIHI-V3 and codop-hFVII-NG, respectively, in
cohorts of mice after a single tail vein injection of 1x10" vector genomes {vgymouse

20 (Figure 2). This difference was highly significant (p=0.0015). Importantly, both codop-
hEFVIHI-V3 and codop-hFVII-N6 mediated significantly higher level of expression than
codop-BDD-hEFVIH (Figure 3).

The inventors’ data show that a rAAV expression cassette encoding the 5.2kb codop-
hFVIII-V3 is packaged uniformly as a full length provirus as shown in Figure 4. In
25  contrast, the packaging of codop-hFVIII-N6 expression cassette is heterogenous. This is
due to the larger size of the codop-hFVIHI-N6 expression cassette, which at 5.7 kb
significantly exceeds the packaging capacity of AAV. Packaging of heterogenous proviral
DNA raises safety concerns because of the potential to synthesis and express truncated

forms of FVIH, which could proveke an immunological response.
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By shortening the B domain of the codop-hFVIHI-N& variant but retaining essential
features of the B domain sequence, in particular the N-linked glycosylation consensus
sequences, the inventors have been able to enable more efficient packaging of the
transgene into AAV. In the course of creating novel sequences for this purpose, one
5 particular sequence N6V3 proved to be associated with highly efficient packaging into
AAV. This sequence also showed a remarkable and unpredicted further improvement of

transgene expression in animal gene transfer studies.

Based on rational analysis of the structure of factor VIII and on its known secretion
pathway, requiring inleraction with the chaperon protein LMANN-1, the inventors have

10 deduced that the expression improvement may be due to the following reasons.

The interaction of factor VIII B domain with the lectin LMANN-1 requires multiple N-
linked carbohydrate side chains to be present and for them to adopt a specific conformation

{or binding between the nascent glycopeptide and the lectin.

The wild type B domain is nearly 1000 amino acids long with no likely secondary
15 structure. Therefore, this lengthy peptide requires a considerable time for synthesis into the
Golgi and further time for the random coil to adopt a suitable structure stochastically to
bring together the widely separated carbohydrate side chains into a conformation that

would enable binding to the lectin (LMANN-1).

By shortening the sequence to the minimum length possible that stili retains 6 potential N-

20 glycosylation sites (17mer), the time required for synthesis is drastically reduced.

Furthermore only a very small number of conformations or possibly just one can occur in
the glycosylated peptide amongst which is the required tertiary structure for binding the
lectin. The inventors have calculated that the length of this peptide is only just long enough

to span the distance between the C-terminal of the A2 domain and the N-terminal of the A3

[\
(V4]

domaio in the crystal structure of B domain deleted factor VHI at 53 Angstroms.
Therefore, the N6V3 peptide is further constrained to an almost linear structure that would
limit the namber of sterically possible conformations and, provided the carbohydrate side

chains are added in appropriate places, enable the chaperon to bind virtually co-
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translationally, thus optimizing to the maximum degree possible this essential step in the

factor VIII specific secretion pathway.

The unique specificity of the novel N6V3 sequence is further supported by the fact that
very minor deviation from this sequence, such as retaining a single extra amino acid
between each N-glycosylation consensus sequence frimer, greatly reduces the synthesis
and secretion efficiency of factor VII compared to that obtained with other versions of the

truncated B domain.

A New Shorter Codon Optimised FVIL variant: codop-hFVIII-V3

The inventors have modilied codop-N6-hFVHI, to mmprove the efficiency with which if 1s
packaged into AAV virions as full length viral genome without compromising its potency
in vivo. This mvolved the replacement of the 226 amine acid B domain spacer with a 31
amino acid (93bp) peptide, containing a 14 amino acid linker sequence as in B domain
deleted FVHI and 17 amino acids which are unique. This peptide contained the 6
asparagine residues present in codop-N6-hFVIII that are required for efficient intra-cellular
processing. The peptide brings these residues in closer proximity. Consequently, this new
hFVIII variant (AAV-HLP-codop-hFVIII-V3) is 5.1Kb in size, 600bp smaller than AAV-
HLP-codop-N6-hFVIL (5.7kb), and closer to the packaging capacity of AAV of
approximately 5.0kb (Figure 1). AAV-HLP-codop-hFVHI-V1 contains a 44 amino acid
peptide that includes the same 6 asparagine residues instead of the 226 amino acid spacer
n codop-N6-hFVHI. For comparison another AAV vector {(AAV-HLP-codop-BDD-
hFVII, ~5.0kb in size) was made which contains a codon optimised hFVIIl cDNA from

which the B domain has been deleted, retaining a small linker sequence of 14 amino acids.

