WO 2010/ 149752PCT/ EP2010/ 059024 NOVEL COWPCSI TI ONS BACKGROUND [1] The
present disclosure relates to the field of human vaccines. More
parti cul avbypidtagrspr esent di scl osure rel ates to phar naceugtrirradioasm24
i munogeni ¢ conpositions, for the prevention 5or treatnment of human
papi |l |l omavirus (HPV) infection or disease. [2] Papillomaviruses are small,
hi ghly species specific, DNA tunour viruses. Human papill omaviruses are DNA
viruses that infect basal epithelial (skin or nucosal) cells. Over 100
i ndi vi dual human papillonavirus (HPV) genot ypes have been descri bed. HPVs
are general ly specific eithg itheliumof the skin (e.g.
HPV-1 and -2) or nucosal sur aces ?g?gWQ§3ﬁE6§§E§nd -11) and usually cause
beni gn tunours (warts) that persist for several nonths or years. [3]
Persistent infection with an oncoBAGKGROWND papi | | omavirus (HPV) type is a
necessary cause of cervical cancer, the second nost conmon cause of cancer
death agmlg waapRssMotiselobide rclditieioghd ficll Of Bihiai vApiats. AbegaRILalkRathe

"hi gh-risk” genotypes, including geno pes 16, 1518, 31, 33, 35, 39, 45,
51, 52, PEgent eclos@feéﬂate%@ phagmaceaig! pst iEERYACEENC ERRAsHICARdOLIe PEYERNat ed
wi t hsot *aerreﬂmemhmaaggmwrﬁéwﬁ@@wa&f@c@i@ln BEGkesancers. Gobally, HPV-16

and HPV-18 are the predom nant oncogenic types, cunul atively accounting for
over ¢ 4 S wth
ot her ' gy Sarbipal KGRk SR PlooERGREIRABRS wmol ikl i al
ZOCerVI@mhﬂmm@euseShaﬁ@eSmemsgenmﬁatbmakthﬁﬁdﬁdyi@nauwﬁdhtﬂbi@ymlﬁﬁlch
are gromﬂ t he cery va nd.a and t he penis,
sor o i et RS BBS) et BRE RER Tl her e vocal
cords ofkp&lfid dthenfoatd sqda,rhchﬁ ehithtlRM dfehd SSP{ QHPVY 1 RAPID) o FRESSI SurREes
recurrent resprrator% papi | | onatosrs) that require surgical intervention.

[ 5] 19wo (pe-dPnY 1028 D apd/ugredy canse ﬁl&%}étqr%é%ﬁwaytSbféétrperﬁleéWsSé‘érrr rneRip O
countrreg s Both use 25virus-like particles (VLPs) conprised of reconbinant
Li capsid proteins of individual HPV types to prevent HPV-16 and -18

51 of ogr (4P} PEORRRPHR|(ET Ml S SRt SAC SR phEIMALIHER BRE LA AY et

subst r ateususf vcgvraalbancu:lrghé sagsndempstes sinm oaesrctorf rcaiggs d@ith an«zhg‘\mmui ated with

t he i mmun sacyl-4' - npnophosphoryl 1ipid VPL nd

Ll ot Ry R SRE S R T bR R bty s odn it etnediterds.
(Mensk) 18031t 33,183, BIRM5 161, aDd56, 38, H9LdRa B! @elueido cbrvidaEcayie@shd SRGS{R @Y Ces
cerevisiae and fornul ated with anorphous al um nium h droxyph ]ghate

sul phat &idgther mugospd anagesitnl argh hepdsind RekcEREAS- @Olwps PV ol andilore 8 geni ¢
types He\eQe@idnant bn d@@hﬁf%&é S uf iRy Er ta%é’ou'nﬂng §>r%9e407@f8(ﬁ1§8f£1?%nvm%t s. For

bot h vacci nes, specr IC protection ag |nst ection h oncogeni c types
HPV- 16 aemiicelR\ngd cased. associ at ed precancerous | esions has been denonstrated
in random sed clinical trials. [006] The list of oncogenic HPV types which
are respiHsi bifectioos withwdicngeroéypes,¢ained dhoverisk, Ncinudes: tanigneastw-gRdet ypes 16,

18, .31, 33 3 45, 51, . 56, 5 8 73 fo nd | cervica
canéer %rfagkﬁsuf‘e%aarés aﬁ@@e}ﬁr’%maﬁr <08P§>Q?ma a%&rt% r%f%cfﬁ grp fing

vacci negedhe vadth€ vileaph@¥iueen $eehbhethe ﬁaeﬁle@btcmrm 3gaidsh rﬂeﬂfﬁcetylarsa caind/ or

di sease by sone of these HPV types and to varying degrees. However it would
be pot espithglipherpwteoiver the veesl rpa%ofaehr}é@eraﬁ@ a@mrsmverl CHEYPIIEIORY BIPAdONHRSigens

from ot ver age agai nst al
of ‘the. Ger e BRI R MY Fehe %@&%ﬁﬁaf"éﬁ%ﬂ 2 broad cross

rotecti 12
ot ent i 41} Tobaniyb e APYAMCRR L ELALA b EARER iy R Bl Bt e
agaQﬁstvskshk@mnnéts@HJSDagmMBVﬂbﬁpe&n@mmhIasmbﬁwmﬁn@nsMﬁhm8MUdIHPW 38 or

any co na i on of ese. n dition to the currently
Aot ovedits iR SLEEVRLEindTER Erfical B it inBaRd S Be s use | 1 an
HPV vac¢Gngosaithieha®ior gidalsY\EnZaRA3 09716 ad - VWOVE 00 A/odbebd 9k T p2R b33 984,
WD 2009/ 001867, Kondo et al 2008 J Med Virol 80, 841-846, Kondo et al 2006
20Vi r ol érygﬁtr@eslsmg géaoovirussKBIchMIbECkE pysem and owolaggetith the er nat i onal

Papi | | o r Swmgg 25t h
I nter na?iﬁ%llrlrlg Bga%?lft ?oénggrﬁﬁﬁs&éﬁoﬁogﬁd }ééé@smht rbndgﬂwlﬁ%gpﬁv%d?%xﬁ@é salt

Sl upet zky et al 2007 Vaccine 25, 2001-2010, Xu et aI 2006 Arch Virol 151,
2133-2148, Ganbhira et al 2007 J Virol 81, 13927-13931, Alphs et al 2008
PNAS 105, 5850-5, Kawana et al 2003 Vaccine 21, 4256-60, Kawana et al 2001
Vacci ne 19, 1496- 251502. BRI EF SUMVARY [ 9] The present disclosure rel ates
to an i nproved vacci ne agai nst human papilloma virus which contains
antigens which provides protection against additional cancer causing HPV
types and/or Iom1r|sk HPV types associated with genrtal marts. The i nproved
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conprises at |least two peptides of a L2 polypeptide. [11] In an alternate
enbodi nent the invention provides a human papilloma virus (HPV) Li type 16
pol ypept iwo 20r0/fpmgent t hereof conprising a peptide coRpTIEPROIG/0890RMN0 aci ds
56 - 75 of an HPV L2 pol ypeptide inserted within the HPV Li pol ypepti de.

10[ 012] The chimeric pol ypeptides of the invention can be presented as
capsoneres or Virus |like particles (VLP). Such pol ypeptides, capsoneres and
VLPs and can be fornulated in to inmunogenic conpositions. Methods of their
manuf acig fasiSUNReARMedBlind MFV11 6438 -P3 ILPLBrolied iRIHEYLAY S0 fonTBAI Ci neS
for the prevention of HPV infections are descri bed [[013] The invention
furt her cpreevicdesd Brookhpulsiith anorobensraiwiingm hﬁi(rmyahoslpéas tsulph?ée kadimbm

papillo HPVyar Li virug. artic VLP at | east
one Chlg@¥# Eﬁ&mﬁﬂ oPmﬁgﬁtl58ﬁocapsd%gP%ﬁnéB@E%Hngﬂ%l|%}ﬁ8£§h f2 pepti de
in the lidplaegddnae-90% bOdeh]talhatsi Rvesoth emecinty, shRifiqrorttiiasagainsoinfeotot i on
conprising a conbination of t nor e chlnerlc HPV Li. pol ypepti de,

capso mal”‘@g‘ Brosgnpsdypesd8hY1p ae@ﬁBM SR aaWCLaéedﬁgﬁqapaeéovsrle%lw hap B%@‘sequence__
[015] TG@rnbﬁbYr%f&H'lehnﬁ%isQ@Elnﬁéz@‘t’ﬁﬂ@s a conposition conprising: (i)
at | east one human papillomavirus (HPV) Li virus like particle (VLP); and

(11) at [dRFSThONG o?'Bh&B"g%hﬁ%HI"-\W !:s \PH’i'cB{ RRALIHRsibIEFHSANER EcNicHIBn&PNPI | Si Ng

)\
an L2 peptlde in the sequence, for use in %% prevention or treatmnment of
a di sor dmludeehdt:@dHtPN tww 1251 HBéci3, 8h. 39, 81671, %é& My éAtatons i Theeungmovi des

a conp05|t|o n at or nore chinmeric human
papllloﬁ%vP?d% nE&kﬁﬁ“956ﬂ§%g% ﬁ n‘d”%a%gﬁﬁgres or VLPs conprising an L2

th t t f
G pabaetofal Hhe gt Rt s Tayfe i g e Rt G PFEHEP IS ovi des
the usedatasedy sk 39@1%6]-149‘75%@{1&83@1)9{1@5@&4 However if Wbuldtbe bemsfialgne
human papi |l | omavirus (H virus like particle EVLP and (i) at

Li
| east oRencdigiakioyhaye ﬂwq_@e %F%@f% FeRsaing afigsheirem oFheyHBV3ngsn 1dsgtoan L2
pepti de , th i
R L R R S S VAt L T
i nventi @rbrdadrqrctFmprqumWndges'nStt ndated endofonarcontidlMé types Ibfwomkkbeqrrotermaléy chineric

HPV eptides r. V0L i in the Li
seqnc BNREPILASE  ERRRTRCER ArnlalRaRS el pd oo kb BRI s ot o
a di sor degh dselmt sdrH@VHPMHm‘f/estotaﬁycc{nﬂﬁ@tloﬂibemnuﬂﬂbﬂemﬁew,t her provides a
chineric HPV Li pol ypeptides, capsoneres or VLPs conprising two or nore L2

pept i dego0s] th&iditionse ehedteRnt Iyl Pl meo&daﬁfes zp%pﬁﬁats of ng hhvavigRh i on
provides a nethod f.or inducing anti bodi es umans 00ﬁ85|5|ng

adni ni sPEWPEHY fPouss IRarR VarrerRedrsganple it 8%‘?3(@9867%‘(:\%{8@&04{85%39 g

I nvent | 26?96@‘9@% iUé@RiO'i‘867 Kdkdlo &t {}%dm@gé ui&ab WS PR RogVi des
a method for inducing neutralising anti i es agal nst HPV in humans

congfi siVnglardshi Mﬂn@cltedel@ahhmahala?m? ErﬁuhmgeatlomabRnpﬂbmatVlmmCQﬁamom di ng

to th b

neut 1ol Pl ng SnOHER SRR S u hene e ERD Pdlu: PENERE Faes o
met hod fiof Maydmlrﬁkg srs:@kibml anpetmmmm M)oagaac&a‘a& 25Poil 2ohoimana am(mrm:hng
adm ni sterin i ¢ conposition according to the

vent | SobeTort BealHerBrmnro 68381 | Hrakoh Rl abat ADRECi IR FAS

provi degoq 5g8p.30[a B dt Qﬂ}tﬁ)@» REBRE DT a0is§160IK AR S B9 %@mﬁ@hé uliag.
i mmuni ty against HPV in humans conprising admnistering to a human an

i mdhogehPL conposition according to the invention described herein. Such a
met hod can al so i nduce cross neutralising anti bodi es. [24] The invention
further provides a nethod for pr nfection or HPV di sease 25
related to HPV infection, which %%§EF§@ggg§¥ﬁges adm nistering to a human
an i mu I .nven n 2 nventlon
furt her T(gfrbi geél%%?a{s%lo gtgsec(i)ar Qmél%vg(q' gaccme%égm& huma H‘B%JIH ] % yirls o p

met hod mmdoﬁ&ms@ﬂmnﬂ mrhgch(pr;owaés Ijretasttonmgemhnmlﬂmopﬂmahde@ nasing PV H@vs Li
virus lik arti VLP th | east_one chinmeric¢c HPV Lj

pol ypeptaf“g@p Owgﬁi&ﬁ%\g évpsg asmbat%@&hﬁ?mal Mg lﬂezmﬂ’é?)‘fng BCqIpFSICRRIaY

sequence, and (iii) a pharmaceutically acceptable diluent or WO

2010/ 149752PCT/ EP2010/ 059024 carrier and optionally (iv) an adjuvant, to
produce an inmunogeni ¢ conposition as described herein. The invention
further provides nethods for the purification of the chineric polypeptides
as descri bed herein, said nethod conprising ani on exchange chronat ography
and hydroxapatite chronatography 5[ 026] The invention further provides a
met hod of preparing an inmunogeni ¢ conposition which nethod conprises
conbining two or nore chineric HPV Li pol ypeptides, capsoneres or VLPs
conprising an L2 peptide in the Li sequence. [ 27] The invention further
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BRI EF DESCRI PTION OF THE DRAWNGS [28] FIG 1 shows a Ctermnally
truncated Li sequence for HPV 16 and HPV 18. The ami no acid nunbering for

t he HPV Moant/HP¥218 sequences of Figure 1(a) and (b) resmPediowedogs i s used
t hroughout the specification in relation to Li of HPV 16 and HPV 18.

15[ 029] FIG 2 shows the exposed |oops of HPV 16 and HPV 18 Li and

exenpl ary locations for insertion of L2 peptides into the Li sequence.
[030] FIG 3 shows alignnents for Li sequences for HPV 16, 18 and ot her
types, icRinfdie I91RFRAtR AR WEAHHOR a@e GetRIcToRYRsih P YRS RGe BE B [£9i On. The
sequence at the top Is the HPV 16 LI sequence shown in Fl 1. 20[031] FIG
4 shows po¥pgpleiidiescrfedom vari ous di fferent HPV types. [32] FIG 5 shows a
flowchart for the purification of chimeric Li/L2 pol ypeptides. DETAILED
DESCRI PT0ION IN\ErRODAith@N of [lig3hvehihos, thirs ol posudel clomeermegilloompass (HBVsLand

t hods f th i t t 1 25di . d by inf 1
R St A e e T R B S A e S R e

t o chi mahile ppBhyReRtlih@dasd ¢ahinahOHRY 1 INFANRGEN. CinGaspabedihenhe bEIgpsptider
capsid protein, Li, and the mi nor capsid protein, designated L2. The

chi mer i €oPBIISEapler 6% pendideveletlheelepstifhicl ude an Li pol ypeptide into which
at |l east one L2 peptide has been inserted. The L2 peptide is selected to

i ncl ude [@t1]] Enan alisietegnbaspac theinvemiop prapjdes gihgean gapilpgma virus (HPV) L1

2010/ 14 2 [ | tddesd S an
HPV Ly pe e Tl BaT Bt ane HpueoHe e AR g B R o] Tes
HPV t ypen HPVLL2 ppdlypepté oheertd wWithagthe kP hépelybeptnieo which is inserted at

| east one peptide that includes an epitope of an L2 pol ypeptide. For

exanfl e[0i2he The clgeptic delypgnidbeoffthomvantioppen b€ ptdRditat senpdonenestoy pérud 8iké t hat

is, a non-HPV type 18 L eptide). 5Favour , the LL/L2 pol.ypeptide is
Capabl 6 BRI oh A PSP TR GopUREE: T8 DL rendan bt Brat ROkt s ng t he
L2 pol yparluhsienfor@mpotitiehs. Miendas bt ihd nasufetes t@d anddfithdiionaklgyin thbe Li/ L2
pol ypepti de can be capabl e of inducing an imune response to at |east one
addi t i ohdMuiionpé medicicpfasithe preyeagpn ngBH ipfeptindis gtardescrilisd. L2 peptide(s) is
sel ected fromam no acids 1-200 of the N- 10 term nus of an HPV L2

pol ypeptl®ldé, Theotyentionfibghsraneides aciogpoditiameomfrisitge N-t er mi nus of an HPV L2

pol ypeptide. .kn s ifi i - [ - t fromthe
groﬁg selectgg Ofgﬁ%ﬁéQ%ﬁ?§§833§§$%§W%%ﬂ§%$§393@%3%gig?ﬁgﬁigkgﬁ§§90f an HPV
L2 pol ypepti (®; aatdegt bsbechiroenr HRVAg mitypreptides cabso@sicaiu &4 PS5 Gordprisidg anLHPV L2
polypeptide'.aﬂg%ﬁtide conprising amno acid residues 96-115 of an HPV L2
ponpepPFﬂé@lﬁ Ye¥ttte conprising amino acid 15resi dues 108-120 of an
HPV L2 pol ypeptide.  In various, enbodi nents, the L2 peptide, qr peptides,

i ncl udeio la“ﬁ ﬁ? H’de‘g&,‘lnoﬁ“ét@ddi’éwd%ps@éﬁF’@%H?‘é&OWISSEG qogﬁru@él%-ogawo Primefise

exenpl atyiRMReAVENbolyh&fidb ZaB&RidréleraaANS| Sich qucoﬂlgl‘iﬁﬁg ag LQ?eaJdeaﬁt&quPV
type 33 L2 (which is identical to amno acids 17-36 of HPV type 11 L2). In
anotfer seqiengst ary enbodi ment, the L2 peptide consists of amno acids 56- 75
of HPV type 58 L2 (which is identical to am no acids 56-75 of 20HPV type 6
L2). Moil@l5geilbe aivegtjondinrthd ppepddsdeogpnsiben sehwesired t o i ncl ude at | east 8
contiguous amino,that are identical t 2. l.ypept i d f at least two
it rerent o) il e Rlfod 8GR Bb VLt SulRBERIAER e tore types
of :—|le/). [ 36]) ak reagtrvat hleﬂfneeimmml 'mepblgp&mﬁe,?dabmdr@oﬂ_‘ifhmZor]?pﬂiglpéemv\%deh ]

i ncludes an HPV Li type 16 pol ypepti de or fragment reof into i C as
been i n®eRitdsdn freddprefg@cedppiedn ﬁl@ Pé‘?ﬁeﬂtbona‘tfit%t%SBfE aisgjflergglajgevo 5V

pol ypeptimdgionFor exanple, the L2 peptide can include am no acids 56-75 of
an HPV L2 pol ypeptide from an oncogenic type of HPV, such as HPV type 58.
[37] In t ain ; i - ' LSl ; i Li

ol ypepty b (it atansh HRMLorolaf fogRaRlonEohing cpBBLAabIRLS ok,

am no achiherindemean papillgeiatus gHP VO E1 palypeptidas. icapsomsres onYaPedomprisngat L¥e L2
pol ypepti de, .l enbodi nent, .the L2 peptide has. at l.east o Oamino acid
Phsarty e st Bt PR SR e ol 1S sBE0t LGol%5a LEMR SRR REEr woen
two cystigbdtps. or renoves the amino aci ds between two cystei nes capabl e of
form ng a disul phide WD 2010/ 149752PCT/ EP2010/ 059024 bond. Favourably, a
pol ypeplodg trhainveMdnUl@BergiodidespePlisc@® Wi th an amino acid insertion,

del etion or substitution is capable of 4 nducing an i mune response to at

| east one native L2 protein (or naturally occurring L2 polypeptide). [38]
In an enbodi ment, the HPV Li protein has a C-termi nal deletion of one or
nore am no 5acids. In certain enbodinents, the L2 peptide(s) are inserted
into an exposed region of the Li polypeptide. In various enbodi nents, the
exposed | oop can be the DE | oop (e.g., between am no acids 132 - 142); the
FG Loop (e.g., between amno acids 172 -182); the H |oop (e.g., between

