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DESCRIPTION

[0001] The present invention relates to phagemid vectors and associated phagemid particles,
and in particular to hybrid and recombinant phagemid vectors, particles and expression
systems. Described herein is the use of such phagemid particles and expression systems as a
research tool, and for the delivery of transgenes in a variety of gene therapy applications, DNA
and/or peptide vaccine delivery and imaging techniques. The invention extends to in vitro
methods for producing recombinant adeno-associated viruses (rAAV) and to genetic constructs
used in such methods.

[0002] In the past decade, a number of viral and non-viral vectors have emerged as potential
delivery vectors for industrial and therapeutic applications. An important property of vectors, in
addition to being efficient at delivering genes, is that it must also be easily produced and
commercially viable. Despite the large body of basic research that must underpin the vector
design and refinement, vector production is an area that must be addressed in order for
successful commercialization to occur. Adeno-associated virus (AAV)-mediated gene therapy is
a case in point, as vector production has been a bottleneck for clinical translation.
Recombinant AAV (rAAV) is an attractive vector in gene therapy. However, efficient vector
production at commercial scales is not yet possible. A variety of expression systems have been
developed for rAAV production. While transfection-based protocols have been the gold
standard for high-purity laboratory-scale production, they cannot be efficiently translated to
commercial-scale protocols. Current methods for commercial-scale production rely on the use
of eukaryotic viruses to rescue AAV vectors from a producer cell line. Despite being more
efficient, the use of infectious eukaryotic viruses is a major point of concern, not only when
purifying viral particles, but also regarding safeness for in vivo use.

[0003] AAV are non-enveloped viruses with a 4.7Kb wild type genome that is flanked by
inverted terminal repeats (ITRs). The genome contains two open reading frames, rep and cap,
which provide proteins necessary for replication and encapsidation of the viral genome. In
nature, wild type AAV is found in the presence of adenovirus (Ad) as they provide adeno-helper
proteins that are essential for packaging of the AAV genome in to icosahedral virions.
Therefore, AAV production relies on three key elements: the ITR-flanked genome, rep and cap,
and adeno-helper genes.

[0004] At present, laboratory scale production of rAAV uses DNA transfection to introduce all
three genetic elements in to human embryonic kidney HEK293 cells, which is a suitable
mammalian producer cell as they inherently express an adeno-helper protein from
immortalization. Although laboratory scale production provides rAAV of high purity, transfection
methods are not suitable for large-scale production and face major limitations, including
inefficiency, which leads to low rAAV yields and high costs. Also, in many cases, live viruses,
such as adenovirus or herpes simplex virus, are used to efficiently supply the helper functions,
which present significant health and safety concerns for in vivo use.
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[0005] Large-scale commercial production of rAAV is possible, but it comes at very high costs
and results in the production of low purity rAAV. Alongside the cell factory system involving
large-scale adherent culture of HEK293 cells, the baculovirus expression vectors (BEVS) and
Sf9 insect cell system has served as the most reliable candidate system for large-scale rAAV
production. Recent studies have shown that this system is amenable to genetic modification,
and that transcriptional control can be used to regulate rep gene expression, which is toxic to
the producer cell. Nevertheless, despite its advantageous capabilities, the BEVS/Sf9 paradigm
remains costly and lacks refinement, as baculovirus contamination of rAAV preparations is
almost unavoidable, and with a risk of high immunogenicity.

[0006] In 2006, Haijitou et al. attempted to fulfil the need for vectors by creating a hybrid
between recombinant adeno-associated virus (rAAV) and filamentous bacteriophage (i.e.
phage), called the Adeno-associated Virus/Phage (AAVP) (Nature protocols 2, 523-531 (2007);
Cell 125, 385-398 (2006)). The AAVP is a hybrid phage vector in which gene expression is
under the control of a eukaryotic transgene cassette flanked by internal terminal repeats (ITRs)
of AAV2, and inserted in an intergenomic region of bacteriophage. This vector combines the
specificity of bacteriophage vectors with the genetic characteristics of AAV, yielding a virus that
can reproduce only in prokaryotic hosts and transduce mammalian cells with the expression
profile similar to rAAV. Importantly, rAAV can be rescued from HEK293 cells transduced with
AAVP following transfection with rep- and cap-expressing plasmid, and subsequent infection
with wild-type adenovirus type 5. Hence, the AAVP vector possesses favourable characteristics
of mammalian and prokaryotic viruses, and does not suffer from the disadvantages that those
individual vectors normally carry.

[0007] However, the AAVP still has certain inherent limitations of bacteriophage and thus
leaves room for significant improvement of AAVP or phage vectors in general, and so there is a
need for designing novel superior phage-based vectors. For instance, AAVP are a hybrid
between two virus species (i.e. bacteriophage and AAV), AAVP vectors contain the genome of
both the eukaryotic and prokaryotic viruses. Despite being essential for viral reproduction, the
prokaryotic genome is functionally or therapeutically irrelevant. Inclusion of the phage viral
genome thus deleteriously affects vector efficiency and the production method, and ultimately
leads to AAVP's relatively low gene transduction efficacy when compared to mammalian
viruses. There is therefore a need to provide novel modified bacteriophage systems, which can
be used both in gene therapy techniques and for large-scale production of recombinant viral
vectors, such as adeno-associated virus (AAV) or lentivirus.

[0008] The research described herein has developed a so-called "hybrid phagemid viral vector
system"”, with the new phagemid particle being referred to as Phagemid/Adeno-associated
Virion (i.e. PAAV). Another name used by the inventors for the novel vectors they have created
is "phasmid”. Unlike the prior art AAVP genome, which consists of a rAAV cassette inserted in
to the filamentous phage genome, the PAAV genome of the invention does not contain any
structural bacteriophage genes, and so a prokaryotic helper virus is required to facilitate vector
assembly in the host.
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[0009] The invention is as defined by the claims.

[0010] In a first aspect of the invention, there is provided a composition for producing a
recombinant adeno-associated virus (AAV)/phagemid particle from a prokaryotic host, the
composition comprising:- (i) a first vector configured to persist inside a prokaryotic host, and
comprising: a) at least one AAV transgene expression cassette flanked by Inverted Terminal
Repeat sequences (ITRs), b) a bacteriophage packaging signal comprising a bacteriophage
origin of replication for enabling replication of the particle into single-stranded DNA; and ¢) a
bacterial origin of replication for enabling replication of double-stranded vector inside a
prokaryotic host, wherein the first vector lacks structural genes which encode the
bacteriophage capsid proteins; and (ii) a second vector comprising a nucleic acid encoding
bacteriophage structural proteins, which are capsid proteins required for packaging the single-
stranded DNA, resulting in the formation and extrusion of a recombinant AAV/phagemid
particle from the prokaryotic host.

[0011] In a second aspect of the invention, there is provided an in vitro and/or ex vivo method
for producing recombinant adeno-associated virus (AAV) vector, the method comprising
introducing into, a eukaryotic host cell, a recombinant AAV/phagemid particle, and allowing the
host cell to produce recombinant AAV vector, wherein the AAV/ phagemid particle comprises
bacteriophage capsid proteins and an AAV/phagemid particle genome, wherein the
AAV/phagemid particle genome comprises: i) at least one AAV transgene expression cassette,
flanked by Inverted Terminal Repeat sequences (ITRs), which encodes an agent for delivery to
the target cell; ii) a bacteriophage packaging signal comprising a bacteriophage origin of
replication for enabling replication of the particle into single-stranded DNA; and iii)) a bacterial
origin of replication for enabling replication of double-stranded vector inside a prokaryotic host,
wherein the AAV phagemid particle comprises a genome which lacks bacteriophage structural
genes required for the formation, packaging or extrusion of the particle from a prokaryotic host,
wherein the AAV phagemid particle lacks structural genes which encode the bacteriophage
capsid proteins, wherein the method is not a method for treatment of the human or animal
body by surgery or therapy.

[0012] In a third aspect of the invention, there is provided a recombinant vector comprising: i)
a transgene expression cassette flanked by adeno-associated virus (AAV) Inverted Terminal
Repeat sequences (ITRs); ii) AAV rep-cap genes; and iii) and adenohelper genes.

[0013] In a fourth aspect of the invention, there is provided a recombinant adeno-associated
virus (AAV)/phagemid particle comprising bacteriophage capsid proteins and AAV/phagemid
particle genome, wherein the AAV/phagemid particle genome comprises: i) at least one AAV
transgene expression cassette flanked by Inverted Terminal Repeat sequences (ITRs); i) a
bacteriophage origin of replication for enabling replication of the particle into single-stranded
DNA; and iii) a bacterial origin of replication for enabling replication of double-stranded vector
inside a prokaryotic host, wherein the AAV phagemid particle comprises a genome which lacks
bacteriophage structural genes required for the formation, packaging or extrusion of the
particle from a prokaryotic host, wherein the AAV phagemid particle genome lacks structural
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genes which encode the bacteriophage capsid.

[0014] In a fifth aspect of the invention, there is provided the use of the vector according to the
third aspect, or the particle according to the fourth aspect, to produce a recombinant AAV viral
vector in vitro, or ex vivo, optionally wherein the recombinant phagemid particle comprises a
targeting moiety for a target eukaryotic cell, and optionally wherein the eukaryotic host cell type
is a diseased cell, optionally wherein the diseased cell is a malignant or benign tumour.

[0015] In a sixth aspect of the invention, there is provided a method for producing recombinant
AAV viral vector, the method comprising introducing, into a eukaryotic host cell, the vector
according to the third aspect or the particle according to the fourth aspect, and allowing the
host cell to produce recombinant viral vector in vitro or ex vivo, optionally wherein the
recombinant phagemid particle comprises a targeting moiety for the target host eukaryotic cell,
and optionally wherein the eukaryotic host cell type is a diseased cell, optionally wherein the
diseased cell is a malignant or benign tumour.

[0016] In a seventh aspect of the invention, there is provided a recombinant AAV/phagemid
particle comprising a genome comprising: i) one or more transgene expression cassette,
wherein the one or more transgene expression cassette comprises left and right Inverted
Terminal Repeat sequences (ITRs) of an AAV serotype, wherein at least one transgene
expression cassette encodes an agent for delivery to the target cell, ii) a bacteriophage origin
of replication for enabling replication of the particle into single-stranded DNA; and iii) a bacterial
origin of replication for enabling replication of double-stranded vector inside a prokaryotic host,
wherein the AAV phagemid particle comprises a genome which lacks bacteriophage structural
genes required for the formation, packaging or extrusion of the particle from a prokaryotic host,
wherein the AAV phagemid particle genome lacks structural genes which encode the
bacteriophage capsid proteins, wherein the AAV phagemid particle comprises bacteriophage
structural capsid proteins, wherein a capsid minor coat protein is configured to display a cell-
targeting ligand for enabling delivery of the particle to a target cell, wherein the cell-targeting
ligand is the RGDA4C targeting peptide of SEQ ID No: 7.

[0017] Thus, according to an example of the disclosure, there is provided a recombinant
phagemid particle for expressing a transgene in a target cell transduced with the particle, the
phagemid particle comprising at least one transgene expression cassette which encodes an
agent which exerts a biological effect on the target cell, characterised in that the phagemid
particle comprises a genome which lacks at least 50% of its bacteriophage genome.

[0018] Advantageously, re-engineering hybrid AAV vectors into the phagemid particle
according to the disclosure, substantially lacking the phage genome from which the particle is
derived, dramatically enhances the functional properties of the resultant vector (i.e. the
phagemid particle). Altering the viral expression system to a phagemid-based system
according to the invention expands the possibility of applying phagemid viral vectors in a much
broader context. By eliminating at least 50% of the bacteriophage genome, which constitutes
over 50% of the genome size, from the particle's genome, the resultant particle size of the
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phagemid particle is dramatically reduced.

[0019] The term "phagemid particle" can refer to a hybrid phagemid genome encapsulated by
phage-derived coat proteins. The hybrid phagemid genome is a "phagemid genome" (i.e. a
genetic construct containing two origins of replication - one from bacteriophage (e.g. F1), and
one from bacteria (e.g. pUC1)). In one embodiment, the phagemid genome may contain an
incorporated "recombinant transgene cassette from AAV" (rAAV), and is therefore a hybrid and
not a conventional phagemid genome with a normal (i.e. generic, non-viral) recombinant
transgene expression cassette. The phagemid particle can refer to the hybrid phagemid
genome (i.e. the invention) that has been encapsulated by phage proteins derived from a
trans-acting agent (such as a helper phage).

[0020] While allowing additional capacities to incorporate very large or multiple transgene
cassettes, these smaller phagemid particles also display added advantages in enhanced gene
transfer, production yield, biodistribution and evasion from eukaryotic cellular barriers. Another
significant advantage of using the phagemid particle of the invention is that they have the
ability to accommodate extremely large and numerous transgene cassettes or gene inserts,
such as genes of the three plasmids used for recombinant AAV production by transfection, as
described hereinafter. Hence, by combining the genetic components for viral production in a
single or multiple phagemid vector(s), an efficient commercial-scale virus-producing gene
delivery system has been designed.

[0021] Preferably, the phagemid particle comprises a virion.

[0022] One preferred embodiment of the genome of the recombinant phagemid particle is
illustrated on Figure 3, with preferred components being shown on Figures 4-6.

[0023] Preferably, the genome of the recombinant phagemid particle comprises a packaging
signal for enabling replication of the phagemid genome into single-stranded DNA, which can
subsequently be packaged into the phagemid particle inside a prokaryotic host. The packaging
signal may preferably comprise an origin of replication. For example, the origin of replication
preferably comprises an F1 ori, more preferably from an F1 bacteriophage. The DNA

sequence of one embodiment of the F1 ori is represented herein as SEQ ID No: 1, as follows:
ACGCGCCCTIGTAGCGGCGCATTAAGCGCGGCGGETGTIGGTGGTTACGCGCAGCGTGACCGCTACACTIGE

CAGCGCCCTAGCGCCCGCTCCTTITCGCTTTCTICCCTTCCTITTCTCGCCACGTTCGCCGGCTTTCCCCGT
CAAGCTCTAAATCGGGGGCTCCCTITAGGGTTCCGATTTAGTGCTITACGGCACCTCGACCCCARARAAAC
TTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTITTTCGCCCTTITGACGTITGGA
GTCCACGTTCTITTAATAGTGGACTCTTIGITCCAAACTGGAACAACACTCAACCCTATCTCGGGCTATTCT
TTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAARAATGAGCTGATTTAACAAAAATTTA

ACGCGAATTTTAACAAAATATTAACGTTTACAATTT

[SEQ ID NO:1]

[0024] Preferably, the genome of the recombinant phagemid particle comprises an origin of
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replication for enabling replication of double-stranded vector inside a prokaryotic host.
Preferably, the origin of replication enables high copy number replication of the vector inside
the host. Preferably, the origin of replication comprises a pUC ori. The DNA sequence of one

embodiment of the pUC ori is represented herein as SEQ ID No: 2, as follows:
TTGAGATCCITTITITICTGCGCGTAATCTGCTGCTTGCAAACAAAARAAACCACCGCTACCAGCGGTGGTT

TGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTICAGCAGAGCGCAGATATCCAA
ATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCT
CGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCA
AGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTCGAACGGGGGEGTTCGTGCACACAGCCCAGCTTGG
AGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGG
GAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGG

GGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGAT
GCTCGTCAGGGGGGCGGAGCCTATGGARA
[SEQ ID NO:2]

[0025] Alternatively, in another embodiment, the phagemid particle may be designed such that
it integrates into the genome of a host cell. In this case, nucleic acid sequences, which favour
targeted integration (e.g. by homologous recombination) of the particle's genome are
envisaged. Hence, the genome of the recombinant phagemid particle may comprise one or
more DNA sequence, which favours targeted integration into a host genome.

[0026] In one embodiment, the phagemid particle may be used as an experimental research
tool, and used ex vivo or in vitro.

[0027] In another example, preferably the phagemid particle may be used as a recombinant
vector for the delivery of the transgene to a tissue specific target, irrespective of whether the
vector is administered systemically or locally to a subject in vivo, applied to a mixture of cells in
vitro, or applied to an organ ex vivo. Preferably, the at least one transgene expression cassette
comprises a viral transgene expression cassette, more preferably a mammalian viral
transgene expression cassette. For example, the at least one transgene expression cassette
may, in one preferred example, comprise a lentivirus transgene expression cassette. The at
least one transgene expression cassette is preferably an adeno-associated virus (AAV)
transgene expression cassette.

[0028] The transgene expression cassette may comprise any nucleic acid encoding an agent,
which may have therapeutic or industrial utility in the target cell or tissue. In one embodiment of
the invention, the nucleic acid may be DNA, which may be genomic DNA or cDNA. Non-
naturally occurring cDNA may be preferred in some embodiments. In another embodiment, the
nucleic acid may be RNA, such as antisense RNA or shRNA.

[0029] In one preferred embodiment, the transgene expression cassette may comprise shRNA
configured to target mTOR expression in a tumour cell. As shown in the Example 7, down-
regulation of mTOR expression in tumour cells (e.g. medulloblastoma cells) may be achieved
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with treatment with RGD4C-phagemid carrying the mTOR/shRNA (RGD4C-mTOR/shRNA).

[0030] The agent encoded by the nucleic acid may be a polypeptide or protein. For example,
where the phagemid particle of the invention is used to treat cancer, the transgene may
encode the Herpes simplex virus thymidine kinase gene, which may subsequently exert a
therapeutic effect on the target tumour cell.

[0031] In another preferred embodiment, therefore, the transgene expression cassette may
encode TNFa for expression in a tumour cell. As shown in Example 7, RGD4C-phagemid can
successfully deliver TNFa to DIPG in a selective manner, resulting in apoptosis induction.
Therefore, RGD4C-phagemid-TNFa has therapeutic potential for use in targeted therapy
against DIPG.

[0032] However, it will be appreciated that the type of cell, which is targeted by the

recombinant phagemid particle depends on the type of cell-targeting ligand expressed on the
surface of the particle.

[0033] The transgene expression cassette may comprise one or more functional elements
required for expression of the nucleic acid in the target cell. For example, preferably the
transgene expression cassette comprises a promoter, such as the CMV promoter. The DNA

sequence of one embodiment of the CMV promoter is represented herein as SEQ ID No: 3, as

follows:
ACGCGTGGAGCTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCC

GCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAAT
AATGACGTATGTTCCCATAGTAACGTCAATAGGGACTITICCATTIGACGTCAATGGGTGGAGTATTIACGG
TAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTA
CGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTT
GACTCACGGGGATTTCCAAGTICTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGCACCAAAATCAACG
GGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAG
GTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACC
TCCATAGAAGACACCGGGACCGATCCAGCCTCC

[SEQ ID NO:3]

[0034] In another preferred embodiment, the transgene expression cassette comprises a
grp78 promoter. The nucleic acid sequence of one embodiment of the grp78 promoter is

represented herein as SEQ ID No: 8, as follows:
CCCGGGGGCCCAACGTGAGGGGAGGACCTGGACGGTTACCGGCGGAAACGGTTTCCAGGTGAGAGGTCAC

CCGAGGGACAGGCAGCTGCTCAACCAATAGGACCAGCTCTCAGGGCGGATGCTGCCTCTCATTGGCGECT
GITTAAGAATGACCAGTAGCCAATGAGTCGGCTGGGGGEGCECGTACCAGTGACGTGAGT TGCGGAGGAGGC
CGCTTCGAATCGGCAGCGGCCAGCTTIGGTGGCATGAACCAACCAGCGGCCTCCAACGAGTAGCGAGTTICA
CCAATCGGAGGCCTCCACGACGGGGCTGCGGGGAGGATATATAAGCCGAGTCGGCGACCGGCGCGUTCGA
TACTGGCTGTGACTACACTGACTTGGAC

[SEQ ID NO: 8]

[0035] Preferably, the transgene expression cassette comprises nucleic acid for encoding a
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polyA tail attachable to the expressed agent. The DNA sequence of one embodiment of the

nucleic acid for encoding a polyA tail is represented herein as SEQ ID No: 4, as follows:
ACGGGTGGCATCCCTGTIGACCCCTCCCCAGTGCCICICCTGGCCCTGGAAGTTGCCACTCCAGTIGCCCAC

CAGCCTTGTCCTAATARAAATTAAGTTGCATCATTTTGTCTGACTAGGTGTCCTTCTATAATATTATGGGG
TGGAGGGGGGTGGTATGGAGCAAGGGGCAAGTIGGGAAGACAACCTGTAGGGCCTGCGGGGICIATTGGG
ARCCAAGCTGGAGTGCAGTGGCACRATCTTGGCTCACTGCAATCTCCGCCTICCTGGGTTCAAGCGATTCT
CCTGCCTCAGCCTCCCGAGTTGTTGGGATTCCAGGCATGCATGACCAGGCTCAGCTAATTTTTGTTTTTT
TGGTAGAGACGGGGTTTCACCATATTGGCCAGGCTGGTCTCCAACTCCTAATCTCAGGTGATCTACCCAC
CTTGGCCTCCCAAATTGCTGGGATTACAGGCGTGAACCACTGCTCCCTTCCCTGTCCTT

[SEQ ID NO:4]

[0036] Preferably, the transgene expression cassette comprises left and/or right Inverted
Terminal Repeat sequences (ITRs). An ITR can be specific to an AAV serotype, and can be
any sequence, so long as it forms a hairpin loop in its secondary structure. For example, the
AAV serotype may be AAV1-9, but is preferably AAV1, AAV2, AAVS, AAV6 or AAV8. The DNA
sequence of one embodiment (left ITR from a commercially available AAV plasmid) of the ITR

is represented herein as SEQ ID No: 5, as follows:
CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCGTCGGGCEACCTTTGGTCGCCCGR

CCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCT
[SEQ ID NO:5]

[0037] The DNA sequence of another embodiment (right ITR from a commercially available

AAV plasmid) of the ITR is represented herein as SEQ ID No: 6, as follows:
AGGAACCCCTAGTGATGGAGTTIGGCCACTCCCTICTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACT

AAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGLCTCAGTGAGCGAGCGAGCGCGCAGCTGCCTGCAG
G

[SEQ ID NO:6]

[0038] Preferably, the genome of the recombinant phagemid particle comprises a selection
marker, which will depend on the host cell in which the vector is harboured, for example for
conferring ampicillin resistance in a host cell, preferably a bacterium. The marker provides
selection pressure during production of the phagemid particle in the host cell.

[0039] Preferably, the recombinant phagemid particle comprises one or more capsid minor
coat protein. The recombinant phagemid particle may comprise a plll capsid minor coat protein
that is configured to display a cell-targeting ligand for enabling delivery of the particle to the
target cell. Preferably, the recombinant phagemid particle comprises one or more capsid major
coat protein. The recombinant phagemid particle may comprise at least one pVIll capsid major
coat protein that is configured to display a foreign peptide thereon.

[0040] The recombinant phagemid particle may comprise a modification of the capsid
structure, for example by treatment, or chemical or biochemical conjugation. Examples of
suitable modifications may include cross-linking peptide residues on to the phagemid particle.
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In another embodiment, the recombinant phagemid particle may comprise one or functional
peptide attached to the capsid thereof. For example, a functional peptide may comprise a
nuclear translocation signal. The phagemid particle may therefore be multifunctional, and use
features disclosed in WO 2014/184528.

[0041] In another embodiment, the recombinant phagemid particle may be combined with a
cationic polymer to form a complex having a net positive charge, as described in WO
2014/184529. The cationic polymer may be selected from a group consisting of: chitosan; poly-
D-lysine  (PDL); diethylaminoethyl (DEAE); diethylaminoethyl-dextran (DEAE.DEX);
polyethyleneimine (PEIl); polybrene; protamine sulphate; and a cationic lipid. Preferably, the

cationic lipid is selected from the group consisting of fugene®, lipofectamine ®, and DOTAP (N-
[1-(2,3-Dioleoyloxy)propyl]-N,N,N-trimethylammonium methyl-sulfate). Preferably, the cationic
polymer comprises DEAE, more preferably DEAE.DEX.

