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substance into cells, conprising a major capsid protleifeqambst 80&tinan
papiliomavitus (HPV-L i protein) which has been intentionally nodified to
remove type-specific epiwe(s) causing produc- tion of neutralising
ant i bodiygg ¢rA82 1 Nvention also includes an oligo- or polxggﬁ#ﬁ Shisgle coding
for sald carrler vaccines conprising %aid .carrier or sai 'go- or -
pol ynucl eoti de, as well as nethods of using the carrier or the oligo- or
poi ynucl eotide in vaccination against infections of human papill omavirus,
or agai nst devel opnent of consequences of such an infection, or against
devel opnent ~ of certain cancers. TENSSCSINKarin [ SE(SE]; Fredsgatan 2,
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|ncludes an 0 o-_or polynucleo e co
- modl ied . major capsid protein. Ll of human papillomavirus ..

5 (HPV L1 protein) devoid of type-specific epitopes causing
- productiOn of neutralising antibodies. The invention also
includes an oligo- or polynucleotide coding for said
- -carrier, vaccines comprising said carrier or said oligo-
or polynucleotide, as well as methods of USihg the
10 carrier or the oligo; or polynucleotide in vaccination
against viral,'bacterial or parasite infections as well
as against development of certain canCeré. Especially,
infections of human papiilomavirus and the development of
cancer as a consequence of such infections are reéog-
15 nised.
‘ -BAC‘KG‘ROUND 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, vulva, vagina, anus and ordfarynx.
There also exists indications that the virus may be
qinvolved in ‘some cancers of the prostate, ésophagus and
in other head and_neck.gaﬁcers. HPV. vaccine development
" is therefore a prime-priority of preventivé cancer
25 research today (2}.
| The HPVs exist as >100 different types; Although
‘gYpes are defined by genetic homology, the genotypes have
hitherto shown a strikingly good concordance with sexo-
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 had titers 2 orders of
magnitude less than for the type-specific neutralisation
{2,3}). ' '



carrier, vaccines conprising said carrier or said oligo- or polynucleotide,
as well as nethods of using the 10 carrier or the oﬂ?ngc?ﬁbeﬁo? Biicl eoti de
in vaccination against viral, bacterial or parasite infections as well as
agai nstwognebaprent of certain.cancers. :Espeeial kyy: - i-nheeidmnsisas human
papi |l l omavirus and the devel opnent of cancer as a consequence of such

I nfections are.recog 15 nised. BACK ND OF THE | NVENTI ON The Human

Papi | | omavirus (HPV) is since long estéb- |ished as the nmmjor cause of

cervical cancerThd)Hprundapasd &6néeeestoyeapScahsombeanecgshabbhshed as a

cause of 2 ncers of the penjs, vulva, .vagina, .anus angd orofarynx.  There
alsofekjétgagﬁaﬁ a iSﬁgl?ﬁa$gth§évﬁ#&%mﬁﬁ9rb8ap?ﬁaoP€@ﬂeFﬁ'g&néAcancers of
t he prost aménossophagdspanteinn beheishpadsand neckueaneeniledPV vacci ne

devel opmen ' hepefgre.a. Pk} pr L OLJ f jpreventive cancer 25 research
Cotay 0oy Mmebara FHCLAE FoloBLATE: B2 O blota PLal L8V R e 3 EROEEEDES . o o
defi ne® by2Benkhfclasabiengyofthe fanengpstahnvd2)hi thert o shown a T

strikingly goodacengBedadtesmhil $eFOset YO rebsCoaBREr bgHE.Q?nént i sera
agai nst oneht pegmnll 30 only neutralise the sane type and_not ot her
genotypes. o¥8ReGEPEFFIGY SRS naTeeHRt § - beeficrBpyiEed-tékecertain
.cIosely,rebareﬂclgpe$vnad)hayeehaﬁaitielésZmegﬁbgog&caqagngimggakess t han

pCri Stool ShgoRe s L ThEr PR AL, 8t EBrkiGoothr 7375 o aA0aRET o BhEh con

tai ni A§ 5 ¥BPiwajer chpsHP\Prefein-bapisdapoogethelbesA solihed caps id

PLOLELT  §5)+ HEPUSSErEohen et oaRll oy AURUSCAR BRI, o0 or Lo

As. uncert%}ﬂl%?§ to VLPs containing both Ll and L2 (2) . Both par- ,
ticles with Ll only and particles with L1/L2 are highly
efficient in elicditing a high-titered neutralising anti-

15 body response in several animal model systems (rabbits,
cows, dogs and rhesus monkeys), even when injected.in the
absence of adjuvaht {(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 HPVs are HPV16, 18, 31 and
45, HPV16 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 capéids of the 4 most common HPV types
together (2}. ‘ o |
Albeit this strategy appears likely to work for

35 achieving significant cancer‘reduction, it has some

distinqt disadvantages.‘The_formulation of vaccines con-

taining 4 active‘componentslmixed together involves a



A nunber of small. -viruses express capsid proteins that when expressed
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evidence do indicate. that interference between HPV types
15 does exist.

