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VACCINE

b

The present invention relates to fusions proteins, comprising a protein or part '

- of a protein that provides T helper epitopes and an antigen from a human-papilloma

virus that find utility in the treatment or prophylaxis of human papilloma induced
tumours. In particular the invention relates to fusion proteins comprising an E6 or E7
protein from HPV strain 16 or 18 linked to protein D from Heamophilius influenza B.

Papillomaviruses are small naked DNA tumour viruses (7.9 kilobases, double
strand), which are highly species-specific. Over 70 individual human papillomavirus
(HPV) genotypes have been described. Papillomaviruses are classified on the basis of
species of origin (human, bovine etc.) and of the degree of genetic relatedness with
other papillomaviruses from the same species. HPVs are generally specific for the
skin or mucosal surfaces and have been broadly classified into “low” and “high” risk
on the basis of rare and common, respectively, detection in abnormal or tumour tissue.,
Low risk HPVs usually cause benign lesions (warts or papillomas) that persist for
several months or years. High risk HPVs are associated with cancer. The strongest
positive association between an HPV virus and human cancer is that which exist
between HPV 16 and 18 and cervical carcinoma. More than ten other HPV types
have also been found in cervical carcinomas including HPV 31 and HPV 33 although
at less frequency.

Genital HPV infection in young sexually active women 1s common and most
individuals either clear the infection, or if lesions develop, these regress. Only a
subset of infected individuals has lesions which progress to high grade intraephithelial
neoplasia and only a fraction of these progress further to invasive carcinoma.

The moilecular events leading to HPV infection have not been clearly
established. The lack of an adequate in vitro system to propagate human
papillomaviruses has hampered the progress to a best information about the viral
cycle.

Today, the different types of HPVs have been isolated and characterised with
the help of cloning systems in bacteria and more recently by PCR amplification. The
molecular organisation of the HPV genomes has been defined on a comparative basis

with that of the well characterised bovine papiilomavirus type 1 (BPV1).
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Although minor variations do occur, all HPVs genomes described have at least
seven early genes, E1 to E7 and two late genes L1 and L2. In addition, an upstream
regulatory region harbors the regulatory sequences which appears to control most

transcriptional events of the HPV genome.

El and E2 genes are involved in viral replication and transcriptional control,
respectively and tend to be disrupted by viral integration. E6 and E7 are involved in
viral transformation. E5 has also been implicated in this process.

In the HPVs involved in cervical carcinoma such as HPV 16 and 18, the
oncogenic process starts after integration of viral DNA. The integration results in the
inactivation of genes coding for the capsid proteins L1 and L2 and loss of E2
repressor function leads to deregulation of the E6/E7 open reading frame installing
continuously overexpression of the two early proteins E6 and E7 that will lead to
gradually loss of the normal cellular differentiation and the development of the
carcinoma. E6 and E7 overcome normal cell cycle by inactivating major tumor
sﬁppressor proteins, p53 and pRB, the retinoblastoma gene product, respectively.

Carcinoma of the cervix is common in women and develops through a pre-
cancerous intermediate stage to the invasive carcinoma which frequently leads to
death. The intermediate stages of the disease is known as cervical intraepithelial
neoplasia and is graded I to III in terms of increasing severity ( CIN I-II1).

Clinically, HPV infection of the female anogenital tract manifests as cervical
flat condylomas, the hallmark of which is the koilocytosis affecting predominantly the
superficial and intermediate cells of the cervical squamous epithelium.

Koilocytes which are the consequence of a cytopathic effect of the virus,
appear as multinucleated cells with a perinuclear clear haloe. The epithelium is
thickened with abnormal keratinisation responsible for the warty appearance of the
lesion.

Such flat condylomas when positive for the HPV 16 or 18 serotypes, are high-
risk factors for the evolution toward cervical intraepithehal neoplasia (CIN) and
carcinoma in situ (CIS) which are themselves regarded as precursor lesions of
invasive cervix carcinoma.

The natural history of oncogenic HPV infection presents 3 consecutive phases,

namely:
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= (1) alatent infection phase,

(2) a phase of intranuclear viral replication with product of complete vinons, which

corresponds to the occurrence of koilocytes. At this stage, the HPV 1is producing its __
full range of proteins including E2, E5, E6, E7, .1 and L2.

(3) a phase of viral integration into the cellular genome, which triggers the onset of
malignant transformation, and corresponds to CIN Il and CIN III/CIS with
progressive disappearance of koilocytes. At this stage, the expression of E2 is down-
regulated, the expression of E6 and E7 is enhanced. Between CIN II/III and CIN III /
Cervix carcinoma the viral DNA changes from being episomal in the basal cells to
integration of E6 and E7 genes only (tumoral cells). 85% of all cervix carcinomas are
squamos cell carcinomas most predominantly related to ‘the HPV16 serotype. 10%
and 5% are adenocarcinomas and adenosquamos cell carcinomas respectively, and
both types are predominantly related to HPV 18 serotype. Nevertheless other
oncogenic HPV’s exist.

