The present invention relates to novel vaccinal preparations useful against
tunours induced by papillonmaviruses, and nore particularly agai nst types
HPV:116, * HPV- 18, HPV-31, HPV-33, HPV-35. The papi | | omaviruses are a group of
DNA viruses. They have a protein shell and a circul ar DNA genone of
approximately 7900 base pairs. A certain nunber of types of .

papi | | omavi ruses, bovj ne P have been identified ,and the
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The Iateﬂﬂﬁpiﬁrcontalns two reading franes L1 and L2 which code for t he
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reading franmes El, E2, EF4, E5, E6, E7 and E8._ _The proteins coded by the
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coafron aml@eberﬁe‘me%‘a%‘%e@s)i ve duplications of a 33 am no aci d peptide
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‘the genome of the polyoma virus and of SV40. The late region
contains two reading frames Ll and L2 which code for the

major components of the capsid. The eariy region contains at
least the reading frames El1, E2, E4, E5, E6, E7 and E8. The

proteins coded by the reading frames have different

functions. Three of these proteins are involved in the

oncogenie transformation process of infected cells. Protein
. E5 of BPV—l, which has.great transforming capaéity and which
et

may independently transform cells in vitro (2), is coded by
part 3(.of the early region. The proteins E6 of BPV-1l and E7
of HPV-16 are coded by part 5’ of the early region and are
involved in the induction and maintenance of the oncogenic
transformation. These two proteins apparently derive from a
common ancestral gene by successive duplications of a 33
amino acid peptide (3). The transforming capacity of E7 has
been -demonstrated for HPV-16 and 18 (4, 5, 6). Of the other
early proteins, E1 and E2 have a role in the replication
and/or expression of the virus, while no function has been
identified for E4 and ES8.

In man, the HPV are associated with pathologies ranging from
benign skin infections to warts and to malignant tumours.
These viruses are highly specific to the target tissues,
particularly the epidermal epithelia of the genital, oral



Thesé Vituses are highly specific to.the target tissues, particularly the = '

epi dermal epithelia of the genital, oral -2- ‘and.respiratory tracts (7).
Epi ¢femi 0l ogi cal data strongly suggest a role for certain strains of HPV in
cancer of the uterine cervix and the pelvic passages (the nost frequently
fatal tunour in wonmen). The DNA of HPV-16 and HPV-18 is found in nost

bi opsi es taken from cancerous genital cells, HPV-31, HPV-33, HPV-35, HPV-39
and HPV-45 are nore rarely detected. ~TlRe -pat hol ogi es associated with HPV
viruses constitute a therapeutic problemdue to their_persistent and
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t hemsel vefo@ikddqrer efore a priori agai nst all fornms of infection likely to
occur. The aimof the present invention is nore particularly to obtain
active vaccines for preventive or curative treatnment of nalignant tunours
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~ nature. Many approaches have already been used in the
B treatment of these illnesses: surgery, chemotherapy,
anti-viral agents and immunotherapy (8).

In particular, European Patent application EP-A-0133123
. describes a vaccination approach against papillomavirus

infection which consists in preparing virus capsid proteins

s by genetic engineering, i.e. proteins of the structure

' corresponding to the late region of the virus, and using
‘then as immunogenic agents. The means described in this
document are intended to provide protection against
kmé infection by the viruses themselves and therefore a priori

against all forms of infection likely to occur. '

Theﬁaim of the present invention is more particularly to
obtain active vaccines for preventive or curative treatment
of malignant tumours resulting from a pre-existing HPV '
infection.

'The present invention is based on the observation that
tumour formation induced by papillomaviruses is due to the
expression of the early genes of the virus.

The invention therefore provides pharmaceutical preparations
characterised in that they contain as active preventive or
curative constituent at least one recombinant pox virus

comprising a heterologous DNA seqguence coding for at least



The ‘i nvention therefore provides pharnaceutical preparations characterised

in_that they.contain as active preventive or curative constituent at |east

one reconbi nant pox virus conprising a heterol ogous DNA sequence coding for
at | east -3- the essential region of an early protein of a

papi |l omavirus together with the regulating factors ensuring its expression
in higher cells. The essential region of the said protein is taken to nean

that part of the protein sequence caﬁaﬁlé of inducing anti-tunora

i muni ty, . The vacgi,nal preparations according t.o the invention nay be used
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ti ssues are arfected and transformed into cancerous tissues. They may al so
potentially be used curatively to cause the di sappearance of an already

establ i shed JyTUHE Y1 IreH IdORHS Hid PHR]A O ARlMIORo TRGE Uses may
relate to_man, but alsq to animals, in particular to cattle to prevent BPV
virus infddt &t 19t 8 BPte SeRERsS SPapIe P IS 0% used with a
phar mace antdaltuwncacepinabdreitoar rier for its inoculation into man or
animals. G ven the observations which have been made and nentioned above
concerning the frequency of infection by HPV type 16-18-31-33-35-39 and 45
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HPV- 33, HPV-35, HPV-39 and HPV-45. It i's for this reasqgn_that the invention
provi desPXeyestt rfdie appearance of malignant tumours, either before
. any infection by the virus, or even after an infection
having caused benign disorders, in case other tissues are
affected and transformed into cancerous tissues. They may
also potentially be used curatively to cause the
. disappearance of ah already established tumour or in
addition to or instéad of ablation. These uses may relate to
/ man, but also to animals, in particular to cattle to prevent
BPV 'virus infections. If need be, the recombinant pox virus
may be used with a pharmaceutically acceptable carrier for

its inoculation into man or animals.

Given the observations which have been made and mentioned
above concerning-the frequency of infection by HPV type
16-18-31-33-35-39 and 45 in the case of uterine cervical
.cancer, the invention more particularly relates to vaccinal
preparations useful against HPV-16, HPV418, HPV-31, HPV-~-33,
HPV-35, HPV-39 and HPV-45.

It is for this reason that the invention provides a vaccinal
preparation as'previously defined in which the pox virus
comprises at least one DNA sequence coding for a least one
non-structural protein of the type 16, 18, 31, 33, 35, 39 or
45 HPV virus and in particular of the HPV-16 virus.

As previously.mentioned, the structure of viruses of the
papilloma family, in particular BPV-1 and HPV, is such that
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prieparation as previousiy defined in which the poxX Virus conprises at [éast ™

one DNA sequence coding for a | east one non-structural protein of the type
16, 18, 31, 33, 35, 39 or 45 HPV virus and in particular of the HPV-16
virus. As previously nenti-oned, the structure of viruses of the papillom
famly, in particular BPV-1 and HPV, is such that -4- there are at |east
7 reading franes likely to correspond to protein functions which are highly
specific to the mechani sms governing™tHe~action of the virus and

mai ntai ning the viral _gen ot j.s f this reason .that it may b
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i.e. generally a gene transcription pronoter and . region for_the
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circunstances are therefore particularly favourable since it is known that

tMre elimnation of tunour cells involves cellular imunity.
: Naturally, the recombinant pox virus will include all the

factors necessary for the expression of the proteins in
higher cells, i.e. generally a gene transcription promoter
and a region for the initiation of translation in the host
-cell;_the promoter will preferably be the promoter for a
gene of the pox virus used. |

Anong all the conceivable pox viruses, it is preferably the

vaccinia virus which is chosen, because it has already been
) established that the antigens expressed by the recombinant
G vaccinia virus are correctly presented at the surface of the

infected cells and allow a cellular type immune response to
be induced. The circumstances are therefore particularly
favourable since it is known that the elimination of tumour
cells involves cellular immunity.

When the pox virus is the vaccinia virus, the promoter used
will preferably be the promoter for the gene of the 7.5 K
protein of the vaccinia virus. The promoter/coding sequence
combination will be inserted into a non-essential region of
the virus; for example, in the case of the vaccinia virus,
the thymidine kinase (TK) gene, which will allow the ready
selection of TK™ recombinant viruses.