[0042] Preferably, the phagemid particle comprises a genome which substantially lacks the
phage genome from which the particle is derived. Preferably, the genome of the recombinant
phagemid particle lacks at least 60%, more preferably at least 70%, and even more preferably
at least 80% of the bacteriophage genome from which it is derived. More preferably, the
genome of the recombinant phagemid particle lacks at least 90%, more preferably at least
95%, and even more preferably at least 99% of the bacteriophage genome from which it is
derived. Preferably, the genome of the recombinant phagemid particle lacks all of the
bacteriophage genome from which it is derived. As discussed above, however, the genome of
the phagemid viral particle may, in some embodiments, comprise the bacteriophage origin of
replication for enabling replication of the particle into single-stranded DNA, ie. F1
bacteriophage ori.

[0043] Preferably, the phagemid particle lacks bacteriophage structural genes in its genome
required for the formation, packaging or extrusion of the particle from a prokaryotic host. Such
structural genes encode the capsid proteins etc. Preferably, the phagemid particle comprises a
genome which lacks a gene encoding a minor or major coat protein from which the particle is
derived. Preferably, the phagemid particle comprises a genome which lacks a plll capsid minor
coat protein,or which lacks a pVIIl capsid major coat protein. Most preferably, the phagemid
particle comprises a genome which lacks both a plll capsid minor coat protein, and a pVIlI
capsid major coat protein.

[0044] Thus, the recombinant phagemid particle preferably comprises a replication-deficient,
virus-like-particle or virion constructed from, and displaying, the structural components,
including but not limited to proteins and other conjugated compounds, derived from a
bacteriophage, despite the genome of the particle not containing the structural genes of a
bacteriophage from which it is derived.

[0045] Accordingly, given that the genome of the recombinant phagemid particle of the
disclosure lacks the derivative phage genome, including the structural genes, an alternative
system is required in order to provide the necessary structural (i.e. capsid) genes that are
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required to package the recombinant phagemid genome in a bacteriophage capsid to produce
the particle of the invention. Accordingly, the inventors have devised a novel system for
producing the particles of the disclosure, involving the use of a separate so-called "helper
virus" vector. In effect, therefore, the particle of the disclosure is a hybrid phagemid vector,
which includes components of a phagemid and a eukaryotic virus.

[0046] Hence, in an example, there is provided a system for producing a recombinant
phagemid particle from a prokaryotic host, the system comprising:-

1. (i) a first vector configured to persist inside a prokaryotic host, and comprising at least
one transgene expression cassette, and a packaging signal for enabling replication of
the vector into single-stranded DNA; and

2. (ii) a second vector comprising nucleic acid encoding structural proteins required for
packaging the single-stranded DNA, resulting in the formation and extrusion of a
recombinant phagemid particle from the prokaryotic host.

[0047] Advantageously, separating the reproductive elements of the phagemid particle into the
first "therapeutic" vector carrying the transgene, and the second separate "helper" vector
carrying the viral packaging structural genes substantially decreases the genome/vector size,
and thereby significantly increases transgene capacity. In embodiments in which the phagemid
particle is used therapeutically, this is a particularly useful advantage for gene therapy
applications of the new system. Consequently, this results in an enhanced production yield,
gene transduction efficiency and flexibility of the vector system for other applications.

[0048] The novelty of the system according to the disclosure is its ability to package the
genome of AAV which is provided by the first vector, into a prokaryotic virus capsid (i.e.
bacteriophage), which is provided by the second vector. Thus, while the prior art system (i.e.
AAVP) is a chimera of two genomes, the system of the disclosure (i.e. PAAV) is a chimera
between prokaryotic viral phenotypes and a eukaryotic viral genotype.

[0049] Preferably, the system of the disclosure is used to produce the recombinant phagemid
particle according to the disclosure. Preferably, the first vector therefore comprises the genome
of the recombinant phagemid particle. The packaging signal of the first vector may preferably
comprise an origin or replication. Preferably, the origin of replication in the first vector
comprises an F1 ori, more preferably from an F1 bacteriophage.

[0050] Preferably, the first vector comprises a second origin of replication for enabling
replication of double-stranded vector inside a prokaryotic host. Preferably, the origin of
replication enables high copy number replication of the vector inside the host. Preferably, the
origin of replication comprises a pUC ori. Alternatively, the first vector may comprise one or
more DNA sequence, which favours targeted integration into a host genome, thus removing
the requirement for any origin of replication.
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[0051] The transgene expression cassette comprises a viral transgene expression cassette,
more preferably a mammalian viral transgene expression cassette. The at least one transgene
expression cassette comprises AAV transgene expression cassette.

[0052] One preferred embodiment of the second vector is illustrated in Figure 7, with preferred
components being shown in Figure 8. The second vector or "helper phage" is preferably a
bacteriophage engineered specifically for rescuing the phagemid particles carrying the first
vector (i.e. the phagemid particle's genome) from prokaryotic hosts, an embodiment of which is
shown in Figure 3. The second vector (i.e. the helper phage) is therefore provided to lend its
proteins and polypeptides to the first vector (i.e. the phagemid particle’'s genome), or any other
DNA entity that contains a functional packaging signal and/or a single stranded origin or
replication. The second vector is most preferably replication-defective. Preferably, the second
vector comprises a disrupted packaging signal, which significantly deters its ability to package
itself into phage particles. Preferably, the second vector comprises a disrupted origin of
replication. In one embodiment, the disrupted origin of replication is a medium copy number
origin, such as p15a. In another embodiment, the disrupted origin of replication is a low copy
number origin, such as a pMB1. Preferably, the first vector (i.e. the phagemid particle's
genome) is configured to outcompete with the second vector (i.e. the helper phage) in both
replication and packaging.

[0053] The genome of the second vector may be engineered to give the resultant recombinant
phagemid particle targeting properties (or multifunctional properties as described in WO
2014/184528). Hence, it provides the structural capsid proteins for phagemid particle
assembly. Preferably, the second vector comprises nucleic acid encoding one or more capsid
minor coat proteins, or one or more capsid major coat proteins. All capsid proteins may either
be wild type or recombinant, present in single or multiple copies, and modified to display
chimeric or synthetic peptides. This includes the display of antigens of other viruses for peptide
vaccine delivery or as an adjuvant in the case that a DNA vaccine (delivered by the phagemid
particle of the disclosure) is desired.

[0054] In one embodiment, therefore, the second vector may comprise a first nucleic acid
sequence encoding a plll capsid minor coat protein that is configured to display a cell-targeting
ligand for enabling delivery of the recombinant phagemid particle to a target cell (e.g. a
tumour). Therefore, it may be desired to induce a 9-amino acid mutation in the plll minor coat
protein of the recombinant phagemid particle in order to confer its specificity to tumour cells
and angiogenic tumour-associated endothelial cells that express a,B3 and a,B5 integrins. Thus,

the genome of the second vector may comprise the RGD4C targeting peptide (CDCRGDCFC -
SEQ ID No: 7).

[0055] In another embodiment, the second vector may comprise a second nucleic acid
sequence encoding at least one pVIII capsid major coat protein that is configured to display a
foreign peptide thereon. Thus, it may be desired to induce a mutation in the wild pVIIl major
coat protein of the recombinant phagemid particle in order to display a short peptide, for
example less than 10 amino acids long. The short peptide may be a targeting moiety or have
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inherent biological/chemical functionality in vivo or in vitro. For example, immune stimulation in
vivo via antigen display, or binding to nanoparticles (e.g. gold) in vitro via displaying a gold-
binding peptide.

[0056] The first vector is a member of the adeno-associated virus species.

[0057] Once the first vector (i.e. the phagemid particle's genome) and the second vector (i.e.
the Helper phage) have been constructed, they are used together to produce, in a prokaryotic
host, the recombinant phagemid particle of the disclosure. It will be appreciated that the
packaging signal (e.g. the origin of replication) of the first vector, which is for enabling
replication of the phagemid genome into single-stranded DNA, functions to signal the second
vector (i.e. the helper phage) structural proteins to package the phagemid genome (i.e. they
work together in trans in the host) to create the particle of the disclosure.

[0058] In one preferred embodiment, the first vector (phagemid particle genome) comprises a
nucleic acid sequence substantially as set out in SEQ ID No: 9, or a fragment or variant

thereof, wherein SEQ ID No: 9 is represented as follows:
CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGEECGTCGGGCGACCTTTIGGTCGCCLGE
CCTCAGTGAGCGAGCGAGCGCECAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTGCGGCCGL——
-TRANSGENE---
AGGAACCCCTAGIGATGGAGTITGGCCACTICCCTICTCTGCGCGCTCGCTCGCTCACTGAGGECCGGGCGACC
AAAGGTCGCCCGACGCCCEGGLTTTIGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGLAGCTGCCTIGCAG
GGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATACGTCARAGCAACC
ATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGUGGGTGTGETGGTTACGCGCAGCGTGACCGCTACA
CTTGCCAGCGCCCTAGCGCCCGCTCCITTICGCTTTCTTICCCTICCTTTCTCGCCACGTTCGCCGGCTTTC
CCCGTCAAGCTCTAAATCGGGGGCICCCTITTAGGGTTICCGATTTAGTGCTTTACGGCACCTCGACCCCAA
AARAACTIGATITGGGTGATGGTICACGTAGTGGGCCATCGCCCTGATAGACGGTTTITICGCCCITIGACG
TTGGAGTCCACGTITCTITAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGGCT
ATTCTTTTGATTTATAAGGGATTITTIGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAA
ATTTAACGCGAATTITAACAAAATATTAACGTITACAATTITTATGGTGCACTCTICAGTACAATCTGCTCT
GATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGC
TCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTC
ATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTITTATAGGTTAATGTCATGATAATA
ATGGTTTICTITAGACGTCAGGTGGCACTTTTCGGGGAAATGTIGCGCGGAACCCCTATTTGITTIATTTITICT
AAATACATTCARAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGARARAG
GAAGAGTATGAGTATTCAACATTITCCGTGTCGCCCTITATTCCCTTITTITTGCGGCATTTTGCCTICCTGTT
TTTGCTCACCCAGAARACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACCAGTGGGTTACA
TCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAG
CACTTITTARAGTICTIGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGE
CGCATACACTATTICTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAARAGCATCTTACGGATGGCA
TGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGAC
AACGATCGGAGGACCGAAGGAGCTAACCGCTITITITGCACAACATGGGGGATCATGTAACTCGCCITGAT
CGTITGGGAACCGGAGCTICAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGE
CAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTG
GATGGAGGCGGATAAAGTTGCAGGACCACTTICTIGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTIGCTGAT
AAATCTGGAGCCGGTGAGCGTGGGTICTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCC
GTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGAT
AGGTGCCTCACTGATTAAGCATTIGGTAACTGTCAGACCAAGTTITACTCATATATACTITAGATTIGATTTA
AAACTTCATTTITTAATTTARAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTT
AACGTGAGTITTITCGTTCCACTGAGCGTCAGACCCCGTAGAARAGATCAAAGGATCTTCTTGAGATCCTTT
TTTTCTGCGCGTAATCTIGCTGCTTGCAAACAAAAARACCACCGCTACCAGCGGETIGGTTITGTITGCCGGAT
CAAGAGCTACCAACTCTITITICCGAAGGTAACTGGCTICAGCAGAGCGCAGATACCAAATACTCGTCCTTIC
TAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAAT
CCTGTTACCAGTGGCTECTGCCAGTGGCGATAAGTCGTIGTICTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTICGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCT
ACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGUCACGCTTCCCGAAGGGAGAAAGGCGGA
CAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGG
TATCTTTATAGTICCIGICGGGTTTCGCCACCTCTGACTTGAGCGTCGATTITITGTGATGCTCGICAGEGE
GGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTICCTGGCCTTTTGCTGGCCTTTTGC
TCACATGT
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[SEQ ID No: 9]

[0059] In one preferred embodiment, the second vector (helper phage with RGD sequence)
comprises a nucleic acid sequence substantially as set out in SEQ ID No: 10, or a fragment or

variant thereof, wherein SEQ ID No: 10 is represented as follows:

AACGCTACTACTATTAGTAGAATTGATGCCACCTTTTCAGCTCGCGCCCCAAATGAANATATAGCTAALC
AGGTTATTGACCATTIGCGAAATGTATCTAATGGTCARACTAAATCTACTCGTTICGCAGAATTGGGAATC
AACTGTTACATGGAATGAAACTTCCAGACACCGTACTTTAGTTGCATATTTAAAACATGT TGAGCTACAG
CACCAGATTCAGCAATTAAGCTCTAAGCCATCCGCAAAAATGACCTCTTATCARAAGGAGCAATTAAAGG
TACTCTCTAATCCTGACCTGTTGGAGTTTGCTTCCGGTCTGGTTCGCTTTGRAGCTCGAARTTAAAACGCG
ATATTTGAAGTCTTTCGGGCTTICCTCTTAATCTTTTTGATGCAATCCGCTTTGCTTCTGACTATAATAGT
CAGGGTAAAGACCTGATTTTTGATTTATGGTCATTCTCGTTTTCTGAACTGTTTAAAGCATT TGAGGGGG

ATTCAATGARATATTTATGACGATTCCGCAGTATTGGACGCTATCCAGTCTAAACATTTTACTATTACCCC
CICTGGCAAAACTICTTITGCAAAAGCCTCTCGCTATTTTIGGTITTTITATCGTCGTCTGGTAAACGAGGGT
TATGATAGTGTTGCTCTTACTATGCCTCGTAATTCCTTTTGGCGTTATGTATCTGCATTAGTTGAATGTG
GTATTCCTAAATCTCAACTGATGAATCTITTCTACCTIGTAATAATGTITGTTICCGTITAGTITICGTITTATTAA
CGTAGATTTITTCTTCCCAACGTICCTGACTGGTATAATGAGCCAGTTICTTAAAATCGCATAAGGTAATTCA
CAATGATTAAAGTTGAAATTAAACCATCTCAAGCCCAATTTACTACTCGTTCTGGTGTTTCTCGTCAGRSG
CAAGCCTTATTCACTGAATGAGCAGCTITGTTACGTITGATTTGGGTAATGAATATCCGGTTCTTGTCAAG
ATTACTCTTGATGAAGGTCAGCCAGCCTATGCGCCTGGTCTGTACACCGTTCATCTGTCCTCTTTCAAAG
TTGGTCAGTTCGGTTCCCTTATGATTGACCGTCTIGCGCCTCGTTCCGGCTAAGTAACATGGAGCAGGTCG
CGGATTTCGACACAATTTATCAGGCGATGATACAAATCTCCGTTIGTACTTTIGTITCGCGCTTGGTATAAT
CGCTGGGGGETCAAAGATGAGTGTTTTAGTGTATTCTTTCGCCTCTTTCGTTTITAGGTTGGTGCCTTCGTA
GIGGCATTACGTATTITTACCCGTTITAATGGARAACTTICCTCATGAAADAGTCTITTAGTCCTCARAGCCTCT
GTAGCCGTTGCTACCCTCGTTCCGATGCTGTCTTITCGCTGUTGAGGGTGACGATCCCGCAAAAGCGGCCT
TTAACTCCCTGCAAGCCTCAGCGACCGAATATATCGGTTATGCGTGGGCGATGGTTGTTGTCATIGICGG
CGCAACTATCGGTATCAAGCTGTTTAAGAAATTCACCTCGAAAGCARAGCTGATAAACCGATACAATTAAR
GGCTCCTITTTGGAGCCTTTTTTTTITGGAGATTITTICAACGTGAAARAAATTATTATTICGCAATTCCTTTAGT
TGTITCCTTTICTATTICTCACTCCGCTTIGTIGATIGTAGGGGGGATTIGTITTTTIGTGAAACTGTTGAAAGTTGT
TTAGCAAAACCCCATACAGAAAATTCATTTACTAACGTICTGGAAAGACGACAARACTTTAGATCGTTACG
CTAACTATGAGGGTTGTICTGTGGAATGCTACAGGCGTTGTAGTTITGTACTGGTGACGAAACTCAGTGTTA
GAGGGTGGCGGTICTGAGGGTGGCGGTACTAAACCTCCTGAGTACGGTGATACACCTATTCCGGGCTATA
CTTATATCAACCCTCTCGACGGCACTTATCCGCCTGGTACTGAGCAAAACCCCGCTAATCCTAATCCTIC
TCTTGAGGAGTCTCAGCCTCTTAATACTTICATGTTITCAGAATAATAGGTTCCGAAATAGGCAGGGGGCA
TTAACTGTTTATACGGGCACTGTTACTCAAGGCACTGACCCCGTITAAAACTTATTACCAGTACACTCCTG
TATCATCAAAAGCCATGTATGACGCTTACTGGAACGGTAAATTCAGAGACTGCGCTTTICCATTCTGGCTT
TAATGAGGATCCATTCGTTIGTGAATATCAAGGCCAATCGTCTGACCTGCCTCAACCTCCTGTCAATGCT
GGCGGCGGCTCTGGTGGTGETTCTIGGTGGCGGCTCTGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGG
GTGGCGGCTCTGAGGGAGGCGGTTICCGETGGTIGGCTICTGGTICCGGTGATTTTGATTATGARAARGATGGET
AAACGCTAATAAGGGGGCTATGACCGAAAATGCCGATGAAAACGCGCTACAGTCTGACGCTAAAGGCAAR
CTTGATTCTGTCGCTACTGATTACGGTGCTGCTATCGATGGTTTCATTGGTGACGTTTCCGGCCTTGCTA
ATGGTAATGGTGCTACTGGTGATITIGCTGGCTCTAATTCCCAAATGGCTCAAGTCGGTGACGGTGATAA
TTCACCTTTAATGAATAATTTCCGTCAATATTTACCTTCCCTCCCTCAATCGGTTGAATGTCGCCCTTTT
GICTTITAGCGCTGGTAAACCATATGAATTTTCTATTGATTIGTGACAAAATAAACTTATTCCGTGGTGICT
TTGCGTTTCTTTTATATGTTGCCACCTTTATGTATGTATTTTCTACGTTTGCTAACATACTGCGTAATAR
GGAGTCTITAATCATGCCAGTTCTITTGGGTATTCCGTTATTATTGCGTTTCCTCGGTTTCCTICTGGTAA
CTTTGTTICGGCTATCTGCTTACTTTTCTTAAAAAGGGCTTICGGTAAGATAGCTATTGCTATTTICATTIGTT
TCTTGCTCTTATTATTGGGCTTAACTCAATTCTTIGTGGGTTATCTCTCTGATATTAGCGCTCAATTACCC
TCTGACTTTGTTCAGGGTGTTCAGTTAATTICTCCCGTCTAATGCGCTTCCCTIGITITTATGTITATTCTCT
CTGTAAAGGCTGCTATTTTCATTTTTGACGTTAAACAAAAARTCGTTTCTTATTTGGATTGGGATAAATA
ATATGGCTGTTTATTTTGTAACTGGCAAATTAGGCTCTGGAAAGACGCTCGTITAGCGTITGGTAAGATTCA
GGATAARATTGTAGCTGGGTGCAAAATAGCAACTAATCTTGATTTAAGGCTTCAAAACCTCCCGCAAGTC
GGCGAGGTTCGCTAAAACGCCTCGCGTTCTTAGAATACCGGATAAGCCTTCTATATCTGATTTGCTTGCTA
TTGGGCGCGGTAATGATTCCTACGATGAAAATAAAAACGGCTTGCTTGTTICTICGATGAGTGCGGTACTTG
GTTTAATACCCGTTCTTGGAATGATAAGGAAAGACAGCCGATTATTGATTGGTTTCTACATGCTCGTAAR
TTAGGATGGGATATTATTTTTCTIGITCAGGACTTATCTATTIGTITGATAAACAGGCGCGTTCTGCATTAG
CTGAACATGTIGTITTIATTGTCGTCGTCTGGACAGAATTACTITACCTTTIGTCGGTACTTITATATTICTCT
TATTACTGGCTCGAAAATGCCTCTGCCTAAATTACATGTTGGCGTTGTTAAATATGGCGATTCTCAATTA
AGCCCTACTGTTGAGCGTTGGCTITATACTGETAAGAATTTGTATAACGCATATGATACTAAACAGGCTT
TTTCTAGTAATTATGATTCCGGTGTTTATTCTTATTTAACGCCTTATTTATCACACGGTCGGTATTTCAA
ACCATTAAATTTAGGTCAGAAGATGAAATTAACTAAAATATATTTGAAAAAGTTITICTCGCGTTCTTTGT
CTTGCGATTGGATTTGCATCAGCATTTACATATAGTTATATAACCCAACCTAAGCCGGAGGTTAAMAAGG
TAGTCTCTCAGACCTATGATTTTGATAAATTCACTATTIGACTICITCTCAGCGTCTTAATCTAAGCTATCG
CTATGTTTTCAAGGATTCTAAGGGAAAATTAATTAATAGCGACGATTTACAGAAGCAAGGTTATICACTC
ACATATATTGATTITATGTACTGTITITCCATTAAAAANAGGTAATTCAAATGAAATTGTTAAATGTAATTAAT
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L1l LLICIIGALIGLILILIGLLICAICAICLIIVLILILIGULILAGHIAALIGAAAIGCAALAAL LLULHULCLL 1LGU
GCGATTTTIGTAACTTIGGTATTCAAAGCAATCAGGCGAATCCGTTATTIGTITCTCCCGATGTAAAAGGTAC
TGTTACTGTATATTICATCTGACGTTAAACCTGAAAATCTACGCAATTTCTTTATTTICTIGTTTTACGTIGCT
AATAATTTTGATATGGTTIGGTTCAATTCCITCCATAATTCAGAAGTATAATCCAAACAATCAGGATTATA
TTGATGAATTGCCATCATCTGATAATCAGGAATATGATGATAATTCCGCTCCTTCTGGTGGTTTCTTTGT

