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PAPILLOMA VIRUS SEQUENCES 

[0001] This is a continuation-in-part of International 
Application No.: PCT.GB01.03290 With an international 
filing date of ̀ lul. 20, 2001 claiming priority from British 
patent application No 00179903 (filed `lul. 20, 2000) 

[0002] The present invention relates to methods and com 
positions useful in the treatment and prevention of human 
papilloma virus infections and the symptoms and diseases 
associated therewith. 

[0003] Papilloma virus infections have been observed in a 
variety of species, including sheep, dogs, rabbits, monkeys, 
cattle and humans. Human papilloma viruses (HPV) have 
been classified into more than 80 types (Epidemiology and 
Biology of Cervical Cancer. Seminars in Surgical Oncology 
1999 161203-211). Nevv (novel) types are defined as those 
Where the L1 gene displays less than 90% sequence identity 
to L1 sequences from previously identified types, Whilst a 
sub-type displays betvveen 90% and 98% L1 sequence 
identity, and a variant more than 98% sequence identity (to 
the prototypical (parent) type). Papilloma viruses generally 
infect epithelia, but the different HPV types cause distinct 
diseases. 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). 

[0004] 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 having condyloma 
(genital Warts) develop lesions, With an average incubation 
time of 3 months. Arange of treatment options are currently 
available. Hovvever, 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 eflicacy is 
highly variable. Disease recurrence remains a significant 
problem for the effective management of this disease. 

[0005] Genital Warts may regress spontaneously and cell 
mediated immunity appears to be the primary event respon 
sible for Wart regression. The high spontaneous regression 
rates indicate that host cellular immunity can resolve clinical 
disease and make immune-therapy intervention an option for 
treatment or prevention of genital Warts. The goals for 
disease management are for a virus-specific therapy that is 
pain free, requires a minimum of clinic visits, has high 
disease resolution rates and Which reduces/minimises dis 
ease recurrence. 

[0006] HPV has proven diflicult to grovv in tissue culture, 
so there is no traditional live or attenuated viral vaccine. 
Development of an HPV vaccine has also been slovved by 
the lack of a suitable animal model in Which the human virus 
can be studied. This is because the viruses are highly species 
specific, so it is not possible to infect an immunocompetent 
animal With a human papilloma virus, as Would be required 
for safety testing before a vaccine Was first tried in humans. 

[0007] Papilloma viruses have a DNA genome Which 
encodes “early” and “late” genes designated E1 to E7, L1 
and L2. The early gene sequences have been shovvn to have 
functions relating to viral DNA replication and transcription, 
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evasion of host immunity, and alteration of the normal host 
cell cycle and other processes. For eXample the E1 protein 
is an ATP-dependent DNA helicase and is involved in 
initiation of the viral DNA replication process Whilst E2 is 
a regulatory protein controlling both viral gene eXpression 
and DNA replication. Through its ability to bind to both 
E1and the viral origin of replication, E2 brings about a local 
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 knovvn to bind cell proteins p53 and pRB 
respectively. The E6 and E7 proteins form HPV types 
associated With cervical cancer are knovvn oncogenes. L1 
and L2 encode the tvvo viral structural (capsid) proteins. 

[0008] Historically, vaccines have been seen as a Way to 
prevent infection by a pathogen, priming the immune system 
to recognise the pathogen and neutralise it should an infec 
tion 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 
immunological “memory” of it for the lifetime of the 
individual. Subsequent eXposure to the same antigen (e.g. 
upon infection by the pathogen) stimulates a specific 
immune response Which results in elimination or inactiva 
tion of the infectious agent. 

[0009] There are tvvo arms to the immune response: a 
humoral (antibody) response and a cell-mediated response. 
Protein antigens derived from pathogens that replicate intra 
cellularly (viruses and some bacteria) are processed Within 
the infected host cell releasing short peptides Which are 
subsequently displayed on the infected cell surface in asso 
ciation With class I major histocompatability (MHC I) 
molecules. When this associated compleX of MHC I and 
peptide is contacted by antigen-specific CD8+ T-cells the 
T-cell is activated, acquiring cytotoXic activity. These cyto 
toXic T-cells (CTLs) can lyse infected host cells, so limiting 
the replication and spread of the infecting pathogen. Another 
important arm of the immune response is controlled by 
CD4+ T-cells. When antigen derived from pathogens is 
released into the eXtracellular milieu they may be taken up 
by specialised antigen-presenting cells (APCs) and dis 
played upon the surface of these cells in association With 
MHC II molecules. Recognition of antigen in this compleX 
stimulates CD4+ T-cells to secrete soluble factors (cytok 
ines) Which regulate the effector mechanisms of other 
T-cells. Antibody is produced by B-cells. Binding of antigen 
to secreted antibody may neutralise the infectivity of a 
pathogen and binding of antigen to membrane-bound anti 
body 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. 