In general, the living virus is inoculated into man or
animals. It is, however, also conceivable to inject the



VIhen the poX ViTtus is the vaccinia virus, the pronoter used will preferably
be the promoter for the gene of the 7.5 K protein of the vaccinia virus.
Thé: pr onot er/ codi ng sequence conbination will be inserted into a
non-essential region of the virus; for exanple, in the case of the vaccinia
virus, the thym dine kinase (TK) gene, which will allow the ready sel ection
of TK[err] reconbinant viruses. In ggqfrgl, the living virus is inocul ated
into man or animals. It is, however, afso conceivable to inject the -5-
killed reg¢onbi_nant virus_int n, ' : ' Vi cRr 98e4Es on its
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The invention will be illustrated with the following
examples which, on the one hand, describe the results of
vaccination in animals which were injected with cells
transformed by the bovine papilloma virus (BPV-1) and, on
the other hand, the results of vaccination in animals which
were injected with cells transformed by the human papilloma

\/' virus (HPV-16). In particular, the cloning and sequencing of
the DNA corresponding to the reading frames for proteins E5,

E6, E7 from HPV-16 are described, as are the results
W achieved by vaccination with recombinant viruses expressing

these proteins.

The detailed description of the invention is accompanied by

figures 1 to 7, which show:

- figure 1 shows the SDS-PAGE gel of the
immunoprecipitates of the products of reading
frames El1, E2, E5 and E6 of the early region of
the genome of bovine papillomavirus (BPV-1).

- figure 2 shows the latency period for the
development of tumours in animals vaccinated with
the recombinant vaccinia viruses expressing the
products of reading frames El1, E2, E5, E6 or E7 of
bovine papillomavirus BPV-1 (VVbEl, VVbE2, VVDES5,



The det.ai | ed description of the invention is acconpanied by figures 1 to 7,

whi.ch show. figure 1 shows the SDS-PAGE gel of the imunoprecipitates of
the:products of reading franes El, E2, E5 and E6 of the early region of the
genone of bovine papillomavirus (BPV-1). figure 2 shows the | atency period
for the devel opnent of tumours in aninmals vaccinated with the reconbi nant
vacci nia viruses expressing the products of reading frames El, E2, E5, E6
or E7 of bovine papillomavirus BPV-1~(YBE, WbE2, WWbES, -6- VWbE6 and
VWbE7) or a contro i cginia vi - i a

BPV- 1 protein) and MERredtd CWHEATRR & 1S, FecbAlanE RaERA 5
BPV-1-6). figure 3vifgs (WeQ dnaicexpuassdnr BRY-depEodedadt a8A t unour s
in animals vacci nateedd Rrilthe FERITRINAY 46 firhed gpvexpr essi ng
products of reading frames E5, E6 and E7 of bovine papillomavirus (BPV-1)
(WDE5, WbE6, WhHEFR3FS BEVsisi®at i on WbE5- WhHE6 or WbE5S- WB-E7 or a
control reconbi nant vaccinia virus W-0 (not expressing a BPV-1 protein)
and tested with FR3L3 cells transfor -1 .(E - -1-3). figure 4
s a schenatié'regggé%ﬁfhﬁ¢§?%) tﬁ%gﬁg%éﬁﬁéﬂiﬁgéﬁ s%ggrggghage ML3 E7/E6
(HPV-16). figure 5devedopuientatafc tumoursedmt@animads vaecinateduwd tof

bact eri ophage ML3 el HREHD i naritd Wak i niliOWs vifae < Qiplrediha’ Y DNA
structure of reading frame E5 (HPV-16). .

o products of reading frames E5, E6 and E7 of bovine

hd papillomavirus (BPV-1) (VVbES5, VVDE6, VVbLE7) or a
] _ combination VVbE5-VVbE6 or VVbE5-VVB-E7 or a
' control recombinant vaccinia virus Vv-0 (not

expressing a BPV-1 protein) and tested with FR3T3
cells transformed by BPV-1 (FR3T3-BPV-1-3).

- figqure 4 is a schematic representation of the
structure of bacteriophage M13 E7/E6 (HPV-16).

- figure 5 is a schematic representation of the
structure of bacteriophage M13 E5 (HPV-16).
g{; - figure 6 shows the complementary DNA structure of

reading frame E5 (HPV-16).

- figure 7 shows the SDS-PAGE gel of the
immunoprecipitates of the products of reading
frames E6 and E7 of the early region of the genome
of human papillomavirus HPV-16.

- figure 8 shows the development in size of tumours
in animals vaccinated with the recombinant
vaccinia virus expressing the product of reading
frame E6 of human papillomavirus HPV-16 (VVhES6)
and tested with primary rat cells transformed by
HPV-16 and a ras oncogene.



figure.7 shows the SDS- PAGE gel of the i munoprecipitates of the products
of.-~reading frames E6 and E7 of the early region of the genone of human
papil | omavirus HPV-16. figure 8 shows the devel opnent in size of tunours in
ani mal s vaccinated with the reconbi nant vaccinia virus expressing the
product of reading frame E6 of human papill omavi rus HPV-16 (VVhE6) and
tested with primary rat cells transforoged by HPV-16 and a ras oncogene.

-7- figure 9 shows the devel opnent in size of tunours in aninmals vaccinated

Wi th the reconbi nang; ¥aceididhoiid %}ﬁﬁg@gﬂﬂ@wqxpr&%wk&m;g frame

E7 of human papil |l omavirus HPV-16 tested w.th primary rat cells
transfornmed by HPV-4H 3hdrals dacsicidase vibhy ke recombinaiy; bition of

devel oprent  of LUW%iﬂwGﬁiw_eb@ﬂéﬁWiﬁHéﬂﬁddddﬁ deE’éali)iﬁ@’ _
vacci nation with regonbi t ccini a _vi,ruses expressi y proteins
of BPV-1 3 ConcknAE 1oh off TR mebinieesd Hilen 1R g, R, P
proteins of BPV-1 RimdniestEdvitd) prdmeaiynsatheeddrs twreegifornefd tdye BPV- 1
genone inserted as [ﬁ,‘}-ﬂ | ddg Bapds o, o N the Hndlll and BanH sites

of plasmid pM.2 (9).” Sub-fragments containing the reading frames E, E2,
E5, E6 and E7 are excised by digestion with restriction enzynes (see table

1) and iﬂfﬁ;{ﬂ{_ﬁéﬂri nt o bAM A5GRIAGRS ddENGhierty JYl bk IhauddEen
subj ecte 0 Tocalised aqligonucleotide-directed nut%gfne5|s bef ore bei ng
transferred in plasmd %%Wﬂdﬁeypapllmma virus (BFV-1) by

et

vaccination with recombinant vaccinia viruses
expressing the early proteins of BPV-1.

a) Construction of vaccinia viruses expressing the earl
proteins of BPV-1

Plasmid pM69 (9) contains the early region of the BPV-1
genome inserted as a HindIII-BamHI fragment in the HindIII
' and BamHI sites of plasmid pML2 (9). Sub-fragments

containing the reading frames El1, E2, E5, E6 and E7 are
excised by digestion with restriction enzymes (see table I)
and introduced into bacteriophages M13TG130 or M13TG131

W (10), then subjected to loca;ised oligonucleotide-directed
mutagenesis before being transferred in plasmid pTG186poly
(11) . These stages are summarised in table I.

Key to table I:

[a]: the underlined nucleotides indicate the bases which do
not match the BPV-1l parental sequence

[b]: the translation initiation codon and the restriction
site used in the cloning are underlined.