[nternational Patent Application No. WO 96/19496 discloses variants of
human papilloma virus E6 and E7 proteins, particularly fusion proteins of E6/E7 with
a deletion in both the E6 and E7 proteins. These deletion fusion proteins are said to
be immunogenic.

The. present invention prOvides compositions comprising either an E6 or E7 or
an E6/E7 fusion protein linked to an immunological fusion partner having T cell
epitopes.

In a preferred form of the invention, the immunological fusion partner 1s
derived from protein D of Heamophilus influenza B. Preferably the protein D
derivative comprises approximately the first 1/3 of the protein, in particular

approximately the first N-terminal 100-110 amino acids. The protein D may be
lipidated (Lipo Protein D). Other immunological fusion partners include the non-
structural protein from influenzae virus, NS1 (hemagglutinin). Typically the N

terminal 81 amino acids are utilised, although different fragments may be used

provided they include T-helper epitopes.
In another embodiment the immunological fusion partner is the protein known
as LYTA. Preferably the C terminal portion of the molecule is used. Lyta is derived

from Streptococcus pneumoniae which synthesize an N-acetyl-L-alanine amidase,
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" amidase LYTA, (coded by the IytA gen {Gene, 43 (1986) page 265-272} an autolysin - -

thét specifically degrades certain bonds in the peptidoglycan backbone. The C-
terminal domain of the LYTA protein is responsible for the affinity to the choline or--
to some choline analogues such as DEAE. This property has been exploited for the

5  development of E.coli C-LYTA expressing plasmids useful for expression of fusion
proteins. Purification of hybrid proteins containing the C-LYTA fragment at its
amino terminus has been described {Biotechnology: 10, (1992) page 795-798}. As
used herein a preferred embodiment utilises the repeat portion of the Lyta molecule
found in the C terminal end starting at residue 178. A particularly preferred form

10  incorporates residues 188 - 30J.

Accordingly, the present invention in preferred embodiment provides fusion

proteins comprising Protein D - E6 from HPV 16, Protein D - E7 from HPV 16
Protein D - E7 from HPV 18, Protein D - E6 from HPV 18, and Protein D E6 E7 from

both HPV 16 and 18. The protein D part preferably comprises the first 1/3 of protein
15 D. It will be appreciated that other E6 and E7 proteins may be utilised from other
HPV subtypes.

The proteins of the present invention preferably are expressed in E. coli. Ina
preferred embodiment the proteins are expressed with a Histidine tail comprising
between 5 to 9 and preferably six Histidine residues. These are advantageous in

20 aiding purification.

The protein E7 may in a preferred embodiment carry a mutation to reduce the
binding for the b site (retinoblastoma gene product) and hence eliminate any potential
transforming capacity. Preferred mutations for HPV 16 E7 involve replacing Cys,,
with Glycine, or Glutamic acid,s with Glutamine. In a preferred embodiment the E7

25  protein contains both these mutations.

Preferred mutations for the HPV 18 E, involve replacing Cys,, with Glycine

and/or Glutamic acid,, with Glutamine. Again preferably both mutations are present.
Single or double mutations may also be introduced p53 region of E, to
eliminate any potential transforming ability.
30 In a further embodiment of the invention there is provided and E6 E7 fusion
protein from HPV linked to an immunological fusion partner. A preferred
Immunological fusion partner is Protein D, more preferable the first 1/3 of protein D.

-4 -
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The present invention also provides a DNA encoding the proteins of the

present invention. Such sequences can be inserted into a suitable expression vector

and expressed in a suitable host.

A DNA sequence encoding the proteins of the present invention can be
synthesized using standard DNA synthesis techniques, such as by enzymatic ligation
as described by D.M. Roberts ef al. in Biochemistry 1985, 24, 5090-5098, by
chemical synthesis, by in vitro enzymatic polymerization, or by PCR technology
utilising for example a heat stable polymerase, or by a combination of these
techniques.

