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BACKGROUND OF THE INVENTION
_ Papilloma virus infections are known not only
in humans Dbut also in animals such as sheep, dogs,
cattle, coyoteé, wolves, possums, deer, antelope, beaver,
turtles, bears, lizards, monkeys, chimpanzees, giraffes,
impala, elephants, whales, cats, pigs, gerbils, elks,
yaks, dolphins, parrots,' goats, <rhinoceros, camels,
lemmings, chamois, skunks, Tasmanian devils, badgers,
lemurs, caribou, armadillo, newts and snakes (see for
example "Papilloma Virus Infections in Animals" | by J P
Sundberg which 'is described in Papilloma viruses and
Human Disease, edited by K Syrjanen, L Gissman and L G
Koss, Springer Verlag 1987).
It is also known (eg. In Papilloma viruses and
Human Cancer edited by H Pfister and published by CRC
Press Inc 1990) that papilloma viruses are included in
several distinct groups such as human papilloma viruses
(HPV) which are differentiated into types 1-56 depending
upon DNA sequence homology. A clinicopathological
grouping of HPV and the malignant potential of the
lesions with which they are most frequently associated
may be separated as follows.
In a first group may be listed types 1 and 4
which cause benign plantar warts, types 2, 26, 28 and 29
which cause benign common warts, Types 3, 10 and 27 which
cause benign flat warts and Type 7 which causes butcher’s
warts. This first group of infections occur in normal or
immunocompetent individuals. | |
In a second group which refer to
immunocompromised individuais there may be listed Types 5
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rarely In a third group which infect particularly the

genital tract there may be listed Types 6, 11, 34 and 39,
41-44, and 51-55 which cause condylomata which are rarely
malignant, Types 13 and 32 which cause benign focal
epithelial hyperplasia, Types 16 and 18 which cause
epithelial dysplasia and other lesions considerable
potential including bowenoid papulosis, and Types 30, 31,
33, 35, 45 and 56 which cause condylomata with
intermediate malignant potential. The condylomata appear
mostly in the anogenital tract and in particular the
cervix. Types 16 and 18 are associated with the majority
of in situ and invasive carcinomas of the cervix, vagina,
vulva and anal canal. The condylomata may also occur in
the aerodigestive tract. '

In particular HPV16 is associated with
premalignant and malignant diseases of the genito-urinary
tract, and in particular with carcinoma of the cervix
(Durst et al., PNAS 80 3812-3315, 1983; Gissmann et ‘al.,
J. Invest. Dermatol 83 265-285, 1984). Presently, there
is no information on the role of humoral responses in the
neutralization of HPV16. :

The detection of antibodies against HPV16
fusion proteins (Jenison et al., J Virol 65 1208-1218,
1990; Kochel et al, Int. J Cancer 48 682-688, 1991) and
synthetic HPV16L1 peptides (Dillner et al. Int. J Cancer
45 529-535, 1990) in the serum of patients with HPV16
infection confirms that there are B epitopes within the
capsid proteins of HPV, though few patients have HFV
16L1-specific antibodies identified Dby these techniques.
There is no system for HPV16 propagation in vitro, and
human genital lesions produce few HPV1é virions;
therefore HPV16 particles have not been available for
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'~ small DNA viruses encoding for up to éﬁgg@ g§§l§85nduﬁﬂﬁ.
late genes. (for review gee Lancaster and Jenson 1987
cancer Metast. Rev. p6653-6664; and pfister 1987 Adv.
cancer Res A48, 113-147). The organisation of the late
genes 1is simpler than the early genes. The late genes Ll
and L2 slightly overlap each other in most cases. The
putative L2 proteins are highly conserved among different
papilloma viruses particularly the sequence of 10 basic
amino acids at the C-terminal-end. The broad domain in
the middle reveals only small clustered similarities.
The L1 ORF however appears monotonously conserved in all
known cases. ' (See Syrjanen et al above). The amino acid
sequence homology reaches 50% with the comparison between
HPVia, HPVED, ppvi and CREV (Cotton tail rabbit papilloma
virus). .

In regard to immunotherapy.concerning papilloma
virus infections prior methods of treatment of warts and
epithelial gkin lesions have jnvolved the use of surgery
which can'bé painful and traumatic with scarring often a
result with the risk that reinfection can occur.

'~ preatment with chemicals has also been used. A common
_treatment agent ijg salicylic acid which ig the main

ingredientj in strengths ranging from 10% to 40% in

tinctures and plasters. Formalin in strengths of 3% -
. 20% has also been proposed. C:yotherapy has bheen used
for treatment of skin warts. Gluteraldehyde as a

treatment agent has also been used. Podophyllin has also
peen used with varying success for poth skin warts and
' anogenital condylomata. The types of surgery that has
been used on énogenital condylomata has included gurgical
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(Pilacinski et a., 1986) and HPV11 virions can be
inactivated in an in vitro model Dby specific antisera
(Christensen and Kreidexr, J. Vvirol 64 3151-3156, 1990).
There is also some evidence that spontaneous regression
of HPVi-induced cutaneous warts is associated with
increased humoral immune responses to wart protein
(Kixchner, Prog. Med. Virol 33 1-41, 1986).

_ Vaccines have also been proposed with
indifferent success. It has Dbeen proposed to use
vaccines containing autogenous tumor homogenates
[Abcarian et al J. Surg Res 22: 231-236 (1977) Dis Colon
Rectum 25:648-51 (1982) Dis Colon Rectum 19: 237-244
(1976)]. Howe'vei: it has recently been advocated that
patients should no longer Dbe treated with autogenous
vaccines because' of the potential oncogenic effect of the
viral DNA (Bunney 1986 Br Med J 293 1045-1047).

In relation to production of genetically
engineered vaccines this matter has been discussed in
pfister (1990) above and it seems that difficulty has
been experiended in obtaining an effective vaccine
because of the plethora of different papilloma virus
types. Pfister however points out that attention should
be directed to the 8o called early proteins (ie. El, E2,
E3, E4, E5, E6, E7 or E8) because these proteins are most
likely synthesised in the proliferating basal cells of a
wart jnfection in contrast to the structural proteins
which are _expressed in the upper epidermal layers.
Therefore according to pfister (1990) virus capsid
protein appears to be limited in relation to use in a

' vaccine. The use of recombinant vaccinia viruses in in
vitro test systems for papilloma virus early proteins in
eukaryotic cells has Dbeen discussed also in Pfister
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Data on successful proplylactic vaccination
exist only for Dbovine fibropapillomas homogenised
homogenate of .bovine fibropapillomas and has been shown
to provide limited immunity (Olson et al J Am Vet Med
Assoc 135, 499 (1959) Cancer Res 22 463 (1962)). A
vaccine including an engineered L1 fusion protein
(Pilacinski et al. UCLA Symp. Molecular and Cellular
Biology New Series Vol 32 papilloma Viruses Molecular and

Clinical Aspects Alan R Liss New York 1985 257) has also
been used in calves but proved unsuccessful in humans
(Barthold et al J. Am Vet Med Assoc. 165, 276, 1974). 1In

. Pfister (1990) it is stated that there is presently no
evidence for a possible prevention of HPV infection by
the use of a capsid protein vaccine, but induction of an
antitumor cell immunity appears to be feasible. -

' The L1 and L2 genes have been the basis of
vaccines,for_the'prevention and treatment of papilloma
virus infections and immunogens used in the diagnosis and
detection of ‘papilloma viruses (International Patent
Specifications 'W08605816 and WO08303623). However, it
appears that no commercial usage of these vaccines have
taken place.

_ SUMMARY OF THE INVENTION

Therefdre it is an object of the invention to
provide virus like particles (VLPs) which may be useful
as diagnostic agents as well as forming a component of a
vaccine for use with papilloma virus infections.

The invention therefore in one aspect includes
a method for production of papilloma virus like particles
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virus- neUtr?lifat'on aChihkifb¥ting a suitable host cell with said one
' or more recombinant DNA molecules so that virus like
particles (VLPs) are produced within the cell after
expression of the Ll or combination of L1 and L2
proteins.

The -invention in another aspect includes a
vacclne containing the papilloma virus VLPs in
comblnatlon with a suitable adjuvant.

In relation to step (i) only papilloma virus L1
pfotein is required to form VLPs of some papilloma
viruses. Suitably only the L1 protein is required to
form VLPs of BVP1, HPVIl and HPV6 including HPV6D.

~ However VLPs may also be formed in relation to BPV1,

HPV11 or HPV6Db containing both L1 and L2 proteins. For
the formation of VLPs of other papilloma viruses such as
HPV16, both the L1 and L2 proteins are required. This
situation is also believed applicable to HPV13 which has
gimilar pathological symptoms to HPV16 and also similar
DNA sequence homology. Further it will be appreciated
that the L1 and L2 genes may be included in the same DNA"
recombinant molecule or in different DNA recombinant
moledules.

Preferably the recombinant DNA molecules are
contained in recombinant virus which may transfect the
host cell. Suitable viruses that may be used for this
purpose include baculovirus, vaccinia, sindbis virus,
SV40, Sendai virus, adenovirus, retrovirus or poxvirusges.
Suitable host cells may include host cells that are
compatible with the above viruses and these include
insect cells such as Spodoptera frugiperda, CHO cells,
chicken embryo fibroblasts, BHR cells, human SW13 cells,
drosophila, mosquito cells derived from Aedes albopictus
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hereinafter. Preferably a genme encoding L1 protein is

ingerted in a plasmid containing a suitable promoter and
a DNA fragment containing the L1 protein and promoter is
incorporated in -a primary plasmid which may constitute
the recombinant DNA molecule which may be inserted into a
recoxﬁbinant irirus vector. as described abhove.

A gene encoding the L2 protein may also be
linked to a suitable promoter and preferably a DNA
fragment incorporating the L2 gene and promoter is
inserted into the primary plasmid to provide a doubly
recomi:inant plasmid or secondary plasmid which plasmid
may also be inserted in a recombinant wvirus vector. as
described above to form a doubly recombinant virus
vector..

However the invention also includeg .the
embodiment wherein the primary plasmid and/or the
secondary plasmid may infect a suitable host cell to
produce VLPs containing L1 protein or VLPs containing L1
and L2 protein under appropriate experimental conditions.
The latter VLPs are the ideal immunogen for a papilloma -
virus specific vaccine, as the L2 protein is
immunodominant in natural infection.

Other suitable DNA recombinant molecules
include cosmids as wéll as recombinant viruses. Suitable
expression systems include prokaryotic expression systems
including E coli and any plasmid or cosmid expression
vector or eukaryotic systems including host cells
described above in combination with a recombinant virus
vector or alternatively yeast cells and yeast plasmids.

In the situation where plasmids are used which
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in this situation VLPs may only be obtained under
specific experimental conditions.

The L1 and L2 genes may be driven off any
mammalian or viral promoter with a mammalian or viral
polyadenylation ‘signal. Preferably the Ll and L2 genes
are_transcribéd from any vaccinia virus promoter which
may be an early promoter or late promoter as considered
appropriate. A list " of such promoters is given in
pDavision and Moss (1989) J. Mol. Biol 210 749-769 and
(1989) J. Mol. Biol 210 771-784.

In the experimental work that has taken place
the L1 gene is located downstream of a vaccinia 4b
promoter and the L2 gene is located downstream of a
synthetic vaccinia 28k late promoter. The host cell is
monkey epithelial cells.

The VLPs may be obtained from the transfected
cells by any suitable means of purification. The VLPs
may be combined with any suitable adjuvant such as
ISCOMS, alum) Freunds Incomplete or Complete Adjuvant,
Quil A and other saponins or any other adjuvant as
described for example in Vanselow (1987) S§. Vet. Bull. 57
881-896.

Reference may now be made to various preferfed
embodiments < of the invention as illustrated in the
attached drawings. In these preferred embodiments it
gshould be noted that the specific papilloma viruses, VLPs
and specific constructs of DNA recombinant molecules are
given by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1is a schematic representation of

plasmids used to construct HPV16é recombinant vaccinia



deweropnent as discussed in Pfister (1990) is to use an immne sti mul at'i ng
conpl ex of the glycoside Quil A Data on successful prﬂpEeaCHasBeenRe laced

vacciyati on exi st only for bovine fibropapillona m;m
_ _ m ted
imunity. (A son et al J Am Vet Med Assoc 135, 499 (195 s 22

hrorrogenat e of bovine fibropapillomas and has been sho
463 (1962) yirusasvacci ne including an engineered L1 fusion protein

(Pilacinski et al | a I er i,@s Vo
32 papilloma Vi rusegc%wﬁ%%’{ﬁoargg | i can'§le %Jégt sﬁl%lto Oéli/alis\gﬂ\il\gw \k?gr k
1985 257) h&scahbad@man P 6 nLdaIvas vaccpndpedviregccénirgredn R¥mdns
(Bar:helg e eﬁl . Am Vet Med Assoc. 165, 276, 1974) In Pfister (1990) it
is stated t

fHere is presently no evidence, for si bl e preyenti of
HPV i nfection by the Jgwie a 2apdfd B ot RPH baﬁﬁln? é&ﬂ ??ﬁg €£8+8n

antitumor celldnBIHidY AR fa t@iﬁ@sfmsebtea GVelLﬂ:ea.ﬂ.@k L2 genes have
been t he basi s of vaCC|nes f or EE t|ona¥ELé{§ {g
é [ etectl o

virus infections and iSRS agnosri s an
papi | | oma vnnmmwithabeumm|pﬁE¢iG%¢enﬁrom cv-1 cells infected with

recombinant vaccinia virus.

Figure 5 illustrates CsCl equilibrium density-
gradient sedimentation of HPV16 empty capsid.

Figure 6 illustrates Glycosylation of L1
proteins in purified virus particles.

Figure 7 is a flow diagram of the constructions
of plasmid pLC200 encoding L1 and pLC201 encoding Ll and
L2.

Figure 8 is a western blot analysis of the
reactivity of murine sera with baculovirus recombinant L1
protein.

Figures 9 and 10 illustrate mapping results for
sera from BLAB/c, C57B1/6, and CBA mice immunized with
synthetic HPV 16 capsids and pooled CFA immunisea control
sera. -

Figures 11 and 11A illustrate reactivity of two
‘Mabs specific for L1 with the series of overlapping
peptides of the HPV16 L1 molecule.

‘ Figure 11B illustrates antigenic index
prediction of HPVlG L1.

Figure 12 shows an epitope map of HPV16 Ll1.

Figure 132 illustrates synthetic HPV16 VLPs as
used for immunisation.

Figure 13B shows reactivity of the purified
VLPs with anti HPV16 L2 antiserum by western blot.

Figure 13C illustrates plasmids used to
construct recombinant vaccinia viruses in relation to
BPV1. .

Figures 14A and 14B show analysis of BPV1 L1
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' EXAMPLE 1: VLPS DERIVED FROM HPV16
The HPV-16 L1 gene, from the second ATG
(nt5637), was amplified by polymerase chain reaction from

pHPV16 (provided by Dr. I.. Gissmann), using following

primers:
1/ 5'—CAGATCTATGTCTCTTTGGCTGCCTAGTGAGGCC—3'
2/ 5'-CAGATCTAATCAGCTTACGTTTTTTGCGTTTAGC-3'

The first methionine codon and stop codon are
indicated by underline, and BglII sites were included to
facilitate subcloning. The amplified 1527 bp £fragment
was extracted with phenol and purified by 1% agarose gel
electrophoresis. After digestion with BglII the L1 gene
was subcloned into the BamHI site of the RK19 plasmid
(KRent 1988 Ph.D. thesis, University of Cambridge) which
contains a strong vaccinia virus promoter (4Db). The
resulting plasmid was sequenced (Sanger et al, 1977,
Proc. Natl. Acad. Sci. USsa 74,5463-5467) and used to
prepare a fragment containing the HPV16 Ll gene linked to
the 4b promoter by digestion with MluI and Sstl. This
fragment was blunted with T4 DNA polymerase and cloned
into the Bam HI site of the vaccinia intermediate vector
pLCl,' which contains the B24R gene of vaccinia virus
(Rotwal and Moss, 1989, J. Virol. 63, 600-606; Smith et
al, 1989, J. Gen. Virol. 70, 2333-2343), an E. coli gpt
gene (Falkner and Moss, 1988, J. Virol. 64, 1849-1854;
Boyle and Coupar, 1988, Gene 65, 123 - 128) and multiple
cloning sites to produce plasmid pLC200.