[0010] 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 elimina 
tion of the pathogen. Such immune therapies (also knovvn as 
“therapeutic” vaccines or immunotherapeutics) Would ide 
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ally require a cell-mediated response to be effective, 
although both humoral and cell-mediated immune responses 
may be evoked. 

[0011] It has been demonstrated (Benvenisty, N and 
Reshaf, L. PNAS 83 9551-9555) that inoculation of mice 
With calcium phosphate precipitated DNA results in eXpres 
sion of the peptides encoded by the DNA. Subsequently, 
intramuscular injection into mice of plasmid DNA Which 
had not been precipitated Was shovvn to result in uptake of 
the DNA into the muscle cells and eXpression of the encoded 
protein. Because eXpression of the DNA results in produc 
tion of the encoded pathogen proteins Within the host’s cells, 
as in a natural infection, this mechanism can stimulate the 
cell-mediated immune response required for immune thera 
pies or therapeutic vaccination, so a DNA-based drug could 
be applied as a prophylactic vaccine or as an immune 
therapy. DNA vaccines are described in WO90/11092 

(Vical, Inc.). 
[0012] DNAvaccination may be delivered by mecha 

nisms other than intramuscular injection. For 
eXample, delivery into the skin takes advantage of 
the fact that immune mechanisms are highly active in 
tissues that are barriers to infection such as skin and 
mucous membranes. Delivery into skin could be via 
injection, via jet injector (Which forces a liquid into 
the skin, or underlying tissues including muscles, 
under pressure) or via particle bombardment, in 
Which the DNA may be coated onto particles of 
sufficient density to penetrate the epithelium (U.S. 
Pat. No. 5,371,015). For eXample, the nucleotide 
sequences may be incorporated into a plasmid Which 
is coated on to gold beads Which are then adminis 
tered under high pressure into the epidermis, such as, 
for eXample, as described in Haynes et al J. Biotech 
nology 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 pep 
tides, and process these for display on cell surface 
MHC proteins. Transfected Langerhan cells migrate 
to the lymph nodes Where they present the displayed 
antigen fragments to lymphocytes, evoking an 
immune response. Very small amounts of DNA (less 
than 1 yg, often less than 0.5 yg) are required to 
induce an immune response via particle mediated 
delivery into skin and this contrasts With the milli 
gram quantities of DNA knovvn to be required to 
generate immune responses subsequent to direct 
intramuscular injection. 

[0013] The eXpression and detection of HPV proteins in 
transfected mammalian cells such as HeLa, 293, or CHO 
cells has often proved diflicult and so for biochemical and 
immunological studies requiring detectable eXpression of 
proteins, or quantities of pure proteins the Ecoli, Baculovi 
rus or Yeast protein eXpression systems are often used. In 
these systems the yields of protein are adequate making 
functional analysis and purification and subsequent bio 
chemical and immunological studies practicable. Hovvever, 
direct protein detection methods (e.g. Western blotting) 
typically fail to detect E1 protein eXpression in transfected 
mammalian cells even When vectors With strong promoters 
such as CMV or SV40 are used. Methods designed to 
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increase E1 protein eXpression in mammalian cells include 
cloning the 5' llanking sequences alongside the E1 gene 
(Remm et al. J. Virol 1999 73, 3062-3070) and amplification 
of the transfected E1 plasmid vector after transfection (Zou 
et al. J. Virol 1998 72, 3436-3441). Amplification of the 
input vector plasmid by replication after transfection has the 
net effect of increasing the E1 gene copy number in the cell, 
hence boosting protein levels and so facilitating detection of 
protein (by Western blotting). Because E1 protein eXpres 
sion and detection is problematic in mammalian cells, sev 
eral authors have resorted to detecting eXpression of the 
protein by in vitro transcription-translation With 35S-labelled 
methionine using the rabbit reticulocyte system (Promega), 
(Gopalakrishnan et al. Virology 1999 256, 330-339., Safari 
et al. Virology 1995 211, 385-396). Hovvever, 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. 

[0014] E1 protein eXpression has additionally been 
detected indirectly, via detection of the in vitro DNA repli 
cation 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 eXpres 
sion (Gopalakrishnan et al, Virology 1999 25 6, 330-339., Lu 
et al J. Virol 1993 67, 7131-7139 and Del Vecchio et al 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 standard protein detec 
tion method (Western blotting). 