[c): it was not possible to introduce the EcoRI-BamHI
fragment of plasmid pM69 containing the E5 reading
frame into bacteriophage M13TG131 in the desired
orientation: the clones are obtained in the inverted
orientation in which two independent plasmid fragments



((11). These stages are sunmarised in table |. Key to table I: [a]: the '
underlined nucl eotides indicate the bases which do not nmatch the BPV-I
parental sequence [b]: the translation initiation codon and the restriction
Site used in the cloning are underlined. [c]: it was not possible to
i ntroduce the EcoRI-BanH fragment of plasmd pMs9 containing the E5
reading frame into bacteri ophage ML3TGL31 in the desired orientation: the
clones are obtained in the.inverted orBemation in which two i ndependent
plasm d fragments are cloned; nutagenesis by qligagnucleotide does
theref ore cor AFSHEHPRS t HHTAFRNCTHEA r°§ﬂt§’°‘-")[{‘ﬂ enf888ced by
di gestion by a:rfee&tfroné |¢15rm§pprm ftad Immd:ttmext DA Eerandi.t h t he Kl enow

fragnent of ) 42 ol i bef n| ng. not

appl i cablfg(]'l‘abel lyor% on(ianﬂgY c#gﬁilé%ler? si%s %5%5% enﬁ?’g‘eof BPV- 1
genone for theﬁqu]tmdsfh&r ireatmerde iwiith \hhaJsKé@nOBP\frlagment of DNA

Mit agenesi s polxgnerase I £L3P and’ﬁa(ﬂe’f%re <c163ng"; * sequence

(5'-3") of fragment frane ) 4l i gonucl eoti des used
[a] . vé&ior nol Appiigable * sequences at translation . site
initiation site [b] E NIlSTGlSO ' na
BanHl - Ss rul - Avr |J BanHl lﬁ . 86pol y
( TCGCGA ) 1 4 tnfu enes:.ﬁﬂgfefgf—fragments of BBQ;G?[
GAGGAGGATCCT GAAGAG@énomeBaﬁﬂﬁ iR -tSpais flegoRntébalaccinia viruses.
pI.G186poI Yy (GGATCCTGAAGAGGATGG) BanmH E5 ML3TGL31
AE%TTTGCCATAGTCGACCAGTCA[C] Sal | - BanHl '
: BPV-1 Mutagenesis Cloning
~ s reading = vector s sequence (5’'-3’) of s fragment
frame s site oligonucleotides used [a] . ® vector
s fragment s sequences at translation s site
initiation site [b]
El M13TG130 na . BamHI-SstI
NruI-AvrII BamHI[{k)-XbaI pTGl86poly
(TCGCGAGCGTCATGG ) BamHI-SstI
E2 M13TG131 GAGGAGGATCCTGAAGAGGA BamHI
EcoRI-Spel EcoRI-XbaIl . PTG186poly
. (GGATCCTGAAGAGGATGG) BamHI
ES M13TG131 AGATTTGCCATAGTCGACCAGTCA(c]) SalI-BamHI
EcoRI-BamHI EcoRI-BamHI ' - pTGl86poly
(GTCGACTATGG) SalI-BamHI
v E6 M13TG130 CAGACCCCGGI_\TCCAACATGGACCT BamHI-XmaIII[k]
" HpaI-Smal Smal pTG186poly
' (GGATCCAACATGG) BamHI-Smal
E7 M13TG130 TGCTACGACTCGAGCAAACATGGTTCA XhoI-EcoRI
HpaI-Smal Smal pTGl86poly
: (CTICGAGCAAACATGG) SalI-EcoRI

The localised oligonucleotide-directed mutagenesis allows a
translation initiation consensus sequence to be introduced
at the initiation codon so as to ensure correct expression
after transfer into the vaccihia virus. In each case, the
synthesis oligonucleotide introduces a single restriction
site just before the sequence determining the start of
translation.

In the case of reading frame El1, it is not necessary to
perform the localised mutagenesis due to the presence of a
restriction site in the BPV-1 genome (site Nrul in



EcoRl - BanHI EcoRI - BamH - - : : pTGl86pol y

( GTCGACTATGGy Sal | - BanH E6 ML3TGL30
CAGACCCCGCGATCCAACATGGACCT BanHl - Xmal I I [ K] Hpal - Smal  Smal
pTGL86pol y ( GGATCCAACATGH) BanmHl - 7Smal E7 ML3TGL30
TGCTACGACTCGAGCAAACATGGTTCA  Xhol - ECORI HPal - Smal  Snall

pTd 86pol y ( CTCGAGCAAACATGG) Sal L- gcoRI The | ocal i sed

ol i gonucl eoti de-directed nutagenesis allows a translation initiation
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correct éexpression after transf into the vacciniag virus. In each case,
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due to t cetsle soanu}@ﬂlr &k &' *BPV- 1 genome (site Nrul in

-9- position -11 in relation to the start ATG and of a quasi consensus

sequence sdind e { AP ik Nalrh3ld Q1120100 (CHIEHARER ‘ad hey siigpot i de G

in position - arly as effective as In_initiating translation. Some
primary éhMEENGHRS30 Redium é"é’%“ﬁ"ﬁ@ea’iﬁ‘ 3ﬁ%erf?<]9$q1n RU3¥EM (G beo)
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Sequence Segiifhd fhd WO BN FECH ehoYidd BRI A Ma Vikdd\SHedth
selection, vaccinia recombinants in which expression of the
inserted sequence is under the control of the 7.5 K promoter
of the vaccinia virus are isolated using customary
techniques.

The recombinant vaccinia viruses (VV) expressing the early
Y proteins of BPV-1 El1, E2, E5, E6 and E7 are respectively
named VVbEl, VVbE2, VVbE5, VVbE6 and VVDbE7.

b) Exgre531on of El1, E2, E5, EG and E7 in cells infected
e ' by the ;ecomb;nant viruses

Some BHK-21 cells on Oulbecco MEM.BME modified Eagle medium
(GIBCO) supplemented with 10% foetal calf serum (GIBCO) are
infected with one of the six recombinant viruses with a
plurality of approximately 20 plague forming units. (pfu) per
cell.

After one hour at 37°C, fresh medium is added and the cells
are incubated for two hours. The medium is drawn off, the
cells washed once. Some MEM.BME medium without methionine
and/or cysteine and supplemented with 5% dialysed foetal
calf serum is then added. Labelling is performed with
0.5-1 mCi/ml of L-methionine-35S and/or L-cysteine-35S
(Amersham) for 3 hours at 37°C. The cells labelled in this
manners are rinsed twice with 20 mM tris-~HCl pH 7.2;



of the:vaccinia virus are isol at ed usi ng custonary technlques The
reconbi hant .vaccinia viruses (VV) expressing the early proteins of BPV-1

El y"E2, E5, E6 and E7 are respectively named VVbEl, VWbE2, WbE5, VWWbE6 and
VWbE7. b) Expression of El. E2, E5, E6 and E7 in cells i nf ect ed by the
reconbi nant viruses Some BHK-21 cells on CQul becco MEM BME nodi fied Eagl e
medi um (G BCO suppl emented with 10%fo tal calf serum (@ BCO are infected
wi th one of the six reconbi nant V|rusé§ with a plurality of approximtely
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added. Labell g erfornmed w L- pet hi oni 5S and/ or
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by scraping u nse centr S
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lysed inJf RAebwipken bé@t@whgrls HC ; pH 7.4; 150 nM NaCl; 1 nM Na2EDTA;, 1%
Triton X-100; 1% NaDeoxychol ate; O. 1@6SDS] or fractionated in order to

determine the subcellular |ocation of the BPV-l proteins. _
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eLocedure %%F %;b%go%%du V'%eél%kbe§9¥§95%%%2 (12) . Polyclonal
rabbit antisera directed against the bacterial fusion
proteins corresponding to'reading frames E1, E2, E5, E6 and
E7 are obtained using the conventional method known to the
person skilled in the art, see for example references (13)
and (14). |

W The cells infected with VVbEl produce a 69 kDa nuclear

'~ protein which is spécifically recognised by the anti-E1
antiserum (figure 1, band 1, band 2 relates to
immunoprecipitation with a non-immune serum). The cells
infected with VVbE2 contain a high level of a 48 kDa
polypeptide having cross-reactivity with E2 and
corresponding to the majér transactivation protein coded by
reading frame E2 of BPV-1 (figure 1, band 3 and control,
band 4). This polypeptide is detected in aldl the cellular
sub-fractions examined, in accordance with what has been
described for protein E2 of cells transformed by BPV-1 (15).
VVbE6 codes for a 15.5 kDa protein which is specifically
precipitated by anti-E6 serum (figure 1, band 6 and control
band 7) and over 50% of which is located in the cytoplasmic
fraction, as for protein E6 of cells transformed by BPV-1
(16). Cells infected with VVbES5 produce a 7.5 kDa
polypeptide associated with the cell membranes (figure 1,
band 7 and control, band 8), the characteristic location of
protein E5 of BPV-1 (17). Immunoprecipitation tests with
anti-E7 antiserum do not exhibit cross-reactivity.