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 pfotein~to not contain immunodominant
type-specific epitopes, has not beén 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 immunodominant 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-L1 protein as a carrier of
surface exposed HPV derived antibody epitopes.

Furthermore, VLPs ére highly efficient in eliciting
a cytotoxic T‘lymphoéyte (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



3 substantial addi tional cost in manufacturing. and efficacy testing and
-quality :'control of Furthernore, some 10-200 of cép\PReMbEANERIL are -

. "caused by HPV types not included in the presently . manu factured
VaCCI ne_candi dat es. Apar.t :fromthe fact that the. VaCCI ne.. coul d ot- .
possi bl YBIBH¥EY™ agai nst ‘thésé types. “the possibi IltyPSF’§E°°"B§q3Sts t hat
elimnation of .the 4 .npbst common oncogeni ¢ HPV types ‘mays, cause an - -
_increase in-. the preval ence of the other4oncogenic HPV types, thus. 10
This latter scenario IS,

further-di gbtn hi ng the .cancer-preventive gains.

as predict & f %cﬁa‘intaha}forf- IFRF I df &eds Wty 3% TPERITWUT there
exhst s i:nt epﬂcﬂ:rearrce(s)b.et’]i‘ljmmrgﬁ flﬁrmﬁiﬁogerﬁf%hﬂyy%&;)eaieyelf@bé imes iof .
In |rect e lcate at _interference ween V types 15
does ‘exi"sf epggqsveq;rcaltgmf &7 ﬁwat%fpo cfa dhvef i a%?%l_{gc?lfy and
nor tald ty; Jmfsﬁtctrmmbibﬁl L Y C&Jalnd(mmw;humuc@;&mm@écmd,ylm and?
~ recurr est,; respiy AMImP AR | ABsa R30S Al BRS, St &nth B fdal  fappe

cut aneous skin-cancers 20 i the | mminosuppr esse In splte t he

obvi ous ¢ ad¥FRfeide LMD MK WD NG drasent athckn fdze MHR gls I bility
to generat exaad@rﬁmaumcrmwa@,aqte)ve mlaﬁ% éqyermwwggéﬁ@raq protein

t o not contal n_i dom nant Speci pi topes, - has hot been .

proposed. ’ %‘?ﬁ fRce Zijlcﬁ:rﬁfk'&‘%‘sc’aqx é%i?:“t’?’%/eoep‘f]t%es are

exposed : ors:pam Itil'mmwarmsbq)argadslm d WRHIG133 735 , 1t c Berer. NiGlmuno -

I Munoggni r no m nant type- specific epitope
e R A St

(4). er ef yve i mmunodom nant type-specific
epi topes, it sh ﬁ#@@rﬁe iy yiisiad itcm g@i@gamlaim-méam%

papi-l | omavidg4s 2_3, \{.gf/qgcﬁeelgﬁld}g._ é&dlﬁéseq)eléPV&ém&{%{leé&@s 1@ carrier of

surface expos derived anti ody epi topes. Furthernore, VLPs are hi ghly
ef ficient iFFEE tsf‘-’fﬁgte“ég'cﬁtﬁ-o A Y GG 1FRBH R, and VLP

vacci nes human 1mmunodef1c1ency virus antigens.

15 A potential problem using VPLs as vehlcles for
immunogenic delivery is blocking by type-specific
.neutraiising antibodies. In Sweden 16% of the adult
population are‘serb—positive for HPV-16, reflecting the
importance of the problem. In addition, therapeutic

20 wvaccination is expected to require recurrent ireatments,
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 neutralieing

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 coﬁseqﬂences of

such infections, as well as means for treating and pre-

venting cancer.



35 have been reported to be highly efficacious (through a
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response, which antibody response may be cross-reactive

towards two or more serologically defined subtypes of
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-I.2 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 neutraiis—
ing antibodies towards the carrier, or without type-
specific neutralising antibodies being present at the
start.