_ The HPVi6 L2 gene was prepared by partial
digestion of pHPV16 with Accl to produce a fragment
(4138nt-5668nt) which was filled with Klenow and linked
to synthetic BamHl linkers. This L2 fragment was cloned
into the Bam HI site of a pUC derived plasmid termed p480



particles (VLPs) are produced within the cell after expression of the L1
or conbination of Li and L2 proteins. The -invention in another aspect
anlgges;a vacci ne cont ai ni ng t he papilloma  virus VLPs in
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papi | lloma virus L1 protein is required to formVLPs of sone papill
viruses. whiidabhasord ysyhshetipr orageiniar 9% r dateo H‘Eﬂ‘?ﬁ‘?ﬁ;ﬁs 8&%\@1,

HPV11 and i i V&b ar ayaP al &t Moad iBdi i
to BPVI, Hgsﬁ%cn é#g%ﬁgggﬁygigPﬁgwggthaLl aéﬁa{é Q%gﬁgﬁJfé o OL :ﬁglat|on
formati on L0 P bf 784 her %@il’?‘aﬁﬁtgﬂﬁ?g?egﬁghigsaﬁm;n ,loo%{’h the L1 and

R e Lo |
sequence hd# oghAte FEﬁg‘ﬁ%ge’Ft g‘W%'f nggpgggg%g%gggéga?n?ﬁgl sf%a?rﬁdlgr o
- %%Fs may mbﬂﬁu&MMmgiuhdhszsguni»mim&%hmtﬂaﬁh%mﬂégmE?QW°F%‘&W§%rem
recombinant ol el & oA S 2Pk ¥nt v eARbl Naplubbéaecohe DN
polymerase and then cloned into the SstI and Sall sites
of pLC200 to produce pLC201(Fig.1).
In Figure 1, HPV1é L1, L2 (open boxes) are
under control .of vaccinia late promoters (solid boxes).
E. coli gpt gene (shaded box) is used as selection

marker. Flanking sequence for homologous recombination.
The direction of transcription is indicated by arrows.

The pLC201 plasmid was then used to construct a

. recombinant vaccinia virus as previously described

(Mackett et al, 1984, J. Virol. 49, 857-864).
Recombinant virus pLC201VV and pLC202VV were selected by
plaque assay in the presence of mycophenolic acid,
xanthine, and hypoxanthine (Falkner and Moss, 1988).
Recombinant vaccinia virus (VV) expressing HPV16L1, and
HPV16L2, were prepared and used as previously described
(Zhou et al, 1990, J. Gen. Virol. 71, 2185-2190).

Recombinant plasmid pLC201 was deposited with
the American‘ Type Culture Collection, 12301 Parklawn
Drive, Rockville, MD 20852, U.S.A. on 27 March, 1992 and
given‘the designation 75226.

Recombinant vaccinia virus pLC201VV was
deposited with the American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852, U.S.A. on 3
April, 1992 and assigned the designation VR2371.

PURIFICATION OF VIRUS-LIKE PARTICLES

CV-1 cells infected with recombinant viruses
pLC201VV were harvested in 10 mM Tris(pH 9.0) 32 hr after
infection and homogenised with a Dounce homogeniser.
Homogenates were clarified by centrifugation at 2000g to
remove the cell debris and layered onto a 30% (wt/vol)
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obtained after centrifugation at 4°C and 12000g for 20
minutes was collected for further analysis. ‘To determine
the density of the virus-like particles, equilibrium
density-gradient sedimentation was accomplished in CsCl
(1.30g/ml). After centrifugation at 125,000 xg for 20
hrs, 11 fractions of 0.25m1 were collected. The density
of eéch fraction was determined, and each was examined
for virus-like particles by transmission electron
microscopy.

In Figure 2A cells were infected at 10 pfu/cell

. with wt VV (lane 1) and pLC201VV (lane 2) and harvested
48h post infection. L1 proteins was detected with the
HPV16 L1 specific MAb Camvir 1. The 57kDa L1 protein is
indicated by the arrow. Binding of Camvirl to the 35 kDa
protein in all three lanes is non-specific.

In Figure 3 RNAs extracted from cells infscted
with pLC201VV (lane 2), pLC202VV(lane 3) which also
incorporates genes encoding HPV16 proteins E1 and E4 as
well as genes encoding HPV16 L1 and L2 or wt VV (lane 4)
were resolved on a 1.2% formaldehyde-agarose gel. RNA
was transfered to nylon membrane and hybridised with a
#p_.labelled L2 probe. Formaldehyde-treated lambda DNA-
Hind III cut marker are shown (lane 1).

ELECTRON MICROSCOPY

cv-1 cells infected with recombinant vaccinia
virus were fixed in 3% (vol/vol) glutaraldehyde in 0.1M
sodium cacodylate buffer and postfixed in 1% osmium
tetroxide, dehydrated in graded alcochols, and embedded in
epoxy resin. Thin section were cut and stained with
uranyl acetate and lead citrate. Fractions £from the
sucrose gradient were dried onto EM grids, and negatively
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In Figure 4B there is shown fraction 5 of the
sucrose gradient. Papilloma virus-like particles,
apparently consisting of regular arrays of capsomeres
were observed -(arrowed). The bar corresponds to 50nm.

ANALYSIS OF HPV ORF PRODUCTS

HPV16 L1 expression was analysed by
immunoprecipitation and immunoblot. For
immunoprecipitation, g metabolically labelled
recombinant VV infected CV-1 cells were lysed in RIPA
buffer 0.1% SDS, 1% Triton X-100, 1% sodium deoxycholate,
150 mM NaCl, 0.5 ug/ml aprotinin, 10mM Tris-HCl, pH7.4).
Immunoblot analysis of partially purified virus-like
particles, using the L1l specific MAb Camvirl ( Mclean et
al, 1990, J. Clin. Pathol. 43, 488-492) and 125) anti-
mouse IgG(Amersham), was performed as previously
described using samples solublised in 2x SDS gel loading
buffer containing 2-mercaptoethanol. Analysié of HPV16
L2 gene expression is shown in Figure 13B. For analysis
of N-glycosylation, partially purified virus-like
particles were taken up to 100 ul buffer (0.25 M sodium
acetate, pH6.5, 20 mM EDTA and 10 mM_2-mercaptoethanol)
and reacted with 0.5 u Endoglycosidase F (Boehringer
Mannheim) at 37°C for 18 hrs prior to immunoblotting.

Mycophenolic acid was used to select a vaccinia
virus recombinant for the gpt plasmid pLC201 and this was
termed pLC201VV. Synthesis of L1 in cells infected with
pLC201VV was confirmed by immunoblotting and
immunoprecipation. L1 protein was demonstrated as a band
on autoradiography of approximately 57kDa. A northern
blot of RNA extracted from CV-1 cells infected with these

L2
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Ccv-1 cells were infected with pLC201VvV and
examined for virus-like particles. Electron micrographs
of thin sections of cells infected with pLC201VV, but not
of control cells infected only with wild-type vaccinia,
showed approximately 40nm virus-like particles in cell
nuclei. In most cases these particles were linked in
chainé, and near the nuclear membrane (Fig. 4a). Cells
infected with recombinant vaccinia viruses which
expressed HPVié L1 only or L2 only, and produced the

' corresponding protein (L1) or mRNA (L2), d4id not contain
virus-like particles. Cells simultaneously infected with
two different recombinant vaccinia viruses, which
expressed HPV16 L1 and HPV16 L2 respectively, also failed
to make any HPV virus-like particles; although L1 protein
and L2 mRNA could be identified in pools of these double
infected cells simultaneous synthesis of both L1 and L2
within individual cells was not demonstrated. -

In Figure 5 HPV16 virus-like particles obtained
from CV-1 cells infected with PLC201VV were centrifuged
over a sucrose cushion and then subjected to CsCl
isopyﬁic sedimentation. Virus-like particles (+) were
found in fractions 8 and 9. The transmission electron
micrograph of a negatively stained particle from fraction
8 is shown in the insert. The aensity (g/ml) of each
gradient fraction is indicated.

In Figure 6 CV-1 celis were infected with
pLC201vV for 32 hrs, and virus-like particles were
purified on a sucrose gradient. Samples were
precipitated with ethanol and treated with
endoglycosidase F before analysis by immunoblotting with
an anti-HPV1é L1 antibody Camvir I. Lane 1: purified
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subjected to a partial purification in a 20%-60% sucrose
gradient. Ten fractions were collected and examined for
L1 protein. From fractions 3 to 7, L1 could be detected
and in fraction .5, the highest level of Ll was found.
Each fraction was also examined by EM for virus-like
particles these were observed in fraction 5. A typical
papilloma virus negatively-stained with sodium
phosphotungstate, has 72 regular close-packed capsomeres
(Finch and Klug, 1965, J. Mol. Biol. 13, 1-12; Rowson and
Mahy, 1967, Bacteriol. Rev. 31, 110-131) and has a
diameter about 50nm. The diameter of the virus-like
particles purified from the infected CV-1 cells varied
between 35nm and 40nm. These virus-like particles
however posses’sed' a similar EM appearance to papilloma
viruses, and a regﬁlar array of capsomeres could be
recognised (Fig 4b). The virus-like particles identified
in fraction 5 of the sucrose gradient were therefore
presumed to .be empty and incorrectly assembled arrays of
HPV capsomeres. In CsCl, HPV16é virus-like particles
sedimentated at about 1.31 g/ml(Fig 5), and showed a
typical empty papilloma virus capsid appearance under
transmission electromicroscope (Fig 5, insert).

Camvir-1 identified a protein doublet in
western blots of virus-like particles purified from
pLC201VV infected CV-1 cells (Fig 6). HPV16 L1 contains
four potential N-glycosylation sites (asparagine 157,
242, 367 and 421). To test  whether the doublet
represented glycosylation variants of the L1 polypeptide,
partially purified virus-like particles were subjected to
treatment with endoglycosidase F, prior to SDS-PAGE and
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fractions of the CsCl gradient with a buoyant density of
1.29-1.30 g/ml were used as antigen in an ELISA assay.
All antisera from mice immunised with VLPs were positive
(Table 2). Control sera £from mice immunized with the
similar fractions of a density gradient prepared with
lysate of CV-i cells infected with wild type vaccinia
were nonreactive with the virus-like particles. Using
two different protocols to coat virus-like particles to
ELISA  plates (Dillner et al., 1991,_ J Virol 65, 6862-
6871), attempts were made to distinguish reactivity with
native HPV virus-like particles from reactivity with the
partially denatured proteins of disrupted particles. The
murine antisera raised against the VLPs were equally
reactive with the native (OD 1.00%0.20) and denatured (OD
1.60£0.45) particles. A panel of 6 monoclonal antibodies
specific for defined L1 epitopes included only 1 (Camvir
1) that was weakly reactive (OD 0.064) with native VLPs,
and it proved more reactive with denatured particles (0D
0.107) than with. native particles, suggesting that the’
reactivity was with denatured L1 potein in the native VLP

preparation.

In Figure 8 !*l-labelled anti-mouse 1lgG was
used as the second antibody. The 57-kDa L1 band is
indicated by the arrow. Key: sera from individual mice
immunized with VLPs: lanes 1-5, BALB/c; lanes 6-10,

C57B1/6; lanes 11-15, B1lOA;sera from individual mice
immunized with CFA; lane 16, BALB/c; lane 17, C57B1/6;
lane 18, B10A; anti-HPV 16L1 MAb Camvir 1, lane 19. The
molecular weights are indicated on the left.

" Reactivity.of' the anti-VLP antisera with the L1l
and L2 proteins of HPV16 was confirmed by immunoblot
using baculovirus recombinant HPV1é L1 and L2 proteins.'
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lysates of S. frugiperda cells infected with wild- type

baculovirus. The intensity of reactivity with the L1
protein varied from mouse to mouse, but all sera were

reactive with prolonged exposure of the immunoblots.
Similar results were obtained with the L2 recombinant-
baculovirus-infeced cell lysates: murine anti-VLP
antisera and a rabbit antiserum to L2 protein both
reactéd with a single protein in the lysate. Sera from
mice immunized with CFA alone failed to react with
protein from lysates of L1 or L2 recombinant-baculovirus-
infected S. frugiperda.
EXAMPLE 2: DEFINITION OF LINEAR ANTIGENIC REGIONS OF
HPV16L1
PROTEIN USING VLPS

In a further series of experiments the linear
antigenic regions of the HPV1é L1 capsid protein using
synthetic VLPs were determined. In such experiments mice
of three haplotypes (H-29,H-2°, and H-2"") were immunized
with synthetic HPV16 virus-like ©particles (VLPs),
produced using a vaccinia virus doubly recombinant for
the L1 and L2 proteins of HPV16. The resultant anti-VLP
antisera recognized HPV16 capsids by ELISA assay and
baculovirus recombinant HPV16L1 and L2 protein on immuno-
blot. Overlapping peptides corresponding to the HPV1EL1
amino acid sequence were used to define the
immunoreactive regions of the L1 protein. The majority
of the L1 peptides were reactive with IgG from the mice
immunized with the synthetic HPV16 capsids. A computer
algorithm predicted seven B epitopes in HPV16 L1, five of
which lay within peptides strongly reactive with the
murine antisera. The murine anti-VLP antisera failed to
react with the two peptides recognized by anti-HPV16L1
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stop codon "are
recombinant HPV16L1 fusion proteins, which 4implies that

such fusion proteins may not be the antigens to look for

HPV16L1 specific immune <responses 1in HPV-infected
patients.

Production of HPV16 capsids. Plasmid pLC201
containing HPV16L1 and L2 open reading frames (ORFs)
under the control of vaccinia virus promoters 4b
(natural) and p480 (synthetic) was used to construct the
recombinant vaccinia virus (rVVv) pLC201VV as previously
described but with exceptions as mentioned below. HPV16
virus-like particles were prepared from pLC201VV-infected

CV-1 cells as mentioned previously, but cells were
cultured in medium containing rifampicin at 100 ug/ml to
prevent the assembly and maturation of vaccinia virus
(Moss, "yirology" p685-703 Raven, New York, 1985;
Karacostas et al., PNAS 86, 8964-8967, 1989). The
infected cells were harvested and lysed by freezing and
thawing following'Dounce homogenization in 10 mM Tris-HCl
(pH 9.0). Lysates were clarified by centrifugation at
2000 g and then spun at 100,000 g for 2 hr over a 20%
sucrose cushion in PBS buffer. The pellet was mixed with
CsCl to an initial density of 1.30 g/ml and centrifuged
at 106,000g for 18 hr at 18°. PFractions were collected
and immunoblots were performed on ethanol-precipitated
proteins. Fractions testing positive for L1 protein were
pooled, and the presence of <virus-like ©particles
confirmed by electron microscopy as described abovse.
Production of antisera. Groups of five mice
BALB/c¢ (H-2%), C57B1/6 (H-2°), and B10A (H-2Y!) were
immunized with CsCl gradient-purified HPV16 virus-like

particles. Animals were inoculated with 5 ug of capsid
protein by subcutaneous injection. The initial injection
was given with Freund’'s complete adjuvant, and three
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overlapping by five residues, and spanning the deduced
amino acid sequence of HPV16L1 protein (Seedorf et al.,
1985, Virology.145 181-185; Parton, 1990, Nucleic Acids
Res 18 363) was synthesized with the DuPont RaMPS
multiﬁle peptide synthesis system using Fmoc chemistry

according to standard protocols (Fields and Noble, 1990
Int. J. Pept. Protein Res 35 161-214) and then conjugated
with glutaraldehyde to bovine serum albumin (BSA). To
denote the position of the amino acids (aas) in the L1
protein, the putative first initiation codon was
designated amino acid number 1 (Table 1). Por technical
reasons the C-terminal peptide corresponding to aas 521~
531 was not used. All peptides used were of greater than
85% purity as judged by HPLC analysis.

Recombinant L1 + L2 proteins. Recombinant
baculoviruses expressing the HPV16L1 or the HPV1éL2 ORF
were used to infect insect SF9 cells. After 3 days

incubation at 25°, cells were pelleted by centrifugation
at 14,000 g for 5 min. The pellet was dissolved in RIPA
buffer (20 mM Tris-HCl, pH 7.6; 2 mM EDTA; 50mM NaCl; 1%
deoxycholate; 1% Triton X-100; 0.25% SDS; 1% aproptinin;
1 mM. PMSF).

Western blotting. Virus 1like particles orx
recombinant L1 or L2 protein were mixed with 2X loading
puffer containing 2% SDS/DTT and boiled for 5 min. The
proteins were separated in 10% polyacrylamide gels and
blotted onto nitrocellulose (Towbin et al., 1979,
Virology 175 1-9). Filters were cut into strips,
incubated in 3% BSA in PBS at 37° for 1 hr. Blocked
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w th 'sone nodifications (Davison and Mgs, 1989, J. Ml B! glte grlgm)ter,

771-784). The pronoter sequence is as follows: ' ' ’
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for reactivity with syerpc.huesl?ldc lPp¢PESLAYELA8 by an enzyme-
linked immunosorbent assay (ELISA) as previously
described (Christensen et al., 1990, PNAS 76 4350-4354,
Cowsert et al., 1987, JNC1 79 1053-1057). For assays
with "native" synthetic HPV16 capsids, 100 ng of protein

in PBS (pH 7.5) was attached to each ELISA plate well
(Flow Labs) by incubation for 1 hr at 37°. For assays
with "denatured" particles, the particles were suspended

in carbonate buffer, pH 9.6, and adsorbed on to the plate
overlight at 37°. All subsequent incubations were done
at room temperature. The plates were washed with PBS,
and unattached sites were blocked by incubation for 1 hr
in blocking buffer (5% milk powder in PBS, pH 7.5). The
murine antisera (1:200), previously absorbed with wild-
type VV-infected cv-1 cell extract, were added and
incubated for 1 hr, and the plates were washed with PBS.
Horseradish peroxidase-conjugated anti-mouse 1lgG (Sigma)
at 1:1000 dilution in blocking buffer was added and
incubated for 1 hr, followed by 10 washes with PBS.
Subsij.raté buffer (pH 4.6) containing ABTS (Boehringer)
and H,0, was added and the OD415 read after 15 min.