~Cells infdcted

rabbit .anti sera directed agai nst the bacterial fusion proteins
corresponding to reading frames El, E2, E5, E6 and E7 are obtained using

t he 'conventi onal nethod known to the person skilled in the art, see for
exanpl e references (13) and (14). The cells infected with VVbEl produce a
69 kDa nucl ear protein which is specifically recognised by the anti-El
antiserum (figure 1, band 1, band 2 relates to i mmunoprecipitation with a
non-i mrune serun). The cells infectéd %ﬁt?l\NbEZ contain a high level of a
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band 6 and control band 7) and over 50% of mhlch is |located in the

cyt opl asni,c fracti. ed, Ry BPV-1 (16).
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cell menbranes (figure 1, band 7 and control band 8), the characteristic
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QCEPEQ?.% SR e came, PRsuds P Lese @%lo o5 12 e o
femal e (Enﬂﬂ&ﬂﬁesﬁurnanuaatﬂnmadsraﬂhhplstered between the 16th and
'~ 17th day with 3T3 cells from syngenic lines of Fischer rats
(FR3T3) transformed by BPV-1 in accordance with the protocol
described in references (9, 18) and named FR3T3-BPV-1-6. To
this end, 2 x 10% cells are injected subcutaneously in a
volume of 200 ul of MEM.BME medium without serum.

The results are shown in figure 2:
- all the control animals vaccinated with VV-0
k;’ develop tumours after an average latency period of

43 days.

- animals vaccinated with VVbEl or VVbE2 exhibit no
change in tumour development.

- animals vaccinated with VVbE5, VVbE6 and VVbE7
exhibit a significant delay in the appearance of
tumours. Moreover, in several cases no tumours
develop (> 250 days after test), which are the
dots shown in the box at the top of the figure.

These experiments are repeated with the test inoculation
being performed with FR3T3 line cells transformed by BPV-1
in accordance with the protocol described in references

(9, 18) and named FR3T3-BPV-1-3. Since VVbEl and VVbE2 have



of intraperitoneally inocuiated with the various reconbi nant viruses (at a

dosage .of 108 pfu in 100 [err]l). A booster injection with the same dose is
adim ni stered after 12 days and a test inoculation is adm ni stered between
the 16th and 17th day with 3T3 cells fromsyngenic lines of Fischer rats
(FR3T3) transforned by BPV-1 in accordance with the protocol described in
references (9, 18) and naned FR3T3-BPV-1-6. To this end, 2 x 10[err] cells
are injected subcutaneously in a volrud® 6f 200 Al of MEM BME nedi um wi t hout
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Example 2: Clbning of genome of HPV-16.

Cells of the line CaSki (ATCC 1550) contain the genome of
the HPV-16 virus incorporated into a chromosome. Starting
from ten 75 cm?® vials of semi-confluent CaSki cells, the

NS total genomic DNA is purified in the following manner: the

' cells are collected by scraping, centrifuged and washed and
then taken up in 15 ml of TE buffer [tris 10 mM pH 7.5; EDTA
1 mM] + 0.5% SDS. After treatment with proteinase K

'&/3 (7.5 mg/15 ml) at 37°C for 16 hours, the DNA is stored at
4°C., In this manner, 1 ml of solution containing 0.6 mg of
DNA is obtained.

70 pg of this DNA are partially digested with enzyme Mbol
(10 minutes; 40 units) and then applied to a linear sucrose
gradient (20% -~ 40%). After centrifugation (SW28 rotor, 16
hours at 25,000 rpm, 20°C), 500 pl fractions are collected.
. Those fractions containing DNA between 10 and 20 kb in size
(fraction 23-26) are combined, dialysed against TE buffer,
then precipitated with ethanol. In this manner, 5 pg of DNA
are obtained.

In order to provide a cloning vector for the DNA described
above, the DNA of bacteriophage lambda EMBL 301 (19) is
digested with restriction enzyme. BamHI. After extraction



top of -the figure correspond to animals which do not devel op any tumurs),
whil e WDE6 remains wi thout any noticeable effect in this situation.
Morteover, there appears to be no marked cumnul ative effect when WbE5 and

WhE7 are associ ated. Exanple 2: Cl oni ng of genome of HPV-16. Cells of
the Iine CaSki (ATCC 1550) contain the genone of the HPV-16 virus
I ncorporated into a chronbsone. Starti fromten 75 cnB vials of

sen -confluent CaSki cells, the total nonmic DNA is purified in the
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.the DNA is resus&)en,ded in TE buffer. The genom c DNA fromthe CaSki cells
arid the | SEHRenec the synthetic oligonucleotides inferred from _

the sequence of the HPV-16 Vlrus { (EMBL) PA1l6].

Screening of the recombinant bacteriophages is performed in
the customary manner for the person skilled in the art.
The oligonucleotides 1817 (seqﬁénce 57
CATGCATGGAGATACACCTACATTG 3’; reading frame E7) and 1818

NS (sequence 5’ GTGGATAACAGCAGCCTCTGCGTTT 3f; reading frame
ES), radioactively labelled with 32P are mixed and hybridised
with phage DNA (transferred onto nitrocellulose filters) for
16 hours at 55°C in 6 X concentrated SSC'buffer. The filters

\ are then washed under conditions of the same stringency, 10

positive signals (1-10) are obtained. The area of the Petri
dishes corresponding to these signals is taken up in 1 ml of
LBM buffer. These suépensipns are again spread onto two sets.
of 10 cm IJ Petri dishes (2-10 gl of suspension per dish) and
a second screening is performed with oiigonucleotides 1817
and 1818 separately. Since the signals corresponding to the
phages obtained from the first isolations 4 and 5 are the
most intense, these two clones are selected for the
continuation of the experiments.

Minicultures of E. coli Q358 bacteria infected with the
bacteriophage isolated from sub-clones 4-1, 4-2, 5-1 and 5-2
are made. The DNA from these clones is purified and digested
with restriction enzyme PstI in order to analyse the
selected recombinants.



bact eri ophage DNA are then ligated in accordance with a conventi onal
protocol (1l:[err]g of vector, 2 [err]g of genomc DNA). After packaging the
DNA using a kit marketed by Anershan1 a total of 0.75 x 106 i ndependent
clones is obtained. These bacteriophages are spread with E. coli\l (358
bacteria onto eighteen 14 cmdi aneter dishes on LBM nediumin order to be
screened with the synthetic oligonucl ggtides inferred fromthe sequence of
the HPV-16 virus [ (EMBL) PA16]. Screening of the reconbi nant bacteri ophages

i's perfozsfreérliﬂﬂ;iastsaﬁt e8ARbYaNBgNgGatOse 1§@1P6E1§QHaEJSVé|§ﬂA|Qréhe art. The
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di shes (39%prs Faphedys fERsPERASeF H¥%$B°QH&P%.§%CBHH Q1867 ngnds
perfornEﬂ?M&tbpoﬁhgemueleespdeslﬁsli and ﬁéﬂéhsewaimlehys manaer{ he signals

correspondi n o.1th a ed, fro o) n 4 and 5 are
t he nnstl?éfgﬁé%?gtﬁggg g&éngg %eg a%eﬁsg$ % % for t%%¥ %% g U&tion of the
exper i nedP¥~161 wirust gepemet E. coli (B58 bacteria infected with the

Jbact eri ophage isol ated fromsub-clones 4-1, 4-2, 5-1 and 5-2 are nmade. The

"BRA fromthese clones is purified and di gested with restriction. enzyme Pst
i n or derExamphel 34e theSQGPQBFéﬂgreﬁoH%An@ﬂf%espOndlng to E6, E7

and E5

Bacteriophage 5-1 is selected for the further
.experlmentatlon. In order to have available large quantities
of the DNA from this clone, DNA is prepared from 500 ml of
infected E. coli Q358 bacteria in accordance with a '

~ conventional protocol. 800 ug of DNA are obtained in this
‘manner. After digestion with enzyme PstI, the DNA is
subjected to electrophoresis on 1% agarose gel containihg
ethidium bromide and displayed over a UV lamp. The gel bands

corresponding to sizes 1063 and 1772 bp are cut out and the
DNA extracted using a "Geneclean" kit (Biol01 Inc.). This
DNA is then ligated into'a M13TG130 bacteriophage open at
site PstI and transformed into competent E._cbli NM522
bacteria.

The DNA from the recombinant M13 bacteriophages is purified
from minicultures (1.5 ml) and analysed by digestion with
restriction enzymes. A clone containing the HPV-16 1063 bp
band - (M13 E5) and a clone containing the HPV-16 1772 bp band
(M13 E7/E6) are selected.

