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available. If the deposition were rescued, the resulting virus would be a class |

genetically modified organism.

In respect of all designated states to which such action is possible and to the extent
that it is legally permissible under the law of the designated state, it is requested that
a sample of the deposited material be made available only by the issue thereof to an
independent expert, in accordance with the relevant patent legislation, e.g. Rule
32(1) EPC, Rule 13(1) and Schedule 1 of the UK Patent Rules 2007, Regulation
3.25(3) of the Australian Patent Regulations and generally similar provisions mutatis

mutandis for any other designated state.

A specific embodiment of the fourth aspect of the present invention provides a
polynucleotide sequence encoding an adenoviral vector according to the first aspect
of the present invention, wherein said polynucleotide sequence comprises or consists
of the polynucleotide sequence of the viral vector ChAdOx2 (SEQ ID NO. 10).

ChAdOx2 was deposited in a BAC contained in E.coli strain Stellar by Isis Innovation
Limited on 13 June 2016 with the European Collection of Cell Cultures (ECACC) at
the Health Protection Agency Culture Collections, Health Protection Agency, Porton
Down, Salisbury SP4 0JG, United Kingdom under the Budapest Treaty and
designated by provisional accession no. 16061301. The deposited BAC additionally
comprises a transgene encoding the antigen eGFP. In this aspect of the present
invention, the polynucleotide sequence for ChAdOx2 preferably does not include the

sequence encoding the eGFP antigen.

A further embodiment of the present invention provides a host cell transduced with
the viral vector according to the first aspect of the present invention, wherein said
host cell is preferably a bacterium, more preferably E.coli strain Stellar containing a
bacterial artificial chromosome (BAC) containing the cloned genome of ChAdOx2
deposited by Isis Innovation Limited on 13 June 2016 with the European Collection of
Cell Cultures (ECACC) at the Health Protection Agency Culture Collections, Health
Protection Agency, Porton Down, Salisbury SP4 0JG, United Kingdom under the
Budapest Treaty and designated by provisional accession no. 16061301. The
deposited BAC additionally comprises a transgene encoding the antigen eGFP. In
this aspect of the present invention, the polynucleotide sequence for ChAdOx2
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preferably does not include the sequence encoding the eGFP antigen. Such a host

cell may be used for BAC propagation.

A specific embodiment of the seventh aspect of the present invention provides a
Bacterial Artificial Chromosome (BAC) clone comprising the polynucleotide sequence
according to the fourth aspect of the present invention, wherein said BAC is the BAC
containing the cloned genome of ChAdOx2, deposited in E.coli strain Stellar by Isis
Innovation Limited on 13 June 2016 with the European Collection of Cell Cultures
(ECACC) at the Health Protection Agency Culture Collections, Health Protection
Agency, Porton Down, Salisbury SP4 0JG, United Kingdom under the Budapest
Treaty and designated by provisional accession no. 16061301. The deposited BAC
additionally comprises a transgene encoding the antigen eGFP. In this aspect of the
present invention, the polynucleotide sequence for ChAdOx2 preferably does not

include the sequence encoding the eGFP antigen.

A further aspect of the invention provides a kit, comprising an adenoviral vector
according to the first aspect of the invention, or an immunogenic composition

according to the second aspect of the invention, together with instructions for use.

The kit may include medical equipment for administering the adenoviral vector or
immunogenic composition to a subject, such as a syringe. The kit may comprise
instructions for administering the adenoviral vector or immunogenic composition to a
subject, and may include specific dosage instructions. The kit may be useful for
vaccinating a subject against a disease by inducing or enhancing an immune

response, or for otherwise treating or preventing disease in a subject.

For the avoidance of doubt, it is hereby expressly stated that features described
herein as ‘preferred’, ‘preferable’, “alternative” or the like may be present in the
invention in isolation or in any combination with any one or more other features so
described (unless the context dictates otherwise) and this constitutes and explicit

disclosure of such combinations of features.

All the features of each embodiment described above apply mutatis mutandis to all

other embodiments of the present invention.
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The invention will now be further described with reference to the following non-

limiting examples.

Examples

Simian adenvorius (sAd) vaccine vector design and development

Key considerations in the design of sAd vectors for use as vaccines are similar to
those for AdHu5. The vaccine vector must be non-replicating and unlike adenovirus
gene therapy vectors have negligible immune modulatory activity. Hence, SAd
vectors lack the E1 region encoding viral transactivator proteins which are essential

for virus growth and the E3 region encoding immunomodulatory proteins.