Linear B epitope mapping. B epitopes were
jdentified by screening antisera from immunized animals
against the set of overlapping HPV16L1 peptides by ELISA.
Synthetic peptides coupled to BSA were diluted in 10 mM
sodium carbonate buffer (pH 9.3) and adsorbed to ELISA
plates overnight at 4° . Blocking of residual binding

sites on the plates was carried out using 3% BSA in PBS
for 2 hr at 37°. Diluted mouse antisera (1:500) were
incubated with coated plates at room temperature for 2
hr. The plates were washed with PBS containing Tween 20



r-econbi nant vaccinia virus as previously described (Mackett et al,
1984, J.- Virol. 49, 857-864). Reconbi nant virus pLC201VWV and
pLC2Q2WV were sel ected by plaque assay in the presence of nycophenolic
acird,” xant hine, and hypoxanthi ne (Fal knerzjand Mdss, 1988). Recombi nant
vaccinia virus (W) expressing HPV16L1, and HPV16L2, were prepared and used
gs p:rgw outslycla desgri had (Zheumg:eal , wi®®0, pé:o@d.ﬂas‘d-rc(dnj%t@-’tlS&rmﬁe)
econbi nant pl asm he e

Col It on, Waoan o K aafOR) | IS TasD, O | domE LR PPl PO e 2 1€
March, 1992 md gumatemeweles. yashedn ar@zcbevmﬁﬁ)mahil 0 . Pae i a"-BTSH rus

pLC201W | |
Par kl awn Dr i {‘/e B%%\#ﬁ% Vﬁ&&épegéﬁew %qn.f-%ﬁﬁegm%ilir Be%glgea%nédﬁhd ed
the desi gnatabsoxRenve. ARIeH CAT d\i%an RUSAL REP AR VRES CéV‘s_Ll $
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ombgenat s FEFETEFatPAiLe’ YO8 CAPBPPUGY dIal DYboghpo oRtiet! Sfun:
this gave a cut-of value of 0.260. An OD 415 of five
times the mean OD 415 obtained with control sera (0.55)
was arbitrarily considered to define a major reactive
epitope.
Monoclonal antibodies and antisera. Five

monocional antibodies (MADb) raised against HPV16L1 fusion
protein were used. MAb 5a4, 1D6, 3D1, and 8C4 (Cason et
al., 1989, J. Gen Virol 70 2973-2987) were provided Dby
Dr. Phil Shepherd from London, U.K. and MAb Camvir 1
(McLean et al., 1990, J. Clin. Pathol. 43 488-492) was
obtained from Dr. C. McLean (Department of Pathology,
University of Cambridge). Rabbit antiserum to HPV16 L2-
Trp-E fusion protein was provided by Dr. Denise Galloway
(University of Washington, Seattle).

Amino acid sequence analysis and the antigenic

index prediction. The antigenic index (Al) (Jameson and
Wolf, 1988, Comp. Appl., Biosci 4 181-186) is a measure
of the probability that a peptide sequence is antigenic.
It is calculated by summing several weighted measures of
secon&ary structure. Values for the predicted HPV16L1
sequence were calculated using PLOTSTRUCTURE software.

In Figures 9 and 10, reactivity (OD 415) of the
sera in EBELISA with a series of overlapping peptides
corresponding to the sequence of HPV16é L1 is shown.
Peptide numbers corresponding to the HPV16L1 sequence
(see Table 1) are indicated. _

In Figures 11 and 11A, the numbering system for
the amino acids correspond to HPV1i6L1 from the first
putative dinitiation codon. The regions with AI value
over 1.5 are indicated.
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renove the cell debris and | ayered onto a 30% (w/vol [
- 7 Cct 1998 12 sucrose cushion. The pellet fogned by)centfg?z;gtggﬁ ZPEEt
110,@00g in a SWB8 rotor for 90 mn was suspended in 10 MM Tris pH9.0 and
Fayered onto a 20-60% di sconti nuous suggose gradient. After centrifﬁgation
at 100, 000g for 5 18 hrs, 10 equal fractions of 0.25 ml were coll ected.
ggrr]r}[olr:afsu\ég[ ?orrP g;ad4vx1,t,h 1:% ar_rg 1gghanﬂhe rddicope| et §BVAiGAdd within

n of m Jnut Was, C
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glzgtr)ﬂg/ Vnéaié'nn?%}.f eQU:ilx %telr‘é‘u@tsat O%éﬁt@@ﬂeﬁg hea 28.di SIgALlaﬁdaCt'glGons of
each fraction was rm nd

each was eammbmﬂlé@r iRy usery kef‘f)%‘f‘tﬂ&‘i”éénﬁy 't”a‘iiﬁ §§"g 2'1 ec??’%ﬁ’%

mcrOSCOpy(Human IgA and Human IgG) (Dillner et al. 1990 Int.
Cancer 45 529-535) werxe obtained using overlapping
peptides. The murine anti VLP antisera were held to be
sxgnlflcantly reactive with a peptide if the OD was
greater than 0.55. Results from rabbits immunized with
an L1 fusion protein (Rabbit Serum) (Muller et al. 1990 J
Gen Virol 71 2709-2717) are plotted: these were
determined using a series of partial-length expression
clones and the whole length of the sequence within which
the epitope(s) lay is shown. Also indicated are the
algorithm-predicted B epitopes (Computer) (Jameson and
Wolf Comp. Appl. Biosci 4 181-186 1988) and the epitopes
recognised by the published anti-HPV16L1 monoclonal
antibodies (Monoclonals) (Cason et al. J. Gen Virol. 70
2973-2987 1989; McLean et al. J. Clin Pathol. 43 488-492

1990). The scale shows the position of the epitopes
alond the 531 aa L1 protein, and is numbered from the N-
terminal methionine (residue 1). For each epitope

containing peptide, the exact location with regard to the
N-terminal methionine is also given.

. A series of 15-mer synthetic ‘peptides of the
HPV16 L1 protein, covering the whole 1length of the
protein with five aa overlaps, Wwas used to define the
epitopes in L1 recognized by the various immune sera.
Each of 16 antisera from the thxee tested inbred mouse
strains. BALB/c(H-2%), C57B1/6(H-2"), and B1OA (H-2%9),
recognized multiple linear peptides of the L1 protein,
and essentially the same peptides from HPVi6 L1 were
recognized by all strains tested (Fig. 10). Five
individual sera were tested from each strain. A peptide
was designated reactive if the OD with a serum was
greater than the mean + 3SD of the ODs of the negative



kn- Figure 2A cells were infected at 10 pfu/cell with wt W

pLC201WV (Il ane 2) and harvested 48h poslto I nfection. L1 prott(a! ﬁgevvi)s and
deEeqt ed with the HPV16 L1 specific MAb Canvir 1. The 57kDa L1 protein is
20 indicated by the arrow Bindingof Canmvirl to the 35 kDa protein in
all three lanes is non-specific. In Figure 3 RNAs extracted fromcells
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uranyl acetdlg, a98:head Gty €. moukeact iTns fsotyphe of thea£2%t£gé-
specific antibody in the anti-VLP sera was examined using
IgG-and IgA-specific anti-mouse immunoglobulin
antibodies. The 'IgG response was as shown (Figs. 9 and
10) and no significant IgA reactivity could be detected
to any peptide (OD ( 0.050). As most peptides were
reactive with the anti-VLP sera an arbitrary OD value of
five times the mean negative value was used to define
major reactive regions of the L1 protein: the major
immunoreactive L1 peptides were evenly distributed along
the length of the L1 protein, as seven were in the amino-
terminal <third of the molecule, seven in the middle
third, and eight in the carboxy terminal third. In
contrast, the monoclonal antibodies specific for HPV16 Ll
recongized single major linear epitopes as previously
described (Cason et al., above, McLean et al, 1990
above). Four of +the £five <reactive anti-HPV16EL1
monoclonal antibodies (5a4, 1D6, 3D1, 8C4) were reactive
with peptide 30 (291-305), whereas Camvir 1 recognized
peptide 24 (231-245)(Figs. 11 and 113). Sera from mice
immunized with the virus-like particles failed to react
with either of these peptides.

An algorithm was used to deduce likely B
epitopes of HPV1éL1, based on the predicted protein
secondary structure. Possible antigenic regions were
calculated as an antigenic index (Al) (Jameson and Wolf,
1988, above) on the basis of chain flexibility, high
accessibility and high degree of hydrophilicity (Fig.

11). A region with an Al value over 1.5 was regarded as
a predicted B epitope Seven Buch regions were found
S'ieiffil'ilfﬁfflﬁeﬁiced



sucrose gradient were dried onto EM grids, and negatively Substitute
sheet - 7 Oct 1998 13 stained with 1% (w/vol) phosphotungstic acid
(pH7.0). Fractions were exam ned using a JECL 1200Ex Transmi ssion el ectron
fi croscope. In Figure 4A there is showaqCVv-1 cells infected 5 W th
pLC201WW for 32 hours. In the CV-1 nuclei, particles of approximtely
40- nm di anmeaRingerse fidequensly fraseiodhe 128 12ar,r espontid3S i o 2600 268, I n

Figure 4B IeahS W ctign 5, S LA d) | || oma
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met abol i caffpsi 8| ape/fhey summary of the epitop P ty ©
antisera from different sources is shown in Fig. 12.

In further consideration of Examples 1 - 2 it
is noted that papilloma viruses generally produce virions
in infected keratinocytes which are readily identifiable
by electron microscopy (Almeida et al, 1962, J. Invest,
Dermatol 38, 337-345) and which in some cases can be
purifiea and shown to be infectious (Rowson and Mahy,
1967, Bacterial. Reo. 31, 110-131). HPV 16 virions are
however, not seen in HPV16 infected cervical epithelial
tissue although HPV1é L1 and L2 late gene transcription
occurs in differentiated genital epithelium (Crum et al,
1988. J. Virol. 62, 84-90) and L1 translation produces
immunoreactive L1 protein in these tissues (Stanley et al
1989, Int. J. Cancer 43, 672-676). - In this specification
we have shown that expression of HPV16 L1 and L2 genes in
epithelial cells is both necessary and sufficient to
allow assembly of HPV16 virion-like particles and thus
the L1 and L2 proteins of HPV 16 are not defective with
regard to virion assembly. The expression of HPV16 late
genes in tissues appears to be strictly regulated by the
epithelial environment (Taichman et al, 1983, J. Invest.
Dermatol 1, 137-140). Failure to detect HPV16 virions in
vivo, despite transcription of L1 and L2 and translation
of L1, suggests that there is either a post
transcriptional block to L2 production in cervical
epithelium, or an inhibitoxr of virion assembly. In the
HPV16 containing cell 1line W12, derived from cervical
tissue, virus-like particles were observed when the cells
underwent terminal differention in vivo in a murine
microenvironment (Sterling et al 1990. J. Virol 64, 6305-
6307) suggesting that such cells have no block to virion
assembly, and that insufficient translation of L2 or



reconbinant W infected CV-1 cells were lysed in R PA buffer 0.1% SDS, 1%
Triton X-100, 1% sodi um deoxycholate, 150 mM NaCl, 0.5 [err]/m aprotinin,
10mW. Tri s- HC1, pH7. 4) . I munobl ot anal ysis of partially purified virus-Iike
20° particles, using the Li specific jpBb Canvirl (Mlean et al, 1990, J.
Cin. Pathol. 43, 488-492) and 1251 anti- nouse | g& Anersham, was
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northern above). Sedimentation showed an empty capsid density Sf
about 1.31g/ml, the density expected of empty papilloma
virus capside .compared with about 1.36g/m1 for intact
HPVlia virions (Doorbar and Gallimore, 1987, J. virol. 61,
2793-2799).

The L1 protein from HPV has potential
glycosylation sites, and purified BPV particles have
minor electrophoretic forms of L1 whose mobility is
sensitive to endoglycosidase treatment (Larsen et al,
1987, J. Virol 61, 3596-3601). L2 from HPV la and HPV 11
has been observed to be a doublet (Rose et al, 1990, J.
Gen. Virol, 71, 2725-2729; Doorbar and Gallimore, 1987
above; Jin et al, 1989, J. Gen. Virol. 70, 1133-1140) and
this has been attributed to differences in glycosylation.
Our data show that the L1 protein in HPV16 capsomeres is
also glycosylated, and that two different glycosylation
states exist.

In this specification we used synthetic virus-
like barticles to study immunogenicity of the HPV16
capsid proteins produced in a eukaryotic system. Capsid
proteins produced in eukaryotic cells were used since
papilloma-virus capsid proteins produced in eukaryotic
cells undergo post-translational modification (Browne et
al., 1988 J. Gen. Virol. 69 1263-1273; Zhou et al. 1991
Virology 185 625-632) which may be an important
determinant of antigen presentation. - A recombinant
vaccinia expression vector was chosen because no native
HPV16 particles are available from clinical lesions, or
from viral propagation in cell culture. We used the



bl ot” of RNA extracted fromCV-1 cells infected with these 14 reconbi nant
viruses confirmed high levels of L2 nRNA transcription in cells infected
Wi th;either of these viruses (Fig 3). L2 transcription from a

synthetic vaccinia virus late pronotgg gave a heterogeneous Northern
bl ot pattern because VW |late RNAs do not use a specific transcription
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one 15-mer peptides of L1. These data indicate that
antisera raised against viral particles nevertheless
frequently recognize linear determinants. The profile of
humoral reactivity with the set of L1l peptides was almost
identical acreoss two MHC disparate mouse strains,
suggesting that there are sufficient T epitopes in L1l
that foiHC restriction is not limiting in determining the
humoral response to the HPV1é L1 protein in the mouse
strains tested here.

The data for B epitope specificity obtained
with our murine anti-VLP antisera can be compared (Fig.
12) with a sim:_l.lar study of "immune® serum from women
with cervical dysplasia (Dillner et al., 1990 Int. J
Cancer 45 529-535). Several peptides were recognized by
both immune human sera and the anti-VLP antisera, but the
majority of peptides reactive with the murine anti-VLP
antisera were not reactive with the immune human sera
(Fig. 12). Neither of the regions of L1 (221-235,291-
305) recognized by Lil-gpecific monoclonal antibodies
(Cason et al., 1989; McLean et al., 1990) were recognized
by our murine anti-VLP antisera. As L1 fusion proteins
were used to raise these MAbs, and have also been used to
screen for antibody to L1 in human serum, the lack of
reactivity of human sera with L1 fusion protein (Jenison
et al., 1990 J. Infect. Dis 162 60-69; Kochel et al.,
1991 Int. J. Cancer 48 682-688) may be explained by the
failure of the L1 fusion proteins to display the epitopes
of Ll which are presented to the human immune system Dby
native L1 protein.

Screening for antibodies to the L1 protein with

peptides can detect only linear epitopes. 1In an attempt
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manner, though one MAB (Camvir 1) reacted more strongly
with the denatured that the "native® particles. Lack of
reactivity of ‘the majority of the MAbs with the denatured
- particles suggests that they were 6n1y partially
denatured, as the same antibodies react with denatured
protein in a Western blot. Conversely, the reactivity of
Camvir 1 with the native particles is not proof that the
linear epitope recognized by this antibody is recognizing
denatured L1 protein present in some amount in the native
particle preparation, and we have no proof that intact
VLPs are preserved under our ELISA conditions.

Since most. antibodies recognize conformation
dependent determinants (Benjamin et al., 1984 Ann. Rev.
Immunol. 2, 67-101), which can involve several
noncontiguous polypeptide sequences (Amit et al., 1986
Science 233 747-753), antibodies elicited to virions are
unlikely to recognise fused or denatured proteins as well
as the native protein, as has Dbeen shown for HPV1
antisera (Steele and Gallimore, 1990 Virology 174 388-
398). virions of some skin-wart-associated HPV are
a_vailable in quantities gufficient for seroclogical assays
(Almeida and Goffe, 1965 Lancet 2 1205-1207; Kienzler et
al., 1983 Br J. Dermatol. 108 665-672; Pfister and 32ur
Hausen, 1978 Int. J Cancer 21 161-165; Pyrhsonen et al.,
1980 Br. J. Dermatol 102 247-254; Pass and Maizel, 1973
J. Invest. Dermatol 60 307-311) for wart parings. The
prevalence of antibodies to purified virions in human
immune serum varies from 20 (Genner, 1971 Acta. Derm.
Venereol (Stockh) 51 365-373) to 88% (Morison, 1975 Br J



15-virus-like particles; Lane 2 and 3: after treatnent with endogl ycosi dase
F overnight. The L1 doublet is indicated by (=), and deglycosylated L1 is
i ndi cated by the arrow. Ml ecul ar wei ght markers are shown on the left. To
confirm that the virus-like particleg observed by el ectron nicroscopy
contai ned HPV16 L1 protein, cell extracts from pLC201VV infected cells were
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Rowson and daby¥icles7, t@acthei detdevioBlof] Iun®i) anhdbbddes (Bonnez
et al., 1991 J. Gen Virol 72 1343-1347). We anticipate
that the HPV1ié VLPs described here will allow similar
studies of seroreactivity to native HPV16 particles to be
developed, and the observed lack of reactivity in human
serum to HPV15L1 .fusion proteins (Jenison et al., 1991 J
Virol 65 1208-1218; Kochel et al., 1991 above) may simply
paraliel the similar observations with HPV! (Steele and
Gallimore, 1990 Virology 174 388-398).