Enzymatic polymerisation of DNA may be carried out in vitro using a DNA
polymerase such as DNA polymerase I (Klenow fragment) in an appropriate buffer
containing the nucleoside triphosphates dATP, dCTP, dGTP and dTTP as required at
a temperature of 10°-37°C, generally in a volume of 50ul or less. Enzymatic ligation
of DNA fragments may be carried out using a DNA ligase such as T4 DNA ligase in
an appropriate buffer, such as 0.05M Tris (pH 7.4), 0.01M MgCl,, 0.01M
dithiothreitol, 1mM spermidine, ImM ATP and 0.1mg/ml bovine serum albumin, at a
temperature of 4°C to ambient, generally in a volume of 50ml or less. The chemical

synthesis of the DNA polymer or fragments may be carried out by conventional

phosphotriester, phosphite or phosphoramidite chemustry, using solid phase
techniques such as those described in ‘Chemical and Enzymatic Synthesis of Gene
Fragments - A Laboratory Manual’ (ed. H.G. Gassen and A. Lang), Verlag Chemue,
Weinheim (1982), or in other scientific publications, for example M.J. Gait, H.W.D.
Matthes, M. Singh, B.S. Sproat, and R.C. Titmas, Nucleic Acids Research, 1982, 10,
6243: B.S. Sproat, and W. Bannwarth, Tetrahedron Letters, 1983, 24, 5771; M.D.
Matteucci and M.H. Caruthers, Tetrahedron Letters, 1980, 21, 719; M.D. Matteucci
and M.H. Caruthers, Journal of the American Chemical Society, 1981, 103, 3185; S.P.
Adams et al.. Journal of the American Chemical Society, 1983, 105, 661; N.D. Sinha,
J. Biernat, J. McMannus, and H. Koester, Nucleic Acids Research, 1984, 12, 4539;
and H.W.D. Matthes et al.,, EMBO Journal, 1984, 3, 801.

The process of the invention may be performed by conventional recombinant

techniques such as described in Maniatis et al., Molecular Cloning - A Laboratory
Manual; Cold Spring Harbor, 1982-1989.

-5 -
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In particular, the process may comprise the steps of :
1) preparing a replicable or integrating expression vector
capable, in a host cell, of expressing a DNA polymer -

comprising a nucleotide sequence that encodes the protein or

an immunogenic derivative thereof;

11) transforming a host cell with said vector;

1i1) culturing said transformed host cell under conditions

permitting expression of said DNA polymer to produce said
protein; and

1v) recovering said protein.

The term ‘transforming’ is used herein to mean the introduction of foreign
DNA into a host cell. This can be achieved for exampie by transformation,
transfection or infection with an appropriate plasmid or viral vector using e.g.
conventional techniques as described in Genetic Engineering; Eds. S.M. Kingsman
and A.J. Kingsman; Blackwell Scientific Publications; Oxford, England, 1988. The
term ‘transformed’ or ‘transformant’ will hereafter apply to the resulting host cell
cohtaining and expressing the foreign gene of interest.

Preferably recombinant antigen of the invention are expressed in E. coli. The
expression strategy include fusion of E7, E6 or E6/E7 fusion to the 1/3-N-terminal
portion of protein D from Haemophilus influenzae B, an immunological fusion
partner providing T cell helper epitopes. An affinity polyhistidine tail is engineered at
the carboxy terminus of the fusion protein allowing for simplified purification. Such
recombinant antigen is overexpressed in E. coli as insoluble protein. '

Preferably the proteins of the invention are coexpressed with thioredoxin in
trans (TIT). Coexpression of thioredoxin in trans versus in cis is preferred to keep
antigen free of thioredoxin without the need for protease. Thioredoxin coexpression
eases the solubilisation of the proteins of the invention. Thioredoxin coexpression has
also a significant impact on protein purification yield, on purified-protein solubility
and quality.

The expression vectors are novel and also form part of the invention.

The replicable expression vectors may be prepared in accordance with the

invention, by cleaving a vector compatible with the host cell to provide a linear DNA

-6 -
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" segment having an intact replicon, and combining said linear segment with one or

more DNA molecules which, together with said linear segment encode the desired
product, such as the DNA polymer encoding the protein of the invention, or derivative
thereof, under ligating conditions.

5 Thus, the DNA polymer may be preformed or formed during the construction
of the vector, as desired.

The choice of vector will be determined in part by the host cell, which may be
prokaryotic or eukaryotic but preferably is E. coli. Suitable vectors include plasmids,
bacteriophages, cosmids and recombinant viruses.

10 The preparation of the replicable expression vector may be carried out
cdnventionally with appropriate enzymes for restriction, polymerisation and ligation
of the DNA, by procedures described in, for example, Maniatis et al. cited above.

The recombinant host cell is prepared, in accordance with the invention, by
transforming a host cell with a replicable expression vector of the invention under

15 transforming conditions. Suitable transforming conditions are conventional and are
described in, for example, Maniatis et al. cited above, or “DNA Cloning” Vol. I,
D.M. Glover ed., IRL Press Ltd, 198)5.