It is also possible to use an HPV-L1 protein,

35 modified as described above, as a carrier of oligo- or
polynucleotides to cells. '



specific neutralising antibodies directed towards the 30 carrier itself.
SUMVARY OF THE | NVENTI ON An obj ect of the present i AfePRGBWers28@3 provide
.means for preventing and treating viral, bacterial or parasite
i nfections, especially of human papilloma virus, 35 and the devel opnent of
beni gn or malign consequences of such infections, as well as neans for
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the cervix, penis, vulva, vagina, anus and orofarynx.



25 can itself be fused to one or nore further peptides. The invention also
provi des for an oligo- or poly- nucleotide coding fbf Bexiegibear20@3. The
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~In one.. of ehb3q:ASRECkaiat HBY-LOVEPLLON, 1 BT PYT £88, bR iy garrier for,
introduction of, a substance-into cells, “conpriSing :major: capsid protein
L1 of huneReB&EEPona- virus (HPV-LI protein) which has' been - |
intentional I'y pBErérglly . s&LA0NERE YRE-SORGH{ b8 o8RI LPPRoLS) causing -
production.of -neutralising anti bpdjes: In one_greferredu enbodi nent said
HPVL-Ll:'-BFS?gfnePé ?HE?US?%HQR}?tlﬁ.SUCh epitopes derived from

tumor, bacterial, parasite, viral or auto-antigens. In

another preferred embodiment, said peptide comprises one
or more - antibody epitopés, 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 wmore further

20 peptides. These further peptides are e.g. T-cell or
ahtibody'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 polynucleotide coding for the carrier as
defined. ' '

39' B 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 1rial or parasite infections by vaccination 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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rhuman: pap. :llomavirus infrction by vaccination with a 5 fusion protein or
an ol igo or polynucleotide as defined above. In enb%d¥ﬁ§ﬂ®§r0$03he met hods
said human papilloma- virus infection is. warts or"laryngeal papill omatosis
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and orofarynx by vaCC|nat|on with a fusion protein or an ollgo- or poly=
nucl eoti de-as defined above. 15 16 Dec@mrber 2003 PCT/ SE00/ 01808. .
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16 Decenber 2003 WO 01823422 PCT/ SEOGIHAGS 9,-CLAINB . 1. Acarrier for-
-introduction of a substance into 5 ,cells;': canprising a:ngajor capsid

protein LI of human papl||OﬁBVIFUS (HPV-Ll proteln) whi ch has been inten-
ti onalty “modifi et tA ¢aFBier néporinypedspetor icf - 2pstbpedse chmsd ng

~ product on, @élmuté&hﬁwﬂn&n&'r@%fscaé i BRGELER AECOEMhAgRhO- claim 1,

wher ei n one or 0 nore amno acid carri er

accor di ng tRfRY qylﬁﬁ%réﬁ Rl PFpieinl wabehi hassbeenfimien-with a
pepti de. z4tﬂbn&&1y€m0@&ﬁbéﬂlﬂg iém@+@1aa rw@ﬁﬁng Sé&i flicpepti de conpri ses
one or nnr%;Téégéﬁ§¥)%q£ d A% arrl accordln to claim4, wherein
sai d one cerT epl?dE%% kN 1%%r? éﬂe??ﬁﬁiéis%u%“%%bo%h¥$gens

- conprising tunor?. Factariier parasiing wralain 1AUQesainh gaRs . ob. A

carri e10acGRill Minird A ds haWla&ld §8lkeg0 Peptide comprises one or

nore anti body epltopes
. carrier’ according to claim 1, wherein said HPV-

Ll protein-is in fusion with a peptide.

4. A carrier according to claim 3, wherein said
peptide éomprises 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, wviral 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,

3. 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, ﬁherein 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.



A carrier according to claim®6, wherein said one. or nore antibody

epl topes are .derived froma group of antigens conpt? Sig PO bacterial

paraS| te, vi

auto-antigens. 25 8. A carrier accordi tao claim7,
wher ein said™ n"é%%% nore anti body epitopes are derived frg&r}'

ﬁ%ﬂ’?@hs“ﬁapl i ‘o-

_mavi rus antigens.. 9. A carrier according any one of clains 6-8, capable
_of. giving rise to a protective anti body rlésponse 30 10 A carrier. -

according to clalm S, whershdsadl doOLOIAH KCHILLOODY BESNINSE LS

€ross-reactive towards, _two qQr nore sero gl ca ypes of human
~papi | | omavi ruseEFOEﬁctW%WPPdacE%%mrﬁge t1(§ GFQFﬁTI.{@aCW é.qvagéﬁd 35