Antibodies to BPV structural proteins have
virus-neutralizing activity (Pilacinski et al., 1986 Ciba
Found. Symp. 120 136-156) and antisera raised against
purified HPV11 virions could also neutralize infectious
‘HPV11 in an athymic mouse xenograft system (Christensen
and Kreider, 1990 J Virol 64 3151-3156). Our results
indicated that the purified synthetic HPV16 capsids are
immunogenic and could be used to produce and evaluate
virus-neutralizing anfibodies specific for this oncogenic
virus. BPV! L1 protein expressed in Escherichia coli and
BPV.particles have both protected cattle from development
of warts (Pilacinski et al., 1986; Jarrett et al., 1990
Vet. Rec. 126 449-452). A similar immune response to
HPV16 virus-like particles would be the basis of a
potential vaccine to prevent HPVi6-associated cervical
cancer.

In Figure 13a, after infection with pLC201VV,
CV1l cell lysates were subjected to equilibrium gradient
sedimentation. Purified <virus-like particles were
examined by transmission electron microscopy after
negative staining with Phosphotﬁngstic acid. {bar = 100
nm].

In Figure 13B, Lane 1, the lysate from CV1
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fronlthg |nfecteq CV-1 cells varied between 35nm andp 40nm pThese
virug-like particles however possessed a simlar EM appearance to

papi | | oma viruses, and a regular array §§ capsoneres coul d be recogni
. . ! . . . . . Sed
(Fig 4b). The virus-like particles identified in fraction 5 of thg sucr ose

gr adi ent the r " _
arrays of V‘ﬁfﬁ%lé‘ iﬁ%@&eea %&%ﬁﬁedellca benwpwrand iIreooe r2ct Ly saseerfisian

capsoner e
sedi ment at & a@Pdhohit J?%EFiﬁ?ﬁ?iq %5“5 Hﬁgégﬁgxgéuzléggfcdra@Ufo@%d
papi | | oma W iss CBPRe dpapme.ar.l&mce uTbler L2 apBetesn oifas RAIRAA g?’&%ﬁ‘oﬁe (Fig

5, insert). nvlLr igi
virus-like *%Ieé i! GfRHd aftiBbakeifbldnamd eby Flwpzbeednblzots of

HPV16 L1 cdthei mglﬁ@mll%zéﬂ?g%tg Wa@%ycigggvaﬁs nge’{je is(ri?réag. %gl %é)
Sﬁicosi?gtH%%gy%f%%%tarr?weﬁ test whether the doublet represent ed ’
particles were subj ecgégef%nsﬁlézjﬂﬁl %Bgﬁ%’ nnéé)&é;lggls: agtsue&téFé ! grg%\(;lra{ﬁ ke
SDS- PAGE anf3p which show that HPV16 L1 and L2 double recombinant VV
contain L2 protein as demonstrated by western blot, using
purified VLPs and a rabbit antiserum raised against VV
recombinant L2 protein.
EXAMPLE 3: BPV1 VLPS

It has also been ascertained that Dbovine
papillomavirus(BPV) 1 virions similarly produced in vitro
using VV recombinant for the BPV1 capsid proteins can
package BPV1 DNA. Complete virions are able to infect a
permissible mouse fibroblast cell line, as indicated Dby
transcription of the E1 viral open reading frame, and
jnfection is inhibited by dincubation of virions with
antibodies to the capsid protein of BPFV1. 1In contrast to
the observations for HPV16, virus like particles assemble
in cells infected with VV recombinant for the BPV1 L1
capsid protein alone, but L2 protein is required to
package BPV1 DNA to produce infectious virions.

With reference to the HPV16 VLPs referred to
above, these particles appeared to consist of capsomeres
typical of those seen in HPV1 and BPV1 particles purified
from clinical lesions (Bakar et al, J.C. Biphys J 60

. 1445-1456-1991, Stagquet et al., J. Dermatologica 162 213-
219, 1981), though the overall morphology of the HPV1é6
particles was rather different to naturally occurring
HPV1 and BPV1 particles. As natural HPV16 virions have
not been purified from clinical 1lesions, it was
considered desirable to ascertain whether this
morphological difference was a property of HPV16, or the
recombinant vaccinia wvirus(rVV) system used to produce
the virions. A series of VVs were therefore made, each



lﬁ-ihnunoblotting. This resulted in the replacenent of the doublet by a
single band of slightly |ower apparent nol ecular weight, at the expected
nol ecul ar wei ght of about 57 kDa (Fig 6. lane 2,3). The virus-1like
particles col | ected fromfractions gf the Csd gradient with a buoyant
density of 1.29-1.30 g/m were used as antigen in an ELI SA assay. Al

antisera fLamyype-bABURRALY Ad) ERS WAr QuRDSHE! CadsTabl grateinsOat o
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3[gge£§eogq§a URLPd Ry ChRS. Bbe-TuUrpdie: 0014661 dad ainsrshagai Bev-ihe
partlcles are better characterised morphologically and
immunologically (Chen et al, Baker et al 1991, Cowsert et
al., J. Natl Cancer Inst. 79 1053-1057) and cell lines
are available which are permissive for the episomal
replication of "BPV-1 DNA (Law et al 1981 DNAS 78 2727-
- 2731).

| In Figure 13C, BPViLl1 is expressed from the p4b
natural vaccinia 1late promoter and L2 from the p480
synthetic vaccinia late promoter. The E.coli gpt gene is
used as the selection marker. Flanking sequences are the
vaccinia B24R gene, which provides a vaccinia seqguence
for homologous recombination. The BPV1 L1 and L2 genes
were cloned by PCR from plasmid pml-1. Because the BPVI
genome is linearised and cloned into this plasmid at a
gggHI site in the BPV1 L2 ORF, the BPV1 genome was first
isolated from pml-1 by BamHI digestion and
recircularised, and the circularised BPV-1 DNA was used
as the PCR template. Oligonucleotide primers used for L1
amplification‘were:
5’ ~CGGGATCCATGGCGTTGTGGCAACAAGGCCAGAAGCTG.
5! -CGGGATCCTTATTTTTTTTTTTTTTTTGCAGGCTTACTGG.
The BamHI site is underlined and the first methionine and
stop condons are in bold.
Oligonucleotide primers for L2 amplification were:
5/ —~GCAGATCTATGAGTGCACGAAAAAGAGTAAAACGTGCCAGTGC. '
5/ ~GCAGATCTTTAGGCATGTTTCCGTTTTTTTCGTTTCC.
The Bgl II sites are underlined and the first methionine
and stop condons are in bold. The amplified 1478 bp L1
fragment was cloned into the BamHl site in plasmid RK19
to produce RK19BPVL1. The L1 gene and vaccinia 4b
promoter were isolated from this plasmid by digestion



reactive with the native (OD 1.000.20) and denatured (OD 1.600.45)
particles. A panel of 6 nmpnoclonal antibodies specific for defined L1

epi topes i ncluded only 1 (Canvir 1) that was weakly reactive (0D 0.064)
With native VLPs, and it proved nore reggtive with denatured particles -(OD
0.107) than with native particles, suggesting that the reactivity was with
denat ured Ldi ot ALATI rhﬁchesmatl wadvVlranepearaedodntion flagmed 3pSX3 to
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ane 18, BIOA anti-HPV 16L Th
nol ecul ar v@?@'ﬁ?geﬁr @ndhdPRY: &F oFePfe WO . © %ngégl Vi oF f‘ﬁe jY&P ©
antisera wihtéhend mdiﬂ_Zsmltet elms pEXBIVLD WS Bunﬂhpﬁedtb9 |dnnhb}b| ot

using bacul Ogclzgggiﬁgﬁ 130 g \g}&ﬂﬁﬂﬁj L2ppeAk@bRion of pSXBPVL1
or pSXBPVL1L2 DNA into monolayers of CV-1 infected with
wild type (wt) VV WR strain resulted in the rVVs
DSXBPVL1VV (L1 expressing) and pSXBPVL1L2VV (L1 and L2

expressing). -Recombinant vaccinia viruses were purified'
three times in presence of mycophenolic acid. Following
purification, large-scale preparations of the

recombinants were made and used throughout these
experiments.

In Figure 142 there is shown
immunoprecipitation analysis of recombinant BPV1 L1 in
vaccinia-infected cells. CV-1 cells were infected at 10
pfu/cell with wt vaccinia virus (Lane 1); pSXBPVL1VV
(lane 2); pPSXBPVLIL2VV (lane 3) and harvested 48 hrs
postinfection. BPV1L1 protein was detected with BPV1
specific rabbit antiserum. The 58 kDa Ll protein is
indicated by an arrowv. | -

In PFigure 14B there is shown northern blot
anal'ysis of BPV1 L2 expression. RNA extracted from CV-1
cells infected with wt VV (lane 1); pSXBPVL1L2VV (lane 2)
was probed with the BPV1 L2 gene. The variable length of
the L2 homologous transcripts is tyj:ical of transcripts
expressed from VV promoters. For immunoprecipitation,
cells infected with rVVs were lysed with RIPA Dbuffer
(0.1% SDS,1% Triton X-100, 1% sodium deoxcholate, 150 mM
NaCl, 0.5ug/ml aprotinin, 10 mM Tris, pH7.4). Soluble
proteins were immunoprecipitated with rabbit anti BPV1
antibody (DAKO, Glostrup) at 1:1000 dilution.
Precipitated proteins were collected with protein-A
sepharose, separated on 10% SDS polyacrylamide gels and
blotted onto nitrocellulose filters. After blocking with
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nylon membranes, and probed with a 2p_jabelled BPFV1 L1
gene.

In Figure 15a reference is made to
pSXBPVL1L2VV. Some particles from CON/BPV cells infected
with pSXBPVL1L2VV-have electron dense cores(Insert).

] In Figure 15B reference is made to PSXBFVL1VV.
A contaminating vaccinia virus in (A) is indicated by a
nye, The scale bars represent 50 nm. Cells were
harvested two days _postinfection, washed with PBS, lysed
by freeze and thaw three times and sonicated in PBS.
Cell debris was ‘removed by low~speed centrifugation, and
the supernants were layered on a 20% (w/v) sucrose
cushion and centrifuged for 2 hours at 100,000 x g. The
pellets were resuspended in PBS and analysed in a JEOL
1200EX electron microscope after negative staining with
1% (w/v) phosphotungstic acid (pH 7.0).

As the ratio of the L1 to L2 proteins - in
‘authentic BPV1 particles is approximately 5:1 (Pfister,
H. & Fuchs, E. in Papillomaviruses and human disease (eds
Syrjanen, K., Gissman, L & Koss, L.G.) Vol. 1-138
(Springer-Verlag, Berlin, 1987), we used a strong natural
promoter for the L1 gene and a weak synthetic promoter
for the L2 gene for our doubly recombinant VV (Fig 13C),
and +the resulting ratio of Ll mRNA to L2 mRNA on a
northern blot from -rVV infected CV-1 cells was
approximately 10:1. cv-1 cells infected with this rVVv
expressed BPV1 Ll protein (Fig 14a) and L2 mRNA (Fig
14B), and large numbers of 50 nm icosahedral virus-like
particles of apparently authentic morphology (Fig 15a)
could be purified from the infected cells. Our previous
work with HPV16 had shown that both L1 and L2 proteins



I'n"a further series of experinments the linear antigenic regions of the
HPV16 L1 capsid protein using synthetic VLPs were determ ned. In such
experiments mce of three haplotypes (H[err],HJ[err], and HJ[err]) were

I muni zed with synt hetic HPV16 virus3like particles (VLPs),
produced using a vaccinia virus doubly reconbinant for the L1 and L2
prot ei ns of welP¥16.rekneiredul fant &hei - ¥isPemitliyseraf r ERGHS zediERYrd ikapsi ds

by ELI SA as cyl.ovi ' 1 & te&y
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recombinant protein. We therefore produced a VV
recombinant for BPV1 L1 (Fig 13C) and observed that when
CvV-1 cells were infected with this VV, wvirus 1like
particles of -similar morphology to those obtained with
the L1 and L2 double recombinant VV could be purified
(Fig 15b). Similar empty icosahedral virions were
obtained after infection of CV-1 cells with VWV
recombinant for the L1 proteins of HPV6 or HPV1L. The
lack of morphologically authentic PV virion in cells
infected with the HPV16L1 and L2rVV, and the lack of PV
virions seen in HPV16 infected tissue by electron
microscopy (Schneider (1987) Papillomaviruses and Human
Disease Vol 19-39 Springer Verlag Berlin), suggests that
HPV16 in contrast to other PVs may be defective with
respect to viral capsid formation.

A minority of virus like particles from cells
infected with the VPV1 L1/L2 rVV is shown in the Fig 15a
insert.

) The c¢loning strategy for HPV1IL1/L2 and
HPV6bL1/L2 double expressing recombinant vaccinia viruses
is described below:

For HPV11Ll:

5 ' CAGATCTCAGATGTGGCGGCCTAGCGACAGCACAGTATATGTGCC
5’ CGGGAATTCGTGTAACAGGACACACATAATAATTGTTTATTGCACAAAA
The PCR product was digested by BgIII/EcoRI and

cloned into RK19 under control of 4b promoter. The
promoter/11L1 sequence was then clcned into pSX3 BamHl
site blunted by Klenow. The resultant plasmid was
pSX11iL1.

For 11L2
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fusion protein. We conclude that the i mmunoreactive epitopes of HPV16
defiped using virus-like particles differ significantly fromthose defi ned
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' ' P PV16 capsids. Plasm d
pLC201 cont ée%%ﬂab@‘ﬁéﬁ%ﬂ?d@ oAb ot es (ORRs) under
cont r 8 CCEECCEECTAGGE CORACAGATOTIGTRIAAATMAGGhat ural ) and p480
(synthetic) was usedrh@ COSiSHJWC)shdE rasga*ak:aant BEAECT Bhagibhs (faQ)

$reélously descri bed but with exceptions as nenti oned bel ow.
long

BRSO Q4RO WG T RERRLEFS ofB b LERBR VRFPRPEEEed BReR cel | s

t he

pLC201WV as
HPV16 viruS

as nenti onehle prresomaséy/1bLe cdxdgmensy ewasl t treflsforgedi Upd C sl 1ting

bl d ti f
Vacei ni & Viits (Nsbolr dopbSe DR B3 Sk da g THIAGHE " Vapoes

Kar acost asnaped ap. pSXpNAL/L86, 8964-8967, 1989). The

For HPV6bl1:
5’ CGCCCGGGTTACCTTTTAGTTTTGGCGCGCTTACGTTTAGG
5’ GCGGATCCAGATGTGGCGGCCTAGFCGACAGCACAGTATATG

The ©PCR’ product was cut by BamHl/Smal and
cloned into RK19 under control of 4b promoter. The
promofer/sLl were then cloned into pSX3 to produce
pSX6L1.

For HPVSL2:

The HPV6L2 was isolated from 6b genome by
Accl/Xbal (4422-5903). The fragment was blotted by
klenow and inserted into p480. The synthetic 28k

promoter plus 6bL2 was cloned into pSX6Ll to form double
recombinant plashid pSX6L1/L2.

Thereafter plasmids pSX1iLl and pSX11L1/L2
infected a host cell (eg CV1 cells or C127 cells) to
produce VV p SX11L1 and VV pSX1l L1/L2 which after
transfection of a host cell infected with wild type
vaccinia virus formed VLPs containing L1 protein (derived
from VV pSX11Ll) and L1 and Lzlprotein (derived from VV
pSX11L1/L2). In similar manner VV pSX6L1 and VV
PSX6L1/L2 after transfection of a host cell produced VLPs
containing HPV6b L1 and VLPs containing HPV6b L1 and

' HPV6Db L2.

It also will be appreciated that the invention
includes within its scope viruses ddubly recombinant for
papillomaviruses capsid proteins L1 and L2 as well as
recombinant viruses containing papillomavirus capsid
protein L1.