The yield of AAVS-HLP-codop-hFVIII-V3 vector using the standard HEK293 transient
transfection method was comparable (Figure 5) to that of AAV-HLP-codop-N6-FVII] and
AAVE-HLP-codop-BDD-hFVIH. Analysis of viral DNA extracted from 2.5 x 10"
particles of each vector preparation {ollowing separation on an alkaline agarose gel showed
bands of ~5kb, the expected size for the HLP-codop-BDD-hFVII (Lane 1, Figure 5B) and
HLP-codop-hFVII-V3 (Lane 3). In comparison, a rather diffuse signal was observed for
the genomes extracted from AAVS-HLP-codop-N6-hFVIII suggesting the packaging of a

more heterogeneous proviral species (Figure 5B, Lane 2).
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AAV-HLP-codop-hFVIII-V3 is more potent than AAV-HLP-codop-BDD-
hFVII

AAY vectors containing the different codon optimised FVII variants, pseudotyped with
serotype & capsid, were injected as a bolus into the tail vein of 4-6 week old males C57BI/6
mice (N=6) at a dose of 4x10" vg/kg to compare their potency in vivo. The highest level of
hFVII expression was observed with AAV-HLP-codop-FVHI-V3 at 1.52+0.15 IU/ml
(152+15% of normal, Figure 6) 4 wecks after gene transfer. In contrast, AAVS-HLP-
codop-N6-hFVIIT and AAVS-HLP-codop-BDD-hFVIH mediated hFVIIT expression at
0.862£0.11 and 0.67x0.12 IU/ml respectively. The difference in plasma FVHI levels
between the AAVE-HLP-codop-BDD-hFVIIT and AAV-HLP-codop-hFVIH-V3 cohorts of
mice was highly significant (p=0.0015, student T test). The lowest level of hFVIll
cxpression was observed with AAV-HLP-codop-hFVIII-V1 (0.10£0.011U/ml). This is
significantly (p<0.0001) lower than FVIH expression in the AAV-HLP-codop-hFVII-V3
cohort of mice, which suggests that the context in which the 6 asparagine residues are
brought together in the synthetic B domain amino acid peptide is important. Tail vein
administration of a higher dose of vector {leOmvg!kg) resulted in between 4-30 fold
higher level of plasma hFVIII in the cohort transduced with AAV-HLP-codop-hFVI-V3
when compared to levels achieved in cohorts of mice transduced with AAV-HLP-codop-
N6-bFVIH and AAV-HLP-BDD-hFVI] following correction {or transgene copy number
{Figure 6B) in the liver at @ weeks. The difference in hFVIII levels between AAV-HLP-
codop-hFVHI-V3 and AAV-HLP-BDD-hEVII was highly significant (p=0.0062, student
T Test).

Biologic potency of AAV-HLP-codop-hFVIII-V3 in F8-/- mice
A direct comparison of the biologic potency of codop-No6-FVIli, codop-BDD-FVIII and

codop-FVIII-V3 was performed in FS-/- mice. Vector encoding each of these FVII
variants, pseudotyped with serotype 8 capsid was administered into the tail vein of male
F8-/- mice at a dose of 4x10" (low-dose cohort, n=5/6) or 4x10" (high-dosc cohort,
n=5/6) vg/kg. For all three constructs the kinetics of expression was broadly similar with
plasma hFVII levels reaching peak levels between 2-6 weeks after gene transfer. For a
given construct, hFVIH levels were roughly two fold higher in animals transduced with the
high dose of vector when compared to the low dose (Figure 7). Irrespective of the vector
dose, peak hFVIHI cxpression in the cohorts of mice transduced with codop-BDD-hFVIII

was approximately two fold lower than observed in animals transduced with codop-N6-



WO 2013/186563 PCT/GB2013/051551

40
hFVIII or codop-hFVII-V3. At the high dose level the difference in hFVII expression
between the codop-BDD-hFVIH cohort and codop-hFVIII-V3 between weeks 4-8 post
gene transfer was highly significant (p<0.001 2 way ANOVA). The average ratio of
hFVIIl coagulation activity (hFVHIE:C) to hFVII antigen was slightly above 1.0,

5 suggesting the transgenic hFVI molecules were biologically active.

