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present invention relates to nethods and conpositions useful in the

t r eat mentwanzogseventi on of human papilloma virus infectipoBcaatdoRbe
synptonms 5 and di seases associated therewith. Papilloma virus infections
have been observed in a variety of species, including sheep, dogs,

rabbits, nonkeys, cattle and humans. Hunman papilloma viruses (HPV) have
been classified into nore than 80 types (Epidem ol ogy and Bi ol ogy 10 of
Cervi cal Cancer. Sem ¢mbs-dprIftasy emrrOonsvagys 1998eidEs203-211) . New
(novel) types are defined as those where the L1 gene displays | ess than 90%
sequence identity to L1 sequences frompreviously identified types, whilst
a sub- type displays between 90% and 98% L1 sequence identity, and a
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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 (>90%) 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 cell 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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di sease managenent are for a virus-specific therapy that is pain free,
requires a mnimumof clinic visits, has high disease resolution rates and
whi ch reduces/ m ni m ses di sease recurrence. 5 HPV has proven difficult to
grow in tissue culture, so there is no traditional live or attenuated
viral vaccine. Developnent of an HPV vacci ne has al so been slowed by the
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controhlng 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
E5 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 p53 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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these cells in association with MHC Il 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 cell-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, aithough both humoral and cell-mediated
immune responses may be evoked.

It has been demonstrated (Benvenisty, N and Reshaf, L. PNAS 83 9551-9555)
that inoculation of mice with calcium phosphate precipitated DNA results in
35 expression of the peptides encoded by the DNA. Subsequently, intramuscular
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lgatent No. 5371015). For examp!e the nucleotide sequences may be
mcorporated 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 al 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 1ug, often less than 0.5ug) 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 intframuscular injection.

The expression and detection of HPV proteins in transfected mammalian cells
such as Hela, 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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of al. Virology 1999 256, 330-339., Safan et al. Virology 1995 211, 385-396).
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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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 occurred 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, WO97/48370 and WQ98/34640 (Merck & Co., Inc.) codon
35 optimisation of HIV genes or segments thereof has been shown to result in
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. " 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,



exanpl e a doubl e stranded DNA sequence. Preferably the polynucl eotide
sequence encodes a HPV pol ypeptide of an HPV type or sub-type associ ated

wi th cerwa@atossancer, benign cutaneous warts or genital weeT/§sBof/axoexanpl e
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58, 59, and 68, 20 preferably types 6, 11, 16, 18, 33 or 45, which are
associ ated particularly with cervical gancer and genital warts, nost
preferably HPV 11, 6a or 6b. Accordingly, there is provided a synthetic
gene conprising a plurality of codons together encoding an HPV am no acid
sequence, wherein the selection of the 25 possible codons used for encodi ng
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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 polynuclectide
sequence 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
polynucleotide 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



pepti de. Fusions may be between HPV gene products derived fromthe sane or
15 different viral types or sub-types. Such fusions will desirably retain
the |inmmwogzes4eity of the fused pol ypepti de conmponents. PeEGBoHIE2Y) t he
encoded HPV pol ypeptide conprises the whole or a part of an early gene
product, nost preferably El or E2. In one particul ar enbodi nent, the

pol ynucl eoti de sequence encodes the wigd-type El pol ypeptide of HPV 6b as
set out in Fig. 1, or a 20 fragnment or anal ogue thereof. In alternative
enbodi ments, the pol ynucl eotide sequence nmay encode one or nore of: the
nmut ated HPV6b EI am no acid sequence set out in Fig. 2; the wild-type E2
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encoded pol ypeptides retain i nmunogenicity. Accordi ng to the present
I nvention, the codon usage pattern of the ol ynucleotide will preferably
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pol ynucl emtqglogous DNA in bacterial msect or mammalian cells, particu rly human

cells. In one embodiment, the expression vector is p7313PLc (Fig.7).

According to a third aspect of the invention, a host cell comprising a
20 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 cells comprising a vector according to the present invention may be

cultured cells transfected in vitro or may be fransfected in vivo by administration
25 of the vector to the mammal.

In a fourth aspect, the present invention provides a pharmaceutical composition
comprising a polynucleotide sequence according to the first aspect of the.
invention. Preferably the composition comprises a DNA vector according to the
30 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,
35 particularly human genes. In alternative embodiments, the composition



sequence according to the first aspect of the invention, encoding an HPV
am no acid sequence wherein the codon usage pattern of the pol ynucl eoti de
sequence woexesitd es t hat of highly expressed manmal i an ger€BGBpr/ef2er abl y
hi ghly 15 expressed hunman genes. The vector nay be suitable for driving
expression of heterologous DNA in bacterial insect or mammalian cells,
particularly human cells. I n one enbodigment, the expression vector is
p7313PLc (Fig.7). According to a third aspect of the invention, a host cel
conprising a 20 polynucleotide sequence according to the first aspect of
the invention, or an expression vector according the second aspect, is

provided. T host . rial .oe.q.. E cali\.m lian, e.0.
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accor di ng todhe Isecpna sepecti afitee presentdyendionclihé woaposdidnsmay atss imctuzle i n
vitro or npy (ﬁgvél?lansfect ed in vivo by adm nistration 25 of the vector to
t he mammal . ? a fourth aspect, the present invention provides a

pharmaceutical conposition conprising a polynucleotide sequence according
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hi ghl y expgeeesbdlingdinatafinighly expesssed mpammaliangenesanthanepsieg a wild-type
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conpri ses ﬁ phﬁrrraceutlcal |y a\(B:cagg_t abl e ‘exci pient.and a DNA vector _
accor di ng theovihE PSR AHENSEHWIE inpaeidy coaBges SHGIAN 3R, INaHYaER AFESPR i on

may al so irnetdigktheatatad] fedtions of the pollypeptites. aspect, the present invention
provi des a nethod of making a pharmaceutical conposition including the
step of altering the codon usage pattern of a wild-type HPV nucl eoti de
sequence, Alsoqrevtedara thelugawndlsepolydeclestidpaccadingntohtbei foal dspedtoopobduce

a Seflence, %\é&c{?ga@ccﬁefﬁg”td’%agéc&ﬂ} %g’ggct Bﬁﬁﬁﬁmé}ﬁioﬂ‘% Rk fLgthent or
expressed manmal i an genés_and encoding a w |l d-type
prophylaxis of an HPV infection, preferably an mfecrt)lon 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, 6a 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 intraepithelial 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, 26-29, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68, or any symptoms or
disease associated therewith.
35



10 HPV am no acid sequence or a nutated HPV am no acid sequence conpri sing
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use of a polynucl eotide according to the first aspect, or of 15 a vector
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prophyl axis of an HPV infection, prefergbly an infection by an HPV type or
sub- type associated with cervical cancer, benign cutaneous warts or

genital warts, for exanple types, 1-4, 6, 7, 10, 11, 16, 18, 26-29, 31,
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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 polynuclectide.

The term "codon usage pattern” refers to the average frequencies for all codons
in the nucleotide 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).



according to the second aspect or a pharmaceutical conposition according to
the fourth aspect of the invention. Adm nistration of a pharmaceutical
conposi t ivodomess3s ake the form of one or nore individual dpeEs&Bof/a29EXxanpl e
ina "prime-boost"” therapeutic vaccination reginme. In certain cases the
"prinme" 10 vaccination may be via particle nediated DNA delivery of a

pol ynucl eotide according to the preser invention, preferably incorporated
into a plasm d- derived vector and the "boost"” by adm nistration of a
reconmbi nant viral vector conprising the sanme pol ynucl eoti de sequence. 15
Thr oughout the present specification and the acconpanying clains the words
"conpri se'lnahd polpouciaetidesdf vthei pteisent isvertioas the ocgquidrs eshge "pattgrni isi ng”
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lower for the highly expressed genes of the target species. In order to calculate a
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 polynucleoctide 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 polynucleotide sequences are within the scope of the invention. For
example, a polynucleotide of the invention may ‘encode 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 length
is considered to fall within the scope of the invention as long as the

30 polynucleotide has a codon usage pattern which resembles that of a highly

expressed mammalian gene and the encoded oligo or polypeptide demonstrates



speci es. Codon frequencies can be derived fromliterature sources for the
hi ghly expressed genes of nmany species (see e.g. Nakanura et.al. Nucleic
Acids Ravear/ed33l996, 24:214-215). The codon frequenci es pPor/Gsavis2ef the 61
codons (expressed as the nunber of occurrences occurrence per 1000 codons
of the 10 selected class of genes) are normalised for each of the twenty
natural amno acids, so that the valueiFor the nost frequently used codon
for each amino acid is set to 1 and the frequencies for the | ess common
codons are scaled to lie between zero and 1. Thus each of the 61 codons is
assigned a value of I or |lower for the highly expressed genes of the

target spadPy¥santigeniigeln partiallarbat ot ekBlusRes)) th%aﬁébé‘c@fofthéHﬁVéntfd?f a
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and t ake mﬁﬁoaBSDfHuQXNoEme coefficient will have a val ue betmeen zero 20
and and the higher the coefficient the nore codons in the pol ynucl eoti de
are requently used codons. If a polynucleotide sequence has a codon usage
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t he pol ynucl eot.i de encodes a, fragnent of a npl ete HPV protein sequence
and may r dRNSSHRtOH nQr 5@%@%&%@?\9@@ Pé%ﬁe!rbdeﬁd'ﬁﬂ sias) pribtave been

removed or altered.
15
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 sequence is to be
used in vaccination of a mammal and in generation of significant amounts of the
20 antigen protein in vitro 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