The choice of transforming conditions is determined by the host cell. Thus, a
bacterial host such as E. coli may be treated with a solution of CaCl, (Cohen et al.,

20  Proc. Nat. Acad. Sci., 1973, 69, 2110) or with a solution comprising a mixture of
RbC1, MnCl,, potassium acetate and glycerol, and then with 3-[N-morpholino}-
propane-sulphonic acid, RbCl1 and glycerol. Mammalian cells in culture may be
transformed by calcium co-precipitation of the vector DNA onto the cells. The
invention also extends to a host cell transformed with a re'plicable expression vector of

25  the invention.

Culturing the transformed host cell under conditions permitting expression of
the DNA polymer is carried out conventionally, as described in, for example, Maniatis
et al. and “DNA Cloning” cited above. Thus, preferably the cell is supplied with
nutrient and cultured at a temperature below 50°C.

30 The product is recovered by conventional methods according to the. host cell.
Thus, where the host cell is bacterial, such as E. coli it may be lysed physically,

chemically or enzymatically and the protein product isolated from the resulting lysate.

_7 -
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Where the host cell is mammalian, the product may generally be isolated from the
nutrient medium or from cell free extracts. Conventional protein isolation techniques
include selective precipitation, adsorption chromatography, and affinity
chromatography including a monoclonal antibody affinity column.

When the proteins of the present invention are expressed with a hisitidine tail
(His tag). The proteins can easily be purified by affinity chromatography using an ion
metal affinity chromatography column (IMAC) column.

™
A second chromatographic step, such as Q-sepharose may be utilised either

before or after the IMAC column to yield highly purified protein. If the
immunological fusion partner is C-LYTA, then it is possible to exploit the affinity of
CLYTA for choline and/or DEAE to purify this product. Products containing both
C-LYTA and his tags can be easily and efficiently purified in a two step process
involving differential affinity chromatogréphy. One step involves the affinity of the

~ His tag to IMAC columns, the other involves the affinity of the C-terminal domain of

LYTA for choline or DEAE. _

Proteins comprising both a C-LYTA and Hisitidine tag are new and
accordingly form one aspect of the invention. These may be purified to high levels
(greater than 80% preferably greater than 90%) by a simple two step differential
affinity procedure.

The proteins of the present invention are provided preferably at least 80% pure
more preferably 90% pure as visualized by SDS PAGE. The protein present a major
single band when analysed by SDS PAGE under reducing conditions, and western
blot analysis show less than 5% host cell protein contamination.

The present invention also provides pharmaceutical composition comprising a
protein of the present invention in a pharmaceutically acceptable excipient.

A preferred vaccine composition comprises at least Protein D - E6 from HPV 16 or
derivative thereof together with Protein D - E7 from HPV 16. Alternatively the E6
and E7 may be presented in a single molecule, preferably a Protein D E6/E7 fusion.
Such vaccine may optionally contain either or both E6 and E7 proteins from HPV 18,
preferably in the form of a Protein D - E6 or Protein D - E7 fusion protein or Protein
D E6/E7 fusion protein. The vaccines of the present invention may contain other

HPV antigens from HPV 16 or 18. In particular, the vaccine may contain L1 or L2

.8 -
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" antigen monomers. Alternatively such L1 or L2 antigens may be presented together

as a virus like particle or the L1 alone protein may be presented as virus like particle
or caposmer structure. Such antigens, virus like particles and capsomer are per se¢ -~
. known. See for example W094/00152, WO94/20137, WO094/05792, &
W093/02184. Additional early proteins may be included such as E2 or preferably ES
for example The vaccine of the present invention may additionally comprise antigens
from other HPV strains, preferably from strains HPV 6 11, HPV 31 or 33.

Vaccine preparation is generally described in Vaccine Design - The subunit
and adjuvant approach (Ed. Powell and Newman) Pharmaceutical Biotechnology Vol.
6 Plenum Press 1995. Encapsulation within liposomes is described by Fullerton, US
Patent 4,235,877.

The proteins of the present invention are preferably adjuvanted in the vaccine
formulation of the invention. Suitable adjuvants include an aluminium salt such as
aluminium hydroxide gel (alum) or aluminium phosphate, but may also be a sait of
calcium, iron or zinc, or may be an insoluble suspension of acylated tyrosine, or
acylated sugars, cationically or anionically derivatised polysaccharides, or
polyphosphazenes.

In the formulation of the inventions it is preferred that the adjuvant
composition induces a preferential TH1 response. Suitable adjuvant systems include,
for example, a combination of monophosphoryl lipid A, preferably 3-de-O-acylated .
monophosphoryl lipid A (3D-MPL) together with an aluminium salt.

An enhanced system involves the combination of a monophosphoryl lipid A
and a saponin derivative particularly the combination of QS21 and 3D- MPL as
disclosed in WO 94/00153, or a less reactogenic composition where the QS21 is
quenched with cholesterol as disclosed in WO 96/33739.

