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For example, types 1-4, 7, 10 and 26-29 cause benign cutaneous warts, types
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68 are associated with cervical
cancers and types 6 and 11 are implicated in genital warts (non-malignant
condylomata of the genital tract).

20
The majority of genital warts (>20%) contain HPV genotypes 6 and 11. Whilst
HPV-6 is the most prevalent genotype identified in single infections, both HPV-6
and HPV-11 may occasionally occur in the same lesion. Warts generally occur in
several sites in infected individuals and more than 60% of patients with partners

25 having condyloma {genital warts) develop lesions, with an average incubation
time of 3 months. A range of treatment options are currently available. However,
they rely upon excision or ablation and/or the use of topical gels and creams.
They are not pain free, they may require frequent clinic visits, and efficacy is
highly variable. Disease recurrence remains a significant problem for the

30 effective management of this disease.

Genital warts may regress spontaneously and cel! mediated immunity appears to
be the primary event responsible for wart regression. The high spontaneous
regression rates indicate that host cellular immunity can resolve clinical disease
35 and make immune-therapy intervention an option for treatment or prevention of
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difficult to growin tissue culture, so there is no traditional live or
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controlling both viral gene expression and DNA replication. Through its ability to
bind to both E1 and the viral origin of replication, E2 brings about a local
20 concentration of E1 at the origin, thus stimulating the initiation of viral DNA
replication. The E4 protein appears to have a number of poorly defined
functions but amongst these may be binding to the host cell cytoskeleton, whilst
ES appears to delay acidification of endosomes resulting - in increased
expression of EGF receptor at the cell surface and both E6 and E7 are known to
25 bind cell proteins pS3 and pRB respectively. The E6 and E7 proteins form HPV
types associated with cervical cancer are known oncogenes. L1 and L2 encode
the two viral structural (capsid) proteins.

Historically, vaccines have been seen as a way to prevent infection by a
30 pathogen, priming the immune system to recognise the pathogen and neutralise
it should an infection occur. The vaccine includes one or more antigens from the
pathogen, commonly the entire organism, either killed or in a weakened
(attenuated) form, or selected antigenic peptides from the organism. When the
immune system is exposed to the antigen(s), cells are generated which retain an
35 immunological "memory” of it for the lifetime of the individual. Subsequent
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from pat hogens that replicate intracellularly (viruses and sone bacteria)
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these cells in association with MHC 1l molecules. Recognition of antigen in this
complex stimulates CD4+ T-cells to secrete soluble factors (cytokines) which
regulate the effector mechanisms of other T-cells. Antibody is produced by B-
20 cells. Binding of antigen to secreted antibody may neutralise the infectivity of a
pathogen and binding of antigen to membrane-bound antibody on the surface of
B-cells stimulates division of the B-cell so amplifying the B-cell response. In
general, both antibody and celi-mediated immune responses (CD8+ and CD4+)
are required to control infections by pathogens. '
25
it Is believed that it may be possible to harness the immune system, even after
infection by a pathogen, to control or resolve the infection by inactivation or
elimination of the pathogen. Such immune therapies (also known as
"therapeutic" vaccines or immunotherapeutics) would ideally require a cell-
30 mediated response to be effective, although both humoral and cell-mediated
immune responses may be evoked.

it has been demonstrated (Benvenisty, N and Reshaf, L. PNAS 83 9551-9535)
that inoculation of mice with caicium phosphate precipitated DNA results in
35 expression of the peptides encoded by the DNA. Subsequently, intramuscular
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been precipitated was shown to result in uptake of the DNA into the nuscle
cells and expression of the encoded protein. Because expression of the DNA
results in production of the encoded pathogen proteins within the host's
cel I's, adnieation infeunige ofrplasmic DNA Wihécts had it besm pretimitated aisesidven
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or via pdebkttbhed FOWROGMEDL2 (W&ayr\/rp,i]@_. the DNA nay be coated onto particles
of sufficient density to penetrate the epithelium (US Patent No. 5371015).

For exanple, the nucl eotide sequences may be incorporated into a plasmd
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response(N¥§aPatent No. 5371015). For example, the nucleotide sequences may be
incorporated into a plasmid which is coated on to gold beads which are then
administered under high pressure into the epidermis, such as, for example, as
20 described in Haynes et af J. Biotechnology 44: 37-42 (1996). Projection of these
particles into the skin results in direct transfection of both epidermal cells and
epidermal Langerhan cells. Langerhan cells are antigen presenting cells (APC)
which take up the DNA, express the encoded peptides, and process these for
display on cell surface MHC proteins. Transfected Langerhan cells migrate to
25 the lymph nodes where they present the displayed antigen fragments to
lymphocytes, evoking an immune response. Very small amounts of DNA (less
than 1ng, often less than 0.5u9) are required to induce an immune response via
particle mediated delivery into skin and this contrasts with the milligram
quantities of DNA known to be required to generate immune responses
30 subsequent to direct intramuscular injection.

The expression and detection of HPV proteins in transfected mammalian cells
such as Hebla, 293, or CHO cells has often proved difficult and so for
biochemical and immunological studies requiring detectable expression of
proteins, or quantities of pure proteins the E.coli, Baculovirus or Yeast protein
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However, this is a cell-free system and it requires the use of a modified promoter
which contains the binding sequence for the RNA polymerase from phage T7.

20 E1 protein expression has additionally been detected indirectly, via detection of
the in vitro DNA replication of a plasmid containing an HPV origin of DNA
replication. Detection of this replicated origin containing plasmid acts as a
surrogate for E1 (and E2) protein expression (Gopalakrishnan et al, Virology
1999 256, 330-339., Lu et al J.Virol 1993 67, 7131-7139 and Del Vecchio et al

25 J.Virol 1992 66, 5949-5958). Both E1 and E2 are required for replication of the
HPV origin, so transfection of mammalian cells with plasmids encoding both the
E1 and E2 genes, plus a third plasmid carrying an HPV origin of DNA replication,
will only result in replication of the origin carrying plasmid if expression of the E1
protein (and E2 protein) has been successful, albeit undetectable by the

30 standard protein detection method (Western blotting).

The DNA code has 4 letters (A, T, C and G) and uses these to spell three letter
"codons” which represent the amino acids of the proteins encoded in an
organism's genes. The linear sequence of codons along the DNA molecule is
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gene expressed in E.coli or a viral gene expressed in mammalian cells will have
an inappropriate distribution of codons for efficient expression. However, a gene
with a codon usage pattern suitable for E.coli expression may also be efficiently
expressed in humans. It is believed that the presence in a heterologous DNA

20 sequence of clusters of codons which are rarely observed in the host in which
expression is to occur, is predictive of low heterologous expression levels in that
host.

There are several examples where changing codons from those which are rare
25 in the host to those which are host-preferred ("codon optimisation”) has
enhanced heterologous expression levels, for example the BPV (bovine
papilloma virus) late genes L1 and L2 have been codon optimised for
mammalian codon usage patterns and this has been shown to give increased
expression levels over the wild-type HPV sequences in mammalian (Cos-1) cell
30 culture (Zhou et. al. J. Virol 1999. 73, 4972-4982). In this work, every BPV
codon which accurred more than twice as frequently in BPV than in mammals
(ration of usage >2), and most codons with a usage ratio of >1.5 were
conservatively replaced by the preferentially used mammalian codon. In
WO97/31115, WOSG7/48370 and WO038/34640 (Merck & Cao., Inc.) codon
35 optimisation of HIV genes or segments thereof has been shown to result in
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with example a double stranded DNA sequence. Preferably the polynucleotide
sequence encodes a HPV polypeptide of an HPV type or sub-type associated
with cervical cancer, benign cutaneous warts or genital warts, for example types,
1-4, 6, 7, 10, 11, 16, 18, 26-29, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68,
20 preferably types 6, 11, 16, 18, 33 or 45, which are associated particularly with
cervical cancer and genital warts, most preferably HPV 11, 6a or 6b.

Accordingly, there is provided a synthetic gene comprising a plurality of codons

together encoding an HPV amino acid sequence, wherein the selection of the
25 possible codons used for encoding the amino acid sequence has been changed

to resemble the optimal mammalian codon usage such that the frequency of

codon usage in the synthetic gene ore closely resembles that of highly

expressed mammalian genes than that of papilloma virus genes. Preferably the

codon usage pattern is substantially the same as that for highly expressed
30 human genes.

In certain embodiments, the encoded amino acid sequence is a wild-type HPV
amino acid sequence. In alternative embodiments, the encoded amino acid
sequence is a mutated HPV amino acid sequence comprising the wild-type
35 sequence with amino acid changes, for example amino acid point mutations,
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immunogenicity of the fused polypeptide components. Preferably, the encoded
HPV polypeptide comprises the whole or a part of an early gene product, most
preferably E1 or E2. In one particular embodiment, the polynucleotide sequence
encodes the wild-type E1 polypeptide of HPV 6b as set out in Fig. 1, or a
20 fragment or analogue thereof. In alternative embodiments, the polynucleotide
seguence may encode one or more of. the mutated HPV6b E1 amino acid
sequence set out in Fig. 2; the wild-type E2 amino acid sequence (Fig. 3) of HPV
11 or of 6a or 6b; the mutated HPV6b E2 amino acid sequence of Fig. 4b; and
the mutated HPV11 E2 sequence of Fig. 4a, or fragments, analogues or fusions
25 thereof in which the encoded polypeptides retain immunogenicity.

According to the present invention, the codon usage pattern of the
polynuclectide will preferably exclude codons with an RSCU value of less than

0.2 in highly expressed genes of the target organism. A relative synonymous

30 codon usage (RSCU) value is the observed number of codons divided by the
number expected if all codons for that amino acid were used equally frequently.

A polynucleotide of the present invention will generally have a codon usage
coefficient (as defined below) for highly expressed human genes of greater than

0.3, preferably greater than 0.4, most preferably greater than 0.5 but less than 1.

35 desirably the polynucleotide will also have a codon usage coefficient for highly
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heterologous DNA in bacterial insect or mammalian cells, particularly human
cells. In one embodiment, the expression vector is p7313PLe (Fig.7).

According to a third aspect of the invention, a host cell comprising a
polynucleotide sequence according to the first aspect of the invention, or an
expression vector according the second aspect, is provided. The host cell may
be bacterial, e.g. E.coli, mammalian, e.g. human, or may be an insect cell.
Mammalian ceils comprising a vector according to the present invention may be
cultured cells tfransfected in vitro or may be transfected in vivo by administration
of the vector to the mammal.