The pol ynucl eoti des of the present invention show hi gher expression in
E.coli and mammalian cells than corresponding w | d-type sequences encodi ng
the samavant/osadinci d sequences. Wil st not wishing to be bome®Bobhg320my
theory, this is believed to be for at |east two reasons. Firstly, having a
codon usage pattern 10 closer to that of the host cell, the sequences are
nore easily processed by the cell trangl ation machi nery. Secondly, as up
to 30% of the nucl eotide sequence (or nore) is different fromthe

wi | d-type sequence, sites which interfere with transcription or

transl ation (such as protein binding sites) will have been renoved or

altered. 15 4m \selBBulBrTOBhINNtS LaBolABHL Mfiuzile 2 B EifioN. "'OSHOLEBS a6 §S ent
i nventi on show codon usage patterns which resenble those of E.coli and

manmal i an Rresg. (1988han) genes. This is particul arly advant ageous where a
sequence is to be wused in vaccination of a manmal and in generation of
significant anounts of the 20 antigen protein in vitro using E coli cells

(e.g. for Rreferablyass pylynusiectidasof thenmeeateaysr far iselge thednventidnsirmt
expression in nannalisgépr gunan ti ssues). As discussed above, {he present

i nverR i on VRN edPeRBYdinkpe o Ferrrl SeANENC WhiRliS: GapEbie e prakiding fefe
sequences ik, el P AB: oSl SYRERSSIINILCRLSY Sol & FRULABH % an

constructed in'the art o y an or ‘exanp i nvol ve
t he use ofexpressiond vedtar.andheatgpmojmpiesatdy ilinked ateders, topa jurdapositiore mieneiar s

d ot her el t f | | yadenyl at | i whi ch
bo pecosdle Formaens Hesaintd e A thadahandtia Hetrting st kindbinm,
order to ahbPWHBAdEAMARMSEI A RYDIASS s&huéacggéuéwiafsa@Ipeomafetrpr‘@pea@glyd be

apparent to persons skilled inthe art. By of further exanple in this
regat we linkedr ta 8 cG8ing sefuaNDe0s/ ISATHEAGT/ EBh12 9Gyothat expressign. ofvieecul ar

pr of or bl O PO RATSAY ety i dr3htscs caRBRIFCth e RBuAddn .| on

ina 5 veeloencés operably linked to a control sequence which is capable
of providing for the expression of the coding sequence by the host cell,
i.e. the vector is an

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 polynucleotide 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 vector. Vectors
20 may be used in vitro, for example for the production of DNA or RNA or used to
transfect or transform 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 example 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 metallothionein promoter, which can be
induced in response fo 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



expression vector. The term "operably linked" refers to a juxtaposition
wherein the conponents described are in a relationship permtting themto
functi onw@o2/0d385 r i nt ended nanner. A regul atory sequencePCHGBN1/68:9@
pronoter, "operably 10 |linked" to a coding sequence is positioned in such a
way that expression of the coding sequence is achieved under conditions
conpatible with the regulatory sequends. The vectors may be, for exanple,
pl asm ds, artificial chronpsones (e.g. BAC, 15 PAC, YAC), virus or phage
vectors provided with a origin of replication, optionally a pronoter for

t he expression of the polynucleotide and optionally a regulator of the

promot er . pfomotss t adehovirys Cprindter,0de ar HPY eorofictst, aphicuryk efe gapes, for
exanpl e an anpicillin or kananycin resistance gene in the case of a

bact eri al Lmsérgﬁnuretgul%tonégegj%rﬂe'BFaerﬁéyfaﬁo Reryusashl Alldbese pro@eteissargd may
be used 'R‘Néﬁ {lésfbnb 8'a n?jxl%%ﬂhfa{/é’f btlé]& ﬁrogyctlon of DNA or RNA or used to
transfect or franstform a e] o]

r exanple a mammual i an host cell e.g.
for the production of protein encoded by the vector. The vectors may al so

be adapte to be used in vi for e ein a t hod of DNA vacci hation
or ofF benEXATIPS S SuBab B IRV EPIOTa T IS B RERS EEEPOH I GRARIE) VARSI Gal <
may e selgrcligth\Rud et AERAl rBlByidds, IRA ARG leRlituster albHdiuxBIfRS! ON
i s designed. For exanple, manmmalian pfonoters incl u e netal ot hi onei n

pronot er , adeinokassacidbed wnmdesedGenertwmﬁers&odmnq\mysmgtmbses\umeasare

cadm um d t he act t Vi r al ters ch as,.the Sv40

P e T o bui e oRe skiledin MeaR Henrall 8y RIRERO et Samitandl belRedl B, (1 6
pronot er, stawl§ HEHam ther pl@lg/hircﬂem&%foﬁf@?rn%ﬂo@ﬂ% O8O host ydHom®d! er ,

adenovirus pronoter, or a HPV pronoter, particularly the HPV upstream

regultt or wlﬁh@ggbrsuczbmyow@waéuogds it pseferrenl | Replicatioprdsfecisesaderoving |
descri bed \/%'&Forée:%ﬂbbk{tréé’taﬂén‘?zi% dné‘or%gﬁaﬁé tthex%fﬁéa%ﬁra‘ﬁsneﬁw%xgﬁé&.ééh ral

vectors. inc her pes vectors, vaccinia

vect ors angeateisr oarpameeﬁ dmmg eotpregsiamin irisees eells dfde rexdniple esaculolvirus

adeno- associ ated vi ruses. ne trgnsfer t echni %ues usi ng these vi réjses are
vectors), in human cells or in bacteria may be employed in order to produce
quantities of the HPV protein encoded by the polynucleotides of the present

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 vyields, 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 cell culture, will be
modified to include the polynucleotide 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 vectoré encading for a polypeptide
according to the invention include mammalian HEK293T, CHO, Hela, 293 and
COS celis. 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 oocytes. A

polypeptide may be expressed from a polynucleotide of the present invention, in



known to those skilled in the art. Retrovirus vectors for exanple may be
used to stably integrate the pol ynucl eotide of the invention into the host
genone, MoOatedastigh such reconbination is not preferred. PCT/GB01/03290
Replicati on-defective adenovirus vectors by contrast remain epi sonal and
therefore allow transient expression. Vectors capable of driving
expression in insect cells (for exanpl ggbacul ovirus vectors), in human
cells or in bacteria may be enployed in order to produce quantities of the
HPV protein encoded by the pol ynucl eotides of the present 15 invention,
for exanple for use as subunit vaccines or in imunoassays. The

pol ynucl ecklisies aaramgehitond®huhfan aviekl| prefdiably alhidusey Afrdrid@eRicoféiet i on
by expression of the encoded proteins, which éxpression may fake place in

vitro, inhumampagmalexpressindradohreptide s amgjynuniectids ef the inventiareis i n
r econbi ”a’ﬁliclgc?ed)mhﬂ tﬂe%fvgeo?itﬁe {rfv%htiSﬁ.a”pl e to increase yields, or indeed

may find use as therapeutfc agents Tn their own right, utilised in DNA
vacci nation techni ques. Were the pol ynucl eotides of the present invention

din th ducti f t ded proteins. in vitro or e ivo,
cerl 5 °F oMlasiifee HabTsiotios, of §1S Wrprtemapton g el Ae) geanadic
pol ynucl eqigedes tdgbh @WAG\%ﬂﬁti%rlF*Phéﬂdc%ié R A1l 42 Taaﬁgﬁi'so éecl Blthe

pref erabl y st abl e"nammal i an ce i nes. Particul ar exanples | s which
may be nodidmnew! igyg.i muean tebeofaccinated.s Teroudieig acit, swchaisy BAA pd®NA,

according to. t i ntion i.nclud nmal i.an HEK293T,, CHO, HelL 293 and

o8 cel 1o Pty NG s, Bheudtd 1 SuS IERBATER VAR, Bchnas taserdescihad onl y

stable, Bbova| whichl haydelsdpréadad ia tBE ¥ens ¥f fid PAnaAEl. TRk peiiidstides

expression of a 30 '.EéIGypeptl de. Expression rragglboe achi eved in transforned
fis

oocyhles. may,be AsER! ﬂd:w/ ey axpiladis tarhniqie. aF poeyariples dhe :cmelcwic epid
Pon huran i Rahroddbetfby Aedicclon, Bt Riraduif, SubuBarichlRioe ©

expr essi ngrantpanypeylailyle Altconativedglthie utickit bdiel Phytdedensstidiredt§ into
i ncl uded V\‘iﬂthi n the scope of the invention, 5 Wiere the pol ynucl eoti des of
the presen?®iSKENEINGnar hrleigsacid sdelivens gevicecsugy ast RartiglegmedipteDNA

tinen oo EEEHSPIIOLE R 8 Aol i PRI RER S b BT Lol | |
DNA,15 s pmeth deuideic Eeil, fandrarf aacelerated at spebdsasuffloierd tdesrtatilédldem 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 pm. In preferred embodiments, the coated gold beads are
loaded 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 pg
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



above, which may be expressed in the cells of the mammal. The

pol ynucl eotides 10 nay be adm ni stered by any avail abl e techni que. For
exanpl e, wdne2/08483 ei c acid nay be introduced by needl e i NPETAGIBONY3290
preferably intradermally, subcutaneously or intranuscularly.