[0015] 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 
translated into the linear sequence of amino acids in the 
protein(s) encoded by those genes. The code is highly 
degenerate, With 61 codons coding for the 20 natural amino 
acids and 3 codons representing “stop” signals. Thus, most 
amino acids are coded for by more than one codon-in fact 
several are coded for by four or more different codons. 

[0016] Where more than one codon is available to code for 
a given amino acid, it has been observed that the codon 
usage patterns of organisms are highly non-random. Differ 
ent species shovv a different bias in their codon selection and, 
furthermore, utiliZation of codons may be markedly different 
in a single species betvveen genes Which are eXpressed at 
high and lovv levels. This bias is different in viruses, plants, 
bacteria and mammalian cells, and some species shovv a 
stronger bias avvay from a random codon selection than 
others. For eXample, humans and other mammals are less 
strongly biased than certain bacteria or viruses. For these 
reasons, there is a significant probability that a mammalian 
gene eXpressed in Ecoli or a viral gene eXpressed in 
mammalian cells Will have an inappropriate distribution of 
codons for eflicient eXpression. Hovvever, 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 sequence of clusters of 
codons Which are rarely observed in the host in Which 
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expression is to occur, is predictive of lovv heterologous 
expression levels in that host. 

[0017] There are several examples Where changing codons 
from those Which are rare in the host to those Which are 

host-preferred (“codon optimisation”) has enhanced heter 
ologous 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 shovvn to give increased expression levels over the 
Wild-type HPV sequences in mammalian (Cos-1) cell cul 
ture (Zhou et. al. J. Virol 1999. 73, 4972-4982). In this Work, 
every BPV codon Which occurred more than tvvice as 

frequently in BPV than in mammals (ration of usage >2), 
and most codons With a usage ratio of >1.5 Were conserva 

tively replaced bythe preferentially used mammalian codon. 
In WO97/31115, WO97/48370 and WO98/34640 (Merck & 
Co., Inc.) codon optimisation of HIV genes or segments 
thereof has been shovvn to result in increased protein expres 
sion and improved immunogenicity When the codon opti 
mised sequences are used as DNA vaccines in the host 
mammal for Which the optimisation Was tailored. In this 
Work, the sequences consist entirely of optimised codons 
(except Where this Would introduce an undesired restriction 
site, intron splice site etc.) because each viral codon is 
conservatively replaced With the optimal codon for the 
intended host. 

[0018] According to a first aspect, the present invention 
provides 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. Preferably the polynucleotide sequence 
is a DNA sequence. Desirably the codon usage pattern of the 
polynucleotide sequence resembles that of highly expressed 
human genes. Ideally, the codon usage pattern of the poly 
nucleotide sequence also resembles that of highly expressed 
Ecoli genes. The polynucleotide sequence may be a DNA 
sequence, for 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, 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. 

[0019] Accordingly, there is provided a synthetic gene 
comprising a plurality of codons together encoding an HPV 
amino acid sequence, Wherein the selection of the 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 human genes. 

[0020] 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 sequence With amino acid changes, for example 
amino acid point mutations, sufficient to reduce or inactivate 
one or more of the natural biological functions of the 
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polypeptide. The mutated amino acid sequence Will desir 
ably retain the immunogenicity of the Wild-type polypep 
tide. 

[0021] The encoded HPV polypeptide may comprise an 
early gene product such as E1, E2 or E7, or a fragment, 
analogue or fusion thereof, or may be a late gene product 
such as L1 or L2, or a fragment, analogue or fusion thereof. 
Apolynucleotide of the invention may for example encode 
a fusion betvveen tvvo or more HPV early gene products, an 
HPV early gene product and an HPV late gene product, or 
betvveen tvvo or more HPV late gene products, betvveen one 
or more fragments of HPV gene products, or betvveen an 
HPV gene product (or a fragment thereof) and a polypeptide 
derived from a source other than HPV, for example an 
adjuvant or targeting peptide, or polypeptide, such as an 
HBV core peptide. Fusions may be betvveen HPV gene 
products derived from the same or different viral types or 
sub-types. Such fusions Will desirably retain the immuno 
genicity 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 fragment or analogue thereof. In alternative 
embodiments, the polynucleotide 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 HPV 11 E2 
sequence of FIG. 4a, or fragments, analogues or fusions 
thereof in Which the encoded polypeptides retain immuno 
genicity. 

[0022] 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 synony 
mous 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 belovv) 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. desirably the 
polynucleotide Will also have a codon usage coefficient for 
highly expressed Ecoli genes of greater than 0.5, preferably 
greater than 0.6, most preferably greater than 0.7. 