In order to limit sequencing work and since the DNA sought
are those corresponding to reading frames E5, E6 and E7,
only those regions of the PstI restriction fragments



- 14 -, After migration onto a 1% agarose gel, the above DNA are transferred
onto a.nitraocel |l ul ose nenbrane according to the Southern techni que. These
nmelbranes are then incubated with the two ol igonucl eotides 1817 and 1818

| abel led with [err] by the action of polynucl eotide kinase as previously.
After hybridisation and washing of the nmenbrane, the nmenbrane is

aut or adi ographed. Two bands correspgnging to DNA of 1063 and 1772 bp in
size respectively are revealed in this manner, indicating that clones 4-1,
4-2, 5-1 = 5 VARYSEDEeL®. E | £n @B ES Sequenci ng
of DNA c%??ggégﬁa?%§§?%§é%?ﬁggﬁgiﬁg%ghggcterlo ga Eygéi I S, selected for the
further €EMpar ﬁﬁn?ﬁfi%ﬁqu??F%ﬁcﬁ&tﬁcﬁYﬁﬁQF%k%i$ %ééﬁ?%.ﬁ%t%ékﬁnW%? s of the
DNA fromhbi seghéfe DNA is prepared from500 m of infected E. coli (B58
bacteria in accordance with a conventional protocol. 800 [err]g of DNA are
obtained in this manner. After digestion with enzyne Pstl, the DNAis

subj ect e’ t ATCIrABCATATATES| 3/ 0and 95 AT DESETGEATACMA| Hf nfe%t hi di um br oni de
and disphﬁgeg7?ﬁgr a W lanp. The gel bands corresponding to sizes 1063 and
1772 bp are cut out and the DNA extracted using a "Ceneclean" kit (Biol Ol
Inc.). Tand DNA is then ligated into a ML3TGL30 bacteri ophage open at site
Pstl andgtr gpeihget®gdrrartacospetentmis €9l NVb22 bacteria. The DNA from

t he reconbi nant ML3 bacteri ophages is purified frommnicultures (1.5 m)
and anal ysed by digestion with restriction enzynmes. A clone containing the
MRY- 16 1963ubp hapeptdBants) thadstrutbure cofit kacteyiopka¢P\M1% B7/B6bp band

DNA soughDiafionRsss barresnthi fhe  Srradhhr8cProRaLRgBpNagEy B 1ol | 0e
t hose reMilBnESef TheesBgnencesebtained ferghgnrgveals complete
homology with the sequence contained in the PPH16 databases.
Two mutations are observed for E6: G instead of A in
position +46 and G instead of T in position 264 in relation
to the start ATG of E6. The sequence shown in figure 6 is
obtained for E5, a few bases of which sequence differ from

\ the sequence contained in the database.
Example 4: Cloning of DNA ffagments bearing E6, E7

and E5 in the transfer vector.

Before incorporating the DNA coding for these three reading
frames into the recombinant vaccinia viruses, it is
necessary to modify them in order to obtain unique
restriction sites upstream and downstream from the genes and
to improve the seQuences around the start ATG in order to
obtain a good translation and a high level of synthesised
protein.

a) Reading frame E6

A SalI restriction site and a Sphl site are respectively
created upstream and downstream from the sequence coding for
E6 with two synthetic oligonucleotides, using an
oligonucleotide-directed localised mutagenesis technique



- 15 - corresponding to proteins E6 and E7 (ML3 E7/E6) and E5 (ML3 E5) are
sequenced wiith synthetic oligonucleotides wth the sequence 5
ATETAACATATATTC 3' and 5 GITGITCCATACAAA 3' for ML3 E7/E6 and 5'
GTCTGCCTATTAATAC 3' for ML3 ES. Figure 4 represents the structure of
bact eri ophage ML3 E7/E6 and figure 5 represents the structure of
bact eri ophage ML3 E5. The sequence qbtyg ned for E7 reveals conplete

honol ogy with the sequence contained in the PPH16 databases. Two mutations

are obserugd lWanfF%ity .| AHRRA tho AocR1R8eH! hAkat4ibnandre ipexifdathed T in
position 264 in relation tot ?¥%tar; ATG of _E6G. Thg sgﬁﬁgnqe shown in
figure 6SHBUIHANGRUE 1Yo koddoudng: o AgORUEIEREIEESTi ffer from the
sequence contained in the database. Exanple 4: Cl oni ng of DNA fragnents

beari ng ?’Fﬁéggﬁgﬁ§§Uhﬂ?ﬁgﬁﬁ%k?Q§%ﬁbCX%E cBef Qe incorporating the DNA

coding f ree readi ranes 1 nto the reconmbi nant vaccini a

vi ruses, 5i't QAPGCARGCAGATACRGOH@'fy themin order to obtain uni que _
restriction sites upstream and downstream fromthe genes and to i nprove the
sequences around the start ATGin order, to ob%gin a_gqod translation and a
hi gh | evém & mighepiside disriditaiaduced 1nppogifdofy éﬁe%rﬁ@gﬁm‘r &4 riction
site and @ eSpG SittE deer tiudleptiteated thps samemntdme davtdte eam from
t he sequence coding for E6 with two synthetic oligonucl eotides, using an
Qligonudﬁﬁiﬁ(ﬁéﬁﬁTected | ocal i sed nut agenesi s techni que

The bacteriophages obtained are analysed by digestion with

S _ i
restriction enzymes and by sequencing. A clone is selected

for the continuation and designated M13TG1181. The SalI-SphI
restriction fragment is then cloned into the pTGl86poly
vector (11) open at the SalI and SphI sites (pTG2198). This
vector allows the transfer of the DNA into the vaccinia - -
virus genome. '

N, :
‘b) Reading frame E7

A PstI restriction site and an A nucleotide in position -3
are introduced upstream from the sequence codiﬁg for protein
E7 by localised mutagenesis using the following
oligonucleotide:

5’ GTAGAGAAACCCTGCAGCCACCATGCATGGAG 3/

Several clones weré obtained. One of thém, containing a
350 bp PstI restriction fragment, is sequenced in the zone
corresponding to the mutation. The sequence does indeed
correspond to the expected mutation (M13TG1182). The PstI
restriction fragment is then inserted into plasmid
pTG186poly open at site PstI (pTG2199).



-+16 - (Amershamkit). These two |ocalised nutations are perfornmed:
si.nul t aneously using the follow ng oligonucl eotides: 5 '
GTTAGTATAAAAGT CGACCCACCATGCACCAAAAGAG 3' 5 CATGCATGCAGATACACC 3' An A

nucl eotide is introduced in.position -3 in relation to the ATG instead of a
T nucleotide at the sane tinme as the Sall site. The bacteri ophages obtai ned
are anal ysed by digestion with restrictbon enzynes and by sequencing. A
clone is selected for the continuation and desi gnated ML3TGL181. The

SaII-SphIcyestﬁggai#§ frageens is then cloned into the pTGl86poly vector
(11) open at the SalT an p sites (pT&198). This vector allows the

transfer of the DNA into the vaccinia virus genone. b) Reading franme E7 A
Pstl restaipstdnresteictilonnsfteuis cihselrted ppstream £8omrehe nstadticed

upstream m.th n LOg . el 75 Dy. i,sed mutagenesi s
usi ng thei"?gl ?%Wgﬁé‘?%ﬁ*‘?g%ﬁﬁ’ﬁ?g%? i &é‘%’s{){%‘gmﬁ%m CCATGCATGGAG 3'
Several clonatisedemybagenesis aeing thenfolbevingi ahigomsoleptde;

restriction fragnment, is sequenced in the zone corresponding to the
mut ati on. The sequence does i ndeed correggond to the expected nutation

(ML3TGL182] . CFREACEEFATEIRCTCERGPATCACANTCTEGRRed i nserted into plasmid
pTGL86poly open at site Pstl (pTG2199). - 17 -

An EcoRI restriction site is introduced downstream from the
Nt ‘stop codon using the following oligonucleotide:

S

57 GTATATGTACATAATGAATTCTTACATATAATTGTTG 3’

These two mutations are introduced simultaneously (Amersham

kit). The clone selected for the continuation is designated

M13TG 3151. The PstI-EcoRI restriction fragment is then

inserted into plasmid pTG186poly open at the sites PstI and
\ EcoRI (pTG3180).