To establish if the FVII activity correlated with phenotypic correction in AAV-treated
mice, blood loss was analysed by tail clip assay at 8 week after gene transfer (Figure 8).
The amount of blood loss in the AAV-codop-hFVill-injected mice was almost similar for
the 3 codop-hFVIHI variants and the two dose levels bul substantially lower than observed
10 in FVII-/- mice treated with vehicle instead of AAV. This difference between AAV and
vehicle treated F8-/- mice was highly significant (p<0.001 one-way ANOVA test). The
amount of blood loss in the AAV treated animals was comparable to that observed in F8-/-
mice treated with recombinant human FVIII (¢FVID) suggesting that rAAV-mediated
expression of FVIII restores haemostasis to levels observed with recombinant FVIIL Anti-
15 hFVIII antibodies were detected over time in all AAV transduced animals with the highest
levels being observed in the high dose AAV-HLP-codop-hFVIII-V3 cohort. When
compared to the response observed after administration of recombinant hEVHI protein (2U
FVIH per week for 6 weeks) the response in the AAV-codop-hFVIII transduced animals
was at least 400 fold lower and insufficient to completely neutralise FVII activity as
20 Ulustrated by the tail clip assay (Figure 9). Consistent with this inhibition of coagulation
was not observed when two murine samples with the highest anti-FVIHI IgG level were
assessed in a Bethesda assay, suggesting that these antibodies do not have neutralising

activity.

Biodistribution studies (Figure 10) using a sensitive ¢PCR based assay demounstrated that
25  the AAVE-HLP-codop-hFVIII-V3 proviral DNA was found predominantly in liver with a
mean of 56 £ 15 proviral copies/cell in the 4 x 1o vglkg cohort of mice at § weeks after
gene transfer, followed by 2.1+1 copies/cell in the heart, 0.5+0.2 copies/cell in the spleen
and kidney and 0.2+£0.0.05 in the lungs. The detection limit of QPCR is 0.0003

copy/diploid genome.
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Materials and Methods
AAV-BFVIII vector production and purification: The BDD deleted and N6 (kindly

provided by Professor Steven Pipe (Miao ef af, 2004))-human FVIII variants containing
the wild type DNA sequences were cloned downstream of the previously described liver
specific LP1 promoter (Nathwani er «l, 2006). A 5012bp codon optimized human N6
FVI (codop-N6-hFVIII) was generated using codons most frequently found in highly
expressed eukaryotic genes, (Haas er af, 1996) synthesized and also cloned downstream of
the LP1 promoter. The smaller HLP enhancet/promoter was constructed by synthesizing a
251bp fragment containing a 34bp core enhancer from the human apolipoprotein hepatic
contro] region (HCR) upstream of a meodified 217bp alpha-l-antitrypsin (hAAT) gene
promoter consisting only of the distal X and the proximal A+B regulatory domains. AAV-
HLP-codop-N6-hFVII was generated by cloning the codop-N6-hFVIHI ¢cDNA downstream
of the HLP promoter but upstream of a 60bp synthetic polyadenylation signal. The AAV-
HLP-codop-FVI variants 1 and 3 were made by synthesis of a 1485 and a 1446 bp
fragment, respectively. HLP-codop-NO-FVHI was cat with Kpnl and the 2028bp fragment
was replaced with the synthesised fragments cut with Kpnl. AAV vectors were made by
the adenovirus free transient transfection method described before (Davidoff er qf, 2004).
AAVS pseudotyped vector particles were generated using a chimeric AAV2 Rep-5Cap
packaging plasmid called pLT-RCO3 which is based on XX2 (Xiao et al, 1998) and
pAAVS-2 (Chiorint ef af, 1999) and similar in configuration to that described before
(Rabinowitz et al, 2002). AAVE pseudotyped vectors were also made using the packaging
plasmid pAAVE-2 (Gao er al, 2002). AAV2/S and 2/8 vectors were purified by the
previously described ion exchange chromatography method (Davidoff er af, 2004). Vector
genome {vg) titers were determined by previously described guantitative PCR and gel
based methods (Nathwani er af, 2001), (Fagone et al, 2012). To determinge the size of the
packaged genome, vector stocks were run on an alkaline gel as previously described in

Fagone er af, 2012.