A particularly potent adjuvant formulation involving QS21, 3D-MPL &

tocopherol in an oil in water emulsion is described in WO 95/17210 and is a preferred

formulation.
Accordingly in one embodiment of the present invention there is provided a

vaccine comprising a protein D (or derivative thereof) - E6 or protein D (or derivative

thereof) - E7 adjuvanted with a monophosphoryl lipid A or derivative thereof.

- 9.
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Preferably the vaccine additionally comprises a saponin, more preferably QS21.
Preferably the formulation additional comprises an oil in water emulsion and

tocopherol. The present invention also provides a method for producing a vaccine

formulation comprising mixing a protein of the present invention together with a

pharmaceutically acceptable excipient, such as 3D-MPL.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described, by way of example
only, with reference to the attached Figures, wherein:

Fig. 1 shows a peptide sequence (SEQ ID NO. 1) and nucleotide sequence (Figure
1b; SEQ ID NO. 2) of HPV 16 Protein D 1/3 E7 His of the present invention.

Fig. 2 illustrates a construction of plasmid pRIT 14497 (TCA 307) of the present
Invention.

Fig. 3 shows a nucleotide sequence (SEQ ID NO. 3) and peptide sequence
(SEQ ID NO. 4) of HPV 16 Protein D 1/3 E6 His of the present invention.

Fig. 4 illustrates a construction of plasmid pRIT 144556 (TCA 309)
of the present invention.

Fig. 5 illustrates a construction of plasmid pRIT 14512 (TCA 311)
of the present invention.

Fig. 6 shows a nucleotide sequence (SEQ ID NO. 5) and
peptide sequence (SEQ ID NO. 6) of HPV 16 Protein D 1/3 E6E7 His of the present
invention.

Fig. 7 illustrates a construction of plasmid pRIT 14733 of the present invention.

Fig. 8 shows a nucleotide sequence (SEQ ID NO. 7) and peptide sequence
(SEQ ID NO. 8) of HPV 16 Mutated Protein D 1/3 E7 His of the present invention.

Fig. 9 illustrates a construction of plasmid pRIT 14634 (TCA 332) of the

present invention.
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Fig. 10 shows a nucleotide sequence (SEQ ID NO. 9) and peptide
sequence (SEQ ID NO. 10) of Clyta E6 His of the present invention.
Fig. 11 illustrates a construction of plasmid pRIT 14626 (TCA 330)
of the present invention.
Fig. 12 shows a nucleotide sequence (SEQ ID NO. 11) and
peptide sequence (SEQ ID NO. 12) of Clyta E7 His of the present mvention.
Fig. 13 illustrates a construction of plasmid pRIT 14629 (TCA 331)
of the present invention.
Fig. 14 shows a nucleotide sequence (SEQ ID NO.13) and a
peptide sequence (SEQ ID NO. 14) of Clyta E6E7 His of the present invention .
Fig. 15 illustrates a construction of plasmid pRIT 14532 (TCA 316)
of the present invention.
Fig. 16 shows a nucleotide sequence (SEQ ID NO. 15) and a
peptide sequence (SEQ ID NO. 16) of HPV 18 Protein D 1/3 E7 His of the present
invention.
Fig. 17 illustrates a construction of plasmid pRIT 14523 (TCA 313) of the present
Invention.
Fig. 18 shows a peptide sequence of thioredoxin (SEQ ID NO. 17)
of the present invention.
Fig. 19 illustrates a construction of plasmid pRIT 14831 of the present invention.
Fig. 20 shows a nucleotide sequence (SEQ ID NO. 18) and
peptide sequence (SEQ ID NO. 19) of HPV 18 Mutated Protein D 1/3 E7 His of the
present invention.
Fig. 21 illustrates a construction of plasmid pRIT 14526 (TCA 314)

of the present invention.

Fig. 22 shows a nucleotide sequence (SEQ ID NO. 20) and
peptide sequence (SEQ ID NO. 21) of HPV 18 Protein D 1/3 E6 His of the present

invention.
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Fig. 23 illustrates a construction of plasmid pRIT 14618 (TCA 320)
of the present invention.

Fig. 24 illustrates a construction of plasmid pRIT 14567 (TCA 328)
of the present invention.

Fig. 25 shows a nucleotide sequence (SEQ ID NO. 22) and
peptide sequence (SEQ ID NO. 23) of HPV 18 Protein D 1/3 E6E7 His of the present
invention.

Fig. 26 is a graph showing the therapeutic effect of vaccination with
Protein D1/3 E7 of HPV 16 formulations on TC1 tumor growth.

