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cancer as a consequence of such infections are recog-
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BACKGROUND OF THE INVENTION

The Human Papillomavirus (HPV) is since long estab-
lished as the major cause of cervical cancer (1), and has
in recent years also been established as a cause of

20 cancers of the penis, wvulva, vagina, anué and orofarynx.
There also exists indications that the virus may be
involved in some cancers of the prostate, esophagus and
in other head and neck cancers. HPV vaccine development
is therefore a prime priority of preventive cancer

25 research today (2).

The HPVs exist as >100 different types. Although
tYpes'ére defi§¢d”by-genetic'hqmology,'ﬁhe genéﬁypeé'havéu
hitherto shown a‘strikingly good concordéﬁée with sero-
types, i.e. hyperimmune antisera against one type will

30 only neutralise the same type and not other genotypes.
Cross-neutralisations have only been reported for certain
closely related types and have héd titers 2 orders of
magnitude less than for the type-specific neutralisation
(2,3).
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common HRS 1 YRESy response in several animal model systems (rabbits,
cows, dogs and rhesus monkeys), even when injected in the
absence of adjuvant (2).
Vaccination with papillomavirus VLPs has been shown
to be highly efficient for protection, mediated by
20 neutralising antibodies, against subsequent challenge
with both cutaneous and mucosal papillomaviruses, but
only in a type-specific manner (2). This strong type-
specificity is surprising, since the major capsid protein
of the HPVs is a highly evolutionarily conserved protein
25 with very few amino acid changes between genetically
related, but not cross-neutralising, HPV types.
The most common oncogenic HPVes are HPV16, 18, 31 and
45. HPV16é is found in about 50% of cervical cancers,
HPV18 in about 20%, and these four types together corre-
30 spond to >80% of all cervical cancers. Therefore, a
commonly contemplated strategy is to manufacture vaccines
containing HPV capsids of the 4 most common HPV types
together (2).
Albeit this strategy appears likely to work for
35 achieving significant cancer reduction, it has some
distinct disadvantages. The formulation of vaccines con-
taining 4 active components mixed together involves a
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Several other HPV types cause significant morbidity
and mortality, most notably HPV 6 and 11 that cause
genital condylomas and recurrent respiratory papilloma-
toses, and HPVs 5 and 8 that cause cutaneous skin-cancers
20 in the immunosuppressed host.In spite of the obvious
advantages of broadly cross-reactive vaccines, the possi-
bility to generate a broadly cross-reactive vaccine, by
modifying the L1 protein to not contain immunodominant
type-specific epitopes, has not been proposed. Several
25 surface exposed and cross-reactive epitopes are exposed
on papillomavirus particles (WO 96/33737), but are not
immunogenic in the presence of the immuncdominant type-~
specific epitope (4). Therefore, by modifying the Ll to
remove immunodominant type-specific epitopes, it should
30 be possible to generate a cross-reactive papillomavirus
vaccine, using a modified HPV-L1l protein as a carrier of
surface exposed HPV derived antibody epitopes.
Furthermore, VLPs are highly efficient in eliciting
a cytotoxic T lymphocyte (CTL) response, and VLP vaccines
35 have been reported to be highly efficacious (through a
CD8+cell-dependent mechanism) in preventing and treating

transplantable cancers in several mouse models, in spite
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VPLs als_ vehi cheai odelivaninegeany Qﬁt%g&? Y(7l'h)s, bl OICki ng by type-specific
ero- posi tve. for FETENY dAIPAG Tha Sip it drcP o ha T 1
addi ti on, theFapeying Dreigecieabirens | kae hres demepstEaefd el ecurrent
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15 A potential problem using VPLs as vehicles for
immunogenic delivery is blocking by type-specific
neutraiising antibodies. In Sweden 16% of the adult
population are sero-positive for HPV-16, reflecting the
importance of the problem. In addition, therapeutic
20 vaccination is expected to require recurrent treatments,
likely to induce a type-specific antibody response
towards a wild-type VLP carrier.
Therefore, by modifying the L1 protein to remove
type-specific epitopes causing production of neutralising
25 antibodies, as has been described (8), and introduce
antibody or T-cell epitopes in this carrier, it should be
possible to generate an immunological response towards
the introduced peptide, without obstruction from type-
specific neutralising antibodies directed towards the
30 carrier itself.
SUMMARY OF THE INVENTION
An object of the present invention is to provide
means for preventing and treating viral, bacterial or
parasite infections, especially of human papilloma virus,
35 and the development of benign or malign consequences of
such infections, as well as means for treating and pre-
venting cancer.
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15 human papillomavirus.

The carrier must be physically coupled, that is
fused, to the peptide for which it acts as a carrier,
thus creating a fusion protein.

Particularly, peptides derived from HPV proteins and

20 defining linear antibody epitopes and T-cell epitopes are
recognised. .