In a fourth aspect, the present invention provides a pharmaceutical composition

human

comprising a polynucleotide sequence according to the first aspect of the.

invention. Preferably the composition comprises a DNA vector according to the
second aspect of the present invention. In preferred embodiments the
composition comprises a plurality of particles, preferably gold particles, coated
with DNA comprising a vector encoding a polynucleotide sequence which
encodes an HPV amino acid sequence, wherein the codon usage pattern of the
polynucleotide sequence resembles that of highly expressed mammalian genes,
particularly human genes. In alternative embodiments, the composition
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beni gn Cmr%Bﬁﬁg)Susmf Y HPV ﬁ'ﬁectlon prerrerésbiy an infection by an HPV type or sub-
type associated with cervical cancer, benign cutaneous warts or genital warts,
for example types, 1-4, 6, 7, 10, 11, 16, 18, 26-29, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, and 68. In certain embodiments, the invention provides the use of a
20 polynucleotide according to the first aspect, or of a vector according to a second
aspect of the invention, in the treatment or prophylaxis of an HPV infection of
type 6, 11, 16, 18, 33 or 45, which are associated particularly with cervical
cancer and genital warts, most preferably HPV 11, 8a or 6b. The invention also
provides the use of a polynucleotide according to the first aspect, a vector
25 according to the second aspect of the invention or a pharmaceutical composition
according to the fourth aspect of the invention, in the treatment or prophylaxis of
cutaneous (skin) warts, genital warts, atypical squamous cells of undetermined
significance (ASCUS), cervical dysplasia, cervical intragpithelial neoplasia (CIN)
or cervical cancer. Accordingly, the present invention also provides the use of a
30 polynucleotide according to-the first aspect, or of a vector according to the
second aspect of the invention in making a medicament for the treatment or
prophylaxis of an HPV infection of any one or more of types 1-4, 6, 7, 10, 11, 16,
18, 26-28, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68, or any symptoms or
disease associated therewith.
35
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"includes” and "including” are to be interpreted inclusively. That is, these words

are intended to convey the possible inclusion of other elements or integers not

_ specifically recited, where the context allows.

20

The term "analogue” refers to a polynucleotide which encodes the same amino

acid sequence as another polynucleotide of the present invention but which,

through the redundancy of the genetic code, has a different nucleotide sequence

whilst maintaining the same codon usage pattern, for example having the same

25 codon usage coefficient or a codon usage coefficient within 0.1, preferably within

0.05 of that of the other polynucleotide.

The term "codon usage pattern” refers to the average frequencies for all codons
in the nuclectide sequence, gene or class of genes under discussion (e.g. highly

30 expressed mammalian genes). Codon usage patterns for mammals, including
humans can be found in the literature (see e.g. Nakamura et.al. Nucleic Acids
Research 1996, 24:214-215).
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15 codon usage coefficient for a specific polynucleotide, relative to the highly
expressed genes of that species, the scaled value for each codon of the specific
polynucleotide are noted and the geometric mean of all these values is taken (by
dividing the sum of the natural logs of these values by the total number of
codons and take the anti-log). The coefficient will have a value between zero
20 and 1 and the higher the coefficient the more codons in the polynucleotide are
frequently used codons. If a polynucleotide sequence has a codon usage
coefficient of 1, all of the codons are "most frequent” codons for highly
expressed genes of the target species.

25 Shorter polynuclectide sequences are within the scope of the invention. For
example, a polynucleotide of the invention may Iencode a fragment of a HPV
protein. A polynucleotide which encodes a fragment of at least 8, for example 8-
10 amino acids or up to 20, 50, 60, 70, 80, 100, 150 or 200 amino acids in iength
is considered to fall within the scope of the invention as long as the

30 polynucleotide has a codon usage paitern which resembles that of a highly
expressed mammalian gene and the encoded oligo or polypeptide demonstrates
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In some embodiments, polynucleotides according to the present invention show
codon usage patterns which resemble those of E.coli and mammalian (e.g.
human) genes. This is particularly advantageous where a seguence is to be
used in vaccination of a mammal and in generation of significant amounts of the
20 antigen protein in vitre using E.coli cells (e.g. for use in assays, such as
immunoassays to judge the levels of expression in mammalian or human

tissues).

As discussed above, the present invention includes expression vectors that
25 comprise the nucleotide sequences of the invention. Such expression vectors
are routinely constructed in the art of molecular 'biology and may for example
involve the use of plasmid DNA and appropriate initiators, promoters, enhancers
and other elements, such as for example polyadenylation signals which may be
necessary, and which are positioned in the correct orientation, in order to allow
30 for protein expression. Other suitable vectors would be apparent to persons

skilled in the art. By way of further example in this regard we refer to Sambrook
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human tissues). As discussed above, the present invention includes
expression vectors that 25 conprise the nucleotide sequences of the
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The vectors may be, for example, plasmids, artificial chromosomes (e.g. BAC,

15 PAC, YAC), virus or phage vectors provided with a origin of replication,
optionally a promoter for the expression of the polynuciectide and optionally a
regulator of the promoter. The vectors may contain one or more selectable
marker genes, for example an ampicillin or kanamycin resistance gene in the
case of a bacterial plasmid or a resistance gene for a fungal vecior. Vectors

20 may be used in vitro, for example for the production of DNA or RNA or used to
transfect or fransform a host cell, for example, a mammalian host cell e.g. for the
production of protein encoded by the vector. The vectors may also be adapted
to be used in vivo, for ekample in a method of DNA vaccination or of gene
therapy.

25
Promoters and other expression regulation sighals may be selected to be
compatible with the host cell for which expression is designed. For example,
mammalian promoters include the metaliothionein promoter, which can be
induced in response to heavy metals such as cadmium, and the p-actin

30 promoter. Viral promoters such as the SV40 large T antigen promoter, human
cytomegalovirus (CMV) immediate early (IE) promoter, rous sarcoma virus LTR
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15 invention, for example for use as subunit vaccines or in immunoassays.

The polynucleotides according to the invention have utility in the production by
expression of the encoded proteins, which expression may take place in vitro, in
vivo or ex vivo. The nucleotides may therefore be involved in recombinant
20 protein synthesis, for example to increase yields, or indeed may find use as
therapeutic agents in their own right, utilised in DNA vaccination techniques.
Where the polynucleotides of the present invention are used in the production of
the encoded proteins in vitro or ex vivo, cells, for example in celi culture, will be
modified to inciude the polynuclectide to be expressed. Such cells include
25 transient, or preferably stable mammalian cell lines. Particular examples of cells
which may be modified by insertion of vectore encoding for a polypeptide
according to the invention include mammalian HEK283T, CHO, Hela, 293 and
COS cells. Preferably the cell line selected will be one which is not only stable,
but also allows for mature glycosylation and cell surface expression of a
30 ° polypeptide. Expression may be achieved in transformed ococytes. A
polypeptide may be expressed from a polynucleotide of the present invention, in
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froma polynucl eotide of the invention is included within the scope of the

invention. 5 Where the pol ynucl eotides of the present invention find use as
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to penetrate a surf ce of a recipient (e.g. skin), for exag)lle by neans of
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av%age t%naEtnﬁE:Ie?c amd and are accelerated at speeds sufficient to enable them to
penetrate a surface of a recipient (e.g. skin), for example by means of discharge
under high pressure from a projecting device. (Particles coated with a nucleic
acid molecule of the present invention are within the scope of the present
invention, as are delivery devices loaded with such particles). The composition
20 desirably comprises gold particles having an average diameter of 0.5-5um,
preferably about 2 ym. In preferred embodiments, the coated gold beads are
toaded into tubing to serve as cartridges such that each cartridge contains 0.1-1
mg, preferably 0.5mg gold coated with 0.1-5 pg, preferably about 0.5 ug
DNA/cartridge.
25 ,
Suitable techniques for introducing the naked polynucleotide or vector into a
patient include topical application with an appropriate vehicle. The nucleic acid
may be administered topically to the skin, or to mucosal surfaces for example by
intranasal, oral, intravaginal or intrarectal administration. The naked
30 polynucleotide or vector may be present together with a pharmaceutically
acceptable excipient, such as phosphate buffered saline (PBS). DNA uptake
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15 A nucleic acid sequence of the present invention may aiso be administered by
means of specialised delivery vectors useful in gene therapy. Gene therapy
approaches are discussed for example by Verme et al, Nature 1897, 389:239-
242. Both viral and non-viral vector systems can be used. Viral based systems
include retroviral, lentiviral, adenoviral, adeno-associated viral, herpes viral,

70 Canarypox and vaccinia-viral based systems. Non-viral based systems include
direct administration of nucleic acids, microsphere encapsulation technology
(poly(lactide-co-glycolide) and, liposome-based systems. Viral and non-viral
delivery systems may be combined where it is desirable to provide booster
injections after an initial vaccination, for example an initial "prime" DNA

25 vaccination using a non-viral vector such as a plasmid followed by one or more

"boost" vaccinations using a viral vector or non-viral based system.

A nucleic acid sequence of the present invention may also be administered by
means of transformed cells. Such cells include celis harvested from a subject.
30 The naked polynucieotide or vector of the present invention can be introduced
into such cells in vitro and the transformed cells can later be rgturned to the
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i ncrease the capacity for presenting the antigen, to inprove activation
and/or nmintenance of the T cell response, to have anti-tunour,
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15 any of a variety of biological fluids and organs, including tumour and peri-
tumoural tissues, and may be autologous, allogeneic, syngeneic or xenogeneic
cells. '

Certain preferred embodiments of the present invention use dendritic cells or
20 progenitors thereof as antigen-presenting cells, either for transformation in vitro
and return to the patient or as the in vivo target of nucleotides delivered in the
vaccine, for example by particle mediated DNA delivery. Dendritic cells are
highly potent APCs {Banchereau and Steinman, Nature 392:245-251, 1998) and
have been shown to be effective as a physiological adjuvant for eliciting
25 prophylactic or therapeutic antitumour immunity (see Timmerman and Levy,
Ann. Rev. Med. 50:507-529, 1999). In general, dendritic cells may be identified
based on their typical shape (stellate in situ, with marked cytoplasmic processes
(dendrites) visible in vitro), their ability to take up, process and present antigens
with high efficiency and their ability to activate naive T cell responses. Dendritic
30 cells may, of course, be engineered to express specific cell-surface receptors or

ligands that are not commonly found on dendritic cells in vivo or ex vivo, for
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GwW CSF, 1L-4, 1L-13 and/or TNF to cultures of nonocytes harvested from
peripheral blood. Alternatively, CD34 positive cells harvested from
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Vivg 1N gfl 8RI-CSF, IL-3, TNF, CD40 ligand, lipopolysaccharide LPS, fit3 ligand (a
cytokine important in the generation of professional antigen presenting cells,
particularly dentritic cells) and/or other compound(s) that induce differentiation,
maturation and proliferation of dendritic cells.

