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PAPILLOMAVIRUSSEQUENCES 
[0001] This is a continuation-in-part of International 
Application No.: PCIGB01.03290 with an international 
filing date of Jul. 20, 2001 claiming priority from British 
patent application No 00179903 (filed Jul. 20, 2000) 
[0002) The present invention relates tomethods and com 
pOSitionS uSeful in the treatiment and preVention of human 
papilloma Virus infections and the Symptoms and diseaSeS 
aSSOClated thereWith. 

[0003] Papilloma Virusinfectionshave been observed in a 
Variety of Species, including Sheep, dogs, Irabbits, monkeyS, 
cattle and humans. Human papilloma Viruses (HIPV) have 
been ClasSified into more than 80 types (Epidemiology and 
IBiology Of CerVical Cancer. SeminarSin Surgical OnCology 
199916:203-211). New (novel) types are defined as those 
Where the L1 gene displayS leSS than 90% Sequence identity 
to L1 Sequences from preViously identified typeS, WhilSta 
Sub-type displays between 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 HIPV types cause distinct 
diseaseS. Hor 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 
Imalignant Condylomata of the genital tract). 
[0004] The majority ofgenital warts (>90%) contain HIPV 
genotypes 6 and 11. Whilst HIPV-6 is the most prevalent 
genotype identified in Single infections, both HIPV-6 and 
HIPV-11 may occasionally occur in the Same lesion. Warts 
generally OCCur in SeVeral Siles in infected individualSand 
more than 60% of patients With partnerShaVing Condyloma 
(genital Warts) develop lesions, With an average incubation 
time Of3 monthS. Arange oftreatiment OptionSare Currently 
available. HOWeVer, they rely upon eXCiSion Or ablation 
and/or the use of topical gelSand CreamS. Ilhey are not pain 
free, they may require frequent Clinic ViSits, and eficacy iS 
highly Variable. IDisease recurrence remains a Significant 
problem for the effective management of this disease. 
[0005] Genital Warts may regress Spontaneously and cell 
mediated immunity appearSto be the primary eVent reSpon 
Sible for Wart regreSSion. Ilhe high SpontaneouS IregreSSion 
rateSindicate thathOSt Cellularimmunity Can reSolve Clinical 
disease and make immune-therapyinterVention an Option for 
treatiment Or preVention of genital WartS. Ilhe goals for 
disease management are for a ViruS-Specific therapy that iS 
pain free, requires a minimum of Clinic ViSits, has high 
disease reSolution Irates and Which reduceS/minimises dis 
C3ISC ICCUITTCIl CC. 

[0006] HIPV has proven dificult to grow in tissue culture, 
So there is no traditional live Orattemulated Viral VaCCine. 
Development of an HIPV Vaccine has also been Slowed by 
the lack of a Suitable animal modelin Which the human Virus 
Can be Studied."IhiSiSibecause the ViruSeSare 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 IE7, L1 
and L2. Ilhe earlygene SequenceShave been ShoWin to haVe 
functionSirelating to Viral IDNAreplication and tranSCription, 
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eVasion of hOSt immunity, and alteration of the normal hOSt 
Cell Cycle and Other proceSSeS. Hor 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 Ofreplication, E2 bringSabout 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 maybe bindingto the host cell cytoskeleton, whilst E5 
appears to delay acidification of endoSOmeS IreSulting in 
inCreased eXpreSSion of EGIFreceptorat the Cell Surface and 
both E6 and E7are known to bind cell proteinsp53 and pRB 
respectively. The E6 and E7proteins form HIPV types 
aSSOCiated With CerVical Cancer are knoWin OnCogeneS. L1 
and L2 enCode the two Viral Structural (Capsid) proteins. 
[0008) Historically, Vaccines have been Seen as a Way to 
preVentinfection by a pathogen, priming the immune System 
to Irecognise the pathogen and neutralise it Should an infec 
tion OCCur. Ilhe VaCCine includes One Or more antigenS from 
the pathogen, Commonly the entire Organism, eitherkilled Or 
in a Weakened (attenuated) form, or Selected antigenic 
peptides from the OrganiSm. When the immune System iS 
exposed to the antigen(S), Cellsaregenerated 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 infectiouSagent. 

[0009) There are two arms to the immune response: a 
humoral (antibody) response and a Cell-mediated response. 
Protein antigens derived frompathogenSthat 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 (MHCI) 
molecules. When this associated complex of MHC I and 
peptide iS Contacted by antigen-Specific CID8+ I-Cells the 
I-Cell iSactivated, acquiring Cytotoxic activity Ilhese Cyto 
1Oxic I-Cells (CILS) Can lyse infected host Cells, Solimiting 
the replication and Spread ofthe infectingpathogem. 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 aSSOClation 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. IBinding ofantigen 
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 
IB-Cell So amplifying the IB-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 thatit 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 (alsolknown as 
“therapeutic” Vaccines or immunotherapeutics) Would ide 
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expreSSion is to OCCur, is predictive of loW heterologous 
expreSSion leVels in that hOSt. 

[0017] Thereare 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 formammalian COdon uSage patternSand thishaS 
been ShoWin to give inCreased eXpreSSion leVels OVer the 
Wild-type HIPV sequences in mammalian (Cos-1) cel cul 
ture(Zhou et.al. J. Virol 1999.73,4972-4982). Inthiswork, 
every BPV codon Which occurred more than tvice 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 by the preferentiallyused mammalian Codon. 
In WO9731115, WO9748370and WO9834640(Merck & 
Co?, Inc?) Codon optimisation of HIV genes or Segments 
thereOfhaSbeen ShoWin to reSult in inCreased protein eXpreS 
Sion and improved immunogenicity When the Codon Opti 
mised Sequences are used aS IDNA Vaccines in the hOSt 
Imammal for Which the OptimiSation Was tailored. In thiS 
Work, the Sequences ConSist entirely of Optimised CodonS 
(except Where this Would introduce an undesired restriction 
Sile, intron Splice Sile 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 enCodeSan HIPV 
aminoacid Sequence, Wherein the Codon uSage pattern of the 
polynucleotide Sequence reSembles that of highly eXpreSSed 
Imammalian geneS. Preferably the polynucleotide Sequence 
is a DNASequence. IDeSirably 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 IreSembles that of highly eXpreSSed 
2.coligeneS. Ilhe polynucleotide Sequence may be a DNA 
Sequence, for eXample a double Stranded IDNA Sequence. 
Preferably the polynucleotide Sequence encodes a HIPV 
polypeptide of an HIPV type or Sub-type associated With 
CerVical Cancer, benign Cultaneous Warts Orgenital 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, Whichare associated particularly With cervical 
cancerand genital Warts, most preferably HIPV11,6a or 6b. 
[0019] Accordingly, there is provided a Synthetic gene 
CompriSing a plurality of COdonStogether enCOding an HIPV 
amino acid Sequence, Wherein the Selection of the pOSSible 
CodonSused for enCoding the amino acid Sequence haSbeen 
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 HIPV amino acid Sequence. In 
alternative embodiments, the enCoded amino acid Sequence 
is a mutated HIPV amino acid Sequence CompriSing the 
Wild-type Sequence With amino acid Changes, for eXample 
aminoacid point mutations, Suicient toreduce Orinactivate 
One Or more Of the matural biological functionS Of the 
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polypeptide. Ilhe multated amino acid Sequence Will deSir 
ably retain the immunogenicity of the Wild-type polypep 
tide. 

[0021] The encoded HIPV 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 
SuchaSL1 Or L2, Ora fragment, analogue Orfusion thereOf 
Apolynucleotide of the inVention Imay for eXample enCode 
a fusion between two or more HIPVearly gene products, an 
HIPV early gene product and an HIPV1ate gene product, or 
between twoor more HIPV1ategene products, between one 
Or more fragments of HIPV gene products, Or betWeen an 
HIPVgene product (or a fragment thereof) and a polypeptide 
derived from a Source other than HIPV, for example an 
adjuVant Or targeting peptide, Or polypeptide, Such as an 
HIBV core peptide. Fusions may be between HIPV gene 
products derived from the Same or diferent Viral types or 
Sub-types. Such fusions Will desirably retain the immuno 
genicity of the fuSed polypeptide Components’. Preferably, 
the encoded HIPVpolypeptide comprises the Whole orapart 
of an earlygene product, most preferably E1 Or E2. In One 
particular embodiment, the polynucleotide Sequence 
encodes the Wild-type E1 polypeptide of HIPV6basset out 
in IRICH. 1, Or a fragment Or analogue thereOf In alternative 
embodiments, the polynucleotide Sequence may enCode One 
or more of: the mutated HIPV6b E1 amino acid Sequence Set 
out in HIG. 2; the Wild-type E2 aminoacid sequence (HIG. 
3) of HIPV11 or of 6a or 6b; the mutated HIPV6b E2 amino 
acid Sequence of HIG. 4); and the mutated HIPV 11 E2 
Sequence of IRIG. 41, 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 pOlymucleotide Will preferably eXClude 
codons With an RSCU Value of less than 0.2 in highly 
expreSSed genes of the target OrganiSm. A Irelative Synony 
mous codon usage (RSCU) value is the observed number of 
codons divided by the number expected ifal codonsfor that 
amino acid Were uSed equally frequently Apolynucleotide 
of the preSent inVention Will generally have a Codon uSage 
Coeficient (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. desirably the 
polynucleotide Will alSo have a Codon uSage Coeficient for 
highly eXpreSSed L2.coligenes ofgreater 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 IRIG. 5i and 5) or 
IRICH. 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 HIG. 51 and 5) or 
II(). 6. 