There is also envisaged combinations of said carrier
with a minor coat protein of human papillomavirus (HPV-L2
protein), native or modified. Also this HPV-L2 protein

25 can itself be fused to one or more further peptides.

The invention also provides for an oligo- or poly-
nucleotide coding for said carrier. The invention makes
it possible to create a better basis for eliciting an MHC
class I mediated response, i.e. creating cytotoxic

30 T-cells, without giving rise to type-specific neutralis-
ing antibodies towards the carrier, or without type-
gspecific neutralising antibodies being present at the
start.

It is also possible to use an HPV-L1l protein,

35 modified as described above, ags a carrier of oligo- or
polynucleotides to cells.
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or more antibody epitopes, such as tumor, bacterial,

15 parasite, viral or auto-antigens, especially papilloma-
virus antigens.

The carrier can also be combined with a minor capsid
protein L2 of human papillomavirus (HPV-L2 protein},
which in its turn may be fused to one or more further

20 peptides. These further peptides are e.g. T-cell or
antibody epitopes, which may be derived from tumor,
bacterial, parasite, viral or auto-antigens.

In a further embodiment the fusion protein is used
as a carrier of oligo- or polynucleotides, e.g. such

25 oligo- or polynucleotides which are coding for an antigen
or an immunostimulatory (poly)peptide.

In another aspect, the invention provides for an
oligo- or peolynucleotide coding for the carrier as
defined.

30 In further aspects, the invention provides for
vaccines, comprising as an active ingredient a carrier or
an oligo- or polynucleotide as defined above.

In further aspects of the invention there. is
provided methods of preventing or treating viral, bacte-

35 rial or parasite infections by wvaccination with a carrier
or an oligo- or polynucleotide as defined above. In a

preferred embodiment the infections is caused by papillo-
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1. A carrléWD 6?“?ntroduct|on of a substance into 5 cells, conprising a
maj or capsid protein Li of human papillomavirus (HPV-LI protein) which has
been inten- tionally nmodified to remove fmj or type-specific epitope(s)
causi ng production of neutralising antibodies. 2. A carrier according to
claim1l1l, wherein one or 10 nore am naQ a% s have been deleted. 3. A
carrier according to claim1, wher ei n SEHSHPY-  Li protein is in fusion
with a peptide. 4. A carrier according to claim3, wherein said peptide

conprises one or ”PreATc&%lltare@bI:Opﬁ@m&icionAo@aéréx%s@e&fc@ dingg to claim
4, wherein_said or nore T-cell epit %55 re derfr‘vedff om a group of
PEOLGHP %

ant i gens conpfFed iﬁg SRR 510G PePREPT (R 1ot WPE- anti gens. 6.
A carrier accoagihyomaviche nHPV-hhepedtreiai whizh besthbern ciameni-ses one. or

more anti bodyteahw %nodlfl/éacesrf@ﬁo@&qwﬁmybe Ebé‘dszb wherein said one
or nore anti bod

es are deriyed from r antigen conpr|3|ng
t unor , bacteri‘eagto El %\ | fasipg; RFOgRCtiQh c?f;ﬁ’g gﬁ%%’?s’z%g Bant%%(:?r“ ér
accordlng to clai n27,Awmndier satdrédirg twr cledim &ntWhﬁ%ﬁARnﬂﬂﬁoSés are

derived f{gom ﬂB%naﬁf’zﬁ’éué{dsﬁﬁ&r&Uﬁeé‘z@tdeﬂ@%%d 9. A carrier according any
one of clains 6-8

0.a protective
response. 30 10. Jér‘?‘a}ré'rleécegm?%%‘q ;Larhmgg wWheter Ss%'l& prggt ective
anti body respdisprotetn diss-imefusion V%réﬂ@eptlde .
4. A carrier according to claim 3, wherein said

peptide comprises one or more T-cell epitopes.

15 5. A carrier according to claim 4, wherein said one
or more T-cell epitopes are derived from a group of
antigens comprising tumor, bacterial, parasite, viral or
auto-antigens.

6. A carrier according to claim 3, wherein said

20 peptide comprises one or more antibody epitopes.

7. A carrier according to claim 6, wherein said one
or more antibody epitopes are derived from a group of
antigens comprising tumor, bacterial, parasite, viral or
auto-antigens.

25 8. A carrier according to claim 7, wherein said one
or more antibody epitopes are derived from human papillo-
mavirus antigens.

9. A carrier according any one of claims 6-8,
capable of giving rise to a protective antibody response.

30 10. A carrier according to claim 9, wherein said
protective antibody response is cross-reactive towards
two or more serologically defined subtypes of human
papillomaviruses.