The advent of bacterial artificial chromosomes (BACs) coupled to bacteriophage A
Red recombination (recombineering) technology has facilitated the manipulation of
large virus genome. Using this approach linear DNA adenovirus genomes isolated

from non-human primates have been cloned for use as viral vectors.

The first stage, following virus isolation and genome sequencing, is either the
amplification or artificial synthesis of two products homologous to the left arm of the
genome, flanking the E1 region and one, approximately 1000bp, product homologous
to the right arm of the genome each incorporating a unique restriction enzyme site for
cloning and genome excision for vector production. These fragments are assembled
and inserted into a BAC by conventional restriction enzyme cloning. The virus
genome is then inserted into the BAC clone by single step gap repair homologous

recombination to generate an E1 deleted viral vector molecular clone (Fig 1a).

The bacteriophage A Red recombination (recombineering) system is then used to
allow seamless deletion of the adenovirus E3 immunomodulatory genes. Firstly, the
bacterial galactokinase gene (GalK) is amplified from the plasmid, pGalK, such that it
contains ~50 bp homology arms flanking the E3 region, this gene is inserted at the
E3 locus of the BAC rescued adenovirus genome by A Red recombination. Clones
are screened for growth on galactose as this phenotype is attributed to the GalK
gene product. The GalK gene is then removed by A Red recombination with a PCR

product comprised of the E3 left and right flanking region only (Fig 1b).
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Positive clones are selected on 2-deoxygalactose media which prevents growth of
bacteria expressing the GalK gene. Further manipulation using A Red recombination
firstly to insert the GalK gene and then to exchange it for an antigen expression

cassette at the E1 locus completes the engineering of the vaccine vector (Fig 1c).

The linear virus genome is excised from the BAC using unique restriction enzymes,
usually Pacl or Pmel, and transfected into complementing cells to generate the viral
vector. The antigen cassette typically consists of a strong promoter such as the
minimal CMV immediate early promoter, to drive antigen expression, the antigen of

interest and a polyadenylation signal.

The inventors have generated a molecular toolbox that allows the insertion of any
gene easily into a set region within the ChAd genome by inserting universal
cassettes expressing a bacteria antibiotic resistance gene flanked by specific
recombination sequences, such as atfR1 and atfR2, derived from bacteriophage A
(note this system is based on the Gateway cloning system from Invitrogen), into our
ChAd derived vaccine vectors at the E1 locus and/or the E3 locus. Shuttle plasmids
containing an antigen expression cassette flanked by specific recombination sites
paired with those present in the genome (for example affR1/R2 recombination
sequence requires atfL1/L2 recombination sequence) allow site specific
recombination in the presence of an enzyme mixture containing bacteriophage A

integrase, integration host factor and excisionase (Fig 2).

Although the deleted E1 region from SAds is complemented by AdHu5 E1 proteins
constitutively expressed by human embryonic kidney (HEK) 293 cells or PerC.6 cells,
viral yields vary depending on SAd serotype. High yields of Pan5, Pan6 and Pan7, all
derived from chimpanzees can be obtained from HEK293 cells, whereas ChAd1
yields are poor. For virus vectors with poor replication, further genome manipulation
has been shown to increase yields. In the case of AdHuU5, the E4 gene products in
particular those from orf3, orf4, orfé and orf6/7 coordinate their function with the E1
proteins (E1A and E1B 55K) and host cell cofactors to bind, reguiate and de-repress
several osliular functions during viral multiplication. Manipulation of the E4 region can

therefore be g promising means of increasing virus vields.
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in patent publication WO20M2/M72277, the present inventors described the
genaration of a chimeric vaccine vector, ChadOx1, derived from ChAd serolype Y25
enginesred by A Red recombination to exchange the native £4 orfd o€ and orf&/7
genas for those from AdHub. This vecior showed an increase in hexon protein
production from HEK 283 cells compared to the ChAd parent virus. Using this
approach, the inventors have now generated a novel adenovirus vector according to
the present invention, ChAdOx2, an E1/E3 deleted vaccine vector derived from
ChAdB8 (also referred to as Pan6 and sAd25) containing E4 orf1, orf2 and orf3 from
Y25 and E4 orf4, orf6 and orf6/7 from AdHu5 to increase virus yields in HEK 293
cells (Fig 3).