Animal studies: All procedures were performed in accordance with institutional

guidelines under protocols approved by the Institutional and/or National Committees for
the care and use of animals in the United States and Europe. FVIlI-deficient mice (mixed
C57B16/J-129 Sv background with a deletion 1n exon 16) were bred in-house and used for

experiments between § and 10 weeks of age. Tail vein administration of tAAV vector
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particles was performed in 7-10 week old male mice as described before (Nathwani ef al,

2001).

Determination of transduction efficiency and vector biodisiribution:

Human FVIH ELISA: Human FVII antigen levels in murioe samples were determined
by ELISA using a paired FVIH ELISA kit (Affinity Biologicals, Quadratech, Dorking,
UK). Flat-bottomed 96-well plates (Maxisorp, Nunc, Fisher Scientific, Loughborough,
UK) were coated with a combination of two mouse monocloncal antibodies (ESH2Z
{Sekisui Diagnostica, Axis-Shield, Dundee, UK), and N77110M (Biodesign international,
AMS biotechnology, Abingdon, UK)) 50 ul of a 100ug/ml in 50mM carbonate bufler
pH9.6 at 4°C overnight, washed with PBS containing 0.05% Tween 20 (=PBST), and
blocked with 200 pL/well of 6% bovine serum albumin (BSA, Sigma, Pool, UK) in PBST
during a 1 hour incubation at 37°C. Standards were made by serial dilutions of murine
plasma spiked with recombinant human FVIII, starting concentration 4iU/mL (11" BS
95/608 6.91U/mL, NIBSC, South Mimms). Murine samples and standards were diluted
1:10 in kit buffer with 50 yl in duplicates. Following a 2 hour incubation at 37°C, the
plates were washed and incubated for a further hour with 100 ul of horseradish peroxidase
conjugated goat anti-human FVIH polyclonal sccondary antibody. After a final wash step,
plates were developed with o-phenylenediamine dihydrochloride peroxidase substrate
(Sigma) and the optical density was assessed spectrophotometrically at 492 nm. Probability
of statistical difference between experimental groups was determined by one-way ANOVA
and paired student t test using GraphPad Prizm version 4.0 software (GraphPad, San
Diego. CA). FVIHI activity was measured in a {wo-stage coagulation assay, using human

plasma as a standard.

Blood less assay: Mice were anaesthetized with tribromoethanol (0.15mL/10 g
bodyweight) and 3 mm of the distal tail was cut with a scalpel. The tail was immersed
immediately in 50 ml saline buffer at 37°C and blood was collected for 30 min. Two
parameters were monitored: First, time to arrest of bleeding was measured from the
moment of {ransection. Second, collected erythrocyies were pelleted at 1500 g and lysed in
H,O. The amount of released haemoglobin was determined by measuring the optical
density at 416 nm and using a standard curve prepared upon lysis of 20-100 microliter of

mouse blood.
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Quantification of vector copy number: Genomic DNA was extracted from murine
tissues using the DNeasy Blood and tissue kit (Qiagen, Crawley, UK), 37 ng of genomic
DNA extracted {rom various murine tissues was subjected {o quantifativereal-time PCR
using primers which amplified a 299bp region of codop-hFVIIL (5" primer: 5§
AAGGACTTCCCCATCCTGCCTGG 3 and 3 primer: 5
GGGTTGGGCAGGAACCTCTGEG 3 as described previously (Nathwani er af, 2011).