It will further be appreciated <that <the
invention includes within its scope a method of diagnosis

for HPV16L1 specific I mune



isnfected cells were harvested and |ysed by freezing and thaw ng fol | owi ng
Dounce honobgeni zation in 10 MM Tris-HO (pH 9.0). Lysates were clarified
by centrifugation 'at 2000 g and then spun at 100,000 g for 2 hr over a 20%
Sucrose cushion in PBS buffer. The pel kgt was mixed with CsCl to an initial
density of 1.30 g/m and centrifuged at 100,00Cg for 18 hr at 18. Fractions
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descri bed bove. Production of antisera. G oups of five mce BALB/c
(H[err]), C57B1/6 (H([err]), and B10A (H[err]_ were inmunized with Csd
gradient-purified HPV16 virus-1like particles. Ani mal s were inocul ated

with 5 [err] of capsid protein by subcutaneous injection. The initial
injection was given with Freund' s conpl ete adjuvant, and three 19



fsurther injections at 3 weeks' intervals were given in saline.
days after the fourth injection, sera were collected and stored at -20.
Mat er.i al prepared fromCV-1 cells infected with wild type vaccinia virus,
and processed exactly as for pLC201W infggted cells, was used to inmunize
control groups of mce according to thﬁAé@%ﬁ protocol. Peptides. A
series of 15-nmer peptides, overlapping by five residues, and spanning

t he deduced am no anisd ] \AJGEH}O,BQ%%,Q&@S@-@%JB@MSIS., 1985,
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e synt hesi s system using

Virol ogy. 145 181-18
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J. Pept. t l
fwLpSERE PYbfkEye &pr StGTVAENVRDDUYIKGODON291365)
rbESea1 (a5l ey

o

bovi ne serym 3
(aas) in tEe

desi gnat ed,am

at edy . as)l) . afor iharbsesTANeE®NS t(B61-315)
C-ternmi nal gpendy BockiEs ing @885 5232 SNLABSNYERTRSESM Al |(3peRsHes
used were @f ghEURRTNMPHAGT (51-65) 33 PSGSMVTSDAQIFNK  (321-335)
2 YHAGTSRLLAVGHPY  (61-75) 34 QIFNKPYWLORAQGH  (331-345)
8 VGHPYFPIKKPNNNK (71-85) 35 RAQGHNNGICWGNQL (341-355)
9  PNNNKILVPKVSGLQ (81-95) 36 WGNQLFVTVVDTTRS  (351-368)
10 VSGLQYRVFRIHLPD  (91-105) 37 DTTRSTNMSLCAAIS  (361-375)
11 IHLPDPNKFGFPDTS  (101-115) 38 ~ CAAISTSETTYKNTN  (371-385)
12 FPDTSFYNPDTQRLV  (111-125) 39  YKNTNFKEYLRHGEE  (381-395)
13 TQRLVWACVGVEVGR (121-135) 40 RHGEEYDLQFIFQLC  (391-405)
14 VEVGRGQPLGVGISG  (131-145) 41  IFQLCKITLTADVMT (401-415)
1§ VGISGHPLLNKLDDT  (141-155) 42 ADVMTYIHSMNSTIL ~ (411-425)
16 KLDDTENASAYAANA  (151-165) 43  NSTILEDWNFGLQPP  (421-435)
17 YAANAGVDNRECISM  (161-175) .44 GLQPPPGGTLEDTYR  (431-445)
18 ECISMDYKQTQLCLI  (171-185) 45 EDTYRFVTQAIACQK  (441-455)
19 QLCLIGCKPPIGEHW  (i81-195) 46 IACQKHTPPAPKEDD  (451-465)
20 IGEHWGKGSPCTNVA  (191.205) 47 PKEDDPLKKYTFWEV  (461-475)
21 CTNVAVNPGDCPPLE  (101-215) 48 TFWEVNLKEKFSADL  (471-485)
22 CPPLELINTVIQDGD (211-225) 49 FSADLDQFPLGRKFL  (481-495)
53 IQDGDMVHTGFGAMD (221-235) 50 GRKFLLOQAGLKAKPK  (491-505)
24 FGAMDFTTLQANKSE  (231-245) 51 KAKPKFTLGKRKATP  (501-515)
25 ANKSEVPLDICTSIC (241-255) 52 RKATPTTSSTSTTAK  (511-525)
26 CTSICKYPDYIKMVS  (251-265) 53  STTAKRKKRKL (521-531)
27 (261-275) .

IKMVSEPYGDSLFFY

The sequencs of each L1 peptide is give using the single letter code. The location o_f
each peptide within the HPV16 L1 protein is given, assigning position 1 to the N terminal
methionine. The short C terminal peptide (no 53) was not used for these experiments.



85% purity as judged by HPLC anal ysis. Reconbinant L1 + L2 proteins.
Reconbi nant bacul ovi ruses expressing the HPV16L1 or the HPV16L2 ORF were
useds-to infect insect SF9 cells. After 3 days incubation at 250, cells
were pelleted by centrifugation at 14,000 g for 5 min. The pellet was
di ssolved in RIPA buffer (20 mM Tris-HC1, pH 7.6; 2 nM EDTA; 50nM Nadl ; 1%
deoxychol ate; 1% Triton X-100; 0.25% qlﬁaa 19 oapl’OptI nin, 1 mM PNMSF).

t

Western blotting. Virus |Ii ke par recombi nant L1 or L2
protein were mxed with 2X | oa buf f er cont i ni 2% SDS/ DTT and boil ed
for 5 min. The protellﬂ'émwga '(‘:( foy! 'I"g&ﬁﬁ“ﬁ;&a{; O{THEd gel s and
blotted onto nitrocel | ul of&MUNIEgd Wi FYN ; Virology 175
1-9). Filters —were cu intg strips incubated in in PBS at
37[err] fof 1 hr. Bl ocked 20 S”'ﬁéaé’*ﬁftﬁmﬂﬁ%?%éﬁaﬁﬂ% various nurijpe
antisera
Mouse strain Mice immunised with VLPs Immunised with
CFA
Expt 1 (n=5) Expt 2(n=5) n=2
BALB/C | 1.06 + 0.29* 1.71 + 0.06 0.36 + 0.04
B10A 1.08 + 0.06 1.75 £ 0.04 0.24 £ 0.02
| C57BU6 0.86 + 0.20 1.70 £0.12 0.25 + 0.03

* Values are OD 415 units, and are given as the mean + 1 standard deviatio
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(ii) trans hggiﬁbth Bestabl
or more recombinant DNA molecules so that Virus
particles (VLPS) are produced within the cell after
expression of- the L1 or combination of L1 and L2
proteins
2. A method 28 claimed jn claim 1 wherein the DNA
moecules encodind the Dbl and L2 proteins are included in
the same DNA molecule.
3. A ‘method 2as claimed jn claim {4 wherein the DNA
11 and L2 proteins are jncluded in

molecules encodind the

aifferent DNA recombinant molecules.
4. A method a8 claimed jn clainm 1
i viruses containing

cules rransfect the host cell.
erein

claimed in ¢

one oxr

jaim 4 wh in step
containing gaid
nfect 2

jnfected with a wild type virus tO
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id recombinant viruses.

produce sal
A method as claimed in
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primary plaemid contains gaid ¥
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prior to
gaid L1
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claim 5 wherein
a a gene encoding
gecondary pla
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L1 and L2

contal

plasmid

8. A ‘method a8 claimed jn claim 5 wherein said
contains aid recombinant DNA

plasmid which



Hor ser adi sh per oxi dase- conj ugated anti-nouse |gG ( 1000 d| I ution
in blocking buffer was added and incubated for 1 hr , mml hlmwashes
with.PBS. Substrate buffer (pH 4.6) containing ABT and

[err] was added and the OD415 read aftersgl5 mn. Linear B epltope
nmappi ng. B epitopes were identified by screening antisera from

| mmuni zed ablBk&lagiehdlodiiy Sei1 Oprowimpmay HAMSEdedepthéesihy ELI SA
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resi dual bi fidemg &i flesbde ti'@cq:mlaimnwasmeraaddlg)uplasmmg IpBSPaftePBS
for 2 hr atp3én  thel “%;‘i‘l €533 'm&%.raar{dl xﬁ:ié'c@@é&ﬂ‘%i\%éwth

coated plates at room erature 2 hr. él ates were

PBS cont ai n??ﬁ@r?ﬁééﬁgm)la“&@ositf}fc%fe %fﬁ%eltlostw £ igfpcreq ovibh the
i ncubat ed Wyt hapegpel dasersconj ugated anti -

9. A method as claimed in claim 4 wherein said
recombinant virus are derived £from Dbaculovirus which
infect an insect cell such as Spodoptera frugiperda.

10. A method as claimed in claim 4 wherein said
recombinant viruses are derived from vaccinia virus.
1. A method as claimed in claim 10 wherein a gene

encoding the L1 protein is (i) incorporated in a plasmid
containing a strong vaccine virus promoter 4b; (ii) a
DNA fragment containing the gene linked to +the 4b
promoter is~ ~ derived from the ©plasmid and (iii)
subsequently the DNA fragment is inserted in a vaccine
intermediate vector which contains the B24R gene of
vaccine virus and an E. coli gpt gene and multiple
cloning sites to produce plasmid pLC 200.

12. A method as claimed in claim 11 wherein a gene
encoding the L2 protein was incorporated in a pUC derived
plasmid having a synthetic wvaccinia 28K late promoter
before obtaining a fragment containing the L2 gene linked
to the 28K promoter was inserted into plasmid pLC 200 to
produce plasmid pLC 201.

13. 2 method as claimed in claim 12 wherein plasmid
pLC 201 was utilized to construct recombinant vaccinia
virus pLC 201VV which subsequently infected mammalian
cells to produce VLPs containing proteins L1 and L2.

14. A method as claimed in claim 1 wherein a
recombinant DNA molecule is constructed containing a gene
encoding BPV Ll protein is linked to vaccinia 4b promoter
after PCR amplification whereafter said DNA recombinant
molecule is inserted into plasmid pSX3 to form plasmid
PSXBPVL1 which thereafter transfected a host cell
infected with wild type vaccinia virus to produce =rvv



nouse | gG (1:1000) (Sigma) or |gA (1:2000) (Sigma) for hr PI at es were
washed and devel oped with 0.5ng/m ABTS in substratenﬁm H l' or 15
mn before recording 5 absor bance val ues at 415 n glmu ﬂ!l'
considered reactive if the OD 415 valueggyith the test serum was great er
than 3 SDs above the nmean for the control serum this gave a cut-of val ue

of 0. 260. 5
sera (0. 55) ¥EPvil Wy ﬁV%ftt'e'PSs{&BSe aRt O rehbs ¥ eiowd of tA cosgt ol

s arbitrarily consi r def:i
bl tope. Mbasblonapavgad Bodies comta e ey b1 RedEe ot ional
?%I bggrles ﬁayAlSJ)mrarczgd agéhbat kE’Vl@lé.ii\adr oinprotlazim wet e vhereinaba 5A4,
an - gg&g
were provi dERCAPP B&‘ “%hﬁ“isﬁ'ﬁ’éﬁecr%%r tﬁucﬁ@ﬁ L[bhg Nﬁ'r’g?&% )
(McLean et @hcodifg0 BRV lm|promihollin@MS‘SQ4925‘t\?r&516bf"é|°ﬁéd“far br C.
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anti.genic plagmid pSXBPVL1 to produce plasmid pSXBPVL1L2 Whlch
thereafter transfected a host cell infected with wild
type vaccinia virus to produce a VLP containing BPV L1
protein.
16. A method as claimed in claim 1 wherein a
recombinant DNA molecule is constructed containing a gene
encoding HPV11L1 protein linked to vaccinia 4b promoter
after PCR amplification whereafter said DNA recombinant
molecule is inserted into plasmid pSX3 to form plasmid
pSX11L1 which thereafter infected a host cell to produce
HPV11 VLPs containing L1 protein.
17. A method as claimed in claim 1 wherein a
recombinant DNA molecule is constructed containing a gene
encoding HPV11L2 protein linked to vaccinia 4b promoter
after PCR amplification whereafter said recombinant DNA
molecule is inserted into plasmid p480 contéining
vaccinia 28K 1late promoter and subsequently +the DNA
fragment containing the gene linked to the promoter is
transferred to plasmid pSX11Ll to form plasmid pSX11L1L2
which +thereafter infected a host cell to produce
VVpSX11L1L2 which after transfection of a host cell
produced VLPs containing L1l and L2.
18. A method as claimed in claim 1 wherein a
recombinant DNA molecule is constructed containing a gene
encoding HPV6bL1 protein linked to vaccinia 4b promoter
which is subsequently inserted in plasmid pSX3 to produce
plasmid pSX36Ll1 which thereafter infected a host cell to
produce VV pSX36L1 which after transfection of a host
cell formed VLPs containing HPV6DL1.
19, A method as claimed in claim 1 wherein a



l.ndéx prediction. The antigenic index (Al Jameson and Wl f

Appl ., Biosci 4 181-186) is a nmeasure (25 ) (of t he ‘ﬂ ‘ uﬁ@‘ﬂgm‘g@m.
peptide sequence is antigenic. It is calculated by BIW U Ersal sWei ght ed |
measures of secondary structure. Values,for the predicted HPV16L1 sequence
were cal cul ated using PLOTSTRUCTURE software. In Figures 9 and 10,

reactivity %8%%%?% DS, Alecuiy Ad et SAuutil Bontailendy Hupsnapping

pepti des co 0 the sequence of HPV16 L1 is : t
number s corerspdhugngHPB6bhe (PEAteinsechirked (E%e'ﬁ%&§{5¥? éﬁ@gikgg%%ted.
:4 gv?a Etir](car(]#rf.?ﬁgg?gu@t{qlhhng;h%‘é%fa%efzorwé@ecﬁéned fAtB0pSXI3EL Ic dra eSpumd to

over 1.5 ar@oRRaPcaFeEoRPinaRY \ RYAANEA 170 RRE PRy SRESH RS ST
whi ch B epi {apestbave hasst shelh to preduren VEngEX3FL1L2 which after
transfection of a host cell formed VLPs containing
HPV6bL1 protein and HPV6bL2 protein.
20. A method of production of a vaccine including
the step of combining the VLPs of any one of claims 1 -

20 with an adjuvant.

21. VLPs- produced from the method of any one of
claims 1 - 20.

22. A vaccine produced by the method of claim 21.
23. VLPs derived from papilloma virus containing
proteins L1 and L2.

24. VLPs derived from HPV16 containing proteins L1
and L2. |

25. VLPs derived from BPV1 containing proteins L1
and L2.

26. VLPs derived from BPV1 containing protein L1.
27. VLPs derived from BPV1 containing proteins L1
and L2.

28. VLPs derived from HPV1l1l containing protein'Lll
29. vLPs derived from HPV6Db containing proteins Ll
and L2.

30. vLPs derived from HPV6b containing protein L1l.
31. Plasmid PLC 201.

32. vViruses doubly recombinant for papilloma virus
capsid proteins Ll and L2. '
33. viruses recombinant for papillomavirus capsid
protein L1.

34. Plasmid PLC 200.

35. 5"- CAGATCTATGTCTCTTTGGCTGCCTAGTGAGGCC - 3’

36. §t' - CAGATCTAATCAGCTTACGTTTTTTGCGTTTAGC - 3

37. PLC 201 VV. '

38. Polyclonal anti-VLP HPV16 antisera.

39. B epitopes shown in Fig. 12. N
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rra]oﬁi ng systens are shown. Results with sera from ?ﬂ&,l muni zed with the
* €

VLPs (Particles) and with IgA and 1gG anti bodies in N”’gumwm"mr\nt h

cervi.cal cancer (Human I1gA and Human 1gG (Dillner et _
Cancer 45 529-535) were obtai ned using ?verl appi ng peptides. "THe rurine
anti VLP antisera were held to be signi ?cantly reactive with a peptide if
the OD was eater t 0. 25. Resul ts.f.rom.rabbits jnmunjzed wi,th_an L1
fusi on protg'n (.Rabbih?{%eraﬁfbe‘?(/m IrEFog‘Pié’la.ntlQ%I:J &he \/#'iol angd, n3

2709-2717) prateins o0f cdPV6 and HPWéde were determined using a series of

rtial-le h expression ence
\?\f‘t h: n whi (F:Iﬁi t hexgpi t%;)e(Sz&:?gﬁ’?ﬁ:gﬂgﬁ%gm@'r%ﬁ‘i@ggﬁ |En F;ggtbgngre the

al gorithm ftedi cted BPepft %@@XT%%&?ET?TF?nggﬁTEﬁ‘ﬁCMGFWG%pI .
Biosci 4 183.186 19883 and the epitopes recognised.by the published _
anti - HPV16 ' ' net al. 3. Gen
Vol 10 SSHREEARACREACERMEACARIREARBERREARIRR" 0 Do5- 402 1090).
The scal e dows the psi+ti GAGATCIETARGCAPETTRCASETIIETTRETICCL prot ei n,

and is nunhgyed fromjibesyrjermnal  nethionine (residue 1). For
each epito4pse

P48OBPVL2.
47. PSXBPVL1L2.
48. PSXBPVLIVV.
49. PSXBPVL1L2VV.
50. pXsSiini.
51. pSX11L1L2.
52. pPSX6L1.
53. pSX6L1L2.
54. VV pSX11L1.
55, , VV pSX11LiL2.
56. VV pSX6L1.
57. VV pSX6L1L2.
58. 5 ' CAGATCTCAGATCTGGCGGCCTAGCGACAGCACAGTATATGTGCC
59,
5/'CGGAATTCGTGTAACAGGACACACATAATAATTGTTTATTGCACAAAA
60. 5’ GCGGATCCATGAAACCTAGGGCACGCAGACGTAAACGTGCG
61. 5’ CGCCCGGGCTAGGCCGCCACATCTGTAAAAAATAAGGG
62. 5’ CGCCCGGGTTACCTTTTAGTTTTGGCGCGCTTACGTTTAGG
63. 5 ' GCGGATCCAGATGTGGCGGCCTAGCGACAGCACAGTATATG
64. A method of diagnosis of prior infection of

papillomavirus by ELISA including the step of detection
of VLP particles containing proteins L1 and L2.