Example 5:° Construction of recombinant vaccinia viruses.

Plasmids pTG2198, 2199 and 3180 are used to transfer reading
frames E6, E7 and E5 into a vaccinia virus (Copenhagen
strain) as previously described. The recombinant viruses, in
which the coding sequences are under the control of the
vaccinia 7.5 k promoter, are named VVhE6, VVhE7 and VVhES.

BHK-21 cells on MEM.BME medium supplemented with 10% foetal
calf serum are infected with one of the three recombinant
viruses with a plurality of approximately 20 pfu per cell.

After incubation in accordance with the previously described
protocol, the cells are recovered, lysed and fractionated in
order to determine the subcellular location of the HPV-16
proteins.



C) Reading franme E5 A Pstl restriction site is inserted upstreamfromthe
start ATG of *reading frame E5 (position 3851 in PPH16) by Iocalised
nut’agenesi s using the follow ng ol i gonucl eotide: 5
GITCTACTGGATTTACTGCAGTATGACAAATCTTGAT 3' An EcoRI restriction site is

I ntroduced downstreamfromthe stop codon using the foll ow ng

ol i gonucl eoti de: 5 GTATATGTACATAATGAAT CTTACATATAATTGITG 3' These two

nmut ations are introduced sinmultaneously (Anershamkit). The cl one sel ected
for the cmmfésmimnofstldesmgrmi&cmvrkﬁiﬁéb&l velhier iksd IbyrCORI restriction
fragrrent hen in t S 8 0 e s Pstl
and EcoRI* ]é%():lggiggl‘w %mhae rB(fg -E%Sct %h% é’fse%%‘ |£r}?infié<§cci ni a
Vi ruses. wiiﬁs d%qymae) 2199 and 3180 are used to transfer reading
frames E6, E7 and E5 into a vaccinia virus (Copenhagen strain) as
previously described. The reconbpinant viruses, in which the coding

sequencesThe eokelonpt apkibedies qqﬁ?Qﬁﬁﬁn%ﬁ%%EEQSqpﬁwkﬁﬁﬁ%ﬁlahre named
WhE6, WHieicwdorobébn Sbiredpatdiny Q:lb Mﬂ&ﬂ(ﬁ rﬁeymés SR RIret €M th
10% foetal cal]f serumare inf ect,ed ne e .t hree reconbi nant

T uses RERHASR Y| PRSP R O ?imwbetr% § PSR | ncubat i on
i n accor danckled t int tite parety | and|destasidiadeith preffermrices he2aeldrsd ar e
recovered igsed and fractionated in order to determ ne the subcellul ar
|.ocation ()% he HPV-16 proteins. - 18 - Expression of the E6 and E7
defies is verified by immunoprecipitation of the proteins synthesised

(1 abel | eGpyd té'lef’ﬁé £NBEELEE)with Srvife) Prydticé i D iigsa dyEsp ResRHA! NSt

THe bacterla
protein which is spec1f1ca11y recognised by anti-Eé6

antiserum (flgure 7, band 1, band 2 corresponds to
immunoprecipitation with a non-immune serum. The cells
infected with VVhE7 also produce a 19-20 kDa cytoplasmic .
- protein specifically recognised by anti-E7 antiserum (figure
"7, band 3, band 4 corresponds to immunoprecipitation with

non~-immune serum). - B -

s
Since no anti-serum is available for E5, incorporation of
the E5 expression block into the vaccinia virus was verified
K by DNA analysis using the Southern technique.
L

Example 6: Effect of vaccination with VVhE6 and VVhE7 on
the development of tumours induced by HPV~-16.

Groups of 4'week.old'fema1e (Fischer) rats are vaccinated by
intradermal injection of 5.107 pfu (in 100 pl) of the
various recombinant viruses. A booster injection with the
same dose is administered after 12 days.

Between the 16th and 17th day, they are tested with a line _

obtained by co-transfection into primary rat cells: (line

REO1)

1) of a plasmid including the HPV-16 genome under the
control of the Moloney retrovirus LTR (22);



fusion:protein corresponding to reading franes E6 and E7 are obtai ned by

t he .conventi onal nethod known t.o the person skilled in the art and
destribed in references (20) and (21). The cells.infected with VWWhE6
produce an 18 kDa cytoplasmc protein which is specifically recognised by
anti-E6 antiserum (figure 7, band 1, band 2 corresponds to

I munoprecipitation wth a non-i mune ser4m The cells infected wth VWhE?
al so produce a 19-20 kDa cytoplasmc protein specifically recogni sed by
anti-E7 ati serfura (dliapmisl Godiayl £r [eanwesd sd@mnces gemes tioo G418 and

I munopr eci pi tafd W qﬁﬁ:iqu% ard! I3
avail abl e for %le C%hn\(g)%%’or at |do.n 0 %}%SJIE? é))?g Qs%%ilcrji% %:%gk&%rﬁio@%}%ed
vacci ni a vi r ust Wes R i $HRILERATINA T AdMATta lising geaesout hern t echni que.
Exanmpl e 6: Ef fect of vaccination with WhE6 and VWhE7 on the

devel opnment of fu rs i nduyced HPV-16. G oups of, 4 week ol.d femal e
(Fi scher /2 Patk0’a G i, antaridt a5 adn S RGUS ARESHATIC oA P05ALoNaLRf u (i n
100 [err]olf) MEMIBME Jarffurs witkhodt rasxtami ruses. A booster injection with
the sane dose is adm nistered after 12 days. Between the 16th and 17th day,
“they are tested with a |ine obtained by co-transfection into primry rat
cell's: (IThe fREQYwing ohservajiiong drendags op tthe Hagiss ofefdengsier the
control &f J4ie Jbloney retrovirus LTR (22); - 19 - 2) of a plasmd
coding for a resistance gene to (418 and for EJ-RAS, which transfornms only
éb?ls of established lines or expressing an i mortalising gene. 2 x 104

;.-\le I's are inject ed withast ARame gbrittcdl #MinAly ldevellop@etectable

tumours 10 days after the inoculation of
transformed cells (see dashed lines).

- animals vaccinated with VVhE6 do not develop
tumours in 2 cases out of 7 (> 100 days). When
‘tumours appear, in three cases their de&elopment
is very significantly slowed and for two animals

~ the appearance of tumours is delayed (24 and 34
days instead of 10 days). Finally, in two cases,
tumour development is identical to the development

i_?. found in the animals in the control batch.

- animals vaccinated with VVhE7 do nét develop
tumours in 3 cases out of 7 (> 100 days). In the
four other cases, tumours appear from the 10th

'days, but their development is significéntly
delayed.

In order to test the protective effects of these
vaccinations, those animals in the two batches which did not
develop tumours are taken and tested 80 days after the first
inoculation test with 10 times the initial dose, i.e. 2 x
105 cells. Under such inoculation conditions, control
animals develop tumours after 4 days.



of MEM BME buffer wi thout serum The foll ow ng observations are nmade on the
basis of figures 8 and 9: unvaccinated control aninmals devel op detectable
tumours 10 days after the inocul ation of transformed cells (see dashed
lines). aninmals vaccinated with WhE6 do not develop tunburs in 2 cases out
of 7 (> 100 days). Wien tunours appear, in three cases their devel opnent
is very significantly slowed and for_typ ani nals the appearance of tunours
is delayed (24 and 34 days instead of 10 days). Finally, in two cases,

tunour devel opment dginglEtitiddn had hRedevRlceimited Qitth WVHERE ani mai s in
the control batch. QY)%IBI s yvaccinat,ed w t, hE7 do not d&rﬂ?:ﬁgeturmurs I n
3 cases out of 7 (¥4 Jmours din. an, ey appear from
t he 10t h days, but ¢¢m£rolkanﬂmumsent S S|gn|f|cantly delayed In order to
test the protective effects of these vaccinations, those animals in the two

bat ches which did not devel op tunmours are taken and tested 80 days after
the first inocul atibm eentragh,h the enisalshprieviouslydoascinaged x 105

cel I's. Under such ipoewAH®N doPhditt a%%mg,o%wu%méwrﬁ‘ﬂﬂé% Y ggour s
after 4 days. - - 20 -,aninmals which had been vaccinated wth VVhE6

devel op tumours in SAPFHERNTL> FQONERYSS t he control animals. in contrast,
the animals previously vaccinated with VhE7 do not devel op tunours even

under tr“%hese results and the preceding ones emphasise the important
ﬁw’ role played by E7_ant1gens in protection against the
G development of tumours induced by HPV-16.