[0023] In one embodiment, the present invention provides 
a polynucleotide sequence as set out in FIG. 5a and 5b or 
FIG. 6, or a fragment or analogue thereof Which maintains 
the codon usage pattern thereof. In a further embodiment, 
the present invention provides a polynucleotide sequence 
complementary to the sequence set out in FIG. 5a and 5b or 
FIG. 6. 

[0024] According to a second aspect of the invention, an 
expression vector is provided Which comprises and is 
capable of directing the expression of a polynucleotide 
sequence according to the first aspect of the invention, 
encoding an HPV amino acid sequence Wherein the codon 
usage pattern of the polynucleotide sequence resembles that 
of highly expressed mammalian genes, preferably highly 
expressed human genes. The vector may be suitable for 
driving expression of heterologous DNA in bacterial insect 
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or mammalian cells, particularly human cells. In one 
embodiment, the expression vector is p7313PLc (FIG. 7). 

[0025] According to a third aspect of the invention, a host 
cell comprising a polynucleotide sequence according to the 
first aspect of the invention, or an eXpression vector accord 
ing the second aspect, is provided. The host cell may be 
bacterial, e.g. Ecoli, 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 transfected in vivo by administration of the 
vector to the mammal. 

[0026] 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 accord 
ing to the second aspect of the present invention. In pre 
ferred 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, par 
ticularly human genes. In alternative embodiments, the 
composition comprises a pharmaceutically acceptable 
eXcipient and a DNA vector according to the second aspect 
of the present invention. The composition may also include 
an adjuvant. 

[0027] In a further aspect, the present invention provides 
a method of making a pharmaceutical composition including 
the step of altering the codon usage pattern of a Wild-type 
HPV nucleotide sequence, or creating a polynucleotide 
sequence synthetically, to produce a sequence having a 
codon usage pattern resembling that of highly eXpressed 
mammalian genes and encoding a Wild-type HPV amino 
acid sequence or a mutated HPV amino acid sequence 
comprising the Wild-type sequence With amino acid changes 
sufficient to inactivate one or more of the natural functions 
of the polypeptide. 

[0028] Also provided are the use of a polynucleotide 
according to the first aspect, or of a vector according to a 
second aspect of the invention, in the treatment or prophy 
laXis of an HPV infection, preferably an infection by an HPV 
type or sub-type associated With cervical cancer, benign 
cutaneous Warts or genital Warts, for eXample types, 1-4, 6, 
7, 10, 11, 16, 18, 26-29, 31, 33, 35, 39, 45, 51, 52, 56, 58, 
59, and 68. In certain embodiments, the invention provides 
the use of a 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 poly 
nucleotide according to the first aspect, a vector 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 intraepi 
thelial neoplasia (CIN) or cervical cancer. Accordingly, the 
present invention also provides the use of a polynucleotide 
according to the first aspect, or of a vector according to the 
second aspect of the invention in making a medicament for 
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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. 

[0029] The present invention also provides methods of 
treating or preventing HPV infections, particularly infec 
tions by any one or more of HPV 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 diseases associated therewith, comprising 
administering an effective amount of a polynucleotide 
according to the first aspect, a vector according to the second 
aspect or a pharmaceutical composition according to the 
fourth aspect of the invention. Administration of a pharma 
ceutical composition may take the form of one or more 
individual doses, for eXample in a “prime-boost” therapeutic 
vaccination regime. In certain cases the “prime” vaccination 
may be via particle mediated DNA delivery of a polynucle 
otide according to the present invention, preferably incor 
porated into a plasmid-derived vector and the “boost” by 
administration of a recombinant viral vector comprising the 
same polynucleotide sequence. 

[0030] Throughout the present specification and the 
accompanying claims the Words “comprise” and “include” 
and variations such as “comprises”, “comprising”, 
“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 allovvs. 

[0031] 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 nucle 
otide sequence Whilst maintaining the same codon usage 
pattern, for eXample having the same codon usage coefli 
cient or a codon usage coefficient Within 0. 1, preferably 
Within 0.05 of that of the other polynucleotide. 