0 APCs may generally be transfected with a polynucleotide encoding an antigenic
HPV amino acid sequence, such as a codon-optimised polynucleotide as
envisaged in the present invention. Such transfection may take place ex vivo,
and a composition or vaccine comprising such transfected cells may then be
used for therapeutic purposes, as described herein. Alternatively, a gene

25 delivery vehicle that targets a dendritic or other antigen presenting cell may be
administered to a patient, resulting in transfection that occurs in vivo. In vivo
and ex vivo transfection of dendritic cells, for example, may generally be
performed using any methods known in the art, such as those described in WO

' g7/24447, or the particle mediated approach described by Mahvi et al,

30 Immunology and cell Biology 75:456-460, 1997.
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| munol ogy and cell Biology 75:456-460, 1997. 2 1 FEB 2005 WO 02/ 08435
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ubiiqui t i mstrdlmeﬂﬁWhlahme&hécbammy’e@ﬁﬂaprﬁrﬁm of (HoR) tubeePiel fngr B Vi r us
core antigen, flt3 -]igand and other cytokines such as |FNy and GMCSF. 25

O her suiStECE &l Whisht 45 aseated nwithc particlesvkearing dhe yvaccise *nueleetiden e,

EL?‘#B?t ; Sieﬁ%g Por ShiETA A eChroRte “Wkéﬁ‘%mﬁa%e»ﬁﬁa'tf%%%b%
WN) ; grediniy.ant 65 (Merck and Conpany, Inc., Rahway, NJ); AS-2

(Smt hKI | ne Beecham Phil adel phia, PA); alum ni um salts such as al um ni um
hydr oxi de gel

15 The pharmaceutical compositions of the present invention may inciude adjuvant
compounds, or other substances which may serve to moduiate or increase the
immune response induced by the protein which is encoded by the DNA. These
may be encoded by the DNA, either separately from or as a fusion with the
antigen, or may be included as non-DNA elements of the formulation. Examples

20 of adjuvant-type substances which may be included in the formulations of the
present invention include ubiquitin, lysosomal associated membrane protein
(LAMP), hepatitis B virus core antigen, fit3-ligand and other cytokines such as
{FN-y and GMCSF,

25 Other suitable adjuvants are commercially available such as, for example,
Freund's Incomplete Adjuvant and Complete Adjuvant (Difco Laboratories,
Detroit, Ml); Imiquimod (3M, St. Paul, MN); Resimiquimod (3M, St. Paul, MN);
Merck Adjuvant 65 (Merck and Company, Inc., Rahway, NJ); AS-2 (SmithKline
Beecham, Philadelphia, PA); aluminium salts such as aluminium hydroxide gel

30 (alum) or aluminium phosphate; salts of calcium, iron or zinc; an insoluble

suspension of acylated tyrosine; acylated sugars; cationically or anionically




30 ¢alum or alum nium phosphate; salts of calcium iron or zinc;

I nsol ubl e suspension of acyl ated tyrosine; acylated sugars; cati on["chfﬁ@z@
ani oni cal | 'ﬁ% FEB 2005 WO 02108435 PCT/ GB01/ 03290 21 dgiiyadiised

pol ysac%? {0 pol yphosphazenes; bi odegradabl e m crospheres;

nmonophosphoryl lipid A and quit A Cytokines, such as GW CSF or
interleukin-2, -7, or -12, may al so Qi used as adjuvants. 5 In the

formul ations of the invention it is pfeferred that the adjuvant conposition
i nduces an i mmune response predom nantly of the Thl type. Thus the adjuvant
may serve to nodul ate the i mmune response generated in response to the DNA-

encoded antigens froma predom nantly Th2 to abpred()qgQBft E @g
{Esgg?sigeﬁ%ﬂzeﬂepéhﬁaﬁhm WW PARRCY ebigdegt OSP - nses to
an atm MeceptenPhody Bk A afidli S oRBBesciich AEIRCEE TRt

response 7%r_pge ?\Mbéms-éhjastaﬂ?@\]aﬁtge | evel of Thl-type cytokl nes wll
increase to a greafe extent than the level of Th2-type cytokines. The

| evel s of these cytokines may be readily assessed using standard assays.

' f he. f .
RevS | e formyksiorat feSpSendeh B RipETRy FECHE SEROICRHPBE SR, ™
eliciti n%&&%%@%ﬁﬁﬂé'rﬁsﬂ&ﬂsé pRRIoMiRaMBNSLtHeTh idge. fidusetha radjevard

conbi nati on of nonophosphoryl lipid A  prefer ablg 3-de- O acy| atl.e)gl6
rmnophosp’myrgerveﬁmmbdu%@ﬂhﬂmmynunﬁg@tsﬁ@m%?ﬁe@’ﬁe H Eﬂﬁ)ﬁl‘ﬁ?ﬁ%meﬁ “her

el udo EPESGeR Aes” BRI i pRbnAEy Tz o) A prediminaficnt Rypense
char act efégfthden mgﬁt;emg ST flypecbgrkings (g nFNLNYNAL ¢0-2 afiddb-12)

ol i gonucl e known ‘and are descrlbed in, for exanple
W0961025%&nd | tomfawsui e ainstugtionack calie mediatede l@r@mene’@éimf&? tpoANos

I
ﬁﬁﬁgﬁnﬁc@@éa Ratelg e RGeS IE G Rt Pyt e (R AR Srelhonse s, oy i
the ”%r@?}orﬁar@nﬁl?@fﬁ%ypéﬁ%é@éﬁﬁﬁf tietypensickisds wilk inorasbdo |a1@tedtert ely
adj acent eret .g. 'as a fusion therewi_.th. Alternativel

CpG cont axt&ntg;haolthgdm&il@oThQi@@ermob@e%cdrﬁhﬁ levalscef Sﬁ%trcﬁ%‘i“iﬁq rr@y not as

part of e onposi ti,on I th a
ol i gonucltb(,?ofel’%@ % s5&d ﬂ%'wg %SB%%EO#Q%SCO%F%?%%WW% Hg%?%er adj uvant s.
Forq sexam!y&aklﬁéb,%@wémann and Coffman, Ann. Rev. immunol. 7:145-173, 1989.

Accordingly, suitable adjuvants for use in eliciting a predominantly Thi-type
response include, for example, a combination of monophosphoryl lipid A,
preferably 3-de-O-acylated monophosphoryl lipid A (3D-MPL) together with an
"0 aluminium sait. Other known adjuvants which preferentially induce a TH1 type
immune response include CpG containing oligonuclectides. The
oligonucleotides are characterised in that the CpG dinucleotide is unmethylated.
Such oligonuciectides are well known and are described in, for example
WO96/02555. Immunostimulatory DNA sequences are also described, for
25 example, by Sato et al, Science 273:352, 1996. CpG-containing
oligonucleotides may be encoded separately from 'the papilloma antigen(s) in the
same or a different polynucleotide construct, or may be immediately adjacent
thereto, e.g. as a fusion therewith. Alternatively the CpG-containing
oligonucieotides may be administered separately i.e. not as part of the
30 composition which includes the encoded antigen. CpG oligonucleotides may be
used alone or in combination with other adjuvants. For example, an enhanced




2 1 F E B 2005 WD 02/ 08435 PCT/ GBO /03290 22 5 system involves the 21FEB 2005
conbi nation of a CpG containing oligonucleotide and a saponin derivative
parti cumr #0843 conbi nati on of CpG and @S21 as di scl osBET/GBIINEY00/ 09159
and WD 00162800. Preferably the formulation additionally conprises an oil

I n water emnul sion and/or tocopherol. Another preferred adjuvant is a
saponin, preferably @21 (Aquila Bi@Bharmaceuticals Inc., Frami ngham M),
whi ch nmay be used alone or in conbination with other adjuvants. For

exanpl e, an enhanced systeminvolves the conbination of a nmonophosphoryl
i pid A and saponin derivative, such as the 10 conbi nati on of Q521 and

3D- MPL agystesrtinvoives theNQodbdbigticonrs ofoa GpGeasmtainingc bligemuictestitpedidt mon where
the @S21 is quenched with chol esterol, as described In WO 96/33739. .O her
pr ef er r eSERPSHMsEEVABYR Padieyarydhacogpinalion aabel s RSnasdisdeseshifer ol . A

articul gy ' ti LANOlL N i3 2l
!to ocophergYé%/r?B&gaigzgl %?Jr?u m\&g@eréégﬁuﬁgﬁonﬁggﬂggg{c rt%{%eg)r | H’r\/\%ﬁtﬁ@%o O her
pr ef er r egom@rig¥s ahDillin Watdeefuiican add/or $4c rélSeppi c, France), SAF ‘

(Chiron, California, United States), IS (CSL), M--59 (Chiron), Detox
(RiBi, 'Hamilton, MI, RC-529 (Corixa, Hanmilton, MI) and other an noal kyl

ad ovant SO REERES PoRiarko 5F bprart . BTRGRY( 2t Bdingy n
- A- R whepgigharmacsutica?®. Iné\, | BrathiR@amoMAY, QvhichRriay 64 - #kRlalore @r ihenyl
C1-50 al kyl'. One enbodi nent of the F%r{esent I nvention consists of a

f or mul at combiation with ptaer pdjuyantsethof examplenan enhanoedr systerms: iayplves) ) |

wherein i el ab - 24, ef er . the R
corrpon_enﬂ'q éo%ﬁb.égs'qﬁ} @fa’@gagf;?/"%%“’?@@%gﬁ%q é%\éoﬁ"?r@rgﬁ’%@e%’ esﬁgﬁlqysy tE%z al kyl,
angqoA i scembiitionTEE QST e 3DLMPLOAS Zidschibed Bn20f> JNDOP31848% less ,
PCT/ GBOL1/ 03290 23 the palyoxyethyl ene_ethers should be in the range 0.1-20%
pr ef er abrgacte@sAio. gomposition where the Q821 is quenched with cholesterol,” as
described in WO 96/33739. Other preferred formulations comprise an oil-in-
water emulsion and tocopherol. A particuiarly potent adjuvant formulation
involving QS21, 3D-MPL and tocopherol in an oil-in-water emulsion is described

15 in WO 95/17210. '

Other preferred adjuvants include Montanide ISA 720 (Seppic, France), SAF

(Chiron, California, United States), ISCOMS (CSL), MF-59 (Chiron), Detox (Ribi,

Hamilton, MT), RC-529 (Corixa, Hamilton, MT) and other aminoalkyl
20 glucosaminide 4-phosphates (AGPs).

Other preferred adjuvants include adjuvant molecules of the general formula (i)

Formula (I): HO(CH2CH20)n-A-R
25 -
wherein, nis 1-50, A is a bond or =C(Q)-, R is C1-50 alkyl or Phenyl C1-50 alkyl.

One embodiment of the present invention consists of a formulation comprising a
polyoxyethylene ether of general formula (1), wherein n is between 1 and 50,
30 preferably 4-24, most preferably 9; the R component is C1-50, preferably C4-
C20 alkyl and most preferably C12 alkyl, and A is a bond. The concentration of




10%" and nost preferably in the range 0.1-1 % Preferred pol yoxyet hy} qalpr 2005
ethers are selected fromthe follow ng group: pol yoxyethyl ene-9-1auryl

et her yet hyl ene- 9- st eoryI et her, pol yoxyet hyl enep8riigdehson €t her, 5
pol yoxye\fﬁy?ene§4 | auryl ether,. pol yoxyet hyl ene- 35-1 auryl ether, and

pol yoxyet hyl ene- 23-1 auryl et her. Pol yoxyet hyl ene ethers such as

pol yoxyet hyl ene | auryl ether are desc?’ied in the Merck index (12th edition:
entry 7717). These adjuvant nol ecul e re described in WO 99/52549. The

pol yoxyet hyl ene ether according to the general forrmula (I) above may, if
desired, 10 be combined with another adjuvant. For exanple, a preferred

adj uvant _ conbinatjon is preferably wth CpG as- described in the pending UK
pat ent ' dpBIRCHRS v@ege@@gseﬂqu!dmmmwanga@eme (RETRIalYHORA dvant |

h i |
he vace il BRTHIG PGBy B nelRrBAD 1Lk ERfely R GRTE B RRBE ™
encodes tdre asleged rfemnbethednﬁonmtr@r eglro‘u;)r Stpol;@?ethﬂéheﬁgbﬁmmn@m or

i ntramuscul ar injectign, or by intradermal particle-nediated delivery, then
the part Rﬁyw&thmmﬁrﬁaate@wlcont Q'ihﬁlr»ng t Roly@veihenedysteeryl adni gtharer ed

sub ue at d whi ch
W | |s§q ;B ddgoxﬁ ﬁ){]gﬁ?ﬁgag )I/SI gtﬁ kaécflgcéf( I‘?&{l‘%@@-@é— \["W“sa {1%'0 Un%fgq t hese
Ci rcunst gishasx ﬁejlewwaaamrymay dtieerad i Polgdeietidylone t hecthene reuth asag he
antigenic forrrul ation or an alternate route. In other enbodi ments the

adj uvant Rsdyaxysthylens fasmmtaer | ¢ d@scribgd indin Meseleindexyd 28y editine: &Y geni ¢
I
Por mul ati T Pap iy Sbpat TOEke s d8SMIELR] P 0ds288. Pne

del i very mdly cbﬂetrlfwsﬂ\@@theifao@emlggmfﬂwe yénarh! fonmote(l) Asove mayeifdasired t her

before or after the particle ated delivery thereof. The fol]|ow ng
Exahdl es tﬁarW"b'@efjur\’f'ﬂ‘eraﬂqthﬁgt?@'&l‘éaﬂtheﬁpl’n\ﬁéﬂ“[éiﬁ, a prefesedr ediwany 30

t he acco 3. 0

PCT/ @m%bgﬁ?gdg\g’@%ﬁb%m Egr of % ﬁ)%I:a f;;h% %errr!:dl’ll chli%dB%equences
of El fr cgpgticktion @B98209582. and 6b, der| ved from Genbank; Figure 2 shows
the prototype wild-type am no acid sequence of HPV6b El from