'In order to verify the above results, two further series of
experiments are performed with other cell lines. Groups of 4
week old female rats are vaccinated by intradermal injection
with recombinant viruses as previously described. The rats
vaccinated with the recombinant viruses are tested with

2.10% or 10° primary rat cells (line RE31) prepared according

to the previously described protocol. The number of animals

rejecting tumours or in which a delay'in the appearance of

tumours is observed is given in the first part of table II
;ﬁ; (first test). In this table, VVO corresponds to a  control

recombinant vaccinia virus which does not express a HPV
protein. Then, some rats which had rejected the tumours a
_first time are re-tested but using a higher concentration of
primary cells (2.105 instead of 2.10% or 105). The results
obtained are shown in the second part of table II (second
test).' | |



condi tions (> 100 days). These results and the precedi ng ones enphasi se the
i nportant role played by E7 antigens in protection against the devel opment
In order to verify the above results, two
further series of experinents are performed with other cell lines. G oups
of 4 week old female rats are vaccinated by intradermal injection with
reconbi nant viruses as previously descrijpbed. The rats vaccinated with the
reconbi nant viruses are tested with 2.10[err] or 105 primary rat cells
(l'ine RE31) prepared according to thagyeewvizously descri bed protocol. The

of tunours induced by HPV-16.

nunber of—animals rejecting tunours or in-which a delay in the appearance

of tunNDUIedeMIPTEY 6Fikes Ji Ven | RdfutionSt Papéray iable || rothnst test).
In this table, WO corresponds to a control regppéaranéevacci nia virus

whi ch does not express a HPV protein.

Then, sowE raimduahi ch had rejected

the tunodis a TiTSI IINE ATe Je-Tested [ut _Using.a.nigner_concentration of
pri mary é%¥ﬁgL@%¥¥@é2Lﬁ§?E%@;Hﬁléuiéﬁgék—£§#j$¥¥¥qu%&LﬁggéFﬁﬁﬂéﬁﬁ%5ned are

shown i n ywheeesecond part of table'll3y§econd test§/13 - 21 - d}i&E [
Reconbi nanghpi r us Rejection 371Pelay in s/17 Total appearance of
tumour Fivveg test by injection of 2xaP#7cells of 6yne RE31 perofrr VVhEG

g; }_3 Firs‘l_'95/,%1$8 En@ in]'esc/:éfor\i/\glg 10° cells of é; ;‘g RE31 pe?%!el;:ﬁ§7
0/ 17 Firstvimst by injection of 10[evy}o cells ofifj2ee RE31 peg/z@t VVhEG
7h20 VVhE7 1/ 20 8/ 20 5/20 0/20 5/20
o Vo . 1/20 0/20 1/20
s Second test by injection of 2x10° cells of line RE31 per rat
VVhE6 2/4 0/4 2/4
VVhE?7 3/4 1/4 4/4
vvo

0/5 0/5 0/5

In another series of experiments, primary rat cell lines,

used to test the vaccinated rats, are transfected by:

of its own promoter,

1) a plasmid including the HPV-16 genome under the control

2) a plasmid coding for a resistance gene to G418 and for

EJ-RAS which transforms only cells of established lines

or expressing an immortalising gene.

In this way, line RE604 is obtained. Table III presents the

results obtained under these experimental conditions.

TABLE III

Test by injection of 2 x 10% cells of line RE604 per rat

Delay-in Total

Recombinant Rejection
virus appearance of

tumour
VVhE6 0/30 6/30 6/30
VVhE7 7/40 10/40 17/40
VVhE6 /VVhE7 0/10 2/10 2/10
vVvo 0/30 0/30 0/30

The results of these experiments emphasise the important

roles played by antigens E7 and E6 in protection against

tumours induced by HPV-16.



WhE7 + ' 5/20 - - 0/20 5/20 WO

1/-20 . * 0/ 20 1/ 20 Second test by injection of 2x105 cells of
| i e RE31 per rat VVhE6 2/ 4 0/ 4

2/ 4 VWhE7 3/4 1/ 4 4/ 4 WO

0/ 5 - 0/5 0/5 In another series of experinments, primry
rat cell lines, used to test the vaccipated rats, are transfected by: 1)

a plasmd including the HPV-16 genonme under the control of its own

promoter,r¢)a11 deReasif £HMII é)&&é"ssfﬁ?ﬁ YRt 8P & andidor

EJ- RAS whi ch, transforns only, cells established |1 nes or expressing an

i mor t al i BY nupaRePreGipkiatien. Wn%é’wlﬂé& AL Pxegeed Y present s
the resuldmwtbipéni Pedignticsrdfmse ropaldp@idait agpuh thlonslineBlrE |11 Test by
i njection_of g x.104 cells of |ine RE604 per rat Reconbi nant

Rej ect i onTUEST10 ay in Total virus

appear ance of tunour VVhEG6 0/ 30 6/ 30

8; ig WhF‘IYhe fon}Télng stra171454erere dpiR/ 511:1&{4:91 24 Februa::jy7 / ];E:QQWhEG/ VVhE7
0/ 30 with the/Golipetien Lth'SIQﬁath}é%% Qildamen e Mifreonganisnes

i mpor t antof of s p},gyggu@ypggﬁéﬂen gnd E6 in protection against tunmours
i nduced by HPV-16. e cell_1ines, expression of protein

E7 is verified by |‘f"rnuﬁ%'ﬁ’r &Tﬁﬁ%%ﬁ "U'H;] ey’ frdftdhtive action exercised by
ahti gen E7 is +hereforeohbtpThzroalamdemwarr thaig.ne in

Ny - E. coli pTG3180 under n° I-839.

A



guestion. The follow ng strains were deposited on 24 February 1989 with the
Col I ection Nationale de Cultures de Mcroorgani smes of the Institut Pasteur
(Pdris): - E. coli pT&198 under n[err] 1-837. - E. coli pT&199
under n[err] 1-838. - E. coli pTG3180 under n[err] I-839. - 23 -
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sel ect ed fromgdisi IoMaRiittade’y I(ledur isH12aan)g M. PQMaaidp &9 BYi. MUy or for
an essenti al r%%i on q,f t he ifgdgpr tein; h_g said DNA fragnent being placed
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cells. 2) Phar maceuti cal preparation according to claim1 conprising a

" ecombi naits PRERINLER J8 L A SHNIOTNS 81, 7880.

N

\_/ (16) ANDROPHY, E.J. et al. (1986). Science 230, 442-445.
(17) BURCKHARDT, A. et al. (1987). EMBO J. 6, 2381-2385.
(18) GRISONI, M. et al. (1984). Virology 135, 406~416.
(19) LATHE, R. et al. (1987). GENE 57, 193-201.

o |
(20) ANDROPHY, E.J. et al. (1987). EMBO J. 6, 989-992.
(21) SHOTKIN and WETTSTEIN (1986), PNAS 83, 1689-1694.

(22) STOREY, A. et al. (1988), EMBO J. 7, 1815-1820.



mh}ch i's inserted a fragnent of heterol ogous DNA coding for a protein
selected fromthe proteins [err] originating froma papillomaviTus+-+he

saild DNA fragnment being placed under the control of the fa ssary T
for its expression in mammalian cells. 3) Phar maceut i cal ﬂ,ﬂmw MH"
according to claim2 conprising a reconbi nant pox virus, into ¢ I
which is inserted a fragnment of heteraglgpgous DNA coding for a protein
selected fromthe proteins [err] and E7 originating froma type HPV-16

papi | | omavirus. 4) Phar maceuti cal preparation according to one of clains
2 or 3 conprising a reconbi nant vaccinia virus, into the genonme of which is
I nserted a fragnent of heterol ogous DNA coding for a protein selected from

the proteins [err], E6 andQEAINS| dexgephqgféro8paindpill omavirus. C L

- 26 - 5) Pharnaceutlcal preparation according to one of clains 2, 3 or 4

conprising a reconbi nant, pox virus, into the genone of which is inserted a
f ragment 1df hAhaAraspisl oA REsRatgtion insepprdeffor] the freatmests rom a

papi | | omavi r Uor PrevditticiGRIE palpinnepakaruen 1&@@@&%&90&0%@# cl ai s

2, 3 or 4 conpr|5|n%8? regggblnant QX Vvirus, in ggtgonone of which is
inserted a fraGHsm 9N FOIPTBRRSC 8dFRGOR Pnﬁ & M8T&Sgi nati ng

froma papil | dreso rtlsee genomePloay mmde_ht usahnpeepgﬂahl dragmemtdiofy to one of
oL 2 oo ATl o KRG BE0! 0BG H peh AR5 U5 OH, ©

07‘1 gi nati ng f marateins Eg, Eg and E, orlglnatlng from a paplllomav1rus

\/ or for an essential region of the said protein; the
said DNA fragment being placed under the control of the
factors necessary for its expression in mammalian

cells.