~ror~s\ e - S~ o



[39] In certain enbodi nents, the L2 peptide(s) is inserted within the Li

pol ypeptide wi thout deleting an am no acid of the Li pol ypeptide. In other
enbodi mrenwe,20tohi9152 peptide(s) is inserted into the Li pomgreq@oios®mn th a
del etion of one or nore amino acids of the Li 20pol ypeptide. [40] In sone
enbodi nents, the chineric Li/L2 is in a supranol ecul ar assenbly of chineric
pol ypepti des, for exanple in pol ypeptide particles, such as anorphous
aggregates, or nore ordered structures, e.g. a capsonere or a virus like
particle (VLR) QlcasiTRL hulﬂgﬁlpéﬁﬂl?orﬁa{\ﬁﬂ’dgkﬂpﬁ)sLl virgkiikARRIREVEE af%gﬁﬁlt _of this

di scl osure pertains to nuclerc acid nol ecules that encode a 25chineric
Li/L2 poIypebowﬁéma9nde@oKIMéH“éﬁdwwbmSMGh qusm@mcoa&I@sma@nsmeapiésent in
el ude ol i S8R R RERB ARG SO Bametity’ PG RERETRER RS "
aci ds, Gw@nkrﬁ%@ﬂﬂ@&ﬂbﬂnﬂaﬂ%ﬁrs can be |ntroduced (e.g., |nfected
transfected or transforned) into host cells. Such host cells are also a

f eat gre [@f]t The indesEdnoBHEE pr&h%@hé’\@‘ébf@@bﬁl&nﬁﬁ’dh &awd e thotOchimed¢He Vt he
chimeric Li/L2 30pol ypeptides g by replicatjng the host cell under
condi t i éﬂsoOb@FI@ts@aﬁéap%amqrwr&Hﬁég@peﬁnéﬁn Reeptigpin the L1 sequence, in the

2010/ 143/ 54R6TA EPZRLALARARTA 188D RARLiuRGl KPEBRbe: 1O @A) hteciBE

pol ypepti de can then be isolate or purifie pri or

formul a f i L1/ L2
polypepﬁO%@sTglsc seg ﬁﬁg ﬁn%%%ﬂ%%h%ée <VIhﬁé§P@p¥k9(mb§ﬁ?§%§ﬂ3ﬁ#§nogenlc
conposi tcomplsm(lgtmhora:sotvaéqqepw)s if the Ltllsequmeaent i on or treat nent of

i nfection or 5di sease caused by HPV. These conpositions are suitable for
use 10n MeX0hHodisarfodrer aspducthe)mvamidnlyooviés aagethod for HMcing ahtibralits abyinst HPV in

adm ni stering the. | nogeni.c conposition to a human subject. Favaourably,
admi ni s B‘Flf“i‘?gcoffli’élsl%m%%‘g%ﬁ‘i%g T SrHBEP £ SRR N et pjeakding Wéﬁ%es

ant i bodij@gntifiadcsBiRMeRicin. amel i orate or treat HPV infection or disease.

[43] Thus, the present disclosure also provides imrunogeni c conpositions
for useppn tnﬁat%%eP'é@‘é@ﬂhé AR entfIFEIrd QE&LH ARKS fo 1IRAERE AbuiedlisH \énhwcﬁé%t' on or
di sease. Suc i nmunogeni ¢ conposition include a chineric Li/ pol ypepti de
(e.qg., asppstdivhin huwpsmmpresntgradums@gnglésaehuwnawogmc @ngsﬁ@m on with
a pt@r rr%g %&J&lhg ﬁ)l tJh¥ 1n%%§t?(91t&9ér?oeg)ﬁgrleﬂl ElSQl q[}etlll{)%. can (Btfs ?&fucé glro Aeﬂtrﬁ]?sﬁr?g
enbodi ment i C composiIti ifeludes f
SU|tabIamaﬂﬁu%ants |nclude an alunlnlun1salt such as alunlnlunlhydroxide,
and/ or 3-Deacyl ated 15 nonophoshoryl 1ipid A (3D-MPL). [44] In one

enbodi mpoR2] theénoti@ipgettthohs chtival puckddes aihdthed folraﬁﬁlbmgmelhuhmuﬁndnht&agﬁﬁsrtt icle
(VLP) comprising or consistjing of a human papil |l omavirus (HPV)
poIypep%i&/mﬁwnﬁp%@%%ﬂﬁ“% 6¥m“3&83%hW?mHF“PgﬁgPg%ﬁ%°%%@%ﬁ¥?@“%5@9%8bt|de
conpri SiGnferfidiabcABR] hdr@RBRVi rus (HPV) Li pol ypeptide or fragnent thereof
into which has been inserted at | east one peptide conprising an 20epitope
of ap '—?02%‘]" YPERASGspolithe ol FONERIY fothbd ho? iRRLMBGERLTARRodhaslAsed
herein (1 ncluding the aforenentioned supranol ecul ar assenbl i s pol ypepti de
part|cIesdC@hwgmmﬁmeﬁyamdﬁoHPVUQﬁymmss@muﬂ@b%@dmmnﬁ@@aymmlmmmp@sitions
containi.ng VLPs.in ca chi tld ) 5] In
o enbod e RrRERb o il oue TR R Essttoor FrrB R SOERR bR et 7%

pol ypeptindiee crdbs ianslisig aftibbdicpol ypepti des or fragnents thereof I n

speci fic enbodi nents, the HPV Li VLPs are HPV 16 and/or HPV 18 Li VLPs.

Sim | arl[g24]t r@e Givensnl fartR@ | pyPefisiadeahsBdr plesentingHRM trfedtiohBYHPY didcase

pol geptlde or_fragment thereof and/or an HPV 18 Li pol ypeptide of fragnent
t hepeof related OMTVllﬁeawnewbtsa inpRd cOmpRISE adBrpisisiing i hwaaﬁnémpw

enbodi mept, &ﬂ%hHggéﬂg&t&gﬁghwgﬂgnchlnerlc pol ypeptide of (ii) which
consi sts OP an HPV 16 LI polypeptide or fragnent thereof, an 30 HPV 18 Li

POl YpEristy Mol PATEbST Bl AL ANIRY b b R ES LS

pol ypeptihich roéthdéd egnmists camplonmp (i¢ At laast anplephidgepihbmayeen(HMS)dr it edistliker eof .

As disclo hi meri g .pept | can in lLude an Li l.ypepti de
ath o BRI S AF TP fuREh: HEST AL St Rt

pol gpeploigrisih@adDE pSRRIG i ihe [8BQEbnoE Ahd (1tm@p1haifﬂiumgeﬂly0ac6@mdﬂueﬁfbr

i ncludes both HPV 16 Li VLPs and HPV 18 Li 5 VLPs, and chineric

pol ypeptides with both an HPV 16 Li pol ypepti de and an HPV 18 Li

pol ypeptide. In such an enbodi nent, the chineric polypeptide with the HPV
16 Li pol ypeptide and the chineric polypeptide with the HPV 18 pol ypepti de
can include different L2 peptides. Exenplary Li fragnments include HPV 16 Li
devoid of the Ctermnal 34 am no acids or HPV 18 Li devoid of the C
terninal 35 anlno aC|ds 10[047] Simlarly, |n another enbodlnent the

Y .

o "



5(eds.), The Encycl opedia of Ml ecul ar Biol ogy, published by Bl ackwel |
Science Ltd., 1994 (1SBN 0-632-02182-9); and Robert A Myers (ed.),

Mol ecul arwBi2oloogy7sand Bi ot echnol ogy: a Conprehensi ve De®kTRekewosmes
publ i shed by VCH Publishers, Inc., 1995 (ISBN 1-56081-569- 8). [52] The
singular terns "a," "an," and "the" include plural referents unless context
clearly 10indicates otherwwse. Simlarly, the word "or" is intended to

i ncl ude "and" unless the context clearly indicates otherwi se. The term

" pl ural ich¥ier &&f cffﬁi%nzttlgr (ﬁxggngﬁjumneto bddukSad HhhBRechi® BRpMIES! SlRadivEHat al |
base sizes or amno dcid siZzes, ang al | nnleculgﬂ wei ght or nol ecul ar mass
val ues, hgicwenlhHeanventich &irthenprodidesomethodsy/foe eipdascairon of therchxnariet to]ypaptadear e
provi ded for . cri.ption. Additionall nunerical limtation iven with
eapect ot 4 RURAIRTOR T e b dR Befion SRS Rrem et Bl ARE At gen,
ar e i nt endathtdepaphe. appr oxi mate. Thus, where a concentration is indicated to
be at least (for exanple) 200 pg, it is intended that the concentration be
undep st axb] t Th ervahitidnefagherdpdi@xiamBétRdd/of(REparial @bl immakogenic)codPOsifién [ 53]

Al t hough nethods and paterials simlar or equivalent to those described
herei n d4frhgacthebeppiseheophiniag e opmotesdimeiy BFY L inehirrtidessapwomestsiarabl e
nethods\qﬁgcg§$ﬁ§ b1 8hEnRRSE 194 nbel OW. The term "conprises” nmeans

ih
"includes."’ Thusf %nless the context requires otherw se, the word
"conpri 1" J o ] b L se" : %Egg' gt w1 be
understiga]tgﬁ?%%'@ﬁkﬂghﬁ%§¥i§%%ﬁq%?thgﬁgggﬁn%g%g%ﬁg lor&%%ﬂ%glition
(e.g., noobeing adiRl Lpeblypeptdeddictactingmsey a paptide epfopoof gn b polybemg@apounds

or eps ut _not t he excl.,usi pn of any .other c ounds, conposition,

ot e3P aeBibu B8 bk Ly e BT w B0 e RRRS B s S o ¢ b
25Latin exenpli gratia, and is used herein to indicate a non-limting
exanpl e. Thus, the abbr SRIEFDESCRIPTIONIGF THREOBABUISIOS th the term "for
exanple.” [54] The term "human papillomavirus," abbreviated "HPV' refer to
the menipeass OfGtihdogeawstcRaphlly @uavicdus stfadhcafoe HPapebarel 1PV i18f @6t hiitho
humans. There are fwo major groups of HPVs (genital and cutaneous groups),
each of 2GiHinembewng tor e HRY 46 BIP‘EHB/MWSS@‘!‘%G%@SO' Figure &y aid&) respecvely 3pHpv 16,
HPV 18’uﬁﬁVh%ﬁQuHEﬁwﬁ@edﬁ&ﬁmhi&ﬁ%ﬁﬁﬁ&dEFQfﬁYVQ%Q%H%ﬁWﬁ!@1|ar'FY- In the
context of this disclosure the term”"type" can be used to designate an HPV
and/er I i 7 gg%ﬁﬁ 1 f type
of ﬁ V. n¥§$2%%@gﬁhﬁ§&¥ﬁ§d¥§%%3£ﬁ%§ﬁ§*§@ﬁgaﬁ55?8%gée ﬁ%ygggg%EV§gptide
i s at | emssttiooné Ldpherdeo mtaddiltlisomainct.ype of HPV than that referenced. For
exanple, "HPV type 18 Li polypeptide" refers to the Li polypeptide of HPV
type 18[0By €8ty hotvs aligromentiPdr LY pequiBcek ifortdl Y pepitd ahd otheetygres i thean Li

pol ypepti de any .type her. than HPV type. 18, 5[ 055] The term
ool bpostiaes lop B aRE & Bapin s e iR Eeho THONOREIS HAs (Ghi i HRY o
resi duegeWlisehucatEshodnnedig oget her through anmi de bonds. The terns

"pol ypeptide" or "protein" as used herein are intended to enconpass any

am ng a?@ﬁ}S?ﬂyeﬂﬁﬁwémﬁpkﬂﬁkg@%nﬂ@ﬂkﬁ&@@&&%ﬂH@VQ?&mSUCh as gl ycoproteins.
The term "pol ypeptide" is specifically intended fo cover naturally

occur i nEsoRT @I I\ howds AUR)-¢haftSol MOPEriMUEH oPERMERS PIRL AR HRE.
synthetically produced. 10The term “fragnent,” in reference to a

pol ypeptide, refers to a portion (that is, a subsequence) of a pol ypeptide.
The term "inmunogeni ¢ fragnentPETELERDESCRIFTIONagnent s of a pol ypepti de
that refRirpopjudfdit one predom nant inmmunogeni ¢ epitope of the full-length
referenCe protern or polypeptide. Orientation within a polypeptide is

gener al [§334 ecTHiedis¢losuancdictras nomyadsittons @ad et dsafor therpeatenioon anddfdamesht by t he

orientat,ion of the ami no and .car boxy. noieti e i ndi vi dyal ., am.no 15aci ds.
ol oot ame Zaped By A 30k R b R s PeSh . Mte M TRBVETE e o
car boxy distREirt Rlstes {0 mdrhepol @epBdes RoOhtiiniy if@iind cni @dinponbetk 6f the st
sequence" refer to a polyneric formof nucleotides at |east 10 bases in

| engt h. cirsed etcidéd . adrihgminor gensigtrretsin. dedgnagrddsdy risshinesregrolmsgtidesy
nodi fi ed: el r e : j ' oubl e
Forms. of R e o P e B P T

i s not ilimedipapteleyis sderttédpaonduds at keakiatnh cpifopchod ag bdipnlyps@gieences wi t h whi ch
it is inmediately contiguous (one on the 5° end and one on the 3' end) in
the naturally occurring genone of the organismfromwhich it is derived. In
one enbodi nent, a pol ynucl eoti de encodes a pol ypeptide. The 5 and 3
direction of a nucleic acid is defined by reference to the connectivity of
i ndi vidual 25 nucl eotide units, and designated in accordance with the
carbon positions of the deoxyribose (or ribose) sugar ring. The
informational (coding) content of a polynucl eotide sequence is read in a 5

. ~1 o o - - a . . o



response or a T-cell response, is made. Thus, with respect to a protective
i nmune response agai nst a pat hogen, the dom nant antigenic epitopes are

t hose antwgQenioci4pmszet i es t hat when recogni zed by the hoPCTIRPRUNASBYSt €M
result in protection from di sease caused by the pathogen. The term "T-cel
epitope"” refers to an epitope that when bound to an appropriate MHC

nol ecul e 25is specifically bound by a T cell (via a T cell receptor). A
"B-cell epitope" is an epitope that is specifically bound by an anti body
(or B cebdair GEEPLABo SRS SlypdpBBdls APV RNS I je. Thu@ theghapse of
a cell §¢ Uhe innuﬁé‘sysieng ?%%h as a B cgﬁF, T g%ﬁﬁeagk'nngdqyte, to a
sti mul us.l/I&pdlynvnnde inelugotdRY tae 18d- lapoyreptide erdsgowsetheehf ot whisluist s in t he
producti.on.o eci fic antibodie such as .antihgen spegi fic neutralizj ng
bt boai Ber b TG EpA bR Bk o {Sib R r AL 2 BEBRERRE, ELaRE Bk 22 &
CD4+ reppgiteadbe &ofaRDByp¢ eSPPVISEher than 3y S(ARER, a hdieHPYIPRNSel.2 pepsideci fi c
for a particyl ar anti%en (that,is,,@n "antigen-specific WO )