TCCGCAAAATGATAATGTTACTCAAACTTTTAAAATTAATAACGTTCGGGCAAAGGATTTAATACGAGTT
GTCGAATTGTTTGTAAAGTCTAATACTICTAAATCCTCAAATGTATTATCTATTIGACGGCTCTAATCTAT
TAGCGTTGTTAGTGCACCTAAAGATATTTTAGATAACCTTCCTCAATTCCTTITCTACTGTTGATTTGCCAAC
TGACCAGATATTGATTGAGGGTTTGATATTTGAGGTTCAGCAAGGTGATGCTTTAGATTTTTCATTIGCT
GCTGGCTCTCAGCGTGGCACTGTIGCAGGCGETGTTAATACTGACCGCCTCACCTCTGTTITTATCTICTG
CTGETGGTTCGTTCGGTATTTTTAATGGCGATEGTTTTAGGGCTATCAGTTCGCGCATTAAAGACTAATAG
CCATTCAAAAATATTGTCTGTGCCACGTATTCTTACGCTTITCAGGTCAGAAGGGTTICTATCTCTGTTGGC
CAGAATGTCCCTTITTATTACTGGTCGTGTGACTGGTGAATCTGCCAATGTAAATAATCCATTTCAGACGA
TTGAGCGTCAAAATGTAGGTATTTCCATGAGCGTTTTICCTGTTGCAATGGCTGGCGGTAATATTGTITCT
GGATATTACCAGCAAGGCCGATAGTITGAGTICTTCTACTCAGGCAAGTGATGTITATTACTAATCAAAGA
AGTATTGCTACAACGGTTAATTTGCGTGATGGACAGACTCTTTTACTCGGTGGCCTCACTGATTATAARAR
ACACTTCTCAAGATTICTGGCGTACCGTTICCTGTCTARAAATCCCTTTAATCGGCCTCCTGTTITAGCTCCTG
CTCTGATTCCAACGAGGAAAGCACGTTATACGTGCTCGTCAAAGCAACCATAGTACGCGCLCTGTAGCGG
CGCATTAAGCGCGGCGGGTGTGGTGGTIACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCC
GCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTARAATCGGG
GGCTCCCTTITAGGGTTCCGATTTAGTGCTITACGGCACCTCGACCCCAAAARACTTGATTTGGGTGATGG
TTCACGTAGTGGGCCATCGCCCTGATAGACGGTITITCGCCCTTITGACGTTGGAGTICCACGTTCTTTAAT
AGTGGACTCTTGTITCCAAACTGGAACAACACTCAACCCTATCTCGGGACGGATCGCTICATGTGGCAGGA
GAAAAAAGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTICCTCGCTCACTGA
GATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCAAAGCCGTTTTTCCATAGGCTCCGCCC
CCCTGACAAGCATCACGAAATCTGACGCTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATAC
CAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTICTCCTGTTCCTGCCTTITCGGTTTACCGGTIGTCATIC
CGCTGTTATGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTICCGGGTAGGCAGTTCGCTCCAAGC
TGGACTGTATGCACGAACCCCCCGTTCAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTC
CAACCCGGAAAGACATGCAAAAGCACCACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGICTT
GAAGTCATGCGCCGGTTAAGGCTAARACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTA
CCTCGGTITCAAAGAGTTGGTAGCTCAGAGAACCTTCGAARAACCGCCCTGCAAGGCGGTTTTITCGTITIT
CAGAGCAAGAGATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCA
GTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTT
TTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTIGGTCTGACAGTTACCAAT
GCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCET
CGIGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCA
CGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGATTCGAGCTCGCCCCGGGEGATCGACCA
GITGGTGATTTITGAACTTITTGCTTITGCCACGGAACGGTCTGCGTTGTICGGGAAGATGCGTGATCTGATCC
TTCAACTCAGCAAAAGTTCGATTTATTCAACAAAGCCGCCGTCCCGTCAAGTICAGCGTAATGCTCTGCCA
GTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTC
ATATCAGGATTATCAATACCATATTITIGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGC
AGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTAT
TAATTTCCCCTCGICAARAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGGTGAG
AATGGCAAAAGCTTATGCATTTCITICCAGACTIGTITCAACAGGCCAGCCATTACGCTCGTCATCAARAT
CACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTT
ARAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTT
TCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGAGTAACC
ATGCATCATCAGGAGTACGGATAAAATGCTITGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAG
TCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTITTICAGAAACAACTCTGGCGCA
TCGGGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACC
CATATAAATCAGCATCCATGTTIGGAATTTAATCGCGGCCTCGAGCAAGACGTTICCCGTTGAATATGGCT
CATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCT
TGTGCAATGTAACATCAGAGATTTITGAGACACAACGTGGCTTTCCCCCCCCCCCCCTGCAGGTCTCGGGEL
TATTCTTTTGATTTATAAGGGATTTTIGCCGATTTICGGCCTATTGGTTAAAAAATGAGCTGATTTAACAARL
AATTTAACGCGAATTITTAACAAAATATTAACGTTITACAATTTAAATATTTGCTTATACAATCTITCCIGTT
TTTGGGGCTITTTICTGATTATCAACCGGGGTACATATGATTGACATGCTAGTTTTACGATTACCGTTCATC
GATTCTCTIGITTIGCTCCAGACTCTCAGGCAATGACCTGATAGCCTTTGTAGACCTCTCAAAAATAGCTA
CCCTCTCCGGCATGAATTTATCAGCTAGAACGGTTGAATATCATATTGATGGTGATTITGACTGTCTICCGG
CCTTTCTCACCCTTTTGAATCTTTACCTACACATTACTCAGGCATTGCATTTAAAATATATGAGGGTTCT
AAAAATTTTTATCCTTGCGTTGAAATAAAGGCTICTCCCGCAAAAGTATTACAGGGTCATAATGTTTITIG
GTACAACCGATTTAGCTTTATGCTICTGAGGCTTTATTGCTTAATTTITGCTAATTCTTTGCCTTGCCTGTA
TGATTTATTGGATGTT

[SEQ ID No: 10]
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[0060] In one preferred embodiment, the second vector (helper phage without RGD sequence)
comprises a nucleic acid sequence substantially as set out in SEQ ID No: 11, or a fragment or

variant thereof, wherein SEQ ID No: 11 is represented as follows:

ARACGCTACTACTATTAGTAGAATTIGATGCCACCTITTICAGCTCGCGCCCCAAATGAAAATATAGCTAAAC
AGGTTATTGACCATTTGCGAAATGTATCTAATGGTCAAACTAAATCTACTCGTTCGCAGAATTGGGAATC
AACTGTITACATGGAATGAAACTTICCAGACACCGTACTTITAGTTGCATATTTAAAACATGTTGAGCTACAG
CACCAGATTCAGCAATTAAGCTCTAAGCCATCCGCAAAAATGACCTCTTATCAAAAGGAGCAATTAAAGG
TACTCTCTAATCCTGACCTIGITGGAGITTIGCTTCCGGTICTGGTTCGCTTTGAAGCTCGAATTAARACGCG
ATATTTGAAGTCTITTCGGGCTTCCTCTTAATCTTITITGATGCAATCCGCTTTIGCTICTGACTATAATAGT
CAGGGTAAAGACCTGATTTTIGATITATGGICATTICTCGTITTTICTGAACTGTTTARAGCATTTGAGGGGG
ATTCAATGAATATTTATGACGATTCCGCAGTATTGGACGCTATCCAGTCTAAACATTITACTATTACCCC
CTCTGGCAAAACTTCTTTTGCAAAAGCCTCTCGCTATTTTGGTTTTTATCGTCGTCTGGTAAACGAGGGET
TATGATAGIGTITGCTCITACTATGCCICGTAATTICCTTITTIGGCGTTATGTATCTIGCATTAGTTGARATGTG
GTATTCCTAAATCTCAACTGATGAATCTITCTACCTGTAATAATGTTGTTICCGTTAGTTCGTTTITATTAA
CGTAGATTTITICTITCCCAACGTCCTGACTGGTATAATGAGCCAGTTICTTAARATCGCATAAGGTAATTICA
CAATGATTAAAGTTGAAATTAAACCATCTCAAGCCCAATTTACTACTCGTITCTGGTIGTTICTCGICAGGG
CAAGCCTTATTCACTGAATGAGCAGCTTTGTTACGTTGATTTGGGTAATGAATATCCGGTTCTTGTCAAG
ATTACTCTIGATGAAGGTCAGCCAGCCTATGCGCCTGGICTGTACACCGTTICATCIGTCCTCTTITCARAAG
TTGGTCAGTITCGGTTICCCTTATGATTGACCGTICTGCGCCTICGTTICCGGCTAAGTAACATGGAGCAGGTCG
CGGATTTCGACACAATTTATCAGGCGATGATACAAATCTCCGTTGTACTITGTTITCGCGCTTGGTATAAT
CGCTGGGGGTCARAGATGAGTIGTTTITAGTGTATICTITICGCCTICTITCGTITTITAGGTTIGGTGCCTICGTA
GTGGCATTACGTATTTTACCCGTTTAATGGAAACTTCCTCATGAAAAAGTCTTTAGTCCTCAAAGCCTCT
GTAGCCGTTIGCTACCCTCGTICCGATGCTIGTICTITTICGCTGCTGAGGGTGACGATCCCGCAAAAGCGGECT
TTAACTCCCTGCAAGCCTCAGCGACCGAATATATCGGTTATGCGTGGGCGATGGTIGTTGTCATTGTCGG
CGCAACTATCGGTATCAAGCTGTITTAAGAAATTCACCTCGAAAGCAAGCTGATAAACCGATACAATTARAA
GGCTCCTITTTGGAGCCTITTITTITTTTGGAGATTTITCAACGTGAAAAAATTATTATTCGCAATTICCTTTAGT
TGTTCCTTTCTATTCTCACTCCGCTGAAACTGTTGAAAGTTGTTTAGCARAACCCCATACAGAAAATTCA
TTTACTAACGTICTIGGARAGACGACAAAACTTITAGATCGTTACGCTAACTATGAGGGTTIGTICTGTIGGAATG
CTACAGGCGTIGTAGTTTGTACTGGTGACGAAACTCAGTGTTACGGTACATGGGTTICCTATTGGGCTTIGLE
TATCCCTGAARATGAGGGTIGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGETTICTGAGGGTGGCGGET
ACTAAACCTICCTGAGTACGGTIGATACACCTATTICCGGGCTATACTTATATCAACCCTCTCGACGGCACTT
ATCCGCCTGGTACTGAGCAAAACCCCGCTAATCCTAATCCTTCTCTTGAGGAGTCTCAGCCTCTTAATAC
TTICATGTITCAGAATAATAGGTTCCGAAATAGGCAGGGGGCATTAACTGTITATACGGGCACTGTTACT
CAAGGCACTGACCCCGTTAARAACTTATTACCAGTACACTCCTGTATCATCAAAAGCCATGTATGACGCTT
ACTGGAACGGTARATTCAGAGACTGCGCTITTICCATTICTIGGCTTTAATGAGGATCCATTCGTTTGTIGAATA
TCAAGGCCAATCGTICTGACCTIGCCTCAACCTCCTGTCAATGCTGGCGGCGGLTICTGGTGGTGGTTLTGGT
GGCGGCTICTGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGCTCTGAGGGAGGCGGTTCCG
GIGGTGGCTICIGGTICCGGTGATTITGATTATGAAAAGATGGCAAACGCTAATAAGGGGGCTATGACCGA
AAATGCCGATGAAAACGCGCTACAGTCTGACGCTAAAGGCAAACTTGATTCTGTCGCTACTGATTACGGT
GCTGCTATCGATGGTTTCATTGGTGACGTTTCCGGCCTTGCTAATGGTAATGGTIGCTACTGGTGATTTTG
CTGGCTCTAATTCCCAAATGGCTCAAGTCGGTIGACGGTGATAATTCACCTITTAATGAATAATTICCGICA
ATATTTACCTTCCCTCCCTCAATCEGTTGAATGTCGCCCTTTTGTCTTTAGCGETGGTAAACCATATGAA
TTTTCTATTGATTGTIGACAAAATAAACTTATTICCGIGGIGTICTITGCGTTICTTITTATATGTTGCCACCT
TTATGTATGTATTTTCTACGTTTIGCTAACATACTGCGTAATAAGCGAGTCTITAATCATGCCAGTICTTTTG
GGTATTCCGTTATTATTGCGITTCCTCGGTTTCCTTICTGGTAACTTITGTTCGGCTATCTGCTTACTTTTC
TTAAARAGGGCTTCGGTAAGATAGCTATTGCTATTTCATTGTTICTTGCTICTTATTATTGGGCTTAACTC
AATTCTTGTIGGGTTATCTCTCTGATATTAGCGCTCAATTACCCTCTGACTTTGTTCAGGGTGTTCAGTTA
ATTCTCCCGTCTAATGCGCTICCCTGTTTTTATGTTATTCTCTCTGTARAGGCTGCTATTITTCATTTITTG
ACGTTAAACAAAAAATCGTTTCTTATTTGGATTGGGATARATAATATGGCTGTTTATTTTGTAACTGGCA
AATTAGGCTCTIGGAAAGACGCTCGTITAGCGTTGGTAAGATTCAGGATAAAATTGTAGCTGGGTGCAAAAT
AGCAACTAATCTTGATITAAGGCTTICAAAACCTCCCGCAAGTCGGCAGGTTCGCTARAAACGCCTCGCGTT
CTTAGAATACCGGATAAGCCTTCTATATCTGATTTGCTTGCTATTGGGCGCGGTAATGATTCCTACGATG
AARAATAAAAACGGCTITGCITGTICTCGATGAGTGCGGTACTTIGGTITAATACCCGTITCTTGGAATGATAA

GGAAAGACAGCCGATTATTGATTGGTITICTACATGCTCGTAAATTAGGATGGGATATTATTTTTCTIGTT
CAGGACTTATCTATTGTTCATAAACAGGCGCGTTICTGCATTAGCTGAACATGTIGTTTATTGTCGTCGTC
TGGACAGAATTACTTTACCTITITGTCGGTACTTTATATTCTCTTATTACTGGCTCGAAAATGCCTICTIGCC
TAAATTACATGTIGGCGTITGTTAAATATGGCCGATTCTCAATTAAGCCCTACTGTTGAGCGTTGGCTITAT
ACTGGTAAGAATTTGTATAACGCATATGATACTAAACAGGCTTTTTCTAGTAATTATGATTCCGGTGTTT
ATTCTTATTTAACGCCTTATTTATCACACGGTCGGTATTTCAAACCATTAAATTTAGGTCAGAAGATGAA
ATTAACTAARAATATATTTGAAAAAGTTTTCTCGCGTTCTTTGTCTTGCGATTGGATTTGCATCAGCATTT
ACATATAGTTATATAACCCAACCTAAGCCGGAGGTTAAAAAGGTAGTCTCTCAGACCTATGATTITGATA
AATTCACTATTGACTCTTICTICAGCGTCTITAATCTAAGCTATCGCTATGTTTTCAAGGATTCTAAGGGAAA
ATTAATTAATAGCGACGATTTACAGAAGCAAGGTTATTCACTCACATATATTIGATTTATGTACTGTTTCC
ATTAAARAAGGTAATTCAAATGAAATTGTTAAATGTAATTAATTTTGTTTTCTTIGATGTTTIGTTTICATCA
TCTTCTTTTGCTCAGGTAATTGAAATGAATAATTCGCCTCTGCGCGATTTITGTAACTTGGTATTCAAAGC
AATCAGGCGAATCCGTITATTIGTITICTICCCGATGTAAAAGGTACTGTTACTGTATATTCATCTGACGITAA
ACCTGAAMATCTACGCAATTTCTTITATTTCTGTTITTACGTGCTAATAATTITTGATATGGTTGGTTCAATT
CCTITCCATAATTCAGAAGTATAATCCAAACAATCAGGATTATATTGATGAATTGCCATCATCTGATAATC
AGGAATATGATGATAATTCCGCTCCTTCTGGTGGTTITCTTTGTTCCGCAAAATGATAATGTTACTCAAAC
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TTTTAAAATTAATAACGTTCGGGCAAAGGATTITAATACGAGTTIGTCGAATTGTTTGTAAAGTCTAATACT
TCTAAATCCTCAAATGTATTATCTATTGACGGCICTAATCTATTAGTTGTTAGTGCACCTAAAGATATTT
TAGATAACCTTICCTCAATTCCTITICTACTGTTIGATITGCCAACTGACCAGATATTGATTGAGGGTTTGAT
ATTTGAGGTTCAGCAAGGTGATGCTTTAGATTITTITCATTTGCTGCTGGCTCTCAGCGTGGCACTGTTGCA
GGCGGTGTTAATACTGACCGCCTCACCTCTGTITITATCTICTGCTGGTGGTTCGTTCGGTATITITAATG
GCGATGTTTTAGGGCTATCAGTTCGCGCATTAAAGACTAATAGCCATTCAARAATATTGTCTGTGCCACG
TATTCTTACGCTTTCAGGTCAGAAGGGTITCTATCTCTGTTGGCCAGAATGTICCCTTITTATTACTGGTICGT
GTGACTGGTGAATCTGCCAATGTAAATAATCCATTTCAGACGATTGAGCGTCAAAATGTAGGTATTTCCA
TGAGCGTTITTCCTGTTGCAATGGCTGGCGGTAATATTGTTCTGGATATTACCAGCAAGGCCGATAGTTT
GAGTICTTCTACTCAGGCAAGTGATGTIATTACTAATCARAGAAGTATTGCTACAACGGTTAATTTGCGT
GATGGACAGACTCTTITTACTCGGTGGCCTCACTGATTATAAAAACACTTCTCAAGATTCTGGCGTACCGT
TCCTGTCTARAAATCCCTTTAATCGGCCICCTGTITAGCTCCCGCTCTGATTCCAACGAGGAAAGCACGTT
ATACGTGCTCGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGETGTGGTGET
TACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTITCTTCCCTTCCTTIT
CTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTITAGGGTTCCGATTITAGTG
CTTTACGGCACCTCGACCCCAAAAMACTTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATA
GACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACA
ACACTCAACCCTATCTCGGGACGGATCGCTTCATGTGGCAGGAGARAAAAGGCTGCACCGGTGCGTCAGC
AGAATATGTGATACAGGATATATTCCGCTICCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCG
GCGAGCGGRAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAA
GTGAGAGGGCCGCGGCAAAGCCGTITTTICCATAGGCTCCGCCCCCCTGACAAGCATCACGARATCTGACG
CTCAAATCAGTGGTGGCGAAACCCGACAGGACTATAARGATACCAGGCGTTTCCCCCTIGGCGGCTCCCTIC
GTGCGCTCTICCTGTTCCTGCCTTTCGGTTITACCGGTGTCATTCCGCTGTTATGGCCGCGTTTGTCTCATT
CCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCETIIC
AGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGARAGACATGCAAMAGCACC
ACTGGCAGCAGCCACTGGTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTITAAGGCTAAAC
TGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAG
AGAACCTTCGAAARACCGCCCTGCAAGGCGGTITTITTITCGTTTITCAGAGCAAGAGATTACGCGCAGACCAA
AACGATCTCAAGAAGATCATCTTATTAAGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGAT
TTTGGTCATGAGATTATCAARAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCA
ATCTAAAGTATATATGAGTAAACTTGGTCTIGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAG
CGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGG
CTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCA
ATAAACCAGCCAGCCGATTCGAGCTCGCCCCGGGGATCGACCAGTTIGGTGATTTITGAACTTTTGCTTTGC
CACGGAACGGTCTGCGTTGTCGGGAAGATGCGTCGATCTGATCCTTCAACTCAGCAAAAGTTCGATTTATT
CAACAAAGCCGCCGTICCCGTICAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGA
TTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTT
TGAAAAAGCCGTTTICTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGT
ATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTT
ATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTICTTTC
CAGACTTIGTITCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTICA
TTCGTGATTGCGCCTGAGCGAGACGARATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGA
ATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTICACCTGAATCAGGATATTCTTCTAAT

ACCTGGAATGCTGTITICCCGGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAARAT
GCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATT
GGCAACGCTACCTTTGCCATGTTITCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATT
GTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAAT
TTAATCGCGGCCTCGAGCAAGACGTITICCCGTTIGAATATGGCTCATAACACCCCTTGTATTACTGTTTAT
GTAAGCAGACAGTTTTATIGITCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTITIGA
GACACAACGTGGCTTTCCCCCCCCCCCCCTGCAGGTCTCGGGCTATTCTTTTGATTTATAAGGGATTT TG
CCGATTTCGGCCTATTGGTITAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATAT
TAACGTTTACAATTTAAATATTIGCTTATACAATCTICCTGTITITTIGGGGCTTTITCTGATTATCAACTGG
GGTACATATGATTGACATGCTAGTTITTACGATTACCGTTICATCGATTCTCTTGTTTGCTCCAGACTCTCA
GGCAATGACCTGATAGCCTTTGTAGACCTCTCAAAAATAGCTACCCTCTCCGGCATGAATTTATCAGCTA
GAACGGTTGAATATCATATTGATGGTGATTTGACTGTCTCCGGCCTTITCTCACCCTTTTGAATCTTITACC
TACACATTACTCAGGCATTGCATTTAAAATATATGAGGGTICTAAAAATTTTTATCCTTGCGTIGAAATA
AAGGCTTCTCCCGCAAAAGTATTACAGGGTCATAATGTTTITGGTACAACCGATTTAGCTTTATGCTCTG
AGGCTTTATTIGCTTAATITTITGCTAATTICTTIGCCTTGCCTGTATGATTTATTIGGATGTT

[SEQ ID No: 11]

[0061] As described in Example 1, the inventors have devised two alternative approaches (see
Figures 9 and 10) for producing the recombinant phagemid particle of the invention in a
prokaryotic host.
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[0062] Hence, in an example, there is provided a method for producing a recombinant
phagemid particle from a prokaryotic host, the method comprising:-

1. (i) introducing, into a prokaryotic host cell, a first vector configured to persist inside the
prokaryotic host, and comprising at least one transgene expression cassette, and a
packaging signal for enabling replication of the vector into single-stranded DNA;

2. (i) introducing, into the host, a helper phage comprising nucleic acid encoding
bacteriophage structural proteins; and

3. (iii) culturing the host under conditions which result in the single-stranded DNA being
packaged by the structural proteins to form and extrude a recombinant phagemid
particle from the prokaryotic host.

[0063] Advantageously, this embodiment (as shown in Figure 9) results in very high yields of
particles. The first vector (i.e. the phagemid particle's genome) may be introduced into the host
cell, for example by infection. The host cell may then be transformed with the helper phage,
which results in the production of the recombinant phagemid particle. Preferably, the method
comprises a purification step following the culturing step. Purification may comprise
centrifugation and/or filtration.

[0064] In an example, there is provided a method for producing a recombinant phagemid
particle from a prokaryotic host, the method comprising:-

1. (i) introducing into a prokaryotic host cell: (a) a first vector configured to persist inside
the prokaryotic host, and comprising at least one transgene expression cassette, and a
packaging signal for enabling replication of the vector into single-stranded DNA, and (b)
a second vector comprising nucleic acid encoding structural proteins required for
packaging the single-stranded DNA; and

2. (ii) culturing the host under conditions which result in the single-stranded DNA being
packaged by the structural proteins to form and extrude a recombinant phagemid
particle from the prokaryotic host.

[0065] Advantageously, this example (as shown in Figure 10) results in improved safety. The
second vector (i.e. the helper phage) may be introduced into the host cell, for example by
infection. The host cell may then be transformed with the first vector (i.e. the phagemid
particle's genome), which results in the production of the recombinant phagemid particle.
Preferably, the method comprises a purification step following the culturing step. Purification
may comprise centrifugation and/or filtration.

[0066] In an example, there is provided use of a helper phage comprising nucleic acid
encoding viral vector structural proteins to produce the recombinant phagemid particle
according to the disclosure from a prokaryotic host.
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[0067] In an example, there is provided a host cell comprising the first and/or second vector as
defined in the disclosure.

[0068] The host cell is preferably prokaryotic, more preferably a bacterial cell. Examples of
suitable host cells include: (i) TG1 (Genotype: K-12 supE thi-1 A(lac-proAB) L1(mcrB-hsdSM)5,

(rk’mg’), Plasmids: F' [traD36proAB* lacl9 lacZAM15]), (i) DH5aF'IQ™ (Genotype: F-
$8olacZAM15 A(lacZYA-argF) U169 recA1 endA1 hsdR17 (rk-, mk+) phoA supE44 A- thi-i
gyrA96 relA1, Plasmids: F' proAB+ laclgZAM15 zzf::Tn5 [KmR]; and (iii) XLi-Blue MRF'

(Genotype: A(mcrA)183 A(merCB-hsdSMR-mrr)173 endA1 supE44 thi-i recA1 gyrA96 relAi lac,
Plasmids: F' proAB laclqgZAM15 Tn10 (Tetr).

[0069] In another example, there is provided the recombinant phagemid particle or the system
according to the disclosure, for use as an experimental research tool.

[0070] For example, the particle or system can be used ex vivo or in vitro.

[0071] Preferably, however, the particle is for use in therapeutically or in diagnostic methods,
preferably in vivo.

[0072] Thus, in an example, there is provided the recombinant phagemid particle or the
system according to the disclosure, for use in therapy or diagnosis.

[0073] The invention may be used for the treatment of a wide variety of diseases due to the
target-specific nature and the improved transduction efficiency of the recombinant phagemid
particle of the invention. Consequently, the therapeutic opportunities of recombinant
bacteriophages used in gene therapy may be significantly increased by the invention due to its
ability to carry one or more transgene expression cassettes. The invention may be used
prophylactically to prevent disease, or after the development of a disease, to ameliorate and/or
treat it.

[0074] Hence, in an example, there is provided recombinant phagemid particle or the system
according to the disclosure, for use in a gene therapy technique.

[0075] In an example, there is provided a method of treating, preventing or ameliorating a
disease in a subject using a gene therapy technique, the method comprising administering, to
a subject in need of such treatment, a therapeutically effective amount of the recombinant
phagemid particle or the system according to the disclosure.