[0024) ACCording to a Second aspect of the invention, an 
expreSSion Vector iSproVided Which Comprises and iS 
Capable of directing the eXpreSSion of a polynuCleotide 
Sequence aCCording to the first aspect of the invention, 
enCoding an HPVamino acid Sequence Wherein the Codon 
uSage pattern of the polynucleotide Sequence reSembles that 
of highly eXpreSSed mammalian genes, preferably highly 
expreSSed human geneS. Ilhe Vector may be Suitable for 
driving eXpreSSion of heterologouS IDNA in bacterial inSect 
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Or mammalian Cells, particularly human CellS. In One 
embodiment, the expression vector is p7313PLc (HIG. 7). 
[0025] According to a third aspect of the invention, a host 
Cell CompriSing a polynucleotide Sequence acCording to the 
firStaspect Of the invention, Oran eXpreSSion Vector aCCord 
ing the Second aspect, iSproVided. Ilhe hOSt Cell may be 
bacterial, e.g. L2.coli, Imammalian, e.g. human, Ormay be an 
inSect Cell. Mammalian Cells CompriSing a Vector acCording 
to the preSent invention Imay be Cultured CellStransfected in 
Vitroor 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 firStaspect of the invention. 
Preferablythe composition comprises a DNAvectoraccord 
ing to the Second aspect of the preSent inVention. In pre 
ferred embodiments the CompiOSition Comprises a plurality 
of particles, preferably gold particles, Coated With IDNA 
CompriSing a Vector enCoding a polynucleotide Sequence 
Which encodes an HIPVamino 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 IDNA Vector aCCording to the Second aspect 
of the present invention. Ilhe CompOSition may alSo include 
an adjuVant. 

[0027] In a further aspect, the present invention provides 
a method ofmaking apharmaceutical Composition including 
the Step of altering the Codon uSage pattern of a Wild-type 
HIPV nucleotide Sequence, Or Creating a polynuCleotide 
Sequence Synthetically, to produce a Sequence haVing a 
Codon uSage pattern reSembling that Of highly eXpreSSed 
Imammalian genes and enCoding a Wild-type HIPV amino 
acid Sequence Or a multated HIPV amino acid Sequence 
CompriSing the Wild-type Sequence Withamino acid ChangeS 
Suicient to inactivate One Or more of the matural 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 treatiment Or prophy 
laxis ofan HIPVinfection, preferablyan infection byan HIPV 
type Or Sub-type aSSOClated With CerVical Cancer, benign 
Culaneous Warts Orgenital 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 firStaspect, Or 
of a Vector aCCording to a Second aspect of the invention, in 
the treatment orprophylaxis of an HIPVinfection oftype 6, 
11, 16, 18,33 or 45, Whichareassociated particularly With 
cervical cancer and genital Warts, most preferably HIPV 11, 
6a or 6b. The invention also provides the use of a poly 
nucleotide aCCording to the firStaSpect, a VectoracCording to 
the Second aspect of the invention Or a pharmaceutical 
CompOSition aCCording to the fourth aspect of the invention, 
in the treatiment or prophylaxis of Culaneous (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 Imaking a mediCament for 
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the treatmentorprophylaxis ofan HIPVinfection ofany one 
or more oftypes 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 HIPV infectionS, particularly infeC 
tions by any one or more of HIPVitypes 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 OrdiseaseSaSSOClated thereWith, CompriSing 
administering an effective amount of a polynucleotide 
aCCording to the firStaspect, a VectoracCording to the Second 
aSpect Or a pharmaceutical CompOSition aCCording to the 
fourth aspect of the invention. Administration of a pharma 
Ceutical CompOSition Imay take the form of One Or more 
individual dOSeS, for eXample in a “prime-bOOSt”therapeutic 
VaCCination regime. In Certain CaSes the “prime”Vaccination 
Imay be Via particle mediated DNAdelivery 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 
Ihat iS, these Words are intended to ConVey the pOSSible 
inclusion of Other elements Or integerS Inot Specifically 
recited, Where the ConteXt alloWS. 
[0031] The term “analogue” refers to a polynucleotide 
Which enCodes the Same amino acid Sequence aSanother 
polynucleotide of the preSent invention but Which, through 
the redundancy of the genetic Code, has a dierent nucle 
Otide Sequence Whilst maintaining the Same Codon uSage 
pattern, for eXample haVing the Same Codon uSage Coei 
Cient Or a Codon uSage Coeficient 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 al Codons in the nucleotide Sequence, 
gene or Class of genes under discussion (e?g. highly 
expressed mammalian genes). Codon uSage patterns for 
ImammalS, including humanS Can be found in the literature 
(see e.g. Nakamura etal. Nucleic Acids Research 1996, 
24:214-215). 
[0033] In the polynucleotides ofthe 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. 12.coli Or a mammal, eSpecially 
a human."Ilhe “Codon uSage Coeficient”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 
1Wenty matural amino acids, So that the Value for the most 
frequently used Codon foreachamino acid is Set to 1 and the 
frequencies for the leSS Common Codons are SCaled to lie 
betWeen Zero and 1. IhuSeach of the 61 CodonSiSaSSigned 
a Value of 1 Or loWer for the highly eXpreSSed genes of the 
1arget SpecieS. In Order to CalCulate a Codon uSage Coeficient 
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fora Specific polynucleotide, Irelative to the highly eXpreSSed 
genes of that Species, the SCaled Value foreach Codon of the 
Specific polynucleotide are noted and the geometric mean of 
al these Values istaken (by dividing the Sum of the natural 
logs of these Values by the total number of COdonSand take 
the anti-log). The coeficient Will have a value betweenzero 
and 1 and the higher the Coeficient the more COdons in the 
polynucleotide are frequently uSed CodonS. If a polynucle 
Otide Sequence has a COdon uSage Coeficient Of1, al of the 
Codons are “miOSt frequent” Codons for highly eXpreSSed 
geneS Of the target SpecieS. 
[0034] Shorter polynucleotide Sequences are Within the 
SCOpe of the invention. Hor eXample, a polynuCleotide of the 
invention may encode a fragment of a HIPV 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 aminoacids in length is considered to fal Within 
the SCOpe of the inVention as long as the polynucleotide haS 
a COdon uSage pattern Which IreSembles that of a highly 
expreSSed mammalian gene and the enCoded Oligo Or 
polypeptide demonStrateSHIPV antigenicity In particular, 
but mot eXClusively, this aspect of the invention enCompaSSeS 
the Situation When the polynucleotide enCodes a fragment of 
a Complete HIPV protein Sequence and may repreSent One Or 
more disCrete epitopeS Of that protein. 
[0035] The polynucleotides of the present invention Show 
higher eXpreSSion in L.coliand mammalian Cels 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 forat least tworeasons. 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 (ormore)is dierent from the Wild-type Sequence, 
Siles Which interfere With tranScription or translation (Such 
aSprotein 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 E.coi and mammalian (e.g. human) 
geneS. IhiSiSparticularly advantageouS Where a Sequence iS 
to be uSed in Vaccination of a mammal and ingeneration of 
Significant amounts of the antigen protein in Vitro uSing 
E.coli Cells (e?g. for use in asSays,Such asimmunoassaySto 
judge the leVels of eXpreSSion in Imammalian 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 Iroutinely Con 
Strucled in the art Of molecularbiology and may for eXample 
inVolve the use of plaSmid IDNA and appropriate initiators, 
promoterS, enhancers and Other elements, Such as for 
example polyadenylation Signals Which may be meCeSSary, 
and Which are pOSitioned in the Correct Orientation, in Order 
to allow forprotein expression. Othersuitable vectors Would 
be apparent toperSOnSSkilled in the art. IBy Way of further 
example in this regard We referto Sambrooketal. Molecular 
Cloning: a LaboratoryManual.2"Edition CSHLaboratory 
Press. (989). 
[0038) Preferably, a polynucleotide ofthe invention, orfor 
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 1o a juxlapOSition Wherein the Components desCribed 
are in a relationShippermitting them to function in their 
intended manner. Aregulatory Sequence, Such as a promoter, 
“operably linked”to a Coding Sequence iSpOSitioned 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. IBAC, IPAC, YAC), Virus or phage 
Vectors proVided With a Origin of Ireplication, Optionally a 
promoter for the eXpreSSion of the polynucleotide and 
Optionally a regulator of the promoter. Ilhe VectorS Imay 
Contain One Ormore Selectable markergenes, for eXample an 
ampicillin Or kanamyCin IreSiStance gene in the Case Of a 
bacterial plaSmid Or a reSiStance gene for a fungal Vector. 
VectorS Imaybe uSed in Vitro), for eXample for the production 
of IDNAor RNAorused to transfector 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 
Imaybe Selected to be compatible With the host cell for Which 
expreSSion is deSigned. Hor eXample, mammalian promoterS 
include the metallothionein promoter, Which Can be induced 
in reSponse to heavy metalS Such aS Cadmium, and the 
B-actin promoter. Viral promoters Such as the SV401arge T 
antigen promoter, human Cytomegalovirus (CMV)immedi 
ale early (IE) promoter, rous Sarcoma Virus LIR promoter, 
adenovirus promoter, or a HIPV promoter, particularly the 
HIPV upstream regulatory region (URR) may also be used. 
All these promotersare 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, includinglentiViruSeS, adenOViruSeSand adeno 
aSSOCiated ViruSeS. Gene transfer techniqueS uSing these 
ViruSes are knoWin 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 alloW tranSient eXpreSSion. VectorS Capable of 
driving expreSSion in insect Cells (for example baculovirus 
Vectors), in human Cells Orin bacteria may be employed in 
order toproduce quantities of the HIPV protein encoded by 
the polynucleotides ofthe preSent inVention, for eXample for 
uSeas 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 Imay take place in Vitro), in ViVO 
or ex Vivo. The nucleotides may therefore be involved in 
recombinant protein SyntheSiS, for eXample to inCrease 
yields, Orindeed may find uSeas therapeutic agentSin their 
own 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 eXViVO, Cells, 
for example in cell culture, Will be modified to include the 
polynucleotide to be eXpreSSed. Such CellSinclude 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 
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tion include mammalian HEK293I, CHO), HeLa, 293 and 
COScells. Preferably the cell line Selected Wilbe one which 
iS Inot Only Stable, but alSo alloWS for mature glyCOSylation 
and Cell Surface eXpreSSion of a polypeptide. ExpreSSion 
Imaybe achieVed in transformed OOCyteS. Apolypeptide may 
be eXpreSSed from a polynucleotide of the preSent invention, 
in Cells of a transgenic mon-human animal, preferably a 
mouSe. A transgenic mon-human animal eXpreSSing a 
polypeptide from a polymucleotide of the invention iS 
included Within the Scope of the invention. 
[0043] Where the polynucleotides ofthe present invention 
find uSeas therapeutic agents, e.g. in IDNAVaCCination, the 
nucleic acid Willbeadministered to the mammal e.g. human 
to be Vaccinated. IThe nucleic acid, Such as RNA or DNA, 
preferably DNA, is provided in the form ofa Vector,such as 
thOSe deSCribed abOVe, Which may be eXpreSSed in the CellS 
of the mammal. Ilhe polynucleotides may be administered 
by any available technique. Hor eXample, the nucleic acid 
Imay be introduced by needle injection, preferably intrader 
Imally, Subculaneously or intramuSCularly Alternatively, the 
nucleic acid may be delivered directly into the Skin uSing a 
nucleic acid delivery deVice Such asparticle-mediated IDNA 
delivery (PMIDD). In this method, inert particles (Such as 
gold beads) are Coated With a nucleic acid, and are accel 
erated at SpeedS Suficient to enable them topenetrate 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 Com 
pOSition deSirably Comprises gold particleShaVing an aVer 
age diameter Of 0.5-5 Am, preferably about 2 Am. In pre 
ferred embodiments, the Coated gold beads are loaded into 
tubing to SerVe aS Cartridges Such that each Cartridge Con 
1ainS 0.1-1 mg, preferably 0.5 mg gold Coated With 0.1-5Ag, 
preferably about 0.5 Ag DNA/cartridge. 