20107 1497 B2 YOF 08509 dedsiipANe of Indpfing ARIBRYIGEP L Qer12U¥Y from a
pathogeBnﬁ&ﬂ%oﬁﬁﬁhﬂ@@ki@ﬁﬁﬂﬁkﬁﬁ&ﬁﬁ&QR&ﬁm&ﬁeﬁqﬁ@@kﬂ@gﬁﬁdSRﬂﬁh%hﬁb{ﬁ§p0nse-"
A "protective inmmune respornse’ Is an i mune response that inhibi'ts a

det ri medtdl2 falynspiidncapbegepabld afyindgicing gnamnage nespersd tie eidedshdmepadddionply a
pathogegaﬁigillﬁ%Eﬁgses synptons (including death) that result from

i nfection by e pat hogen. A protective 5i nmune response can be neasured,
for exa , by the inhibitign of viral replication or plague. . fqrmation in
2b aqulPraltih SRty L 2R Rl iR foFEhn 8 a8 PPOF ukdiot | ng
resilgt angmidue opait HOYEID gdighdpeitg 8udhnasMton® am{nd@ids Anl Shad theviadidrininus ofiln agent

t hat enhances the production of an i mune response in a naonspecific manner.
Common &t ‘ubaRel¥Pinide uliesPseisp sREP GRENS1 thAd A @pRifdss erasaﬁfteéﬁﬁsem Redoro _
hydrox!@éca&iMﬂhBHﬁkﬁQQ&BH@B@Lmﬁﬂk&k%@ﬁ&&mQWlkﬂﬁﬁnEﬁwﬁﬂ§96®?&ﬁm&@y|3!0n31
including water-inoil, and oil-in-water (and variants therof, including
doubl e enaplidsicomprising amenpeaci] ghidueshot Bi drg HPV Lpoelapatiae; ajgeptide comprising

ol | gonusT st RLsfa% oTTTAIaah s P2 RoiaOiBl bl BEhSR R B34, .
TLR25 Th&ddued LORZ B) atruel HIVRD.2 pgbpestide) In eartbuy ambodiseawnhe Dapeeit, of such

conponent s, , 15[ Q6 An i mmupogeni ¢ conpositiqp’ i sition of matter
sui t abl é’elfttﬂes’défg’i"%s st F’éi‘t”iooar‘f“{] %ﬁ?gﬁeq‘iﬁ ﬁeé’ﬁesﬁl?teéllt% gﬁ@ Ibﬁﬂ?% i%q?i“ g°c e"ieﬁlpL?ﬁy

exper i Mepbhadinat D pdphiad cdmiskaralii fRidsalle JHWY 8/ps B ELf(1Which WBRical
response, e.d., against a pathogen, such as Human Papill omavirus. As such,
an i m@g@@@c%gﬁééiof HBNmel LS Inognethsr cxaspdarysnibgdineen(, ey Lenentige e,

ant i geni G, SO Liso QligVdd-Y3§F Hp¥: t? o sPPb Y\g@% }sqﬁanicﬁl]%r 80 acRls SN geni ¢
epi topes. An I nmunogenic conposit Bh tan al’so 1 ncl ude one or nore

add2oi oV ypapdlenMercgmpatlle, afL2epdpaild cangpearlcetet anmicluge arlcasiiungiguesponse,

such as an excipient, carrier, and/ or puvant. lLn certain instances,
munogénine Senoertiahd b B neprndi Aok WS o e SR R b8 nse. « ha
pr ot ect gohsaRsus YRjuBRde REAIRATHo By MBECHPesf HEONdi tions induced by a pathogen.
In sonme cases, synptons or disease caused by a pathogen is prevented (or

treat ed o] 9in adoBf 6RHoAMmeATRIc AIARA1/BY p 1P5ép!ﬁid& ifeghdeeR Pl agpofe t he
25pat hogen " (e. g., Human papillomavirus) follow ng exposure of the subject

to the pabyherjilaor Fagmentahmpead intp whidhehag bernansertgd aphptiledionpripigg paminocastdsai n
enbgdi f i ' it [ -

adnen sordsioomn HEVLEURMLEpRETRR BRSO B ot BRARE sbilo sty o

el i ci ti ngamHpVdi2eEtlypoptide frpmlahioatdgesicitpypanfdi e spanseHRg aypesSi8. hunman

papi | l omavi rus are vacci ne conpositions or vaccines. WO

2010/ 1490352 PGl ¢ drii 05t AR RER4 tKeHL MiIpkie thiaf is 2nsRbd'EPhE DEDolypEfidde td figmps esent

invention is directed toward ol ypepti des that. can be faornul ated into
vacci ne© m?ﬁlaiilf%ﬁypeaﬁép Pﬁ%@g%aéﬁa% Qpe@REnGAginpefion, dglefian. o5 qURSHfUboR| ve

vacci ne ,¢ osmRstd toQhatifc B BYlIyH& tRIE OLESAT d b ddA@ItNAE LERM i dafHas b 104 &id/ or
di sease and which differs fromcurrently 5avail abl e commerci al vaccines. In

par 8P culamino aoirbinpiries Welefioy ertubgHutaribeatragovdsiardsulrhigsdtopd bptwege §ve hat

i ncl ude HPV. L | yipept.i ] i - 1N t t one
vept 1 de PR SrarnARs RRIRS Fa U b U 8 3SR P B I °"F s
The HPV Li and L2 pol ypeptides disclosgd herein may be from any genotype of
HPV including in particular the high risk cancer causing HPV types HPV 16,
18, 31, 33, 35, 39, 45, 1051, 52, 56, 58, 59, 66, 68 or 73 and the genital
warts causing HPV types such as HPV 6 or 11 and the skin causing types such
as types HPV5 and HPV8 or even types 2 and 3 associated with comon warts,
and HPV76 associ ated with benign cutaneous warts. [66] For exanple, in an
enbodi nent the present invention provides a human papillom virus (HPV) Li

o A~ o Y g,



Li protein, and where nultiple HPV VLPs, chineric polypeptides or
capsoneres are present, suitably all the Li proteins in the conposition are
t runcat edwOizopvi@d®mens. Suitably the truncation renoves aCmEPR2@a059024

| ocalisation signal. Suitably the truncation is a Cterm nal truncation.
Suitably the C-termnal truncation renoves fewer than 50 am no acids, for
exanpl e fewer than 40 am no 5acids. In one particular enbodi nent the C
termnal truncation renoves 34 am no acids fromHPV 16 and 35 ami no acids
from HPYo 0 8. Favbid@blyTh PAGHLREe Hiat RERIUE! £S5 2PRkHAY 85 RE LRI, RiEinstHibab! ¥
functional Li protgln derivatives or variants. Functional Li protéin
der|vatﬁvbsomvrw@mndmm@san@bbaﬁabmgnghnmanmnﬂgwamwchnum®BW®®p@h§eL2
(optionall i tabl j.uyant e sai d i mmune response bei ng capabl e
of reco@ﬁ?é? ]“mﬂgég”“’un %9 x%m tl(Q:}or VLP consisting of) the full Iength

Li prot ap d/or t HPV t he Li rote erived [ 71]
The' | oot o st ¥1§’§/ bR elhie 2t B2 OB Br BERAEED o0
herepsn iasids. ”mQ:reftﬁlﬂtemboﬂl?r?e}lts| the A1) ephidQ8)iafEintertid S6tb @8 edpdied Rigfontdfehed2l
peptide can be |ocated in one of the exposed 15l oops or the C term nus

i nvadi ngORPFRISIE- {hgrious phbe@mgnts ﬁhee@fn%%isloam e bsviBe PRJogl (h&rtstrstdinthen
the Li h i t n 2000
Vol el 1 T T e B e B P o P KR bRk

pept i de agan dveds|3d6 ate?); and/er tho€itennomussd|theck epolfpapivle feeg. f twitiomiangne egdons  of
t he Li ue er e | gcations r &0 t he d 0 HPV 18 Li
referencgaségﬁgﬂc d%%nne taﬁr nf“eﬁkpgﬁl %mglﬁwﬂg¥gﬁﬁm§%%l ion in
anotiber pbﬁ)@(eﬂtideSEquﬁdaﬁﬁble the two or froje BCpéidps ¢am mRihRachbitdthe S8nbdite (c.g.,

(i1i) DE loop in amno acids 132-142, for exanp g m ngo acids 132-141

par t i cuPRR FOPIGHPWSCHES QiR aci GO E8eaigny gt of 5% ifireahiifes. el asintozthe P& £ or
exanpl € dofGnd&o t}Ria(E Eén‘rﬁﬂu@%k e 14GokfRptide. Optlor(a'llggwfe@l 1&1&9@d o A8 sAfc 3L, ds
271-290, for exanple 2-275, partlcu?ar Iy | oop in am no

aci ds 3451889y nfose Lémmdleecwm@@d bpatrlwstgmfaardd}nm@r@a@ aCId, such a; b/)i C

a2, a3t R R ES A . Wb dncids BONLEUAR Yo

HPV1318. ti30L 1 foldkjeptide, alﬁszapémdemntbedhmhﬁsﬁdlﬂwﬂm My ikl P LL?aoep&@a dnde can

be inserted into the Li uence w thout renoyi Li am.no acids
Al ter naﬂ”FR}&%”{“ﬁ@ I"_‘tzlefféétcioﬂ Hﬁafﬁ@o'aﬁ éPf%HatiVﬁt RO eE‘i“?esequence with
renoval of one or nore am no acids he sequence at the position 15

WO 2o101{(134%7@W}W@M@%@Mwmﬂﬁ%}lﬁ Ff&ﬁ“eq‘ Withig ghgnhl golypeppide without 5 ¢
7, 8, 9qcltling énlamﬂig 1ac13%f th'le‘LI I;vrl’;rpeﬂ;@de T othk8 emﬂ)gdlﬁlrentgoch@fm %gptﬁﬁ (g of the Li

sequence can be renoved ocation where the L2 peptide is'inserted.
Thus t hensalzeqalelmth@lél@alypsmwstwithﬂ ¢eldton ofnec ormensraginmnaads fdhalsl i n t he Li
seqygnce, tldexanple the L2 peptide can replace an Li sequence of
eqU|vaI£npp? ngth to the L2 peptide sequence. 5 [075] Were two or nore L2

pepti de resent e

G Tt or olpeh 5 iR o p s e e st 18 B iy L BRSR0S AL etRses ¢ ¢ om
differ e@blybwldteyQ@Sethpwhh@blypqgﬁeqobmyle@agndb@ zfrﬁ&ﬁhdd@@ggi@git® pomdicng regi on
inthe different HPV ty 6] I.n an enbodi e he eptide is

i nser t e@T4eHdSIHCE P MC@HSWW%V%%WWIC&W&P% eb?%w%\ﬁlr pycdWenhl y of
chineric olype tides, for exanple in_polypeptide partlcles such as
10capsohtld  dnotick argeqtio thipdpelpsurareriins pa pudsic agd molgsyles thapenodea

stryet ur r E?ﬁ§gﬁ i L de is
|nsg§te ﬁ?ﬁ¥§qfé §1$%%B%?5gkgﬁﬂg¥éﬁpgg%ﬁﬁ%yggg%&%ng%ﬁﬁgﬁégre with the
sites |mvﬁhm@dcpnmﬁ@nmategmeaﬁmdwgntpﬁﬁdbbbﬂp@gESJWhatsam@dmmwﬁmumﬂi
naintainkpgwtn%q? ? |pt L ac |qps an LB, g;natlon Such
supr amol"ECIPHPIRATHEY i 1&{?\ PP IIALL BRI ay 81%8%‘?8??% CEECSBYC £ or

exanpl e ntasluceiSe &, tilﬁéctbd/ traﬁﬁa}t@d'loﬁfanaﬂorrﬂ;&aﬁ’ﬁﬁ hoMiceld. ogiih 308 celBard Blso a

Sl upet zky et al, 2007 Vaccine 25, 2001-2010, Varsanj et al 2003, J of

Vi r ol ogyeanie ogthaelisphargre. dihese hast ealls sapbr used ixpragecsribeshineds LAL22010, Human

Vacgj ne%o%gptldef’ e% b 3%9;51&%{11'1@/ the thbﬁ cENLARY cGn(er(Prﬁ sﬁfta%lé)for %e%'xﬁ}egﬁén er the

i dentical "size as conpared to native VLPs, that is, VLPs in which the Li
protein is full length or truncated, but does not contain an L2 peptide.

The chinmeric VLPs can be in the range of 50 nmin dianmeter. In alternate 20
enbodi nents small non-VLP structures of between 20-35nmin olianeter are
formed. [77] The site at which the L2 peptide is inserted can allow the
presence of conformation dependent neutralising epitopes to be maintained.
Neutral i sing epitopes can be detected by using nonocl onal antibodi es such
as V5, H16. E70 and W for HPV 16 (Christensen et al 2001, Carter et al
2003 2006 Day et aI ) 2007) and J4 for HPV 16 (Cbnblta et aI 2002).

~r . -, - o, o o



Table 1 HPV Li exposed | oops for HPV 16 10 Table 2 HPV 18 Li exposed | oops
[80] It can be advantageous in a chineric Li polypeptide, capsonere, or VLP
descri bedwbersi191se i nsert an L2 peptide into or in thePCegpreooosooan

i mmunodom nant epitope, such as the epitope of HPV 16 recogni sed by the V5
nonocl onal antibody. This can result in the 15 i munodom nant epitope

| osing its i nmunodom nance so that another Li epitope can becone

i mmunodom nant, which may in turn result in better cross protection. For

exanpl e r%nﬁb%aﬁ%l%@ti{i@h Z@é}%&%ﬁ#,?ﬁ@p&lﬁpﬁ&% L2QRed Bt ibd1Siell S/ Rl

epi t ope recogni sed by the i body”‘may WO 2010/ 149/52PCT/ EP20107 059024
resul t ipriot fedompilatomen ko shmgnédesicicompastioni nance and a subdoni nant epitope
becom ng i mmunodomni nant . [81] Where two or nore L2 peptides are present

in sepaf@Gt2d paoyppéptchihesic(ldrL2 ppsoptidesdisaesc¥hesin dan ba uswip osididirenc.g., as

described herein, the L2 p ides can pe . in the.Li fromdifferent HPV 5
types, 6?“%“H085’P1°fcr°8‘r%°§1h8nss(§\%%‘ %ﬂ?ﬁ“ﬂ‘%ﬁﬁ%& theghsyveptioTher téﬁ%ﬁ]{%t ﬂéﬁlfe"%‘ﬁﬁ‘ii si ng
two or nRescldudepy HPAS THEsOEEnRRItBASRkisdabOfor 08NS MMER]s 8r ivR)ng t he L2
pepti des can _be inserted in the sane or different sites in_ the Li sequence.
Wher e t RBtihoslics agriny &P \apnehunypge by admiggstering thimmaoganic comBostEy the humag he
sane | oQp,;ahd i g i FYol ; ot
e e LA SR L SRS U A P A
pept i desntilmdice xlzatpterert, arpeliodate 41 tr&it HRV imfecBon o, digrasel0 ami no aci ds bet ween
the L2 peptides. [83] The L2 peptides are selected to include at |east one
ant i geni(@3¢piThep ¢he préventsdiscdasumchl@pird dpes i(asunopooe ponaEtsetns fitrosaim thé

pol ypeptide)..is neral |y capabl e eliciting.an i ne response to at

o Do w5 i SRR StufRw Sosaiah' o isiBey SUHT FubTHRERE S net udes

t he ani gemp&Atddsclpies eflinetin LINE Repepli®dcgRiatpefein), kapoucadrWLE fie chimeric
Li/L2 pol ypeptide is capable of eliciting an i mune response agai nst_ at

| east onescHBer thoypdn compingldon withp phapeeyligal]y apgeptabie piniyediluetor sasichs
descr i bedsJ}aI &hibdhAbhRehSElrRGH8chif EQMbdsRonl Mol RN RSB ARS SpifabREPt i de
conprising amno acid residues 17-36 of L2; a peptide conprising am no acid
r esi duesdmgarizsingfude 2n aldGanipe phit.declcomburinmiung hpdroxide, aoildr B d3jacilatsd 96- 115 of

L2; peptide conpfi.gin ] acid residues 108-120 of L2. [85] For
exa%gle,(Pﬂ%(f m%gﬁyﬁﬁﬁgrggﬁﬁﬁse as described herein can be selected from
the fol | ow n epti.des: eptide. consi sting.of . .am no acid residu 7- 36
of Lo SR PR G R e P e bt S TR 4B B R B e
consi st ich@pAingsi dAside g e inthd §8piEmaliusqHPY3 L 1 doBpRbtidderr GRRRIE G thgo O
am no acid residues 108-120 of L2. [86]. FIG 3 shows the HPV L2 sequence
for HPvied (iD aplepitione shimelppplysstids gemprrsinga Bemamgapiliprpyirug HRY) hhs and 108
?gla/hglﬁldlc Br ﬁ%rﬁéht r&)f%ﬁg UGS as BOG: ihQitck 2t RER Bhéjﬁeﬁ)tltié %ﬂlf)llﬁ?%go?n

30corre ng regron of various other HPV types. Sequences ava ein
t he 2Di t epitingrod af &2 potyipeptiden dvay ol chypaw Icldh2 belypeptides disdesil ferein

correspondi 2 tides from additional HPV types. VWD .

5010/ 14 0750 P0G h PR R b U S e ot B i T el sy

r ef er enagd/sEYURSICE sifdR: OIS PeOhpdsBORE kompinigtVias. in c2B0Bhtied wide cliiakkc
(Benson et al., 2008)). [87] Throughout the specification the L2 sequence
of HPV 18/Ti%Palgsatids: t he reference sequence to deternine the region from
which the L2 sequence is derived. Nunbering starts at 5 amno acid 1 at the
N terni ff] W amembpdimertethenVads feftuse pecomdyination wathdheickimerin {1 4 gebmertide
appeari RgnNeLeL D a&ﬁaﬁﬂ& &ﬁ%h{éh&lﬂ? r&df. ﬁxﬁ‘%ae‘élfﬁ@hboﬁﬁﬁ#?s‘, tHAYTRET | RE. s Qfe
certain equiva eht ptides from other " HP types is also6 given, in the

| i sts ofdPSpecardd/a HHEHHE désv/Idsl Gunilarly, fi88hinSuictraibypeptidee cuRalpepclude ag 6T | ses

P O T e

10pept i hows substanti al, sequence i.dentit i.e,, .honol t ween HPV
Cypen. | HEasdy Sk At e SRR GoRGS Eoierdtssy Sbiiamaey G ab Restne
conpr i sehierie PBBpsitidefof GiNavIdEh PBMRLs Fhan HIW 14 L BSI9p&hidé BEfrS@AHE BeRDS, an
represent ed b@ %‘Ig%&l D ED:ewl to 31. [90] The ILTg g%ég{ti de(s) can be selected
f r oAt hélFSefhkhpolyperiide abfragmens thsasofes holimnddP¥ad b dd PP*?}@SBtl%eélféf.angG ners),
for exanple: 15Type 16: Type 52: Type 51: Type 6. Type 11. 20 Type 31:
Type 45: Type 5: Type 56: 17- QLYKTCKQAGICPPDI | PKV- 36

16- QLYQTCKASGTCPPDVI PKV-35 16-Q LY S T CKAAGT CPPDVVNKV- 35

16- QLYQTCKLTGTCPPDVI PKV- 35 15- QLYQTCKATGTCPPDVI PKV- 34

17- QLYQTCKAAGTCPSDVI PKI - 36 16- DLYRTCKQSGTCPPDVI NKV- 35

17- H YQTCKQAGTCPPDVI NKV- 36 17- QLYKTCKLSGTCPEDVVNKI - 36



[SEQID NGO 1] [SEQID NO 2] [SEQID NO 3] [SEQID NO 4] [SEQ ID NO 5]
[SEQID NO 6] [SEQID NO 7] [SEQID NGO 33] [SEQ ID NGO 34] [ 091]
The L2 pewOi2dey=y7sean al so be sel ected fromthe segnent pofi/Feremosmed ds

bet ween am no 25acids 56-75 (e.g., 20 ners), for exanple: Type

16: 56- GALA GTGSGTGERTGYI PL- 75[ SEQ | D NO 8] Type

6: 55- GALA GITGSGTGGRTGYVPL- 74 SEQ | D NO. 9] Type

31: 56- GELG GSGSGTGGERTGYVPL- 75[ SEQ | D NO 10] Type

33: 55- %ﬁoﬂ@m(ém o‘l%ﬁa§§n§>fl fggﬁgnt hid Wﬁghgmebeptlde has been inserted

45: 55- GCALAE GTGSGSGERTGYV

11: 55- GBieBoET GAGBEGRABHORL. ¢ hBECId pkides claa]mc‘rgq@em L1 polypeptide with a C

2010/ 14TSIBCITEMSoTo 0503 Hype-sd: Hshelf bobheodEotuamsmpiity ar seo 1o no

15] Tépem;bo&ﬁreﬁilﬂﬁl ﬁgﬁGfﬁmcﬁ‘nﬁAthﬁﬁbﬁE@slﬁaﬂi\HP}jﬂS]I?l[‘(DEQ&] anlltePV. 28 rI;l
peptide can so. be shorter 20 am nqQ aci ds or exa the L2
pept ?deé’lc!’anan& gﬁfgﬂ%ﬂ%@@wfﬁfﬁ qw@ Y HEY lérleldwéxpepﬁ%wn&ran&gl’n\éﬂg tb 8 anino

aci ds, $HEPeARII AR AN @EbIEmenrt theaRAQiARIHR tlciejwﬁlmh@ HACIEB1 pdEpaidao
acids, 15"am no acids, 20 am no acids, or up {) am no acids (or ‘an

i nt eger and thehivesriggiolicpiidoeiénthg Pml%mlypemde eé)namhl@e diffesnt 22 papidede can

be an 8

Fol | ou b ianpf L SEERERLLE SINDR! BRI SRt Aigs 58, P 0B,
The L2 pépkidee$ihccanrrminab3daniaekeids.ed from the segnment of am no acids
bet ween am no acids 96-115 (e.g., 20 ners), for exanple: Type