~ Where the vaccine includes an adjuvant, the vaccine formulation may be

15 administered in two parts. For example, the part of the formulation containing the

nucleotide construct which encodes the antigen may be administered first, e.g.

by subcutaneous or intramuscular injection, or by intradermal particle-mediated

delivery, then the part of the formulation containing the adjuvant may be

administered subsequently, either immediately or after a suitable time period

20 which will be apparent to the physician skilled in the vaccines arts. Under these

circumstances the adjuvant may be administered by the same route as the

antigenic formulation or by an altemate route. In other embodiments the

adjuvant part of the formulation will be administered before the antigenic part. In

one embodiment, the adjuvant is administered as a topical formulation, applied

25 to the skin at the site of particle mediated delivery of the nuclectide sequences

which encode the antigen(s), either before or aftef the particle mediated delivery
thereof.

The following Examples serve to further iflustrate the invention, with reference to
30 the accompanying drawings, in which:




Fig. 1 (6b-el) aligned with the HPV6b El ami no acid sequence 5 includfsmia05
point mytations_ to renove biological activity (6b-el mut): Figure shows

t he prot%??ﬂ%s"ﬁld-type am no aci d sequences of E2 from )Iflwfé‘?‘vgé?%ll, 6a
and 6b, derived from Genbank; Figure 4a shows the prototype wld-type am no
acid sequence of HPV11l E2 fromFig. 3 (Hpv-11 e2 w) aligned wth the
HPV11 E2 amno acid 10 sequence i ncl 4 ng a point nmutation to renove

bi ol ogi cal activity (Hpv 1le2-nmut) and with the am no acid sequence encoded
by the nucleotide sequence of Fig. 6 (Hpv-1le2-comut); Figure 4b shows the
prototype wi ld-type am no acid sequence of HPV6b E2 fromFig. 3

( Hpv- 6beFigkre 4is the pretetype npigsty peRaminmacidcseluenses af eh from MPVdi ng a

oi nt nmutation i i cal tivit Hpv- 6be2-mut); Figure 5 shows
g_ nucl eoti de seéfggﬁgg?%%a%cﬁ '$958’!e8lﬁf? a%%mféﬂ'{)er n resenbling that of a
hi ghl'y ewg@%széhbwg&nggﬁgggtywﬁ@agzﬂetémorad:tcﬁ&@@@rmtéﬁef RPVELSERYRRGe Of

HPV6b El from Fig. 2; ure nows a nucl eotide sequence, having a
codon usage patfiginl (Gsemblaliggedhuithothes HPYBby Edx mreiseedcidusequeroe,

Shods' D vect ofciidte BBt frRElins B 87, Bolobioal st &Sl My | b Evampl o
4 run on Rguracs wh@wsdmegs&oto@ge AAM-Bipd afhd Aci8 ERMRNEES FED Fof F”"ﬁ; | enge

expressed El protein; Figure shows cellul ar responses to antigen c
after i muni sattypasdfl, 6aians G tderiveddrgmyseniankie according to the invention

i acr yi AiRE" 38 SO Heinlel e WiBliver: Fout, SEharaute ot Ry
CPVGOEL PCT/ GBOLT (3500 The Bt Lo (R ety a1 e O Sen ", Pveb
El ,1%bt ai ned fr%ﬁﬁU%bié]ﬁlu,dif@asFé%gfoﬁ&atip Ogr.emd‘(ébbiql@giceleafgbfﬁvdﬂpVThi s
figure shows t hﬁ é&-%t} R Iwith the amino acid sequence encoded by the nucleotide
sequence of Fig. 6 (Hpv-11e2-comut);
Figure 4b shows the prototype wild-type amino acid sequence of HPVGb E2
from Fig. 3 (Hpv-6be2-wt) aligned with the HPVBb E2 amino acid
15 sequence including a point mutation to remove biological activity (Hpv-
6be2-mut);
Figure 5 shows a nucleotide sequence, having a codon usage pattern
resembling that of a highly expressed human gene, encoding the
mutated amino acid sequence of HPV6b E1 from Fig. 2;
20 Figure 6 shows a nucleotide sequence, having a codon usage pattern
resembling that of a highly expressed human gene, encoding the
mutated amino acid sequence of HPV11 E2 from Fig. 4;
Figure 7 shows DNA vector p7313-PLc;
Figure 8 shows cell lysate samples from Example 4 run on an acrylamide gel
25 and stained to show antibody binding to expressed E1 protein,;
Figure § shows cellular responses to antigen cﬁallenge after immunisation of
mice with a polynucleotide according to the invention {Example 6); and
Figure 10 shows cell lysate samples from Example 7 run on an acrylamide gel
and stained to show antibody binding to expressed E2 protein.
30




5 of honology for this protein between the HPV virus prototype sequ@nckgs By
types 11, 6a and 6b. Simlarly, Figure 3 sets out the wild-type prototype
amno acid sequences for the E2 protein of HPV11l, 6a ppgic®aiodnois
expect&P P3N i mune ther apy (therapeutic vaccine) using HPV6b sequences
Wi ll cross-react to provide a prophyl actic or therapeutic i mune response
against all three viral 0 types. Zscodon usage of the HPV6b El sequence
was conpared to that of highly expréSsed human and E.coli genes and found
to have a | ow codon usage coefficient for both species. Sinply using the
nost abundant codon for each 15 amino acid residue would also result in a
skewed codon usage pattern, as no . organismuses exclusively its npst
pref er r edkarsien { gbdanddptimisatiomof HEMBLE iConsequent |y, the codons were
assigned—using a statistical method to give a synthetic gene having a codon
frequency closer to that found naturally in highl egressed E. oI| and
(}umanl genges W@Qtyﬁéepmtd‘grlpe amiridheactd reelqeence g¥nt Is sPQjaigd u

I sua Si,c pro Thonpson
(Protei ﬁf ‘gﬁég 8%3@@%@ (ngbﬁp g&ﬁ{?’%}’ 'gl% f@aéé; E%SIT%Q EW@lr each
anifo amfmmmsl@efomtmm@rotem bisteers dog MY, V@&:@d@iﬁ"m@s alus Obased on

the prohability 6> HRRSA. gut 3%@@% m@maa?ﬁe sotypegamito Detail s
Tees A7 o and, o6 SRR, fgund’ preta

o e o T, Ao g o

assi gn Cﬁg\‘?ﬂﬁe QQ?'IRW @é}hpgﬁﬁ&v%ﬁe) 08hg RPVEHaguenogs il ansssareact he nost

frequent use get organi’sm Rat her t he pr.oport i

f r equenttoypranigei apr @@ﬁéﬁ@h@%&@@%&&h@fﬁﬂ@ ﬁ%él?%e?gﬁpg%\ﬂf gﬁlgggj"laé

ref ecte[g p the synthetic sequence by assigning codons in the correct
proporti Rs However, as there is no hard-and-fast rule assigning a
particular codon to a particular position in the sequence, each tine it is
run the PHEWGh Wédde BF B GV sequenceywahaonparerdeo-that ohdigily each

e Sesmaassed Tran AL deRes gk SBT3 Al = s sl seger B o

gi ven ino acid
sequencecgsficiengiforebothaspetieddD Sihpigasing dhe mestEburnsiant cpgat dpoeAsR 290
15 amino acid residue would aiso result in a skewed codon usage pattern, as no.

organism uses exclusively its most preferred codon for a given amino acid.
Consequently, the codons were assigned using a stafistical method to give a
synthetic gene having a codon frequency closer to that found naturally in highly
expressed E.coli and human genes.
20
The codons in the synthetic gene were assigned using a Visual Basic program
called Calcgene, written by R. S. Hale and G Thompson (Protein Expression
and Purification Vol. 12 pp.185-188 (1998)). For each amino acid residue in the
original sequence, a codon was assigned based on the probability of it
25 appearing in highly expressed E.coli genes. Details of the program, which works
under Microsoft Windows 3.1, can be obtained from the authors. Because the
program applies a statistical method to assign codons to the synthetic gene, not
all resulting codons are the most frequently used in the target organism. Rather,
the proportion of frequently and infrequently used -codons of the target organism
30 is reflected in the synthetic sequence by assigning codons in the correct
proportions. However, as there is no hard-and-fast rule assigning a particular
codon to a particular position in the seguence, each time it is run the program
will produce a different synthetic gene - although each will have the same codon
usage pattern and each will encode the same amino acid sequence. If the
35 program is run several times for a given amino acid sequence and a given target




organi sm several different nucl eotide sequences wll be produced V\/;? m
differ in the nunber, type and position of restriction sites, intro F ce
si gnal s W@ #¥8435one of which may be undesirable. The ski IPCTEBMOB29AN wi || be
able to select an appropriate sequence for use in expression of the

pol ypeptide on the basis of 5 these features. Furthernore, since the codons
are random y assigned on a statisti cal2bbasis, it is possible (although
perhaps unlikely) that two or nore codons whi ch are rel atively rarely used
in the target organism m ght be clustered in close proximty. It is 10

bel i eved that such clusters may upset the machinery of translation and

| ! . .
e codortgash, SERIAIBIE HIFSHAsd Rldtoes S BE AOHRE WRLRING" 0o oF

| ess t hadiffer2int e nwngﬁryty,a,e@r&p@attxgerﬁs*esmcboua«taso infrarv epticesignads e codon
cl usters dhei 9gmef GMich HSY geimo%%gsﬂse The %mépférﬁyéﬁ A BE éﬁbeﬁé Eg?r%f“ ng

codons was then allocated 15 accor

expr esse@ERRRYPPrigiesequencgiioeuss "b@é@"&ﬁﬁloncﬁfsih&? p@bme@ﬁdwcmhﬁ ba’ﬁ@ Qil nt hetic
geng t hathaassdled that of the E. coli genes (coefficient 0.85) and al so

that of highly expressed human genes (coefficient 0.50). A simlar process

was used to obtain a codon optim sed nucl eotide sequence for HPV11l E2,

gglcgpte nte F@ﬁhénﬂa@esmééethyc&tdds awmabhgg?géuc ggg r?%oa %@&tfﬁn@dl U?élﬁl;?i‘s of the
SI

raed s o° o RBI FitnBuoB Hehrs ik oSt nis imors Praauerkeh S edAed i ghl y

expressecbﬂmlymaedeneme wngetkerngmQﬂ@htaﬁb@Btméﬂ |ﬁ0dsloEé prom&mﬁ/ QDdsonS wer e

noynexcl {th Q‘El 5 se i e drons e

ol i gonuc ShC 1 é aol '&e%ﬁ; NSl 'H@@%rr?ﬁ'él 25

bel ow. vaaattommiy_ lmwexpmssuoduam usnttbetangg)rdbmcfor choosingdbe Eodansl irEthegenes to