[0044] Suitable techniques forintroducing the naked poly 
nucleotide OrVectorinto a patientinclude topical application 
With an appropriate Vehicle."Ilhe nucleicacid maybeadmin 
istered topically to the Skin, Or to muCOSal Surfaces for 
example by intranaSal, Oral, intravaginal Or intrarectal 
administration. Ilhe maked polymucleotide Or Vector may be 
preSent together With a pharmaceutically acceptable eXCipi 
ent, Suchas phosphate buffered Saline (PBS). DNAuplake 
Imay be further facilitated by use Offacilitating agentS Such 
aS bupivaCaine, either Separately Or included in the IDNA 
formulation. Other methods of administering the nucleic 
acid directly to a recipient include ultraSound, electrical 
Stimulation, electroporation and microSeeding Which iS 
described in U.S. Pat. No. 5,697.901. 

[0045] Uptake ofnucleic acid constructs maybe enhanced 
by SeVeralknoWin transfection techniques, for eXample thOSe 
including the use of transfection agentS. EXamples of these 
agentSincludes Cationic agents, for eXample, CalciumphOS 
phate and IDEAE-DeXtran and lipofectants, for eXample, 
lipofectam and transfeClam. Ilhe dOSage Of the nucleic acid 
to be administered Can be altered."Ilypically the nucleicacid 
is administered in an amount in the Irange of 1 pg to 1 mg, 
preferably 1 pg to 10 Ag nucleic acid for particle mediated 
gene delivery and 10 Ag to 1 mg for Other IrouteS. 

[0046] A nucleic acid Sequence of the present invention 
Imay alSo be administered by meanS Of Specialised delivery 
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VectorS useful ingene therapy Gene therapy approaches are 
discussed for example by Verme et al, Nature 1997, 
389:239-242. Both Viral and mon-Viralvector Systems canbe 
uSed. Viralbased SystemSinclude retroViral, lentiviral, aden 
OViral, adeno-aSSOCiated Viral, herpeS Viral, 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 mon-Viral delivery SyS 
tems may be combined where it is desirable to provide 
bOOSterinjectionSafteran initial VaCCination, for eXample an 
initial “prime” DNA Vaccination using a non-Viral vector 
Such as a plasmid folowed by one or more ‘boost” vacci 
ImationS uSing a Viral Vector Or mon-Viral based System. 

[0047] A nucleic acid Sequence of the present invention 
Imay alSo be administered by meanS Of transformed CellS. 
Such cels include cels harvested from a Subject. The naked 
polynucleotide Or Vector Of the preSent invention Can be 
introduced into Such CellSin Vitro and the transformed CellS 
can later be returned to the Subject. The polynucleotide of 
the invention Imay integrate into nucleic acid already preSent 
in a Cell by homologouS recombination eVentS. A tranS 
formed Cell may, if deSired, be groWin upin Vitro and One Or 
more of the reSultant Cells may be uSed in the preSent 
inVention. Cells Can be proVided at an appropriate Site in a 
patient by known Surgical or microsurgical techniques (e?g. 
grafing, micro-injection, elc?) 

|0048) Suitable Cells include antigen-presenting Cells 
(APCS), Such as dendritic Cells, macrophages, IB Cells, 
monocytes and Other Cels that may be engineered to be 
efficient APCS. Such cels may, but need not, be genetically 
modified to inCrease the Capacity forpreSenting the antigen, 
to improve activation and/or maintemance of the I Cell 
reSponSe, to have anti-tumour, e.g. anti-CerVical Carcinoma 
effectSper Seand/or to beimmunologically Compatible With 
the receiver (ie, matched HLA haplotype). APCs may 
generally be iSolated from any of a Variety of biological 
fluids and OrganS, inCluding tumour and peri-tumoural tiS 
Sues, and may be aulOlOgous, allogeneic, Syngeneic Or 
XenOgeneic CelS. 

[0049) Certain preferred embodiments of the present 
inVention use dendritic Cells Orprogenitors thereOf as anti 
gen-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, Wine392:245-251, 1998) and 
have been ShoWin to be effective aSaphysiological adjuVant 
for eliciting prophylactic Or therapeutic antitumour immu 
nity(see Timmerman and Levy, 4h, Ren: A/eli, 50:507-529, 
1999). Ingeneral, dendritic cels maybeidentified based on 
their typical Shape (Stellate in Situ, With marked Cytoplasmic 
processes(dendrites) Visible in Vitro), theirability totake up, 
proCeSS and preSent antigenS With high eficiency and their 
ability to activate maive T cell responses. Dendritic cells 
Imay, Of CourSe, be engineered to eXpreSS Specific Cell 
Surface receptorS Orligands thatare mot Commonly found On 
dendritic Cellsin Vivo or ex Vivo, for example the antigen(S) 
enCoded in the ConStructs of the invention, and Such modi 
fied dendritic CellSare Contemplated by the present inven 
tion. AS an alternative to dendritic Cells, Secreted VeSicleS 
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antigen-loaded dendritic Cells (Called exOSomes) may be 
used Within a Vaccine (See ZitVogel et al?, AVire A/ed 
4:594-600, 1998) 
[0050] Dendritic cells and progenitors may be obitained 
from peripheral blood, bone marroW, tumour-infiltrating 
Cells, peritumoral tiSSueS-infiltrating Cells, lymph modes, 
Spleen, Skin, umbilical Cord blood Or any Other Suitable 
tissue or fuid. For example, dendritic cells may be difer 
entiated eXVivo by adding a Combination of Cytokines Such 
aS GM-CSH, IL-4, IL-13 and/or INIH to Cultures of mono 
cytes harvested fromperipheral blood. Alternatively, CD34 
positive cells harvested from peripheral blood, umbilical 
cord blood or bone marrow may be diferentiated into 
dendritic Cells by adding to the Culture medium Combina 
tions of GM-CSF, IL-3,TNF, CD40 ligand, lipopolysaccha 
ride LPS, fit3 ligand (a cytokine imporlant in the generation 
of profeSSional antigen preSenting Cells, particularly den 
tritic Cells) and/or Other Compound(S) that induce dieren 
tiation, Imaturation and proliferation of dendritic CellS. 
[0051] APCs may generally be transfected With a poly 
nucleotide enCoding an antigenic HIPVamino acid Sequence, 
Such as a Codon-optimised polynucleotide as enViSaged in 
the preSent invention. Such transfection Imay take place eX 
ViVO, and a CompOSition Or Vaccine CompriSing Such tranS 
fected Cells may then be uSed for therapeutic purpOSeS, aS 
deSCribed herein. Alternatively, a gene delivery Vehicle that 
1argets a dendritic Or Other antigen preSenting Cell may be 
administered to a patient, reSulting in transfection that 
Occurs in Vivo. In Vivo and eXVivo transfection of dendritic 
Cells, for eXample, Imay generally be performed uSing any 
methods knoWin in the art, Such as those deScribed in WC) 
97/24447, or the particle mediated approach described by 
Mahvi et al?, Linology ind ce// Biology 75:456-460, 
1997. 

[0052) Vaccines and pharmaceutical compositions may be 
preSented in unit-dose Or multi-dose ContainerS, Such aS 
Sealed ampoules Or VialS. Such Containers are preferably 
hermetically Sealed to preserve Sterility of the formulation 
until uSe. In general, formulations maybe Stored aSSuSpen 
SionS, SolutionS Or emulSions in Oly Or aqueouS VehicleS. 
Alternatively, a Vaccine Orpharmaceutical CompOSition Imay 
be Stored in a freeze-dried Condition Irequiring Only the 
addition of a Sterile liquid Carrier immediately prior to uSe. 
VaCCines CompriSing nucleotide Sequences intended for 
administration Via particle mediated delivery may be pre 
Sented as CartridgeSSuitable for use With a CompreSSed gaS 
delivery instrument, in Which Case the CartridgeSmay Con 
Sist of holloWitubes the inner Surface of Whichis Coated With 
particlesbearing the VaCCine nucleotide Sequence, Optionally 
in the preSence of Other pharmaceutically acceptable ingre 
dientS. 