6: 9560 EPYWP$DRDH4Dly] inEnbdhler érﬁ%cﬁiﬁ@lt] Be N@nuﬁ@enf&ﬂaﬁlposmon can include a

52: 95- EPI GPLEPSI VSM EETTFI - 114[ S I D NO

31: 96- DEYEPINEI) SfSPorESerS /LM DSTi SRy Paptifes thatsych_% arguggan papillomavirus (HPV)

16: 96- Dy b Y&&heh! th Bt i T%Prﬁ)rl ing an epit fanL2

58: 95- DTV%E@E@L(@& EEde %ﬁV%EQ 2N p%g dep perising an epitope o

45: 94- Epv@amdsuwwmsmwhemeys.a@omemﬁe 2Fp]r ex{rm? thiheonibsingimptcpal achide can

al so be e i N ' be: ' i ds
108-120° ‘?Ae% %%Eﬁt% mﬁf%ﬁ%%@ dﬁe:“’%g‘&l%‘}%‘gb‘f%:t'l%w@@g’éﬁgﬂﬁ%ﬁ P- 120[ SEQ
| D N gal]ypél'ptmles fh&hé_%nhhﬁ[@ﬁ?cWTrﬁﬁ%P{Hﬂﬁ[xﬁE@difﬁéré‘ﬂ@LzMinpm[leﬁhﬂ IAoye of the
above p es can be ified, e addition, elet r sub tution
of at ég 2 ED Fiyinege BOIYXWBF%@%H# | palyp egﬁmgﬁg tYRUt i on
of one, agmequ%gg&rs@lre &MeRQt aci ds. For exanple in the L2 peptide 17-36 the
region (22-28) between the two cysteines and 25one or both of the cysteines
can be &gt ﬁgcxeyﬁ'lﬁ Tﬂ}i%!ufétl%ﬁé 'tﬁé'lrﬂn%n%g&iﬁ‘@ccf&ﬁoshﬂ{s ﬁ@hﬁ@BEt‘w@%lé%d D NGs.
24 and 25). In anot her exanmpl € the val ne l ocated four am no acids from
the C t ewgrif pash (LD @nd/orwdigmrlcm@lmm)ld@fer Hﬁlvam Joe. blapepbddiwcntzegl Vd&n be
SUbaltUt(%OI‘(\:%'lth anlso ucmeﬁ@l thea A cid found at this
530

position in “ (fl%%ep ar anamou Ownppr )S\I/nee b%G] I n anot her

exanpl e tldefro reduced in si I . ex Ie as
L R G R R %’“B%‘Sﬁ%ﬁmé@l peld) PEeqppnigg R IRNE "2
t er m nusné shinetio pallypgaidb ecapsend Hhemiagapll@myvEOMP Y OL bgolipepeids ant  f or
Cross reactl Vi ty bet ween HPV types WO 2010/ 149752PCT/ EP2010/ 059024 ( Kondo
et al ., fipgpeytt erﬁfafgmahatL%Sb@&Wéte(égem@é EPPPRUNhET 1P ahilonptlyR® e
Sequenc?ns%\ﬂthm tlﬁcgﬁi’V(Bqt o%bﬂl(i/e W?th%pﬁgﬁ'bné)gthgpﬁnﬂén{?cf %HH@%r AGth A8 .

such as gl yci ne residues, can al so be included t érmi nus of
the2b2 |b®pttqndé1um|§opalell@mp\helst(HBVp)éﬂ)twrdeka:mnmﬂm(‘(Ihlé)ls alsopwithiase one or two

or thr e%ha?fgn%ggutl%gl?}p a?c%e&a%l 811uenlt or carr%r ag n@(l)ngll}cl) Qr? a(? uvan\{VO or three amno

TERMS

[050] In order to facilitate review of the various embodiments of this disclosure, the following
explanations of terms are provided. Additional terms and explanations can be provided in the

30 context of this disclosure.



acid residues added at the am no or the carboxy term nus (or between |inked
peptides where two or nore L2 peptides are present). Cenerally the spacer
wi | | havewoaosplgiski ¢ bi ol ogi cal activity other than toPCoiEP2a10859024

i mmunogeni ¢ peptide to the Li sequence, or to preserve some m ninum

di stance or other spatial relationship between them A spacer nmay be needed
or helpful to retain 10 the correct conformation of the Li VLP and/or an
effective or inproved presentation of the inserted L2 peptide conpared to
absence @3‘1 ak %%erwdeg&bla‘ﬁfw the&lﬁﬁca@@ﬁlﬁleﬁﬁﬁﬁg tdSs u§e%lrhepé?n MRAithd &the ©- 9.,
by the |nsert|on (addition), deletion or substitution of one or nore am no
aci ds. ﬁmanlegaﬁmremomlmmd@stpecbby dl&ofmdrnarm@brﬂporﬂmagt farwhq@h thoi dislasheet  di f f er
fromth nativ atural

sequenceeotsrd M ERE RS BLe TRboY Bott BRbolsloTBb L s o R T e

i nsert i @geor, phblishicd bytxdsd me‘zdﬂm era@ B%@}L(E‘BNO 19r85a28139)3ﬁ<leﬁﬂ|re@rfetane or
two or several amino acids for exanple 1, 2, 3, 4, 5 6, 7, or up to 10
ani no aé‘fdas %n%ﬂér@aquwfs Olﬁ%rrv%r”@éwéhkéle@gr Béa;€§Wﬁ]Il§°1teB°erIé%\]/%94t he

occur r epRNeH-632-8b st Phhger Hnds | Q@E}V&@@dt)Wo%&‘ﬁ&ﬁBi&%‘gy%QWte&%logﬁgﬂ on in

bet ween the cysteines. In specific exa i cations esent in
the L2 gepwidessiof Deikefr esemublistediby 18 Publisheis| lei, 690 GSBNA 146912
sequencg, are limted to 1 or 2 amno acid insertions, deletions, or
substi tu?i ons, and/or deletion of up to 10 contiguous am no aci ds between
two cys efesidye 99, Wer e . yodi L2 sequence are
e ) nI0RL SR TPEE st el R Rl R PG R Bl e oY R e
suchot h@idl@t@lﬂﬂiﬁr\&li@él Simi i 1§ POE trodd“@@T isaihtch@aisth uﬁﬂl%:edanca’tudl@aﬂie céPte or at
| east 90% or .at | east 95% of the_ami no acjds in the peptide correspond to
ani no aéle gy indicgtes sHigtvive The @%u@H@@ty [[OEAP DY Peppist illigfythepio be

addi ti onghditeo Pt RPEAE GULr abdn PERS Lid&, SRMIBRoRIL WBER 0P IncldMilaPmalr €€ Or
more L2 peptides as described herein. In the case of any of these

nmodi f i catiuengiveo farhnacier asalywe nelepentides drempproxienic anhare acqvededcfor deleripition.
sequenc I n e n the
pept i de%\/a%iﬁlo b?&l@flntg IHLh%{IOAS %\aath%th R ergegpt% c%ﬁce%ghﬁcggné§ }]egfglsnegg\ﬁhfﬁnc%o
pur pose sadh dsha antdghinf are adteaied t@%aﬂp@ommarerrm}mg evhcieen qoho@ertibe s indicdttdetol 2
pepti de for, ex le t rove. Gros activity wi.th L2 from ot HPV
types . PPOY6HY (WPt @pﬁe‘bts Rt o Ul Py GHETHR Pt BUFHY
pept i degpp¥Qnd@elP (k4 80ue Pér F- WOSQOM (a) a peptide
correspondl ng to amno acid residues 17-36 of L2 conprising one or nore
am no agh4i) a%%%ﬁ@ﬂﬁeth&'&'a%'n%éﬂa@s%ﬁér otld Kzél%ﬁ‘fttb @3¢ described hetd) céh Repti de
correspondr ng to amno acid residues 56-7 L2 conprising one or nore
am no ackdl iade pradies or theling dfdhis dealdpwe, @Gﬂdc methopls) m@énqls arcpleptribdé

cor Lesp am no acid residues R of L sin e _or._nore
o A0 RO T B g SR AR SR, Pl frsn RN Bl Phe

cor r espaidiéd “tmpiiicRD add iatiationd didess 1d&piize’ amfd “hé.‘mpmmg”mlﬂlm und&stebd ror e

am no aci det ons, .del etions and/or substitutio \Mba |n tge one or
nore i ndBPYiRHYC fusion ofj prater SHIPAY/ % CORRBREIN (8- GH e%&raé fed to a
native lyg ¥PeH, bel OF HARlndh& {QL | RINhHido AL xBNRITRbESH S thdr2 PeEPLi des
wi th nodi f@?atr oér?s %Imu% 16: 17- 1ér_\(KTc%FfDl | PKV936[§EQ ' D NO ﬁt 24]

(Wit hourcoma@undblce?mpegtl@h stepg-opgyoubethgesef Phaapbraviatien. ‘er” Welewyidiiorn the
cystein vari abl e
rearen eh SRl o B R R e e et B ey Tt uing 116
wi t h Valkblatviptosi o g)’h1532n((ﬂy32)\i$ with plee t&6n Tfor QaMPIERQAGT CPPDVI PKV- 36] SEQ | D
NO 26] (containing |32V) Type 51:16- QLYSTCKAAGTCPPDVI NKV- 35[ SEQ I D NO 27]
(contai o3y VYB3term2Qurhyippaplibordbiub, Y RIKKEET CAPRVEEKMo 3] SEQbEDoNDe 28jus
(contain N34P 0103] .The_ L ide c n al so be a concat [ selected
from thaHgP‘FléYl tt% plle Bfmﬁ‘ﬁf ﬂgﬁ‘&&?f& &S gre WP MEIRTEH RS Oggﬁ@ 17- 36
and am pe.nasil M3 cafindods G%?(Ql g}eé&h off%lcﬁ)%ﬁﬁirﬁ mu-[ﬁlﬁﬂevﬂfgé “types” or “strains” (e.g.,

17- QLQYKTPPDI | PKVGELGE 8

17- 0 YKTIRDW, PIAYGHE. HIRYTES. ‘{SE@tq Ingorlgﬂbxmn@m\c siauty. {notmc)qqntewﬁef thiso
pepti de S a of the
above p(%aibsf Il%g%rgﬁgeﬁ tﬁ%‘al cﬁ%b egsg}igléldgﬁgqa?%% ﬁp%\rgt ?Iin 0??'})%%%1 hf(rjou bot h of

t he cystei nes and W|thout the region (2g-28) between the cysteines,
together with the region 56-63 (conserved 30 between HPVs) fromthe 56-75
peptide. A simlar peptide can be constructed fromother HPV types. WO
2010/ 149752PCT/ EP2010/ 059024 [0105] It will be evident that any of the
above listed peptides can be included in an HPV Li, pol ypeptides,
capsoners, or VLP as described herein, at any of the sites in the Li
sequence as d| scussed her e| n. [0106] V\here a plurality of L2 peptides are

o " o " Y oy



5di scl osure, these can be two or nore different L2 peptides fromthe sanme
HPV type, 1.e. peptides fromdifferent (including overl apping) regions of
L2, or itwoaniobgotsao or nore different L2 peptides frompChEP@o®s0Rgi on of
different HPV types e.g. the 17-36 region. Were nore than two L2 peptides
are present this can involve both nultiple peptides fromthe same HPV type
and nmultiple peptides fromdifferent HPV types. 10[0107] Where two or nore
different L2 peptides are present in a conposition according to the present
di sl 0SurRiriadgh AR IR 1EABRRCRECHRNLmE ARl R né{tfﬂt»wpaw%t&n@nt
HPV type for exanple HPV 16 and HPV 18 Li VLPs, ? may be I'n
VLPs fr ehicedtensativer qmatdfdltlyp@ tYmroféiPéh'fbllaethame@@md FIEMX@@pLer, “HEWsypeSl&Itlabl y
L2 peptid erei N, VLPs f r.om or HPV
o, 15 GeSR T R TR PRI, vb LT et eRTAPN LG qes
i ncl ude palypteiist reﬂer@(tﬂﬁri gupsl$pepiitl616f @i topa @BérdhesHPY aypetiize L2 pr otein. In
any enbodi nent discl osed herein the HPV L2 peptide or peptides can be up to
30 api NosE¢i dricasintlyrsypcptidengleR. to @SR er Inwhial RGN re dinsd £8Ed
herein, L2 peptides can be selected fromam no acids 1- 200 of the N
t erni nuseStftueWdeEzre Jpued feggthsr thyoughiaprdekands Thertsongyfpolypeptide” orhiigteihe L2
20_pept LieeddanifaTRiERE® QlcofBi8 AThARARI L EHIURPinthAEfiedi on
1-200 or 1-150 of HPV L2, i ch can be nore contl guous am no acid
resi dueseq‘uremm tstrrél asg@'rconml@@o@h@rterm PelypepticT O Spfhﬁcatllezrlmendl_ezl tpeptqrde can
conprrse S i a2 Se S el
pept dedeBrtySSirite PRPE. BFbAL SSRPHTen Ter AL St Bl ubdierties
Iar e lelﬁll tTab lteymatfra%%iaﬁtt” i ,reﬂﬁﬁceltb 2a p'bepelitgie ﬂegers ;1(53 %&ﬂom(thﬁﬁi ] galbﬁe?&nae)l as in
engt In one e I ment the L2 peptides 250 e present djisclosure are
short pépehaertidss 1) ﬁeéemt HamuReRs KT 48913 E | TaiSTS tgai lifpgmgnts @68 PelyRFPtisle haki no
aci ds, 9&mh%§§a&Bﬁ@p&@mﬁﬁh&Qnﬁﬁhgémngaﬁmﬁé%F@k@hﬁhﬁg@ﬁ@khﬁ@ép&ﬁﬁh@@ up to
30 amno acids in length, or up to am no acids in length. The ful
| engt h pelyperstdei Pricstanion wishingi meypepltldms een@aalb'ep@teden@mNtt@rmlnaltthé? -coninelxt  of
t he chi L e 1 m
requi redBeyepoicrngd BEtERTRM R o P SR e G Luplsie o ip IV BB ENET | oy
is 38 Caﬂdb|B01§q$eptld<€th¢ ﬁglsaamed ﬂﬁdtﬁlﬁ&:NGSﬂﬁth&eﬂr@m& to@tuidy ehel@ opeapiioxiyn. Thus,
the L2 peptides typically include at |east 8 contiguous am no acids of an
L2 pon%ﬁ%?Pﬁe and include at |east one epitope. One or nore of the
different Lz,ﬁeptldes in a conposjtion according to_the present dlsclosure

can WOL%%]1 o/ Hwgemsy WWEWM@FOS%?&%@ agpst eguepseaisfan e apply@cds fip afo 30 or
up to 4Qu@196tﬂﬁs 80458 10 Bask€MAELth ! Nu&@&uﬁmmtnucl@etidew the different L2
peptides used in a composition according to the present disclosure are up
to 25 adeeryrigeiubeogdespr Itﬂedlﬁed fmm@r of tithed Qucertido. db¢ ttsmrlmphll@ﬁgmale and[ 0112]
L2 BS pt Id((:)lu ?o‘%r%%%'b?\ﬂxt 1 g"l t% nucleotrlsgl'E)’I’ %Srrlil ra%‘t ar nuc o{f‘? Mla gln%t to elicit
an i-nmune response agar%s? ﬁ ous X % S, “agai nst

i nfecti Qﬁmb&ratenecddﬁghduypethftroﬂmﬁmhe edsdutgﬁ@qa@mwawmemrdhgt 1patheed1a{ew113]
Suitably the L2 peptide,is pabl e of | uci ng nmune. r es onse alnst
2t | eastORHHOH PRePRiE S ev tff%o@? on s\ & %énélteat?&irt‘ 1eRPoRiingAeRoBRLk 2

nucl ei ¢ oaghdnShdth WMidhtiY is RHIRS QH%né"?ﬁ{béd{ﬂ@& DBYEnRESIE 8RGUELL b1 t1
literature. Thus, in the context of the gresent di scl osure, 10an B pept i de
| s capaEﬂhe Sondey iseationgf anu¢leimasid iy dofined B referanasde the copesstivitpal IPIWK’tU?be

: f e PV 8 t her
¢ ef 37 cndBe il o S LR FAER, MRt HRE v BHEL AR IEMLUAS SRR (e
contextrmbﬁasm@wnagrThimﬁhﬁmpmk&pepmgﬂanmﬁsofmpagnM@mmﬁasammuahsmadapable
of eliciti n i nmune response agai nst an HPV type ot her than the
r ef er ence qtﬂﬁﬂtVBe For ease of reference, the HPV type ot her than the
referenced HPV type._is 5 referred to as a "non-HPV t " For exanpl e,
when t hEOTaf et ipyo fwsthﬂwecltéoaﬁHS}elﬁtaﬁ‘éraP%} P o sohet s Bl e
referr e@ot@o&& %dﬂ&tesle’Yttta/d%%lp%ﬁeIR%@édryehé@ it iR RGMHRERAILFRURN it hnd/or
Simlarly, th respect to any referenced HPV type, ary other type than the
r ef ér)ené@@ltnpmmsppéroeamdllﬁferernétoerqeémspf@w@s t he non-HPV type. [0114] For
exanpl e, the L2 peptide can induce an inmune response agai nst one or nore
further 20 L2 proteins fromdifferent HPV types. In any enbodi nent
di scl osed herein the HPV L2 peptide orpeptides can be capabl e of inducing
a cross reactive, cross neutralising and/or cross protective response
agai nst another HPV type. Suitably the L2 peptide is sel ected which shows a
hi gh | evel of sequence identity ("honol ogy") between HPV types that is
greater than 80% between two (or nore) types. In sone cases, the L2 peptide
has greater than 85% sequence identity between 25types, or greater than 90%
sequence |dent|ty betmeen types or greater than 9596sequence |dent|ty

. e . o - T 1 o



containing the peptides may be injected into nodel animals or humans and
measur enment of 15anti body and/or cellular immuune responses can be carried
out for ewereplogiabis2ELI SA or cytoki ne anal ysi s/ measur ene RCTEPIQOOF02£] Y.