Alternatively, the nucleic acid nmay be delivered directly into the skin
using a nucleic acid delivery device sygh as particle-nedi ated DNA

delivery (PMDD). In this nethod, inert particles (such as gold beads) are
coated 15 with a nucleic acid, and are accel erated at speeds sufficient to
enable themto penetrate a surface of a recipient (e.g. skin), for exanple
by neans ehaylbedhaingefaclitted blyiuge dfrfasistating gemasiirras blpNacaipel eRher
(Particles coated with a nucleic_ acid nolecul e of the present .invention
are wit hi $ePAEatelyopleinstudaseinpihesBNA farmutatione Pthag mathodie of wdmjnistaringes

| oaded wi Hifehsi ' T : b Lk ' . j ol d
particl esttﬁ%w ng kg%rcyvglrrgéeay Eﬁ gerrrg'? g{@gﬁ h%lhggé'ﬁ]@ a&gﬁgf” Ze?%%tr@&g%{mgﬁgoﬁﬁ I n
pr ef er r ed edexdtrmbaratiors and meicrosaedihggwhidh e ddscribe inl08de697,000. t ubing to
serve as cartridges such that each cartridge contains 0.1-1 ng, preferably
0.5n gold coated with 0.1-5 g, preferably about 0.5 g DNA/cartridge. 25

Sui tabl e tlgsthke qoesndckeici ricid daistrgctshenavkies pohameed ant | skevepsl k@oWer i nto
a patient include topical apfgl ication with an appropriate vehicle. The
t

nucl ei ¢ adiansfeplipnp teciumayasstier exanipe darsg ineludhig &g risepof ttErnglieeion

surfaces féﬁ’en?éa_’;ﬁggm%%idgt fr%@?;%{qjen@rﬂcwge@t EAHAHE"Bhers if8'|to re?zraﬁﬁ%!@,'

adm ni st rat’ on. 0 po cleoti or vector y be preéese
t oget her wialdium peepnate and dAEAR-Dadepanad lipofextans,cotr examphe, dpgidaiaphat e
buf fgred saljpe BS) . upt ake 02/ 08435 PCT/ GB01/ 0329 7 _may be
Pur (e 1 ] feneEatasy. uLhe dRsAGE of 1 Piigekoantsosbe PR RERCaea e
ei t her S%ﬂ’@'ré’&.eWprall}/ e WiRRid Beidg deMinis®sratliatdrPAmothP Y tHEBHdSorf
adm nistering theé nucleic acid directly to a recipient include ultrasound,
el ectri callpst tondinag.i preferabiye dipgoteo iy onuckeid adid rfos gediicly miedisted gene
described jn US-5 ,901. 5 Uptgke of nucleic acid constructs may be

i 0ha i e R ol

enhanced [ DYy t'PBI®¥St echni ques, for exanpl e those
i ncluding the use of transfection

15 A nucleic acid sequence of the present invention may also be administered by
means of specialised delivery vectors useful in gene therapy. Gene therapy
approaches are discussed for example by Verme et al, Nature 1997, 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,

20 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 cells harvested from a subject.
30 The naked polynucleotide or vector of the present invention can be introduced

into such cells in vitro and the transformed cells can later be returned to the



agents. Exanples of these agents includes cationic agents, for exanple,

cal ci um phosphat e and DEAE- Dextran and |i pofectants, for exanple,

| i pof ect ano 2osas®l transfectam The dosage of the nucl ei c BCT/EBID0I20

adm ni stered can be altered. Typically the nucleic acid is admnistered in
an amount in the range of Ipg to 1 ng, preferably Ipg to 10g nucleic acid
for particle nediated gene delivery ang 10g to 1 ng for other routes. 15 A
nucl eic acid sequence of the present invention may al so be adm ni stered by
means of specialised delivery vectors useful in gene therapy. Cene therapy
approaches are discussed for exanple by Verne et al, Nature 1997, 389: 239-

242. Bot hs\ab{e'tit Ihe mVnutlééilddQﬁtmé FBhEOR rAap |hfég{r'§l%d|nt?f ﬁ@éle@aé@ie
systens include retroviral, lentiviral, adenoviral, adeno-associ at ed

viral, hed¥eadyinrgsentoip @ﬁngWQmovadﬁcwbmflpalemﬁad Astrensiosmed
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initi valei 'Ha?lR?ﬁ'e” RAWMR rgisal Al tm'ﬁTos'Ufﬁ'P%IEterNWU% (ﬁa@:cgf?ﬁ@”%n
using a NeReM-rectibBCERY) such as a plasmd followed by one or nore "boost”
vacci nations using a vi raI vector or non-viral based system A nucleic acid
sequence of the present invention nmay also be adm ni stered by neans of

transfor n%l%%ié e Ilssm&glalnﬁ g;lré%tlf\ﬁl ée?lsh St &fch ré@‘d@n&h’tﬂ%%@ﬁs 30

The naked pol ynuc eotlde or v inventlon ca
i nt r oducednacrophaged) B eklls, monmytte:m aadcbtlnérecellsathaf arayeioke eaglr:eet:@dltd aker be

t dt th 2/ 08435 / GB01/.03290 18 t | | tid
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grown up in vitro and one or nore of the resultant used in
t he presemaintanamceoaf ﬂn:@ITsC&ilareSI@npeo\to deaveatanbifusysuroerg. aaetlJEeswcd in a

patient b m_c ical tech é r af
mcr o nj Seliiacklies Soor sy ol 10"k IvnGPiatali. oo e e
(APCs), sueteiasr a@wdmawcedceﬂLlAShaplméppmm@ @@hé%lly%%&’ét@ﬁ fagd ot her
cells that may be engi neered t e
15 any of a variéty of blologlcal 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



10 efficient APCs. Such cells may, but need not, be genetically nodified to
i ncrease the capacity for presenting the antigen, to inprove activation
and/ or mednressahce of the T cell response, to have anti - POVGBN1/0R9Q.
anti-cervical carcinoma effects per se and/or to be i munol ogically
conpatible wwth the receiver (i.e., matched HLA hapl otype). APCs may
generally be isolated from 15 any of a4gariety of biological fluids and
organs, including tunmour and peri- tunoural tissues, and may be aut ol ogous,
al | ogenei c, syngeneic or xenogeneic <cells. Certain preferred enbodi nents
of the present invention use dendritic cells or 20 progenitors thereof as

ant i gen- prexaeiplé rthe cattigen(s) Eheidddoin tHeaBBhotiu@Es | sMthieninvehfien, and shurn to
the patient or as the in vivo target of nucleotides del livered in the
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have been shown to ectlve asa physiologica avant élTcrting
25 pr ophyl(ea:lte‘ob enoscbmes)apmyt be wsad withipua vaowing (sed iﬁeogelnmaanaNa@m@ Levy,

Ann. 1999). In general, dendritic cells nmay be
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anti gen | QsasinsedH bf Eytokingk stich EatbMed Sex Q_SQWELS)I 3 ra?q)d/&ems QQ citbRigom
vacci ne (see Zitvo et al., Nature 5 Med. - 600, 98). Dendritic

ol |5 and ThoRgRes bre/arigd emopedphetl Blas. péitepaiively, 1308 posiive Cols ow
nodes, _spitintese Morf Herbheld bibd ddbiba  SHECRlgBH b o, Pt o B0
fluid 10 dfffsreatatenl ieto dendrifid cellschy |a$idh‘@’td)ﬁ16dbuﬁlﬁé&hbdm@ombwatMSby
add|1r;5g a of GM-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.