Fig. 27 is a graph showing lymphoproliferation of spleen cells
with 72 hours in vitro re-stimulation with Protein D1/3 E7 (0.1, 1 ug/mL) of the present
invention.

Fig. 28 is a graph showing lymphoproliferation of lymph node cells with
72 hours in vitro re-stimulation with Protein D 1/3 E7 (1 ug/mlL) of the present
invention.

Fig. 29 illustrates data showing subclass-specific antibody response
obtained from mice treated with HPV 16 Protein D 1/3 E7 His formulations of the
present invention after tumor establishment.

Fig. 30 is a graph showing protective effect of vaccination with
Protein D 1/3 E7 HPV 16 formulations of the present invention against a TC1 tumor
challenge.

Fig. 31 illustrates data on lymphoproliferation of spleen cells with 72 hours
re-stimulation with Protein D 1/3 E7, 1 and 0.1 ug/mL (Fig. 31A); Protein D 1/3 E7,
0.1 and 0.01 pug/mL coated on latex microbeads (Fig. 31B).

Fig. 32 illustrates data on lymphoproliteration of lymph node cells with
72 hours re-stimulation with Protein D 1/3 E7, 0.1 ug/mL (Fig. 32A); Protein D 1/3 E7,
0.01 ug/mL, coated on latex microbeads (Fig. 32B).

Fig. 33 illustrates data showing subclass-specific antibody response obtained

from mice treated with HPV 16 Protein D 1/3 E7 His formulations of the present

Invention prior to tumor challenge.
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Fig. 34 illustrates data showing data on lymphoproliferation of spleen cells
with 72 hours in vitro re-stimulation of mice with HPV 18 Protein D 1/3 E7 His
formulations of the present invention.

Fig. 35 illustrates data showing data on lymphoproliferation ot lymph node
cells with 72 hours in vitro re-stimulation of mice with HPV 18 Protein D 1/3 E7 His
formulations of the present invention.

Fig. 36 illustrates data on cytokine production in the culture supernatant
of spleen cells after 96 hours in vitro re-stimulation of mice with HPV 18 Protein D 1/3
E7 His, 3 ug/mL, of the present invention.

Fig. 37 shows data on cytokine production in the culture supernatant of
lymph node cells after 96 hours in vitro re-stimulation of mice with HPV 18 Protein D
1/3 E7 His of the present invention.

Fig. 38 shows data on antibody response obtained from mice treated with

HPV 18 Protein D 1/3 E7 His of the present invention.
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The invention will be further described by reference to the following

examples:

EXAMPLE I: Construction of an E. coli strain expressing fusion Protein-D1/3 -
E7 -His (HPV16)

1) - Construction of expression plasmid

a) - Plasmid pMG MCS prot D1/3 (= pRIT14589) is a derivative of pMG81
(described in UK patent application n° 951 3261.9 published as W097/01640) in
which the codons 4-81 of NS1 coding region from Influenza were replaced by the

codons corresponding to residues Ser 20 — Thr127 of mature protein D of
Haemophilus Influenzae strain 772, biotype 2 (H. Janson et al., 1991, Infection and
Immunity, Jan. p.119-125). The sequence of Prot-D1/3 is followed by a multiple
cloning site (11 residues) and a coding region for a C-terminal histidine tail (6 His).

This plasmid is used to express the fusion protein D1/3-E7-His.

b) - HPV genomic E6 and E7 sequences type HPV 16 (See Dorf er al., Virology
1935, 145, p. 181-185) were amplified from HPV 16 full length genome cloned in
pBR322 (obtained from Deutsches Krebsforschungszenttum (DKF2),
Referenzzentrum fiir human pathogen Papillomaviruses - D 69120 - Heidelberg) and
were subcloned into pUC19 to give TCA 301 (= pRIT14462).

Construction of plasmid TCA 308 (= pRIT14501): a plasmid expressing the
fusion Protein-D1/3-E7-His

The nucleotides sequences corresponding to amino acids 1 — 98 of E7
protein are amplified from pRIT14462. During the polymerase chain reaction, Ncol
and Spel restriction sites were generated at the 5° and 3’ ends of the E7 sequences
allowing insertion into the same sites of plasmid pMGMCS Prot D1/3 to give plasmid
TCA308 (= pRIT14501). The insert was sequenced to verify that no modification had
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been generated during the polymerase chain reaction. The sequence for the fusion

protein-D1/3-E7-His (HPV 16) is described in figure 1.

2) - Transformation of ARS8 strain

- e

Plasmid pRIT14501 was introduced into E. coli ARS8 (Mott et al., 1985, Proc.

Natl. Acad. Sci., 82:88) a defective A lysogen containing a thermosensitive repressor

of the A pL promoter.