[0076] It will be appreciated that the invention may be used to create a variety of different
recombinant phagemid particles that can be used for the treatment and/or diagnosis of a
variety of diseases depending on the nature of the particles and the displayed foreign proteins.
For example, in an embodiment where the recombinant phagemid particle comprises a tumor-
targeting ligand and/or which comprises a transgene expressing an anti-tumor gene (e.g. the
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HSVitk gene), then it may be used to treat cancer. The target cell in the gene therapy technique
is preferably eukaryotic, and preferably mammalian. The gene therapy technique therefore is
preferably used to treat, prevent or ameliorate cancer. Tumours may be in the brain, e.g.
medulloblastoma, or diffuse intrinsic pontine glioma (DIPG). The recombinant phagemid
particle may be used in combination with conventional treatments, such as chemotherapeutic
drugs (i.e. doxorubicin, temozolomide, lomustine), radiation therapy, or other drugs/xenobiotic
compound, including but not limited to inhibitors of histone deacetylases (HDAC inhibitors),
proteasome inhibiting drugs and anticancer products from natural and dietary sources (i.e.
genistein).

[0077] The inventors believe that the recombinant phagemid particle of the invention will have
a significant commercial value in the delivery of peptide and/or DNA and/or adjuvant vaccines.

[0078] Thus, in an example , there is provided a vaccine comprising the recombinant
phagemid viral particle or the system according to the disclosure.

[0079] In an example, there is provided the recombinant phagemid viral particle or the system
according to the disclosure, for use in vaccine delivery to a subject.

[0080] Preferably, the vaccine is a peptide vaccine. The vaccine is preferably a DNA vaccine.
The vaccine preferably comprises a suitable adjuvant. In an embodiment, the recombinant
phagemid particle may be used to carry a transgene or DNA cassette encoding an antigen to
stimulate the body's immune system. The recombinant phagemid particle may also be used to
directly display and express the antigen of interest on the major pVIll coat proteins, thus
providing an efficient platform for the simultaneous delivery, by a single phage particle, of
numerous antigens as vaccine DNA vaccines, or proteins, or adjuvants readily expressed on
the phage surface. The subject may be mammalian, and is preferably human.

[0081] In an example, therefore, there is provided the recombinant phagemid particle or the
system according to the disclosure, for use in delivering and targeting a foreign antigen to a
tumour in a vaccinated subject. Animals will first be vaccinated against foreign antigens, or
already vaccinated against the antigen used, then the tumour-targeted phagemid will be
administered to the vaccinated animals to deliver the foreign antigens to tumours, in order to
induce an immune attack against these tumours.

[0082] The inventors also believe that the recombinant phagemid particle of the invention can
also be used in a variety of different genetic-molecular imaging techniques, such as positron
emission tomography (PET), Ultrasound (US), SPECT imaging, functional magnetic resonance
imaging, or bioluminescence imaging.

[0083] Hence, in an example, there is provided use of the recombinant phagemid particle or
the system according to the disclosure, in a genetic-molecular imaging technique.

[0084] The transgene harboured by the phagemid particle may encode HSVik and/or the
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sodium/iodide symporter (NIS), and the particle is preferably used in combination with a
radiolabelled substrate. For example, the human sodium/iodide symporter (NIS) imaging gene

is preferably used in combination with 1'24 for clinically applicable positron emission

tomography (PET) imaging, or with 1125/99M_Tc_pertechnetate for clinically applicable SPECT
imaging.

[0085] Alternatively, the HSVtk gene is preferably used in combination with radiolabeled
nucleoside analogues such as the 20-[18F]-fluoro-20-deoxy-1-b-D-arabino-furanosyl-5-
ethyluracil ([18F]FEAU).

[0086] It will be appreciated that the recombinant phagemid particles and systems described
herein (i.e. referred to hereinafter as "agents") may be used in a medicament which may be
used in a monotherapy, or as an adjunct to, or in combination with, known therapies for
treating, ameliorating, or preventing disease, such as cancer. For example, a combined
therapeutic approach wusing the phagemid particles and systems with existing
chemotherapeutics, such as Temozolamide, Doxorubicin or Genistein, is preferred.

[0087] In another preferred example, therapy may comprise the combination of the
recombinant phagemid particle and system with an extracellular matrix degrading agent, such
as enzyme or losartan. The inventors believe that extracellular matrix degrading agents should
enhance phagemid diffusion in the subject being treated, and especially within a solid tumour.

[0088] The agents (i.e. the recombinant phagemid particle, or the system) may be combined in
compositions having a number of different forms depending, in particular, on the manner in
which the composition is to be used. Thus, for example, the composition may be in the form of
a powder, tablet, capsule, liquid etc. or any other suitable form that may be administered to a
person or animal in need of treatment. It will be appreciated that the vehicle of medicaments
according to the disclosure should be one which is well-tolerated by the subject to whom it is
given. Medicaments comprising the agents according to the disclosure may be used in a
number of ways. For instance, oral administration may be required, in which case the agents
may be contained within a composition that may, for example, be ingested orally in the form of
a tablet, capsule or liquid. Compositions comprising agents may be administered by inhalation
(e.g. intranasally). Compositions may also be formulated for topical use. For instance, creams
or ointments may be applied to the skin.

[0089] Agents according to the disclosure may also be incorporated within a slow- or delayed-
release device. Such devices may, for example, be inserted on or under the skin, and the
medicament may be released over weeks or even months. The device may be located at least
adjacent the treatment site. Such devices may be particularly advantageous when long-term
treatment with agents is required and which would normally require frequent administration
(e.g. at least daily injection).

[0090] In a preferred example, agents and compositions according to the disclosure may be
administered to a subject by injection into the blood stream or directly into a site requiring
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treatment. Injections may be intravenous (bolus or infusion), subcutaneous (bolus or infusion),
intradermal (bolus or infusion) or enhanced by convention (convection enhanced delivery -
relevant to local injections at disease site).

[0091] It will be appreciated that the amount of the agent that is required is determined by its
biological activity and bioavailability, which in turn depends on the mode of administration, the
physiochemical properties of the agent (i.e. recombinant phagemid viral particle or the
system), and whether it is being used as a monotherapy, or in a combined therapy. The
frequency of administration will also be influenced by the half-life of the agent within the subject
being treated. Optimal dosages to be administered may be determined by those skilled in the
art, and will vary with the particular agent in use, the strength of the pharmaceutical
composition, the mode of administration, and the advancement of the disease. Additional
factors depending on the particular subject being treated will result in a need to adjust
dosages, including subject age, weight, gender, diet, and time of administration.

[0092] Generally, a daily dose of between 0.01ug/kg of body weight and 500mg/kg of body
weight of the agent may be used. More preferably, the daily dose is between 0.01mg/kg of
body weight and 400mg/kg of body weight, and more preferably between 0.1mg/kg and
200mg/kg body weight.

[0093] As discussed in the Examples, the agent may be administered before, during the or
after the onset of disease. For example, the agent may be administered immediately after a
subject has developed a disease. Daily doses may be given systemically as a single
administration (e.g. a single daily injection). Alternatively, the agent may require administration
twice or more times during a day. As an example, the agent may be administered as two (or
more depending upon the severity of the disease being treated) daily doses of between 25mg
and 7000 mg (i.e. assuming a body weight of 70 kg). A patient receiving treatment may take a
first dose upon waking and then a second dose in the evening (if on a two dose regime) or at
3- or 4-hourly intervals thereafter. Alternatively, a slow release device may be used to provide
optimal doses of agents to a patient without the need to administer repeated doses.

[0094] Known procedures, such as those conventionally employed by the pharmaceutical
industry (e.g. in vivo experimentation, clinical trials, etc.), may be used to form specific
formulations comprising the particles or systems and precise therapeutic regimes (such as
daily doses of the agent and the frequency of administration).

[0095] Hence, there is provided a pharmaceutical composition comprising the recombinant
phagemid viral particle or the system according to the disclosure, and a pharmaceutically

acceptable vehicle.

[0096] The composition can be used in the therapeutic amelioration, prevention or treatment
of any disease in a subject that is treatable with gene therapy, such as cancer.

[0097] The disclosure also provides, in an example, a process for making the pharmaceutical
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composition according to the disclosure, the process comprising contacting a therapeutically
effective amount of the recombinant phagemid particle or the system according to the
disclosure, and a pharmaceutically acceptable vehicle.

[0098] A "subject" may be a vertebrate, mammal, or domestic animal. Hence, agents,
compositions and medicaments may be used to treat any mammal, for example livestock (e.g.
a horse), pets, or may be used in other veterinary applications. Most preferably, however, the
subject is a human being.

[0099] A "therapeutically effective amount" of agent (i.e. recombinant phagemid viral particle)
is any amount which, when administered to a subject, is the amount of drug that is needed to
treat the target disease, or produce the desired effect, e.g. result in effective delivery of the
transgene to a target cell or tissue, such as result in tumor killing.

[0100] For example, the therapeutically effective amount of agent used may be from about
0.01 mg to about 800 mg, and preferably from about 0.01 mg to about 500 mg.

[0101] A "pharmaceutically acceptable vehicle" as referred to herein, is any known compound
or combination of known compounds that are known to those skilled in the art to be useful in
formulating pharmaceutical compositions.

[0102] In one embodiment, the pharmaceutically acceptable vehicle may be a solid, and the
composition may be in the form of a powder or tablet. A solid pharmaceutically acceptable
vehicle may include one or more substances which may also act as flavouring agents,
lubricants, solubilisers, suspending agents, dyes, fillers, glidants, compression aids, inert
binders, sweeteners, preservatives, dyes, coatings, or tablet-disintegrating agents. The vehicle
may also be an encapsulating material. In powders, the vehicle is a finely divided solid that is in
admixture with the finely divided active agents In tablets, the active agent (e.g. the particle or
system of the disclosure) may be mixed with a vehicle having the necessary compression
properties in suitable proportions and compacted in the shape and size desired. The powders
and tablets preferably contain up to 99% of the active agents. Suitable solid vehicles include,
for example calcium phosphate, magnesium stearate, talc, sugars, lactose, dextrin, starch,
gelatin, cellulose, polyvinylpyrrolidine, low melting waxes and ion exchange resins. In another
embodiment, the pharmaceutical vehicle may be a gel and the composition may be in the form
of a cream or the like.

[0103] However, the pharmaceutical vehicle may be a liquid, and the pharmaceutical
composition is in the form of a solution. Liquid vehicles are used in preparing solutions,
suspensions, emulsions, syrups, elixirs and pressurized compositions. The particles or system
may be dissolved or suspended in a pharmaceutically acceptable liquid vehicle such as water,
an organic solvent, a mixture of both or pharmaceutically acceptable oils or fats. The liquid
vehicle can contain other suitable pharmaceutical additives such as solubilisers, emulsifiers,
buffers, preservatives, sweeteners, flavouring agents, suspending agents, thickening agents,
colours, viscosity regulators, stabilizers or osmo-regulators. Suitable examples of liquid
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vehicles for oral and parenteral administration include water (partially containing additives as
above, e.g. cellulose derivatives, preferably sodium carboxymethyl cellulose solution), alcohols
(including monohydric alcohols and polyhydric alcohols, e.g. glycols) and their derivatives, and
oils (e.g. fractionated coconut oil and arachis oil). For parenteral administration, the vehicle can
also be an oily ester such as ethyl oleate and isopropyl myristate. Sterile liquid vehicles are
useful in sterile liquid form compositions for parenteral administration. The liquid vehicle for
pressurized compositions can be a halogenated hydrocarbon or other pharmaceutically
acceptable propellant.

[0104] Liquid pharmaceutical compositions, which are sterile solutions or suspensions, can be
utilized by, for example, intramuscular, intrathecal, epidural, intraperitoneal, intravenous and
particularly subcutaneous injection. The particles or system (i.e. hybrid vector) may be
prepared as a sterile solid composition that may be dissolved or suspended at the time of
administration using sterile water, saline, or other appropriate sterile injectable medium.

[0105] The recombinant phagemid particle, system and pharmaceutical compositions may be
administered orally in the form of a sterile solution or suspension containing other solutes or
suspending agents (for example, enough saline or glucose to make the solution isotonic), bile
salts, acacia, gelatin, sorbitan monoleate, polysorbate 80 (oleate esters of sorbitol and its
anhydrides copolymerized with ethylene oxide) and the like. The particles and system can also
be administered orally either in liquid or solid composition form. Compositions suitable for oral
administration include solid forms, such as pills, capsules, granules, tablets, and powders, and
liquid forms, such as solutions, syrups, elixirs, and suspensions. Forms useful for parenteral
administration include sterile solutions, emulsions, and suspensions.

[0106] It will be appreciated that adeno-associated virus (AAV) is often the vector of choice for
gene therapy. As a gene delivery vector, lentiviral vectors also have key several advantages
over other systems. Firstly, they have a large packaging capacity of at least 8 Kb of DNA, which
is an important feature when packaging sizeable expression cassettes of tissue-specific
promoters and transgenes. Secondly, they differ from simpler retroviruses not only in the
genome organisation, but also in that they are able to transduce non-dividing cells, which is a
very useful quality when considering application as a gene therapy vector to non-proliferating
tissues such as muscle, neurons and haematopoietic stem cells. In addition, lentivectors have
reduced immunogenicity compared to adenoviral vectors, making it possible to consider
systemic delivery routes. However, barrier of using AAV or lentivirus for laboratory and clinical
research include their extremely high production cost and low yields.

[0107] The inventors have shown that in addition to exhibiting useful applications in gene
therapy, imaging and vaccine delivery, the recombinant phagemid particle of the invention can
also be used to produce recombinant AAV in vitro Phage-guided AAV production utilizes the
ability of the phagemid particles to package large amounts of single-stranded ssDNA. A typical
AAV production system consists of three major elements: rAAV, rep-cap and adenohelper
genes, which function together to produce rAAV particles.
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[0108] Thus, in an example, there is provided use of the phagemid particle or the system
according to the disclosure, to produce a recombinant viral vector comprising or derived from
the viral genome within the genome of the phagemid particle.

[0109] In an example, there is provided a method for producing recombinant viral vector, the
method comprising introducing into, a eukaryotic host cell, the recombinant phagemid particle
or the system according to the disclosure, and allowing the host cell to produce recombinant
viral vector.

[0110] The recombinant virus product is rAAV. Preferably, the phagemid viral particle or the
system according to the disclosure is used in cis and/or trans together with the delivery and/or
presence of other genetic elements required for the production of mammalian viruses, as
determined by the phagemid particle’s genome, inside the eukaryotic host cell. The method
used to assist or enhance gene transfer to the host cell by the phagemid particle includes
those described in WO 2014/184528 (i.e. multifunctional) and WO 2014/184529 (i.e.
combination with a cationic polymer to form a complex having a net positive charge).

[0111] The eukaryotic host cell may be mammalian. The host cell may comprise or be derived
from Human Embryonic Kidney Cells (HEK293), Spodoptera frugiperda pupal ovarian tissue
(Sf9), or Chinese Hamster Ovary (CHO). Insect cells are also envisaged.

[0112] In one embodiment, the host cell may be transformed with one or more phagemid
particle genome carrying genes selected from the group consisting of: rAAV, capsid,
replication, helper protein encoding genes, and any other genes required for the expression
and packaging of mammalian viruses.

[0113] For example, in hybrid phagemid particle-guided rAAV production, the rAAV gene may
be carried by the recombinant phagemid viral particle according to the disclosure, as shown in
Figure 3, and the adenohelper and rep-cap genes may be carried on separate vectors, or be
integrated into the eukaryotic host genome. For example, Figure 12 shows the adenohelper
genes on one vector, and Figure 13 shows the rep-cap on a separate vector. Any
combinations of the rAAV, rep-cap and adenohelper genes may be carried on one or more
vectors, i.e. in cis or trans configurations. Alternatively, rep-cap or adenohelper proteins, in the
context of rAAV production, could also be integrated or introduced into the eukaryotic host as a
stably expressed accessory DNA (e.g. a plasmid), whereby the hybrid phagemid particle
supplies the recombinant viral genome for packaging into a recombinant virus, as determined
by the transgene cassette inside the phagemid particle's genome.

[0114] In one preferred embodiment, rAAV, rep-cap and adenchelper genes are carried on a
single vector, as shown in Figures 14 and 15. The inventors believe that this is the first time
that all three sets of genes have been harboured on the same vector.

[0115] Hence, in an example, there is provided a recombinant vector comprising comprising
rAAV, rep-cap and adenochelper genes.
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[0116] In an example, there is provided a recombinant phagemid particle comprising the
vector of the disclosure.

[0117] In an example, there is provided use of the vector or the particle of the disclosure, to
produce a recombinant AAV viral vector comprising or derived from the viral genome of the
phagemid particle.

[0118] In an example, there is provided a method for producing recombinant AAV viral vector,
the method comprising introducing into, a eukaryotic host cell, the vector or the particle of the
disclosure, and allowing the host cell to produce recombinant viral vector.

[0119] When introduced into the same eukaryotic host cell (see Figures 11 and 14), the rep-
cap and adenohelper genes on the vector behave as trans-acting or cis-acting or a
combination of both elements that facilitate packaging of the rAAV genome in the AAV virus
capsid, in the context of rAAV production. This production process is comparable to transient
co-transfection of multiple plasmids, and usually involving three plasmids. However, in this
embodiment, the plasmids are replaced with the recombinant phagemid particles of the
invention, which are targeted to eukaryotic cells (preferably mammalian cells), which also carry
the same elements.

[0120] The method may be carried out in vivo, in vitro, ex vivo, or in situ. For in situ production,
the recombinant phagemid particles preferably comprise a targeting moiety for the target
eukaryotic cell that is the designated eukaryotic host. Preferably, in the context of in situ, ex
vivo and in vivo virus production, the designated eukaryotic host cell type is a diseased cell.
Preferably, the diseased cell is a malignant or benign tumour. In the context of in vitro virus
production, preferably the eukaryotic host is a derivative of any of the eukaryotic hosts listed
above. The application of the recombinant phagemid particles and genetic elements required
for the production of recombinant virus (as determined by the transgene cassette in the hybrid
phagemid particle), could be in any fashion as indicated earlier, either in cis-acting or trans-
acting combinations, inside the eukaryotic host cell.

[0121] It will be appreciated that the disclosure extends to any nucleic acid or peptide or
variant, derivative or analogue thereof, which comprises substantially the amino acid or nucleic
acid sequences of any of the sequences referred to herein, including functional variants or
functional fragments thereof. The terms "substantially the amino
acid/polynucleotide/polypeptide sequence”, "functional variant" and "functional fragment”, can
be a sequence that has at least 40% sequence identity with the amino
acid/polynucleotide/polypeptide sequences of any one of the sequences referred to herein, for
example 40% identity with the nucleic acids identified herein.

[0122] Amino acid/polynucleotide/polypeptide sequences with a sequence identity which is
greater than 65%, more preferably greater than 70%, even more preferably greater than 75%,
and still more preferably greater than 80% sequence identity to any of the sequences referred
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to is also envisaged. Preferably, the amino acid/polynucleotide/polypeptide sequence has at
least 85% identity with any of the sequences referred to, more preferably at least 90% identity,
even more preferably at least 92% identity, even more preferably at least 95% identity, even
more preferably at least 97% identity, even more preferably at least 98% identity and, most
preferably at least 99% identity with any of the sequences referred to herein.

[0123] The skilled technician will appreciate how to calculate the percentage identity between
two amino acid/polynucleotide/polypeptide sequences. In order to calculate the percentage
identity between two amino acid/polynucleotide/polypeptide sequences, an alignment of the
two sequences must first be prepared, followed by calculation of the sequence identity value.
The percentage identity for two sequences may take different values depending on:- (i) the
method used to align the sequences, for example, ClustalW, BLAST, FASTA, Smith-Waterman
(implemented in different programs), or structural alignment from 3D comparison; and (ii) the
parameters used by the alignment method, for example, local vs global alignment, the pair-
score matrix used (e.g. BLOSUM62, PAM250, Gonnet etc.), and gap-penalty, e.g. functional
form and constants.

[0124] Having made the alignment, there are many different ways of calculating percentage
identity between the two sequences. For example, one may divide the number of identities by:
(i) the length of shortest sequence; (ii) the length of alignment; (iii) the mean length of
sequence; (iv) the number of non-gap positions; or (iv) the number of equivalenced positions
excluding overhangs. Furthermore, it will be appreciated that percentage identity is also
strongly length dependent. Therefore, the shorter a pair of sequences is, the higher the
sequence identity one may expect to occur by chance.

[0125] Hence, it will be appreciated that the accurate alignment of protein or DNA sequences
is a complex process. The popular multiple alignment program ClustalWW (Thompson et al.,
1994, Nucleic Acids Research, 22,4673-4680; Thompson et al., 1997, Nucleic Acids Research,
24, 4876-4882) is a preferred way for generating multiple alignments of proteins or DNA in
accordance with the invention. Suitable parameters for Clustal\W may be as follows: For DNA
alignments: Gap Open Penalty = 15.0, Gap Extension Penalty = 6.66, and Matrix = Identity. For
protein alignments: Gap Open Penalty = 10.0, Gap Extension Penalty = 0.2, and Matrix =
Gonnet. For DNA and Protein alignments: ENDGAP = -1, and GAPDIST = 4. Those skilled in
the art will be aware that it may be necessary to vary these and other parameters for optimal
sequence alignment.

[0126] Preferably, calculation of percentage identites between two amino
acid/polynucleotide/polypeptide sequences is then calculated from such an alignment as

(N/T)*100, where N is the number of positions at which the sequences share an identical
residue, and T is the total number of positions compared including gaps but excluding
overhangs. Hence, a most preferred method for calculating relative percentage identity
between two sequences comprises (i) preparing a sequence alignment using the ClustalW
program using a suitable set of parameters, for example, as set out above; and (ii) inserting

the values of N and T into the following formula:-Sequence Identity = (N/T)*100.
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[0127] Alternative methods for identifying similar sequences will be known to those skilled in
the art. For example, a substantially similar nucleotide sequence will be encoded by a
sequence which hybridizes to a nucleic acid sequence described herein, or their complements
under stringent conditions. By stringent conditions, we mean the nucleotide hybridises to filter-
bound DNA or RNA in 3% sodium chloride/sodium citrate (SSC) at approximately 45°C followed
by at least one wash in 0.2x SSC/0.1% SDS at approximately 20-65°C. Alternatively, a
substantially similar polypeptide may differ by at least 1, but less than 5, 10, 20, 50 or 100
amino acids from the sequences shown herein.

[0128] Due to the degeneracy of the genetic code, it is clear that any nucleic acid sequence
could be varied or changed without substantially affecting the sequence of the protein encoded
thereby, to provide a functional variant thereof. Suitable nucleotide variants are those having a
sequence altered by the substitution of different codons that encode the same amino acid
within the sequence, thus producing a silent change. Other suitable variants are those having
homologous nucleotide sequences but comprising all, or portions of, sequence, which are
altered by the substitution of different codons that encode an amino acid with a side chain of
similar biophysical properties to the amino acid it substitutes, to produce a conservative
change. For example small non-polar, hydrophobic amino acids include glycine, alanine,
leucine, isoleucine, valine, proline, and methionine. Large non-polar, hydrophobic amino acids
include phenylalanine, tryptophan and tyrosine. The polar neutral amino acids include serine,
threonine, cysteine, asparagine and glutamine. The positively charged (basic) amino acids
include lysine, arginine and histidine. The negatively charged (acidic) amino acids include
aspartic acid and glutamic acid. It will therefore be appreciated which amino acids may be
replaced with an amino acid having similar biophysical properties, and the skilled technician will
know the nucleotide sequences encoding these amino acids.

[0129] All of the features described herein (including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or process so disclosed, may be combined
with any of the above aspects in any combination, except combinations where at least some of
such features and/or steps are mutually exclusive.