20 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
97/24447, or the particle mediated approach described by Mahvi et al,

30 Immunology and cell Biology 75.456-460, 1997.



conbi nati on of cytokines such as GWCSF, [L-4, IL-13 and/or TNF to cul tures
of nonocytes harvested from peripheral blood. Alternatively, CD34 positive
cells haveoexosads from peri pheral blood, unbilical cord bl poUGB01/@2NE Marr ow
may be differentiated into dendritic cells by adding to the culture nmedium
conbi nations 15 of GMW CSF, 1L-3, TNF, CD40 |ligand, |ipopolysaccharide LPS,
flt3 ligand (a cytokine inportant in tdge generation of professional

antigen presenting cells, particularly dentritic cells) and/or other
conpound(s) that induce differentiation, maturation and proliferation of
dendritic cells. 20 APCs may generally be transfected with a pol ynucl eoti de
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cont ai ner praséntelr akecanlidggdersiithbraliby Usealith t0 dhgsesYed S§#y iddignof the
formul ation until use. In general, fornulations may be stored as
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i ntended f.or adm.nistration via particle nediated delivery nmay be

. present ed"YEUELH i dges suitable for use with a conpressed gas delivery 10

instrument, in which case the cartridges may consi st of holl ow tubes the

i nne surface, of whi %_h is coated with particles bearing the vaccijne

nucl Bbt i del he pharmaceutical compositions of the present invention may include adjuvant
compounds, or other substances which may serve to modulate 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, flt3-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, MI); 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



sequence, optionally in the presence of other pharmaceutically acceptable

I ngredi ents. 15 The pharnaceuti cal conpositions of the present invention
may i ncl wd@eozej4avant conpounds, or ot her substances whi chCveBosen9e to
nodul ate or increase the immune response induced by the protein which is
encoded by the DNA. These nmnmay be encoded by the DNA, either separately
fromor as a fusion with the antigen, Zr may be included as non- DNA

el enents of the fornul ation. Exanples 20 of adjuvant-type substances which
may be included in the fornmulations of the present invention include
ubiquitin, lysosomal associated nenbrane protein (LAWP), hepatitis B virus

core anti ghemvatized-gdlysaedharndes)t pelyployspiazeass;s biddegsadddtdl micasshHVESF. 25
O her suitabl e adjuvant.s. are co ci,al ly avail abl e _such as, for exanple,
Fround' s, ITEBIRIPBOR BUGA R IC Gk SR SHEaAE GRrE OB QripisRLEN o
Detroit, M)erl1 asyBdo G3Nised as §ajlanyN) ;. Resim quinod (3M St. Paul,
MN); Merck Adjuvant” 65 (Merck and Conpany, Inc., Rahway, NJ); AS-2

(SmthKline Beecham Philadel phia, PA); alum niumsalts such as al um nium

hydr gxi de 0 I al um ni.um.phosphate; .salts of calcium iron or
e an” il dbe dprafelifhs, B o IVGPUAT TR Rl ehS sdinRt Gotipattoh
cationi calihyustis amirRiurdl legp¥Edd Bréithdinalhy oBBHELTAS2P8e. Plusitl ¥d@liaed
pol ysacchari des; pol yphosphazenes; bi odegradabl e m crospheres;

nonophos pHBay BeNvepPdNadulate e immuneaspnae geneaind i respoose tothe DNA-

I nt erl eukin- - Loti - A : S a ] ¢ I h

formul ati oér?l]sC%ngt %rétl nnvseimn@iqrghé%ﬂ)&z}t&r ﬁgg f%gﬁd F#%g&tgﬁ]aﬁ@gn?hioﬁ'ﬁgsi tion
i nduces amesponsee Highplensis of THMtyparitokirds (dg., TAN-t Y6, [Tuanthie-ezl uvant
may serve . to rmdu# ate tne L ne response generated in response to the DNA-
encoded arlBngefs BYBWS dN@r IBRNnPf yceth Medated, e A8EPINSAsL toy 58
response. Jd-6i; I T p | : l; ; -2 and
IL-12) 10 e{dgﬁiﬁléttgr‘é? a?/r(r)tﬁj:er}. wtf]%dﬁcé}ﬁ)égké(%] %@e I 1%%%’ e{ﬁg%hlfﬂr;nh{’rrl%géoe%goﬁses to
an admi nipgedoméhamtlyi Jeintypeal tHe level ¢fridfetypedcyéoiboes wilhincréasewhizchreater

response i s redonjnant |y -type, .the level of Thl_- e cytokines wll
i ncr ease te&t%f%gtﬁgagb?je\é%qm]%{éﬁ "’E&ﬁ%km%%eﬁ?@f leYﬁ'?-?ffbég%ﬁy iHes Maphe
level s of Hhesqlipyheddsied &g standard assays. For a review of the families of

15 cytokines, see Mosmann and Coffman, Ann. Rev. Immunol. 7:145-173, 19889.

Accordingly, suitable adjuvants for use in eliciting a predominantly Th1-type
response include, for example, a combination of monophosphoryl lipid A,
preferably 3-de-O-acylated monophosphoryl lipid A (3D-MPL) together with an
20 aluminium salt. Other known adjuvants which preferentially induce a TH1 type
immune response include CpG containing oligonucleotides. - The
oligonucleotides are characterised in that the CpG dinucleotide is unmethylated.
Such oligonucleotides are well known and are described in, for example
WO096/02555. 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 Ihe 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
oligonucleotides 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



be readily assessed using standard assays. For a review of the famlies of
15 cyt oki nes, see Mosnmann and Cof fman, Ann. Rev. |munoL 7:145-173, 1989.
Accor di ngv@ 02/68483 abl e adj uvants for use in eliciting a prepdDGBOH2DY

Thl -type response include, for exanple, a conbination of nonophosphoryl
lipid A, preferably 3-de-O acyl ated nonophosphoryl lipid A (3D MPL)
together with an 20 alumniumsalt. O RB& known adjuvants which
preferentially induce a THL type imune response include CpG containing

ol i gonucl eoti des. The oligonucleotides are characterised in that the CpG
di nucl eotide is unnmethylated. Such oligonucl eotides are well known and are
descri bed systenf dnvalxesiihe conBieatiabsd. a | GpGrasttainingabbgonudiéottieqaedcas ar e

al so described, for 25 exanple Sata er al ci e 73: 352, 1996:
G cont aFAPAGIn dTgBe B BgL s TbP anglied aE GrCe LYy siashe I

papi | I omavgot id@R0§ 59 | dhd WO SE0/828002 miiefdrabRNith® OforifAtRIM | ARiitfsHHY T uct ,
or may be imedi ately adjacent thereto, e.g. 'as a fusion therewth.

Al t er nat i wenmprises app@ idovater emidsionlangmideceitardles may be admi ni st er éd

separately i.e. not as part of the 30 composition which includes the
encoded antigen. CpG oligonucl eotides may be wused alone or in conbination
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Bi ophar maceuti.cal s | nc ran ngh MA), whjch . e alone or in
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t he conbi } i S lihed | O 1A; I\ i EME, ssuch as
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or 1 - i e wAET SHMSIB ABAatsselpHar o Perfiaiere APt ssRRaT kTR
fornul ati gAvolving 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 (1)

Formula (I): HO(CH2CH20)n-A-R
25 -
wherein, nis 1-50, Ais a bond or -C(O)-, 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 alky! and most preferably C12 alkyl, and A is a bond. The concentration of



i nvol ving @Q@S21, 3D-MPL and tocopherol in an oil-in-water enulsion is
described 15 in WO 95/17210. O her preferred adjuvants include Mntanide

| SA 720 (MBeppisa3s France), SAF (Chiron, California, UniteBCBGaOEER0 | SCOVS
(CsL), M~-59 (Chiron), Detox (Ribi, Hamlton, M), RC 529 (Corixa,

Ham | ton, MI) and ot her am noal kyl 20 gl ucosam ni de 4-phosphates (AGPS).

O her preferred adjuvants include adjuat nol ecul es of the general formula
(1) Formula (I): HQYCHCH20 n-A-R 25 wherein, nis 1-50, Ais a bond
or-C(O-, Ris Cl1-50 al kyl or Phenyl Cl1-50 alkyl. One enbodinment of the
present invention consists of a formulation conprising a polyoxyethyl ene

et her of gheqoijoxyethyldre éfhers sheuldibe in the raageaen-20%nstefdtab§Grahel. ¢r abl y

4-24, nost preferably 9; t R or’rponent is Cl-50, preferably C4- C20 al kyl

and nost p?cg%’ ) W%Pﬁeféﬁllﬁ}’ in ﬁﬁ’d anged. I Tgeridrefaried pelvexyeinxiansnetsers\o

02/ 08435 R{EL/ 2 2 h l e I ' he
range O. 1-%%%%@1‘@%2@?? ?tp%mefgﬁ(?\!vﬁ%g;gﬂd;uﬁd %@M?g@éﬁ S!glflﬁ'et E?ah%r'ange

0.1-1% Prodfleoxyethylens-Oxsteoty| eneetiteher s  polpoxeteders-ststoory he }‘etHe;yvi ng
roup: pol et hvl.ene-9-1 auryl et her, ol ygxyet h ne- 9- st eor et her,

gol ;o ygt h%%%@%ﬁ?@%ﬁ??u hl h)ére,tﬁ%r"pol%\fe?ﬁéﬂﬁmﬁkﬁ?'éﬂ yl E‘g*ﬂ er,.an

pol yoxyet hdipngediyidmaRBliagtner etied rr%lm%a;ﬁmh@ne-&ﬁe#saur ¥licgt hegs

Pol yoxyet hyl ene ethers such as pol yoxyeth e lauryl ether are described
in the MerRKyeXygdvleneiavrdsthenare dﬁﬂwlged 77 e Mettteindexdjl ireedition] erdut es

Gener ol f drmia THo e ava, moPeyBS; K08y BETPUEE IR VRE, KPBREAES e | "
adj uvant . golyoaxtnpéne etharraeterding tathelydidral foambian@) aboved may! fdeisgblly with

CpG as described in the pending UK patent_ applicatron GB 9820956. 2. \Were
the Wcci e i sRMbiged avitthgnriber | adiuaniactomexeamial A i piefemgd badjuygnt

cont ai ni ng T TARafdR 18 i horab wAl CB s B B e i g
adm ni st eraggplitation GB9§20946/2subcut aneous or intranuscul ar injection, or by
I ntradermal particl e-nediated
- 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 alternate 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 nucleotide sequences
which encode the antigen(s), either before or aftef the particle mediated delivery

thereof.