[0053] The pharmaceutical compositions of the present 
inVention may include adjuVant Compounds, Or Other Sub 
Stances 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 mon-DNA elements of the formulation. 
EXamples of adjuVant-type Substances Which may be 
included in the formulationSofthe preSentinvention include 
ubiquitin, lySOSomal aSSociated membrane protein (LAMP), 
hepatitiS IB ViruS Core antigen, fit3-ligand and Other Cytok 
ines suchas IFN-yand GMCSF 
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[0054] Other Suitable adjuvants are commercially avail 
able Such aS, for eXample, Freund’s InComplete AdjuVant 
and Complete Adjuvant (Difico Laboratories, Detroit, 
Mich); Imiquimod (3M, St. Paul, Minn); Resimiquimod 
(3M, St. Paul, Minn); Merck Adjuvant 65(Merck and 
Company, Inc?, Rahway, NJ); AS-2(SmithKline Beecham, 
Philladelphia, Pa); aluminium Salts Such as aluminium 
hydroxide gel (alum) Or aluminium phosphate; Salts of 
Calcium, iron Or Zinc; an inSoluble SuSpenSion of acylated 
tyroSine; acylated SugarS; Cationically Oranionically deriva 
tized polySaCCharides; polyphOSphazenes; biodegradable 
microspheres; monophOSphoryl lipid A and Cuil A. Cytok 
ines, Suchas GM-CSFor interleukin-2, -7, or -12, mayalso 
be uSed aSadjuVantS. 
[0055] In the formulations of the invention itis preferred 
that the adjuVant CompiOSition induces an immune reSponSe 
predominantly ofthe Th1 type.Thus the adjuvant may Serve 
to modulate the immune reSponSegenerated in IreSponse to 
the DNA-encoded antigens from a predominantly Th2 to a 
predominantly Th1 type response. High levels of Th1 -type 
cytokines (e.g,IFN-, TNF, IL-2 and IL-12) 1end to favour 
the induction of Cell mediated immune reSponSeS to an 
administered antigen. Within a preferred embodiment, in 
Which a reSponse iSpredominantly Ih1-type, the leVel of 
Ih1-type Cytokines Will inCrease to a greater eXtent than the 
level of Th2-type cytokines. The levels of these cytokines 
Imaybe readily aSSeSSed uSing Standard aSSayS. Hor a reVieW 
of the families of Cytokines, See MOSmann and Coffman, 
4/1/1. Ren: Lino/, 7:145-173, 1989. 
|0056) Accordingly, Suitable adjuvants for use in eliciting 
a predominantly Ih1 -type reSponSeinclude, for eXample, a 
Combination of monophOSphoryl lipid A, preferably 3-de 
O-acylated monophosphoryl lipid A (3D-MPL) 1ogether 
With an aluminium Salt. Other known adjuvants Which 
preferentially induce a IIH1 type immune reSponse include 
CpG Containing OligonucleotideS. Ilhe OligonucleotideSare 
Characterised in that the CpG dinucleotide is unmethylated. 
Such Oligonucleotides are Well knoWin and are deSCribed in, 
for example WO96/02555. Immunostimulatory DNA 
Sequences are alSo deScribed, for eXample, by Sato et al?, 
Science 273:352, 1996. CpG-containing oligonucleotides 
Imaybe encoded Separately from the papilloma antigen(S)in 
the Same Or a dierent 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. Inot aSpart of the CompOSition 
Which includes the enCoded antigem. CpG OligonucleotideS 
Imay be uSed alone Or in Combination With Other adjuVantS. 
Hor eXample, an enhanced System inVolves the Combination 
of a CpG-Containing Oligonucleotide and a Saponin deriva 
tive particularly the combination of CpG and QS21 as 
disclosed in WC) 00/09159 and WC) 00/62800. Preferably 
the formulation additionally CompriSeSan Oil in Water emul 
Sion and/or toCopherol. 
[0057] Anotherpreferred adjuvant isa Saponin, preferably 
QS21 (Aquila Biopharmaceuticals Inc?, Framingham, 
Mass), which may be used alone or in combination With 
Other adjuVantS. Hor eXample, an enhanced System inVolveS 
the Combination of a monophOSphoryl lipid A and Saponin 
derivative, Such as the Combination of OS21 and3D-MPLaS 
described in WC) 94/00153, or a less reactogenic composi 
tion Where the QS21 is quenched With cholesterol, as 
described in WC) 96/33739. Other preferred formulations 
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Comprise an Oill-in-Water emulSion and toCopherol. Apar 
ticularly potent adjuVant formulation inVolving CS21, 
3D-MPL and tocopherol in an oil-in-Water emulsion is 
described in WC) 95/17210. 

[0058) Other preferred adjuvants include Montanide ISA 
720(Seppic, France), SAF (Chiron, Calif, United States), 
ISCOMS(CSL), MF-59 (Chiron), Detox (Ribi, Hamilton, 
Mont), RC-529 (Corixa, Hamilton, Mont) and other ami 
noalkyl gluCOSaminide 4-phosphates (AGPS). 
[0059) Other preferred adjuvants include adjuvant mol 
ecules of the general formula (1) 

HO(CH2CH2O)n-A-R Formula (I) 

[0060) wherein, In is 1-50, Ais a bond or-C(O)-, Ris 
C1-50 alkyl or Phenyl Cl-50 alkyl. 
[0061] One embodiment of the present invention consists 
of a formulation CompriSing a polyOXyethylene ether of 
general formula (I), Wherein In is between 1 and 50, prefer 
ably 4-24, most preferably 9; the R component is C1-50, 
preferably C4-C20alkyl and most preferably C12 alkyl, and 
AiSabond."Ilhe Concentration ofthe polyOXyethylene etherS 
Should be in the range 0.1-20%, preferably from 0.1-10%, 
and most preferably in the range 0.1-1%. Preferred poly 
OXyethylene ethers are Selected from the folloWing group: 
polyoxyethylene-9-laury1 ether, polyoxyethylene-9-steoryl 
ether, pOlyOXyethylene-8-Steoryl ether, polyOXyethylene-4- 
lauryl ether, pOlyOxyethylene-35-lauryl ether, and polyOXy 
ethylene-23-laury1 ether. Polyoxyethylene ethers Such as 
polyoxyethylene laury1 ether are described in the Merck 
index (12th edition:entry 7717). Theseadjuvant molecules 
are described in WC) 99/52549. The polyoxyethylene ether 
according to the general formula (1) above may, if desired, 
be Combined With another adjuVant. Hor eXample, a pre 
ferred adjuvant combination is preferably With CpG as 
deSCribed in the pending UK patent application GlB 
982()956.2. 

[0062) Where the Vaccine includes an adjuvant, the Vac 
Cine formulation may be administered in tWo partS. Hor 
example, the part of the formulation Containing the nucle 
Otide ConStruct Which enCodes the antigen Imay beadminis 
tered first, e.g. by SubCultaneouS Or intramuSCular injection, 
Orby intradermal particle-mediated delivery, then the part of 
the formulation Containing the adjuVant may be adminis 
tered Subsequently, either immediately Or after a Suitable 
time period Which Will be apparent to the phySician Skilled 
in the VaCCineSartS. Under these CircumStances the adjuVant 
Imay be administered by the Same Iroute as the antigenic 
formulation Or by an alternate Iroute. 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 to the Skin 
at the Site of particle mediated delivery of the nucleotide 
Sequences Which enCode the antigen(S), eitherbefore Orafter 
the particle mediated delivery thereof 

[0063] The following Examples Serve to furtherillustrate 
the inVention, With reference to the acCompanying draWings, 
in Which: 

[0064] IRIG. 1 Shows the prototype Wild-type amino acid 
Sequences of E1 from HipV 11, HipV6a, and HipV6b, derived 
from Genbank: 
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[0065] IRIG. 2 Shows the prototype Wild-type amino acid 
sequence of HIPV6b E1 from FIG. 1 (6b-e1)alignedwith the 
HIPV6b E1 amino acid Sequence including point mutations 
1o remove biological activity (6b-e1 mut): 
[0066] IRIG. 3 Shows the prototype Wild-type amino acid 
Sequences of E2 from HIPV11, HipV6a, and HipV6b, derived 
from Genbank: 
[0067] IRIG.4n Shows the prototype Wild-typeamino acid 
sequence of HIPV11 E2from FIG.3 (Hipv-11e2-wit) aligned 
With the HIPV11 E2 amino acid Sequence including a point 
multation to remove biological activity (HipV-11e2-mut) and 
With the amino acid Sequence enCoded by the nucleotide 
sequence of HIG. 6 (HipV-11e2-comut); 
[0068) IRIG.4) Shows the prototype Wild-typeamino acid 
sequence of HIPV6b E2 from FIG.3 (Hipv-6be2-wl)aligned 
With the HIPV6b E2 amino acid Sequence including a point 
mutation to remove biological activity (HipV-6be2-mut); 
[0069) FIG. 51 and 5) shows HIPV6bel-comut, a nucle 
Otide Sequence, haVing a Codon uSage pattern IreSembling 
that of a highly eXpreSSed human gene, enCoding the 
mutated amino acid Sequence of HIPV6b E1 from HIG. 2: 
[0070) FIG. 6 shows HipV11e2-comut, a nucleotide 
Sequence, haVing a COdon uSage pattern IreSembling that of 
a highly eXpreSSed human gene, enCOding the multated 
amino acid Sequence of HIPV11 E2 from IRIG. 4: 
[0071] FIG.7 shows DNAvector p731 3-PLc: 
[0072) HIG.8 shows cel lysate Samples from Example 4 
run On an aCrylamide gel and Stained to 35 ShoWantibody 
binding to eXpreSSed E1 protein; 
[0073] IRIG. 9 Shows cellular responses to antigen chal 
lenge after immuniSation of mice With a polynuCleotide 
according to the invention (Example 6); and 
[0074] FIG. 10 shows cel lysate samples from Example 
7 run On an aCrylamide gel and Stained to ShoWantibody 
binding to eXpreSSed E2 protein. 
[0075] IRIG. 11 Shows a polyacryamidegel demonstrating 
the improved eXpreSSion of COdon Optimised E1. 
[0076] FIG. 12 shows the protective efficacy of codon 
Optimised E1 in the dog model. 