Met hods for screening antibodies are well known in the art. An ELI SA can be
used to assess cross reactivity of antibodies. Antibodies can be tested for
neutral isation and cross neutralisation properties using a pseudovirus
neutralisation assay for exanple. Suitable pseudovirus neutralisation
assays 5] d¢RE fRE ot DaRBMaftal Bl octHPE aﬁ@er%@?@@l%ﬁl@tﬂas&fl a@h %Q(Qﬁ' [0118]
In addltlon a nunber of cross reactive L% peptid have al ready been

i dent i f ipelypeifle oeredipt eclé thafrmpreseng ut tha bnsé ﬁgeeplttls)lpelaﬁm ‘HRYisthend 16 has
been fou [ the L& i 0 f HPV L na e 1998,
7555, ' 20Bmen e LS E P AR, ROk N AR R oy 17 56,
56- 75, ﬂlﬁ;clfbilﬁe hﬁeﬁagﬁrétﬁﬁodsrrﬂm#ﬂﬁlriﬁ}l/ 6etikithgOty Ve df IHP (a@d (HRVSh proteins anld (22)
25neutral j sing anti bodi es (Kon et a 07, 2008). In another exanple (aa
17- 38 oﬂoo{ygeﬂt%e%h ﬁevotitel%gf w&gﬁeﬁﬁ g g%cweﬁéﬂt% 9EHENG broadl y
cross-neutralising epitope after passive imunization and challenge in

BALB/ c 1904 (dsarshnt avien relerringdy p nudpigiacidhor gebweRidsic-gaan SRl pin-BALB/ C
m ce by t L] i popeptlde
e A e R e R R S
pept|denoﬂemep@KmeeWamemcrb@wﬂbe&@@ﬂﬁempeﬁtb@esaréovaQtamméwrdbenable to

elicit an i.nmu e.r rec not. anl
Genot ypd s bR tor ERSPRRRE sORaEly fBSPENISAR 2 BeoespLEreinf MGpbRG o 1o
pﬁpﬂodetiﬂ@mwaﬁnHEvaﬁnmhwp@c@hgemnﬁm@ﬂg?NthﬂiQ&&é%ﬁ&BE@IM&E&&k@hﬂE9024
the one fromwhich it ved. Suita the peptide is cross-reactive
with 1 §Pmpargd b hﬁteedetlﬁerdd gﬁ‘é'ﬁapy ttugon %cswr Hogeh esa%'é%ﬁ‘ﬁt ed with
causat i @ﬁbsﬁf‘ut&ﬁ'thr?@tjtlﬁGfapﬁﬁ:'[eoﬁﬂgEha%%uﬁpymtlﬂ/art)ﬁl Q—§ar1a11§pol§ﬂeptla§can&ﬁffeﬁ@om‘%1
51, 52, 56, 66, or 73 or genital warts such as HPV 6 or 11, or
skin calﬂtﬁeﬁfes@@h pelypﬂ-ﬂﬁlde 5) WBICb it iI3gomE{rali pothe pdditors deletionipnwhstitugmmeofome mor e
of the | ct V a nodified version
thereof%gnBéﬂhmggégdéO§Bgﬁpsggnghggkﬁgnag'CH%RFM$P %ther cancer cau5|ng
HPV yp ugh .as.a type s 9, 45

6. 155P TogT 88 BRulty; 105 RRRE) Brn et ot iynd vartinatRue e iRy Y ¢ype
such as or-Ehﬁbﬁdes aﬂ(ﬂloﬁﬂﬂka[ redjfonks€aSdn annealeﬂﬁblmdmgmeepoﬁmmnm afdﬂi{et;ty@e such
as HPV 5, 8 or . I'n anot her enbodi nent. one or nore of the L2 10 peptides
is sel eé‘t’%’abeldroéﬁf@ﬁtﬂlsﬁlﬁvofi%é intg a’tl%‘él"‘tl)rhéﬁ i e vereiomikrrsdor . [ 0121]
Sui t abl ynf08idpiBER! THerMSefitdp bheanh@yrﬁ@aét%latn% apaR) a.ESIfefongtﬁrﬁtﬁﬁ%etn! ng a
cross neuttalising I mune response, that is an i nmune response which is
capabl e towhigbd} gralfdardi cm}js H@DOrtdf Thedlohmpprantisemic enippecy mandethimaMRyitoggderd r om
whi oy 1o, L 2iRR odGliP. HRLLNERY (EhaRsaeU Al lhon.can Be hshed for by
assays kno Iht e ar AU y §eu§bneu ral i Sat on aSs%y]1§3e5c¥|bed
herein mpaz@amsphe &11 rEPdRZ] 1s$nudeamhys, vstltheeipzctpeptprcdectivs iratnuge te@pcpfsew de
Cross protection, ﬂﬁ(gltabl nprises a cross neutraljsin i tope,

sui t abl JEHBY a@ﬁ@o%en ypant lgteg}lﬁé?gltg%% 5 TAPSE G URSH R FL! P cer
sel ect edechERAMHRMhd Bost %muﬁé—sysﬁ:@h reddlt indoteftion fRokm dREase %@tlseégyéth%%ath@gen 68 or

73 and/or at |edst one genital warts causing HPV type such HPV 6 or 11
and/ or dihe resasil-eslepgRipa refarsde an epiteee igpt 2diepyandyip en sprrprpsc MYL Blolgulsr 38,
[0133] j i | r n, a th of
Genar at 10 rEUS bl BRs T ARtk 06T oM 2Bt B, o SuGREAR S o by
at | easspdcvicaHPYounddesan anobodyanplcell ravhgr pokesant ed in t he context of a
chinmeric L1/ L2 polypeptide, the L2 can induce a response that protects

agai nst [0d1¢ AypPEminuAETAINSE” i hecshdneedticele of the dhinahaedicnarebhals alBadl, Tone
25addi ti onal type of HPV. gtscussed above, cross ﬁrotectlon can also
occur whEh %A MIBAOERLNY Sttlﬁufé\ép P JBMUEC ESPUEE £ té?r?dgﬁF ecshitnser Which ieultsdht ext
of a chigmibduckdh b?sp@&w Bﬁtﬁ’éddﬂ% su@i Q§§nti%€19Bﬁiﬂc%u@ﬁ?zhﬂ'gsénnﬁb&lése rept HPV
types different to the one fromwhich the L2 peptide or Li VLP is derived,
can3fe imenne faspanse sinydsole ahicathrespaydelsuckt asra (g%trrﬂsemee aou SO 8odebnys
describ h 8. r sessed by
conpari (rftlsgfgiscinrltec‘lsﬂ gshﬁlg% %Lsr?f% 29 eicg\:éqélg%ﬁﬁllcu% rs%g%&l oar??a g& ?p%ﬁg\/ types
(infection being incident or persistenfyinfection) in |nd|V|duaIs
vaccinated with a given L2 peptide conpared to a non vacci nated group.

Compl ete cross protection against WO 2010/ 149752PCT/ EP2010/ 059024 a type,
or group of types, is not required according to the present disclosure;

i ndeed, any | evel of cross protection provides a benefit. Suitably the

| evel of cross protection observed is such that the vaccinated group has 5%
Iess |nfect|on and/or dlsease a5500|ated mnth a non- vaCC|ne HPV type or

o o T 1 o o o oy A NN 7



25ri sk cancer types. Al possible conbinations of 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13 and 14 of these high risk cancer types are specifically

cont enpl avedn10NyelskEl C ACI DS ENCODI NG L1/ L2 POLYPEPTI DESPCraP2@)/089e01 her
feature of this disclosure is nucleic acid nolecules that encode any of the
af orenenti oned chinmeric L1/L2 pol ypeptides. 30[0129] Such nucleic acids can
be "reconbi nant" nucleic acids, which have a sequence that is not naturally
occurring or has a sequence that is nade by an artificial conbination of
two V020301349752 RATLER20ARLARINZANRRIRT VS S RERARE R SRAEALS Of
sequence. For ‘exanpl e,” the reconbi nant chineric 2 nucleic acids include
at | east paﬁh@enupd:ceﬁ@reamnde §e°qﬁ1@nt¢etlvdnatmlan¢meesse§ns RAvinhepesppistahaper abl y

| i nked ta nd fr ent.| ea Ielc aC|d segnents
that - endSuBta RRBL N8 o bATHS BL BriberhoRBlo Ml SR EP T P o
conbi naueaaaseﬁgynhﬁora@@@ﬂwlng h@dl)byaﬁ@nﬁ Mto@Binf&yioh B SHepathogeTOA @ratediiven! vy,

by the artificial manipulatio |sola ed segnents of nucleic acids, e.g
by geénetPEUBHEFARISF FHP qr@%%%ﬂﬁeaufegexap&le PG 1 ﬁ’l@ﬁtowf VHakTERICaioR praplpauc

pr ot ei n 5 aA0L id Dbl @REOH 8L aP¥r BLISACAIIRNARHN AGY &r by @edaurideaBdstiicch
may be introduced into a host cell, such as a bacterial "or eukaryotic
cell). F@m%@kﬁnﬁh@@ngamnwgnbodlnents the reconbi nant nucleic acids that
encode chineric p|/L2 10pol ypeptides are codon optim zed for expression in
a sel ec{@d] proKadyotittisen agukahayomhaocetsdbft prodiidtion [OMIBm}mm@ feginkq ingtren-
replicatio 1Canglnex éq%SIga nlf EI% a%%n O%mlenﬁs&? hqnchlnerlc
Li/L2 pSﬁ?pedP U&s ARM8e @HX % Pg#%%l?ﬁ% 3 OVt dh e pr okaryotic
or aoeuksdryeide Cal@XPORSHoOFhated 6htd rwhidiosit g61eis|aﬁsdrﬁt§ﬂ uﬁhurs@n@ uatladiag aaicdsn-t hat
encode a chlnerlc Li/L2 poly re also a ature of this disclasure.
Favor ablPd Hetl-igaviter (?%mal@ Sﬁﬁ%ﬂ rgiding qouble ies@nd spvprsiie empls 10P§)
15such %oﬁcc}féﬁhé& h?&po‘l?sbéch@ﬁdéaulﬁﬁﬁlﬁi&nrﬁﬂl‘é%w f?ﬁdléic hQad (s&&l dsopd nel udi ng
fungal (e.g., yeast I's, insect cells, and manmalian cells (such as CHO,
VERO aneligielatds). diposdnges 3Pq11-tHee Regsplor aatnestsr(@pﬂtlculatlyﬂL%d"L&épiféB%on t he
nucl ei c ﬁ‘&*rﬂ§9%g&1&§h£ﬁhc& 1885 &)&ﬁtﬁ%étf&hg f%l%ﬁ%%l%fmneﬁg(:h as a prokaryotic or a

eukaryotlc expressi ctelc acids disclosed herein

can uded.. i vari et npl e,
an e, {9 ém%ua%%yenghcgmmﬁw e hpie s (Bl b min Sl fe
der i ved afhlhﬁiﬁfh @Dm’ﬁmﬁﬁiulbfﬁ’dS(ngf ip h@smedmeamdsd@dﬂag) ﬁlaDM,apablé aft cliohhgsspcifis
vacci ni a, adenovirus, fow pox virus, pseudorabies, adenovirus,
adeno- asBBENGEERPISE-Fess, agﬁ’é‘ﬁtratﬁﬁﬂ?%%ssu‘éh%ﬁ Iherpgn Raplineavirupods syBngfont y t he
vector ‘Mﬂnlun@g:énﬁ:rbo%gglﬁ&? IRMAYEGHr nide hAReEs {or exgﬁlﬂﬁar At RBicRAbuRASRE | de
expression products. In an expression vector, the nucleic acid encoding the
chi mer i girticsie ppilypepdisdécicst) 28 aytigeol dp}tomw Amgednuina @y osdmasifioasan
o S0 2 i BPRERPLARL Sl S APSHLI L A0 SRRl ARHERSS LREPIRLC 2
pol ynuc Ir@pbmsd ssusk quaneeipdént catrést @&H/Olr adjopaitabl ¢erthinrikeshceq 11aﬁ1ua@g1:|hﬁzpr i ate
transcription.contro] .sequence, | es of such promoters i.nclude: the
i medi atBMBEVHIPS gregHEH gl t@ﬁ)ﬁfﬂ iy YICEIHPENS! Horres %&Syﬁﬁsﬁ AEHYYr onot er
of bacuk@htols or Bonditfnk 1ﬂ(ﬁ1€ecpl'3y 4 AR &me RERIG nTpfor06r A8 hldGedly a
pronoter, and other pronoters ’known to control expression of genes in
pr okar y@tﬂih@g%lrls prekentgbior sreefed.|osz. geduchér amelionged by Thiebising repdisitom of et or
t ypigal Nigj.ation,
o dbg é‘['l]lgée?llo(g > Onﬂa@} nﬁulob«?&?&& %1{%\'\;56?1@'4 élg)os?dr{; Sftth P@E&@%h%tp L 8Bgdd
2010/ 14925@;%;‘% Mﬁ@kﬂ&%@dlscrosmmdestaaptmb@prm@t@fsmmmﬁnm cfomrpoanmphsi fying
expreSS| %%#l (P Ihe.ex ression v ars ti.ona % ﬁl ri se one or
mor e sol B asifte i et hyarigiandd s REUrdar a%ﬂaéwat o) By or {heiBPOsEPec i on of
t r ansf onEHn D@ ptotéedlé 8 padlitiic AAmUh OIS AEOL @Rt hQHMEHHHOnUvirIE AW aEdIne
resistance for eukaryotic cell culture, or such as kananycin, tetracycline
or anpi €PMPPHIGNESF ¥4EHER in E. co/i. 5[0133] The expression vector can al so
i ncl ude additional expression elenents, for exanple, to inprove the
efficiency of translation. These signals can include, e.g., an ATG
initiation codon and adj acent sequences. In sonme cases, for exanple, a
translation initiation codon and associ ated sequence el enents are inserted
into the appropriate expression vectorginultaneously with the
pol ynucl eoti de sequence of interest (e.g., a native start codon). In such
cases, additional 10translational control signals are not required.
However, in cases where only a pol ypepti de- codi ng sequence, or a portion
thereof, is inserted, exogenous translational control signals, including an
ATG initiation codon is provided for translation of the nucleic acid
encodlng the chlnerlc Ll/L2 polypeptlde The |n|t|at|on codon |s placed in
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in Sanbrook et al., Mdlecular Coning: A Laboratory Manual, 2d ed., Cold
Spring Harbor Laboratory Press, 1989; Sanbrook et al., Ml ecular Coning: A
Labor at orwoarwiab7523d ed., 30Col d Spring Harbor Press, POVEP2A0SsImRI et

al., Current Protocols in Mlecular Biology, Geene Publishing Associ ates,
1992 (and Suppl enents to 2003); and Ausubel et al., Short Protocols in W
2010/ 149752PCT/ EP2010/ 059024 Mbl ecul ar Bi ol ogy: A Conpendi um of Mt hods
fromCurrent Protocols in Ml ecular Biology, 4th ed., Wley & Sons, 1999.

[0136] BfANRRAOL LS PeL & peeirfhsgequences that encode HPV Li and L2
pol ypeptides fromthe different HPV types are well known in the art, e.g.,

nuner ou a ptgoqﬂ i i -4 and vai | abl
publ i cl ;f;%lgrryq méﬁ%%%%glﬁlﬁ at %ggg&e& gﬁgrsdg%ggharﬁledggdﬁ%@%elﬂ ei%ent ?t?(? glctj@by t hose
of ski | Ivagamet doenpasitiofyy ahthaipptisfp theateed durerspfeumid réfetthe viaerimscdmpwartion to

o 1 nt oPBuce iaeSlon et (Y G PR RGY ot B 2! Bt Ctrrs B Blmifbance T

nucl gi ¢ addgiiablke dodicrRCRAEnésCTOFHRIdYBI! the PieR@it iy chiiddcdnpahy gapkiides as

di scl osed above. 10[0137] Additional nucl|eic acids that encode chineric

Li / L2 n@elvesrtidgathptiielads prubPYHe rolyregtidhinte whishhis Beepinsprtqdyd [Riets| ary Li
and L2 pelyReriitfudsn %ig@,ﬁﬁé%ﬁ@& f%n HIRSE2 B&T\/ﬁéﬁti'dlﬂ:. inthe art. Typically,
the nucleic acid variants W |l encode pol ypeptides that differ by no nore
than 1940651 2ZBhe IV Bdand k.2 pobpesided 8idglognd 2B why bhommnygeaairt ¢fdsh\dues

present .in chi mer.i AN | ypept i de ( . L QO ptd
Dot F onicluhug iriRlch o b Hodh B ARRE L hiTe ot ey h AOLPERILAE oo,
nor é0 CoFMPSH, $6, 58, 59,8568 @lImBUind IR cditalnmire:, caBUSHHAY t9eKisudl asaVien 698%1or  99%

sequence identity with the reference chineric polypeptide. It wll be

i mredi af®f Peakider st bolaPEysUEhBsPeTHEK? prd HRVE RE CYintyPes Retnd drigsociated with

pol ynucl.gQtiof §vas HAQHABS7 EREQRMEB RN bIBEA GutbdcbbivR@) YPepti des, can

t hemsel ves share 1ess sequence identity due to the redundancy of the

genet i c [¢de. For axaupte, inas tmhedigent the perad dednticon provided a/mapan meilleas: vore or
nore am ' £ | Y ' [ nce.of the
nat ur al |(1§9§>’2§L?yﬂgﬁg pﬁ)h&%%d%ﬁrgégl%ﬁ%ﬁgr\%ﬁ %Qnérp ﬁ}gg‘%d%?tl O%gcf% péﬁ%ﬁo‘?@%{% & ences
can 15 esuh kpitdpetolien ad @blypeptide dedeatd withiarthsHPSI It polypeptidd. Aorpitope sfand.2am no
acids. A variant t%/ K all¥ giffers by no nore than_about 1% or 2% or 5%
or 10% palryPi%@qe ot Bt Bt HEPHUCITEUPICE” 188710 G IUEBE L YBRpIGIeSRense
nucl ei C 3¢ kel tdRaEni RNELRICS (@%.}/ﬁ'ﬂ'lé’dgth)l@ PRy Peptidd frbd a@ﬂhﬁéﬁ?%illgﬁaﬁﬁﬂ, fopcl ude
1, or 2, or up to 5 or up to about 10, or up to about 15, or up to about
50, 25orxapple.c mhelly a@ormgduewnpaellgngYigisences (e.g., in the Li portion,
and/ or n e b i - : | I . a

ar ant T A o R ek PERA S R FEREB RS TSR YTy

pol Ypepipolypcaslc dr fegosadhderfebmpritiygbidadsk ynespeptids catpristasimiBo %id056-85%

nore co nl | east about 90% or nore, such as 95% or even 98% or 99%
sequenp%jﬂ%ﬁ??&“ﬂoﬁl}we tlcEeef erence sequence consisting of naturally _
occurri nasshi  BHRA bl ERENEN@RLR o 301&LABI1 pslypdidt. Btek@intéfdodmidnaNthenucl ei ¢

1
aci ds previously g%%crlbed, nucl eic_acids that hybridize to one or nore
nucl ei c PalyPedideivaa fragiaa ef Ehiswelh asca fragmeont gupgagrddy thedelgliantpfiope ghgrore?