Gont’ai ni ng peptide, the exact location with regard to the N-term nal
nmethionine is also given. A series of 15-nmer synthetic peptides of the
HPV16 L1 protein, covering the whole length of the protein with five aa
overlaps, was used to define the epitopes in L1 recognized by the various
i mmune sera. Each of 16 antisera fromthe three tested inbred nouse
strains. BALB/ c(H[err]), C57B1/6(H[err]), and B1OA [err] recognized
mul tiple linear peptides of the L1 progein, and essentially the sane
peptides fromHPV16 L1 were recognized by all strains tested (Fig.
10). Five individual sera were tested fromeach strain. A peptide was
designated reactive if the OD with a serumwas greater than the nmean + 3SD
of the ODs of the negative Substitute sheet-7 Qct 1998 23 control sera;
this gave a cutoff for reactivity of 0.260. Sera frommce i Mmunized with
CFA al one had an 0D 415

824 p7.5 Ecoligt pdb HPVIGL1 p480 HPVIGL2 B24

> > — >  — > —». —>

pLC201




reactivity of less than 0.260 with all the Li peptides. Wile sone
Variation was seen in the intensity of the 5 reactivity of each anti-VLP
serumfroma given strain with each peptide, each of the peptides was
reactive (0D > 0.260) with either all or none of the anti-VLP sera from
each strain of nouse. The isotype of the peptide- specific antibody in the

anti-VLP sera was exam ned using 1®/18 | gG and | gA-specific

anti - nouse i mmunogl obul i nyanti bodi es. The |1gG response was as shown
(Figs. 9 and 10) and no sig icant IgA reactivity could be detected to any
peptide (OD < 0.050). As nost peptides were reactive with the anti-VLP
sera an arbitrary OD value of 15 five tinmes the nean negative val ue was
used to define major reactive regionqyozzihegti pr ot ei n: t he maj or

i rmunor eactive L1 peptides wer venl tr™buted along the length of the
L1 protein, as seven were int m no- terminal third of the nolecule,
seven in the mddle 20 third, and eight in the carboxy terminal third.

I n contrast, the nonoclonal antibodies specific for HPV16 LI recongized
single major |inear epitopes as_previougly described (Cason et al., above,
McLean et al, 1990 1"5

FIG 2A



above) . Four of the five reactive anti-HPV16LlI 25 nonocl onal
anti bodi es (5A4, 1D6, 3Dl1, 8C4) were reactive with peptide 30 (291-305),
whergas Canvir 1 recognized peptide 24 (231-245)(Fig. 11). Sera frommce
i miuni zed with the virus-Iike particles failed to react with either of
"these peptides. 30 An rithmwas used to deduce likely B
epi topes of HPV16L1, based on the g*édicted protein secondary structure.
Possi bl e antigenic regions were cal cul ated as an antigenic index (Al)
(Jameson and Wl f ,§¥988, above) on the basis of chain flexibility, high 35
accessibility and h degree of hydrophilicity (Fig. 11A). Aregion with
an Al value over 175 was regarded as a predicted B epitope. Seven such
regi ons were found 24 (am no acids 79-84, 105-108, 120-122, 134-135,
267,269, 298-299, 363-367) and five of these seven regions were within the
22 peptides to which major reactivity was seen

6.5~

FIG 2B



with antisera frommce i muni zed with synthetic HPV16 capsi ds. The
summary of the B epitope specificity of antisera fromdifferent sources is
showp in Fig. 12. In further consideration of Exanples 1 - 2 it is noted
.that papilloma viruses generally produce virions in infected keratinocytes
which are readily identifiable by electron mcroscopy (Al neida et al, 1962,
J. Invest, Dermatol 38,.337-345) and which in sone cases can be purified
and shown to be infectious (Rowson &hdB Mahy, 1967, Bacterial. Reo. 31,
110-131). HPV 16 virions are however, not seen in HPV16 infected cervical
epithelial tissue although HPV16 L1 and L2 Late gene transcription occurs
in differentiated genital epithéLiun1 um al/l 1988. J. Virol. 62,
84-90) and L1 translatlo oduc [ noreactive L1 protein in these
tissues (Stanley et al . Cancer 43, 672-676). In this
specification we have sho tha xpression of HPV1i6 L1 and L2 genes in
epithelial cells is both - ¢ and suff|C|ent to all ow:assenbly of
HPV16 virion-Ilike partlcl FYE : - O B f HPV 16 are.
not defective with regard.@ 88 aSSpbl B 8 of HPV16 | ate

FIG 3

This Sheet Hag Bee

LT



geh€s in tissues appears to be strictly regulated by the epithelial
environnment (Taichman et al, 1983, J. Invest. Dermatol 1, 137-140). Failure
to detect HPV16 virions in vivo, despite transcription of L1 and L2 and

~translation of L1, suggest s t hat t here S ei t her a post
transcriptional block to L2 production in cervical epithelium or an
I nhi bitor of virion assenbly. In the HPV16 containing cell line W2,

derived fromcervical tissue, virus/lli%&e particles were observed when the

celI's underwent fterm na#: divferentmgn in.Vi#gTim ainurd,me mTroenvironnent
(Sterling et aﬂﬁ‘go J R Virdl. 64, -cZ8 'z‘_QéiQ?).x.sqggegt.L'nﬁ,gh_at such cells
have no bl ock™ a8V r | [ns By ;- ‘A ] 31."_ ut Gileke )] ation of L2
or = 25 othey.gAk R A 8. TRy, SRk T ai d ol gler o at e HPV16

virions in cegwgp
virion has an, avdr

4 e
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ot her papilloma viruses, but has a simlar surface structure conpared wth
ot her papilloma viruses such as rabbit papilloma virus (Finch and Kl ug,
1965, J. Mol. Biol 13 1-12), or human wart virus (Rowson and Mahy 1967
above). Sedinentation showed an enpty capsid density of about 1.31g/m, the
density expected of enpty papilloma virus capside -conpared with about
1.36g/m for intact HPVia virions (Dogjpgr and Gallinore, 1987, J. Virol.
61, 2793-2799). The L1 protein fron1 HPV  has potentlal

gl ycosyl ation sites, and purified BPV particles have m nor electrophoretic
forms of L1 whose nobility is sensitive to endogl ycosi dase treatnent
(Larsen et al, 1987, J. Virol 61, 3596-3601). L2 fromHPV |a and HPV 11 has
been observed to be a doublet (Rose et al, 1990, J. Gen. Virol, 71,
2725-2729; Doorbar and Gallinore, 1987 above; Jin et al, 1989, J. Gen
Virol. 70, 1133-1140) and this has been attributed to differences in

gl ycosylation. Qur data show that the L1 protein in HPV16 capsoneres is

al so glycosylated, and that two different glycosylation states exist.

FIG 4B
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l.-n=t"hi s specification we used synthetic virus- like particles to study

i munogenicity of the HPV16 capsid proteins produced in a eukaryotic

systgm Capsi d proteins produced in eukaryotic cells were used since

papi | | oma-virus capsid proteins produced in eukaryotic cells undergo

post-translational nodification (Browe et al., 1988 J. Gen. Virol. 69
1263-1273; Zhou et al. 1991 Virology 185 625-632) which my be an

- inportant determ nant of antigen ﬁﬁ%sentation. A reconbi nant

vacci ni a expression vector was chosen because no native HPV16 particles are

avail able fromclinical lesions, or fromviral propagation in cel

cul ture. We used the 26 HPV16 VLPs to produce polyclonal anti-VLP

antisera in mce, and these sera reacted strongly with the HPV16 capsi ds by

ELI SA. W have denonstrated by i munoblotting that the anti-VLP antisera

recogni zed epitopes in denatured L1 (Fig. 2) and L2. Mor eover ,

anti-VLP sera ' '

Density(g/ml)

T Y 1 v T 1 T T H x,‘. '-Z._.,s-\f_.‘
0 3 5 1
Fraction

FIG 5
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defined 22 major reactive peptides in a series of fifty- one 15-ner

pepti des of L1. These data indicate that antisera raised against viral
parti.cl es neverthel ess frequently recognize |linear determ nants. The
profile of hunoral reactivity with the set of L1 peptides was al nost

I dentical across two MIC disparate nouse strains, suggesting that
there are sufficient T epitopes in L1 that MHC restriction is not limting
in determ ning the hunoral responsgAig the HPV16 L1 protein in the nouse
strains tested here. The data for B epitope specificity obtained with our
murine anti-VLP antisera can be conpared (Fig. 12) with a simlar study of
"I mune" serum fromwonen with cervical dysplasia (Dillner et al., 1990
Int. J Cancer 45 529-535). Several peptides were recogni zed by both

i mmune human sera and the anti-VLP antisera, but the majority of peptides
reactive with the nurine anti-VLP antisera were not reactive with the

| rmune human sera (Fig. 12). Nei t her of the regions of L1 (221-235,291-
305) recogni zed by L1-specific nonoclonal antibodies (Cason et al., 1989;
McLean et al., 1990) were recognized
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by our nurine anti-VLP antisera. As L1 fusion proteins were used to raise
t hese MAbs, and have al so been used to screen for antibody to L1 in human
serum the lack of reactivity of human sera with L1 fusion protein (Jenison
et al., 1990 J. Infect. Dis 162 60-69; Kochel et al., 1991 Int. J. Cancer
48 682-688) may be explained by the failure of the L1 fusion proteins to

di splay the epitopes of L1 which are presented to the human i nmune system
by native L1 protein. Screening for antibodies to the L1 protein with

pepti des can detect only linear epitggpes. In an attenpt 27 to determ ne
whet her the reactivity in the nmurine_sera was directed against both |inear
and confornmati onal determ nants we wiped/out ELI SA assays with the
particles treated in two ways: one a{éyt ‘preserve native particles and
the other to produce denatured protein (Dillner et al., 1991 J. Virol. 65
6862- 6871) .

t ———t -~ ——i HPV 16
E4 u _
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VWe-did not fine any serum or nonoclonal antibody reactive exclusively with
particles treated in one or other manner, though one MAB (Canvir 1) reacted
nmore, strongly with the denatured that the "native" particles. Lack of
reactivity of the magjority of the MAbs with the denatured particles
suggests that they were only partially denatured, as the sane

anti bodi es react with denatured protegdy a Western blot. Conversely, the
reactivity of Canvir 1 with the native ‘particles is not proof that the

| i near epitope recognized by this antibody is recognizing denatured L1
protein present in sonme anount in the native particle preparation, and we
have no proof that intact VLPs are preserved under our ELISA conditions.

Si nce nost anti bodi es recogni ze conformati on dependent determ nants
(Benjamn et al., 1984 Ann. Rev. | nmunol. 2, 67-101), whi ch can

I nvol ve several noncontiguous pol ypeptide sequences (Amt et al., 1986
Sci ence 233 747-753), antibodies elicited to virions are unlikely to
recogni se fused or denatured proteins as well as the native protein, as
has been shown for HPV1 antisera (Steele and Gallinore, 1990 Virol ogy
174 388-

FIG 9
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398Y). Virions of sone skin-wart-associated HPV
quantities sufficient for serological assays (Al neida
Lancet 2 1205-1207; Kienzler et al., 1983 Br J. Dermat
Pfi"ster and Zur

1980 Br. J.

Vener eol (Stock

virions of t

study. The nude m c

Hausen, 1978 Int. J Cancer 21 161-165;

are available in
and Goffe, 1965
ol. 108 665-672;

Pyrhsonen et al .,

Dermatol 102 247-254; Pass and Maizel, 1973 J. Invest. Dermat ol
60 307- 311) for wart parings. The prévdl8nce of anti
virions in human i mmune serun1var|es from 20 (Genner,

hg

590-593) has®

of human anti bog
antici pate D

-OD 415

3@6(Nbr|son 1975 Br J 28 Derpatol 93
545-552) depending on the deﬂEEEEﬁﬂosysten1used. However, unt Feent |y,
enital e been unavaiil abl e for serol .
&m (Kreider etj al., 1987 J Vir
|l owed produ Sof HPV11 parfticles for the d éilon
li es (Bonnez Q 1991 J. Gen|Virol 72 1343- E&ﬁﬁ_g '
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that” t he HPV16 VLPs described here will allow simlar studies of
seroreactivity to native HPV16 particles to be devel oped, and the observed
| ack;.of reactivity in human serumto HRAHY8 -fusion proteins (Jenison et
al’, 1991 J Virol 65 1208-1218; Kochel et al., 1991 above) may sinply
parallel the simlar observations with HPV1 (Steele and Gallinore, 1990
Virology 174 388-398). Antibodies to BPV structural proteins have
virus-neutralizing activity (Pilacinski et al., 1986 C ba Found. Synmp. 120
136- 156) and antisera rai sed agai r['s'i%gyei fidd HPV1l virions could al so
neutralize infectious HPV11l in an atfiym ¢ nouse xenograft system
(Christensen and Kreider, 1990 J Virol 64 3151-3156). Qur results

i ndi cat e(%a@ﬁgt‘ the purified synthetic HPV16 capsids are imunogeni c and
ka2

coul d be o produce and eval uate virus-neutralizing antibodjes
speci fic 1040 tHp-s—encogermT ViTUS. _BPVL L1 protein pxpressed in ﬁschari chia
coli and BPV pgrticles have both t ecCamdalt | e f‘wdev of warts
(Pilacinski2etqal ., 1986; Jarret allr., 1990 Vet. “Rec. 126 449-4%2).
A simlar inmunpe response to HPV16 virgs-Ilikg|particles would be thelbasis
of a ©1.00 .
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ﬁoféntial\vaccine to prevent HPV16-associ ated cervical cancer. In Figure
13A, after infection with pLC201VwV, CV1 cell |ysates were subjected to
equi+i brium gradi ent sedi nentati on. Purified virus-like particles
were examned by transmission electron mcroscopy after negative
staining with Phosphotungstic acid. [bar = 100 nnl. In Figure L3R> Lane

1, the lysate from Cvli 29 cells ip¥edted with wild type virusj lgne 2,
purified

| ysate fromL1l and L2 expressing virus pLC201VV; | ane, S
virus-1like particles. The L2 protein was probed\Mt$$§ rabbit fanti HPV16
R ght s arfg i ndi cat ed

L2 antibody followed by 1251-protein A. The nol ecul ars R&
on the left and L2 bands are arrowed. Reference may \\\o‘

13A and 13B which show that HPV16 L1 and L2 double re N
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confain L2 protein as denobnstrated by western blot, using purified VLPs and
a rabbit antiserumraised agai nst VW reconbinant L2 protein. EXAMPLE 3:
BPVthLPS It has al so been ascertained that bovine papillomavirus(BPV) 1
virions simlarly produced in vitro using VWV reconbinant for the BPV1
capsid proteins can package BPV1 DNA Conplete virions are able to infect
a perm-ssi bl e nouse fibrobl ast cell / , as indicated by transcription of
the El viral open reading frane, an& i'nfection is inhibited by incubation
of virions with antibodies to the capsid protein of BPV1. In contrast to

t he observations for HPV16, virus like particles assenble in cells infected
wth W reconbinant for the BPV1 L1 capsid protein alone, but L2 protein is
required to package BPV1 DNA to produce infectious virions. Wth reference
to the HPV16 VLPs referred to above, these particles appeared to consist of
capsoneres typical of those seen in HPV1 and BPV1 particles purified from
clinical lesions (Bakar et al, J.C Biphys J 60 1445-1456-1991, Staquet et
al., J. Dermatol ogica 162 213-

FIG 13A
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219" 1981), though the overall norphol ogy of the HPV16 particles was rather
different to naturally occurring HPV1 and BPV1 parti cl es. As natur al
HPV1& virions have not been purified from clinical |[esions, it was
consi dered desirable to ascertain  whether t hi s nmor phol ogi cal
difference was a property of HPV16, or the reconbi nant vaccinia virus(rWw)
system used to produce the virions. 15/A%eries of Ws were therefore nade,
each 30 doubly reconbinant for the LI and L2 capsid proteins of HPV6,
HPV11, and of BPV1. Infection of CV-1 cells with each of these double
reconbi nant Vs produced virus |ike particles, and these resenbl ed the

aut hentic HPV1 and BPV1 virions nore closely than the HPV16 particles. W .
chose to study the BPV-1 particles, as natural BPV-1 particles are better
characteri sed norphol ogically and i munol ogically (Chen et al, Baker et al
1991, Cowsert et al., J. Natl §ancer I nst? 79 1053-3057) and cell Iines

FIG 13B
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are®avail abl e which are permissive for the episomal replication of BPV-1
DNA (Law et al 1981 DNAS 78 2727- 2731). In Figure 13C, BPVIL1 is expressed
from.t he p4b natural vaccinia |ate pronoter and L2 fromthe p480 synthetic
vaccinia late pronoter. The E.coli gpt gene is used as the sel ection

mar ker. Fl anki ng sequences are the vaccinia B24R gene, which provides a
vacci.ni a sequence for honol ogous reconbi nati on. The BPV1 L1 and L2 genes
were cloned by PCR fromplasm d pnml -16/18ecause the BPV1 genone is

| i neari sed and cloned into this plasmd at a BanH site in the BPV1 L2 ORF,
the BPV1 genone was first isolated from pn-1 by BanHl di gestion
and recircul arised, and the circul ari sed BPV-1 DNA was used as the PCR
tenplate. A igonucleotide primers used for L1 anplification were:

5' - CGCGGATCCATGGCGT TGT GGCAACAAGGECCAGAACGCT G .

5' - CGGGATCCTTATTTTTTTTTTTTTTTTGCAGECTTACTGG The BanHl site is underlined
and the first nethionine and stop condons are in bold. Adigonucleotide
primers for L2 anplification were:

FIG 14A



5, * GCAGATCTAT GAGT GCACGAAAAAGAGT AAAACGT GCCAGT GC.