Detection of anti-buman FVIII antibedies: Plasma samples from mice were screened

for the presence of antibodies against hFVIHI using an ELISA. A 96 well Maxisorp plate
{(Nunc) was coated with 30ul. of 2IU/mL recombinant FVIII in 50m carbonate buffer pH
9.6 at 4°C overnight. Plates were washed with PBS-T and blocked with 3% BSA/TBS-T
(25mM Tris, 150mM NaCl, 5oM CaCly 0.01% Tween, pH7.5). 50ul. of serial dilutions of
the plasma samples were prepared in 3% BSA/TBS-T. Foliowing a 2 hour incubation at
37°C, the plates were washed and incubated for a further hour with 100 ul of horseradish
peroxidase conjugated goat anti-mouse IgG secondary antibody (A8924, Sigma). After a
final wash step, plates were developed with o-phenylenediamine dihydrochloride
peroxidase substrate {Sigma) and the optical density was assessed spectrophotometrically
at 492 nm. Results were expressed as the end-point titer, defined as the reciprocal of the
interpolated dilution with an absorbance value equal to five times the mean absorbance

background value.
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Claims

I. A nucleic acid molecule comprising a nucleotide sequence encoding for a
{unctional factor VHI protein, wherein the portion of the nucleotide sequence encoding for
the B domain of the factor VIII protein is between 90 and 111 nucleotides in length and
encedes for an amino acid sequence comprising a sequence having at least 85% identity to

SEQ ID NO: 4 and which comprises six asparagine residues.

2. The nucleic acid molecule of claim 1, wherein the portion of the nucleotide
sequence encoding for the B domain of the factor VI protein encodes for an amino acid
sequence comprising a sequence having at least 90% identity to SEQ ID NO: 4 and which

comprises six asparagine residues.

3. The nucleic acid molecule of claim 1 or claim 2, wherein the portion of the
nucleotide sequence encoding for the B domain of the factor VIII protein encodes for an
amino acid sequence comprising the sequence of SEQ ID NO: 4 with up to two amino acid

substitutions in the amino acid residues which are not asparagine.

4. The nucleic acid molecule of any preceding claim, wherein the portion of the
nucleotide sequence encoding for the B domain of the factor VHI protein encodes for an

amino acid sequence comprising the sequence of SEQ ID NO: 4.

3. The nucleic acid molecule of any preceding claim, wherein the sequence of SEQ ID
NO: 4, or the sequence having identity or substitutions thereto, is flanked on one side by a
first flanking sequence which is between 4 and 10 amino acids in length and which is a
first portion of a sequence having at least 70% identity to SEQ 1D NO: 7, and on the other
side by a second flanking sequence which is between 4 and 10 amino acids in length and
which is a second portion of a sequence having at least 70% identity to SEQ ID NO: 7,
wherein the first and second flanking sequence together comprise the whole of the

sequence having at least 70% ideuntity to SEQ ID NO: 7.

6. The nucleic acid molecule of any preceding claim, wherein the sequence of SEQ ID
NO: 4, or the sequence having identity or substitutions thereto, is flanked on one side by a

first flanking sequence which is between 4 and 6 amino acids in length and which is a first
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portion of the sequence of SEQ ID NOG: 7, and on the other side by a second flanking
sequence which is between 8 and 10 amino acids in length and which is a second portion
of the sequence of SEQ 1D NO: 7, wherein the {irst and second {lanking sequence together

comprise the whole of the sequence of SEQ ID NO: 7.

7. The nucleic acid molecule of any preceding claim, wherein the portion of the
nucleotide sequence encoding for the B domain of the factor VIH protein comprises a first
sequence having at least 85% identity to the nucleotide sequence of SEQ D NO: 1 and

which encodes for six asparagine residues.

8. A nucleic acid molecule according to claim 1 comprising a nucleotide sequence
encoding for a functional factor VIII protein, wherein the portion of the nucleotide
sequence encoding for the B domain of the factor VII protein is between 90 and 111 base
pairs in length and comprises a {irst sequence having at least 95% identity to the nucleotide

sequence of SEQ ID NO: 1 and which encodes for six asparagine residues.

9. The nucleic acid molecule of claim 8, wherein the {irst sequence has at least 99%

identity to the nucleotide sequence of SEQ ID NO: 1.

10. The nucleic acid molecule of claim 8, wherein the first sequence has the sequence

of SEQ ID NQO: 1.

11 The nucleic acid molecule of any one of claims 8 to 10, wherein the first sequence

is between 48 and 60 base pairs in length.