2) Pharmaceutical preparation according to claim 1
comprising a recombinant pox virus, into the genome of
which is inserted a fragment of heterologous DNA coding
for a protein selected from the proteins E;, E; and E,
originating from a papillomavirus; the said DNA
fragment being placed under the control of the factors
necessary for its expression in mammalian cells.

3) Pharmaceutical preparation according to claim 2
comprising a recombinant pox virus, into the genome of
which is inserted a fragment of heterologous DNA coding
for a protein selected from the proteins Eg, E; and E,

- originating from a type HPV-16 papillomavirus. .

4) Pharmaceutical preparation according to one of claims 2
or 3 comprising a recombinant vaccinia virus, into the
genome of which is inserted a fragment of heterologous
DNA coding for a protein selected from the proteins Eg,
E¢ and E, originating from a papillomavirus.



papi |l | omavirus. 8) Phar maceuti cal preparation according to one of clains
1.10 7, characterised in that position -3 of the transl|atton-inat+t+ati-onr—-—
regi on conprises an Aor a G 9) Phar maceuti cal preparati

one of clains 1 to 8, characterised in that the pox virus |,$!! !mwil j”"'
killed. 10) Pharmaceutical preparation according to one of

characterised in that it conprises ah mgceptable pharnaceutlcal carrier
allowing its admnistration by injection into man or ani nals. - 27 -

CLAI M5 FeR SthHrﬁhceuEﬁaaasprbparhh&opraduotamﬂgotoaonbabﬂaceaﬁhsal
preparation iQtend fo Lreat ven p | I Vi rus

I nfection or ? n§ %@ #B%relg agfg%cgéﬁgbgsgs %ev$ ?%Ulgﬁtongg? a

r econbi nant pgﬁnwmeugf Mhaghthé dasemtedf awfratmenti afcheteralégaysent of
het erol ogous BNA %@iuﬂq fo'i: Profteial & SSf?EiﬂQtiﬁ?%f&ﬁ groteins [err]
originating froma _papil|lomavirus or for an essential region of the said
protein; the $aPdlBHRRaAVAEYFent bei ng pl aced under the control of the
factors necessary for its expression in mamualian cells, mnth an acceptable
pharmaceutical  carrier r oces accordln ai n11 l,ch the pox
virus is ; re BﬁﬁpﬁgﬁPt&S%lvPF& ar; 8ntﬂ8°8§ﬁ6 ﬁ? ﬂﬂ?cﬂ Tgﬁgﬁrted a
fragnment of heLeBobmgGusoﬁuklsangng frecombpnahti posevirasd inba1the

proteins E5, §% 15 N E'&QSE&%Eha gé&#&ﬁ@véfuﬁetéP818§bﬁ
f.ragnment bein p ace under t e control actors necessar it
expr essi on | nDH@neeKing £er| protein Eg orlqlnatlng from a

W papillomavirus.
7) Pharmaceutical preparation according to one of claims
2, 3 or 4 comprising a recombinant pox virus, into the
genome of which is inserted a fragment of heterologous
DNA coding for protein E, originating from a
papillomavirus.
' 8) Pharmaceutical preparation according to one of clalms 1

to 7, characterlsed in that position -3 of the
translation initiation region comprises an A or a G.

9) ' Pharmaceutical preparation according to one of claims 1
to 8, characterised in that the pox virus is living or
killed.

10) Pharmaceutical preparation according to one of claims 1
to 9, characterised in that it comprises an acceptable
pharmaceutical carrier allowing its administration by
injection into man or animals.
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-3) Process according to claim2 in which the pox virus is a reconbi nant

pox virys, into the genone of which is inserted a fragnment of he%e#e#eggus____
DNA}codlng for a protein selected fromproteins [err] and [

or:
froma type HPV-16 papillomavirus. 4)  Process according toU”ML ﬂmﬁﬁm
2 or 3 in which the pox virus is a reconbinant vaccinia viru
genone of which is inserted a fragnent_of heterol ogous DNA codi ng for
protein selected fromthe proteins [Er?f Terr] originating froma
papi | | omavi rus. 5) Process according to one of clainms 2, 3 or 4 in
whi ch the pox virus is a reconbinant pox virus, into the genone of which is
i nserted a fragnent of heterol ogous DNA coding for protein [err]
originating froma papillomavirggar@s ror'@8£E8 according to one of clains
2, 3 0or 4in which the pox virus s a reconbl nant pox virus, into the
genone of which is inserted a fragnent of heterol ogous DNA coding for
protein EG Orll?}tdl@éng‘:‘dﬁ Giﬂe’i paRiddtiRY idfus pharmadeytdsalaccording to one
of claims 2, 3 or 4 in wh rl_teégie%éoogwruswa%& cizonblnant X virys, into
the genome of WQ?F??‘?rhslé} 1GgFEEVEW IOy f or
protein E7 ongmﬂ@ﬁamwa pamddmmlqrusl:un@ur, Rideds prepaadiimn t 0 one
of claims 1 to.fp,fAUAGhEL | f%”zqndl%él*b@} o‘PSA e ridfndd S %Oxt (AQgat i on

dnitiation regl Oﬁp conpri ses an rocess accordi ng td one of

cI aims 1 to 8,inrterthe denane of twmtch h'tés p;mse\r%a Sraomend OF kil | ed.

heterologous DNA coding for a protein selected from the

ggj proteins E;, Eg and E; originating from a papillomavirus
or for an essential fegion of the said protein; the
said DNA fragment being placed under the control of the
- factors necessary for its expression in mammalian
cells, with an acceptable pharmaceutical carrier.

2) Process according to claim 1 in which the pox virus is
o a recombinant pox virus, into the genome of which is
inserted a fragment of heterologous DNA coding for a
protein selected from the ﬁroteins Es, Eg and E,
. -originating from a papillomavirus; the said DNA
s fragment being_placed under the control of the factors
necessary for its expression in mammalian cells.

3) - Process according to claim 2 in which-the pox virus is
a fecombinant pox virus, into the genome of which is
inserted a fragment of heterologous DNA coding for a
protein selected from proteins Eg, E¢ and E, originating
from a type HPV-16 papillomavirus.

4) Process according to one of claims 2 or 3 in which the
pox virus is a recombinant vaccinia virus, into the
genome of which is inserted a fragment of heterologous
DNA coding for a protein selected from the proteins Eg,
Eg and E; originating from a papillomavirus.



10) Process according to one of ciaims 1 to 9, characterised in that the -
accept abl.e pharnaceutical carrier allows its admnistration by—njection

ket ' i mce R

5) Process according to one of claims 2, 3 or 4 in which

- 28 -~

the pox virus is a recombinant pox virus, into the
genome of which is inserted a fragment of heterologous
DNA coding for protein E; originating from a
papillomavirus.

6) Process according to one of claims 2, 3 or 4 in which
the pox virus is a recombinant pox virus, into the
s genome of which is inserted a fragment of heterologous
A DNA coding for protein Eg originating from a
N . papillomavirus. '

7) Process according to one of claims 2, 3 or 4 in which
the pox virus is a recombinant pox virus, into the
genome of which is inserted a fragment of heterologous

" DNA coding for protein E, originating from a

papillomavirus.

8) Proéess according to one of claims 1 to 7,
characterised in that position -3 of the translation

initiation region comprises an A or a G.

9) Process according to one of claims 1 to 8,
characterised in that the pox virus is living or
killed.

10) Process according to one of claims 1 to 9,
characterised in that the acceptable pharmaceutical
carrier allows its administration by injection into man

or animals.