5' < GCAGATCTTTAGGCATGITTCCGITTTTTTCGITTCC. The Bal Il sites are underlined
and *he first nethionine and stop condons are in bold. The anplified 1478
bp L1 fragment was cloned into the BanHl site in plasm d RK19 to produce
RK19BPVL1. The L1 gene and vaccinia 4b pronoter were isolated from
this plasm d by digestion 31 wi t B7¥IL8l and Smal and transferred into

pl asm d pSX3 to produce pSXBPVLL. The 1409 bp L2 fragnent was di gested
with Bgl Il and cloned into the BanH site in plasm d p480 to produce
p480BPVL2. The synthetic vaccinia |ate pronoter and BPV L2 gene were
cloned fromthis plasmd into the Smal site in pSXBPVL1 to produce the
doubly reconbi nant plasmd pSXBPVLILZ. Transfection of pSXBPVL1 or
pSXBPVLI L2 DNA i nto nonol ayers of CV-1 infected with wild type (wt) W WR
strain resulted in the rVVS pSXBPVLIVV (L1 expressing) and pSXBPVLI L2WV (L1
and L2

FIG 14B



éxﬁressing). - Reconbi nant vaccinia viruses were purified three tines in

presence of nycophenolic acid. Follow ng purification, | ar ge-scal e
preparations of the reconbinants were nmade and wused throughout
t hese experinments. In Fi gure 14A t here S shown

I munopr eci pitation anal ysis of reconbi nant BPV1 L1 in vaccini a-infected
cells.” CV-1 cells were infected at 10 ¥%/¥/&ell with wt vaccinia virus
(Lane 1); pSXBPVLI W (lane 2); pSXBPVLI L2W (|l ane 3) and harvested 48 hrs

posti nfection. BPV1L1 protein was detected with BPV1 specific rabbit
anti serum The 58 kDa LI protein is indicated by an arrow In Figure 14B
there is shown northern blot analysis of BPV1 L2 expression. RNA

extracted fromCV-1 cells infected with wt W (lane 1); pSXBPVL1L2WV (| ane
2) was probed with the BPV1 L2 gene. The variable length of the L2

honol ogous transcripts is typical of transcripts expressed from W
pronoters. For imunoprecipitation, cells infected with rVWs were |ysed
with RIPA buffer (0.1% SDS, 1% Triton X-100, 1% sodi um deoxchol ate, 150 mV

FIG 15



el

I\’laé’ --0..'5[ err]/m a{p\rb'ti nin, 10 MM Tris, pH7.4). Sol ubl e proteins were
| meunopreci pitated with rabbit anti BPV1 anti body ( DAKOG, . @ ostrup)
at ¥=2:1: 1000 dilution. Precipitated proteins were collected with

protei n- A sepharose, separated on 10% pql yacryl am de gels and bl otted
onto nitrocellulose filters. After i th 32 skimmlk, the

~filters were exposed to the anti BPV1 serun(l1l:1000) followed by
1251-protein A (O 1[err]/m) and visualised by autoradi ography. Tot al

RNA was extracted from cel | s PARILLOMAVIRUS YARQINE f ugati on t hrough Csd

as described previously. Total RNA, 30,ug per track, was run on 1.2%

f or madel hyde- agarose gels, transferred to nyl on nenbranes, and probed with

a 32P-labelled BPV1 L1 gene. In Fi gure 15A reference i's made to

DSV 2, R PO AETYE 1 palos htiy bo us or
diagnostic purposes or for incorporation in a vaccine for use in relation to infections
caused by papilloma virus. The method includes an initial step of constructing one
or more recombinant *DNA molecules which each encode papilloma virus L1
protein or a combination of papilloma virus L1 protein and papilloma virus L2
protein followed by a.further stép of transfecting é suitable host cell with one or
more of the recombinant DNA molecules so that virus like particles (VLPs) are
produced within the cell after expression of the L1 or combination of L1 and L2
proteins. The VLPs are also _claimed pér se as wé‘ll as vaccines incorporating

VLPs.

Figure 1 of the drawings should accompany the abstract when published.



, o LAVEMENT SHEETS \  SG
eserRtionr paged Wikipagal pSXBPVL1IW. A cont ani nating vacci ni a

: 1§nﬁﬁdié$@ﬁﬂi§yuapﬂﬁﬁtm The scale . bars represent 50 nm

_ r &8 PERWEE(s o pages! M&yes ppgest THF fcti on, washed wi t

freeze anjdl Akwradtr ee pagetes.. angageant.caf ed i n PBSSubstitut /

by | owsgeed centrifugation, and the sppernagts were | ayered on a 20% (w v)

sucrose qUDATE GFPRECHPT [ Wedg for 2 hours at 100,000 x g. The pellets
wer e resuspende e Wn a JEOL 1200EX el ectron m croscope

after negative staining with; 1% (w phosphot ungst i c id (pH_7.0).. As_the
ratio ofgthe L1 to L2 rote?ﬁédg%n %%tﬁ%%tf% @E@%epgrt?g gs ??aiy is of
approxi mat el y 5: 1r¢eembinant HHPY1Buchl, iB vacdapid | vinwsr ugefectret hgiam

di sease (eds Syrj@geis K, Gssman, L & Koss, L.G) Vol. 1-18
(Springer-Verl ag, Berfin, 1987), we used a strong natural pronoter for the
L1 gene and & weak syntheti & @rBfoter ¥Hr & haore bPdptoupnadysiig of

reconbLnant Vgl(ng?éﬁﬁinaﬁ@dv&@@%ﬁﬁﬁUgif@%N§€£é@t?? @ﬁ-ﬂF%@QlQ.LZIWRPAlon

a northern ot from rVy. infecte -1 cells . was approxi mately

10: 1. CV-1 cells infecteX?%??ﬁe?hgé Apg 4B are electron mi&Poscopy of
HPV wvirus-like particles from CV-1 cells infected with

recombinant vaccinia virus.

10 Figure 5 illustrates CsCl equilibrium density-
gradient sedimentation of HPVIGNémpty capsid.

Figure 6 illustrates Glycosylation of L1
proteins in purified virus particles.
Figure 7 is a flow diagram of the constructions

15 of plasmid pLC200 encoding L1 and pLC201 encoding L1 and
L2. '

Figure 8 is a western blot analysis of the
reactivity of murine sera with baculovirus recombinant
L1l protein. ' '

20 Figures 9 and 10 illustrate mapping results for
sera from BLAB/c, C57B1/6, and CBA mice immunized with
synthetic HPV 16 capsids and pooled CFA immunised control
sera.

Figure 11 illustrate reactivity of two MAbs

25 specific for Ll with the series of overlapping peptides
of the HPV16 Ll molecule. '

_ Figure 11A illustrates antigenic index
prediction of HPV1é L1. _
Figure 12 shows an epitope map of HPV1é L1.

30 Figure 13A illustrates synthetic HPV16 VLPs as
used for immunisation. _

Figure 13B shows reactivity of the purified
VLPs with anti HPV16 L2 antiserum by western blot.
Figure 13C illustrates plasmids used to

35 construct recombinant vaccinia wviruses in relation to
BPV1.

Figures 14A and 14B show analysis of BPV1 L1
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expreésed BPV1 LI protein (Fig 14A) and L2 nRNA (Fig 14B), and |large
nunbers of 50 nmicosahedral virus-like particles of apparently authentic
nmor phol ogy (Fig 15a) could be purified fromthe infected cells._ Cur
previous work with HPV16 had shown that both Li auesttitesheetnd Oct 199§ ¢
required for the assenbly of HPV16 virus-|ilke particles as described above,
whi ch contrasts with the observation that, for parvovirus (Kajigaya et al
1991 DNAS 4646- 4860¥0sél cesigue Ve pgllmddomtedaby teatrifughtgpnlag,
793-801), and poygMhoxi us & SahyBkEofbrakor1980n: fobhe 48uof2Ra n Yhr us
i ke particles assenpble™in cells If the major capsid protein alone is
expressed as a r@fofFlfaRi? ¥ crrdlnlayeredentoha 3Qr&0% pbagesiingouyy
reconbi nant for BR¥Eckd GFhAidRE) amdtebseeMedithghc\BRNaEV1d0G6bbE wBEE

infected with this VW, virus |like particles of -simlar nor hol to .t hose
ot s ned wiEh { HEEL Wfsad 10 it cPRetbioRRant Ov2Boml ey epifEghea’

Samples were mixed with 0.6 ml ethanol. The pellet

obtained after centrifugation at 4°C and 12000g for 20
minutes was collected for further analysis. To determine
the density of the wvirus-like particles, equilibrium
10 density-gradient sedimentation was accomplished in CsCl
(1.30g/ml). After centrifugation at 125,000 xg for 20
hrs, 11 fractions of 0.25ml were collected. The density
of each fraction was determined, and each was examined
for ~wvirus-like particles by transmission electron
15 microscopy.

In Figure 2A cells were infected at 10 pfu/cell
with wt VV (lane 1) and pLC201VV (lane 2) and harvested
48h post infection. L1 proteins was detected with the
HPV16 Ll specific MAb Camvir 1. The S57kDa L1l protein is

20 indicated by the arrow. Binding of Camvirl to the 35 kDa
protein in all three lanes is non-specific.

In Figure 3 RNAs extracted from cells infected
with pLC201VV (lane 2), pLC202VV(lane 3) which also
incorporates genes encoding HPV1é proteins El and E4 as

25 well as genes encoding HPV1é L1l and L2 or wild type VV
(laﬂe 4) were resolved on a 1.2% formaldehyde-agarose
gel. RNA was transfered to nylon membrane and hybridised

with a 3?P-labelled L2 probe. Formaldehyde-treated
lambda DNA-Hind III cut markerg are shown (lane 1).
30 ELECTRON MICROSCOPY

CV-1 cells infected with recombinant vaccinia
virus were fixed in 3% (vol/vol) glutaraldehyde in 0.1M
sodium cacodylate buffer and postfixed in 1% osmium
tetroxide, dehydrated in graded alcohols, and embedded

35 in epoxy resin. Thin section were cut and stained with
uranyl acetate and lead citrate. Fractions from the
sucrose gradient were dried onto EM grids, and negatively
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(Fig, 15b). Simlar enpty icosahedral virions were obtained after
i nfection of CV-1 cells wth VW reconbinant for the L1 proteins of
HPV6 or HPV11l. The |ack of norphologically authentic PV virion in cells
infected with the HPVI6L1 and L2rVW, and the | acRubstitye\sheebnd Oeerd 998,
HPV16 i nfected tissue by electron mcroscopy (Schnei der (1987) _

Papi | | omavi ruses and Human Di sease Vol 19-39 Springer Verlag Berlin),
suggests that gpé’ﬁﬁlhédcﬁﬂl:'[&aﬂl% t(@t?t\ﬂ%ﬁ.][) %éﬂb@&é@i{ﬁt?c\!ﬁd}’m(bﬁ7£@|§f360t
to viral capsi tion m nor i Vi 1 us rticles from s

i nfected wi Ito h t hEF YPVACT / Yor s AU e, e 4ng ﬂqé’F@igR%ﬁﬁE?‘n Eﬁpsm%ﬁélon
cl oni ng strat egyectton miPhddtdpe 2 and HPV6bL1/ L2 doubl e expressing

. CAGATCT CAGKT T GCOC0CT AT A SRR RERr Bt onb. ¥~ Yells infected
5' CGGGAAT TCETGT ARCARGAR I ANGMAATRXT TG T TASTGIACAAAA TitdePCRVpilodoutleds

di gested by Bgl |§é§9£ﬁe§”’t¢f Gpp2esimh Bb £y RG St WImtUY Wolre 2redfently

pronot er .

found The bar corresponds to 100 nm.
In Figure 4B there is shown fraction 5 of the
sucrose dgradient. Papilloma virus-like particles,
10 apparently consisting of regular arrays of capsomeres
were observed. The bar corresponds to 50nm.
ANALYSIS OF HPV ORF PRODUCTS
HPV1é L1 expression was analysed by
immunoprecipitation and immunoblot. For
15 immunoprecipitation, isg metabolically labelled
recombinant VV infected CV-1 cells were lysed in RIPA
buffer 0.1% SDS, 1% Triton X-100, 1% sodium deoxycholate,
150 mM NaCl, 0.5 ug/ml aprotinin, 1l0mM Tris-HCl, pH7.4).
Immunoblot analysis of partially purified virus-like

. 20 particles, using the L1 specific MAb Camvirl (Mclean et
al, 1990, J. Clin. Pathol. 43, 488-492) and 151 anti-
mouse IgG(Amersham), was performed as previously

described using samples solublised in 2x SDS gel loading
buffer containing 2-mercaptoethanol. Analysis of HPV1é
25 L2 gene expression is shown in Figure 13B. For analysis
of N-glycosylation, partially purified virus-like
particles were taken up to 100 ul buffer (0.25 M sodium
acetate, pH6.5, 20 mM EDTA and 10 mM 2-mercaptoethanol)
and reacted with 0.5 u Endoglycosidase F (Boehringer

30 Mannheim) at 37°C for 18 hrs prior to immunoblotting.
Mycophenolic acid was used to select a vaccinia
virus recombinant feor the gpt plasmid pLC201 and this was
termed pLC201VV. Synthesis of Ll in cells infected with
pLC201VV was confirmed by immunoblotting and
35 immunoprecipation. L1 protein was demonstrated as a band
on autoradiography of approximately S57kDa. A northern
blot of RNA extracted from CV-1 cells infected with these
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pronpter+| 1L1 sequence was then cloned into pSX3 BanH site blunted by
Kl enow. The resultant plasmd was pSX11Ll1l. For 11L2 34

5' GCGGATCCATGAAACCTAGGGCACGCAGACGTAAACGTGCG '
5' CGCCCGGGECTAGGCCGCCACATCTGTAAAAAATAAGSG The P 0 4G
fragnment was cloned into p480 under synthegic 28k Iate pronDter Then the
pronoter/11L2 fragnent was transferred to pSX11iL1l. The 11L1/L2 double

g econbi nant Tiégrl elt?sl 2‘\2? ﬁ%&& i fcwBatBaAMRA 35 Pdtidésed-coajuyhvédl lanti-
' GOGOAT CCAGAT GTREBEECATR m&gﬁﬁ% errhe® Ber29P0AUELTRAs FoF R by

BamH / Smal  and tlrone®latetoweRE1Sasheéranddewdlomdd 46 i dnasmg/ml ABTSe

pronDter/6L1 WerenFgggsgggggdbhﬁkgrp%%ﬁ 40 Prfgguf% min before recording
5 absorbance values at 415 nm. A peptide was considered

reactive if the OD 415 value with the test serum was
greater than 3 SDs above the mean for the control serum:
this gave a cut-of value of 0.260. An OD 415 of five
times the mean OD 415 obtained with control sera (0.55)

10 was arbitrarily considered to define a major reactive
epitope.

Monocl antibodies isera. Five
monoclonal antibodies (MAb) raised against HPV16L1l fusion
protein were used. MAb 5A4, 1D6, 3D1, and 8C4 (Cason et

15 al., 1989, J. Gen Virol 70 2973-2987) were provided by
Dr. Phil Shepherd from London, U.K. and MAb Camvir 1
(McLean et al., 1990, J. Clin. Pathol. 43 488-492) was
obtained from Dr. C. McLean (Department of Pathology,
University of Cambridge). Rabbit antiserum to HPV1é L2-

20 Trp-E fusion protein was provided by Dr. Denise.Galloway
(University of Washington, Seattle).

Ami ci eque nalysis a he antigenigc
index prediction. The antigenic index (Al) (Jameson and
Wolf, 1988, Comp. Appl., Biosci 4

181-186) is a measure
25 of the probability that a peptide sequence is antigenic.
It is calculated by summing several weighted measures of
secondary structure. Values for the predicted HPV16L1
sequence were calculated using PLOTSTRUCTURE software.
In Figures 9 and 10, reactivity (OD 415) of the
30 sera in ELISA with a series of overlapping peptides
corresponding to the sequence of HPV16 Ll is shown.
Peptide numbers corresponding to the HPV16Ll1l sequence
(see Table 1) are indicated. '
In j}gg;e 11, the numbering system for the
35 amino acids correspond to HPV16L1 from the first putative
initiation codon. The regions with AI value over 1.5 are

indicated. .
This is the replacement sheet
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pSX6L1. For HPV8L2: The HPV6L2 was isol ated from 6b genome by Accl/ Xbal
(4422-5903) . The fragment was blotted by klenow and inserted into
p480. The synthetic 28k pronoter plus 6bL2 was cloned into pSX6L1 to

f orm doubl e reconbi nant plasm d pSX6L1/L2. Ther eRMbgtityte sheets 7,0at1 1998 nd
pSX1l LI /L2 infected a host cell (eg CVl1 celdX or Cl127 cells) to produce W
p SX11L1 and W pSX11l L1/L2 which after transfection of a host cel

infected with wi FENEYPE Seki rihdisyigave RocubdffL for cmaceuwntg' bE ©r.Q6ei.n

f |1 15 ach r A f
DS | Ll Lz VSREH by Mike Midfithide ‘9%"3% GRS R16aG, MRl 08 475,
transfection of EeﬁSE%V&EYIoﬁrbﬂﬁéeﬁhﬁﬂPQ 6ﬂtHthngllFﬁ@9 Ll RAptvdes.

cont ai ni ng HPV63WhilanﬁohEV%ﬂa.%.t1btn akED gweééh %lﬁ %Ewéc gﬁibﬁrgs%ﬁhaéft PRe
t cl udes thi scope viruses_dou
LQ;FP|BﬁQV: usgsrsﬁ %ng¥oF§| 4§L§REFIEP%S £EPe Gort YRt St¥aibses

cont ai ni ng papiWitheachspeptﬁﬂaxieach of the peptides was reactive (0D
> 0.260) with either all or none of the anti-VLP sera

from each strain of mouse. The isotype of the peptide-
specific antibody in the anti-VLP sera was examined using