a1 90 bo LRI ESRANLIN dh - AARHLS Ao RREHY T ok SRR a0 BE000a L1/ Lo
pol ¥pepipblyesptidinercdfunsdtés| from whidheonaot merd 4miap peide aratremo tedtfrannomdatitotton t o

t he % sequence identity .nmeasure, di scussed .aboyve, ,anot her . ndicia of
oquonc S el st SR R &Y U B BteRte FBNEET th Pl iSbr i i ze.
The nor emsbdideat, tIRITE $dIEHPRUIBRGES tc@hidaN@elEtidh. AYCk&hFladal dEP VLB cqivhee
stringent the conditions at which they will hybridize. The stringency of
hybri di 2a§Vonngdgnts t%ﬁ%@%ﬁlér@éqﬂ%ﬁdéﬁ%m%@IgtveaﬁaFIer-ébdi fferent under
differe N . Wl i it

esul 1 s AR L1 BTGl o S o O o e o ¢t he
nat dPe OMLPsh&itwy bké pareles typicaky tesemblt HhOVicecawdlet the cheohmposii¢rdpssapand | engt h

of the bridizi ng nucl eic i d sequences.. nerally, t tenperat.ur e of
nybr i di 2501a BT G PR R e P Rl oo el SR B R
concent aakhtampri©finit. SuiAylrdt taztadnk oNtHUfIfR6teitk lutilidddeictt, RbMmpriida tahtitapency
of hybridization, though wash tinmes al $9 influence stringency. Generally,
stringent conditions are selected to be about 5C to 20C | ower than the
thermal nelting point (Tm for the specific sequence at a defined ionic
strength and pH. The Tmis the tenperature (under defined ionic strength
and pH) at which 50% of the target sequence hybridizes to a perfectly

mat ched probe. Conditions for nucleic acid hybridization and 15cal cul ati on
of stringencies can be found, for exanple, in Sanbrook et al., Mol ecular

o o T o o T e~




WO 2010/ 149752PCT/ EP2010/ 059024 METHODS FOR PRODUCI NG L1/ L2 POLYPEPTI DES
[0140] The chinmeric L1/L2 pol ypeptides disclosed herein can be produced
usi ng welwoestoalabisshed procedures for the expression an#Cpmpreéionstoon of
reconbi nant proteins. Procedures sufficient to guide one of skill in the
art can be found in the follow ng references: Sanbrook et 5 al., Ml ecul ar
Cl oni ng: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, 200; and Ausubel et al. Short Protocols in Ml ecular
Bi ol ogy Ll‘btr(l}}eﬁdand WIRhO W Y HBy SANS, cHifErie a%eptlﬁgsddrtc'aﬂs%ﬁ{en%rﬁge Se&atfic
details are provided hEFEInbe|OM/ [0141] Reconbi nant nuclei c acids that
encode ﬁmembhﬂwécldpnmeanbby@epwﬁdeenehemmhﬂﬂddm@eds|ﬁumﬂﬁn@tnme@ﬁ@nby
any of a_ vari et p ch.as Iectr
b osonteri e St Sl PR PRRR SPESE Be Fup Sl BT RS Boh Puiyey
| i posomaie Chamsiadatih@riof eageet fewettian 30 ahlhrRQEEET%%k‘ﬁTp‘Iﬂ @O r etfan 40 amino
TRANSFECTI NTm) , CaIC|un1pa$s phat e éreC|p|tat|on i nfection, tran&fectlon
and Phe aFIFlkeIn e partiariages ctuﬁentéléq ST FPNGREER EFROVAR Y ABE ACK oM [ 0142]
Host celdms; idald Ivghivesciadipmramy kd/ L2 pol ypepti des-encodi ng nucl ei ¢ aci ds
are, thus, also a feature of this disclosure. Favorable host cells include
prokar ydQ70¢ ( iTrencatedddtreetcas pmplpyed hgewlarssuitsblyurpsiomal Ldgirpteinaderivetivies g5
numer ou
Sacehar S S PR o R Adival S o S B e BB SRR
cells, andionsliyyalhcaruicely lj(vanet), &dd Chiduanasidak2Bang edphbly of Recgiitihgant
nucleic acids that e e chinmeric, L 2 pept.i des, are rod ed (e.q.
tr aﬁ§duagas RSP Re T SR ofdbs éﬁ#evﬁm REQEn BN gthe%w 8R4 via a
vector, “%M%hh@§1q90@ﬁpﬁﬁ§§h9&1Vector As descri bed above, the 20vector can
be a plasnld a viral Partlcle a phage, a bacul ovirus, etc. Exanples of
appr opr il&tlé eXhsrleessipn Al thed2eepiidd in@ehiesictBRY il pebiperiidelisehpsadhaeings | |
Streptomyces, and Sal nonel | a typhinurium fungal cells, such as
Saccharonéces cerevisiae, Pichia pastoris, and Neurospora crassa; insect
cel | s s{@i2] asinhny chbpdimsntaliscysod bghinl the LSpetniptcen be l‘omxgcil permdaf theeenpaded an
cells s S,.3 BHK, . HE 0 I'l's,
ol Sl HEPPPEE ColBrTIon ke SEOYTADY e s T RE Ao TELA BB BoH o
convent iRakheTut & ikt fomdbReapRahdid &0/iAs hﬁ@meres @e}enfeoal 20D AN, 557-
pronDters selecting transformants, or anplifying the inserted
polynuclézklde sequences. The culture condi tions, such as tenperature,
and the :
a0 e e 1R AR08 RNt PUBL NS ey 1R 9%‘8601 he
art and fiom thhéollosfieg egoas oLiht &d sh@reecm whlerwhmhbicatgb,ns eclgfe fo fie éBHhyar(d1994)

O st Rab A e s R Bt Bun BB o af i ARGt il %3%?}??% ey

correspondeqi@nt® the nucleic acids of the invention can al so

2010/ 149752PCT/ EP2010/ 059024 be produced in non-animal cells such as

pl ants, yeast) fuB§iloomBaming geidhnf-¢he 1ike. In addition to Sanmbrook

Ber ger and AgdUbebe 106 Aldhfind BIA Ho00CRE bx GHHlIL UhfhoGRMs 18 f1@y@rﬁcmaﬁ§yne et
al. (1992) Plant Cell "and Tissue Culture in Liquid Systens &
Sons, | aminoNewsMG7H 38 NY; Ganborg and Phillips (eds) (1995) Pl ant Cell,

Ti ssue and | fur.e; Fund hods ge N?ﬁy

Sprl§ ger - Ve% gg (Eg 9Pd mf—lllelllrd)ea[cbgr gﬁﬂéw 90?’?(a)m é{& pary ﬁlga% (eds) The
Handbook of Nigr oBGab&ginGadindviidsa 71 12993for &R e 2%2753@6@cﬁ\1aﬂ@m72 B3 [0144]
I n bacterial yste , a nunber  of exgresslon vectors can he sel ected
dependi ng upbA t hB {f98 1 ANERGEHS Bor-3p hdOesirels¥d - plobritt 2Bt 493l e,

when | arge qy@mtl t:lte%n&is %995&%%&3@29!445 rfeg%ﬁ{p‘ﬁe memof)araéﬁaﬁsemed for
t he production of antibodies, vectors which direct high |evel 10expression

of ch| M4, A3ILHBB 0133743 8 e HRY 16 hrand 4éf4é2ﬁeb3dr43§ opdB-fH@tprddby t&vor abl y

ye u C . t.0, tri onal E
cor 2001 o g LAl EL8r Bwehiligey Bl AP At ip el ey
whi ¢ h t baluem’b wighosie cpuevae [off arhind acidst Altﬁngwelyathe 0P ypoptidesah be tsefted 1h&>
inventign as describ d abo can be ligated into. t vector ipn-frame with
sequencd¥ Ifseapce SPAGTO A AR OfROIR &I ASHiSiTFAY rhaﬁﬁrfaqlr\?@fwtdﬂ? PRI t he
subsequent 7 residues 150f beta-gal act ¢gi dase producing a catalytically
active beta gal actosi dase fusion protein; plIN vectors (Van Heeke & Schuster
(1989) J Biol Chem 264:5503-5509); pET vectors (Novagen, Madison W), in
which the am no-termnal nethionine is ligated in frame with a histidine
tag; and the like. [0145] Simlarly, in yeast, such as Saccharonyces
cerevisiae, a nunber of vectors containing 20constitutive or inducible
pronDters such as alpha factor alcohol OX|dase and PGH can be used for

Y b1 o o o "~



5[0148] More typically, the polynucleotides that encode the chineric L1/L2
pol ypeptide are incorporated into expression vectors that are suitable for

i nt roductworrommdomszpr essi on i n eukaryotic (e.g., insect pom/Eracnmombioan
cells). Favorably, such nucleic acids are codon optim zed for expression in
the sel ected vector/host cell. [0149] In one exanple, the polynucl eotide

sequence that encodes the chineric L1/L2 10pol ypeptide is introduced into
i nsect cells using a Bacul ovirus Expression Vector System (BEVS).

Recombi B RABEUbOMLIR. £3PSDLS Ofr. k1Y 66 I N92] NSeeli SIS, Aafo BPIGGARLAL ed
usi ng commerci al [y avail abl e vect'ors, 'kits and/or 'systens, sSuch as the BD
Bacul oGetids slftbt &inséquenecBPn B oSudwdeethe Bpdatdh wherg thyol 3/peptide ot ingbeted e fesnc e
encodi ng_t chimeric, L1/ L ol ypeptide. i s insert into the pAc

Cr anst o p B fohlefo RGN Hke MR Sl FER 7 st oSt B4R 12

15t r anshesideda yeprde SR cbquentd of eghiasiehtd eggiid toBb: Bapuptafeakghencont ai ni ng t he
linearized genom c DNA of the bacul ovirus, Autographa californjca nucl ear
pol yhedI¥Bil s Wﬁ?rﬁéw AENP) L2 mﬂﬁwrﬁareﬁ?néﬁga ghiteghn L g hohogefifs, these can
recombi Ray| MR Eo YeSHREHWRLMC tife RPCI(F:, Bl Asfbsh RNLphl& fRAS HIrRYH Hpygenone
to generate the reconbinant virus. |In one exanpl e, Phe chinmeric L1/L2

pol ypeptyngeirayibich esscitheyerp be foadhe pefeasperiveng regioh an theyliftaent 81V tbet he

pol yhedrin pronoter (pH). 20Simlar transfer vectors can be produced using
ot her pl®ifdt &r & crsbshmery, thhé2Ipagtids i Bajrtcalndtopdsite prhashgteemys asSimblyaf ky,

alternatjve insect cells n_be enpl oyed, .such as.SF21 iL,ch i.5 closely

el at od W EpRBEEFL ST of @l ARG 1 R R bt S Rl BeS Bt

| ooper, cdsombep wiualikd parfiddDOILPSP6r SnQiligron VIR likd @hiciiks| Fopéadiptd, kon of
reconbi nant chineric Ll/LZAfoI pept.i des di sclgsed herein, stable expression
syst ens APy caelrg s potidednsried mtefhe Llinpbe ot 2258 tabPs 8Rbr esss
a chi merliel:d k@ ROLNPERLIE iBfoBmbh iy G GEHiddVrRigt @RS InvEREd i!ST NG
expression vectors which contain viral origins of replication or endogenous
expr essingintahimgentscappemerc setracticabloed tap &P cgafvematial. | Sogh sigprathelecular

i ntroductj t.he t.Qr , I .ar I .06 11 - ys 4 n an
enric heg{rhrr%%griegzaﬁle@oars éée‘g%eﬁg)y ezlae(r\égmé \Iix}l 8%8@'1@,\%%@%%’ ?{/gég%%%ld&& Sfﬁg%gd’ ? 2p‘)lose of

t he 15el eo0ablimlemrI0er 33-40;tdureathly et alf BHI7SV oime 26 02 9e128¢0 i Vaisanaexch] 2063, J

presence .al |l ows _gr d.30recavery of cells i C ccessfully express
the int PB%&@M@&?&%&?&C#@P%%Qﬁﬁé?@ﬁf@%%&f_ e@?‘&?ﬁﬁ, FMUBY S Cof
stably tnanst orpmehiseihk ShadnicREired bf LRSI riddnAlallsiR 34 BofipdrtdHothative
t echni ques aﬁpnoprlate to the cell type. Host cells transformed with a

1

: . Lyp :
nucl ei ¢ Vadsdhatrisodilisgn avhedhi the ki eroteymisigll denetioqsnpeatedbprodas 0so@pmpin ay 2
pol ypepti e t I It i or the
expressﬁggﬁgﬁ%hgg%ééggﬁkaﬁJﬁﬁéhg%?ﬁ@g%g%%ng?ﬁ&fégﬁgggiIiéﬁﬁ%ﬁﬁ%& [ 0151]
Fol ROwi meopbbdiareadotall ann-OfLPastsrivt @hlf betfr@st 2¢-68 bhmin ahemated agrfomtdd. of t he host

cells t ropriate cell. density, the selected pronoter i.s induced by
2ppropr 1508 HERGE pEPeh B PR FE SR 47 B VCRCRARRS PLENPEITBHY® anci
cel s angpchdbit he@ehlkRE ploRAU bd MBiataiRaAr Nedtralls ltofA&ak 86 HEEQEU by using
pol ypeptide product is then recovered and/or purified fromthe culture

nmedi um MRmeclped gntibngigsspehpasi bhHI1OeE Y and /4 Fprrfﬁ’s\bé@ﬁchréteaswt ae#00d . Cartqr2

pol ypept %ooﬁrzoﬁé',%egﬂ & aﬁ%O@ﬂ%@%if&gﬂﬁ‘U% é@orBBItaY 8%?%@%&2) Alghisha to the

process of renoving nponent’s froma conposition, resence of which is
not 28esincwdilisiRgrepiiopeabicdmoivs iiathcaktani vieit jgesenccarrchbstmes candie siifilargqui r e t hat
all traces, .pf.the unde?i onponent be renoved fromthe conposition. In

f r abl
the cont 1884“%9%%@?%”%?@%5@?5%%, purification includes such processes as
centrif gomli Glowdlicnat@thabe of ANthe X ¢ MBNGLisHiIPIHIOOh AL pARstptide may not
si ze-excl usi on chromat ography, affinity-purification or precipitation, The
t er m " plfF DEGEEHTY, &cgesesmtaﬂa/élaﬁﬁercemaﬁ%tswtdgscmbﬁﬁi hereingthgtiplsp coptpinnonichinagifed as
a relati r e, ites FFO in EX RSP, ikl aﬂ%ﬁﬁ?' re,
or VLP)mgﬁ@%%fﬁ%ﬁ%ﬂyﬁgﬂfggﬁe In ﬂﬁP%EQPﬂ%k%gseﬁgg%ide hﬁ%?gﬁiﬁﬁgg gggthan
it B8 i mhdltispgjpmeptidt parecwaly whemmateptefles a Midt nmceamplt iherpitas gheiwin ipTable
popul ati,on of cells in which it is replicated naturally or in an artificial
environment. A preparation of substantially pure chineric L1/L2
pol ypepti des can be purified such that the desired chineric pol ypeptides
represent at |east 50%of the total pregein content of the preparation. In
certain enbodi nents, a chinmeric L1/L2 polypeptide will represent at |east
2060% at |least 70% at |east 80% at |east 85% at |east 90% or at |east
95% or nore of the total protein content of the preparation. [0153] In the
production and purification of a chineric L1/L2 polypeptide, cells can be
harvested by centrifugation, disrupted by physical or chem cal neans, and
the resulting crude extract retained for further purification. Eukaryotic

o Y ~r__ a2



Proteins, Academ c Press, Inc.; and Bollag et al. (1996) Protein Methods,
2nd Edition W1 ey-Liss, NY; Wal ker (1996) The Protein Protocols Handbook
Humana PrwepioN397selarri s and Angal (1990) Protein Puri fiPCRIEPR#10/059024
Applications: A Practical Approach IRL Press at Oxford, Oxford, U K
Scopes (1993) Protein Purification: Principles and Practice, 3th Edition
Springer Verlag, 10 NY; Janson and Ryden (1998) Protein Purification:
Principles, Hi gh Resolution Methods and Applications, Second Edition

Wiey-V Nﬁab@é‘ﬁ&%h‘&% PP 1 REPERlH ?eéocgrﬁt(@%ér%t okt BRI diimaa, Pr ess,

NJ. WD2010/012780 (i ncorporated herein by reference) describes a process
for pur inhyn aicpl HPQD)WIMHWIQ@SWE@Q lnsmrtloarsad:sgbu‘éle@ﬁm@e‘s@ eachthbe applied to
the purificati hlnerlc e des |bed her.e hus t he
chi meri I(}fy%e a“ag%trle nihoosﬁregl ]t%%@ly &’r@ om ¢ léelfsfme({ nl[ogth? duci ng

P- ner capdrogiu atmﬂln@BNE) orbhlﬁottbd’ DB ﬂ@bpt d’teﬁto ShioF@ (]?doﬁbd)r ti@o &l FNoam dSuitably the
hydroxy y and then allo the resulting_product to

t h t
mat uP e, I§a 'BWE lgé{%@”% lgf%tﬁp YResvArepls gegehef e Por?ayr bdcUpger®d TOE 6581908, by
sterile slfldvllﬁ et db® ark WYINSEEN Gm PVEEFhsTdaTMNS i ANRAMETHADS othQ Hib o/pRoddier

aspect of the £resent di scl osure con€erns i mrunogeni ¢ conpositions that 20
cont ai n arshdefed for HPM_I8 baintpelo2i des (or capsomeres or VLPs made up of the

chlnerlq‘t% Eﬁﬂp h%g(%%a e gfr§ﬁgplénnunogenlc conpositions can include the

chi meri in conmbination, e.g., with additional
chi mer Ps). [0156]
In cer escri bed
her ei nabe ar exanpl e,

the i mod8hi ¢ conposition can i ncPUld® a chineric Li/L2 pol ypegtide t hat
i ncl udesaan2-HRV type 18 Li ponpeptDEEan fragnent t hereof into |which at
| east ot ide—conprisingan——ep been
inserte=(liﬁ'(llc,ﬂ,§2 a nan-HPV type 18 Hﬂﬁﬁé&béﬂ%r&%?ye#x "yb%ﬁl& munogeni ¢
conposi| ¥ah-€4n i ncl ude a chi meri c| {992 pol ypepti de that |ncludes an HPV
type 16 Alizspedoypeptide or fragnment Bﬁmbhereot into which at Teast one
pepti de—€6 strg—an—epti+ope—of—an de—has—been—+nserted (e.g.
a non-Hﬁ@A'ggg 16 L2 peptide). In scgg?lmgjﬁmﬁﬁﬁ es, the L2 peptlide
i nserted into WO 2010/ 149752PCT/ EP2010/ 059024 t he HPV 16 Li pol ypepti de
|nclﬁde%‘ |sts am no acids 56-75 (as designated with respect
) of the L2 pol ypeptide. Additional suitable

chi mer iiBodkigonblhvpeis 3 ol i ncl ude any
of tho meric Li/L2
pol ypeptitdesara prasay ation with