3) - Growth and induction of bacterial strain - Expression of Prot -D1/3-E7-His

Cells of AR58 transformed with plasmid pRIT14501 were grown in 100 ml of
LB medium supplemented with 50 ugr/ml of Kanamycin at 30°C. During the
logarithmic phase of growth bacteria were shifted to 39°C to inactivate the A repressor
and turn on the synthesis of protein D1/3-E7-His. The incubation at 39°C was

continued for 4 hours. Bacteria were pelleted and stored at -20°C.

EXAMPLE II: Characterisation of fusion Protein D1/3-E7-His (HPV 16)

| Frozen cells are thawed and resuspended in 10 mi of PBS buffer. Cells are
broken in a French pressure cell press SLM Aminco at 20.000 ps1 (three passages).
The extract is centrifuged at 16.000 g for 30 minutes at 4°C.

After centrifugation of extracts described above, aliquots of supernatant and
pellet were analysed by SDS-polyacrylamide gel electrophoresis and Western
blotting. A major band of about 33 kDa, localised in the pellet fraction, was
visualised by Coomassie stained gels and identified in Western blots by rabbit
polyclonal anti-protein-D and by Ni-NTA conjugate coupled to calf intestinal alkaline
phosphatase (Qiagen cat. n° 34510) which detects accessible histidine tail. The level
of expression represents about 5 % of total protein as shown on a Coomassie-stained
SDS-polyacrylamide gel.

EXAMPLE III: Protein -D1/3-E7-His (HPV 16) Purification

One litre culture of bacteria expressing protein -D1/3-E7-His, 1s centrifuged at
11,300 g for 30 min at 4°C and cell pellet is kept at -80°C until further treatment.
After resuspension in 75 ml PBS buffer, E. coli cells are broken in a French pressure
cell press (SLM Aminco®) at 20,000 psi. Lysed cells are pelleted by centrifugation at

17,000g for 30 minutes. Pellet, containing the protein-D1/3-E7-His, is washed once
in 30 ml of 2M NaC1, 50mM Phosphate pH 7.5, then twice in 30 ml 50mM

Phosphate pH 7.5. Proteins are solubilised after 2 hours incubation of the

- 11 -
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" pellet in 30 ml of 8 M urea, 50 mM phosphate pH 7.5 at RT. Cells debris are
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eliminated by 15 min centrifugation at 17,000 g, 4°C. Protein purification 1s carried

out at RT®, 15 ml of solubilised protein are applied onto a 5 ml N12+NTA (Qiagen) ..

- resin (Pharmacia column XK 16/20) preequilibrated in 8M urea, 50 mM phosphate

pH 7.5 at a flow rate of 0.2 ml/min. The column 1s washed in the same butfer until
the absorbance at 280 nm reaches the base line. The protein is eluted with a 0-600
mM Imidazole gradient in 8M urea, 50 mM phosphate pH 7.5. The flow rate of these
two last steps is brought to 1 ml/min. Eluted fractions are analysed by SDS
polyacrylamide gel electrophoresis and by Western blotting. ProtD1/3-E7-His,
visualised by Coomassie blue staining, by a polyclonal anti protein D or by a
monoclonal anti E7 antibody, appears as a major single band at about 32 kDalton and
is estimated as a 95% pure protein. No E. coli contaminants, traced with a polyclonal
anti E. coli proteins antibody, are observed.

In order to eliminate urea, 9 ml of purified antigen, at 1.33 mg/ml (Bradford),
is dialysed against 3 litres of PBS buffer overnight at RT" followed by a 4 hours
dialysis against a fresh PBS buffer. 80% of urea free protein is recovered as soluble
protein. To eliminate contaminating endotoxins, 6 ml of dialysed protein are
incubated with 1 ml of Affiprep polymixin gel (Biorad), for 3 hours at 4°C under
gehtle stirring. A second incubation with 500 ul of Affiprep polymixin resin 1s
performed to minimise the endotoxin level to 8.8 EU/ug protein. After sterile
filtration on a 0.22 um filter device (Millex 0.22 GV, Millipore), prot-D1/3-E7-His at
0.665 mg/ml is assayed for stability. SDS PAGE analysis showed no evolution of the
protein after 7 days incubation at - 20°C, 4°C, RT° or 37°C.

EXAMPLE 1V: Constructioh of an E.coli strain expressing fusion Protein-D1/3-
E6-his / HPV16 -

1. Construction of expression plasmid

a) Plasmid pMG MCS prot D1/3 (= pRIT14589) is a derivative of pMG81 (described
in WO97/01640 in which the codons 4-81 of NS1 coding region from Influenza were
replaced by the codons corresponding to residues Ser 20 — Thr 127 of mature protein

D of Haemophilus Influenzae strain 772, biotype 2 (H. Janson et al., 1991, Infection
and Immunity, Jan. p.119-125). The sequence of Prot-D1/3 is followed by a multiple

- 12 -
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~ cloning site (11 residues) and a coding region for a C-terminal histidine tail (6 His).