[0032] The term “codon usage pattern” refers to the aver 
age frequencies for all codons in the nucleotide sequence, 
gene or class of genes under discussion (e.g. highly 
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). 
[0033] In the polynucleotides of the present invention, the 
codon usage pattern is altered from that typical of human 
papilloma viruses to more closely represent the codon bias 
of the target organism, e.g. Ecoli or a mammal, especially 
a human. The “codon usage coefficient” is a measure of hoW 
closely the codon usage pattern of a given polynucleotide 
sequence resembles that of a target species. Codon frequen 
cies can be derived from literature sources for the highly 
eXpressed genes of many species (see e.g. Nakamura et.al. 
Nucleic Acids Research 1996, 24:214-215). The codon 
frequencies for each of the 61 codons (eXpressed as the 
number of occurrences occurrence per 1000 codons of the 
selected class of genes) are normalised for each of the 
tWenty natural amino acids, so that the value for the most 
frequently used codon for each amino acid is set to 1 and the 
frequencies for the less common codons are scaled to lie 
betvveen Zero and 1. Thus each of the 61 codons is assigned 
a value of 1 or lovver for the highly eXpressed genes of the 
target species. In order to calculate a codon usage coefficient 
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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 betvveen Zero 
and l and the higher the coefficient the more codons in the 
polynucleotide are frequently used codons. If a polynucle 
otide sequence has a codon usage coefficient of l, all of the 
codons are “most frequent” codons for highly expressed 
genes of the target species. 

[0034] 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 polynucleotide has 
a codon usage pattern Which resembles that of a highly 
expressed mammalian gene and the encoded oligo or 
polypeptide demonstrates HPV antigenicity. In particular, 
but not exclusively, this aspect of the invention encompasses 
the situation When the polynucleotide encodes a fragment of 
a complete HPV protein sequence and may represent one or 
more discrete epitopes of that protein. 

[0035] The polynucleotides of the present invention shoW 
higher expression in Ecoli and mammalian cells than cor 
responding Wild-type sequences encoding the same amino 
acid sequences. Whilst not Wishing to be bound by any 
theory, this is believed to be for at least tvvo reasons. Firstly, 
having a codon usage pattern closer to that of the host cell, 
the sequences are more easily processed by the cell trans 
lation machinery. Secondly, as up to 30% of the nucleotide 
sequence (or more) is different from the Wild-type sequence, 
sites Which interfere With transcription or translation (such 
as protein binding sites) Will have been removed or altered. 

[0036] In some embodiments, polynucleotides according 
to the present invention shoW codon usage patterns Which 
resemble those of Ecoli 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 antigen protein in vitro using 
Ecoli cells (e.g. for use in assays, such as immunoassays to 
judge the levels of expression in mammalian or human 
tissues). 
[0037] As discussed above, the present invention includes 
expression vectors that comprise the nucleotide sequences of 
the invention. Such expression vectors are routinely con 
structed 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 allovv 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 et al. Molecular 
Cloning: a Laboratory Manual. 2Dd Edition. CSH Laboratory 
Press. (989). 

[0038] Preferably, a polynucleotide of the invention, or for 
use in the invention in a vector, is 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 
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vector is an expression vector. The term “operably linked” 
refers to a juxtaposition Wherein the components described 
are in a relationship permitting them to function in their 
intended manner. Aregulatory sequence, such as a promoter, 
“operably linked” to a coding sequence is positioned in such 
a Way that expression of the coding sequence is achieved 
under conditions compatible With the regulatory sequence. 

[0039] The vectors may be, for example, plasmids, artifi 
cial chromosomes (e.g. BAC, 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 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. 

[0040] Promoters and other expression regulation signals 
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 to heavy metals such as cadmium, and the 
ß-actin promoter. Viral promoters such as the SV40 large T 
antigen promoter, human cytomegalovirus (CMV) immedi 
ate early (IE) promoter, rous sarcoma virus LTR promoter, 
adenovirus promoter, or a HPV promoter, particularly the 
HPV upstream regulatory region (URR) may also be used. 
All these promoters are Well described and readily available 
in the art. 

[0041] Examples of suitable viral vectors include herpes 
simplex viral vectors, vaccinia or alpha-virus vectors and 
retroviruses, including lentiviruses, adenoviruses and adeno 
associated viruses. Gene transfer techniques using these 
viruses are knovvn to those skilled in the art. Retrovirus 
vectors for example may be used to stably integrate the 
polynucleotide of the invention into the host genome, 
although such recombination is not preferred. Replication 
defective adenovirus vectors by contrast remain episomal 
and therefore allovv transient expression. Vectors capable of 
driving expression in insect cells (for example baculovirus 
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 invention, for example for 
use as subunit vaccines or in immunoassays. 

[0042] 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 protein synthesis, for example to increase 
yields, or indeed may find use as therapeutic agents in their 
ovvn right, utilised in DNA vaccination techniques. Where 
the polyriucleotides 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 transient, 
or preferably stable mammalian cell lines. Particular 
examples of cells Which may be modified by insertion of 
vectors encoding for a polypeptide according to the inven 




