10 IgG-and IgA-specific anti-mouse immunoglobulin
antibodies. The IgG response was as shown (Figs. 9 and

10) and no significant IgA reactivity could be detected

to any peptide (OD < 0.050). As most peptides were
reactive with the anti-VLP sera an arbitrary OD value of

15 five times the mean negative value was used to define
major reactive regions of the L1 protein: the major
immunoreactive L1 peptides were evenly distributed along

the length of the Ll protein, as seven were in the amino-
terminal third of the molecule, seven in the middle

20 third, and eight in the carboxy terminal third. In
contrast, the monoclonal antibodies specific for HPV16

Ll recongized single major linear epitopes as previously

described (Cason et al., above; McLean et al, 1990
above) . Four of the five reactive anti-HPV1S&L1
25 monoclonal antibodies (5A4, 1D6, 3D1, 8C4) were reactive

with peptide 30 (291-305), whereas Camvir 1 recognized
peptide 24 (231- 245)(3&2._31) Sera from mice immunized

with the virus-like particles failed to react with either
of these peptides. '

30 An algorithm was used to deduce likely B
epitopes of HPV16L1, based on the predicted protein
secondary structure. Possible antigenic regions were

calculated as an antigenic index (Al) (Jameson and Wolf,
1988, above) on the basis of chain flexibility, high
35 accessibility and high degree of hydrophilicity (Fig.
11A). A region with an Al value over 1.5 was regarded
as a predicted B epitope. Seven such regions were found
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protein T1. It wll furt appreciated that the invention
includes within i M““ tm lﬁg“ﬂ!ﬁﬁ“ of di agnosis 35 of papilloma virus
i nfection by ELIS I «Step of detectign of VLP particles
containing proteins LI and L2. 36 TABLE 1 15 @b 1
fromthe predicted sequence of the HPV16 L14brotein NO SEQUENCE

RANGE NO  SEQUENCE | RANGE 1 MNVTFI YI LVI TCYE

(1-15) 28  SEFFITRRREN-\RYR molerpiler86) constrTCyeEAROnLHIrARg a gene

(11-25) - 29  MeMBE4EN (ﬁﬁ%ﬁ%m(%gé&@gg% Enkedl EEQBWERIEA 28k 1ate
(21-35) 30 Gg¥§§@@§} which thereafter wgs cloned into pSX36L1 to form

double recombinant plasmid pSX6L1L2 which thereafter

S infected a host cell to produce VV pSX36L1L2 which after
transfection of a host cell formed VLPs containing
HPV6bL1 protein and HPV6bL2 protein.

20. A method of production of a vaccine including
the step of combining the VLPs of any one of claims 1 -

10 19 with an adjuvant.

21. VLPs produced from the method of any one of
claims 1 - 19.

22. A vaccine produced by the method of claim 20.
23. VLPs derived from papilloma virus containing

15 proteins L1 and L2.

24. VLPs derived from HPV16 containing proteins L1
and L2. |

25. VLPs derived from BPV1l containing proteins L1
and L2.

20 26. VLPs derived from BPV1 containing protein L1.
27. VLPs derived from BPV1 containing proteins L1
and L2.

28. VLPs derived from HPV1l containing protein L1.
29. VLPs derived from HPV6Eb containing proteins L1
25 and L2.
30. VLPs derived from HPV6b containing protein L1.
31. Plasmid PLC 201.
32. Viruses doubly recombinant for papilloma virus
capsid proteins L1 and L2.

30 33. Viruses recombinant for papillomavirus capsid
protein L1. :

34, Plasmid PLC 200. ,

35. 5' - CAGATCTATGTCTCTTTGGCTGCCTAGTGAGGCC - 3!

36. 5' - CAGATCTAATCAGCTTACGTTTTTTGCGTTTAGC - 3!
35 37. PLC 201 VV.

38. Polyclonal anti-VLP HPV16 antisera.

39. B epitopes shown in Fig. 12.
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"4 LPSEATVYLPPVPVS (31-45) 31  LYI KGSGSTANLASS  (301-315) 5

"PVPVSKVWSTDEYVA
DEYVARTNI YYHAGT
YHAGTSRLLAVGHPY
VGHPYFPI KKPNNNK
PNNNKI LVPKVSGLQ
VSGLQYRVFRI HLPD
| HLPDPNKFGFPDTS
FPDTSFYNPDTQRLV
TQRLVWACVGVEVGR
VEVGRGQPLGVG SG
VG SGHPLLNKLDDT
KLDDTENASAYAANA
YAANAGVDNREC! SM
ECI SMDYKQTQLCLI

QLCLI GCKPPI GEHW
| GEHWEKGSPCTNVA
CTNVAVNPGDCPPLE
CPPLELI NTVI QDGD
| QDGDMVHTGFGAMD
FGAMDFr r LQANKSE

(41-55) 32  NLASSNYFPTPSGSM  (311-325) 6
(51-65) 33 PSGSWTSDAQ FNK  (321-335) 7
(61-75) 34 O FNKPYW.QRAQGH  (331-345) 8
(71-85) 35 RAQGHNNG CVG8Jbsitfdheds) 70et 19
(81-95) 36 WENQLFVTWDTTRS  (351- 366) 10 298
(91-105) 37 DTTRSTNBBLEAAI S  (361-375) 11

(101-115) 38  CAAI STSETTYKNTN (371-385) 12
(111-125) 39  YKNTNFKEYLRHGEE  (381-395) 13

(121-135) 40 (391- 405) 14
“ 41 » o .{401- 415) 15
(411- 425)..16

(19
(10
95) 23
(22
(23
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25 ANKSEVPLDI CTSI C (241 -255) 52 RKATPTTSSTSTTAK (511-625)
26 CTSI CKYPDYI KWS (251-265) 53  STTAKRKKRKL (521-531)
27 | KWSEPYQDSLFFY (261-275) The sequence of each L1 peptide is give
using the single letter code. The location of each peptide within the HPV16
L1 protein I's given, assigning position 1 to the ISubstitdteadhesrt-? @u¥tnegghe
short C terninal peptide (no 53) was not used for these experinents. o7
Tabl e 2 I mmunoreactivity to virus-like particles of sera frommce

i mmuni zed with synthetic HPVW16 capsids. Reactivity with virus-1like

particles Muse strain M ce i mmunised with VLPs

| mruni sed with CFA Expt 1 (n=5) Expt4/28n=5) n=2 BALB/C

1.06 + 0.29* .-36r 0.-04 R3O P 1.08
0.06 . 1.750. C5 2 e e iz 09867 0. 20
1.70 0.12 UR} : ;SEgwen as the
mean | standard devii
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THE -CLAF VS DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: - 1. A net hod of
production of a papilloma virus like particles (VLPs) including the steps
of : (i) constructing one or nore reconbinant DNA nol ecul es which
each encode papilloma virus L1 protein or a conbination of papilloma virus
LI protein and papilloma virus L2 protein; and (iSubstitute shestsfZQdtB98
suitable host cell with said one or nore reconbi nant DNA nol ecul es so that
virus like particles (VLPs) are produceg/i8ithin the cell after expression

of the L1 or conbination of L1 and L2 'proteins. 2. A nmet hod as
claimed in claim1 wherein the DNA noecul es encoding the L1 and L2 proteins
are included in the same DNA nol ecul e. 3. A nethod as clainmed in

claim1 wherein the DNA nol ecul es encoding the L1 and L2 proteins are
included in different DNA reconbi nant nol ecul es.

FIG 4B
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4. . " Anethod as claimed in claim1 wherein in step (ii) r econmbi nant
Vi ruses cont ai ni ng one or nore reconbi nant DNA nol ecul es transfect
the host cell. 5. A nmethod as clainmed in claim4 wherein in step (i)
a primry plasmd is fornmed containing said reconbinant DNA

mol ecul e(s) which subsquently infect a host cel | Sabstty shebectZOcniidos
wld type virus to produce said reconbi nant viruses. 6. A et hod as
claimed in claim5 wherein said primary plasm d contai ns said reconbi nant
DNA nol ecul e(s) linked to a pronoter to enhance expression of the L1 or L1
and L2 proteins in step (ii). 7. A nmethod as clainmed in claim5
wherein prior to formation. of said primary plasm d a gene encoding said L1
or L2 proteinis inserted into a secon % pl asm d contai ni ng said pronoter
before formation of the primary plasm d. 8. A nmethod as clainmed in
claim5 wherein said primary plasm d which contains said reconbi nant DNA

Density(g/ml)

0. 3 6 | 9. T
Fractic_)n
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39 nol egule encoding L1 protein has inserted therein a further
reconbi nant DNA nol ecul e encoding L2 protein to form a doubl e reconbi nant
expressing plasm d whereafter both the primary plasm d and the doubl e
reconbi nant expressing plasmd infect the host cell infected with the wild
type virus. 9. A nethod as clained in cl aSobstitutershiedt S Oct 1998
reconbi nant virus are derived from bacul ovirus Whi ch 1 nfect an i nsect cel
such as Spodoptera frugi perda. 10. T8 A nethod as claimed in claim4
wherein said reconbi nant viruses are derived fromvaccinia virus. 11

A method as clainmed in claim10 wherein a gene encoding the L1 protein is
(i) incorporated in a plasm d containing a strong vaccine virus pronoter
4b; (i) a DNA fragnent containing the gene linked to the 4b pronoter
isl derived from the plasmd and (iii) subsequently t'he DNA fragment
Is inserted in a vaccine internediate vector which contains the B24R gene
of vaccine virus and an E. coli gpt gene and nmultiple

FIG 6
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.cloning sites to produce plasnmd pLC 200. 12. A nethod as clainmed in
claim 1l wherein a gene encoding the L2 protein was incorporated in a pUC
derived plasm d having a synthetic vaccinia 28K | ate pronoter before
obtaining a fragnent containing the L2 gene linked to the 28K pronoter was
inserted into plasmd pLC 200 to produce plasni d plSub3titutelsheet - 7 Ok 1998
nmethod as clainmed in claim12 wherein plasmd pLC 20T was utirized To
construct reconbi nant vaccinia virus g8 201VV whi ch subsequently infected
mammal i an cells to produce VLPs contagining proteins L1 and L2. 14. A
method as clainmed in claim 1 mhztﬁggv;i reconbi nant DNA nol ecule is
constructed contai ning a gene encodi ng L1 protein is linked to vaccinia
4b pronoter after PCR anplification whereafter said DNA reconbi nant

nol ecule is inserted into plasmd pSX3 to_form plasm d pSXBPVL1 which

thereafter transfected a  host cell, i‘#ectled wth wld ﬁ%ee vacci ni a
virus to produce rw EL, T 16
PCR
Bam HI
 m—
Accl
BT
i |
Rk 19
pib %HI —
| Bam HI L2
28k
P Klenow
pL80 .
Rk 19-11 Bam H . BamHI linkers
L2
’ Ml I C—
Y and Sstl
——
ptb LU

pL80—2
T4 DNA polymerase :

N 1 Sst I st1
~and ~ and
Sal I
BamHI Sall Y
pLC 200 L1
BamHl Pey p28k
L2
pLCi
plLC 201
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40 pSXBPVL1 which after subsequent transfection of a host cell produced a
VLP containing BPV L1 protein. 15. A nethod as clained in claim 14
wherein a reconbi nant DNA nol ecule is constructed contai ning a gene
encodi ng BPV L2 protein |inked to synthetic vaccinia 28K | ate pronoter
after PCR anplification which reconbi nant DNA nolSubstitutesshdetsn7 ©qr4B898
BPVL2 before insertion into plasn d pSXBM/M8 to produce plasmd PSXBPVLI' L2
whi ch thereafter transfected a host cell infected with wild type vaccinia
virus to produce a VLP containing BPV L1 protein. 16. A nethod as
claimed in claim 1 wherein a reconbinant DNA nol ecul e i s constructed
contai ning a gene encodi ng HPV11L1 protein |linked to vaccinia 4b pronoter
after PCR anplification whereafter said DNA reconbi nant nolecule is
inserted into plasmd pSX3 to form plasmd pSXl 1L1 which thereafter

i nfected a host cell to produce HPV11l VLPs containing L1 protein. 17.

A method as clained in claim 1 wherein a reconbinant DNA nol ecule is
constructed containing a gene

FIG 9
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encodi ng HPV11L2 protein |linked to vaccinia 4b pronoter after PCR
anplification whereafter said reconbi nant DNA nolecule is inserted into

pl asm d p480 containing vaccinia 28K | ate pronoter and subsequently the DNA
fragment containing the gene linked to the pronoter is transferred to
plasmi d pSX11L1l to form plasnid pSX11L1L2 which Substitute sheeht dcOetl 1838 st
cell to produce WpSXI|LIL2 which after44fgnsfection of a host cell

produced VLPs containing L1 and L2. 18. A nmethod as clainmed in
claim 1 wherein..a.reconbinant DNA nolecule is constructed containing a
gene encodi ng HHVEbL1 pr ot ei Nudd g to vacci ni afZb pronotrer—whmciryi s
subsequently gnderted in pl asm X3 to producejlpl asm d pSX36 +&h
t hereafter ingedted ' fir oduce W pSK36L1 which aft e&esg -
transfection 8f Ja host cell f VLPs containi pg HPVEbL1. 19. == * A
method as claijmed in clai'™t=herein a 11 &8
O = =
=== ==
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g e = « ~-‘=
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reconbi nant DNA nol ecul e is constructed containing a gene encodi ng HPV6bL2
protein linked to vaccinia 28K | ate pronoter which thereafter was cl oned
into pSX36L1 to form doubl e reconbi nant plasm d pSX6L1L2 which thereafter 5
infected a host cell to produce VW pSX36LIL2 which after transfection of a
host cell formed VLPs containi ng HPV6bL1 pr ot ei nSabstitd®y/Ghkat pi7o0et 1.998).

A net hod of production of a vaccine including the step of conbining the

VLPs of any one of clains-1 - 10 19 w t{y,g adjuvant. 21. ' VLPs
produced fromthe nethod of any one of claims 1 - 19. 22. A vacci ne
produced by the nethod of claim20. 23. VLPs derived from papill.oma
virus containing 15 proteins LI and L2. 24. VLPs derived from. .
HPV16 containing proteins L1 and L2. 25. VLPs derived from BPV1
contai ning proteins L1 and L2. 20 ge {VLPs derived from BPV1
containing protein Li. 27. VLPs rived from BPV1 cont ai ni ng pr ot ei ns
Li '

OD 415
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1.20 - | cewir 1 MADb 8C4
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and -L2. 28. VLPs derived from HPV1l containing protein Li. 29.

VLPs derived from HPV6b containing proteins Li 25 and L2. 30. VLPs
derived from HPV6b containing protein Li. 31. . ... Plasmd PLC 201. 32.

Vi ruses doubly reconbinant for papilloma virus capsid proteins Li and L2.
30 33. - Viruses reconbi nant for papill ons bsmmteageeti grm:emsela

34. Plasm d PLC 200. 35. 5 -
CAGATCTATGTCTCTTTGGCTGCCTAGTGAGECC - 3" 36. 5' -
CAGATCTAATCAGCTTACGTTTTTTGCGITTAGC - 3' 35 37. PLC 201
Pol ycl onal anti-VLP HPV16 antisera. 39. B epitopes shown i |
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40. + T .\Ws doubly reconbinant for the L1 and L2 proteins of HPV6

and HPV11l. 41. 5 - CGCGCGATCCATGGECGT TGI GGCAACAAGGCCAGAAGCTG 42.

5' - CCGGATCCTTATTTTTTTTTTTTTTTTGCAGECTTACTGG 43. 5

GCAGATCTATGAGT GCACGAAAAAGAGTAAAACGTGCCAGTGC 44. 5 -
GCAGATCTTTAGGCATGTTTCCGTTTTTTTCGITTCC 45. p S(RRvitte sifeet - 7 Oct 1998
p480BPVL2. 47. pSXBPVLI L2. 48. 13/§XBPVLI W. 49. T 7
pSXBPVL1L2WV. 50. pXS11L1. 51. X1l L1L2. 52. pSX6L1. 53.
pSX6L1L2. 54. - W pSX11L1. 55. W pSX1lL1L2. 56. \AY
pSX6L1. 57. W pSX6L1L2. 58.- :

5' CAGATCTCAGATGTGGCGGCCTAGCGACAGCACAGTATATGTGCC!

- - FIG 13A
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59. *5' CGGAATTCGT GTAACAGGACACACATAATAATTGTTTATTGCACAAAA 60.

5' GCGGATCCATGAAACCTAGGGCACGCCAGACGTAAACGTCCG 61.

5' CGCCCCGGECTAGGCCCCCACATCTGTAAAAAATAAGSG 62, -

5' CGCCCGGGTTACCTTTTAGTTTTGECGCGCTTACGTTTAGG 63. . -

5' GOGGATCCAGAT GTGBCGGCCTAGCGACAGCACAGTATATG 64.  Substitiitenshiet]- It Qdt 4998si s
of prior infection of papillomavirud44m8 ELI SA including the step of
detection of VLP particles containing proteins L1 and L2.
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