The following Examples serve to further illustrate the invention, with reference to

30 the accompanying drawings, in which:



delivery, then the part of the fornulation containing the adjuvant nmay be
adm ni stered subsequently, either imediately or after a suitable tine
period 2Wonted3sv | | be apparent to the physician skill edPCVGBAE03R2AECCI Nnes
arts. Under these circunstances the adjuvant nmay be adm nistered by the
sane route as the antigenic fornmulation or by an alternate route. In other
enbodi nents the adjuvant part of the farnmulation will be adm nistered
before the antigenic part. In one enbodinment, the adjuvant is adm nistered
as a topical fornulation, applied 25 to the skin at the site of particle
medi ated delivery of the nucl eotide sequences which encode the antigen(s),

ei t her befRigereot shiower thishpropetypé wikl-typdiarhiad aksd isequegncéd ef €af frorhhiaPV
fol |l owi ng Exanpl es servgto rther illustrate the invention, with
reference to 30YPRE e 8@;5!9:@‘?: ryediiong &enbanithi ch: WO 02/ 08435

PCT/ GB01/ i i b : PN i C}
sequencesqﬁgg'%l Z%flgﬁsag\é/eprté’g/p S 1|1|& Q@a@éﬁﬁ&é?ﬁﬁq%ggéﬁo%@nﬁsnh gure
2 shows the protbigypt (Gb-ei} \glignedi withathed HRbienEd amint\&did Eseduearve Fi g.

1 (6hcel) aligned with the HPV6h El, ani id : i ncl udi i
mut ot ont o ¢ erBsbTbPOR EHEG oE e aPoR ForaP e B uhbue t he |

prot ot ype mglié 8 powaMHROpREbIpS SRkERB8 arfinofacid 'seubhdes by E2Sfrddh and
6b, deri veFé@from Genbank;pFi g?e 4%&0% tﬁe [;rot gyypeeswi I d-t§pe gﬁi%lno

aci d sequence oftyppv1lfl, B2 arfd &tm dariyed Jrqnmgienbaek; we ) al i gned with the HPV11

s . . i neludi e . " i olagi cal
motivity (ipore 1SS Y PR WEaGPR APl temiedokr b B e
nucl eotide sequieome Fid. Bi (Hpw1G&Rwtl alighddcaiibtthe FRWTE Eb Hhipes atlie
prototype wl d-t%/ e amno acid sequence of HPV6b E2 fromFig. 3

(Hpvi%be2-wt) al Cfi NAIUCNG PYEY TRutadienie regiaye higlogical @eduity ddpydi ng a
rons e oot SLSETNERR MALERMAS ol Lig e PR b LIRS .
of a highly exprssgenhdewfdrigge (ldpv-dneddionmut);he
Figure 4b shows the prototype wild-type amino acid sequence of HPV6b E2
from Fig. 3 (Hpv-6be2-wt) aligned with the HPV6b 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 9 shows cellular responses to antigen cHaIlenge 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



nmut at ed am no acid sequence of HPV6b El fromFig. 2; 20 Figure 6 shows a
nucl eoti de sequence, having a codon usage pattern resenbling that of a

hi ghly ewp0e¥es3ds human gene, encoding the nutated am no BCT/dBsSErence of
HPV11 E2 fromFig. 4; Figure 7 shows DNA vector p7313-PLc; Figure 8 shows
cell lysate sanples from Exanple 4 run on an acrylam de gel 25 and stai ned
to show anti body binding to expressed 25 protein; Figure 9 shows cellular
responses to antigen challenge after immunisation of mce with a

pol ynucl eoti de according to the invention (Exanple 6); and Figure 10 shows
cell lysate sanples from Exanple 7 run on an acrylam de gel and stained to

show ant i ggynhkndi 85651 in. 30 WD 02/ 08435

PCT/ GBO1/ b COabA CPRSARGH of HPRBBER. 1. | 50 10 PebbEL The wi d- type
prototype am no acid sequence of HPV6b El, obtained from Genbank, is set
ﬁ”t : n Fi ]gfhb glﬁl_@t-tiypm ?@@@Eﬁf&min‘&itaﬁidf ﬁgg/ﬂ@jédejﬂBHP?%tbhEgh dokaifkd 150:91]‘:

onol ogy f.Qr i,S.protei.n n.the Vi .pr.ot ot ype sequences o
types 11, (g%('% 653.3"*‘%?%"P HSPW%EF‘@M %uegggguli’u?ﬁg%e %ﬁqv&s ﬁ'%pg'g%‘ﬁﬁ’%lt ype
am n® aciod @yalegyeforfibis preeiB2bemateri theoHRNPWrus, pedotypd €dmuenices sof
expect ed LAY 8pt i ¥ oY/ ' | :
sequences&%ﬁ q:l:]‘r gés- r eggt gﬁ{“gé?gr gﬁﬁlgéagggﬁog%tyﬁgg‘%’ﬁ‘?ﬁésPﬂ’g?‘gg%{%'@"i nmune
response &l Asauentes fardbe k2 aroteinoof VB&E1 Preansh §bnlts exeeoted: that ERVEDL El
sequence VWasnGRBE mgrﬁﬁut@fvéaoaw)yuswwaeamsam &osslreagienes

¥ .
and found ,to have a ?%w on age coefficient for both specjes. S nply
si ng t he (REPVIdE fhBERRMYRRIGPTTBRTAPSLHC T MHRe (PsRene Agans @ Bta VRS o

resuld intgpekewed codon usage pattern, as no organi smuses exclusively.
its nost preferred codon for a given am no acid. .Consequently, the codons
were assigned using a statistical nmethod to give a synthetic gene having a
codon freqgiienhegden ssagetd thealiPVehrd! segueate wasncomghrad tethatesfsighly. col |

and human gepessePuman and E.coli genes and found to have a low codon usage

coefficient for both species. Simply using the most abundant codon for each

15 amino acid residue would also 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 statistical 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 sequence, 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



The codons in the synthetic gene were assigned using a Visual Basic program
call ed Calcgene, witten by R S. Hale and G Thonpson (Protein Expression
and Purifwaarosass Vol . 12 pp. 185-188 (1998)). For each anP@DGsoi/aB2eesi due
in the original sequence, a codon was assi gned based on the probability of
It 25 appearing in highly expressed E.coli genes. Details of the program
whi ch works under M crosoft Wndows 328, can be obtained fromthe authors.
Because the program applies a statistical method to assign codons to the
synthetic gene, not all resulting codons are the nost frequently used in
the target organism Rather, the proportion of frequently and infrequently

used - codafiganisnt, rs%vb%ngﬁﬁe@r@wcﬁat@@ $equshlooS e Brodiee b iy |
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di fferent nt heti.c. gene - ough eac ge
pat ter - arfl BRRRRIEIT Sefhened ohtee I ERiregn ot 1 SelyRBRiEe onife pasissS’
program i shesmfeadukasal tinmes for a given anmino acid sequence and a given
target WD 02/08435 PCT/ GB01/ 03290 ‘26 organism several different

nucl eoti de_sequences W ||l be produced which may differ in the nunber, type
and posi t iFBthermMesat§ines thshcadanssare; randemiy gesigaed ogna statistiedl. basis rikisof

whi ch may d@ﬁ.slﬂ!@?ﬁtﬁo@ heperFré\@s §KliHélﬁQhé\fﬂMoS@ﬂn\6'ré bo@&q@nh%htéresela%%l an

t f tid th b
o P hedBr L dReRat e, ATt hideEioTa Thg! Broclstind Ta Aote mipiadsoned
on alGst at |tm1|evedi tihmt&u_s;h ¢lustess nmysupslelt ¢he atddhineggh gfdrarepstionndndk eesyit inhat
t r (1l rgani sm
mont bo- GRriRTRR A bpeR5Ry Bt ¥ Ihd addififol BfiPayifla e bRt h Belar er <
may upset qmlmmqtlgenerqmﬂidecfamslcadom wiitidan d39CH value mirless than 02 faw
expreSSIom@myeéxpré@sédlegéiegom R & Q@&%‘ Qﬁ t ?ue&%?fo c!d%téljgebelggz Cor

optim zed 8ene excl uded cqQdans Wlt ess than
hi ghly exg 'é%%ﬁhga%'@gt% Tﬁedaﬁatﬂ%ﬂw e%@mremwnlna@@deaa&f?%ﬂhagtaélpgan%h ng
fort18 t ouscrosdihgtd etk fr&]&elﬁbléé farthighigrexpredsed F. eamg@hag t6 @Wénén \werdlihen