[0130] For a better understanding of the invention, and to show how embodiments of the same
may be carried into effect, reference will now be made, by way of example, to the
accompanying Figures, in which:-

Figure 1 is a table showing features of the phagemid-AAV (PAAV) virus particle according to
the invention compared to prior art AAVP virus particles;

Figure 2 shows schematic illustrations of embodiments of a Helper Phage and a Phagemid
genome (PAAV) according to the invention, and a phagemid-AAV (PAAV) particle that is created
by the Helper and phagemid. Structural genes are integral to packaging of DNA in to virus
particles, and are supplied by the replication-defective Helper phage. The phagemid genome is
extremely parasitic to the Helper phage. Ultimately, the PAAV particles are produced at yields
that far surpass prior art systems;
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Figure 3 is a schematic representation of one embodiment of a phagemid genome (PAAV);

Figure 4 shows the respective locations of fi ori and pUC ori on the phagemid genome shown
in Figure 3;

Figure 5 shows the location of a selection marker gene (AmpR) on a recombinant adeno-
associated virus (rAAV) transgene cassette on the phagemid genome shown in Figure 3;

Figure 6 shows the rAAV transgene cassette on the phagemid genome shown in Figure 3,
which contains a gene of interest (e.g. GFP), the expression of which is driven by a CMV
promoter and/or enhancer sequences, and tailed with a polyA signal. The entire transgene
cassette is flanked by Inverted Terminal Repeat sequences (ITRs) from AAV;,

Figure 7 shows an embodiment of the Helper phage which is a bacteriophage engineered for
rescuing phagemid particles from prokaryotic hosts carrying a phagemid genome, such as that
shown in Figure 3;

Figure 8 shows a section of the genome of the helper phage shown in Figure 5 comprising the
RGDA4C targeting peptide in the plll minor coat protein;

Figure 9 shows a first embodiment of a method for producing phagemid-AAV (PAAV) particles;

Figure 10 shows a second embodiment of a method for producing phagemid-AAV (PAAV)
particles;

Figure 11 shows one embodiment of a phage-based approach for in vitro AAV production
showing the three vectors, (i) phagemid-AAV (PAAV), (i) Rep-Cap phagemid, and (iii)
adenohelper phagemid;

Figure 12 shows the genome map of an embodiment of the adenohelper phagemid vector
shown in Figure 11;

Figure 13 shows the genome map of an embodiment of a Rep-Cap phagemid vector shown in
Figure 11;

Figure 14 shows an embodiment of a unified adenohelper-Rep-cap phagemid-AAV (PAAV)
vector;

Figure 15 shows the genome map of an embodiment of the unified adenohelper-Rep-Cap
phagemid vector shown in Figure 11;

Figure 16 shows an embodiment of in situ AAV production using either the three phagemid
vectors shown in Figures 11-13, or the unified adenohelper-Rep-Cap-AAV phagemid vector
shown in Figures 14 and 15;

Figure 17 shows Transmission Electron Microscopy (TEM) of known AAVP vectors and PAAV
vectors according to the invention. (A) RGD.AAVP.GFP filament (pink) is typically 1455.02nm in
length. (B) RGD. PAAV.GFP filament (blue) is typically 729.96nm in length; helper phage
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presentin virus sample (green) is typically 1186.03nm in length;

Figure 18 shows internalisation of known AAVP vectors and PAAV vectors according to the
invention in: (A) 293AAV and (B) U87 cells after 2 and 4 hours. Flow cytometric analysis was

used with gating threshold set at 20000 events of total cell population. (n=3) *=p<0.05,
**=p<0.01;

Figure 19 shows quantification of GFP-positive cells 9 days post-transduction in (A) 293AAV,
(B) 293AAV with the addition of DEAE.DEXTRAN, (C) U87 and (D) U87 with the addition of
DEAE.DEXTRAN. Flow cytometric analysis was used with gating threshold set at 20000 events

of total cell population. (n=3) *=p<0.05, **=p<0.01;

Figure 20 shows quantification of genome copy numbers of rAAV-GFP from cell lysates
following phagemid-guided gene transfer (A) or transfection (B) of rAAV expression elements.
(Experiment A: n=1; Experiment B: n=3);

Figure 21 shows immunofluorescence staining of UW228 and DAOY human medulloblastoma
cells to demonstrate expression of ay, Bz and Bg integrin subunits, receptor for RGD4C-

phagemid. Tumour cells were stained using primary rabbit anti-ay, B3 or B5 antibodies (diluted

1:50 in PBS-1%BSA), then with goat anti-rabbit AlexaFluor-488 secondary antibody (showed in
green) and counterstained with 0.05 pg/ml DAPI (in blue). Images were taken using a confocal
microscope;

Figure 22 shows targeted gene delivery to paediatric medulloblastoma cells by RGD4C-
phagemid. Medulloblastoma cells (UW228) were grown on 96 well-plates, then transduced with
RGD4C-phagemid vector carrying the Luciferase gene (RGD). Untreated cells or cells treated
with the non-targeted vector (M13) were used as negative controls. Luciferase expression was
monitored over a time course from day 2 to 4 after transduction;

Figure 23 shows Western blot analyses showing down regulation of mTOR expression in
paediatric UW228 and DAOY medulloblastoma cells following treatment with RGD4C-
phagemid carrying the mTOR/shRNA (RGD4C-mTOR/shRNA)). Cell lysates were collected at
day 4 post vector treatment, and total proteins were measured by BCA assay. Western blot
was probed with a monoclonal antibody to human mTOR (Cell Signalling). Untreated cells
(CTR) and cells treated with RGD4C-phagemid, lacking mTOR/shRNA, (RGD4C) were used as
negative controls;

Figure 24 shows combination treatment of temozolomide (TMZ) and RGD4C-phagemid
carrying shRNA for mTOR in medulloblastoma. Medulloblastoma cells (UW228 and DAQY)
were transduced with RGD4C-phagemid (RGD4C) or RGD4C-phagemid carrying
MTOR/shRNA (RGD4C-mTOR/shRNA). Untreated cells were also used as controls. At day 7
post vector treatment, temozolmide (TMZ, 100 uM) was added in a few treated wells to assess
effect of combination of vectors with chemotherapy. Images were taken at day 8 after vector
treatment;

Figure 25 shows treatment of medulloblastoma cells with TNFa vectors. UW228 cells were
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treated with RGD4C-phagemid-TNFa (RGD4C/TNFa) and non-targeted (ctr). A) Expression of
TNFa in the medium of vector-treated cells, measured using human TNFa ELISA Max. B) Cell
viability, using MTT assay, following expression of TNFa. Error bars: mean + SEM;

Figure 26 shows immunofluorescence staining of DIPG cells to demonstrate expression of ay,
B3 and Bs integrin subunits, receptor for RGD4C-phagemid. Cells were stained using primary

rabbit antibodies then with goat anti-rabbit AlexaFluor-488 secondary antibody. Control cells
received secondary antibody alone. Images were taken using a confocal microscope;

Figure 27 shows selective and dose dependent delivery of gene expression to DIPG cells by

RGD4C-phagemid/AAV. Increasing vector dose 1 x 108 or 2 x 108 TU/cell of RGD4C-
phagemid-Luc (RGD4C) carrying the reporter Luc (luciferase) gene was used to treat DIPG
cells. Luc expression was measured daily. Non-targeted vector lacking RGD4C (ctr) was used
as negative control for targeting. Error bars: mean + SEM;

Figure 28 shows Treatment with RGD4C-phagemid-TNFa. DIPG cells were transduced with 2

x 108 TU/cell RGD4C-phagemid-TNFa (RGD4C) and non-targeted vector as negative control
(ctr). Apoptotic activity was measured at day 9 post-vector treatment using caspase-Glo assay

(caspase 3/7, caspase 8, and caspase9). Error bars: mean £+ SEM. * P < 0.05, ** P < 0.01,
***P <0.001;

Figure 29 shows luciferase expression after transduction with RGD.PAAV at various
concentrations of transducing units;

Figure 30 shows luciferase expression after transduction with NT.PAAV at various
concentrations of transducing units; and

Figure 31 shows the percentage of PAAV vectors bound to the cell surface of 293 AAV cells.
RGD.PAAV vectors had 58.2% binding efficiency, whereas M13.PAAV vectors had 7.1% binding
efficiency relative to their respective controls.

Background

[0131] The development of gene delivery technology is instrumental to successful translation
of basic research to the society. In the past decade, a number of viral and non-viral vectors
have emerged as potential delivery vectors for industrial and therapeutic applications. An
important property of vectors, in addition to being efficient at delivering genes, is that it must
also be easily produced and commercially viable. In 2006, Hajitou et al. attempted to fulfil the
need for such vectors by creating a hybrid between recombinant adeno-associated virus
(rAAV) and filamentous bacteriophage (phage), called the Adeno-associated Virus/Phage
(AAVP) (Nature protocols 2, 523-531 (2007); Cell 125, 385-398 (2006)). The resulting AAVP
vector possesses favourable characteristics of mammalian and prokaryotic viruses, but does
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not suffer from the disadvantages that those individual vectors normally carry. However, there
are certain aspects of the AAVP vector that still leaves room for significant improvement. Above
all, this includes the genetic design of the vector, which carries ramifications in its production
and therapeutic properties. Ultimately, this leads to AAVP's relatively low gene transduction
efficacy when compared to mammalian viruses.

[0132] The research described herein relates to the design of the most advanced version of
phage gene delivery vectors and their superiority to the known and existing phage vector,
AAVP, by using a so-called "phagemid system", with the new phagemid vector being referred to
as Phagemid/Adeno-associated Virion Phagemid (i.e. PAAV). Unlike the AAVP genome, which
consists of a rAAV cassette inserted in to the filamentous phage genome, the PAAV genome
does not contain any structural phage genes - a prokaryotic helper virus is required to facilitate
vector assembly (Mol Ther 3, 476-484; Pharmaceutical research 27, 400-420 (2010)).
Separating the reproductive and therapeutic elements of the virus in to a therapeutic vector
carrying the transgene and a separate helper virus carrying the structural genes substantially
decreases the genome/vector size and thereby significantly increases transgene capacity, a
useful advantage for gene therapy applications of the new system. Consequently, this results in
the encapsidation of a eukaryotic virus genome into the capsid of a prokaryotic virus, resulting
in a vector as hybrid between eukaryotic genome and prokaryotic capsid with enhanced
production yield, gene transduction efficiency and flexibility of the vector system for other
applications.

[0133] As described in the Examples below, the inventors have:-

1. 1. Designed and constructed a hybrid Phagemid - AAV Vector (PAAY) particle expression
system;

2. 2. Characterised and determined whether the phagemid/AAV vector (PAAV) is more
efficient at gene transduction than the known AAVP system at various stages, including
but not limited to:

1. a. Binding to the cell surface,

2. b. Internalisation of the vector from the cell surface,

3. ¢. Translocation of the vector genome to the host nuclei, and
4. d. Recombinant transgene expression.

3. 3. Determined whether the hybrid phagemid PAAV vector system is capable of producing
rAAV from a mammalian producer cell-line.

[0134] Referring first to Figure 1, there is shown a table comparing features of the phagemid-
AAV (PAAV) particles according to the invention (i.e. virions) with the prior art AAVP viral
particles. As can be seen, the PAAV particles (6kb) of the invention are much smaller than the
known AAVP particles (14kb), i.e. 42% less DNA, and 50% shorter viral particles, and the PAAV
particles are produced at yields that far surpass prior art systems (100X) the yield of AAVP). As
a result, PAAV particles of the invention can carry larger payloads, which is very useful for
delivering multiple transgenes in gene therapy approaches. The inventors have therefore
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demonstrated that the modified bacteriophage expression system (PAAV) can be used as a
highly viral vector for gene therapy, or for large-scale production of viral vectors.

Example 1 - Phagemid - AAV Vector (PAAV) Construction

[0135] Referring to Figure 2, there is shown an embodiment of a Helper Phage genome and a
Phagemid genome (PAAV DNA) according to the invention, which are used together upon
expression in a prokaryote to produce the phagemid-AAV (PAAV) particle, also shown in Figure
1. Structural genes are integral to packaging of DNA in to virus particles, and are supplied by
the replication-defective Helper phage, which is discussed in detail below. The phagemid
genome is extremely parasitic to the Helper phage, meaning it outcompetes the replication-
defective helper phage in both replication and packaging.

A) Phagemid/AAV Vector

[0136] Referring now to Figure 3, there is shown one embodiment of the phagemid genome
which is a plasmid containing two origins of replication and two other genetic elements.
Phagemid genomes require two origins of replication to facilitate both its replication inside the
prokaryotic (e.g. bacterial) host and packaging into phagemid particles when rescued by a
helper virus.

[0137] Referring to Figure 4, the first origin of replication (ori) is a high-copy number origin of
replication (pUC ori) that enables replication of the double-stranded phagemid (dsDNA) inside
the prokaryotic host at large quantities. The second origin of replication is a phage origin of
replication (f1 ori) that enables replication of the plasmid into single-stranded DNA, which can
subsequently be packaged into a phagemid vector particle (PAAY).

[0138] Referring to Figure 5, the phagemid genome includes a selection marker gene. In order
for the phagemid genome to replicate efficiently inside the prokaryotic host, a selection marker
(e.g. ampicillin resistance) is used to ensure expression and provides selective pressure to
prevent loss of the phagemid genome in the form of an antibiotic resistance gene (with its own
promoter). This ensures expression (and replication) of the phagemid genome when the
prokaryotic host is cultured in the presence of the antibiotic that the selection marker confers
resistance to.

[0139] Referring to Figure 6, the phagemid genome further includes a recombinant (adeno-
associated virus, AAV) transgene cassette which contains a transgene of interest. This can
include, but is not limited to, polypeptides/proteins, short hairpin/small interfering/short guiding
RNAs, or a combination of both. By way of example only, the transgene shown in Figure 6
encodes GFP and human Beta-globin. Expression of the transgene is driven by a viral
promoter (e.g. CMV) and/or enhancer sequences, and tailed with a polyA signal to prevent
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degradation. The promoter can also be a mammalian and tumour specific promoter in cancer
gene therapy applications (i.e. promoter of the Glucose Regulated Protein [grp78]). The entire
transgene cassette is flanked by Inverted Terminal Repeat sequences (ITRs) from AAV, which
form a protective hairpin structure allowing the transgene cassette to be stably maintained as
concatameric episomal (extra-chromosomal) DNA in the mammalian cell nucleus transduced
by the phagemid particle. The ITRs enable AAV transgene cassettes to be stably expressed
over a long period of time.

[0140] The phagemid, despite having a small genome, is unable to package itself into particles
as it lacks structural phage genes. As a result, it requires "rescuing” by a helper virus, as
shown in Figure 7, which provides structural (i.e. capsid) proteins required for formation and
extrusion of particles from the prokaryotic host. Conventionally speaking, genetic elements in
the vector are generic and used widely in genetic engineering.

B) Helper phage

[0141] Referring to Figure 7, the helper phage (referred to herein as M13KO7) is a
bacteriophage engineered specifically for rescuing phagemid particles (i.e. PAAV) from
prokaryotic hosts carrying and/or containing the phagemid genome shown in Figure 3. The
helper phage contains a disrupted origin of replication (p15a, medium copy number) and
packaging signal, which significantly deters its ability to package itself into phage particles.
Consequently, the phagemid genome will outcompete the helper phage in both replication and
packaging.

[0142] In order to give the phagemid targeting properties (or multifunctional properties as
described in WO 2014/184528), the genome of the helper phage must be engineered to do so,
as it provides the structural capsid proteins for phagemid particle assembly. For example, the
helper genome may encode a plll capsid minor coat protein that is configured to display a cell-
targeting ligand for enabling delivery of the resultant PAAVP particle to a desired target cell
(e.g. tumour). It can also encode at least one pVIIlI capsid major coat protein that is configured
to display a foreign peptide on the resultant PAAV particle. In one embodiment, therefore, it is
desired to induce a 9-amino acid mutation in the plll minor coat protein to confer specificity to
angiogenic tumour cells and tumour endothelial cells that express ay,B3 and a,ps integrins.

Thus, referring to Figure 8, the genome of the helper phage comprises the RGD4C targeting
peptide (CDCRGDCFC - SEQ ID No: 7).

[0143] Once the PAAVP phagemid genome and the Helper phage have been constructed, they
are used together to produce, in a prokaryotic host, the Phagemid - AAV Vector (PAAV)
particle, as discussed below.

Example 2 - Phagemid - AAV Vector (PAAV) Production




DK/EP 3371315 T3

[0144] The inventors have devised two different methods (Methods 1 and 2) for producing the
Phagemid - AAV Vector (PAAV) particle, and these are illustrated in Figures 9 and 10.

Notes:

[0145]

s TG1: a strain of E. coli that carries the fertility factor (F' pilus).

o 2XYT: liquid broth used to culture TG1 E. coli.

« Kanamycin: antibiotic resistance selection marker present on the helper phage.

« Ampicillin: antibiotic resistance selection marker present on the phagemid vector.

« TYE top agar: solid media used to culture TG1 E. coli, adapted from 2x TY by the
addition of 1.25% bacteriological agar.

Phaeemid/AAV Vector (PAAV) Production Method 1: Infective Rescue

[0146] With reference to Figure 9:

1. 1. Add 4-5 ml of TG1 E.coli carrying PAAV genome pre-culture (overnight) to 60 ml 2xYT
(100ug/ mL Ampicillin) supplemented with 1% glucose.
2. 2. Incubate culture at 37° in shaker (250 RPM).

3. 3. Once ODgyy is in the range of 0.5 to 0.8 (log phase), add at least 1x10'9 transducing

units of helper phage (M13KO7) to culture.

4. 4. Invert to mix. Incubate at 37° for 30 minutes.

5. 5. Pour the infected starter culture from step 3 in to a 2L flask with 2x YT (100ug/mL
Ampicillin + 25ug/mL Kanamycin) supplemented with 1% glucose to a final volume of
400-450mL.

6. 6. Incubate overnight in an orbital shaker at 37°, 250rpm for 16-20 hours.

7. 7. Purify phagemid (PAAV) particles from culture supernatant.

[0147] The benefits of Method 1 are its very high yields.

Phagemid/AAV Vector (PAAV) Production Method 2: Stable producer cell-line With

reference to Figure 10:

Part 1: Competent producer cell-line production
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[0148]

1. Transform and plate TG1 competent E.coli (Zymo Research, USA) with ssDNA genome
from helper hage M13KO7 in TYE top agar (50ug/mL Kanamycin)

1. Pick individual colonies and inoculate 5mL 2xYT media (50ug/mL Kanamycin) supplemented
with 1% glucose.

2. Incubate overnight in an orbital shaker at 37°, 250rpm for 16-20 hours

3. Check for true positive transformants by extracting DNA from the 5mL overnight cultures
using a commercial extraction kit (QIAGEN, Netherlands) and run on 1% agarose gel
(100volts, 2.5mA) against a DNA ladder.

4. Prepare chemically competent cells from the correct transformant identified in step 4 using a
published protocol (adapted from that published by Krantz et al., UC Berkeley)

Part 2: PAAV Phagemid Particle Production

[0149]

1. 1. Transform competent cell-line created in Part 1 with a Phagemid/AAV genome and
plate on TYE top agar (100ug/mL Ampicillin + 50ug/mL Kanamycin)

2. 2. Pick a colony and inoculate 5mL 2xYT (100ug/mL Ampicillin + 50ug/mL Kanamycin)
supplemented with 1% glucose.

3. 3. Incubate in an orbital shaker at 37°, 250rpm for 4 hours

4. 4. Pour the infected starter culture from step 3 in to a 2L flask with 2xYT (100ug/mL
Ampicillin + 25ug/mL Kanamycin) supplemented with 1% glucose to a final volume of
400-450mL

5. 5. Incubate overnight in an orbital shaker at 37°, 250rpm for 16-20 hours

6. 6. Purify phagemid particles from culture supernatant

PAAV Phagemid Particle Purification

[0150]

1. 1. Transfer the warm overnight culture to centrifuge bottles and pellet the bacteria by
centrifugation at 3300G, 4° for 30 minutes.
2. 2. Discard the pellet and transfer supernatant to a clean centrifuge bottle.
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3. 3. Add 30% volume of supernatant in each bottle with ice-cold 20% PEG-8000/2.5M
NaCl and swirl to mix.

. 4. Incubate on ice for 4-24 hours

. 5. Precipitate phagemid particles by centrifugation at 10000G, 4° for 30 minutes. Discard
the supernatant.
6. 6. Dry the phagemid particle pellet by centrifugation at 10000G, 4° for 1 minute.
7. 7. Remove remaining supernatant with PEG/NaCl
8. 8. Resuspend the phagemid particle pellet in 0.5-2mL PBS
9. 9. Filter the resuspended phagemid particle preparation using a 0.45 micron filter.

10. 10. Keep the preparation at 4°. The preparation is stable for up to 2 years 4°. A 25%

glycerol stock can be stored indefinitely at -80°.

(S N

Example 3 - Use of Phagemid - AAV Vector (PAAV) for gene therapy techniques

[0151] Examples 1 and 2 describe the components of the invention (i.e. phagemid genome
shown in Figure 3 and helper phage shown in Figure 7) required to produce the Phagemid -
AAV Vector (PAAV) particle and two methods of production. Once produced and purified, the
PAAV particles can have a range of uses, such as in gene therapy.

[0152] As an example, the PAAVP particles described herein carry the GFP transgene, as it is
readily detectable in known assays to show successful delivery to a target cell. In therapy, any
transgene may be selected and engineered into the phagemid genome shown in Figure 3, to
be carried in the resultant PAAV particles. For example, the transgene may be any gene
encoding a protein, which may have therapeutic or industrial utility. For example, the transgene
may encode dystrophin, a blood coagulation factor, insulin or a cytokine receptor sub-unit. The
transgene may also encode a short hairpin/small interfering/short guiding RNA molecule using
in RNAI therapy. The transgene may encode multiple polypeptides, nucleic acids, or a
combination of both, fused together using an internal ribosomal entry site (IRES) or a viral
fusion peptide (T2A peptides for in-frame fusion).

Example 4 - Use of Phagemid - AAV Vector (PAAVP) for in vitro AAV production

[0153] In addition to gene therapy, the PAAVP particles described herein can be used in novel
methods for producing adeno-associated virus (AAV). Phage-guided AAV production utilizes
the ability of the phagemid particles to package large amounts of dsDNA. A typical AAV
production system consists of three major elements: rAAV, rep-cap and adenohelper genes,
which function together to production recombinant AAV particles. The inventors have devised
two different strategies.

[0154] With reference to Figure 11, the first strategy employed is to produce three different
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phagemid vectors that carry the rAAV-producing elements. These are the Phagemid - AAV
Vector (PAAV) (see Figure 3), the adenohelper phagemid particle (see Figure 12), and the rep-
cap phagemid particle (see Figure 13). The basic structures of these particles are similar, as
they contain two origins of replication and a selection marker, as described in the
phagemid/AAV construction section. The key difference, however, is the transgene cassette.
While the Phagemid - AAV (PAAV) genome contains an AAV transgene cassette, as shown in
Figure 3, the adenohelper and rep-cap particles contain the adenohelper transgene or rep-cap
transgene, as shown in Figures 12 and 13, respectively.

[0155] In another embodiment, the inventors have genetically engineered a so-called "unified
construct” that contains all of the required elements inside a single vector genome, as shown in
Figures 14 and 15.

[0156] When introduced into the same mammalian producer cell (see Figures 11 and 14),
either on separate vectors or on the same unified vector, the rep-cap and adenchelper genes
behave as trans-acting elements that facilitate packaging of the rAAV genome in the
phagemid/AAV vector. This production process is comparable to transient co-transfection of
three plasmids. However, in this case, the plasmids are replaced with phagemid vectors
carrying the very same elements.

[0157] Below is described a protocol for PAAVphagemid-guided production of adeno-
associated virus (AAV).

Notes:

[0158]

DMEM: Dulbecco's Modified Eagle Medium.

FBS: Foetal Bovine Serum, a growth supplement.
Complete media: DMEM + 10% FBS.

EDTA: Ethyl-diamine tetra-acetic acid, an ion chelator used to dissociate cells by sequestering
calcium ions required for tight junction formation.

GlutaMax: a growth supplement, analogue of L-Glutamine.