HPV VLPét-For exanple in one enbod?%@ﬂt, t he tnnunogénlc bonpr|t|on

i ncl udesia13f14 at Ieast one virus |[pKeogarticle (VLP) conpr|5|ng a human
papi | | erevi+us—(HPV)—t—pet-ypeptid Iﬁ&mf&%%natnde Sﬁ%i hd& (ii) at

| east one chineric polypeptide con r|5|ﬁq human™ papi %o virus (HPV) Li

or 10f n &g¥@ht%t her eof conpri si ng atF&leest one peptlde conpri sing an epitope

of an LZApaiyPeptide inserted wWitn @n&ge HPV LI pof ypeptide. [0158] In an
errbod| mept—t ha chi n‘nrl c nol ypnpf I rl c a2 nnlvnae t i de as her ei al escri bed

[ 0159] PR ‘2 +4vour ed enbodi mrent _at ?55§?Bgﬁﬁﬁ@i CBnprises a HPV 16 VLP Li
pol ypeptide or fragnent thereof. In another enbodi nent at | east one VLP

conpri s PV 18 Li pol ypeptide of 1 ment. t her eof rably in such
conposi Fighe \{tﬁaéﬁterﬁdﬁ@t fdeo E%t%ﬁttr&e{fggme%wwomf%og\’g? Petul ar
assenbl YU iRRrtGARYIBHESIn® or Yh tﬁésre%brt@f RAHh Flo8SmAManSdFabpe, I MR | i ke
structure. [0160] In one enbodi nent the conposition conprises (i) at |east
one HPVepitopglobHPAhEP erpogniseddy ¢l Wi moso¢imal pitibgdps This shy preplt indbe  or

capsemne .1 RER

favggredgﬁhﬁaﬁgnﬁﬁﬁpéﬁ%) lﬁgﬁbﬁérlchkgﬁmh E%gpt %%é&ﬁzt et §§%§%§m§? VLPS)
can conmpunmseodhiniihart.eniich hapapturdesult im Hcttembx [peqatdtbes Fbr @mﬂpﬂmﬂa}m HPV
type (for e le HPV 1 HPV. 18 Al t rnatlvel th |c Li

Py pepPrREt T BIRPEL ORI BsipCRsi eieny Fsdetnng by 3he Eperad

pol ypeptide fromtwo different HPV types such as HPV 16 and HPV 18. In yet
a further enbodinent, the two chineric Li pol ypeptides or 25capsoners or
VLPs, can conprise different L2 peptides in Li polypeptides fromtwo
different HPV types (such as HPV 16 and HPV 18 and/or HPV 33 and HPV 58).
In specific enbodinents, the L2 peptides can be fromHPV 33 or HPV 58, and
can be inserted into HPV 18 Li. In such enbodinents, the different L2
pepti des can be inserted singly into two different HPV type 18 Li

pol ypet pi des, or they can be inserted into the sane or different sites in
the sane 30 HPV type 18 Li polypeptide. [0161] In certain enbodi nents, the




20di fferent and can be any of the L2 peptides disclosed herein. [0165] The
i nmmunogeni ¢ conpositions disclosed herein typically include at | east one
phar macewocaldpomecept abl e diluent or carrier and opti ecaldPgoians@dd uvant .
An i mmunogeni ¢ conposition is a conposition which raises an i mune response
when adm nistered to an animal or human, which i nmune response can be a
protective i mune response which is not necessarily 25fully protective

agai nst infection or disease but at |east reduces incidence of infection or
di Seas_eres[lg 166k eﬁﬁoﬁ%éﬁ}{ ul iﬁ&ﬁno‘ﬁﬁirﬁtﬁcéjﬁﬁchrs'upg(th%t%bﬂoﬁé%c&ﬁ rese an
alumniumsalt. Also suitable are adjuvants which stinulate a Thl type

r esponsemguysddomsn®tde- O- acyl at ed nonophosphoryl lipid A (3D MPL) or B21.

Sui t abl e juvant is alum niumsalt, suitab in, conbination with 3D
VL CoudtiilS SRLRD b e Plaih b st RS B RRS ' o

30 pr esemiPsyiis s b@apuseionalFpdribsd Agretmlitia [2pepdilds\cambe hahic De fphedgisicedt HBV

descri bed for exanple in WO 00/ 23105 i ncorporated herein by reference. WO

20107 149PSSPER Ebgfg&v}l%%ﬁzlﬂ}’dm] HPV Li VLPs and chineric HPV Li VLPs

for use|@GR]deaGhRBHIRRNELIIFRTRR . RFFREDES _idEQin%JnH'iSbl’jrB&Hﬂd%%&t ai ni ng

adj uvants. "The adj uvant can be added to the different VLPs to pre-adsorb

t hem befarsemgiodrid-Fof the he pdptides embe ivtdPedtimthesame phédiffeientgitey scde hé product .
[0168] ' ' it | P - i

o) unt i RSO DOAE e ZRERAR o ol e MRS Fel e R U B

r el at es caob@inghainid Ispdrvacsimoigiona tdxaneilsop Hemy: Ps adiaatagetsotdrd cant o an

alumniumsalt. Suitably the VLP e nore, stabl ver ti fter

adsaPpt P SRS A bR EhBTR PRE Y Ren ot bufth Wh!0[ 0169]
The | MYRRgE& HeRrRAShL, tidgscri bed herein can be adm nistered as

vacci nes by any of a variety of routes such as oral, topical, subcutaneous,

musosal [Q83ypi el liApaptidesaarasilesaad)to incidetat g o antigeptcroaiieise dibgrelested r anasal |
e [P . . o > q |
ol 1 ver CBlonsThY BUGP IR a1 3 PHARARIG R cknerkS ERIHS B RGN, HBRGRTE) O0

capsonerapomadd atdeasvbiRsnagine L phiypeppidot eichss a2 palyyepidt that ineludenttie tmar,
sex, .age and wei ght of the individual tgg dm nistration r.oute an V of
* e 19 acarranreyay Guivs pelsqial eBhy o SP ekl (e fRR R oGOt beaflthe
conposi kjidffg Semehilkads JoRELIAineaR 18681 heWddifioh) @aG@dl plofih. Sex, age and
wei ght of the individual, the admnistration route and HPV of the vacci ne.

The quah®84y Taed-2ancoBdesdoruseize desaribed hanan gembresclestedyiam thyfallowisg pentises t he
delivery is g AL; P .sui.t: gt nerate an i munol ogical |y
protective re%%%ggggggu%?gg?ykgggﬂ%%g%%igé% ose conprises 1-100 | ag of each
VLP, suit abl ypeptideeasipriShggmiroracak repidast5610 d02g, for exanple, between 5-

50 g each VLP,.nost suitably 10-50.1 a f e _VLP, such as with Sl ag,
61a86 10n, 1%pﬂ§5g%ﬁﬁ@FPa$a (ﬁﬁug?ﬂgﬁﬁ%6%ﬁ5€§ﬁ?ain enbodi nents, where both
chi meri c andapegideltoiPriifig Mal® RiErcfiiRsans-12hese2anounts reflect the total
of the VLPs present for each HPV type i.e. chinmeric Li VLPs with an L2

pept i dedV08¥hd far examrle.the b peptides s s dtedesqribed dpremaran bg selptted Howdhposi ti on
accor di pg1dvan aeesent disclosure can conprise, in a single 25dose: 30
jig HPV 16 VLPs 30 jig HPV 18 VLPs 10lag chineric HPV 16 VLPs with L2
peptide 10 | agemhicrrendigingyahodcRreideds I7B6pdp2i de, WO
2019@149752PCT/%ﬁ?OlOGQé@O%&mﬂpere];Qg L%6pﬁp%ﬁge in the chineric HPV 16
and “BPV 18 VEBSPHS PHECate orcHFF%g? P, Yand” ' can be selected from L2 56-75
and L2 17- 3?a@Spt]dﬁf‘cﬁﬁsiiiiﬁ‘@ﬁm@mﬁio%h?\éﬁdués%mllShﬁLSﬁms or gi fferent hHPV
types. 0173]. I n anot her exanpl e a conposition according to the present
di scl osure cARRIBIFEPIUYING 04 al&ll@sﬁ‘?ﬁ’gﬂ%‘d%slgg-lémé%w 16 VLPs 20ug HPV 18
VLPs 1Q{é’§§?§ﬂ”$l@h8!§ﬁ‘6x&scthé"ﬁ‘l?‘v1]§2 MgBencirt ] PEPbé R BodPobiGio s 7B I36C54 PV 16
VLPs with L2 peptide, 10 where the L2 peptide in the chinmeric HPV 16 and
HPV 18 Vs %040 i hearshiild tod 2@1pf the 8 pmincavdd seancrse, andIfech 2peptidentre t186- 75 and
L2 -3 | he i oV ey t i ff PV t S.
ro17%) S ubiad sl stEago PRORE Frac bR Rttt € R Yo oRS

sui t abl ¥n&mn EIPWNGypéslian be usedsaldtsigrsetrieaidngding| Lnpeptitem iyl adKiicte] HPWI thpddl y i n
conmbi nation wth a Thl adjuvant such as 3D15 MPL. [0175] The conpositions
descri bed herein suitably generate an i mune response in a human or ani mal
subj ect against 1, 2 or nore HPV genotypes, suitably any 1, 2 or 3,4, 5 or
nore selected fromthe group of HPV 5, 6, 8, 11, 16, 18, 31, 33, 35, 38§,

39, 45, 51, 52, 56, 58, 59, 66, 68 and 73. Favourably the conpositions may
generate an i nmune response agai nst one or nore of



20 HPV types 2, 3 and 73. [0176] The conpositions described herein suitably
provi de protection against infection and/ or disease from1l, 2 or nore HPV
genot ypeswouniwabisg any 1, 2 or nore sel ected from HPV BCTG&P280/03924 16, 18,
31, 33, 35, 38, 39, 45, 51, 52, 56, 58, 59, 66, 68 and 73. Suitably the
conpositions provide protection against at |least HPV 16 or 18, and nore

sui tably against both HPV 16 and 18. 25 [0177] Suitably the conpositions
descri bed herein provide protection against HPV 16 and 18 and at | east one
other HEY:ohaiRe 3Rl APverh {1 QREABGEFCHGBHRI DG, HEY( LY Beiss BEN{HRbNEh!E acausi ng
HPV types and” skin cancer causing HPV types. Suitably the conposti ons

provi de 2p0Dtoe EichbamkdBansos et dn@0Q¥)).nore of the foll owi ng HPV types in

additio V 1 HPV..18. HPV. 5, 6. 8 39, 45, 51,
52, 5o 107 cHYogdoie Gt dion ol vettentotN, Ao bR oS Bi piS RS ons and
vacci nescdqlies&stb laetdrﬂin@é €licregian flom wisield tHed.2t se@@inc®fs dorieade MurhiiRying Rfa@c b on

and/ or di sease exanpl e the i mmunogenic cgqgositign can be used

t her Aped¥0AYY! flfd @dere@n% WP e deraeps st thedefebandshe of af selesges o

cer vi cabpafifk AAER Al il idkinys WEALAY 1AKTBARERLERABLOLARIAR A RS ae.

The present di sclosure thus relates tfo use of the i'nmmunogenic conpositions
descr i bedptiies Epm dtherttHYY tyiney s plsatgivent indlag sdnef specifie Bqnlsiesbql@Wat ed to HPV
|nfect| r g6l S use of

t he vac Eﬁ q?th@, éﬁ%mgfg% %§%§§5¢§gﬁnf8%84 ﬁ1€ P%ym‘ |n Bion and/ or
di sease mo‘ﬂif&adtae rdascnbeﬂ katinpfor cxaagpl¢ISEQ IDENE@] $115 wrtsabj D Né)k 29. e‘fhd D2 bedbdent
5|nf ctlonégsg% erS| tent infection. |Infection CaEHRE assessed by PCR

For 1xapph i) e 190N L8 hBP BER B BRIl cyt ol ogy,
ASCUS, ¢hdi, ﬂeNZZ: pe@h&@ REor@RE\ ﬁﬁlpr&@ﬁlQﬁgcleﬁlleQ:taﬁ goﬁlﬁrﬁép\/cbﬁkﬁs@ of bR or

D sease can be assessed by, for exanple, histolo exam nati on or

anal ysi ¢, obtwm@ﬁes)fglwﬁq@yciﬁlrspref@geﬂgqy SBS2 11 R&dst W(tﬁe i munogeni ¢
COMOS! M FncdBaNE A BL SAeRE hBITH QLGOI iy ARHINIALE AL N
ot her ntig as ear ant1 gens non- i gens uitabl'y
these ndﬁi SHIP&/gaGOm&v)sfocmnpﬂmw de pr ot ection agai nst ot her di seases, nost

chi dyarapat v HE G SR R BT ment RSN e compr i ses g or
atr unc egiler eof - DI HIYASGTCPRDY IPRY -35he vmm@m og\]l des protection
agai nst _both HPV and HSV. 15[0180] For all vaccines described herein, the

vacci ne Tyge 8lii t abll g AUsetd GIHAACHEPPRCCYINEYron  of SEASP A &SNt girls aged
10- 15, higbly 195 g.% I%LTéTb??BWPK{)%SvaCC'éﬂﬁ%'IﬁI\% suitable for

admi ni st tlontoa ediatric population 1 ars ol d. The vaccine can
al so beTazdcnihl st et 2QIHQ OB GTEIPPOMIAKY Vait abn@%E@IID}NﬁJ Ynear or after

St 21y YBppl cant Y G A ATT TS RDER TR op P 1BAUSTa' 20pr ophyl act i ¢

vacci nemﬁ@IA@r a as@mm@msc;m@ppbmm 351 a {$epapeg:ig setting. The
vacci ne_may al so be adm nistere 0181] Suitably the vaccine is

del i ver daP§ & a 2 bF @Y@J%Q%QIQBBDWNKV%WI SEQIRND:38lor a 0, 2 or a 0,
3 0r a Guwpdsor a ProbyRircakiRgfc KQUigmen, 915 @D%JG’W"BQA{S or a0, 2, 6

nonth re rren respectl vely. Suitably the vacci atl on regi incorporates a
boost er [0%]] ecklied? Iadptléfr(S)Eﬁan@ISQ(bey@aa’t@d froBgh segiveyt Af@myeazcads lethen amegi mes,

wth.4 or. ose ca so be used. [0182] Suitably the vaccine is a
i qll%?d \?88%%125?& mfﬁ mFrsg far e)ﬂa{llﬁgugh t he vacci ne can be |yophilised and

reconst imypé €6l pri 66- GCE@IMGB@IG@REGWIPEXANPLE&E@M@ §1: Exenplary
Chi neri C L1/ L2 Pol g/ eptides WO 2010/ 149752PCT/ EP2010/ 059024 [0183]
Expr essildAc Gect or ¢ G HieREBY L& t h&RE %HB(%% Hhe follow ng

exenpl any,ehi.neri g6 HdIlAGRRINPRRERIET WIBL 85 PT 0gied @D iih.ng] ol ecul ar bi ol ogy

procedurés and summarized in the Table 3. Table 37 Chi msra # LI backbone
Ami no adiyde B3: poshi- GO peppREGYIVPIYépt | dESEQEeMN@&d 18hown in (SEQ I D

NO) 3§1- k18 Les By 163GSGSGGRTGYVPL-74  [SEQ ID NO: 12]

Type 11: 55-GGLGIGTGAGSGGRAGYIPL-74 [SEQ ID NO: 13]
Type 35: 56-GGLGIGSGSGTGGRSGYVPL-75  [SEQ ID NO: 14]
19




HPV18 137-138 56-75 HPV58 (36) #2-L1-HPV18/L2 Ct56-75 (in NaCl 100mV) HPV18
432-433 56-75 HPV58 (37) #2-L1-HPV18/L2 (;t56-75 (in NaCl 500mV) HPV18

432- 433 580D2810HRYBE (37) #3-L1-HPV18/ L2 DEL17-36- Ct 56- 75 PCIIEPRados®mRONNM
HPV18 137-138 432-433 17-36 HPV33 & 56-75 HPV58 (38) #3-L1-HPV18/L2
DE17-36-Ct 56-75 (in NaCl 500nnM HPV18 137-138 432-433 17-36 HPV33 & 56-75
HPV58 (38) #4-L1-HPV16/L2 Ct56-75 HPV16 431-432 56-75 HPV58 (39)

#5- L1- HPV16/ L2 DE17-36 HPV16 137-138 17-36 HPV33

Type 52: 55-GGLGIGTGAGSGGRAGYVPL-74 [SEQ ID NO: 15]
Type 5: 56-GGLGIGTGSGTGGRTGYVPL-75 [SEQ ID NO: 35]
[092] The L2 peptide(s) can also be shorter than 20 amino acids, for example, the L2 peptides
can be any number of amino acids greater than or equal to 8§ amino acids, such as 9 amino acids,
5 10 amino acids, 11 amino acids, 12 amino acids, 15 amino acids, 20 amino acids, or up to 30

amino acids (or an integer of amino acids between 8 and 30). For example, the L2 peptide can
be an § amino acid segment from between amino acids 56-75, such as the following exemplary
8-mer.
Type 16: 56-GGLGIGTG-63 [SEQ ID NO: 29]

10 [093] The L2 peptide(s) can also be selected from the segment of amino acids between amino

acids 96-115 (e.g., 20 mers), for example:

Type 6: 95-EPVAPSDPSIVSLIEESAII-114 [SEQ ID NO: 16]
Type 52: 95-EPIGPLEPSIVSMIEETTFI-114 [SEQ ID NO: 17]
Type 31: 96-DPVGPLDPSIVSLVEESGIV-115 [SEQ ID NO: 18]
15  Type 16: 96-DPVGPSDPSIVSLVEETSFI-115 [SEQ ID NO: 19]
Type 58: 95-DTVGPLDSSIVSLIEESSFI-114 [SEQ ID NO: 20]
Type 45: 94-EPVGPTDPSIVTLVEDSSVV-113 [SEQ ID NO: 21]

[094] The L2 peptide(s) can also be selected from the segment of amino acids between amino
acids 108-120 (e.g., 13 mers), for example:

20 Type 16: 108-LVEETSFIDAGAP-120 [SEQ ID NO: 22]
Type 18: 106-LIEDSSVVTSGAP-118 [SEQ ID NO: 23]
[095] Any of the above peptides can be modified, by the addition, deletion or substitution of at
least one amino acid, ¢.g., by the addition, deletion or substitution of one, two or several amino
acids. For example in the L2 peptide 17-36 the region (22-28) between the two cysteines and

25  one or both of the cysteines can be deleted. This modification is shown for HPV 16 peptides
(SEQ ID NOs. 24 and 25). In another example the valine (V) located four amino acids from the
C terminus (i.c., position 32 ) of HPV type 51 peptide 17-36 can be substituted with an
isoleucine (I) which is the amino acid found at this position in all of the other HPV types shown
above.