This plasmid is used to express the fusion protein D 1/3-E6-his.
b) HPV genomic E6 and E7 sequences type HPV16 (Seedorf ef al., Virology 1985, _.
145, p.181-185) were amplified from HPV16 full length genome cloned in pBR322

5  (obtained from Deutsches Krebsforschungszentrum (DKFZ), Referenzzentrum fiir

human pathogen Papillomaviruses -

o) D 69120 - Heidelberg) and were subcloned into pUC19 to givé TCA 301 (=
pRIT14462).
Construction of plasmid TCA 307 (=pRIT14497) : a plasmid expressing the
10 fusion Protein-D1/3-E6-His /HPV16
The nucleotides sequences corresponding to amino acid.
1 — 151 of E6 protein were amplified from pRIT14462. During the
polymerase chain reaction, Ncol and Spel restriction sites were generated at the 5° and
3’ ends of the E6 sequences allowing insertion into the same sites of plasmid
15 pMGMCS Prot D1/3 to give plasmid TCA307 (= pRIT14497) ( see figure 2 ). The
insert was sequenced to verify that no modification had been generated during the
polymerase chain reaction. The coding sequence for the fusion protein-D1/3-E6-His
is described in figure 3.
2. Transformation of ARS8 strain
20 Plasmid pRIT14497 was introduced into £. coli ARS8 (Mott et al., 19835, Proc.
Natl. Acad. Sci., 82:88) a defective A lysogen containing a thermosensitive repressor
of the A pL promoter.
3. Growth and induction of bacterial strain - Expression of Prot-D1/3-E6-His

Cells of ARS8 transformed with plasmid pRIT14497 were grown in 100 ml of

25 LB medium supplemented with 50 pgr/ml of Kanamycin at 30°C. During the
logarithmic phase of growth bacteria were shifted to 39°C to inactivate the A repressor
and turn on the synthesis of protein D1/3-E6-his. The incubation at 39°C was

continued for 4 hours. Bacteria were pelleted and stored at -20C.

4. Characterization of fusion Protein D1/3-E6-his (HPV 16)

30 Preparation of extracts
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Frozen cells are thawed and resuspended in 10 ml of PBS buffer. Cells are

broken in a French pressure cell press SLM Aminco at 20.000 psi (three passages).
The extract is centrifuged at 16.000 g for 30 minutes at 4°C. ~
Analysis on Coomassie-stained SDS-polyacrylamide gels and Western blots
5 After centrifugation of extracts described above, aliquots of supernatant and
pellet were analysed by SDS-polyacrylamide gel electrophoresis and Western
blotting.
A major band of about 32 kDa, localized in the pellet fraction, was visualised

by Coomassie stained gels and identified in Western blots by rabbit polyclonal anti-

10 protein-D and by Ni-NTA conjugate coupled to calf intestinal alkaline phosphatase

(Qiagen cat. n° 34510) which detects accessible histidine tail. The level of expression

represents about 5 % of total protein.
5. Coexpression with thioredoxin
In an analagons fashion to the expression of prot D 1/3 E7 His from HPV 18
15  (example XIII) an E.coli strain ARS8 was transformed with a plasmid encoding
thioredoxin and protein D 1/3 E7 His (HPV 16).
EXAMPLE V: Purification of Prot D 1/3 E6 His (HPV 16)
HPV-16 ProtD1/3 E6 recombinant antigen was expressed in E. coli1 {ARS8).
Expression strategy included fusion of E6 to the 1/3-N-terminal portion of protein D
20  from Haemophilus influenzae, an immunological fusion partner providing T cell
helper epitopes. An affinity polyhistidine tail was engineered at the carboxy terminus
of the fusion protein. The recombinant antigen was overexpressed in E. colias
insoluble proteins.
Solubilisation of the antigen required denaturing agents. In absence of
25 denaturing agent, ProtD1/3-E6-His precipitated at neutral pH. To circumvent the
solubility problems, co-expression of these proteins with Thioredoxin in Trans (TIT),
a folding partner was carried out.
Bacterial expressions are conducted in LB media in presence of 0.05 mg/ml of
kanamycin at 30°C plus 0.2 mg/ml of Ampicillin when Thioredoxin is coexpressed.

30 Recombinant protein expression is thermally induced by transferring the cells to 42

oC, when cell optical density (OD ¢y ) Of 0.4 is reached. Protein expression 1s
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maintained for 4 hours. Purification was carried out accordin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>