IEXAMPI) 1 

Codon Optimisation of HIPV6bE1 
[0077] The Wild-type prototype amino acid Sequence of 
HIPV6be1, obitained from Genbank, is set out in HIG. 1 
(bottom Sequence). This figure Shows the high level of 
homology for thisprotein between the HIPVVirus prototype 
Sequences oftypes 11, 6a and 6b. Similarly, HIG. 3 Sets out 
the Wild-type prototype amino acid Sequences for the E2 
protein of HIPV11, 6a and 6b. It is expected that an immune 
therapy (therapeutic Vaccine) using HIPV6b Sequences Will 
CroSS-react toproVide a prophylactic Or therapeutic immune 
reSponSeagainStall three Viral typeS. 

[0078] The codon usage of the HIPV6b E1 sequence 
Was Compared to that of highly eXpreSSed human and 
2.coligenes and found to have a loW Codon uSage 
Coeficient for both SpecieS. Simply uSing the most 
abundant Codon for each amino acid reSidue Would 
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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 maturally in highly eXpreSSed E.coliand 
human geneS. 

[0079) The codons in the Synthetic gene Were 
aSSigned uSing a VISual IBaSic program Called Cal 
cgene, Written by R. S. Hale and G Thompson 
(Protein Expression and Purification Vol. 12 pp. 
185-188(1998)). Foreachaminoacid residue in the 
Original Sequence, a Codon Was aSSigned based On 
the probability of it appearing in highly eXpreSSed 
2.coligeneS. IDetails of the program, Which WorkS 
under MicroSoft WindoWS 3.1, Can be obitained from 
the authorS. IBecause the program applies a Statistical 
method to aSSign CodonSto the Synthetic gene, not all 
reSulting CodonSare the miOSt frequently uSed in the 
1arget OrganiSm. Rather, the proportion Offrequently 
and infrequently uSed Codons of the target OrganiSm 
is refiected in the Synthetic Sequence by aSSigning 
CodonSin 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 dierent Synthetic 
gene-although each Will have the Same COdon 
uSage pattern and each Will enCode the Same amino 
acid Sequence. Ifthe programis run Severaltimes for 
a given amino acid Sequence and a given target 
Organism, SeVeral dierent nucleotide Sequences Will 
be produced which may difer in the number, type 
and pOSition of IreStriction Siles, intron Splice SignalS 
etc?, Some ofwhich may be undesirable. The Skilled 
artiSan Will be able to Select an appropriate Sequence 
for use in eXpreSSion of the polypeptide On the baSiS 
of these featureS. 

[0080) Furthermore, Since the codons are randomily 
aSSigned on a Statistical basis, it is posSible (although 
perhaps unlikely) that two or more Codons Which are rela 
tively rarely uSed in the target OrganiSm might be CluStered 
in Closeproximity It isbelieved that Such CluSterS Imay upSet 
the machinery of tranSlation and reSult in particularly loW 
expreSSion rates, So the algorithm for ChOOSing the CodonSin 
the optimized gene excluded any codons With an RSCU 
Value OfleSS than 0.2 for highly eXpreSSed geneSin Order to 
preVent any rare COdon CluSterS being fortuitouSly Selected. 
Ihe distribution of the remaining Codons Was then allocated 
aCCOrding to the frequencies for highly eXpreSSed L.coi 
genes to give an OVeral distribution Within the Synthetic 
gene that resembled that of the E.coligenes (Coeficient= 
0.85) and also that of highly expressed human genes (Coef 
ficient=0.50). A Similar proceSS Was used to Oblain a Codon 
optimised nucleotide Sequence for HIPV11 E2, except that 
Syngene (Peter Ertl, unpublished), an updated version ofthe 
Calcgene program, alloWing eXClusion of Irare CodonSto be 
Optional, WaSuSed to allocate CodonSacCording to the Codon 
frequency pattern of highly eXpreSSed human geneS. Unlike 
the Codon aSSignment for E1, rare CodomSWere not eXCluded. 
At the Same time, an alteration Was made to One Of the 
Oligonucleotides to enCode a K111A amino acid Change, aS 
described beloW. 
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[0081] Mutations Were introduced into the codon opti 
mised E1 and E2 genes togive Irise topoint multationSin the 
E1 (K83G, R84G and G483D) and E2(K111A) aminoacid 
SequenCeS. Ilhe amino acid Sequences of the multated geneS 
are Shown (aligned With the Wild-type prototype Sequence) 
in FIGS. 2(HIPV6bE1) and 4 (HIPV6bE2 and HPV11E2). 
Ihe COdon Optimised and multated nucleotide Sequence for 
HIPV6b E1 is shown in FIG. 5i and 5). The codon opti 
mised and mutated nucleotide Sequence for HIPV11 E2 is 
Shown in HIG. 6. In IRIG. 4, the amino acid Sequence ofthe 
polypeptide Oblained by eXpreSSion of the Codon Optimised 
and mutated HIPV11E2 gene isalsogiven, inalignment with 
the prototype Wild-type and the mulated Wild-type 
Sequences, to ShoWithat COdon Optimisation ofthe nuCleotide 
Sequence doeS Inot alter the amino acid Sequence enCoded 
(Which is identical to the mulated Wild-type Sequence). 

IEXAMPI) 2 

Construction of the Codon Optimised HIPV6b E1 
Polynucleotide Sequence 

[0082) Gene Design: 
[0083] Using the optimisation Software discussed above, 
OVerlapping 40 mer Oligonucleotides Were Calculated from 
the Optimised Sequence. Ilhe terminal Oligonucleotides Con 
1aining the reStriction Sites Were 60 merS. Ilhe Oligonucle 
otides Were ordered from Life Technologies Ltd at 50mmole 
Concentration, deprotected and non-phOSphorylated. 
[0084] Oligonucleotide assembly: 
[0085] Each oligonucleotide Was dissolved in double dis 
tiled Water to a final concentration of100 micromolar (AM) 
and an equal mixture WaSprepared Ofall 96 OligonucleotideS 
at 100 AM. The Synthesis Was Set upas folows using IPvo 
polymerase from Roche Boehringer (Cat No. 1 644 955). 

Double distilled Water 86 Al 
PVO) 10X buffer 10 Al 
dNTTP mi? 1 Al (equal mix of 100 mM dNTPs) 
oligo mix 1 Al (equal mix of 100 AMoligos) 
IPvo polymerase 2Al. 

[0086] APolymerase Chain Reaction (PCR) was carried 
Out on the above reaction mix On a Irio IThermoblock 
(Biometra)using the foloWing Conditions: 

1. 40° C. 2 min 
2. 72? C. 10 Sec 
3. 94 C. 15 Sec 
4. 40° C. 30 Sec 
5. 72? C. 20 Sec + 2 Secs per cycle 
6. 4° C. (X) 

[0087] Cycle repeated 25 times between steps 3 and 5. 
[0088) After completion of 25 cycles, a 10iLaliquot Was 
removed from each tube and run on a 0.8%, Iris Acetate 
(IAE) agarosegel and obserVed under long Wave UVlight. 
The expected Size of the Synthesised E1 DNA Should be 
approX. 2 kb. 
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[0089) Gene Recovery: 
[0090) The Synthetic gene Was recovered by PCR using 
polymerase uSing the tWo terminal OligOS Which Contained a 
Not 1 restriction Site on the Nterminal ofthe Syntheticoligo 
and a Bam H1 Site at the C terminal Synthetic oligo. 

Double distilled Water 65 Al 
PVO) 10X bufer 10 Al 
dNTTP mi? 1 Al (equal mix of 100 mM dNTPs) 
assembly mix 20 Al (from previous PCR) 
Nterminal oligo 1 Al (100 AM) 
Cterminal oligo 1 Al (100 AM) 
IPvo polymerase 2Al. 

[0091] 

1. 94 C. 45 Sec 
2. 72? C. 2 min + 1 min per 500 bp 
3. 72? C. 10 min 
4. 4° C. (X) 

[0092) Cycle repeated 25 times between Steps2 and 1. 
[0093) 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 50 All of kit 
elution buffer. A 10 All aliquot Was digested With Not 1 and 
BamH1 restriction enzymes (from Life Technologies Ltd, 3 
Fountain Drive, Inchinnan Business 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 CIAquick Gel eXtraction Kit (Qiagen Cat 
No. 28704). The final digested pure DNA fragment Was 
eluted in a total of 50All of kit elution buffer. 
[0094] This PCR fragment was cloned into vector 
p7313PLc (FIG. 7), (Powderject Vaccines Inc., see further 
details below)and transformed into competent JM109 cels 
(Promega cat mo: P9751). Plasmid DNA from selected 
Clones Were reStriction enzyme Checked by digestion With 
NCo1 -BamH1 and NCO1-ECOR1. Hive Correct clones With 2 
kb fragment inserts Were Selected and the insert DNA's 
Sequenced. One Clone With an inSert Containing juSt three 
point multations WaSSelected forfurtheruSe."Ilhe threepoint 
mutations Were Corrected by ligation SWap With homologous 
Small fragments from Other CloneS. 