211 ocated agBRESH Vi e BAHIRIETHETE i e Bl o R GRS ol Gl ores
t hat of t Heod&ficiehnt =dkB8&kand also that of highly expressed human genes (coefficient =
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
(HPVEbE2 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-



(coefficient = 0.85) and al so that of highly expressed human genes
(coefficient = 0.50). Asimlar process was used to obtain a codon

opti m seavaozbdsasd i de sequence for HPV11 E2, except that ByngsnsoRet er
Ertl, unpublished), an 20 updated version of the Cal cgene program allow ng
exclusion of rare codons to be optional, was used to. allocate codons
according to the codon frequency patt@?n of highly expressed human genes.
Unli ke the codon assignnent for El, rare codons were not excluded. At the
sane time, an alteration was nmade to one of the oligonucleotides to encode
a K111A am no acid change, as described 25 below. Mitations were

i nt roducedypenandtthe rmotated aiildi-typs ekquineasl tostgnnesatt @ocum/epfmﬁs%t:oh%ﬂom nt

mut ati ons (K and E2 am no
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(al i gned Jwhichtibédettical toj/ihe rputaltedijd-twwaeqm@)ca)n Figs. 2 (HPV6bEl) and 4
(HPV6bE2 and HPV11 E2). The codon optim sed and mut at ed nucl eoti de
sequence for HPV6b EI is showmn in Fig. 5. _The codon optim sed and nut at ed
nucl éot i dEXR8 anstrysiiop ehthes CodernOptimised HPV Erpthﬁﬂ. _elyugleqtigle ani no
acid sequ Eethe polypeptlde obt ai ned by expression of the codon

optim sed and nutated HPV11l E2 gene is also given, in alignnent with the
prototype wild WD 02/08435 PCT/ GB01/ 03290 27 type and the mutat ed

wi | d-type GaguBesigs, to show that codon optim sation of the nucleotide

Tdentical 157 hdhen il bOR AL (dRRILP = BRASC Pl dEd Bmer o o
t he 1Gdon abigonusleetidasrwsse mal@datﬁdu&o@bthaj@pt!mmeﬁe@um D ggrmiosi ng
the opti mo‘ﬁ?bh@&eéﬁ@éé"’arc%n@éiﬁﬁéss% ahegﬁ:ctxee{eféu?é%o' NWebrdOMBOmets. The

ol i gonucl es were cal cul at m sed sequence. The term nal
ol i gonucl @gﬂpﬁé%leEWﬁsdl YWeHy P r?‘és?rtqn&t igﬁ diacegolpgies ebiterat ole
ol i gonucl ephtersatier, eleprsteced dridnonphesgleslreédgi es Ltd at 50nnol e
concentration, deprotected and non-phosphoryl ated. 15 O i gonucl eoti de
assenbl y:

15 Oligonucleotide assembly:

Each oligonucleotide was dissolved in double distilled 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 86ul
Pwo 10X buffer 10pl
dNTP mix 1ul (equal mix of 100mM dNTPs)
oligo mix 1ul (equal mix of 100uM 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. 94°C 15sec
4. 40°C 30sec
5. 72°C 20 sec + 2secs per cycle
6. 4°C o

35 Cycle repeated 25 times between steps 3 and 5.



Each ol i gonucl eoti de was dissolved in double distilled water to a final
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Doubl e di @éﬁ@ FR00%ed: 651 Pwo 10X buffer 10l
he 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 10l
dNTP mix 1pl (equal mix of 100mM dNTPs)
assembly mix 20ul (from previous PCR)
15 N terminal oligo 1pl (100uM)
C terminal oligo 1ul (100pM)
Pwo polymerase 2yl
20 1 94°C 45 sec
2 72°C 2 min + 1 min per 500bp
3. 72°C 10 min
4 4°C
Cycle repeated 25 times between steps 2 and 1.
25

The PCR product was then purified using a QIAquick PCR purification kit
(Qiagen Cat No. 28104) before the DNA was resuspended in a total of 50l of kit
elution buffer. A 10ul 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 50pl of kit elution buffer.
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wi th honol ogous snall fragments from other clones. 10 The corrected clone

was re-checked by restriction enzyne digestion and the insert DNA fully
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conpar at i ygsXBNESRAIY 3B N8nt B A S By LY HeSRinbhs YobE1 &¥PAt the same
time and for comparative expression and immunisation studies the wild type
HPV-6b E1 gene, and the wild type HPV-11 E1 gene were PCR amplified from
genomic clones of HPV-6b, (EMBO J. 2 (12) 2314-2318 1983) and HPV-11
15 (Virology 151, 124-130 1986), and the respective fragments cloned into Not 1 -
BamH1 digested vector p7313PLc. These clones were designated p6bE1wi/t

and p11E1w/t respectively.

The E1 genes in clones p6bE1c/o and p6bE1w/t 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 p6bE1wi/t clones were
25 designated p6bE1c/o mut and, p6bE1w/t mut respectively.

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

30 The design, assembly and recovery of the E2 codon optimised gene was as
described above for E1, but the overlapping oligonucleotides 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

N the same time as the codon optimised E2 gene clone by substituting the two

35 appropriate wild type sequence oligonucleotides with two 60mer oligonucleotides



HPV-6b El gene, and the wild type HPV-11 El gene were PCR anplified from
genom c¢ cl ones of HPV-6b, (EMBO J. 2 (12) 2314-2318 1983) and HPV-11 15

(Vi rol ogwQ52084324- 130 1986), and the respective fragnentBCTGBaE@20Mt 0 Not
1 - BanHl di gested vector p7313PLc. These cl ones were designated p6bEl wt
and pllElw't respectively. The El genes in clones p6bElc/o and p6bEl wt
were further nutated to 20 introduce a®@no aci d changes K83G R84G and
A38D. Sequenced matched 3" and 5 oligonucleotide priners with nucl eotide
substitutions designed to introduce the required nutations were used in
PCR reactions with other kit reagents by nethods described in Qui ckChange
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human Cyt ofjegehovidei, |4k RPN HtENPRNGal+ itBl bR 198 a Xhol -Salt
fragment, incorporating the bovine growth hormone polyadenylation signal.
15 Deletion of the 5' Sall-Banl 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).
pAM6 (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]I 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.
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portion of the X protein (9 am no acids) and the X gene start codon.
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anplified by PCR USTng prinmers

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

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

2ng of plasmid DNA (vector, p6bE1c/o, p6bE1w/t) in 16pl sterile double distilled
water
25 plus:

OPTI-mem™ (Gibco BRL, Paisley, Scotland) 8ul
Lipofectamine™ (GibcoBRL) Bul.

30 Each cell monolayer was washed carefully twice with OPTl-mem™. 800u! of
OPTI-mem™ was added to each well. 200! of OPTl-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
OPTI-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



10 to place EcoR restriction sites at the ends of the sequence. The cer
sequence was then inserted into the EcoRl site of p7313-PL to produce
plasm d pv@agessBic (Fig. 7). The sequence of the anplifieBCTeBoweRIverified
agai nst the Genbank entry ML1411. 15 Exanple 4 - Expression of El in
manmal i an 293T cells Mammalian 293T cells were grown at | og phase at a
final concentration of 2 X105 cells p&2 6 well Corning CostarTM (Corning
Sci ence Products, 10 The ValleyCentre, Gordon Road, H gh Wconbe, Bucks,
UK) tissue culture plate 20 overnight at 37C in 5%O2. The foll ow ng
transfection mx was prepared and conplexed for 25 mnutes: 2g of plasmd
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0. 1% agitation. The diluted antibody was removed and the membrane washed three
15 times with PBS and 0.1% Tween 20. A secondary conjugate, Swine anti-rabbit
horseradish peroxidase (HRP) (DAKO), 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
20 (Amersham) was used to detect the transferred proteins on the membrane.

Results:
The predicted size of a translated protein for E1 is 68kDa - 72kDa. The results
(Fig. 8) show a correct protein size expressed by p7313-PLc containing the
25 codon optimised HPV6bE1 (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 lane 1 (untransfected cells). The approx. 60kD band in lanes 1-4 is
an unidentified cellular protein which cross-reacts with the anti-E1 antibody. The
30 band is of roughly constant intensity across the lanes, showing that the loading
of the samgles was consistent.

Example S - Construction of recombinant Vaccinia Virus Expressing HPV E1 and
HPV E2 proteins.