11. A carrier according to claim 10, wherein said

35 protective respones is raised against two or more of the
group comprising HPV-L1 proteins derived from human
papillomavirus implicated in tumor induction.
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two or nore serologically defined subtypes of human papill omaviruses. 11.
A carrier accordi ng to claim 10, wherein said 35 protective respones is

rai sed agajns nore of the group conprising HPV- |, s derived
“from human i ‘Jf omaw rus inplicated in tunor induction. #?@Wf%o?%/ i t1l

[ O I I I I S V\D 01/ 23422 PCT/ SE0O0/ 01808 10 12. A carrier according to claim
11., wherein said protective antibody f8sponse is cross-reactive towards

~two or nore of thexgr QUEagg:léPVaééoﬂﬁ?mtBScigmﬁri:@' %el-x‘elnpﬁgﬁ.@ ns of
HPV- 16, HPV-18, HPV-31 [%Pg E'w\{ . carrier accord g' a any one of
claims 1-12 iPEOtTsh ACREY h SRRTHST 1€aﬁ§Pﬁsp’r’%?%‘?ln"q_f° “Rina

papi | | omavi r uswg HRYV-Mcrepodt bhe) grdvp of ¢EVi-Lar pacteins r@mwnagnms,

wherein said f,ﬁlélL,?s RPOEey01kS ipviis] bWkt hanlensy- 4§)re furt her 10
pepti des. 15. A C g} accordl?r:'g%to claim 14 V\Qer n.sai d g or rmre

further pebtides GEERIEF oRT O t6F 20K PTG ts THEi %l

bacteri al, paq:qsb:treatimrr afithnd mawen-capsigepsotedn 1Bz of dwmaner accordl ng

to any one of @ﬂlrggnalﬁ;.ﬁs By c&&@glq] substance is an oligo- or
pol ynucl eot i carrier accor I ai mi16, wher, ebﬁa&? ol i go-

or pol ynucl eot i de 45’ @‘oﬁiaﬁﬁl?’éra%‘"r%r ﬁf“?‘gje:fvs ieneiiy i mul at ory
(poly) pepti d&RV- IZADpi:&teAnvaec;nefummm1$MQnasoamm ifivertihegr edi ent a
carrier ag depdpedhdd) any one of clainms 1-17. 19. A pol ynucl eotide coding

for the carrier a déelnedln rad*Le oftcl irrs%-l?. 20.. A vagci ne,
conprising as an i cf’ﬁﬁ?‘%ﬁl%‘ﬁ S BOF%HBI bt i M ™8P Red in clai m
19. one or more further peptides are chosen from a group of

antigens comprising tumor, bacterial, parasite, viral and
auto-antigens.

15 16. A carrier according to any one of claims 1-15,
in which said substance is an oligo- or polynucleotide.

17. A carrier according to claim 16, whereby said
oligo- or polynucleotide is coding for one or more
antigens or immunostimulatory (poly)peptides.

20 18. A vaccine, comprising as an active ingredient a
carrier as defined in any one of claims 1-17.

19. A polynucleotide coding for the carrier as
defined in any one of claims 1-17.

20. A vaccine, comprising as an active ingredient a

25 polynuclectide as defined in claim 189.

21. A method of preventing or treating viral, bacte-
rial or parasite infections by vaccination with a carrier
as defined in any one of claims 1-17.

22. A method according claim 21 of preventing or

30 treating infection of human papillomavirus.

23. A wmethod of preventing or treating development
of benign or malign consequences of human papillomavirus
infection by vaccination with a carrier as defined in any
one of claims 1-17.

35 24. A method according to claim 23, whereby said
human papillomavirus infection is chosen from the group
comprising warts and laryngeal papillomatosis.

L



21. A nethod of preventing or treating viral, bacte- rial or parasite

i nfections by vaccination with a carrier as defined in any one of clains
1-17. 22. @rﬁé%g according claim21 of preventing or p&yégoeaisbé 0

i nfection 8° n papillomavirus. 23. A nethod of preventing or treating
devel opment of benign or malign consequences of human papil | omavi rus

i nfection by vaccination with a carrier as defined in any one of clains

1- 17| | 35 24. A m}ﬁp.d_Aa%Eﬁgjiﬂtgft&eii}eadtﬁh§3orwbﬁé£hmg$&§aﬁc_ebun§an . __
papi | | omavirus_infection i.s,chosen from.t P;.. C risi warts an ’
| ar yngeal papY??%Jthﬁt&sqns.m.%.h FITTTTISS 99 P%F?{’%flﬂll Ilcﬁg‘l IB? Ll * ~MW

01/ 23422 PCT/ EE3ON9183F - 11 25. A nethod of preventing or treating cancer

by vaccination widdh a GRthb8adSortEiiged chadmy2®Nevafrebyl 8ab®@ 1-17. 26. A

met hod according to claiim25, _whereb i i fromthe
group conpti sFABCTarkteCiSPencE ‘\’/‘flxt:‘ehé/p |§1,% ng‘éggg%a%lc}f%gﬁﬁg and

orofarynx. | é€ervix) penils),| vhlve} vagina,]gnps gng qyofarynx.
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