0,12 1 Bpt P AR i) bl Sl SHSCLPUES TR A2, e

are showsl (%mrg Jengst ine orglerdta ypreventoaoy yiage s sters bPegyg 2
whighty saad orglerdt to eefamaiysters et

(HPVBDE]L fo @bl LY E?h%@gsthE\\.(ﬂlélFS’? WOTIQ%EHFR@Q rbo‘&@h‘s%a?s%e@@ld&“é & ed

nucI eoti de on optl m sed

andSnut a?é@ordr'ﬂﬂ:tcé@ﬁ RIURNRIRS X highty igppiasses E§°B IeRasita gwegan@verail Fi gure
4, the amsmﬁbutmh wmﬂwﬁ@ nﬂ{ettch eld R P dcifnlelt thaned e Bxliegsney of the

f ﬁgogr glto k)‘f‘{&f@ cient 5 03@%@5} ag@%h 11 rjﬁgﬁly eexnperelssse uma(r:llI g\lleennes (coe?fl me%ment wth
0.50). A similar process was used to obtain a codon optimised nucleotide
sequence for HPV11 E2, except that Syngene (Peter Ertl, unpublished), an

20 updated version of the Calcgene program, allowing exclusion of rare codons to
be optional, was used to. allocate codons according to the codon frequency
pattern of highly expressed human genes. Unlike the codon assignment for E1,
rare codons were not excluded. At the same time, an alteration was made to one

of the oligonucleotides to encode a K111A amino acid change, as described
25 below.

Mutations were introduced into the codon optimised E1and E2 genes to give rise
to point mutations in the E1 (K83G, R84G and G483D) and E2 (K111A) amino
acid sequences. The amino acid sequences of the mutated genes are shown
30 (aligned with the wild-type prototype sequence) in Figs. 2 (HPV6bE1) and 4
(HPV6bE2 and HPV11E2). The codon optimised and mutated nucleotide
sequence for HPV6b E1 is shown in Fig. 5. The codon optimised and mutated
nucleotide sequence for HPV11 E2 is shown in Fig. 6. In Figure 4, the amino
acid sequence of the polypeptide obtained by expression of the codon optimised
35 and mutated HPV11E2 gene is also given, in alignment with the prototype wild-




WD 02/ 08435 PCT/ GO /03290 27 type and the nutated w | d-type sequengfi éz .
show t hat codon optim sation of the nucl eotide sequence does not al FE &)
am no acid seqguence encoded (which is identical to th i 1 d-type
sequencé‘ﬁqmg’s anple 2 - Construction of the Codon @ti%@gﬁ%%@éybu El
Pol ynucl eoti de Sequence Gene Design: Using the optimsation software
di scussed above, overl appi ng 40ner ol i gonucl eoti des were cal cul ated
fromthe optim sed sequence. The termnal oligonucl eotides containing the
restriction sites were 60ners . The oligonucleotides were ordered fromlLife
Technol ogi es Ltd at 50nnol e concentration, deprotected and
non- phosphoryl ated. 15 A i gonucl eoti de assenbly : Each oligﬁnuqleotide was
di ssol vetygenanidibé endiated Wilddypatsequenoces.fionshow daiceardanaeplimisationoof

m cr onol ﬁ'«{:\eot | edtid %8&% dﬁﬁét H6E aﬁ@?.tﬁéeﬂﬁﬁﬁﬂ Rfd %'egu?gt?? encoded

ol i gonucl'eot"des at synthesis was set up a ows using Pwo
pol yner adwhichdsidestical Batbermuigied witdttyp® Sequeee)9ss) . 20 Doubl e distill ed
water 861 Pwo 1 OX buffer 101 dNTP mx 1l (equal m x of 100mM dNTPs) oligo

m x 1l (equal m x of 100M oligos) 25 ol. r 21 0,A Pol rase
Chabn ReBgamse (oerbonplaiation Oliie, Goden” ORISeN, HEB. &1 hohnucegii 77,
Ther nobl ubRt@netra)usi ng the follow ng conditions: 1.40C2 mn 2.72Cl0 sec

3. 94C15 —A0C30 sec 5,72C20 sec + 2secs per cycle 6.4C 35 Cycle
repeated 25 tines between steps 3 and 5.

Gene Design:

Using the optimisation software discussed above, overlapping 40mer
10 oligonuclectides were calculated from the optimised sequence. The terminal

oligonuclectides  containing the restriction sites were 60mers. The

oligonucleotides were ordered from Life Technologies Ltd at 50nmole

concentration, deprotected and non-phosphorylated.

15 Oligonucleotide assembly:
Each oligonucleotide was dissolved in double distiled water to a final
concentration of 100 micromolar (uM) and an equal mixture was prepared of all
96 oligonucleotides at 100 uM. The synthesis was set up as follows using Pwo
polymerase from Roche Boehringer (Cat No. 1 644 955).

20
Double distilled water g6ul
Pwo 10X buffer 10pl
dNTP mix " 1l (equal mix of 100mM dNTPs)
oligo mix 1ut (equal mix of 100pM oligos)
25 Pwo polymerase 2ul.
A Polymerase Chain Reaction (PCR) was carried out on the above reaction mix
on a Trio Thermoblock (Biometra)using the following conditions:
1. 40°C 2 min
30 2. 72°C 10 sec
3. 84°C 15 sec
4, 40°C 30sec
5. 72°C 20 sec + 2secs per cycle
6. 4°C «

35 Cycle repeated 25 times between steps 3 and 5.




2 1 FE B 2005 WO 02/08435 PCT/ GBOL/ 103290 28 After conpletion of 257 ¢y¥¢hemys
a 10l aliquot was renoved fromeach tube and run on a 0.8% Tris Acetate
(TAE) ad¥P8%88432| and observed under long wave UV |ight PCIHGBYAHRM ed s ze
of the synthesised EIl DNA should be approx. 2kb. 5 Gene Recovery: The
synt hetic gene was recovered by PCR using pol ynerase using the two term nal
ol i gos which contained a Not 1 restricd¥on site on the Ntermnal of the
synthetic oligo and a Barn HlL site at the Cterm nal synthetic oligo. 10
Double distilled water Pwo 1 OX buffer dNTP mx assenbly mx 15 N
termnal oligo Ctermnal oligo Pwo polynerase 651 101 1f (equal m x of
100mM dNTPs) 20f (from previous PCR) 11 (100M 11 (100M 21. 20 1. 94C 45
sec 2. 7 2 mn+.1m er 500bp, . 3. 72C 10 mn 4. 4C o Cycle repeated 25
times bethRRInC¥PRistion OJ%BOQYCI% FHOnbatapelowastremeyediepmpracts tule asidng a
Q Aqui ck rBRRmar 0.8% TrisoAcktate (TAERABAIJSY gdlPand BEEWRELRAS Idhg WideVas
resuspenq?\g 'IP1 a.nt‘ot al _of 50i o; K1t )

light. "The expected size of the synthesised E1 DNA should be approx. 2kb.

5
Gene Recovery:
The synthetic gene was recovered by PCR using polymerase using the two
terminal oligos which contained a Not 1 restriction site on the N terminal of the
synthetic oligo and a Bam H1 site at the C terminal synthetic oligo.

10
Double distilled water 65ul
Pwo 10X buffer 10pl
dNTP mix 1ul (equal mix of 100mM dNTPs)
assembly mix 20pl (from previous PCR)
15 N terminal oligo 1l (100uM)
C terminal oligo K ul (100pM)
Pwo polymerase 2ul.
20 1 94°C 45 sec
2 72°C 2 min + 1 min per 500bp
3. 72°C 10 min
4 4°C oo
Cycle repeated 25 times between steps 2 and 1.
25

The PCR product was then purified using a QlAquick PCR purification kit
(Qiagen Cat No. 28104) before the DNA was resuspended in a total of 50p! of kit
elution buffer. A 10pl aliquot was digested with Not 1 and BamH1 restriction
enzymes (from Life Technologies Ltd, 3 Fountain Drive, Inchinnan Business

30 Park, Paisley, Scotland) for 2 hours at 37°C. This digest was gel purified on
0.8% TAE agarose gel and the 2kb DNA product excised and extracted using a
QlAquick Gel extraction Kit (Qiagen Cat No, 28704). The final digested pure
DNA fragment was eluted in a total of 50l of kit elution buffer.




elution buffer. A 1041 aliquot was digested wwth Not 1 and BanHl 21 FEB 2005
restriction enzynmes (fromLife Technol ogies Ltd, 3 Fountain Drive,

I nchi nnan Busi ness 30 Park, Paisley, Scotland) for 2 ho Thi s

di gest WAL purified on 0.8% TAE agarose gel and theli{cgrli%ﬁ%ﬁ’lgggr oduct
exci sed and extracted using a Q Aquick Gel extraction Kit (Q agen Cat No.
28704). The final digested pure DNA44agnent was eluted in a total of 50l
of kit elution buffer. 2 1 F E 2005 02/ 08435 PCT/ GB01/ 03290 29 This PCR
fragnent was cloned into vector p7313PLc (Fig. 7), (Powderject Vaccines
inc., see further details below) and transfornmed into conpetent JMLO9
cells (Pronmega cat no: P9751). Plasmd DNA from selected clones were
restrictTiis PCR fmgmentkwasbglodedeista oectart p7 3tiitl-B4hig. BndPwwlereebR . 5
Five correct clones w . ' : n i nsert
ona s sarge e oot ItyRE Ustols B ehd MesToltRiFingS b pRi AN 07 |

nut at i onsellsagProntgateat hor PAFAHePlasmid DAL froee setedied noloaes owerawer e
correcte ligafl] i L g t i trther

cl ones. %ﬁﬁlghc%ﬁ#ﬁﬁ?ecz‘\ggﬁ%er‘lmewv\g@ggg@gﬁ@gﬁe b é?&e]g'? r ?@?i%%&reggb }r:r{é[

di gBst i oFivarndriectclones avith Zrinfragment insgiis vearg. seiaated andribe Nkt Q&f’r $nat ed

6bEl cl o | ; CUH ' | ' | sation
gt udi es ?%@tevﬂtclgg tS?EE CIWgﬂ% fr%%'r-lte,_ aﬁgﬁ%@hﬂﬁgé@%ﬂﬂgﬁ%gggfgene wer e
PCR anpl $¢leeteds fosfurthentaec Dethsge qroinfpmuiaionspyeg sorrecietiby Jgd 9'%318
1983) ang, With'hdro \jggte'sg@ﬂfB e 43 BtHAMInesand the respective

fragnments cloned I nto anHl di gested vector p7313PLc . These cl ones
wer e designated p6bEIWt and pllEIwWt/ respectively. The El genes in clones

pﬁb&l cl ?gg%&%ﬂ&oﬁ%%‘; g&-bﬁ@@geﬂub?tregtricﬂ?n F]thiyme“ dtgﬂsgoan?mtb the | ld o
changes an . ughced g ' ' | cl eotide
pri mgr s ipser W@I@& seauenfssh PFTJ? Pgﬁ’?%d@%? aﬁﬁ'gﬁf@% %ﬂ%ﬂb@ e&?ﬁ%ui red
nut at i ongmeeasd Usetonpdieive exptdssion antdhinunbeisation studiegaheswlly tipehods
descri bed | LckChange,Site-Dir t i | : Cat No.
200518) . E'EMEQ'PQQFEEB% 85‘%%%&""?6‘%@%% %Oﬁgﬁﬁgrﬁe@zﬁcﬁgﬁﬁﬁt@%@gba clo
nut and, gefdimiovclonmst of e#Pé6bj EMBO Bkaln(ld) 2314C31$ #988) endoHPMéTCodon
Ot sef4ERYdY 1552 1281130016860 bh8 Ghe FEEHEARE fragments cloned into Not 1 -

BamH1 digested vector p7313PLc. These clones were designated pBbE1w#t

and p11E1wi/t respectively.