12. The nucleic acid molecule of any one of claims 8 to 11. wherein the first sequence

is 51 base pairs in length.

13. The nucleic acid molecule of any preceding claim, wherein the portion of the
nucleotide sequence encoding for the B domain of the factor VHI protein is 93 base pairs

in length.
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14. The nucleic acid molecule of any preceding claim, wherein the portions of the
nucleotide sequence encoding for the Al, A2, A3, Cl and €2 domains of the factor VHI

protein are codon oplimised sequences of the wild type sequence.

I5. The nucleic acid molecule of any preceding claim, wherein the portion of the
nucleotide sequence encoding for the B domain of the factor VHI protein has a sequence

having at least 85% identity to the nucleotide sequence of SEQ ID NO: 2.

I6. The nucleic acid molecule of any preceding claim, wherein the portion of the
nucleotide sequence encoding for the B domain of the factor VIH protein comprises the

nucleotide sequence of SEQ ID NO: 2.

17. The nucleic acid molecule of any preceding claim, wherein the nucleic acid

molecule comprises the nucleotide sequence of SEQ 1D NO: 3.

18. The nucleic acid molecule of any one of claims 8 to 12, wherein the first sequence

encodes for an amino acid sequence having the sequence of SEQ ID NO: 4.

19. The nucleic acid molecule of any preceding claim, wherein the portion of the
nucleotide sequence cncoding for the B domain of the factor VIII protein encodes for a

sequence having at least 85% identity to the amino acid sequence of SEQ ID NO: 5.

20. The nucleic acid molecule of any preceding claim, wherein the portion of the
nucleotide sequence encoding for the B domain of the factor VHI protein encodes for an

amino acid sequence having the sequence of SEQ ID NOG: 5.

21. The nucleic acid molecule of any preceding claim, wherein the nucleotide sequence

encodes for a protein comprising the sequence of SEQ 1D NO: 6.

22. A functional factor VI protein, wherein the B domain of the factor VIII protein is

between 30 and 37 amino acids in length, and comprises the sequence of SEQ ID NO: 4.

23. The factor VIII protein of claim 22, wherein the B domain has the sequence of SEQ

ID NO: 5.
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24. The factor VIII protein of claim 22 having the sequence of SEQ ID NO: 6.

25. A vector comprising a nucleic acid molecule according to any one of claims 1 to
21.
26. A host cell comprising the nucleic acid molecule of any one of claims 1 to 21 or the

vector of claim 25.

27. A factor VHI protein or glycoprotein expressed by the host cell of claim 26.
28. A transgenic animal comprising cells comprising the nucleic acid molecule of any

one of claims 1 to 21 or the vector of claim 25.

29. A method of treating haemophilia comprising administering a vector according to

claim 235 or a protein according to claim 22 to a patient suffering from haemophilia.

30. The nucleic acid molecule of any one of claims 1 to 21, a protein according (o

claim 22 or a vector according to claim 25 for use in therapy.

31 The nucleic acid molecule of any one of claims 1 to 21, a protein according to

claim 22 or a vector according to claim 25 for use in the treatment of haemophilia.

32. A method for delivery of a nucleotide sequence encoding a functional factor VIiI to
a subject, which method comprises administering to the said subject a nucleic acid

molecule according to any one of claims 1 to 21 or a vector according to claim 25.

33. A method for the preparation of a parvoviral gene delivery vector, the method

comprising the steps of:

(a) providing an insect cell comprising one or more nucleic acid constructs comprising:
(1) a nucleic acid molecule of any one of claims 1 to 21 that is flanked by at least one

parvoviral inverled terminal repeat nucleotide sequence;
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(11} a first expression cassette comprising a nucleotide sequence encoding one or more
parvoviral Rep proteins which is operably linked to a promoter that is capable of driving
expression of the Rep protein(s) in the insect cell;
(iii) a second expression cassette comprising a nucleotide sequence encoding one or
more parvoviral capsid proteins which is operably linked to a promoter that is capable of
driving expression of the capsid protein{s) in the insect cell;
(b culturing the inscct cell defined in (a) under conditions conducive to the expression
of the Rep and the capsid proteins; and, optionally,

{(c) recovering the parvoviral gene delivery vector.
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