SAd vector engineering to improve immunogenicity

Adenovirus vaccine vectors, regardiess of parenial origin, can induce humoral,
mucosal and cellular immune responses, depending on the route of administration.
However, although the T- and B-cell responses elicited are good for most vectors,
the level of immunological potency can differ depending on adenovirus vector
parental strain/serotype'® 11. For example, when the two simian vectors ChAdOx1
(derived from Y25 and disclosed in WO2012/172277) and ChAdOx2 (derived from
C68, according to the present invention), which both carried a GFP expression
cassette in the E1 locus, were compared, the T-cell response elicited to GFP was
significantly higher for ChAdOx2 (Fig 4).
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List of Sequences

SEQ ID NO. Description of sequence
1 Complete DNA sequence of C68
2 E4 region of C68
3 E40rf1 from AdY25
4 E40rf2 from AdY25
5 E40rf3 from AdY25
6 Complete DNA sequence of AdY25
7 E40rf4 from AdHuU5
8 E40rf6 from AdHuU5
9 E40rf6/7 from AdHuU5
10 ChAdOXx2 vector (with Gateway cassette
in E1 locus)
11 Nucleic acid sequence of M. tuberculosis
protein Ag85A
12 Amino acid sequence of M. tuberculosis
protein Ag85A
Nucleic acid sequence of nucleoprotein
13 (NP) and matrix protein 1 (M1) from
influenza A virus
Amino acid sequence of nucleoprotein
14 (NP) and matrix protein 1 (M1) from
influenza A virus
15 Linker sequence
16 E1 region of C68
17 E3 region of C68
18 Amino acid sequence of C68 hexon
protein
19 Amino acid sequence of C68 penton

protein
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CLAIMS

1. An adenoviral vector comprising the genome of chimpanzee
adenovirus C68, wherein the genome of the adenovirus has been modified
such that the vector lacks the native E4 locus of the adenovirus and
comprises heterologous E40rf1, E4Orf2 and E4Orf3 coding regions from
AdY25, and wherein the adenoviral vector further comprises heterologous
E40rf4, E4Orf6 and E4Orf6/7 coding regions from AdHu5 in the E4 locus of

the adenovirus, wherein the adenoviral vector lacks a functional E1 locus, and

et

wherein the adenoviral vector lacks an E3 locus:,

2 The--adenovical-vaster-of -claim--4,-wherein said adenoviral vector

comprises one or more capsid proteins selected from the group consisting of:

(a) a hexon protein encoded by the coding sequence corresponding to
nucleotides 18315 to 21116 of SEQ ID NO. 1 or a sequence substantially

identical thereto;

(b) a penton protein encoded by the coding sequence corresponding
to nucleotides 13884 to 15488 of SEQ ID NO. 1, or a sequence substantially

identical thereto; and

(c) a fibre protein encoded by the coding sequence corresponding to
nucleotides 32134 to 33411 of SEQ ID NO. 1, or a sequence substantially
identical thereto.

32, The adenoviral vector of claim 1--s#-2, further comprising an
exogenous nucleotide sequence of interest that encodes a protein or

polypeptide.
43. The adenoviral vector of claim &g, wherein said protein or polypeptide
is selected from the group comprising an antigen, a molecular adjuvant, an

immunostimulatory protein or a recombinase.
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The adenoviral vector of claim wherein said exogeneous
nucleotide sequence of interest is an miIRNA or immunostimulatory RNA

sequence.

8. An immunogenic composition comprising the adenovirus vector
active ingredients, a pharmaceutically acceptable carrier, diluent, excipient or

adjuvant.

The immunogenic composition of claim &-5 for use in medicine.

87, The immunogenic composition for use according to claim #&, wherein

said use comprises delivering a transgene into a host cell.

88 The immunogenic composition for use according to claim <&, wherein

said use comprises eliciting an immune response in an animal.

428, The immunogenic composition for use according to claim <&, wherein
said use comprises boosting an immune response in an animal.
44144, The immunogenic composition for use according to claim &, wherein

said use comprises treating or preventing at least one disease.

The immunogenic composition for use according to claim +&, wherein

said use comprises inducing an immune response in an animal that will break

tolerance to a self-antigen.

A polynucleotide sequence encoding the adenoviral vector of any of

=

claims 1 to &4.

A host cell transduced with the adenoviral vector of any of claims 1 to
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5. A method of producing the adenoviral vector of any of claims 1 to &4,

comprising the step of incorporating the polynucleotide of claim 3413 -into a
Bacterial Artificial Chromosome (BAC) to produce an Ad-BAC vector.

£, A Bacterial Artificial Chromosome (BAC) clone comprising the

polynucleotide sequence of claim $4-13.

7. A packaging cell line producing the viral vector of any of claims 1 to

1818, The packaging cell line of claim 4817, wherein said cell comprises the

complement of any genes functionally deleted in the viral vector of any of

claims 1 to &4.

A kit comprising: (i) an adenoviral vector according to any of claims 1

&-4 or an immunogenic composition according to claim 6, and (i)

instructions for use.
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