[0095| The corrected clone Was re-checked by restriction 
enzyme digestion and the insert DNAfully Sequenced. This 
Cloned Was deSignated p6bE1C/O. At the Same time and for 
Comparative eXpreSSion and immuniSation Studies the Wild 
type HIPV-6b E1 gene, and the Wild type HIPV-11 E1 gene 
Were PCR amplified from genomic clones of HIPV-6b, 
(EMBO J. 2 (12) 2314-23181983) and HPV-11 (Virology 
151,124-130 1986), and the respective fragments cloned 
into Not 1 -BamH1 digested Vectorp7313PLC. These clones 
Were designated p6bE1 W/t and p11E1 W/t respectively 

[0096] The E1 genes in clones p6bE1c/o and p6bE1 w/t 
Were further multated to introduce amino acid ChangeS 
K83G, R84G and G438D. Sequenced matched 3' and 5 
Oligonucleotide primerS With nucleotide SubstitutionS 
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deSigned to introduce the required mutationS Were uSed in 
PCR reactions With other kit reagents by methods described 
in CuickChange Sile-Directed Multagenesis Kit (Stratagene 
Cat No.200518). Mutated p6bE1c/o and p6bE1 w/t clones 
Were deSignated p6bE1C/O mut and, p6bE1 W/t mut reSpec 
tively. 

IEXAMPI) 3 

Construction of the Codon Optimised HIPV11 E2 
Polynucleotide Sequence 

[0097] The design, assemblyand recovery ofthe E2 codon 
Optimised gene Was as deSCribed above for E1, but the 
OVerlapping Oligonucleotides Were 60 mucleotides in length 
rather than 40, With an 18 Int overlap. Unlike in the E1 
procedure a Clone Containing the K111 Aamino acid multa 
tion Was generated at the Same time as the Codon Optimised 
E2 gene Clone by Substituting the tWo appropriate Wild type 
Sequence Oligonucleotides With IWO 60 mer OligonucleotideS 
Which together Comprise the nucleotide Substitution required 
to generate the K111A Change. 
[0098] Composition of plasmid p7313-PLc 
[0099] The plasmid Was constructed by replacing the 
beta-laClamaSegene Containing Eam11051-PSt1 fragment of 
pUC19 (available from Amersham Pharmacia Biolech UK 
Ltd., Amersham Place, Little Chalfont, Bucks, HP7 9NA) 
With an EcoRI fragment ofpUC4K(Amersham-Pharmacia) 
Containing the KanamyCin reSiStance gene, foloWing blunt 
ending of both fragments using I4 DNApolymerase. The 
human CytomegalOViruS IE1 promoter/enhancer, Intron A, 
Was derived fromplasmid JW4303 obitained from Dr Harriet 
Robinson, University of Massachusetts, andinserted into the 
Sall Site ofpUC19 as a Xhol-Sa11 fragment, incorporating 
the bOVine groWith hormone polyadenylation Signal. IDele 
tion of the 5Sall-Banl fragment from the promoter gener 
ated the minimalpromoterused in the vector(WO00/23592 
-Powderject Vaccines Inc.). HIBVSurface antigen 3UTR 
Was derived from Hepatitis IB Virus, Serotype adw, in the 
vectorpAM6 (Moriarty et al, ProcNatlAcad Sci. USA,78, 
2606-2610, 1981). pAM6 (pBR322 based vector) was 
obitained from the American Type Culture Collection, cata 
logue number ATCC 45020. The 3UTR was inserted 5' to 
the polyadenylation Signal as a 1.4 kb BamHil fragment, 
blunt ended for inSertion to remove the BamHI SiteS. In a 
Series of Steps (including digestion With Bgl II, Klenow 
polymerase treatiment, digeStion With IBStX 1, digestion With 
NCol, treatiment With mung bean nuclease to remove OVer 
hang and further digestion With BstXI), modificationswere 
Imade to the region betWeen the 3untranSlated enhancer 
region of the HIBVS gene and bGHipA Signal to remove all 
Open Ireading frames ofgreater than 5 CodonS betWeen the X 
gene promoter and the bGHipA Signal. Ihis reSulted in 
deletion of Sequence enCOding the tranSlatable portion of the 
X protein (9 amino acids) and the X gene Start Codon. 
HOWeVer, the Weakenhancer/promoter region of the Xgene 
Was retained because this region Was found to enhance 
expression of HIBSAg from the CMVpromoter. The bovine 
groWith hormone polyadenylation Signal Was Substituted 
With the rabbit beta globin polyadenylation Signal. The 
5mon-COding and Coding Sequences of the Santigen Were 
eXCised and replaced With an Oligonucleotide linker to 
proVide multiple Cloning SiteSaSShoWin toproduce plaSmid 
p7313-PL, 
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Hind -- - Not I - -- -EcoRV --NdeI-- --BamHI 
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AGCTIGCGGCCGCIAGCGAIATCGGIACCATAIGICGACGGAICC...||SEQ. ID NO. 16] 

...ACGCCGGCGATCGCIATAGCCAIGGICIACAGCIGCCIAGGCCGG ||SEQ. ID NO. 17] 
--NheI-- --Korn?-- -- Sal I -- ANot? 

[0100] The ColE1 cer Sequence Was obitained from a 
Subclone from plasmid pIDAH212 from David Hodgeson 
(Warwick University) and amplified by PCR using primers 
toplace ECORl reStriction Sites at the ends of the Sequence. 
The cer Sequence Was then inserted into the EcoRISite of 
p7313-PL to produce plasmid p7313-PLc (FIG. 7). The 
Sequence of the amplified Cer Was Verified against the 
Genbank entry M11411. 

IEXAMPI) 4 

Expression of E1 in mammalian 293Tcels 
[0101] Mammalian 293Tcells Were grown at log phaseat 
a final concentration of 2×10 cels per 6 wel Corning 
Costarm"(Coming Science Products, 10The ValleyCentre, 
Gordon Road, High Wycombe, Bucks, UK) tissue culture 
plate overnight at 37° C. in 5%CC). The folowing trans 
fection mix Was prepared and CompleXed for 25 minuteS: 
[0102) 2 Ag of plasmid DNA(vector, p6bE1c/o, p6bE1 
W/t)in 16Al sterile double distilled Water plus: 

OPTI-mem T" (Gibco BRL, Paisley, Scotland) 8Al 
Lipofectamine T" (GibcoBRL) 6 Al. 

[0103] Each cell monolayer Was Washed carefully tvice 
with OPTI-mem". 800/l of OPTI-mem" was added to 
each wel. 200 Al of OPTI-mem" was added to each 
transfection mix, mixed and added gently to a Cell mono 
layer. The plate Was incubated for 5 hours at 37° C. in 5% 
CO) afier which the transfection mix and OPTI-mem" 
Were diSCarded. Ilhe Cell monolayerS Were WaShed gently 
With cell growth medium tvice and finally transfected cells 
Were incubated for 24 hours in Dulbecco’s Modified Eagle 
Medium containing, 10% foetal calf Serum and 29.2 mg/ml 
ofL-glutamine at 37° C. in 5%, CO.The cells Were Scraped 
offinto microtubes, Washed tvice With PBS, Spundown and 
the cell pellet Was resuspended in SDS Page Laemmli dye. 
The cell pellets Were boiled and loaded onto a 10% SDS 
Page gel and electrophoresed in 1XTris Glycine SDS buffer. 
After electrophoresis, the gel Was blotted onto Nitrocellu 
lose membrane (Amersharn) and Western Blotted.The mitro 
cellulose membrane was blocked with 5% Marvel" (Pre 
mier Beverages, Knighton, Adbaston, Staford, UK)in PBS 
for 30 minatroom temperatureand Washed tvice With PBS 
and 0.1% Tween 20. Apolyclonal antibodyraised against the 
Cterminal protein Sequence of HIPV6bE1 protein Sequence: 
CSSSLIDIODSEDEEDGSNSOAFR [SEQIDNO. 18] in 
rabbits, Was dilutedin 5% Marvel" in IPBSand added to the 
Imitrocellulose membrane. Ihis Was inCubated at Iroom tem 
perature for 1 hour With gentle agitation. Ilhe diluted anti 
body Was removed and the membrane Washed three times 
With PBS and 0.1%, Tween 20. A Secondary conjugate, 
Swine anti-rabbit horseradish peroxidase (HIRP) (DAKO), 
Was diluted 1:20000 in IPH3Sand 0.1%, "IWeen 20. "Ihis Was 

added to the Washed membrane and inCubated With gentle 
agitation at Iroom temperature for 1 hour."Ilhe membrane Was 
then washed thoroughly with PBSand 0.1% Tween20. A 
Chemiluminescent HIRPkit(Amersham) Wasused to delect 
the transferred proteins On the membrane. 
[0104) Results: 
[0105] The predicted Size of a translated protein for E1 is 
68kDa-72kDa.The results (HIG.8)showa correct protein 
Size eXpreSSed by p7313-PLC Containing the Codon Opti 
mised HIPV6bE1 (lane 4). Vector containing Wild-type E1 is 
in lane 3, Which ShoWS that there Was no detectable eXpreS 
sion of E1 in human cells from the Wild-type nucleotide 
Sequence. Simillarly no E1 is detected in lane 2 (empity 
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 band is of 
roughly ConStant intenSity acroSS the lanes, ShoWing that the 
loading of the Samples Was ConSiStent. 

IEXAMPI) 5 

ConStruction of Recombinant Vaccinia Virus 
Expressing HIPVE1 and HIPVE2 Proteins 

[0106] Vaccinia Virus expressing HIPV-6b E1 protein Was 
generated at Glaxo Welcome, SteVenage, UK. VaCCinia 
Virus expressing HIPV-11 E1 and HIPV-1 1E2vereakind gift 
from Jef Engler, University of Alabama at IBirmingham, 
US. 

[0107 Briefty, the E1 gene fromp6bE1 w/t was cloned 
into Vaccinia Virus Vector pTM3 and then the restriction 
enzyme Checked and DNA Sequenced reCombinant Vector 
used to transfected HIk-cellS. Recombinant Vaccinia Virus 
WaSiSolated and plaque purified. E1 protein eXpreSSion WaS 
Checked by Western blotting uSing peptide antiSera after 
infection ofpermissive cells With both the recombinantVirus 
expressing HIPV-6b E1 and, a second Vaccinia Virus (VTF7 
3) expreSSing bacteriophage T7 RNApolymerase. Co-infec 
tion ofcells With Vaccinia Virus VFT7-3 is alsonecessary in 
order to direct expression of E1 and E2 protein from the 
HIPV-11 E1 and E2 recombinant Vaccinia ViruseS. Vaccinia 
ViruS Strain WR Was uSed in megative Control eXperimentS. 
VectorpTM3 and virus VTF7-3were from National Institute 
of Health, Maryland, US. 