" protective resptmeSpr sugr. ©d thgaghstp tod I{Hv mor- grﬁf:eixli]&ccgrr;ﬁli&ﬂ@@mﬂ.lﬁl ng
HPV-Li proteln M h r | gated_in ‘tunmor. .
i nduction. n% IE\éiZJOfOg{I%]VP%TW/aS %‘g/aiojél éll %ﬁ Iiﬂ{:aﬁl er accordi ng to
s claim 11, mk?érel n sair A FRETARE| Iecdinso &P PBY pons of ‘clagmssd -1RedBt: ve
“towards ...two porbivstdion efitht Remgnat poafsidHBYokdin Lot NH@Pri sing L1

prote| n~ ofgg{gﬁf&?a‘)—i%slqﬂp?P¥%3ﬁ;rote%rl d HPV-45 5 1.3-A carrier-

“according to an clains Jination with a mnor capsid
pr otein L2 of hunman pafi FRERASTr 2N Loprdedinm 3, ‘Mherkindepidr
;.according to cl BPVA LB preftesai hsaghdfudidd bl tpr ehei 8ridord) filtsiHal Wit h -one
“or more furtohe #fégldes ‘15. A carrier according to, claim 14, wherein
~said. one or rther peptides are chosen froma group of antlgens

‘c.orrprl si ng turmr bai‘cf’t e &Firrﬁﬁ?-’a%‘F‘f@-'dﬂxﬂgr &P ahdimutd- ahdanpdms saids 16 A |

: ear rier aCCOI’dIdS’tgetcﬁ: ateofiarohet! pep®ideslBre 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 polynuéleotide;
17. A carrier according to claim 16 whereby said
. oligo- or polynucleotide is coding for one or wmore
antigens or immunostimulatory (poly)peptldes.
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 polynucleotide as defined in claim 19.
' 21. The use of a therapeutically effective amount of a
" carrier as defined in any one of claims 1-17 in the manufacture
é of a vaccine for preventing or treating viral, bacterial or

parasite infections.

30 i 22. The use according to claim 21 for preventing or

treating infection of human papillomavirus.
23. The use of a therapeutically effective amount of a

carrier as defined in any one of claims 1-17 in the manufacture

35 Eof a vaccine for preventing or treating the development of
Ebenign or malign consequences of human papillomavirus
jinfection-

24. The use according to claim 23, whereby said human
zpapillomavirus infection is chosen from the group comprising

jwarts and laryngeal papillomatosis.



in which said substance is an oligo- or polynucleotide. 17. A carrier

according to claim 16, whereby said . oligo- or pdlfyPraemRedt i2883i s coding
for one or nore antigens or inmunostimnulatory -(poly)peptides. 20 18. A
vacci nexeRfiRédsi Ng as an active ingredient a carrier asp&gddodfthokn any

one of clains 1-17. 19. A polynucl eotide coding for the carrier as defined
-in any one of clains 1-17. 20. A vaccine, conprising as an active -
ingredient a 25 polynucleotide as defiffed in claim19. 21. The use of a

t her-apeut i cal | y2&f f e€hevesandunt térapeutaral By «ffedei roethduntany one of
clainms 1-17.LD: re f vaccine far .preventing or treating

vi ral ,'-:baé'tzgk?zé garsn%%g%g%% 'tiéi Phf e¢ ‘?ooralf(s:.cll@bmi% ﬁ?hénu * accor di ng to claim
21 for g prevefdinyeoprf @ remding Eof aoteventofg hunamepapid |cemaeirr us. 23. The

use of a therapeygtically,&ff.ee Eggn@r&ugga% B %EELL%F as defined in any
0

one of claims 1717 in the manufactufe a ‘vacci ne for preventing or
treating thé geessrogrent tiyf drenpgromrrisdinggnaners edueaces:,obehisan -
papi | | omavihusa, ivi@ahi Ofhusl4ndThEos§raccording to claim 23, whereby said
human papillomavirus Infection I's chosen fromthe group conprising warts
and | aryngeal papillomatosis. 16 Decenber 2003 PCT/ SE00/01808 11 25. The
use of a therapeutically effective amount of a "carrier as defined in any ;
one of clainms 1-17 in the . ;manufacture of a wvaccine for preventing or -
treating cancer. 26. The use according to claim25, whereby said cancer is
chosen fromthe group conprising cancer of cervix, penis, vulva, vagina,
anus and or of arynx. " -