Protocol for phagemid-guided AAV production:

[0159]
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1. 1. Seed and grow HEK293 cells in complete media (DMEM supplemented with 10%
FBS, 20mM GlutaMax, Penicillin/Streptomycin and Non-Essential Amino Acids) in a
15cm tissue culture plate for a minimum of 48 hours until 80% confluence is achieved.

2. 2. Mix Phagemid/AAV, rep-cap phagemid and adeno-helper phagemid to achieve a 1:1:1
transducing unit ratio under 5mL total volume OR Aliquot a unified vector (single vector
containing all three elements in a single particle) to achieve imillion transducing units per
cell.

3. 3. Add an equal volume of serum-free DMEM (supplemented with 20mM GlutaMax) to

the transduction mixture made in step 3.

. 4. Invert to mix. Incubate at room temperature for 15 minutes.

. 5. Wash the HEK293 cells plated in step 1 with PBS, repeat 3 times.

. 6. Add the transduction mixture and swirl gently to distribute the mixture evenly.

. 7. Incubate at 37°, 5% CO2 in a cell culture incubator for 72 hours

1. a. After 6 hours of incubation with the transduction mixture, supplement with an
equal volume of complete media (DMEM supplemented with 10% FBS, 20mM
GlutaMax, Penicillin/Streptomycin and Non-Essential Amino Acids).

2. b. After 24 hours, replace media with complete media (DMEM supplemented with
10% FBS, 20mM GlutaMax, Penicillin/Streptomycin and Non-Essential Amino
Acids).

~N O O M

rAAV Purification:

[0160]

1.1. Add 0.5M EDTA solution to the medium in the tissue culture plate to a final
concentration of 0.010M, incubate for 5 minutes at room temperature.
2. 2. Collect the cells and media by aspiration and trituration and transfer to a 50mL
centrifuge tube.
3. 3. Pellet the cells by centrifugation at 1500RPM, 5 minutes, Room temperature.
1. a. Optional: collect the supernatant for further AAV purification.
4. 4. Resuspend the cell pellet in 2-5mL serum-free DMEM.
5. 5. Lyse the cells in the suspension by subjecting to 4 freeze-thaw cycles in an ethanol-
dry ice bath and a water bath set to 37°.
6. 6. Centrifuge the cell lysate at 10000G, 10 minutes at Room temperature.
1. a. Aliquot the supernatant for quantification/further purification/ concentration.
2. b. Discard the pellet (debris).

Example 5 - Use of Phagemid - AAV Vector (PAAV) for in situ AAV production
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[0161] Referring to Figure 16, the inventors have devised a method for the in situ production of
AAV particles using the PAAV.

[0162] Firstly, an optimal dose (or multiple doses) of the three phagemid vectors or the unified
vector are introduced in Vivo through intravenous/thecal/peritoneal or
intramuscular/subcutaneous (or any of the aforementioned routes of administration). The
diseased tissue is a tumour displaying the relevant integrins and so the targeting moiety on the
phagemid PAAV particles is the RGD4C sequence. The tumour should start to produce rAAV
containing the viral transgene encoded in the hybrid phagemid particle and not wild-type AAV.
These AAV particles should autoinfect nearby sites, as they naturally have high affinity to
mammalian tissue, and eradicate the tumour over a given time.

Example 6 - Engineering Pseudovirions for Large-scale Targeted Gene Transfer and
Recombinant Adeno-associated Virus Production

Transmission Electron Microscopy

[0163] In characterising the particles, the inventors imaged PAAV particles to show that vector
size is substantially reduced when using the phagemid-based vector system. Using
Transmission Electron Microscopy, the inventors imaged and measured the length of PAAV of
the invention and known AAVP particles on mesh copper TEM grids after negative staining with
uranyl acetate (see Figure 17). It was found that the average AAVP particle was 1455.02nm in
length (Fig. 17A), while a typical PAAV particle according to the invention is only 729.96nm in
length (Fig. 17B) - which equates to approximately 50% reduction in particle size. Compared to
the helper phage that is used to produce PAAV particles (typically 1186.03nm, Fig. 17B), the
relative vector size is approximately 38% shorter than the helper virus.

[0164] The difference in vector size forms the basis of the theory that PAAV may be more
efficient as a gene delivery vector than the AAVP, not only in terms of production yield, but also
in subsequent infection processes when entering and expressing genes in mammalian cells.
As such, the inventors probed vector efficiency at various stages of infection, including binding,
internalisation, and gene expression in 293AAV (a derivative of Human Embryonic Kidney 293)
and U87 glioblastoma cell lines.

Vector Intemalisation

[0165] Following binding, vectors undergo receptor-mediated endocytosis by the target cell. To
investigate potential differences in vector internalisation, the inventors assayed the number of
internalised vectors in target cells at two time-points (2 hours, 2H; 4 hours, 4H) using flow
cytometry (see Fig. 18). It was found that PAAV vectors were internalised more efficiently at 2
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hours (Median Fluorescence Intensity (MFI) = 1031.7, 335 higher than AAVP, p<0.05) and to a
greater overall extent at 4 hours when compared to AAVP in both cell lines. The MFI at 2 hours
for PAAV was significantly higher than AAVP by 335 for 293AAV and 207 for U87 cells (p<0.05).
At 4 hours post-transduction, this difference became substantially greater for 293AAV (829
MFI1, p<0.05), but less so for U87 (157 MFI, non-significant). Overall, the MFI peaked at 2092
(293AAV, p<0.05, Fig 18A) and 1137 (U87, Fig 18B) for PAAVi-treated cells, which was
significantly higher than AAVP, which respectively peaked at 1063 (293AAV) and 980 (U87).
The data demonstrates that PAAV performed consistently better than AAVP in rate and extent
of internalisation for both time-points in both cell-lines.

Green Fluorescent Protein Expression following AAVP and PAAV-mediated Gene
Transfer

[0166] To investigate whether the differences in vector internalisation translates to increased
gene expression, the inventors performed a GFP-expression assay using RGD and NT
PAAV.GFP and AAVP.GFP vectors (see Fig 19). In this experiment, they also tested whether
addition of the cationic polymer DEAE.DEXTRAN (Dex) could enhance gene transfer by
increasing the bioavailability and endosome-escape of PAAV vectors, as described in
WO02014/184529. Nine days post-transduction, cells were trypsinised, and counted and
analysed using a flow cytometer. It was found that transgene expression was generally higher
in 293AAV cells than U87, regardless of whether Dex was used to assist vector transduction.
When vector alone is used, the targeted RGD.PAAV.GFP vector transduces target cells with
higher efficacy (7.7%, p<0.01 and 1.4%, p<0.05 GFP +ve cells in 293AAV and U87 cells,
respectively) - compared to AAVP, this translates to a 2.44 and 1.56 fold increase respectively
in 293AAV and U87 cells (Fig 19A, C).

[0167] When Dex is added however, gene expression increases dramatically for RGD.AAVP
and RGD.PAAV vectors. In 293AAV cells, GFP expression in RGD.AAVP.GFP treated cells
increased to 25% while RGD. PAAV.GFP treated cells experience a substantial increase to 50%
(all p<0.01); addition of Dex resulted in an increase in gene expression of 7.9-fold for
RGD.AAVP and 6.5-fold for RGD. PAAVP (Fig 19B, D). In U87 cells, which is regarded as highly
resilient to transduction, Dex was able to augment gene expression by over 3.6-fold in
RGD.PAAV.GFP to 4.8% GFP+ve cells (p<0.01) - this was not the case for RGD.PAAV.GFP, as
Dex increased gene expression by only 1.5-fold to 1.3% GFP+ve cells (p<0.05). Interestingly,
Dex enabled transduction by NT. PAAV (non-targeted) vectors in 293AAV cells (7.34%), but not
with U87.

Phagemid-guided Recombinant Adeno-associated Virus Production

[0168] To assess whether PAAV and phagemid-derived vectors could be used to produce rAAV
in a commercial producer cell-line, the inventors transduced 293AAV cells with three targeted
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vectors, which are normally plasmids that require transfection for gene transfer. They were
able to harvest rAAV particles from the cell lysate and quantify the rAAV gene copy number
(GC) per mL over three time-points after phagemid-guided transduction (Fig. 20A). When
compared to conventional transfection with FuGene6 (transfection reagent, 3.99e11 GC/mL,
Fig 20B), phagemid-guided rAAV production provides over 1.9-fold increase at 168 hours
(7.69e11 GC/mL, Fig 21A) in rAAV yield. Because phagemid-guided gene transfer requires
extensive intracellular processing (unlike transfection), it requires a longer time for viral genes
to be expressed and packaged in to functional particles. When yields are compared at the
same 72-hour time-point however, transfection produced 1.76e11 GC/mL higher than phage-
guided rAAV production. The rAAV vyield per mL culture supernatant from transfection or
phagemid-guided production dishes at all time points were approx. 8-9e10 GC/mL with no
observable trends (data not shown).

Example 7 - Construction and uses of RGD4C-phagemid

[0169] The tripeptide, RGD, is found in proteins of the extracellular matrix, including
fibronectin. The integrins act as receptors for fibronectin by binding to the RGD motif located in
fibronectin in the site of cell attachment to a3 integrin, and so the inventors induced a 9-

amino acid mutation in the plll minor coat protein of the recombinant phagemid particle in
order to confer its specificity to tumour cells and angiogenic tumour-associated endothelial
cells that express a3 and a,Bs integrins. Thus, the genome of the second vector comprises

the RGDA4C targeting peptide (CDCRGDCFC - SEQ ID No: 7).

[0170] Referring to Figure 21, there is shown immunofluorescence staining of UW228 and
DAOY human medulloblastoma cells, which demonstrates the expression of a,, B3 and Bs

integrin subunits, receptor for RGD4C-phagemid. These data demonstrate that the phagemid
vector containing the RGD4C targeting peptide can be used for targeted gene delivery and
gene therapy in the paediatric brain tumor, medulloblastoma.

[0171] Referring to Figure 22, there is shown targeted gene delivery to paediatric
medulloblastoma cells by the RGD4C-phagemid, over a time course of 4 days. The data show
that RGD4C-phagemid mediated efficient and selective gene delivery that increased overtime
in medulloblastoma.

[0172] Figure 23 shows Western blot analyses showing down-regulation of the mammalian
target of rapamycin (MTOR) expression in paediatric U228 and DAOY medulloblastoma cells
following treatment with RGD4C-phagemid carrying the mTOR/shRNA (RGD4C-
mTOR/shRNA)). These data demonstrate that the RGD4C-phagemid can be successfully used
to deliver shRNA in tumor cells to knock down expression of the therapeutic target mTOR in a
selective and efficient way.

[0173] Figure 24 shows combination treatment of temozolomide (TMZ) and RGD4C-phagemid
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carrying shRNA for mTOR in medulloblastoma cells, known for their resistance to
temozolomide. The data demonstrate that targeted the RGD4C-mTOR/shRNA can re-sensitize
medulloblastoma cells to TMZ and achieve complete tumor cell eradication. Therefore,
targeted knockdown of mTOR expression by the RGD4C-phagemid is an efficient strategy to
use in combination with temozolomide against chemoresistant tumor cells, such as
medulloblastoma.

[0174] Figure 25 shows treatment of medulloblastoma cells with TNFa vectors. Therefore,
RGD4C/TNFC1 has therapeutic potential for use in targeted tumor Kkiling such as
medulloblastoma. Figure 26 shows immunofluorescence staining of DIPG cells to demonstrate
expression of ay, B3 and Bs integrin subunits, receptor for RGD4C-phagemid. These data

demonstrate that the phagemid vector containing the RGD4C targeting peptide can be used
for targeted gene delivery and gene therapy in the paediatric brain tumors, DIPG.

[0175] Figure 27 shows selective and dose dependent delivery of gene expression to DIPG
cells by RGD4C-phagemid/AAV. These data prove that RGD4C-phagemid can successfully
deliver gene expression to DIPG in a dose-dependent and selective way. Figure 28 shows
treatment with RGD4C-phagemid-TNFa. These data demonstrate that RGD4C-phagemid can
successfully deliver TNFa to DIPG in a selective manner, resulting in apoptosis induction.
Therefore, RGD4C-phagemid-TNFa has therapeutic potential for use in targeted therapy
against DIPG.

Example 8 - Luciferase expression of RGD4C-phagemid

Protocol:

[0176] HEK cells were plated in a 48-well plate in complete media (DMEM, 10% FCS, 1%
glutamine, 1% penicillin/streptomycin) and incubated for at least 48 hours until 70-80%
confluence was reached. Cells were then washed with PBS and transduced with hybrid
phage/phagemid vectors suspended in serum-free media (DMEM) for 12 hours before the
media was supplemented with complete media. Luciferase expression was measured by
adding 10uL of culture media to 50uL of prepared Quanti-luc (InvivoGen, USA) reagent. The
emission of photos was measured using a plate reader equipped with a luminometer
(promega, USA).

[0177] Figure 29 shows luciferase expression after transduction with RGD.PAAV at various
concentrations of transducing units, and Figure 30 shows luciferase expression after
transduction with NT.PAAV at various concentrations of transducing units. The graphs
demonstrate a dose-dependent exponential relationship between time and expression of
luciferase after incubation with hybrid phage/phagemid vectors at various concentrations. The
figures demonstrate that quantifiable gene expression can be achieved by phagemid vectors



DK/EP 3371315 T3

via an assay for secreted luciferase.

Example 9 - Binding of RGD.PAAV vector to 293 AAV cells

Protocol:

[0178] 293AAV cells were seeded on 24-well plates in complete media (DMEM +10%FCS,
1%Glutamine, 1% Penicillin/Streptomycin), and were left to reach 70-90% confluence for a
minimum of 48 hours. The cells were washed twice with 500uL PBS and placed on ice before
being transduced with 200000 TU/cell (transducing units/cell) of PAAV vectors suspended in
200uL of serum-free DMEM. After 1 hour of incubation on ice, the media was recovered from
the wells and the amount of phagemid particles were titrated on TG1 E.coli and quantified by
colony-counting.

[0179] Referring to Figure 31, there is shown the percentage of PAAV vectors bound to the cell
surface of 293 AAV cells. RGD.PAAV vectors had 58.2% binding efficiency, whereas M13. PAAV
vectors had 7.1% binding efficiency relative to their respective controls.

Discussion

[0180] There is strong evidence to suggest that targeted PAAV vectors are more efficient than
AAVP vectors at gene transduction in both commercial and disease cell lines. Both
internalisation and gene expression data concordantly indicate that PAAV are more efficient
than AAVP. Evidence is also provided to suggest a strong synergistic effect between Dex and
PAAV vectors on gene transduction that surpasses that of AAVP. Although these data suggest
that PAAV are superior to AAVP, it must also be considered that PAAV vector samples contain
helper phage contamination. Despite efforts in optimising experimental conditions during vector
production, helper phage contamination (in this case, approx. 1/10) is unavoidable and will
competitively inhibit transduction as it too displays the RGD targeting sequence on its minor
coat protein. Taking this into account, the internalisation and gene expression data may very
well be underestimating the ‘'true' efficacy of RGD.PAAV. Additionally, because the
internalisation assay utilises staining of intracellular phage capsid for signal detection, the
smaller overall size (and available capsid protein per particle) of the PAAV means that the
proportional number of particles internalised cannot be compared directly to that of AAVP,
which we have shown using TEM is twice in length compared to PAAV particles. Accordingly,
methods of the invention involve a purification step (e.g. FPLC) to remove the helper phage.

[0181] It is essential that in addition to providing mechanistic insight, future work must
encompass replication of all experiments using pure PAAV samples. In particular, phagemid-
guided rAAV production may benefit greatly from decreased competitive inhibition by helper
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phage contamination and yield multiple fold higher rAAV particles compared to conventional
transfection protocols.

Summary

[0182] Large-scale production of recombinant adeno-associated virus (rAAV) has been a
major hurdle for research, development and commercialization of genetic therapy. Despite
being well-researched, rAAV production has been restricted to laboratory scales due to
scalability limitations. By far, transient transfection of 'producer’ cells has been the most
popular technique, yielding high-purity rAAV vectors with no infectious contaminants, despite
being extremely costly. Thus, an alternative method for gene transfer in rAAV-production
systems is greatly warranted.

[0183] Hybrid phagemid vectors that are highly efficient at gene transfer to mammalian cells
are described. By combining a rAAV transgene cassette to the phage capsid, it is possible to
create a vector system that is easily produced at commercial scales. These phagemid/AAV
(PAAV) vectors have very large cloning capacities and are targeted to mammalian cells,
meaning transfection reagents are not required. As it is possible to clone all genetic elements
for AAV production in to single or multiple phagemid vectors, the inventors have developed this
platform technology for large-scale rAAV production. A novel large-scale rAAV production
system using PAAV and bacteriophage vectors has been developed, in both adherent cells and
in cell-suspensions. This platform technology will enable commercial virus production for
clinical translation at GMP standards and pave the way for commercial production of other
biosynthetics.

SEQUENCE LISTING

[0184]

<110> Imperial Innovations Limited
<120> PHAGEMID VECTOR
<130> 76748PCT1

<160> 13

<170> PatentIn version 3.5

<210>1

<211> 456
<212> DNA
<213> Unknown



<220>

<223> DNA sequence of an F1 bacteriophage ori

<400> 1

acgegcecetyg
ctacacttge
cgttegecgg
gtgectttacy
catcgeccetyg
gactcttgtt
aagggatttt
acgcgaattt
<210> 2

<211> 589
<212> DNA

tagcggegea
cagcgccecta
cttteccecegt
gcacctegac
atagacggtt
ccaaactgga
gecgattteg

taacaaaata

<213> Unknown

<220>

<223> DNA sequence of a PUC ori of an origin of replication

<400> 2
ttgagatect

agcggtggtt
cagcagagcg
caagaactct
tgccagtgge
ggcgcagegg
ctacaccgaa
gagaaaggcyg
gctteccaggg
tgagcgtcga

<210>3
<211> 663
<212> DNA

ttttttetge
tgtttgeecgg
cagataccaa
gtagecaccge
gataagtcgt
tcgggctgaa
ctgagatacc

gacaggtatc

ggaaacgcct

tttttgtgat

<213> Unknown

<220>

<223> A DNA sequence of a promoter of a Cytomegalovirus

<400> 3

ttaagegegg
gegeccgete
caagctctaa
cccaaaaaac
tttegecett
acaacactca
gectattgot

ttaacgttta

gcgtaatectg
atcaagagct
atactgtcct
ctacatacct
gtcttaccgg
cggggggtte
tacagcgtga

cggtaagegyg

ggtatcttta

gctegtcagg

cgggtgtggt
ctttegettt
atcggggget
ttgatttggy
tgacgttgga
accctatcete
taaaaaatga

caattt

ctgettgeaa
accaactctt
tectagtgtag
cgctetgeta
gttggactca
gtgcacacag
gotatgagaa

cagggtcgga

tagtcctgte

ggggcggage

ggttacgcge
cttcecttee
ccetttaggg
tgatggttca
gtecacgtte
gggctattcet

gctgatttaa

acaaaaaaac
tttcecgaagg
ccgtagttag
atcctgttac
agacgatagt
cccagettgg
agcgecacge

acaggagagc

gggtttegee

ctatggaaa

agegtgacceg
tttetegeca
ttcecgattta
cgtagtggge
tttaatagtg
tttgatttat

caaaaattta

caccgetace
taactggcett
gccaccactt
cagtggectge
taccggataa
agcgaacgac
ttccegaagg

gcacgaggga

acctctgact

acgegtggag ctagttatta atagtaatca attacggggt cattagttca tageccatat

atrercardtFnn ok amata anttbancata astrccnnncn A recatcann crAanMaancean
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60
120
180
240
300
360
420

456

60
120
180
240
300
360
420

480

540

589

60

120



ALYy -
coccegecceat
cattgacgtc
tatcatatgc
tatgcccecagt
atcgectatta
gactcacggyg
aaaatcaacyg
gtaggcgtgt
cctggagacyg
tee
<210> 4

<211> 479
<212> DNA

Yryrravaca
tgacgtcaat
aatgggtgga
caagtacgcc
acatgacctt
ccatggtgat
gatttccaag
ggactttcca
acggtgggag

ccatccacge

<213> Unknown

<220>

acvLracuyea
aatgacgtat
gtatttacgg
ccctattgac
atgggacttt
gcggttttgg
tectecaccce
aaatgtcgta
gtctatataa

tgttttgacce

ALY Y ey
gttcocccatag
taaactgecce
gtcaatgacg
cctacttgge
cagtacatca
attgacgtca
acaactacge
gcagagcteg

tccatagaag

oYy Ly R
taacgtcaat
acttggcagt
gtaaatggcc
agtacatcta
atgggcgtgg
atgggagttt
cccattgacg
tttagtgaac

acaccgggac

Y aauyan
agggactttc
acatcaagtg
cgectggeat
cgtattagtce
atagcggttt
gttttgeacc
caaatgggcg
cgtcagatceg

cgatccagec

DK/EP 3371315 T3

Tawv

180
240
300
360
420
480
540
600
660

663

<223> The DNA sequence of one embodiment of a nucleic acid for encoding a polyA tail

<400> 4
acgggtggea

cagtgcccac
ccttctataa
caacctgtag
ggctcactge
tgttgggatt

ggggtttcac

cttggecetee

<210>5
<211> 130
<212> DNA

tcectgtgac
cagccttgtc
tattatgggg
ggcctgeggy
aatctccgee
ccaggcatge

catattggcce

caaattgctg

<213> Unknown

<220>

ccctececag
ctaataaaat
tggagggggg
gtctattggg
tcecctgggttce
atgadcaggce

aggctggtet

ggattacagg

tgectetect
taagttgcat
tggtatggag
aaccaagctg
aagcgattcet
tecagctaatt

ccaactccta

cgtgaaccac

ggccctggaa
cattttgtct
caaggggcaa
gagtgcagtg
cctgectcag
tttgtttttt

atctcaggtg

tgcteccette

gttgccacte
gactaggtgt
gttgggaaga
gcacaatctt
cctececgagt
tggtagagac

atctacccac

cetgtectt

60
120
180
240
300
360

420

479

<223> The DNA sequence of one (left) embodiment of an Inverted Terminal Repeat
sequences (ITR)

<400> 5

cctgcaggeca getgegeget cgctegctca ctgaggecge ccgggegteg ggcegaccttt

ggtegeeegg cctcagtgag cgagegageg cgcagagagg gagtggccaa ctecatcact

aggggttcoct

60

120

130



<210>6
<211> 141
<212> DNA

<213> Unknown

<220>

DK/EP 3371315 T3

<223> The DNA sequence of one (right) embodiment of an Inverted Terminal Repeat
sequences (ITR)

<400> 6

aggaaccect agtgatggag ttggccactc cctcectcectgeg cgetegeteg ctcactgagg

ccgggecgacce aaaggtcgec cgacgeccgg getttgecccg ggeggectca gtgagcegage

gagocgegeag ctgectgeag g

<210>7
<211>9
<212> PRT

<213> Unknown

<220>

<223> The amino acid sequence of a RGD4C targeting peptide

<400> 7

Cys Asp Cys Arg Gly Asp Cys Phe Cys

1

<210> 38
<211> 378
<212> DNA

5

<213> Unknown

<220>

60

120

141

<223> The nucleic acid sequence of one embodiment of a grp78 promoter

<400>8
cecgggggec

gagaggtcac

gotgectete
cgtaccagtyg
gcatgaacca
cggggctgeg
gactacactg
<210>9

<211> 2876
<212> DNA

caacgtgagg

ccgagggaca

attggcggee
acgtgagttg
accagcggece

gggaggatat

acttggac

ggaggacctg

ggcagcetget

gttaagaatg
cggaggaggc
tccaacgagt

ataagccgag

gacggttace

caaccaatag

accagtagce
cgcttegaat
agcgagttca

taggegaccg

ggcggaaacg

gaccagctcet

aatgagtcgg
cggcagcggce
ccaatcggag

gcgagetaga

gtttecaggt

cagggcggat

ctggggggcy
cagcttggtg
gcctecacga

tactggetgt

60

120

180

240

300

360

378



<213> Unknown

<220>

<223> The nucleic acid

genome)