IEXAMPI) 6 

Immunology-Detection of Cellular ReSponSes to 
HIPVAntigens 

[0108) All reagents Were obitained from Gibco IBRL, Pais 
ley, Scotland or Sigma, Poole, Dorset unless othervise 
Stated. 

[0109) A. Immunisation protocol. 
[0110) Female C57BL/6 mice were immunised with 10 
2011g DNA(either p6bE1c/o, p6bE1 W/t, p6bE1 c/o mut, 
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p6bE1 w/t mutorempityplasmidp7313PLc)by PMDDand 
boOSted With an identical dOSe 14 dayS later. Animals Were 
Sacrificed by CerVical dislocation and SpleenS removed for 
inveStigation of the Cellular reSponSeSto HIPVantigenS. 
[0111] B. Preparation of Single cell Suspension of Spleno 
CyleS. 

[0112] Spleens Were ‘mashed” between ground glass 
slides(BDH), redblood celslysed(155mMNHCl, 10mM 
KHCO), 0.1 mMEDIA) and cells resuspended in complete 
RPMI. (RPMI-1640medium supplemented with 10% foetal 
calfserum (FCS), 2mMglutamine, 100 units/ml penicilin, 
100/g/ml streptomycin and 5×10 M2-mercaploethanol). 
[0113) C. Infection of MC57 target cells. 
[0114] Immunodominantepitopes derived from HIPVanti 
genS Iremain undefined therefore the detection of antigen 
Specific reSponSes in Vitro IrelieS On Imatural proceSSing of 
Whole antigen generated Within target Cells that have been 
transfected With cDNA encoding the whole protein(s). 
MC57 cels (K”positive) were infecled with recombinant 
vaccinia virus expressing HIPV-6b E1, HIPV-11 E2 or HIPV 
11 E1 using a multiplicity ofinfection of 5 for 1 hourat 37° 
C. EXCeSS Virus Was WaShed of and Cells reSuSpended in 
complete RPMI containing 50 mg/ml recombinant human 
IL-2 (Glaxo Welcome, Geneva). 
[0115] D. ELISPOT. 
[0116] ELISPOTplates(96wel, Millipore MAIPS 451 
0)were coatedwith rat anti-mouse IFNgamma(Pharmingen 
18181D) at 1511g/ml in PBSovernight (4° C.) prior to the 
addition of4×10e5 splenocytes obitained from experimental 
groupS. Antigen Was preSented by the addition of 1×10c4 
recombinant Vaccinia infected MC57 cels. Wild-type Vac 
Cinia Strain WR Was uSed as a megative Control. Ilhe aSSay 
Was incubated overnight at 37° C.(5%, CO)). 
[0117] On day 2 of the assay, Spot forming cells Were 
detected uSing biotinylated rat anti-mouse LFN gamma 
(Pharmingen 18112D) at 1 Ag/ml folowed by Streplavidin 
alkaline phosphatase conjugate (TCS biologicals SA 1008) 
at 4000 dilution in PBS. This Was Visualised using an 
alkaline phosphatase Substrate kit (Biorad 170-6432) and 
quantified by image analysis. The results are Shown in HIG. 
9. 

[0118] As can be Seen from HIG. 9, a strong cellular 
reSponse WaS Seen from all three mice Vaccinated With 
plaSmid enCoding HIPV-6b COdon Optimised E1 Sequence, 
When Challenged With E1 Carried in the VaCCinia Vector 
(vacc E1(11) or vacc E1(6b)). No response Wasseen when 
these mice Were Challenged With Wild-type Vaccinia (Vac 
cWT), or with vaccinia expressing HPV-11 E2 (vacc E2( 
11)). IBy Contrast, Vaccination of mice With plasmid encod 
ing the Wild type E1 Sequence does not reSult in a I-Cell 
reSponSe. Splenocytes from these mice do not react to 
Challenge by Vaccinia Carrying the E1 gene, Inorto anyother 
Challenge (data not Shown). Multation of the E1 gene does 
mot alter the Cellular reSponSe in mice. AlSO, Since mice 
immunised With p6bE1 c/oand p6bE1C/o mut raised Strong 
Cellular immune reSponSeSagainst target CellSinfected With 
a Vaccinia Virus expressing E1 protein from HIPV-11, We can 
aSSume that there is a high leVel of immunlogic CroSS 
reactivity between HIPV-6b E1 and HIPV-11 E1. Mice vac 
cinated With empity p7313-PLc vector Showed no response 
to any Challenge. 
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IEXAMPI) 7 

Expression of HIPV6b E2 in Mammalian 293T 
Cells 

[0119] 293Tcel monolayers (80% confluent)in 24 well 
plates Were transfected With 1 Ag ofeach plasmid (p6b W/t, 
p6bC/O, p6b W/t mut, p6bC/o mut) using 2.5 All of Lipo 
fectamine 2000(Life Technologies)per transfection folow 
ing the Standard protocol (See Example 4 above). 24hrsafter 
transfection the Cells Were harVeSted, Irinsed in phOSphate 
buffered Saline and examined by SDS-PAGE and Western 
blot using an anti-E2 peptide antiserum (#1100) raised 
against HIPV-6b N-terminal amino acid Sequence MEA 
IAKRLDACOEOLLELYIEEC[SEQ, IDNO. 19](FIG. 10). 
[0120) Results 
[0121] The results Show a major protein band of the 
expected size (40kd-45kD)intrack3(codon optimised E2) 
and track5 (Codon optimised and mulated E2). Aminorband 
of the Same Size alSo appearSin track 4 indicating Some Very 
lowlevelexpression from the mutated Wild type E2plasmid, 
but not in track 1 (negative Control), Orin track 2 (Wild type 
E2protein). A CroSS reacting protein band of~25 kd appearS 
in al trackS indicating equal loading of protein lySateS. 
Multation of E2 does not appear to Compromise E2 protein 
expreSSion Which iSSignificant improved by Codon-optimi 
Sation. 

IEXAMPI) 8 

[0122) Example: PMID delivery of codon-optimised 
COPVIE1 plasmid protects from mulcosal challenge With 
Canine Oral Papillomavirus in dogs 
[0123) 
[0124) The canine oral papillomavirus (COPV) animal 
model is a good mimic Of muCOSal human papillomaViruS 
disease.The features ofdisease caused indogsby COPVare 
very Similar to that which occurs in humans (Nichols etal 
Virology 2001,283(1) 31-39). Imporiantly it is a mucosal 
papillomavirus disease model. The COPV Virus infects the 
Canine muCOSal epithelia and, after a lag period Of a feW 
Weeks Warts appear Which then IregreSS SpontaneouSly after 
an additional period of Some Weeks. The COPV Virus 
enCodes homologues of each Of the human papillomaViruS 
genes (E1, E2, E4, E6, E7, L1 and L2). 
[0125] The dog COPV mulcosal disease model has previ 
OuSly been uSed as a key model in deVeloping the rationale 
for human virus-like-particle (VLP) papillomavirus vac 
cines (Ghimetal, Vaccines 199525,375-379, Suzichetal, 
PNAS 1995,9211553-11557). Humanpapillomavirus VLP 
VaCCines are InOW in deVelopment, and early Stage Clinical 
trialShave reCently been Completed in humanS. 
[0126] We Show that plasmid DNA encoding a codon 
otimised COPVE1 gene whenadministered by PMID fully 
protectSagainst ViruS Challenge in the COPVdisease model. 
This is in contrast toplasmid encoding the Wild type COPV 
E1 gene Which is not protective. 
[0127] Methods 
[0128) Construction of the wild type COPVE1 Vector 
[0129) The gene encoding the COPV E1 wild type 
sequence was derived from pBR322.COPV Plasmid 

Introduction 
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pBR322.COPV contains the entire COPVgenome and was 
a gift from DFIKZ Referenzentrum Fur Humanpathologie 
Papillomviren, Heidelberg, Germany 

[0130]] The Wild type COPVIE1 gene Sequence Was recov 
ered by PCR and cloned intovector WIRG7077(Powderject 
Vaccines Inc). This clone Was designated pCOPVE1 W/t. 
[0131] Construction of the codon-optimised COPV E1 
Vector 

[0132) A Synthetic gene enCoding a Codon-optimised 
COPV E1 gene Was generated using methods described in 
EXample: 1. Ilhe Synthetic gene Was Cloned into Vector 
WRG7077. This clone was designated pCOPVE1 c/o. 

[0133) Construction of COPVE1 Baculovirus 
[0134] The E1 gene was recovered by PCR from 
pBR322.COPV and cloned into vector piFastBacHitb 
(Gibco). Arecombinant baculovirus Clone designated piFast 
IBacCOPVE1 Was generated as described above. Lysates of 
piFastBacCOPVE1 vere prepared as described above. 

[0135) Construction of the wild type COPVL1 Vector 
[0136] The major capsid gene L1 gene Was derived from 
pBR322.COPVby PCR and cloned intovector WRG7077. 
This clone Was designated pCOPVIL1 W/t. 

[0137] Antisera to COPVE1 
[0138) Rabbit anti-peptide polyclonal antibodies Were 
used to detect COPV E1 protein expression by Western 
blotting. AntiSera Were generated from rabbits immunised 
With N terminal, and a C-terminal peptide protein Sequence 
from COPVH1. 