The E1 genes in clones pebEic/io and p6bE1w/ were further mutated to
20 introduce amino acid changes K83G, R84G and G438D. Sequenced matched 3'

and 5' oligonucleotide primers with nucleotide substitutions designed to

introduce the required mutations were used in PCR reactions with other kit

reagents by methods described in QuickChange Site-Directed Mutagenesis Kit

(Stratagene Cat No. 200518). Mutated p6bE1c/o and pEGbE1w/ clones were
25 designated p6bE1cfo mut and, p6bE 1w/t mut respectively.

Example 3 - Construction of the Codon Optimised HPV11 E2 Polynuclectide
Sequence

30 The design, assembly and recovery of the E2 codon optimised gene was as
described above for E1, but the overlapping oligonuclectides were 60
nucleotides in length rather than 40, with an 18nt overlap. Unlike in the E1

" procedure a clone containing the K111A amino acid mutation was generated at
the same time as the codon optimised E2 gene clone by substituting the two

35 appropriate wild type sequence oligonucieotides with two 60mer oligonucleotides



30 The design, assenbly and recovery of the E2 codon opti m sed genec?/\;ppwimfl
descri bed above for El, but the overlapping oligonucl eotides were

nucl eot M@E2PH3F engt h rather than 40, with an 18nt over IPAF/GRHIOE in t he
El procedure a clone containing the K111A anmino acid nutation was generated
at the sane tinme as the codon optim sed E2 gene clone by substituting the
two 35 appropriate wild type sequence 30i gonucl eotides with two 60ner

ol i gonucl eotides 21 FEB 2005 WD 02/ 08435 PCT/ GBO1/ 03290 30 whi ch toget her
conprise the nucl eotide substitution required to generate the KIL11A

change. Conposition of plasmd p7313 -PLc 5 The plasm d was constructed by

repl aci n X n .2l ni o F - Pstl nt of
pUCLo (avanief, REder CHRERSE BErRucagice Sl BB tsdtbed 16 il Re) ace.
Littl e chidf1bhichaBgeks, HP7 9NA) with an EcoR fragnment of pUC4K :
(Amer sham Phar maci a) contai ning the Kananmycin 10 resistance gene, follow ng
bl unt ending of both fragnents using T4 DNA pol ynerase. The human

Cyt onegal @9Mmpesitign ofrasmist p7¥thBheer, Intron A was derived from plasnid
JWI3H3 obtained fromDr Harriet Robinson, University of Massachusetts, and
inserted into the, Sall site of pUC19 as a Xhol -Sall fragment,

i ncor por at M @Plastai bWﬁFr@"@Ffﬁﬁieﬁl lhbFﬁﬁiﬁ@'nﬁcﬂ@a@ﬁﬁﬂﬁﬁfﬁmesggﬂﬁlcon@nIDgI etion
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Surface a Uik, Me@éﬂ@m&ia%owﬂﬁeﬁm font Bueks: U3P7 SUNAY with aaw, i n
the VeCtEéomlA%gsﬁi\éﬁtl@ff bYCRIK %me?émnmﬂidrm%ﬁ’é} SSMtairifRf thd KartdtRPeir610,

Gl i e DESBIATCR a1e. IO Ui 56 Fcba By Aeamertss Uga ids DNBer ¢ ed
5' t ot hepo!p@ieyamﬁMEahmmansGsﬂﬁﬁiegabva'UQ IEklproﬁwﬁéﬂ /enh&pgsre trorPAURasended
Lo oL i B! RN AP ad STord Br 3R Rl TG 4, 0
di gest i onMassaciNeetts, arid dedertad intot themBai1 baiten orﬁLpllJJ@agea$ aa rXhalveSalter ha_ng
one o PEAO R Bt BePabtine) i B bR e, Lo
si ghal t oDeletioneofdhe PpSall-Bani fragment from the promoter generated the minimal

promoter used in the vector (WO00/23592 - Powderject Vaccines Inc.). HBV

Surface antigen 3'UTR was derived from Hepatitis B Virus, serotype adw, in the

vector pAM6 (Moriarty et al., Proc.Natl.Acad.Sci. USA, 78, 2606-2610, 1981).

pAMGE (pBR322 based vector) was obtained from the American Type Culture

20 Collection, catalogue number ATCC 45020. The 3'UTR was inserted 5' to the
polyadenylation signal as a 1.4kb BamHI fragment, blunt ended for insertion to
remove the BamH! sites. In a series of steps (including digestion with Bg/ I,
Klenow polymerase treatment, digestion with BstX |, digestion with Nco |,
treatment with mung bean nuclease to remove overhang and further digestion

25 with BstX 1), modifications were made to the region between the 3'untranslated
enhancer region of the HBV S gene and bGHpA signal to remove all open
reading frames of greater than 5 codons between the X gene promoter and the
bGHpA signal. This resulted in deletion of sequence encoding the translatable
portion of the X protein (9 amino acids) and the X gene start codon. However,

30 the weak enhancer/promoter region of the X gene was retained because this
region was found to enhance expression of HBsAg from the CMV promoter. The
bovine growth hormone polyadenylation signal was substituted with the rabbit
beta globin polyadenylation signal. The 5'non-coding and coding sequences of
the S antigen were excised and replaced with an oligonucleotide linker to

35 provide multiple cloning sites as shown to produce plasmid p7313-PL.




‘reading frames of greater than 5 codons between the X gene pronoter and gghgg;
bGHpA signal. This resulted in deletion of sequence encoding the

transl at abl ortion of the X protein (9 am no aci ds) ne start
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retai ned because this region was found to enhance expression of HBsAg from
the CW pronoter. The bovine growh rnDne pol yadenyl ati on signal was
substituted with the rabbit beta glo |n pol yadenyl ati on signal. The

5' non-codi ng and codi ng sequences of the S antigen were excised and

repl aced with an oligonucleotide Iinker to 35 provide nmultiple cloning
sites as shown to produce plasmd p7313-PL. 21 FEB 2005 WO 02/ 08435

PCT/ GBOL1/ 03240 31 Hind -- - Not I - -- -EcoRV --Ndel- -BanH
AGCTTGCGECCGCTAGCGATATCGGTACCATATGTCGACGGATCC. ., . 5 . ..
ACGCCGGCGATCGCTATAGCCATGGTCTACAGCTGCCTAGECCGG - Nhel -- --Kpnl -- -- Sal | --

ANot | ThHirfeb! El-- cBlot fequence wBgoRYt ai ned {-Nael-a subcl onBafmtdm pl asm d

b mor & AGG b HRRCERR AR AT TR TG BB O RS s cluence. - he
cer5sequence. ACBCCHECCATOGETATAGLC CATGETRIASAGCTGQUBAGGRCGE produce

plasmd p7313- PLc (Fig. I,S?)l The seque ef of the_ lified cer Y@lﬂ verified
agai nst the Genbank en” ML1411. 15 arrpl e 4 - pressi on O]A

mammal i an 293T cells Mammalian 293T cells were grown at | og phase at a final
Pr oduct s eg-alEd Gy SHRCEE s BRaifed Fain. ggﬁﬁ“ﬂﬁ%?ﬁiﬂ“@’ BRI i ssue
cul ture fiben Daydl H@dgﬁii@fh(VVﬁW@kGJmMe@)&bén‘i P Iﬁéﬂlb}V\Pﬁ@ B RETEBSSoN i x
Wasopr epgy E%bo%“gfogw%&tﬁét% &ﬂés 35 H& gﬁﬂ ftr?égst{;ll:efﬂ MTHE B sy

6bEl cl o, er wat er 25
IOOPT| - menais(iGepcihsered intg Qa fco | @ﬁﬁaﬁfd} ?é|3 b\:ﬂﬁo‘f@é’ﬁﬁ%ﬁl@ﬁ"mf{ ﬁ %i@‘BRL) 6l .
30 Each pekl (pgnofayie vwmea&éedf &ié edmblified \Weeewdh t et agaiigyl thB0Oud of
Genbank entry M11411.

15 Example 4 - Expression of E1 in mammalian 293T cells

Mammalian 293T cells were grown at log phase at a final concentration of 2
X10° cells per 6 well Corning Costar™ (Corning Science Products, 10 The
ValieyCentre, Gordon Road, High Wycombe, Bucks, UK) tissue culture plate

20 overnight at 37°C in 5%CQO,. The following transfection mix was prepared and
compiexed for 25 minutes:

2pg of plasmid DNA (vector, p6bE1c/o, p6bE1wit} in 16yl sterile double distilled
water
25 plus:

OPTl-mem™ (Gibco BRL, Paisley, Scotland)  8pl
Lipofectamine™ (GibcoBRL) 6pl.

30 Each cell monolayer was washed carefully twice with OPTl-mem™. 800ul of
OPTIl-mem™ was added to each well. 200p! of OPTI-mem™ was added to each
transfection mix, mixed and added gently to a cell monolayer. The plate was
incubated for 5 hours at 37°C in 5% CO; after which the transfection mix and
OPTl-mem™ were discarded. The cell monolayers were washed gently with cell

35 growth medium twice and finally transfected cells were incubated for 24 hours in



OPTI - memlM was added to each well. 2001 of OPTI-nmenTM was added to eqghrp 2008
transfection m x, m xed and added gently to a cell nonolayer. The plate was
i ncubat SHOPYPBS hours at 37C in 5% CO2 after which the t P{ASERUIO3A ni x and
OPTI - meniTM wer e di scarded. The cell nonol ayers were washed gently with cell
35 growth nediumtwi ce and finally transfected cells were incubated for 24
hours in 21 F E 8 2005 WD 02/ 08435 PCT¥43B01/ 03290 32 Dul becco's Mdifi ed
Eagl e Medi um containing 10% foetal calf serumand 29.2ng/m of L-glutam ne
at 37Cin 5% CQ2. The cells were scraped off into mcrotubes, washed tw ce
with PBS, spun down and the cell pellet was resuspended in SDS Page Laenml i
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( DAKO) , \ﬁa%sdw wlelnin :at0vom itempasitaned aod 1Washadk dwicROwithhPBSwasd aaldesl to t he
wadged newas andai ' nt.l; | f.atd a enperature for
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A Cheni | §RAHERR RE{ (proteimsendency: GESSLEIQDSIEREERGSNBOAFRNST er r ed
pr ot ei ns imnabits, weadb diard mnes irvel ™ ifHgeddds - d
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horseradish peroxidase (HRP) (DAKOQ), was diluted 1:20000 in PBS and 0.1%
Tween 20. This was added to the washed membrane and incubated with gentle
agitation at room temperature for 1 hour. The membrane was then washed
thoroughly with PBS and 0.1% Tween20. A Chemiluminescent HRP kit
(Amersham) was used to detect the transferred proteins on the membrane.