<400> 9

cctgcaggca
ggtcgeeegg
aggggttect
ctegeteget
cggectcagt
tacttacgea
ctgtagcgge
tgcecagegee
cggctttcce
acggcacctc
ctgatagacg
gttccaaact
tttgecegatt
ttttaacaaa
tgecagecatag
ttgtctgeto
tecagaggttt
atttttatag
gggaaatgtg
gctecatgaga

tattcaacat

tgectcaceca
gggttacatc
acgtttteca
tgacgceggyg
gtactcacca
tgctgecata
accgaaggag
ttgggaaccyg
agcaatggca

gcaacaatta

gctgegeget
cctcagtgag
gcggecgeag
cactgaggece
gagcgagcga
tctgtgeggt
gcattaagcg
ctagcgeceg
cgtcaagctc
gaccccaaaa
gtttttegee
ggaacaacac
tcggectatt
atattaacgt
ttaagccage
ccggcatceceg
tcaccgteat
gttaatgtca
cgocggaacce
caataaccct

ttcegtgteg

gaaacgctgg
gaactggatc
atgatgagca
caagagcaac
gtcacagaaa
accatgagtg
ctaaccgcett
gagctgaatg
acaacgttge

atagactgga

sequence of one embodiment of a first vector (i.e. a phagemid particle

cgctagetea
cgagcgagceg
gaacccctag
gggegaccaa
gecgegecaget
atttcacace
cggegggtat
ctcctttege
taaatcgggg
aacttgattt
ctttgacgtt
tcaaccctat
ggttaaaaaa
ttacaatttt
ccegacacee
c¢ttacagaca
caccgaaacg
tgataataat
ctatttgttt
gataaatget

cecttattec

tgaaagtaaa
tcaacagecgg
cttttaaagt
teggtegeeg
agcatcttac
ataacactge
ttttgcacaa
aageccatacc
gcaaactatt

tggaggcgga

[P NI S E

ctgaggcege
cgcagagagg
tgatggagtt
aggtegeceg
gectgcaggg
gcatacgtca
ggtggttacg
tttcttcect
gctcccttta
gggtgatggt
ggagtccacg
ctcgggcetat
tgagctgatt
atggtgcact
gccaacaccce
agctgtgacca
cgecgagacga
ggtttcttag
atttttctaa
tcaataatat

cttttttgeg

agatgctgaa
taagatcett
tectgectatgt
catacactat
ggatggcatg
ggccaactta
catgggggat
aaacgacgag
aactggcgaa

taaagttgca

PR T S S

cegggcgteg
gagtggccaa
ggccactceae
acgoceggyge
gcgectgatg
aagcaaccat
cgcagcegtga
tcecttteteg
gggttccgat
tcacgtagtg
ttctttaata
tcttttgatt
taacaaaaat
ctcagtacaa
gctgacgege
gtctecggga
aagggcctaeg
acgtcaggtg
atacattcaa
tgaaaaagga

gcattttgee

gatcagttgg
gagagttttc
ggcgeggtat
tctcagaatg
acagtaagag
cttctgacaa
catgtaactc
cgtgacacca
ctacttactc

ggaccacttc

e e e e

ggcgaccttt
ctccatcact
tetctgegeg
tttgaecegygg
cggtatttte
agtacgcgece
ccgctacact
ccacgttcge
ttagtgcttt
ggeccategece
gtggactctt
tataagggat
ttaacgogaa
tctgeotetga
cctgacggge
gctgeatgtg
tgatacgecot
gcactttteg
atatgtatcec
agagtatgag

ttectgtttt

gtgcacgagt
gccccgaaga
tatceccegtat
acttggttga
aattatgcag
cgatcggagyg
gecttgateg
cgatgcatgt
tagectteceg

tgcgctcgge

et ek i
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60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

10600



cerrecygygco
tatcattgeca
ggggagtcag
gattaagcat
acttcatttt
aatceccttaa
atcttcttga
gctaccageg
tggettcagoe
ccacttcaag
ggctgetgece
ggataaggcyg
aacgacctac
cgaagggaga
gagggagctt
ctgacttgag
cagcaacgcg
<210>10

<211> 8696
<212> DNA

gygctgygroea
gcactggggce
gcaactatgg
tggtaactgt
taatttaaaa
cgtgagtttt
gatcecttttt
gtggtttgtt
agagcgcaga
aactcetgtag
agtggcgata
cagcggtcegg
accgaactga
aaggcggaca
ccagggggaa
cgtcgatttt

geetttttac

<213> Unknown

<220>

<223> The nucleic acid
with a RGD sequence)

<400> 10

aacgctacta
atagctaaac
cgttcgecaga
gttgecatatt
tecgocaaaaa
ttggagtttg
tettteggge
cagggtaaag
tttgaggggy
aaacatttta
ggtttttatce

aattcetttt

PRSP S N

ctattagtag
aggttattga
attgggaatc
taaaacatgt
tgacctetta
ctteceggtct
ttectcttaa
acctgatttt
attcaatgaa
ctattaccecc
gtcgtectggt

ggegttatgt

[P SRS S T

TLygcrygactaa
cagatggtaa
atgaacgaaa
cagaccaagt
ggatctaggt
cgttccactg
ttctgegegt
tgcecggatca
taccaaatac
caccgectac
agtcecgtgtet
gectgaacyggg
gatacctaca
ggtatccggt
acgcctggta
tgtgatgctce

ggttcctgge

atcrygageo
gcectecegt
tagacagatc
ttactcatat
gaagatccett
agcgtcagac
aatctgetge
agagctacca
tgtccttcta
ataccteget
taccgggttyg
gggttcgtge
gcgtgagceta
aagcggeagg
tetttatagt
gtecagggggy

cttttgetgg

gdrgagogry
atcgtagtta
gctgagatag
atactttaga
tttgataatc
cccgtagaaa
ttgcaaacaa
actcttttte
gtgtagecgt
ctgctaatcce
gactcaagac
acacagccca
tgagaaagcg
gteocggaacag
cctgtegggt
cggagcctat

ccttttgete

sequence of one embodiment of a

aattgatgece
ccatttgcga
aactgttaca
tgagctacag
tcaaaaggag
ggttagattt
tatttttgat
tgatttatgg
tatttatgac
ctctggcaaa

aaacgagggt

atctgcatta

IR SN O T B i

accttttcag
aatgtatcta
tggaatgaaa
caccagattc
caattaaagg
gaagctcgaa
gcaateceget
tecattectegt
gattccgecag
acttcttttg
tatgatagtg

gttgaatgtg

OO T S Ty

ctecgegecce
atggtcaaac
ctteccagaca
agcaattaag
tactctctaa
ttaaaacgeg
ttgcettetga
tttectgaact
tattggacge
caaaagcctc
ttgctcettac

gtattcctaa

PR S T H S

gyroregegy
tctacacgac
gtgcoccteact
ttgatttaaa
tcatgaccaa
agatcaaagg
aaaaaccacc
cgaaggtaac
agttaggcca
tgttaccagt
gatagttacc
gcttggageg
ccacgcecttee
gagagcgcac
ttagacacct
ggaaaaacgc

acatgt

DK/EP 3371315 T3

LyLv
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820

2876

second vector (i.e. a helper phage

aaatgaaaat
taaatctact
ccgtacttta
ctctaagececa
tcctgaccetg
atatttgaag
ctataatagt
gtttaaagca
tatccagtct
tcgctatttt
tatgcctegt

atctcaactg

—— e Ll

60

120

180

240

300

360

420

480

540

600

660

720

—“on



atgadrceiioe
tcttcecaac
caatgattaa
ctegteaggg
aatatccggt
tgtacaccgt
gtctgegect
caggcgatga
caaagatgag
gtggcattac
caaagcctct
cgatcececgea
tgegtgggeg
attcaccteg
tttttggaga
tattctecact
ttagcaaaac

gatcgttacg

ggtgacgaaa
gagggtggtg
aaacctcctg
ggcacttatc
tctecagecte
ttaactgttt
tacactcctg
tgcgetttec
tctgacetge
ggctctgagg
ggttcceggtg

aagggggcta
cttgattctg
ggccttgeta
caagteggtg
catocctoaat
tctattgatt
gccaccttta
tcatgocagt

ctttgttegg

cracerygaa
gtcctgactg
agttgaaatt
caagccttat
tcttgtecaag
tcatetgtce
cgttecgget
tacaaatctc
tgttttagtg
gtattttacc
gtagccgttg
aaagcggect
atggttgttg
aaagcaagct
ttttcaacgt
ccgettgtga
cccatacaga

ctaactatga

ctcagtgtta
gctectgaggyg
agtacggtga
cgectggtac
ttaatacttt
atacgggcac
tatcatcaaa
attctggett
ctcaacctee
gtggtggctc
gtggetcotgg
tgaccgaaaa
tegetactga
atggtaatgg
acggtgataa
cggttgaatg
gtgacaaaat
tgtatgtatt
tcottttgggt

ctatctgett

Tdatgregro
gtataatgag
aaaccatctc
tcactgaatg
attactcttg
tetttecaaag
aagtaacatg
cgttgtactt
tattcttteg
cgtttaatgg
ctaccctegt
ttaactcccet
tcattgtcegg
gataaaccga
gaaaaaatta
ttgtaggggg
aaattcattt

gggttgtctg

cegrrageeoe
ccagttctta
aagcccaatt
agcagetttg
atgaaggtca
ttggtcagtt
gagcaggtcg
tgtttcgege
cctetttegt
aaacttccecte
tccgatgetyg
gcaagcectca
cgcaactatc
tacaattaaa
ttattegecaa
gattgttttt
actaacgtct

tggaatgcta

grrridaltidda
aaatcgcata
tactactcgt
ttacgttgat
gccagectat
cggttecctt
cggatttcga
ttggtataat
tttaggttygg
atgaaaaagt
tctttegetg
gcgaccgaat
ggtatcaagc
ggctcctttt
ttectttagt
gtgaaactgt
ggaaagacga

caggcgttgt

cygragatttet
aggtaattca
tetggtgttt
ttgggtaatg
gegectggte
atgattgacce
cacaatttat
cgctgggggt
tgccttegta
ctttagtcet
ctgagggtga
atatcggtta
tgtttaagaa
ggagcctttt
tgttactttce
tgaaagttgt
caaaacttta

agtttgtact

cggtacatgg
tggcggttct
tacacctatt
tgagcaaaac
catgtttcag
tgttactcaa
agecatgtat
taatgaggat
tgtcaatget
tgagggtggc
ttecggtgat
tgecgatgaa
ttacggtget
tgctactggt
ttcaccttta
tegeeoetttt
aaacttattc
ttctacgttt
attcagttat

acttttectta

gttectattg
gagggtggcyg
ccgggctata
ccegctaate
aataataggt
ggcactgacc
gacgcttact
ccattegttt
ggcggagget
ggttctgagg
tttgattatg
aacgcgctac
gctatcgatg
gattttgctg
atgaataatt
gtetttageg
cgtggtgtct
gctaacatac
tattgegttt

aaaagggctt

ggcttgetat
gttctgaggg
cttatatcaa
ctaatcectte
tccgaaatag
cegttaaaac
ggaacggtaa
gtgaatatca
ctggtggtgg
gtggecggetc
aaaagatggce
agtotgacge
gtttcattgg
gctctaatte
tcecgtcaata
ctggtaaacc
ttgcgtttct
tgcgtaataa
cetaggttte

cggtaagata

ccctgaaaat
tggecggtact
ccctetegac
tettgaggag
gcagggggca
ttattaccag
attcagagac
aggccaateg
ttectggtgge
tgagggaggc
aaacgctaat
taaaggcaaa
tgacgtttcc
ccaaatggct
tttacettec
atatgaattt
tttatatgtt
ggagtcttaa
cttetggtaa

getattgeta

DK/EP 3371315 T3

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940

3000

oV

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800



tttcattgtt
atattagcgce
atgegettcee
ttaaacaaaa
actggcaaat
gtagctgggt
gggaggttcg
ttgettgeta
ctcgatgagt
attattgatt
gacttatcta

cgtegtoetgg

tcgaaaatge
agccctactg
aaacaggctt
tcacacggtce
tatttgaaaa
tatagttata
tttgataaat
aaggattcta
acatatattg
tgtaattaat
aatgaataat
cgttattgtt
tgaaaatcta
ttecaattect
gccatcatcet
teccgecaaaat
aatacgagtt
tattgacgge
tcaattcctt
tgaggttcag
tgttgcagge
gttcggtatt
ccattcaaaa
ctetgttygge

aaataatcca

tecttgctett
tcaattaccc
ctgtttttat
aatcgtttet
taggetetgg
gcaaaatagc
ctaaaacgcc
ttgggegegy
gceggtacttg
ggtttctaca
ttgttgataa

acagaattac

ctctgectaa
ttgagegttyg
tttctagtaa
ggtatttcaa
agtttteteg
taacccaacc
tcactattga
agggaaaatt
atttatgtac
tttgttttet
tegectetge
toteccgatg
cgcaatttet
tccataatte
gataatcagg
gataatgtta
gtcgaattgt
tctaatctat
tectactgttg
caaggtgatg
ggtgttaata
tttaatggceg
atattgtctg
cagaatgtcc

tttcagacga

attattgggc
tctgactttg
gttattetet
tatttggatt
aaagacgctce
aactaatctt
tcgegttett
taatgattce
gtttaatacc
tgctegtaaa
acaggcgegt

tttacetttt

attacatgtt
getttatact
ttatgattcc
accattaaat
cgttotttgt
taagccggag
ctecttetecag
aattaatagce
tgtttccatt
tgatgtttgt
gcgattttgt
taaaaggtac
ttatttetgt
agaagtataa
aatatgatga
ctcaaacttt
ttgtaaagtc
tagttgttag
atttgccaac
ctttagattt
ctgacegect
atgttttagg
tgccacgtat
cttttattac

ttgagegtca

ttaactcaat
ttcagggtgt
ctgtaaagge
gggataaata
gttagegttg
gatttaagge
agaataccgg
tacgatgaaa
cgttettgga
ttaggatggg
tctgeattag

gtecggtactt

ggcgttgtta
ggtaagaatt
ggtgtttatt
ttaggtcaga
cttgegattg
gttaaaaagg
cgtecttaate
gacgatttac
aaaaaaggta
ttcatcatct
aacttggtat
tgttactgta
tttacgtget
tccaaacaat
taattcecget
taaaattaat
taatacttct
tgcacctaaa
tgaccagata
ttecatttget
cacctetgtt
gctatecagtt
tettacgett
tggtecgtgty

aaatgtaggt

taettgtgggt
tcagttaatt
tgctatttte
atatggetgt
gtaagattca
ttcaaaacct
ataagccttc
ataaaaacgg
atgataagga
atattatttt
ctgaacatgt

tatattctct

aatatggcga
tgtataacge
cttatttaac
agatgaaatt
gatttgcate
tagtctctca
taagctatcg
agaagcaagg
attcaaatga
tettttgete
tcaaagcaat
tattcatctg
aataattttg
caggattata
ccttetggtg
aacgttcggyg
aaatcctcaa
gatattttag
ttgattgagg
gctggetete
ttatcttetyg
cgcgeattaa
tcaggtcaga
actggtgaat

atttcecatga

tatctectctg
ctccegtcta
atttttgacg
ttattttgta
ggataaaatt
ccegeaagtc
tatatctgat
cttgettgtt
aagacagccg
tottgttoag
tgtttattgt

tattactgge

ttctcaatta
atatgatact
gccttattta
aactaaaata
agcatttaca
gacctatgat
ctatgtttte
ttattecacte
aattgttaaa
aggtaattga
caggcgaatc
acgttaaacc
atatggttgg
ttgatgaatt
gtttetttgt
caaaggattt
atgtattatce
ataaccttce
gtttgatatt
agcgtggecac
ctggtggtte
agactaatag
agggttctat
ctgccaatgt

gegtttttec

DK/EP 3371315 T3

3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660

3720

3780
3840
3500
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160

5220

A



tgrtgcaatg
ttettctact
tttgegtgat
agattctgge
ctctgatteoc

cctgtagegg

ttgecagege
ccggectttce
tacggcacct
cctgatagac
tgttccaaac
gaaaaaaggc
cgetcactga
ggggcggaga
ggcaaagccg
aaatcagtgg
cteocctegtg
geecgegtttg
tggactgtat
gtcttgagtc
gatttagagg
tttggtgact
accttcgaaa
agaccaaaac
aactcacgtt
ttaaattaaa
agttaccaat
atagttgcct
cccagtgetg
aaccagccag
getttgecac
caaaagttcg
gtgttacaac
caatttattc
aggagaaaac
teccgactegt
aagtgagaaa

ttetttecag

gctggeggra
caggcaagtg
ggacagactc
gtaccgttec
aacgaggaaa

cgcattaage

cctagegece
ccgtcaaget
cgaccccaaa
ggtttttege
tggaacaaca
tgcaccggtg
ctegetacge
ttteoectggaa
tttttccata
tggcgaaacc
cgctetectyg
tctecatteoca
gcacgaaccc
caacccggaa
agttagtott
gegeteetee
aaccgccctg
gatctcaaga
aagggatttt
aatgaagttt
gcttaatcag
gactccecegt
caatgatacc
ccgattcgag
ggaacggtct
atttattcaa
caattaacca
atatcaggat
tcaccgagge
ccaacatcaa
tcaccatgag

acttgttcaa

atattgrrct
atgttattac
ttttactecgg
tgtctaaaat
gcacgttata

gcggegggty

gcteettteg
ctaaatcggg
aaacttgatt
cectttgacgt
ctcaacccta
cgtcagcaga
teggtegtte
gatgccagga
ggctecegeece
cgacaggact
ttectgoctt
cgactgacac
ccegttecagt
agacatgcaa
gaagtcatge
aagccagtta
caaggcggtt
agatcatctt
ggtcatgaga
taaatcaatc
tgaggcacct
cgtgtagata
gcgagacoca
ctegeoeccegg
gcgttgtegg
caaagccgec
attctgatta
tatcaatacc
agttccatag
tacaacctat
tgacgactga

caggecagee

ggatattacc
taatcaaaga
tggectcact
ccctttaate
cgtgctcgte

tggtggttac

agcaaggccg
agtattgcta
gattataaaa
ggcctectgt
aaagcaacca

gcgeagegtg

atagtttgag
caacggttaa
acacttctca
ttagctececeg
tagtacgcge

accgcetacac

ctttetteoce
ggctececettt
tgggtgatgg
tggagtccac
tectegggacg
atatgtgata
gactgcggeg
agatacttaa
ccctgacaag
ataaagatac
teggtttace
tcagttocgg
ccgaccgetg
aagcaccact
gccggttaag
ccteggttea
ttttcgtttt
attaaggggt
ttatcaaaaa
taaagtatat
atctcagcga
actacgatac
cgctcacegg
ggatcgacca
gaagatgecgt
gtocegtcaa
gaaaaactca
atatttttga
gatggcaaga
taattteceee
atceggtgag

attacgeteg

ttectttete
agggttccga
ttcacgtagt
gttetttaat
gatcgecttca
caggatatat
agcggaaatg
cagggaagtg
catcacgaaa
caggcgttte
ggtgtcatte
gtaggcagtt
cgccttatee
ggcagcagcc
gctaaactga
aagagttggt
cagagcaaga
ctgacgctca
ggatcttecac
atgagtaaac
tctgtcetatt
gggagggctt
ctecagattt
gttggtgatt
gatctgatce
gtecagcgtaa
tegagecatcea
aaaagccgtt
tectggtate
tcgtcaaaaa
aatggcaaaa

tcatcaaaat

gecacgtteg
tttagtgctt
gggccatage
agtggactct
tgtggeagga
tcegettect
gettacgaac
agagggcecegce
tectgacgetc
cecectggegg
cgcetgttatg
cgctacaage
ggtaactatc
actggtaatt
aaggacaagt
agctcagaga
gattacgcge
gtggaacgaa
ctagatcctt
ttggtetgac
tegttcatce
accatctggc
atcagcaata
ttgaactttt
ttcaactcag
tgctetgeca
aatgaaactg
tctgtaatga
ggtctgegat
taaggttatc
gettatgeat

cactegeate
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248U
5340
5400
5460
5520

5580

5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440

7500



aaccaaaccg
aaaaggacaa
aacaatattt
gatcgcagtg
aagaggcata
aacgctacct
atagattgtc
agcatccatg
cataacaccc
atttttatct
caceccctgea
attggttaaa
cgtttacaat
caaccggggt
tttgctecag
cecteteegg
ctgtctccgg
ttaaaatata
caaaagtatt
ctttattget
<210> 11

<211> 8669
<212> DNA

ttattcattc
ttacaaacag
tcacctgaat
gtgagtaacc
aattccgtca
ttgcecatgtt
gcacctgatt
ttggaattta
cttgtattac
tgtgcaatgt
ggtcteggge
aaatgagctg
ttaaatattt
acatatgatt
actctcagge
catgaattta
cctttcteac
tgagggttct
acagggtcat

taattttgcet

<213> Unknown

<220>

gtgattgege
gaatcgaatg
caggatattce
atgcatcate
gccagtttag
tcagaaacaa
gcccgacatt
atcgcggect
tgtttatgta
aacatcagag
tattcttttg
atttaacaaa
gcettatacaa
gacatgctag
aatgacctga
tcagctagaa
ccttttgaat
aaaaattttt
aatgtttttg

aattctttge

ctgagcocgaga
caaccggage
ttectaatace
aggagtacgg
tctgaccatce
ctetggegea
atcgcgagcce
cgagcaagac
agcagacagt
attttgagac
atttataagg
datttaacgc
tottcctgtt
ttttacgatt
tagcctttgt
cggttgaata
ctttacctac
atccttgegt
gtacaaccga

cttgecectgta

cgaaatacge
aggaacactg
tggaatgctyg
ataaaatgct
tcatctgtaa
tegggetteac
catttatacc
gtttccegtt
tttattgttc
acaacgtggce
gattttgecyg
gaattttaac
tttggggett
accgttcatce
agacctctca
tcatattgat
acattactca
tgaaataaag
tttagcttta

tgatttattg

gatcgetgtt
ccagcgceatc
ttttecaggg
tgatggtegg
catcattgge
catacaatcg
catataaatc
gaatatggct
atgatgatat
ttteececcee
attteggeet
aaaatattaa
ttetgattat
gattctettg
aaaatagcta
ggtgatttga
ggcattgcat
gcttecteecg
tgcteotgagg

gatgtt
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7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640

8696

<223> The nucleic acid sequence of a preferred embodiment of a second vector (i.e.a helper
phage without a RGD sequence)