35



10 Tween 20. A polyclonal antibody raised against the Ctermnal protein
sequence of HPV6bE1l (protein sequence: CSSSLD QDSEDEEDGSNSQAFR) in
rabbits, wae2/ei4Buted in 5% Marvel TMin PBS and added to tPker/aBor/ax2ed | ul ose
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agitation. The diluted anti body was renoved and the nmenbrane washed three
15 tinmes with PBS and 0.1 % Tween 20. A3secondary conjugate, Sw ne
anti-rabbit horseradi sh peroxi dase (HRP) (DAKO, was diluted 1:20000 in
PBS and 0.1% Tween 20. This was added to the washed nenbrane and i ncubated
with gentle agitation at roomtenperature for 1 hour. The menbr ane was
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and DNA sequ nced reco nant  vec rans
Reconbi naryﬂrueaitgqlm\/é[li,wa@sus@slq gegativedcontrol experlments 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, Scotland or Sigma, Poole,
Dorset unless otherwise stated.

A. Immunisation protocol.

Female C57BL/6 mice were immunised with 1.0-2.0 pg DNA (either p6bE1c/o,
25 p6bE1wW/t, p6bE1c/o mut, p6bE1w/t 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 cellular

responses to HPV antigens.

30 B. Preparation of single cell suspension of splenocytes.
Spleens were “mashed” between ground glass slides (BDH), red blood cells
lysed (155 mM NH4CI, 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 penicillin, 100 pg/ml streptomycin and 5 x
35 10"° M 2-mercaptoethanol).




and plaque purified. El protein expression was checked by Western blotting
using peptide antisera after infection of permssive cells with both the 10
reconbi nano 008485 expressi ng HPV-6b El and, a second VaccP@i/&Boi/pa130
(vTF7-3) expressing bacteriophage T7 RNA pol ynerase. ' Co-infection of
cells with Vaccinia virus vFT7-3 is also necessary in order to direct
expression of El and E2 protein fromt3ze HPV-11 El and E2 reconbi nant
Vaccinia viruses. Vaccinia virus strain WR was used in negative control
experinments. Vector pTMB and 15 virus vIF7-3 were from National Institute
of Health, Maryland, US. Exanple 6 - |Inmunol ogy - detection of cellular
responses to HPV antigens 20 All reagents were obtained from G bco BRL,

Pai sl ey, Scotland or ma, Poole, Dorset unless otherwi se stated. A
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undefined therefore the detection of antigen specific responses in vitro

relies on natural 5 processing of whole antigen generated within target
cells thatDHaAM8PE¥EEN transfected with cDNA encodi ng the whol e protein(s).

et coal nENSPRE S The e MuRicFE MRS Bs" PRSI MaASH 8, hpe
i nf ecti on reeuse 1N gamoar (Rhargimgere8484D) at 15 pg/ml in PBS overnight (4°C)
15 prior to the 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% CO,).

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 followed 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 (vacc.WT), 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



virus was washed off and cells resuspended in conplete RPM containing 50
10 ng/ M reconbi nant human IL-2 (d axo Wl |l cone, Ceneva). D. ELI SPOT.

ELI SPOT pvaozes496 well, MIlipore MAIP S 45 1 0) were coRCEABM/0329¢ at
anti- mouse | FN gamma (Pharm ngen 18181D) at 15 g/m in PBS overnight (4C
15 prior to the addition of 4 x 10e5 spl enocytes obtained from experinental
groups. Antigen was presented by the adiition of 1 x |0e4 reconbi nant
vaccinia infected MI57 cells. WIld-type vaccinia strain WR was used as a
negative control. The assay was incubated overnight at 37C(5% C02) 20 On.
day 2 of the assay, spot formng cells were detected using biotinylated rat
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carried |rbﬁaln§n%@cm nia vector (vacc.E1(11) or 30 vacc.El (6b)). No response
was seen when these mce were challenged with wld-type vaccinia

(vacc. W), or with vaccinia expressing HPV-11 E2 (vacc.E2(11)). By

contrast, Eegapledt i BRoRfssBresf MPVIBOEASihthremensh 203rhenwi 1 d  type B
sequence does not result 1n a T-cell response. Spl enocytes fromthese mce

do not react to challenge by vaccinia carrying the EIl gene, nor to any
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chal1&nge.and Western blot 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.



Exanple 7 - Expression of HPV 6b E2 in mammal i an 293T cells 10 293T cell
nonol ayers (80% confluent) in 24 well plates were transfected wth 1 pg of
each pl awo d2/fgaébw/ t, p6bc/o, p6bwt mut, p6bc/o nut) usiPQT/&BBPH320d

Li pof ectam ne 2000 (Life Technol ogi es) per transfection follow ng the
standard protocol (see Exanple 4 above). 24hrs after transfection the
cells were harvested, rinsed in phosplg® e buffered saline and exam ned by
SDS- PAGE 15 and Western bl ot using an anti-E2 peptide antiserum (#1100)

rai sed agai nst HPV-6b N-term nal am no acid sequence

MEAI AKRLDACQEQLLELYEEC (Fig. 10). Results The results show a ngjor
protein band of the expected size (40K@ims4> kD in 20 track 3 (codon

optim sed E2) and track 5 (codon optl-m—s-eg and nmutated E2). A m nor band of
the sane size also appears in track 4 indicating some very |low |evel

expr essi onf.f roma fp@lyﬁuoﬁcﬁlde\/\ﬁsé ér}déemﬁr?cl’me@r%aués PHUR pdpilldras Kvidus

(negative contr or in track t tein). A cross reacting
protein band ogh}’éfékﬂ“ﬁ‘ﬁpéﬁ S‘?CHJ C? t"‘f%g'é‘ F:'ﬁdg‘a n r‘r'&agﬁlﬁﬁﬁefrﬁa 8§ of
prot € n | ysat es.popfuelecdileceqoEnéR r@kmsblestthamm&aghly@xpmwedrmamn@mf otein
expressi on whi c@g % significant inmproved by codon-optim sation. WO

02/ 08435 PCT/ GB F §‘290 36 Clains 1. A polynucl eotide sequence which
encodes a hunman papillonma virus (HPV) am no acid sequence, wherein the

codon usage pat emoiRiucidid aejuhis! QEédréﬁgS?&%%ﬁﬁafﬁﬁwm&?%héh@éd&f

hi ghly expressed ma nucl eot1 de sequence accor di ng
toclaimlin \/\,‘rll’is(‘,‘!:iet‘?%g dg%ﬁetpboiw E’@r Qﬁe"tcﬁereﬁéﬂlhﬁ%lﬂﬁit‘i’ d@'gé’b/quence

resettbl es that ekplesgebyhunidn gepesssed human genes. 3. A pol ynucl eoti de
sequence according to claiml or claim2 in which.the codon usage pattern
of the polynucl eoti de sequence al so resenbles that of hlghly expressed
E.coli genks. 1% polynucleotide sequence according to claim 1 or claim 2 in which the

codon usage pattern of the polynucleotide sequence also resembles that
of highly expressed E.coli genes.
15
4, A polynucleotide sequence according to any one of claims 1 to 3 which
is a DNA sequence.

5. A polynucleotide sequence according to any preceding claim which
20 encodes a HPV polypeptide of an HPV type or sub-type associated with
cervical cancer, benign cutaneous warts or genital warts.

6. A polynucleotide sequence according to claim 5 which encodes a HPV
polypeptide of one of types 1-4, 6, 7, 10, 11, 16, 18, 26-29, 31, 33, 35,
25 39, 45, 51, 52, 56, 58, 59, and 68.

7. A polynucleotide sequence according to claim 6 which encodes a HPV
polypeptide of an HPV type or sub-type which is associated particularly
with cervical cancer or genital warts.

30

8. A polynucleotide sequence according to claim 7 which encodes a HPV
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,

35



4. A polynucl eoti de sequence according to any one of clains 1 to 3 which
is a DNA sequence. 5. A polynucl eotide sequence according to any preceding
cl ai m whived 02/@33&ncodes a HPV pol ypepti de of an HPV type PCT/SB01/032pE
associated with cervical cancer, benign cutaneous warts or genital warts.
6. A pol ynucl eoti de sequence according to claim5 which encodes a HPV

pol ypepti de of one of types 1-4, 6, 7, 3¥0, 11, 16, 18, 26-29, 31, 33, 35,
25 39, 45, 51, 52, 56, 58, 59, and 68. 7. A polynucl eotide sequence
according to claim6 which encodes a HPV pol ypeptide of an HPV type or
cancer or genital

warts. 30 . A upbwua&@e;lae%eaaeg@@ﬁc&%g@gﬂ e%% W@g%ﬁcwé% gpgrdes a

sub-type which is associated particularly wth cervical

HPV pol ypepti d

usi on of

two or nore poIWB’eP&PF‘§€§ @f"y|§ MdyRs onsultypre Wt@ﬂrf[@nﬁ%‘éémﬁam 6b16, 18,
33 or 45. 35 WD 02/08435 PCT/ GB01/03290 37 9. A pol ynucl eoti de sequence
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tide of

| ai whi C d HPV |
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a

HPV.