D,

Results:

The predicted size of a translated protein for E1 is 68kDa - 72kDa. The resuits
(Fig. 8) show a correct protein size expressed by p7313-PLc containing the
codon optimised HPVBbE1 (lane 4). Vector containing wild-type E1 is in lane 3,
which shows that there was no detectable expression of E1 in human cells from
the wild-type nucleotide sequence. Similarly no E1 is detected in lane 2 (empty
vector) and [ane 1 (untransfected cells). The approx. 60kD band in lanes 1-4 is
an unidentified cellufar protein which cross-reacts with the anti-E1 antibody. The

band is of roughly constant intensity across the lanes, showing that the loading
of the samples was consistent.

Example § - Construction of recombinant Vaccinia Virus Expressing HPV E1 and
HPV E2 proteins.
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Construction of reconbi nant Vaccinia Virus Expressing HPV El and HPV E2
proteins. 35 21 FEB 2005 WD 02/08435 PCT/ GBO /03290 33 Vaccinia virus
expressing HPV-6b El protein was geneF3 ed at d axo Wellcome, Stevenage,

UK. Vaccinia virus expressing HPV-11 El and HPV-11 E2 were a kind gift from
Jeff Engler, University of Al abama at Birm ngham US. 5 Briefly, the El gene
from p6bEIwt was cloned into Vaccinia virus vector pTM3 and then the
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expressi ng bacteriophage T7 RNA pol ynerase. Co-infection of cells with
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virus strain WR was used in negative control experiments. Vector pTM3 and
15 virus vTF7-3 were from National Institute of Health, Maryland, US.

Example 6 - Immunology - detection of cellular responses to HPV antigens

20 All reagents were obtained from Gibco BRL, Paisley, Scotiand or Sigma, Poole,
Dorset unless otherwise stated.

A. Immunisation protocol.

Female C57BL/6 mice were immunised with 1.0-2.0 ug DNA (either p6bE1c/o,
25 p6bE1w/it, p6bE1c/o mut, p6bE 1w/ mut or empty plasmid p7313PLc) by PMDD

and boosted with an identical dose 14 days later. Animals were sacrificed by

cervical dislocation and spleens removed for investigation of the celiular

responses to HPV antigens.

30 B. Preparation of single cell suspension of splenocytes.
Spleens were “mashed” between ground glass slides (BDH), red blood celis
lysed (155 mM NH,4CI, 10 mM KHCO3;, 0.1 mM EDTA) and cells resuspended in
complete RPMI. (RPMI-1640 medium supplemented with 10% foetal calf serum
(FCS), 2mM glutamine, 100 units/ml peniciliin, 100 pg/mi streptomycin and 5 x
35  10°M 2-mercaptoethanol).
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I nfection of MC57 target cells. |mmunod3bni nant epitopes derived from HPV
antigens remain undefined therefore the detection of antigen specific
responses in vitro relies on natural 5 processing of whole antigen
generated within target cells that have been transfected with cDNA encodi ng
the whole protein(s). MC57 cells (Kb positive) were infected with

reconbi nant vaccini.a yvirus expressing HPV-6b E1, HPV-11 E2 or HPV-11 El1
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(96 wel | ,NRFFPES, 08 ofsantigpn ReRETEASeANGHS 7 o sefies. orvuatbralFN
gg(rjnﬂ? (Pfrﬁ]pﬁemwodﬁirﬂ‘ﬂdﬂé aﬁtigt@\ %n{&‘atbﬂ Rﬁﬁimwafg@tgbéris(n ?@t hg%gepgbei;nt iOgtege
addition 0 es s ocytes optai pe rom exp ups.

was presémﬁe‘ﬁ? tvﬁ'g" é’gi@f/{' i Oﬁml WB@% Pé@ﬁﬁgén%&t;g%é@@?r{%a F?‘%I‘té@r)ed
MC57 cel lvgereVinlf @thdmithla@cdn;biaaﬁt gaig(:inw?vms exprshsity gimeatﬁv,eHmnnnol- The
assay was-4 rni g 7 % . 4 da A assay,
spot forx%gﬁ:ggl4'§qv£¥glsﬁ]§t%i?®ﬁpllﬂyr&5]' %&%%’Hﬁ%g’tfgﬁ% l}/raiﬁﬁ %E@@sﬁFN

gamma ( Phanmusi wgewdsetP bff and tells Iresudpsndadeih bymplete ?%vaiogbhll’aiainba!sb nePBS
h hat ' hploH 8 1/1000 dilution in :
i s Tt S Aot el Gy BR0 WAl IE Gelb Qubst rate kit (i orad

170-6432) and quantified by imge analysis. The results are 25 shown in
Fig. 9. As gagHgsrseen fromFig. 9, a strong cellular response was seen from
all three—mce-vacci nated wt asm d_encodi na)eHPV- 6b codon optim sed El

sequence, ELIRFET &'\éﬁﬁdﬁée‘ﬂew Mﬁ‘i%fecﬁ‘ﬁ*?e% 45 1t Bewere coated witht @t anti-
(vacc. El(Adds®IFRQgamaf BPrmingeho 8183 D) He1 953/ BERD P BVERSR (Hoe§ Were
Cha’llé engep(jlriovrmtct:: rt]he addition of 4 x 10e5 splenocytes obtained from experimental groups.
Antigen was presented by the addition of 1 x 10e4 recombinant vaccinia infected
MC57 cells. Wild-type vaccinia strain WR was used as a negative control. The

assay was incubated overnight at 37°C(5% COz).

20 On.day 2 of the assay, spot forming cells were detected using biotinylated rat
anti-mouse IFN gamma (Pharmingen 18112D) at 1 pg /ml foliowed by
streptavidin alkaline phosphatase conjugate (TCS biologicals SA 1008) at
1/1000 dilution in PBS. This was visualised using an alkaline phosphatase

substrate kit (Biorad 170-6432) and quantified by image analysis. The results are
25 shown in Fig. 9.

As can be seen from Fig. 9, a strong cellular response was seen from all three
mice vaccinated with plasmid encoding HPV-6b codon optimised E1 sequence,
when chalienged with E1 carried in the vaccinia vector (vacc.E1(11) or
30 vacc.E1(6b})). No response was seen when these mice were challenged with
wild-type vaccinia (vaccWT), or with vaccinia expressing HPV-11 E2
(vacc.E2(11)). By contrast, vaccination of mice with plasmid encoding the wild
type E1 sequence does not result in a T-cell response. Splenocytes from these
mice do not react to challenge by vaccinia carrying the E1 gene, nor to any other
35 challenge (data not shown). Mutation of the E1 gene does not alter the cellular



"wi |l d-type vaccinia (vacc. W), or with vaccinia expressing HPV-11 E2 1 FER 2005
(vacc.E2(11)). By contrast, vaccination of mce wth plasmd encodi n?g gh@
wild t guence does not result in a T-cell respo cytes
fromthéggm%"%g do not react to challenge by vaccinia cﬁﬂsﬁg&?ﬂg El gene,
nor to any other 35 chall enge (data not shown). Miutation of the El gene does
not alter the cellular 21 F ELB 2005 02108435 PCT/ GB01/ 03290 35 response
in mce. Also, since mce imunised w p6bEl c/o and p6bEl c/o nut

rai sed strong cellular imune responses against target cells infected with a
Vaccinia virus expressing El protein fromHPV-1 1, we can assune that there
is a high level of inmmnlogic cross reactivity between HPV-6b El and HPV-1
1 El. 5 késponsgcii micead Albe hsibaptmice7BIBumised with @Eb& ovledamd pbEdefse to

an chal QE%@@ 5 fﬁl{h [ | ' T,cells
10y293T (I:Tl‘e‘ﬁﬂ%?r?rs[?np ay gel&!%o coﬁﬁ %u%%??ﬁ?érépggg\agﬁ%r%‘%}a@%rbgq\f%gﬁsq ected
with luyascirdayiuplexsressingBivwroteipdmm siPYodwwe ern aspepetbatthere isi ng
2.5pl of i1 tagm ' | t ' |1 owi n
he st andaran 128 TTHRAIGE crots R R g B Y oM. E on the
cel 15 weMdice hwacairated with nematy ®7sHdsPhatederr sRewad sie iTREPRRRE 4R a@MYied by
SDS- PAGE chailgfge \est ern bl ot using an anti-E2 peptide antiserum (#1100)

rai sed agal nst™ HPV-6b N-term nal am no acid sequence MEAI AKRLDACQEQLLELYEEC
(Fig. 10). Results The results show a major protein band of the expected

si ze (40iSample KDExpresdntdfasiy Y EQGE mathimaltan @83F2elignd track 5 (codon
opti m sed—and nutated £2). A mnor band of the sane slze al so appears in

track 4 indicating sone very low |evel expression fromthe nmutated wild
typ E2 @asdircall rhomolagérsi (809 aninflien{)nnog2d iwell plates slere tranmsfected awith 2 (wil d

{7 ok | L 8 RS SRS ShEREl BPoBleo Pl By pBborscmi GEREE Bh! B oes
not appedipsofectanipeo2Ge (lHfe peohrdlnges) pes dransfedtionhfollewing thei $tacdard
| mproved By fRAOREPEVENFAE! AN abbvef FBARROUMRS transfection the cells were
harvested, rinsed in phosphate buffered saline and examined by SDS-PAGE
15 and Western biot using an anti-E2 peptide antiserum (#1100) raised against
HPV-6b N-terminal amino acid sequence MEAIAKRLDACQEQLLELYEEC (Fig.
10).

Results

The results show a major protein band of the expected size (40kd - 45 kD) in

20 track 3 (codon optimised E2) and track 5 (codon optimised and mutated E2). A
minor band of the same size also appears in track 4 indicating some very low
level expression from the mutated wild type E2 plasmid, but not in track 1
(negative control), or in track 2 (wild type E2 protein). A cross reacting protein
band of ~25kd appears in all tracks indicating equal loading of protein lysates.

25 Mutation of E2 does not appear to compromise E2 protein expression which is
significant improved by codon-optimisation.