<400> 11

aacgctacta
atagctaaac
cgttegeaga
gttgcatatt
tccgecaaaaa

ttggagtttg

tattteggge
cagggtaaag

tttgaggggg

ctattagtag
aggttattga
attgggaatc
taaaacatgt
tgacctctta

cttececggtct

aattgatgec
ccatttgega
aactgttaca
tgagctacag
tcaaaaggag

ggttcgettt

accttttecag
aatgtatcta
tggaatgaaa
caccagattc
caattaaagg

gaagctcgaa

ctegegeoea
atggtcaaac
ctteccagaca
agcaattaag
tactctctaa

ttaaaacgcg

aaatgaaaat
taaatctact
ccgtacttta
ctctaagecca
tectgacctyg

atatttgaag

ttcctcttaa tetttttgat gecaatccget ttgettctga ctataatagt

acctgatttt tgatttatgg tcattctcgt tttctgaact gtttaaagcea

attcaatgaa tatttatgac gattccgcag tattggacgc tatccagtct

60

120

180

240

300

360

420

480

540



aaacatttta
ggtttttate
aattcectttt
atgaatcttt
tctteceaac
caatgattaa
ctegtcaggg
aatatccggt
tgtacaccgt
gtctgegeet
caggecgatga
caaagatgag
gtggcattac
caaagcctet
cgatecegea
tgcgtgggeg
attcaccteg
tttttggaga
tattctcact
tttactaacg
ctgtggaatg
tgggttccta
tetgagggtyg
attceggget
aaccccgcta
cagaataata
caaggcactg

tatgacgcett

gatccatteg
gctggeggeyg
ggcggttctg
gattttgatt
gaaaacgcgc
gctgctatcg
ggtgattttg
ttaatgaata

tttgtcttta

ctattacccc
gtcgtetggt
ggcgttatgt
ctacctgtaa
gtcctgactg
agttgaaatt
caagccttat
tottgtcaag
tcocatctgtec
cgttcegget
tacaaatctc
tgttttagtyg
gtattttacc
gtagccgttg
aaageggect
atggttgttg
aaagcaagct
ttttcaacgt
ccgcetgaaac
tectggaaaga
ctacaggegt
ttgggcttge
geggttetga
atacttatat
atcctaatcc
ggttccgaaa
acccegttaa

actggaacgg

ctectggeaaa
aaacgagggt
atctgcatta
taatgttgtt
gtataatgag
aaaccatctc
tecactgaatg
attactcattg
tettteaaag
aagtaacatg
cgttgtactt
tattecttteg
cgtttaatgg
ctaccctegt
ttaactcect
tcattgtcgg
gataaaccga
gaaaaaatta
tgttgaaagt
cgacaaaact
tgtagtttgt
tatccctgaa
gggtggeggt
caaccctcto
ttctcttgag
taggcagggg
aacttattac

taaattcaga

acttcttttg
tatgatagtg
gttgaatgtg
cegttagtte
ccagttctta
aagcccaatt
agcagctttg
atgaaggtca
ttggtcagtt
gagcaggtcg
tgtttegege
cctetttegt
aaacttcctc
tcecgatgetg
gcaagectca
cgcaactate
tacaattaaa
ttattegecaa
tgtttagcaa
ttagatecgtt
actggtgacg
aatgagggtg
actaaaccte
gacggcactt
gagtctcagc
gcattaactyg
cagtacacte

gactgecgett

caaaagecte
ttgetettace
gtattcctaa
gttttattaa
aaatagcata
tactactcgt
ttacgttgat
geccagectat
cggtteccett
cggatttega
ttggtataat
tttaggttgg
atgaaaaagt
tctttegetg
gcgaccgaat
ggtatcaagc
ggctectttt
ttcactttagt
aaccccatac
acgctaacta
aaactcagtg
gtggctctga
ctgagtacgg
atcegectgg
ctcttaatac
tttatacggg
ctgtatcate

tccattctgg

tcgectatttt
tatgectegt
atctcaactg
cgtagatttt
aggtaattca
tectggtgttt
ttgggtaatg
gcgectggta
atgattgacce
cacaatttat
cgctgggggt
tgoctteagta
ctttagtcct
ctgagggtga
atatcggtta
tgtttaagaa
ggageetttt
tgttecttte
agaaaattca
tgagggttgt
ttacggtaca
gggtggeggt
tgatacacct
tactgagcaa
tttcatgttt
cactgttact
aaaagccatg

ctttaatgag

tttgtgaata tcaaggccaa tegtcetgace tgectcaace tdetgtcaat

gctctggtgg
agggtggcgg
atgaaaagat
tacagtctga
atggtttcat
ctggctctaa
atttecgtea

gagetggtaa

tggttectggt
ctctgaggga
ggcaaacget
cgctaaaggc
tggtgacgtt
ttcccaaatg
atatttaccet

accatatgaa

ggcggetotyg
ggcggttceg

aataaggggg
aaacttgatt
tccggecttg
gctcaagteg
teccteoccte

ttttctattg

agggtggtgg
gtggtggete
ctatgaccga
ctgtcgectac
ctaatggtaa
gtgacggtga
aatoggttga

attgtgacaa

ctctgagggt
tggtteccggt
aaatgecgat
tgattacggt
tggtgctact
taattcacct
atgtegcoct

aataaactta
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600

660

720

780

840

200

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
13820
1980
2040
2100
2160

2220

2280
2340
2400
2460
2520
2580
2640
2700

2760



ttcegtggtyg
tttgctaaca
tattattgeg
ttaaaaaggg
ggcttaactc
ttgttoaggg
tctetgtaaa
attgggataa
ctcgttageg
cttgatttaa
cttagaatac
tcctacgatg
acccgttctt
aaattaggat
cgttctgeat
tttgtcggta
gttggegttg
actggtaaga
tceggtgttt
aatttaggtc
tgtcttgega
gaggttaaaa

cagcgtetta

agegacgatt
attaaaaaag
tgtttcatca
tgtaacttgg
tactgttact
tgttttacgt
taatccaaac
tgataattec
ttttaaaatt
gtctaatact
tagtgcacct
aactgaccag
tttttcattt
cctecacetet

agggctatca

tctttgeogtt
tactgegtaa
ttteoeteggt
cttcggtaag
aattcttgtg
tgttcagtta
ggctgctatt
ataatatgge
ttggtaagat
ggcttcaaaa
cggataagcc
aaaataaaaa
ggaatgataa
gggatattat
tagectgaaca
ctttatattc
ttaaatatgg
atttgtataa
attcttattt
agaagatgaa
ttggatttge
aggtagtctc

atctaageta

tacagaageca
gtaattcaaa
tocttcettttg
tattcaaagce
gtatattcat
gctaataatt
aatcaggatt
gctecttetg
aataacgttc
tctaaatcet
aaagatattt
atattgattg
gotgetgget
gttttatctt

gttcgcgeat

tcttttatat
taaggagtct
ttecttetgg
atagctattg
ggttatctcet
attctecegt
ttcatttttg
tgtttatttt
tcaggataaa
ccteccgeaa
ttctatatcet
cggettgett
ggaaagacag
ttttettgtt
tgttgtttat
tcttattact
cgattceteaa
cgcatatgat
aacgecttat
attaactaaa
atcagcattt
tcagacctat

tegetatgtt

aggttattea
tgaaattgtt
ctcaggtaat
aatcaggecga
ctgacgttaa
ttgatatggt
atattgatga
gtggtttett
gggcaaagga
caaatgtatt
tagataacct
agggtttgat
ctcagegtgg
ctgctggtgg

taaagactaa

gttgccacct
taatcatgec
taactttgtt
ctatttcatt
ctgatattag
ctaatgeget
acgttaaaca
gtaactggea
attgtagctg
gtcgggaggt
gatttgettg
gttectcgatg
ccgattattg
caggacttat
tgtegtegte
ggctcgaaaa
ttaagcccta
actaaacagg
ttatcacacg
atatatttga
acatatagtt
gattttgata

ttcaaggatt

ttatgtatgt
agttattttg
cggctatetg
gtttcttget
cgctcaatta
tcccotgtttt
aaaaatcogtt
aattaggete
ggtgcaaaat
tcgetaaaac
ctattgggcg
agtgeggtac
attggtttct
ctattgttga
tggacagaat
tgcctetgee
ctgttgageg
ctttttectag
gtcggtattt
aaaagtttte
atataaccca
aattcactat

ctaagggaaa

attttctacg
ggtattcegt
cttactttte
cttattattg
cccteotgact
tatgttattc
tettatttgg
tggaaagacg
agcaactaat
gcctegegtt
cggtaatgat
ttggtttaat
acatgectcgt
taaacaggeg
tactttacct
taaattacat
ttggetttat
taattatgat
caaaccatta
tegegttett
acctaageceg
tgactcttet

attaattaat

ctcacatata
aaatgtaatt
tgaaatgaat
atccgttatt
acctgaaaat
tggttcaatt
attgccecateca
tgttcocgeaa
tttaatacga
atctattgac
tcctcaatte
atttgaggtt
cactgttgca
ttegtteggt

tagccattca

ttgatttatg
aattttgttt
aattcgcctce
gtttetececg
ctacgcaatt
ccttcecataa
tctgataatc
aatgataatg
gttgtcgaat
ggctctaate
ctttectactg
cagcaaggtg
ggcggtgtta
atttttaatg

aaaatattgt

tactgtttee
tcttgatgtt
tgcgegattt
atgtaaaagg
tcetttattte
ttcagaagta
aggaatatga
ttactcaaac
tgtttgtaaa
tattagttgt
ttgatttgec
atgctttaga
atactgaccg
gcgatgtttt

ctgtgccacg
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2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080

4140

4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980

5040



tattcttacg
tactggtcgt
tcaaaatgta
tctggatatt
tactaatcaa
cggtggeacte
aatcccttta
atacgtgctce
gtgtggtggt
tcgectttcett
gggggctecec
atttgggtga
cgttggagtc
ctatcteggg
agaatatgtg

ttcgactgeg

ggaagatact
cccecctgac
actataaaga
cttteggttt
cactcagttc
agtccgaccg
caaaagcacc
tgegeoggtt
ttaccteggt
gttttttcgt
cttattaagg
agattatcaa
atctaaagta
cctatcteag
ataactacga
acacgectcac
cggggatcga
cgggaagatg
gcagteoeegt
ttagaaaaac
accatatttt

taggatggca

ctttcaggtc
gtgactggtg
ggtatttecca
accagcaagg
agaagtattg
actgattata
atcggccetcece
gtcaaagcaa
tacgegeage
ceccttecttt
tttagggttc
tggttcacgt
cacgttcettt
acggateget
atacaggata

gcgageggaa

agaagggttc
aatctgccaa
tgagegtttt
ccgatagttt
ctacaacggt
aaaacactte
tgtttagcte
ccatagtacg
gtgaccgcta
ctcgccacgt
cgatttagtg
agtgggccat
aatagtggac
teoatgtggea
tattcegett

atggcttacg

tatctctgtt
tgtaaataat
tectgttgea
gagttcttct
taatttgegt
tcaagattet
ccgetetgat
cgecectgtag
cacttgccag
tcgecoggett
ctttacggca
cgccctgata
tcttgttcca
ggagaaaaaa
cctegeteac

aacggggcgyg

ggccagaatg
ccatttcaga
atggctggeg
actcaggcaa
gatggacaga
ggcgtacegt
tccaacgagg
cggegeatta
cgccctageg
tcccegtcaa
cctegacccee
gacggttttt
aactggaaca
ggctgecaccg
tgactegeta

agatttcectg

tcecettttat
cgattgagcg
gtaatattgt
gtgatgttat
ctettttact
tectgtcotaa
aaagcacgtt
agcgeggegyg
cccgetectt
gctctaaatc
aaaaaacttg
cgccctttga
acactcaacc
gtgegteoage
cgcteggteg

gaagatgcecca

taacagggaa gtgagagggc cgcggcaaag ccgtttttcece ataggetceeg

aagcatcacg
taccaggegt
accggtgtca
cgggtaggca
ctgecgectta
actggcagca
aaggctaaac
tcaaagagtt
tttcagagca
ggtctgacge
aaaggatctt
tatatgagta
cgatctgtcet
tacgggaggg
cggetcoaga
ccagttggtg
cgtgatctga
caagtcagceg
tcatcgagea
tgaaaaagcc

agatcctggt

aaatctgacyg
tteccecectgg
ttecgetgtt
gttcgetcca
tcecggtaact
gccactggta
tgaaaggaca
ggtagctcag
agagattacg
tcagtggaac
cacctagatc
aacttggtct
atttecgttca
cttaccatct
tttatcageca
attttgaact
tcecttcaact
taatgctetg
tcaaatgaaa
gtttctgtaa

atcggtctge

ctcaaatcag
cggectececte
atggcecgegt
agctggactg
atcgtcttga
attgatttag
agttttggtg
agaacctteg
cgcagaccaa
gaaaactcac
cttttaaatt
gacagttacec
tccatagttg
ggccccagtg
ataaaccagc
tttgetttge
cagcaaaagt
ccagtgttac
ctgecaattta
tgaaggagaa

gattccgact

tggtggcgaa
gtgegectete
ttgtcteatt
tatgcacgaa
gtccaacccg
aggagttagt
actgegoetca
aaaaaccgcc
aacgatctca
gttaagggat
aaaaatgaag
aatgcttaat
cctgactcee
ctgcaatgat
cagccgatte
cacggaacgg
tcgatttatt
aaccaattaa
ttcatatcag
aactcaccga

cgtccaacat

acccgacagyg
ctgttcetge
ccacgectga
ccececgtte
gaaagacatg
cttgaagtca
tccaagacag
ctgcaaggeg
agaagatcat
tttggtcatg
ttttaaatca
cagtgaggca
cgtegtgtag
accgcegagac
gagctegece
tctgegttgt
caacaaagcc
ccaattctga
gattatcaat
ggcagttcca

caatacaacc
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5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940

6000

6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6300
6960
7020
7080
7140
7200
7260

7320



tattaatttc
tgaateoccggt
gccattacge
cgectgageg
atgcaaccgg
ttecttctaat
atcaggagta
tagtctgacc
caactctgge

attatcgega

categageaa
gtaagcagac
gagattttga
ttgatttata
aaaaatttaa
caatcttect
tagttttacg
tgatagectt
gaacggttga
aatctttacc
tttatcettyg
ttggtacaac
tgeettgect
<210> 12

<211> 58
<212> DNA

cactegteaa
gagaatggca
tcegtcatcaa
agacgaaata
cgcaggaaca
acctggaatg
cggataaaat
atctcatctg
gcatecggget

gcaccatttat

aaataaggtt
aaagettatg
aatcactcge
cgegateget
ctgeccagege
ctgttttece
gcttgatggt
taacatcatt
tcccatacaa

acccatataa

atcaagtgag
catttettte
atcaaccaaa
gttaaaagga
atcaacaata
ggggatcegea
cggaagaggc
ggcaacgcta
tcgatagatt

atcagcatce

aaatcaccat
cagacttgtt
ccgttattca
caattacaaa
ttttcacctg
gtggtgagta
ataaattccg
cetttgeeat
gtegecacetg

atgttggaat

gagtgacgac
caacaggcca
ttcgtgattg
caggaatcga
aatcaggata
accatgecatce
tcagecagtt
gtttcagaaa
attgccegac

ttaatcgegg

gacgtttcce
agttttattg
gacacaacgt
agggattttg
cgcgaatttt
gtttttgggg
attaccgtte
tgtagacctce
atatcatatt
tacacattac
cgttgaaata
cgatttagcect

gtatgattta

gttgaatatg
ttcatgatga
ggctttecece
ccgatttegy
aacaaaatat
cttttetgat
atcgattcte
tcaaaaatag
gatggtgatt
tcaggcattg
aaggcttctce
ttatgectcetg

ttggatgtt

<213> Artificial Sequence

<220>

gctcataaca
tatattttta
ccececcect
cctattggtt
taacgtttac
tatcaaccgg
ttgtttgctc
ctaccctete
tgactgtctc
catttaaaat
ccgcaaaagt

aggctttatt

ccecttgtat
tettgtgecaa
gcaggtceteg
aaaaaatgag
aatttaaata
ggtacatatg
cagactctca
cggcatgaat
cggcctttet
atatgagggt
attacagggt

gcttaatttt

tactgtttat
tgtaacatca
ggctattett
ctgatttaac
tttgcttata
attgacatge
ggcaatgacc
ttatcagecta
cacccttttyg
tctaaaaatt
cataatgttt

gctaattett
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7380
7440
7500
7560
7620
7680
7740
7800
7860

7920

7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640

8669

<223> A nucleic acid sequence comprising a section of a genome of a helper phage
comprising a RGD4C targeting peptide in a plll minor coat protein

<400> 12

tattctcact ccgcttgtga ttgtaggggg gattgtttit gtgaaactgt tgaaagtt 58

<210> 13
<211> 19
<212> PRT

<213> Artificial Sequence
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<220>
<223> An amino acid sequence comprising a section of a genome of a helper phage
comprising a RGD4C targeting peptide in a plll minor coat protein

<400> 13
Tyr Ser His Ser Ala Cys Asp Cys Arg Gly Asp Cys Phe Cys Glu Thr
1 5 10 15

Val Glu Ser
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PATENTKRAYV
1. Sammensatning til fremstilling af en rekombinant adeno-associeret virus-
(AAV)/phagemidpartikel fra en prokaryotisk vert, hvilken sammensatning omfatter:

(1) en forste vektor, der er konfigureret til at bestd inde i en prokaryotisk vert, og som
omfatter:

a) mindst én AAV-transgenekspressionskassette flankeret af inverterede, terminale
gentagelsessekvenser (ITR),

b) et bakteriophag-emballeringssignal, der omfatter en  bakteriophag-
replikationsoprindelse for at muliggere replikation af partiklen til enkelt-strenget DNA; og

¢) en bakteriereplikationsoprindelse for at muliggere replikation af en dobbeltstrenget
vektor inde 1 en prokaryotisk vert,

hvor den ferste vektor er uden strukturgener, der koder for bakteriophag-capsidproteiner;
0g

(i) en anden vektor, der omfatter en nukleinsyre, der koder for bakteriophag-
strukturproteiner, der er capsidproteiner krevet til emballering af det enkeltstrengede DNA,
hvilket resulterer i dannelse og ekstrudering af en rekombinant AAV/phagemidpartikel fra den
prokaryotiske vert.

2. Fremgangsmade in vitro og/eller ex vivo til fremstilling af en rekombinant adeno-
associeret virus- (AAV) vektor, hvilken fremgangsmade omfatter indfering i, en eukaryotisk
vertscelle, af en rekombinant AAV/phagemidpartikel, og at tillade, at vertscellen frembringer
en rekombinant AAV-vektor, hvor AAV/phagemidpartiklen omfatter bakteriophag-
capsidproteiner og et AAV/phagemidpartikelgenom, hvor AAV/phagemidpartikelgenomet
omfatter:

1) mindst én AAV transgen-ekspressionskassette, flankeret af inverterede, terminale
gentagelsessekvenser (ITR), der koder for et middel til indgivelse i malcellen;

i1) et bakteriophag-emballeringssignal, der omfatter en  bakteriophag-
replikationsoprindelse for at muliggere replikation af partiklen til enkelt-strenget DNA; og

ii1) en bakteriereplikationsoprindelse for at muliggere replikation af en dobbeltstrenget
vektor inde 1 en prokaryotisk vert,

og hvor AAV/phagemidpartikelgenomet er uden bakteriophag-strukturgener kravet til
dannelse, emballering eller ekstrudering af partiklen fra en prokaryotisk vert, hvor AAV-

phagemidpartiklen er uden strukturgener, der koder for bakteriophag-capsidproteiner.
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3. Fremgangsmade ifelge krav 2, hvor den eukaryotiske vertscelle er en pattedyre- eller en
insektcelle,  eventuelt hvor  veartscellen  omfatter  humane  embryonyreceller

(HEK293), Spodoptera frugiperda-puppeovarievaeyv (S9) eller kinesisk hamsterovarie (CHO).

4. Fremgangsmade ifelge enten krav 2 eller krav 3, hvor vertscellen transformeres til at

omfatte AAV-rep-cap- og adenohelper-gener.

5. Rekombinant vektor, der omfatter:

1) en transgenekspressionskassette  flankeret af  inverterede, terminale
gentagelsessekvenser (ITR) af adeno-associeret virus (AAV);

i1) AAV-rep-cap-gener og

ii1) og adenohelper-gener.

6. Rekombinant adeno-associeret virus (AAV)/phagemidpartikel, der omfatter
bakteriophag-capsidproteiner og AAV/phagemidpartikelgenom, hvor
AAV/phagemidpartikelgenomet omfatter:

1) mindst én AAV-transgenekspressionskassette flankeret af inverterede, terminale
gentagelsessekvenser (ITR);

i1) en bakteriophag-replikationsoprindelse for at muliggere replikation af partiklen til
enkelt-strenget DNA og

ii1) en bakteriereplikationsoprindelse for at muliggere replikation af en dobbeltstrenget
vektor inde 1 en prokaryotisk vert,

hvor AAV-phagemidpartiklen omfatter et genom, der ikke har bakteriophag-
strukturgener kreevet til dannelse, emballering eller ekstrudering af partiklen fra en prokaryotisk
veert, hvor AAV-phagemidpartikelgenomet er uden strukturgener, der koder for bakteriophag-

capsidet.

7. Anvendelse af vektoren ifelge krav 5, eller partiklen ifelge krav 6, til fremstilling af en
rekombinant AAV-virusvektor in vitro, eller ex vivo, eventuelt hvor den rekombinante
phagemidpartikel omfatter en targeteringsdel for en eukaryotisk malcelle, og eventuelt hvor den
eukaryotiske vartscelletype er en syg celle, eventuelt hvor den syge celle er en ondartet eller

godartet.
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8. Fremgangsmade til fremstilling af en rekombinant AAV-virusvektor, hvilken
fremgangsmade omfatter indfering, i en eukaryotisk veartscelle, af vektoren ifglge krav 5 eller
partiklen ifelge krav 6, og at tillade, at vaertscellen frembringer en rekombinant virusvektor in
vitro eller ex vivo, eventuelt hvor den rekombinante phagemidpartikel omfatter en
targeteringsdel for den eukaryotiske malveartscelle, og eventuelt hvor den eukaryotiske

vertscelletype er en syg celle, eventuelt hvor den syge celle er en ondartet eller godartet tumor.

9. Rekombinant AAV/phagemidpartikel, der omfatter et genom, omfattende:

1) en eller flere transgen-ekspressionskassetter, hvor den ene eller flere transgen-
ekspressionskassetter omfatter venstre og hgjre inverterede, terminale gentagelsessekvenser
(ITR) af en AAV-serotype, hvor mindst én transgen-ekspressionskassette koder for et middel til
indgivelse i malcellen,

i1) en bakteriophag-replikationsoprindelse for at muliggere replikation af partiklen til
enkelt-strenget DNA og

ii1) en bakteriereplikationsoprindelse for at muliggere replikation af en dobbeltstrenget
vektor inde 1 en prokaryotisk vert,

hvor AAV-phagemidpartiklen omfatter et genom, der ikke har bakteriophag-
strukturgener kreevet til dannelse, emballering eller ekstrudering af partiklen fra en prokaryotisk
veert, hvor AAV-phagemidpartikelgenomet ikke har strukturgener, der koder for bakteriophag-
capsidproteiner, hvor AAV-phagemidpartiklen omfatter bacteriophag-strukturcapsidproteiner,
hvor et mindre kappe capsidprotein er konfigureret til at vise en celletargeteringsligand for at
muligger indgivelse af partiklen til en malcelle, hvor celletargeteringsliganden er RGD4C-

targeteringspeptidet ifelge SEQ ID NO: 7.

10.  Partikel ifelge krav 9, hvor den rekombinante phagemidpartikel er kombineret med en
kationisk polymer for at dannet et kompleks med en positiv nettoladning, eventuelt hvor den
kationiske polymer er valgt fra en gruppe bestdende af: chitosan; poly-D-lysin (PDL);
diethylaminoethyl (DEAE); diethylaminoethyl-dextran (DEAE.DEX); polyethylenimin (PEI);
polybren; protaminsulfat og et kationisk lipid.

11.  Rekombinant vektor ifelge krav 5, rekombinant phagemidpartikel ifelge krav 6, eller
rekombinant phagemidpartikel ifelge enten krav 9 eller krav 10, til anvendelse i terapi eller

diagnose.
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12.  Rekombinant vektor ifelge krav 5, rekombinant phagemidpartikel ifelge krav 6, eller
rekombinant phagemidpartikel ifelge enten krav 9 eller krav 10, til anvendelse 1 en

genterapiteknik.

13.  Rekombinant vektor ifelge krav 5, rekombinant phagemidpartikel ifelge krav 6, eller
rekombinant phagemidpartikel ifolge enten krav 9 eller krav 10, til anvendelse i behandling,

forebyggelse eller bedring af cancer.

14.  Rekombinant vektor ifelge krav 5, rekombinant phagemidpartikel ifelge krav 6, den
rekombinante phagemidpartikel ifelge enten krav 9 eller krav 10, til anvendelse 1
vaccineindgivelse til et individ, eventuelt hvor vaccinen er en peptidvaccine eller en DNA-

vaccine.
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Figure 7
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Figure 10
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Figure 15
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Figure 26
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