Sehite

according to anﬁnpoéesadimgtatbéchHm\Mmlype;ﬁmQMmg; red unsidasielkbgidaY furadtippept | de
havi ng reduced biol ogi cal function.. 11. A polynucl eoti de sequence
according to claim 10 which encodes a nutated HPV pol&peptl de conpri si ng

one or nord-poi At PRlEClestislenseqy@naeh asperding rereabn 1

avhichyeeeadese'as

natural bi ol ogi wtafémrp\pwyp% tid€ dd?ﬁmg:rvgﬁto%@ oﬂ-?noré B&hywbﬁeﬁédﬁ:

sequence accor prece

to an
pol ypept i de conﬁ‘&ﬁ%}bé’@h Wﬁeoé)ﬂ%dpﬁ& {ﬁ‘#eé W‘&raledel C@gﬁﬁn‘ﬁﬁ%@u@t 15
13. ¥ pol ynucl einadfigategiquence according to claim 12 in which the encoded

12. A polynucleotide sequence according to any preceding claim in which
the encoded HPV polypeptide comprises the whole or a part of a HPV

early gene product.
15

20

25

30

35

13. A polynucleotide sequence according to claim 12 in which the encoded

14.

15.

16.

17.

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 HPV polypeptide.

A polynucleotide sequence according to any preceding claim having a
codon usage coefficient for highly expressed human genes of greater
than 0.3 but less than 1.

A polynucleotide sequence according to claim 14 having a codon usage
coefficient for highly expressed human genes of greater than 0.4 but less
than 1.

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

A polynucleotide sequence according to any preceding claim having a

codon usage coefficient for highly expressed E.coli genes of greater than
0.6.



HPV pol ypepti de conprises the whole or a part of El or E2, or a fusion of
the whole or a part of El or E2 with another HPV pol ypeptide. 20 14. A

pol ynucl eo0 nzies43=quence according to any precedi ng cl ai m haviGBgi/es29€odon
usage coefficient for highly expressed human genes of greater than 0.3 but
|l ess than 1. 15. A polynucl eoti de sequence according to claim 14 having a
codon usage 25 coefficient for highly 3pressed human genes of greater
than 0.4 but less than 1. 16. A polynucl eotide sequence according to claim
15 having a codon usage coefficient for highly expressed human genes of
greater than 0.5 but less 30 than 1. 17. A pol ynucl eoti de sequence

accordi ng 4@ an m% : I i codon age coefficient for

hi ghl y expirge)ssego‘ Ejrgoll Ig(glr??sggghgﬁae{éap%r %Fha%qﬂ & éu'.s'g'S i) Gofiggment or

PCT/ GB01/ 03290 aglogiie iRerafyvhiieh mmintainsstbgoodon wmgegqiattanh therebt.g. 5, or a
fragment or anal ogue thereof which maintains the codon usage pattern

t her eof . ]1% A %ﬁl uclﬁtip%e seﬂuence as set out in Fig. 6, or a fragnment
or 5 anal 6gue i SEAHERGSH st 88t BHoln Irdg6. it Befragttenteof . 20.
An exXpressi on veoatguediprécfiwtictmeitaMecthe @oden RAGHIRERRRRILHE NY to  any
precedi ng clai moperably linked to a control sequence which is capable of
providing for the expression of the pol ynucl eoti de sequence 10 by a host
cel . 21. %8 ex/fe@4irgasionvestor sooprsinga polynluslentiad seuehcé aceary ® of
directing the @xpr ' e : iide_s nce in _bacterial
i nsect or matrrmatllp ﬁ%gﬁgoE%nga%}éwéﬁégéeﬁsggo %&gﬁérs%‘(‘?&?ﬁiw %'l ai m
20 or claim21 WRPERIe Qf Provigingfer thesexpressien aféhe padymudledtide sequence

pol yifucl eot i de bgguieosteeiiccordi ng to any one

21. An expression vector according to claim 20 which is capable of directing

the expression of the polynucleotide sequence in bacterial insect or
mammalian cells.

15
22. ' An expression vector according to claim 20 or claim 21 which is
p7313PLec.
23. A host cell comprising a polynucleotide sequence according to any one
20 of claims 1-19.
24, A host cell comprising an expression vector according to any one of
claims 20-22.
25 25. A host cell according to claim 23 or claim 24 which is a bacterial,
mammalian, or insect cell.
26. A pharmaceutical composition comprising a polynucleotide sequence
according to any one of claims 1-19.
30

27. A pharmaceutical composition comprising a vector according to any one
of claims 20-22.



20 of clainms 1-19. 24. A host cell conprising an expression vector
according to any one of <clains 20-22. 25 25. A host cell according to

cl ai m 23 voo ozbsaBin 24 which is a bacterial, manmalian, orPCT&Bot/ox2ed | . 26.
A pharmaceutical conposition conprising a polynucl eoti de sequence
according to any one of clainms 1-19. 30 27. A pharmaceutical conposition
conprising a vector according to any od8 of clainms 20-22. WD 02/ 08435
PCT/ GB01/ 03290 39 28. A pharmaceutical conposition according to claim 26
or claim27 conprising a plurality of particles, preferably gold
particles, coated with DNA. 5 29. A pharmaceutical conposition according

to ;:I ai mggé. compy ip&iafﬁ@at@eumfmrmpusiﬁ,@ﬁl hicad ,ttébb%irﬂXQiSDio?n&lfaﬂfﬁFZVhe DNA
vector. : phar maceutic si t.ion accordin any,one of clainms
26-29 further EBTRFFLEHG piwaﬁ&%%#lpl%ﬁp@ﬂer %%&%e&@%&m&ﬁ%@i tion
according to cl BNA.30 in which the adjuvant is encoded as a fusion with

t he HPV pol ypepti de encoded by the polynucleotide. 15 32. The use of a

pol ynucl eoti de according to any one of claims 1-19 in the treatment or
proplyl axi29. of &n PRRYMAReelisal oeompgsitiomeaceasdiog 4o velsinor 2accampiisiggt @ any
one of claims 2@hdenafedtieally B tgBRlexpi@HMW IR DRIAN eddr, HPV 1 nfecti on.
20 34. The use of a vaccine conposition according to any one of clains
26-31 in the treatnment or prophylaxis of an HPV infection. 35. The use

accordi ng300 anp pharmécaltiaheolpodftionnavbording ke diyVonsf eCtiatis 2520s an
infection of Hp%r{ﬁe?%o%prﬂs%ng :aLr(;) a%fuvla%t,

10
31. A pharmaceutical composition according to claim 30 in which the
adjuvant is encoded as a fusion with the HPV polypeptide encoded by
the polynucleotide.
15 32. The use of a polynucleotide according to any one of claims 1-19 in the
treatment or prophylaxis of an HPV infection.
33. The use of a vector according to any one of claims 20-22 in the
treatment or prophylaxis of an HPV infection.
20
34. The use of a vaccine composition according to any one of claims 26-31
in the treatment or prophylaxis of an HPV infection.
35. The use according to any one of claims 32-34 in which the HPV infection
25 is an infection of HPV type 6, 11, 16 or 18.
36. The use of a polynucleotide according to any one of claims 1-19, a

vector according to any one of claims 20-22 or a pharmaceutical
composition according to any one of claims 26-31 in the treatment or

30 prophylaxis of cutaneous (skin) warts, genital warts, atypical squamous
cells of undetermined significance (ASCUS), cervical dysplasia, cervical
intraepithelial neoplasia (CIN) or cervical cancer.

37. A method of treating or preventing HPV infections or any symptoms or
35 diseases associated therewith, comprising administering an effective



36. The use of a polynucleotide according to any one of clains 1-19, a
vector according to any one of clains 20-22 or a pharnaceuti cal
conposi t ivomozes3eF di ng to any one of clains 26-31 in the trenGBBN3200 30
prophyl axi s of cutaneous (skin) warts, genital warts, atypical squanous
cells of undeterm ned significance (ASCUS) cervical dysplasia, cervical
intraepithelial neoplasia (CIN) or cerépcal cancer. 37. A nethod of
treating or preventing HPV infections or any synptons or 35 di seases
associated therewith, conprising adm nistering an effective WD 02/ 08435
PCT/ GB01/ 03290 40 anmount of a pol ynucl eoti de according to any one of

claims 1-19, a 4Afdudt of apoRriicR®tie aiﬂ&brcﬁrﬁ@t@én?bﬁerﬁf cMima21-99, a vector

pharmaceutical co sit]jo accor cl ai s .
met hod of treat P g #%98%&"&&&@9&#8%853 86&‘%%9'%6 %8?{)0'1

di seases associ ateutdirtgetocanyt dne obclpms 6@ 1adni ni stering a pharnmaceuti cal
conposi tion according to any one of clains 26-30 in a prinme-boost dosage
regine with a reconbinant viral vector or non-viral based system

conpii si ng8a pohymethasbof Heating o diragentingahly Voinéedions 1@r %msaﬁwmpiormg or

diseases associated therewith, comprising administering a

pharmaceutical composition according to any one of claims 26-30 in a

prime-boost dosage regime with a recombinant viral vector or non-viral

based system comprising a polynucleotide according to any one of
10 claims 1-19.