Claims 1. 5 2. 10 3. 15 4. 205. 6. 25 7. 30 8. A polynucleotide Seq%gi 0
whi ch encodes a human papilloma virus amno acid sequence of an HP B)z[]

*antigen or fragnent thereof having codon usage coefficient of greater than

0.3 but less than 1.0 for a human gene and capabl e of raising an inmune
response to said Early antigen, in vivo. A polynucleotide sequence
according to any one of claim1 whic 6is a DNA sequence. A pol ynucleotide
sequence according to claim1 or 2 I'ch encodes a HPV pol ypeptide of a HPV
type or sub-type associated with cervical cancer, benign cutaneous warts or
genital warts. A polynucl eotide sequence according to claim3 which encodes
a HPV pol ypeptide of one of types 1-4, 6, 7, 10, 11, 16, 18, 26-29, 31, 33,
35, 39, 49, 51, 52, 56, 58, 59 and 68, A pol ynucl eotide sequence accordi ng
4 whi ch encodes a HPV pol ypepti de AMSHpy type or sub-type which is
associated with cervical cancer or genital warts. A polynucl eotide sequence
according to claim5 which encodes a HP i t 6, 11
16, 18, B3 or Aspolynueleptide o?ﬁ%#enlcﬁowgl‘c\ﬁ r?@?éalg§%pep %e@é@%w@ﬁevgrﬁmre of
HPV virus typesmfho bkid KoqubBee38f @n #RV Early antigen or fragment thereof

5 having codon usage coefficient of greater than 0.3 but less than 1.0 for a
human gene and capable of raising an immune response to said Early

antigen, in vivo.

2. A polynucleotide sequence according to any one of claim 1 which is a
10 DNA sequence.
3. A polynucleotide sequence according to claim 1 or 2 which encodes a

HPV polypeptide of a HFV type or sub-type associated with cervical
cancer, benign cutaneous warts or genital warts.

® i i i HPV
4, A polynucleotide sequence according to claim 3 which encodes a

polypeptide of one of types 1-4, 8, 7, 10, 11, 16, 18, 26-29, 31, 33, 35,
39, 49, 51, 52, 56, 58, 59 and 68.

20 5. A polynucleotide sequence according 4 which encodes a H.PV
poly.peptide of an HPV type or sub-type which is associated with cervical

cancer or genital warts.

6. A polynucleotide sequence according to claim 5 which encodes a HPV
25 polypeptide of one of types 6, 11, 16, 18,33 or 45, or a fusion of two or
more polypeptides of one or more of HPV virus types 6, 11, 16, 18, 33 or

45.

7. A polynucleotide sequence according to claim & which encodes a HPV
30 polypeptide of a HPV type or sub-type selected from HPV 11, 6a or 6b.

3. A polynucleotide sequence according to any preceding claim in which
encodes a mutated HPV polypeptide having reduced biological function.




- A pol ynucl eoti de sequence according to claim5 which encodes a HPV
pol ypeptide of a HPV type or sub-type selected fromHPV 11, 6a or bl 1 ALB 2005
pol ynucl eoti de sequence according to any preceding claimin which encodes a
nmut at ed HPV pol ypepti de having reduced biol ogical function. 2 1 F E B 2005
37 5 9. A polynucl eotide sequence according to claim7 which encodes a
nmut at ed HPV pol ypepti de conprising ong or nore point nmutations by which one
or nore of the polypeptide's natural”biological functions is inactivated.
10. A polynucl eoti de sequence according to any preceding claimin which the
encoded HPV pol ypepti de conprises the whole or a part of a HPV early gene
product. 10 11. A polynucl eotide sequence according to claim9 in which the
encoded HPV pol ypeptide conprises the whole or a part of El or E2, or a
fusion o the mpusiectideasequénd ancoringii tohclaimt her Whish ﬁBP?g%t‘?de. 12.
A pol ynucl eoti de Mals) { it TrOtions 15
B PP sENGireROcoRpRSHiaRsRs BE Hhke BOBI <

codon usage co _greater thg{] O.Eﬂatbut .less than
1. 20 13. A pohhickclopet buenereqab e RAbRARIIRG PaluEa!PIRICBICa FUNAEPTE Rdon
usage coeffi Chﬁb‘tivé@d human genes of greater than 0.5 but less than 1. 14.
A pol ynucl eot i de 'sequence according to any preceeding claimhaving a codon
usage coefficient for E coli genes of greater than 0.6. 15. A pol ynucl eoti de

sequ_encet,lﬁf seg\ ngynmle&iget{gqb@{nﬁg écf%@gmigttooany F:Bec&mharhg)égizgt fremdndgh whi ch
remai ns € codoh usage ern reof . 0 c e as
set out in Figtheensgg %dﬁ'ﬁ%\érﬁﬁlﬁfp 'dea‘ﬁQJPBﬁ%FesA‘ e‘fvé?# éghel8 rgrr%qﬂ?%tﬁhe
codon usage pathflygehbaireafict. 30 17. An expression vector conprising a

pol ynucl eoti de sequence according to any preceding claimoperably linked to

a contol sequence which is capable of providing for, the, expressio f the
pol4ul cedt i de Aspaiyancieotidy seduesee cqeording tprp_@gm'ggdg WﬁICﬁ e 8hcaded

HPV polypeptide comprises the whole or a part of E1 or E2, or a fusion
of the whole or a part of E1 or E2 with another HPY polypeptide.

12. A polynucleotide sequence according to any preceeding claim having a
15 codon usage coefficient for human genes of greater than 0.4 but less

than 1.

13. A polynucleotide sequence according to claim 15 having a codon usage
coefficient for human genes of greater than 0.5 but less than 1.

20
14. A polynucleotide sequence according to any preceeding claim having a
codon usage coefficient for E.coli genes of greater than 0.6.
15. A polynuclectide sequence as set out in Fig. 5, or a fragment or
25 analogue thereof which remains the codon usage pattern thereof.
16. A polynucleotide sequence as set out in Fig. 6, ora fragment or
analogue thereof which remains the codon usage pattern thereof.
30 17. An expression vector comprising a polynucleotide sequence according to

any preceding claim operably linked to a contol sequence which is
capable of providing for the expression of the polynulceotide sequence
by a host cell.



38 18. An expression vector according to claim1l7 which is capable gf
directing the expression of the polynul ceotide sequence in bacteri I1 wﬁs@g’(
or mammalian cells. 5 19. An expression vector according to claim17 or
claim18 which is p7313PLc. 20. A host cell conprising a polynucleotide
sequence according to any one of clains 1-16. 10 21. A host cell conprising
an expression vector according to ang one of clains 17-19. 22. A host cell
according to claim20 or claim 21 whi 8h is bacteri al , 15 manmal i an, or

i nsect cell. 23. A pharmaceutical conposition conprising a polynucl eotide
sequence according to any one of clains 1-16. 20 24. A pharnaceuti cal
conposition conprising a vector according to any one of clains 17-19. 25
25. A phagmace Aichi@ 8apable! ¢fi diredlin

conpri si i%‘ r#hreg(ﬁ% ?%F?Q%%tr? geFes %ﬁj ?gler?gglow gol d grtlcl cogt ed with
DNA. 26. A phaﬂ:hﬂs&)mnesi&an Oé(ﬂi’ﬁ)@@lwu %&PHPRB dn@l QHain %@f’[ﬂrl sing of a
phar maceutlcal ﬁé}ﬁ lee exci pi ent and the DNA vector. 30 27, A

phar naceutical onpo ron according to any one of claims 23-26 further
corrpri sing an adjuvant, 28. A pharmaceutical conposition according to claim

whgh 1 gy abeuan \BcRiicaggstanty dof ukimn 1% oh claim HPY wiiigpest i de
enc ded g FPOl ynucl eoi de E B 2005 39 29, 530. 31. 10

p7313
20. A host cell comprising a polynucleotide sequence according to any one
of claims 1-186.
10 .
21. A host cell comprising an expression vector according to any one of
claims 17-19.
22. A host cell according to claim 20 or claim 21 which is bacterial,
15 mammalian, or insect cell.
23. A pharmaceutical composition comprising a polynucleotide sequence
according to any one of claims 1-16.
20 24. A pharmaceutical composition comprising a vector according to any one

of claims 17-19.

25, A pharmaceutical composition according to claim 23 or claim 24
comprising a plurality of particles, prefaerably gold particles, coated with
25 DNA.

26. A pharmaceutical composition according to claim 24 comprising of a
pharmaceutically acceptable excipient and the DNA vector.

30 27. A pharmaceutical composition according to any one of claims 23-26
further comprising an adjuvant,

28. A pharmaceutical composition according to claim 27 in which the
adjuvant is encoded as a fusion with the HPV polypeptide encoded by

35 the polynucleoide.



- 32. 33. 15 20 34. 25 35. 30 The use of a polynucl eotide according tq any one
of clains 1-16 in the treatnent or prophylaxis of an HPV infection21ﬂH§3w&é
of a vector 'according to any one of clainms 17-19 in the treatnent or
prophyl axis of a HPV infection. The use of a vacci ne conposition according
to any one of clainms 23-28 in the treatnent or prophylaxis of an HPV
I nfection. The use according to any o of clains 29-31 in which the HPV
infection is an infection of HPV type’6, 11, 16 or 18. The use of a
pol ynucl eoti de according to any one of clainms 1-16, a vector according to
any one of clainms 17-19 or a pharmaceutical conposition according to any
one of clains 24-28 in the treatnent or prophylaxis of cutaneous (skin)
warts, genital warts, atypical squanobus cells of undeterm ned significance
(ASCUS), cervical dysplasia, cervical intraepithelial neoplasia (CIN) or

cervi cal ncer.. A nmethod of tr.eafi | el 1€ any
synpt ons ' dig&%@ QE&BEHVQPQES{'%Q%g Ecﬁ{ga\écgﬁbﬂtg} ng ggﬁiﬁﬁsl%??ﬁ% an

ef fective anourdatnfentopprophytdxéoof are i\t feltiog. t o any one of clains 1-16, a
vector according to any one of clainms 17-19 or a pharnmaceutical conposition
according to any one of clains 23-28. A nethod of treatin reventi ng HPV
i nf eBti ond0.or arhe wsepobrs vectordpgeerding 4a sady Angy of r@? tﬁ,r'1§0'ﬁ"p %ing

adm ni stering IRl OnP PV iféctypcor di ng to any one of clains
23-27 in a prﬁﬁeeé%@%@gtapgt)@gggj regime wth a reconbinant viral vector or

non-viral based system conprising a polynucleotide according to _any one of
claims 1-46.  The use of a vaccine composition according to any one of claims 23-28

in the treatment or prophylaxis of an HPV infection.

10
32.  The use according to any one of claims 29-31 in which the HPV infection

is an infection of HPV type 6, 11, 16 or 18.

33. The use of a polynucleotide according to any one of claims 1-16, a
15 vector according to any one of claims 17-19 or a pharmaceutical
composition according to any one of claims 24-28 in the treatment or
prophylaxis of cutaneous (skin) warts, genital warts, atypical squamous
cells of undetermined significance {ASCUS), cervical dysplasia, cervical
intraepithelial neoplasia (CIN) or cervical cancer.
20
34. A method of treating or preventing HPV infections or any symptoms or
diseases associated therewith, comprising administering an effective
amount of a polynucleotide according to any one of claims 1-16, a vector
according to any one of claims 17-18 or a pharmaceutical composition
25 according to any one of claims 23-28.

35. A method of treating or preventing HPV infections or any symptoms or
diseases associated therewith, comprising administering a
pharmaceutical composition according to any one of claims 23-27 in a

30 prime-boost dosage regime with a recombinant viral vecter or non-viral
based system comprising a polynucleotide according to any one of
claims 1-16.