[0139] N-terminal COPVE1 peptide: 

[0140) MAARKGTDSETEDGGC [SEQ. IDNO. 20] 
[0141] C-terminal COPVE1 peptide: 

[0142) CKHLDLSDPEDGEDGETORG [SEQ. ID NO 
21] 

[0143) Results 
[0144] Expression of COPVIE1 in mamalian cels 
[0145) ApiFastBacCOPVE1 infected insect cell lysate, 
and a lysate frompCOPVE1 w/t and pCOPVE1c/o trans 
fected 293T cells Were electrophoresed, blotted and then 
probed using COPVIE1 anti-peptide antisera as described in 
above. 

[0146] Proteins of the expected Size appear in track A 
(baculovirus lysate)(FIG. 11)and track D (pCOPVE1 c/o) 
only. The COPV E1 protein expressed in baculovirus is 
histidine tagged and So is Slightly larger than the protein 
expressed in mammalina Cells (Compare tracks A and C). 
There is no detectable expression of COPV E1 protein in 
cellstransfected With pCOPVE1 W/t (lane C). Similarlymo 
E1 is detected in lane B (empity vector). Aband of~55 kD 
band appears in lanes B, Cand D. This is an unidentified 
CroSS-reacting Cellular protein. Both this band and Other 
CroSS-reacting bands Can be Seen and theSeare Of Iroughly 
ConStant intenSity aCroSS the lanes, ShoWing that the loading 
of the Samples Was ConSiStent. 

Sep. 26, 2002 

[0147] Codon-optimisation Significantly improves expres 
sion of COPV E1 in mammalian cells, extending and 
Supporting Our preVious findings for the human E1 gene 
(FIG. 11). 
[0148) Immunisation of Beagle Dogswith pCOPVE1 w/t, 
pCOPVE1 c/o and pCOPVL1 using PMID 
[0149) Female Beagle dogs were immunised by PMID 
With each of three purified plasmids pCOPVE1 W/t, 
pCOPVE1 C/o, and pCOPVIL1. All vaccinations Were per 
formed undergeneral aneSthesia."Ilhere Were five animalSin 
both E1 groupSand four animalSin the L1 group. Six WeekS 
after the first VaCCination, boOSting Vaccination WaS under 
1aken in an identical manner, uSing the Same procedure. 
[0150] Immunised animals Were challenged With infec 
tious COPVVirus 2 Weeks after the final boosting immuni 
Sation. Ilhe muCOSal Of the upper lip of each animal Was 
lightly Scarified. 10 All of purified COPV Virus preparation 
Was applied to each of ten Sites (five On each Side of the 
upper lip) and allowed to absorb for a few minutes. The 
isolation and purification ofinfectious COPVVirus has been 
described (Virology 1999, 265(2) 365-374). 
[0151] After challenge with COPV virus the sites of 
mulcosal Challenge Were examined Weekly. The time (after 
Challenge) of Wart (papilloma) appearance, and Wart Size 
(mm) Was measured. None of the animals Vaccinated With 
COPV L1 developed papillomas at any of the challenge 
Siles, Supporting preVious observations (Vaccine 2001 19, 
2783-2792) 
[0152) In animalsimmunised withpCOPVE1 w/t plasmid 
papillomas had appeared by Week five after Challenge. 
Papilloma’s greWin Size, peaking in Size at Week 8 before 
SloWily regreSSing OVer the neXt 6WeekS. In Contrast, animalS 
immunised With pCOPVE1 C/overe completely protected 
from disease (HIG. 12). 
[0153) Plasmid DNA encoding a codon-otimised COPV 
E1 gene When administered by PMID fully protects against 
Virus challenge in the COPV disease model. This is in 
contrast toplasmid encoding the Wild type COPVIE1 gene 
Which is not protective. See IRIG. 12. 

1. A polynucleotide Sequence Which encodes a HIPV 
aminoacid Sequence, Wherein the Codon uSage pattern ofthe 
polynucleotide Sequence reSembles that of highly eXpreSSed 
Imammalian geneS. 

2. Ilhe polynucleotide Sequence acCording to Claim 1 in 
Which the Codon uSage pattern of the polynucleotide 
Sequence reSembles that of highly eXpreSSed human geneS. 

3. Ilhe polynucleotide Sequence acCording to Claim 1 in 
Which the Codon uSage pattern of the polynucleotide 
Sequence alSo IreSembles that of highly eXpreSSed L. coi 
9CInCS. 

4. Ilhe polymucleotide Sequence acCording to Claim 1 
Which is a DNA Sequence. 

5. Ilhe polymucleotide Sequence acCording to Claim 1 
Which encodes a HIPV polypeptide of an HIPV type or 
Sub-type aSSOClated With CerVical Cancer, benign Culaneous 
Warts Orgenital WartS. 

6. Ilhe polynucleotide Sequence acCording to Claim 5 
Which encodes a HIPVpolypeptide ofone oftypes 1-4,6,7, 
10, 11, 16, 18, 26-29, 31,33,35,39,45, 51,52, 56,58,59, 
and 68. 
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7. Ilhe polymucleotide Sequence aCCording to Claim 6 
Which encodes a HIPV polypeptide of an HIPV type or 
Sub-type Which is aSSOCiated particularly With CerVical Can 
Cer Orgenital WartS. 

8. Ilhe polymucleotide Sequence aCCording to Claim 7 
Which encodes a HIPVpolypeptide ofone oftypes 6,11, 16, 
18,33 or 45, or a fusion oftwoormore polypeptides ofone 
or more of HIPVvirus types 6, 11, 16, 18,33 or 45. 

9. Ilhe polynucleotide Sequence aCCording to Claim 8 
Which encodes a HIPV polypeptide of a HIPV type or 
Sub-type Selected from HIPV 11, 6a or 6b. 

10. Ilhe polynucleotide Sequence aCCording to Claim 1 
Which encodes a mutated HIPVpolypeptide having reduced 
biological function. 

11. Ilhe polynucleotide Sequence acCording to Claim 10 
Which enCodes a multated HIPV polypeptide CompriSing One 
Or more point mulationS by Which One Or more of the 
polypeptide’s Imatural biological functionSiSinactivated. 

12. Ilhe polymucleotide Sequence aCCording to Claim 1 in 
Which the encoded HIPVpolypeptide comprises the Whole or 
a part of a HIPV early gene product. 

13. Ilhe polynucleotide Sequence acCording to Claim 12 in 
Which the encoded HIPVpolypeptide 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 HIPV polypeptide. 

14. Ilhe polynucleotide Sequence aCCording to Claim 2 
haVing a Codon uSage Coeficient for highly eXpreSSed 
human genes of greater than 0.3 but leSS than 1. 

15. Ilhe polynucleotide Sequence aCCording to Claim 2 
haVing a Codon uSage Coeficient for highly eXpreSSed 
human genes of greater than 0.4 but less than 1. 

16. Ilhe polynucleotide Sequence aCCording to Claim 2 
haVing a Codon uSage Coeficient for highly eXpreSSed 
human genes of greater than 0.5 but leSS than 1. 

17. Ilhe polynucleotide Sequence aCCording to Claim 3 
haVing a Codon uSage Coeficient for highly eXpreSSed L. coi 
genes of greater than 0.6. 

18. Apolynucleotide Sequence asset outin IRIG. 5i and 
5), Or a fragment Or analogue thereOf Which maintains the 
Codon uSage pattern thereOf 

19. Apolynucleotide Sequence as Set out in HIG. 6, or a 
fragment Or analogue thereOf Which maintains the Codon 
uSage pattern thereOf 

20. An eXpreSSion Vector CompriSing a polynucleotide 
Sequence aCCording to Claim 1 Operably linked to a Control 
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Sequence Which iS Capable Of proViding forthe eXpreSSion of 
the polynucleotide Sequence by a hOSt Cell. 

21. Ilhe eXpreSSion Vector acCording to Claim 20 Which iS 
Capable Of directing the eXpreSSion of the polynuCleotide 
Sequence in bacterial, inSect Or mammalian CellS. 

22. Ilhe eXpreSSion Vector acCording to Claim 20 Which iS 
p7313PLc. 

23. A hOSt Cell CompriSing a polynucleotide Sequence 
aCCording to Claim 1. 

24. AhOSt Cell CompriSing an eXpreSSion VectoracCording 
to claim 20. 

25. Ahost cell according to claim 23 or claim 24 Which 
is a bacterial, Imammalian, Or inSect Cell. 

26. A pharmaceutical CompOSition CompriSing a poly 
nucleotide Sequence acCording to Claim 1. 

27. A pharmaceutical CompOSition CompriSing a Vector 
aCCording to Claim 20. 

28. Apharmaceutical CompOSition acCording to Claim 26 
Or Claim 27 CompriSing a plurality Of particles, preferably 
gold particles, coated With DNA. 

29. Apharmaceutical CompOSition acCording to Claim 27 
further CompriSing a pharmaceutically acceptable eXCipient. 

3(). Apharmaceutical CompOSition acCording to any One of 
ClaimS 26,27, Or 29 further CompriSing an adjuVant. 

31. Apharmaceutical CompOSition acCording to Claim 28 
further CompriSing an adjuVant. 

32. Apharmaceutical CompOSition acCording to Claim 30 
in which the adjuvant is encoded as a fusion With the HIPV 
polypeptide enCoded by the polynucleotide. 

33. Apharmaceutical CompOSition acCording to Claim 31 
in which the adjuvant is encoded as a fusion With the HPV 
polypeptide enCoded by the polynucleotide. 

34. Amethod oftreating orpreventing HIPVinfections or 
any SymptomS OrdiseaseSaSSOClated thereWith, CompriSing 
administering an effective amount of a polynucleotide 
aCCording to Claim 1, a Vector acCording to Claim 20 Ora 
pharmaceutical CompOSition acCording to Claim 26 Or 27. 

35. Amethod oftreating orpreventing HIPVinfections or 
any SymptomS OrdiseaseSaSSOClated thereWith, CompriSing 
administering a pharmaceutical CompOSition acCording to 
any One of ClaimS 26 Or 27 in a prime-boost dOSage regime 
With a recombinant Viral Vector Or mon-Viral based System 
CompriSing a polynuCleotide acCording to Claim 1. 