30 [096] In another example the L2 peptide from 56-75 can be reduced in size (for example, as in
SEQ ID NO: 29) provided that the region GGLGI (SEQ ID NO: 32) at the C terminus is
maintained because this has been shown to be important for cross reactivity between HPV types

20



40 #7-L1-HPV16/L2 DE17-36-Ct 56-75 HPV16 137-138 431-432 17-36 HPV33 & 56-75
HPV58 (42) #8-L1-HPV18/L2 DE17-36 HPV18 137-138 17-36 HPV33 (43)

#9- L1- HPWWB/20/1@97BZ- 36 HPV18 432-433 17-36 HPV33 (44) #T0AIP2e16I0MDE4 L2
DE56- 75 HPV16 137-138 56-75 HPV58 (45) L1-HPV16 HPV16 Fig la L1-HPV18
HPV18 Figlb 5 [0184] Chinera 1: HPV 18 Li HPV 58 L2 DE chineric

pol ypepti de wherein the L2 peptide GEALA GIGSGTGERTGYVPL (HPV 58/ HPV 6) is

i nserted between position 137 and 138 in a Ctermnal truncated Li from HPV

18. [ Qk&Rlo 4, %’b@).2Fhu'§'€1\/L%$&¢i\i;1e'dE’\de§%b!:@h&&n%Qﬁ BShhicRR! SRERLcEde wherein
the L2 peptide GEG GIGSGT PL (HPV 58/HPV 6) 1s inserted between
positi of@GBRGL 433 in a 10 Cterminal truncated Li fromHPV 18. [0186]

Chinmera,3;--HPV. .18 Li HPV 33.L2 and HPV.58 L2 chi nmeric pol ypeptid erein
Che o T | ool Rk SR et T st okh S il e i
posi t i omnchaRdantic No& @tdmtnne of e pLPlepiid:. GOk Bt HHESHEE GRIGY VAL fuftheom HPV 58
or HPV 6) is inserted ai' position 432 - 433 in a Ctermnal truncated Li
f r o HPGRMRIISC QR@ 0D FQPFIALS? BIGRETPRESH BIHITRSEH IA XoMBIE OneRT RES o thsceaproLe | j

HPV 58 ly&qGdsidildl T8 Ick Gt BRlaYREPS tHE cMBGIyAL ik oL BotREBE 1i&d peptides where two
A3 GTGSGTGERTGYVPL (HPV 58/ HPV 6) 1S inserted between position 431 & 432

in a C vemeinlad paptidescare eresenit). feaneradpyhe dacdr oviB 8pveaiv speeific biolggal agivity HPV
33 L2 C-gth%mhgﬁ rﬁd J%irpt(ﬂ!a Y&%ﬁﬁ&g%ﬁlc%gﬁ&' 9 tltlehf’\l é‘e%]ugn%e,t drqg preserve some minimum
distance or other spatial relationship between them. A spacer may be needed or helpful to retain
10 the correct conformation of the L1 VLP and/or an effective or improved presentation of the
inserted L2 peptide compared to absence of a spacer.
[098] Any of the above peptides can be modified, ¢.g., by the insertion (addition), deletion or
substitution of one or more amino acids. For example, the L2 peptides can incorporate amino
acids that differ from the L2 sequence of native (that is, naturally occurring) HPV L2 sequence.
15  For example the peptides can have one or two amino acid insertions or substitutions within the
sequence, or a deletion of one or two or several amino acids for example 1, 2, 3,4, 5,6, 7, 8 or
up to 10 amino acids compared to the native sequence for example to remove the occurrence of a
disulphide bond between two cysteines and/or the region in between the cysteines. In specific
examples, the modifications present in the L2 peptides of the present disclosure, in relation to a
20  native L2 sequence, are limited to 1 or 2 amino acid insertions, deletions, or substitutions, and/or
deletion of up to 10 contiguous amino acids between two cysteine residues.
[099] Where modifications to the L2 sequence are made in the peptides described herein, such
modification can be limited such that a substantial proportion or at least 50% or at least 70 % or
at least 90% or at least 95% of the amino acids in the peptide correspond to amino acids in a
25  native L2 sequence.
[0100] Alternatively, or additionally, any particular L2 peptide can be a chimera of two or three
or more L2 peptides as described herein. In the case of any of these modifications to the L2
sequence, the immunogenic character of the L2 sequence is maintained. That is, the epitope or
epitopes of L2 within the peptide which elicits the desired immune response is maintained. The
30  purpose of the modifications can be to improve the properties of the L2 peptide for example to
improve cross reactivity with L2 from other HPV types .
[0101] Thus the L2 peptides can be selected from the following peptides:
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5 QLYQICKATGICPPDVI PKV (HPV 33/ HPV 11)is inserted between positions 137 and
138 in a Ctermnal truncated Li fromHPV 16. [0189] Chinera 6: HPV 16 Li
HPV 33 LawB/2biochptseri ¢ pol ypepti de wherein the L2 pepti @€T/EP2010/059024
QLYQTCKATGTCPPDVI PKV (HPV 33/HPV 11)is inserted between position 272 & 273
ina Ctermnal truncated Li fromHPV 16. 10 [0190] Chinera 7: HPV 16 Li
HPV 33 L2and HPV 58 L2 chineric pol ypeptide wherein the L2 peptide
QLYQTCKATGTCPPDVI PKV (HPV 33/HPV 11) is inserted between position 137 and
138 and the |3 ,nepiddis SRRt SEIETRIAV Rl § 713031 bednHsiROShe biflod3] -
432 in a Ctermnal truncated LI fromHPV 16. [0191] Chinera 8: HPV 18 Li
HPV 33 bmiEcahidigrans, stitippeptd/ deubdticutonss t he L2 peptide 15
QLYQITCKATGTCRRDVI PK HPV 33/HPV 11) is,insert b en position 137 and
T8 a G HDMISR o sy i R g S dST YRR b Pilite
HPV 33 Ghimhiciteidditione) depgiphd siel/omiebseitnionfle L2 pepti de QLYQTCKATGTCPPDVI PKV
(HPV_33/ HPV %1) i s inserted between position 432 - 433 in.a Cterm nal
trunéated Li (9rAPHs\PoIgsSPosgingda ano@kidigyiduct §o-1Lpof b2 comppagoneordmifer i ¢
pol ypeptje, ses®litbnk NR1diBEs 42/ REAbHRIFEIL G CTGSGTCERTGYVPL (HPV 58/ HPV 6)
is inserted between positions 431 and 431 of a Ctermnal truncated Li from
HPV 16. Exanfde mepti®yorisemindingp paywiagid repdudsfl08d 2 ohL2apempirangetcari sat i on
of Exe i.Mer.as:. Productiaqn..of- Recombi nan ' i ds.
Nl of o Tty 4o sEF % ke B} LRl SRS buSH i icin IS

descr i bddlctionsExdiopbbsttutietisearo b @infyaediy agatiec Y pélpesitide.pri or to their

cl onj.ng by .stan d genetic ni ations into Bacul ovi rus expression
vectbr ° 8ie | HER SR cbmils o bh Rent o ForinEom: C. ¢ or mi ol

truncat mgpe 0f: eacy- @ RECEIDIPOKYPRPt | des ai megs@b IHNWVI4Ng t he nucl ear

| ocal i zat1on signal, as well as the DNA-binding donmain present at the
C-term nus ofWigiahvafableegion (Fol8)Peptdcd dsygteinpesnd dekating aae estednd) ons of 34,
35 amin i ds, Do Q4O A ﬁ,?&]_/ P2010/ 0590 tiyely for HPV 16,
18). Am%ﬁ/ggggi d s\le/)g%nces of \? e Hé’ 16 and 18?%(5?1?2\%%515 as used herein
are shown i n(Fitlmt vaiabiedefion irelspectn X/ efsicinks] detetiagiode systpiignaes of the HPV 33
and of HvVP58 L2 . tides are shown i 2 (figure 2(a), figure 2(b),
_resﬁ ctivel yfllfb,&ﬂﬁlﬁgg yﬁi"vdthg]e%ﬁ%(@g?n(# (ﬁgg)exenpl ary chineras are provided
in SEQ ppds: 361ABDLYH LIRS F&HPDiAPKeste ThesEyepm@ras) chineric

pol ypeptides were expressed in Trichoplusia ni (H gh FiveTM cells (at a
density of - (epnt3gongBEVeel | s/ 10 i nfected with reconbi nant Bacul ovirus (MO
of 0.05 .encogi g e NG pp KA L2 i { | ypepti des of
inter esgg’p%ge]l'l S weé gﬁhasﬁ\?esteg gt Qf}éﬁ4k}p%§st i L%t%{ﬁlﬁg\!rgﬁg??l ow speed
centrifugati (ontaitheg ¥83Iil ti ng cell pellets were stored at -70C. 10[ 0196]

Ant i,gen tractio i i& pol i ] re extracted from
Hi gﬁgFi ngﬁ‘m‘im I s??PIﬁ'%?@QEb%})@%@oﬁ ext X%@ﬁ%ﬁ%%cl arification.

The extracti iangimig NB4@el |'s was performed with a reducing and hypotonic
buffer &Tri s 20mM + 4% P- ner capt oet hanol (BME), pH 8.5). Alternatively,

when ext?981 i B Lspaplds cqplodis arengatamegiglegiet dogeiio Hesremonts of ApigRd. A
vol e ggale & Gr@REmiAldeidR 788 B achls BUIs!(ED GroklitiTR BR. uSed 0
performthe extraction. A contact tine of ni mum hal f an hour at room

t enper aflypelévas us@eQL YKd PEDAPKM @@L GERl GeS pefSk@ MR dN@30tent ri fugation; if

i TEb et daPctic i L ery P PP APRS og bR A on e R B 11 cat Yon - and

Char act eri zatwi@nI32Ryri fi cati on reginmes are very simlar for the different
chimeric Li/L2 polypeptides, chineric polypeptides and. involyve the steps
of - Ani 6N 08k chisriye Porfiden Famwee gt A ﬁ?Q(Igﬁléﬁr%ﬂnﬂ Shetarimeras plovetdie - DMVAE
or  TMAELpo R plitid X ¥aRah il SiDh SR QKR 36 IURLABRHES U &EystdiBhd On
regimes vary slightly between chinmeric polypeptides, differing slightly by
NaCl anavithpetethe sagtint(2o38) barwean theg cystrenest tepgthafwithhthe fegioneXetiatrgascared BVE

re al i I n_.Sephade r.nj turati nd

0. 230, it SREPHPIS) ] 18 ryfile 28R et caP S5 sl ul Ghord BT, o
out at ryem tenperature, except for VLP maturation taking place overnight
at +4C. BME 4% v/v was added to all but final buffers in order to prevent
VLP formation. Al buffers used were filtered on 0.22)tmfilters. Prior to
each purification run, gel matrixes arepsanitised and equilibrated with
appropriate buffer before sanple |oading. WD 2010/ 149752PCT/ EP2010/ 059024
Ani on exchange chromat ography TMAE or DMAE: The clarified extract was
applied to anion exchange colum (D Methyl Am no Ethyl) previouisly
equilibrated in Tris 20nmM NaCl 50mM 4% f | - mer capt oet hanol BME buffer, pH
8.0 0.2. After washing for unbound pol ypeptides, Elution was perforned
with a linear gradient of Tris 20nM NaCl50-to- 5 250nmM 4%

o R T Y TN N ~ O~ —— o, = o I Y T Y T



El ectron M croscopy (EM characterisation of chinmeric L1/L2 antigens.
El ectron m croscopy was used to characterise that particles are being
formed frwo2otveidpisei fied chineric L1/L2 pol ypeptides, s®ech/ER301p05ypepti de
particles and/or capsoneres and/or VLPs simlar to those produced by the
C-termnal truncated HPV-16 and HPV-18 Li proteins used as controls. The
30size of the chineric VLP can be smaller or larger than the controls.
Purified chinmeric Li/L2 WD 2010/ 149752PCT/ EP2010/ 059024 pol ypepti des

particl ?@lo‘ﬁﬁrlﬁwﬂi bl &ank haPOhyt S iflaole 18 peptREPEGIC eI Rt fifg hn @ SHOWN 1N
Tabl e 3). The sanples were prepared for EM negative stalning anal ysis

accor di mglypeptales tcaprdacts, bmwoLB e gdesnabpalt iovan,sit anyndfribe sttt rodhe (Hzpatendd &, &
MIler %isEl'ls’e e%ol}l usi ng Uranyl Acetate (UAc) as contrasting agent.
Briefly  “a nrckef 'grid (400 mesh) with carbon-coated fornvar film was

f1 oat ed [®l06h Wheke aplablitylo€ LS popides berprd@ntimaabmpotivt apelittotie: grescat | ow
adsorption of the material. Excess sol ution s renoved _and the materi al
let o éfsmwefrtg?sq%%ée Pt @Ormﬁiif%s@ﬁé@ipapw\é@%ov% cHmeHPY BPess RAHEFS30

sec) fl oRhedreRnAilRRn@byiaglihd) BHoM@SAN, bPit CAMRY& oS Inicte HifRtent @Yl d yiel d
stain precipitate. The grid was transferred on a drop of stain prepared
accor di pgptidss Famrthe sqnMaregios of difRRrent HEYAtypesz. @ithgald -Fawegioni Wheae ewore than

suppl e i % 1t.r . The..qgr.i 0, r ter 30
e T B7 Pl e EAB I8 i Mok b il oS L Sl S A,

t he LEOnAgiijds p&vlt2fi@mali ffEORKIPYV Beps.esent ative fiel ds were i maged at

st andar riginal magnjficatjons .and summari zed i n. Table 4 and EM

res Egt s ?‘%]f]‘?gﬁeK\H%‘frﬁ Y0 Ph@oaﬁﬁ%ﬁﬂfl@ﬁ{lwﬂé‘?ﬁpﬁdiﬁ DisepY b eomrasiog agoading fo the

i dent i C%_lres&rﬁ dﬁsQIb%@rePé’a@ﬁi?g(ﬁgle R¥n bOSreWint th dnyiey I 656 aHNerd & HbV W2 teX Cept
for #5-Li -HPV1 6/L2 DE17-36 and #8-L1 -HPV1 8/ L2 DE17-36. The particles

formed arenpde HRT laBdddRY 1§Lp \diRsger theymeap he usHBY dd cY uifsefsors thessamieHRAN d
relativ - €s§,.: )gqu /114 / 0/ 059024
Tabl e 4%%%91?&%}?&@6}%? fé%?&ﬁgél %mﬁk L ‘8%”99%%‘%%?@%@%?‘%% Buf fer *
Obser vapirosas it HPFOILROfmdM HIACI 6 &QDerWPYHB. O Huge anor phous structures #1
PO4 20 .500mvt tween..0. 05%  pHG6, 0 Huge .anor phous .structures #2 PO
Somip  NIORT GO sk CTDDE ML RIS bty B daa AR AT 5 Ho 20t
NaCl 50QpitgubMeaRing a0id%esididd fiOmIARLD pRsdin VEParS oot &$ did ofdhe e NaCl
100mvt tween 0.05% - pH6. 0 Anor phous aggregates #3 PO4 20mv NaCl 500mv

t ween 0HFBOA2 pemidg ospeitidenew-boup te 8P aminerasyd widwmyin Jpgth NaCl 500mvk t ween

0.05% ?61(69? In any embodiment disclosed herein, L2 peptides can be sclected from amino acids 1-

200 of the N terminus of HPV L2, particularly amino acids 1-150 of HPV L2. Thus the L2
20  peptides can comprise 8 or more amino acid residues from the region 1-200 or 1-150 of HPV L2,
which can be 8 or more contiguous amino acid residues from the region 1-200 or 1-150.
[0110] The term ‘L2 peptide can comprise at least 8 amino acid residues’, as used herein, refers
to peptides of any 8 or more amino acids derived from L2, although peptides are suitably at least
9,10,11,12,13,14, 15,20 or more amino acids in length. In one embodiment the L2 peptides
25  of the present disclosure are short peptides of less than 100 amino acids, suitably less than 50
amino acids, or less than 40 amino acids. For example the peptides can be up to 30 amino acids
in length, or up to 20 or 21 amino acids in length. The full length L2 protein is not considered to
be a peptide of L2 in the context of the chimeric L1/L2 polypeptides disclosed herein.
[0111] The minimum requirement for an L2 peptide in the present disclosure is a peptide that is
30  capable of inducing an immune response to a native L2 protein. Thus, the L2 peptides typically
include at least 8 contiguous amino acids of an L2 polypeptide, and include at least one epitope.
One or more of the different L2 peptides in a composition according to the present disclosure can
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Smal | non-VLP structures #5 PO4 20mvi NaCl 500mM tween 0.05% pH6.0 VLP #7
PO4 20mv NaCl 500mv pH6.0 Small non-VLP structures #8 PO4 20mvi NaCl
500mvt pHSOQOMIIRY#ER PO4 20mvi NaCl 500mvi tween 0. 05% pH&/EP280mE40200n- VLP
structures #10 PO4 20nmv NaCl 500mvt tween 0.05% pH6.0 Huge anor phous
structures * Elution buffer [0199] Antibody characterisation of chineric
L1/ L2 antigens. Antigenic characterisation of the Li conponent of the
purified L1/L2 chineric constructs was carried out by a sandw ch ELI SA

Susing &g uFeabd NinBlak i br PR 30r LPeYLH §11n.in%ia@ms%?gn%tﬂanI?Bﬁ%rﬁ%@jrﬁBﬁCJlec _
nmonocl onal, antibody; aa 266-297 and 339-365 critical for binding HPV-16 Li

VLPs), Hic @ffguntLeaptided uszd mge eomebosition 20cb0ding @nbe PCTERROLEI0 8G0R40 25

conforna'rtniion $ e(r:i fitc 6mnoctl Qlﬂ%lmiang ii Solg){én hepi tope | ocati on unknown) on

HPV- 18 [ WL%s‘ig M 191 80 DI R ST PURS 35 Ry ARE e onf or mat i on speci fic

monoc| of@il12] ard pdpeidss, acomidimgwn thepirésempali@iostd\ard &uidably\dbR) efieit arf in@flurfer om

hybr i domas provi-deg‘aby Dr. Neil Christensen (Chi §tensen et al., 1996, 2001)
The asSRYGALINEdamploaendh¥ nfsetion; that israssmniiaicstionx the §1toyr typpiroms

Sconf or A dnaRaleqaPReotibmaRl t OPes on the various chimeric Li/L2 antigens

conpared to native preparations of HPV-16 or HPV-18 VLPs. The L2 conponent

of the pyirhf iSﬁff'aﬂl—% fh'ciz%bﬁ&’e[] it G BRI Ml g RS FRIAE ?é%fx’r‘i{si:l% we%léi 188kt Byl T ect

ELI SA by coati ng ates Wth the chimeric constructs followed by detection
with ei diérent & typpol WY oaraklaghifi@klyetipe bast@ opawtléid ecid minmbuige i Nuhdto86
This

el | exbehPpoRte e deiemto s Taortle AR 13 YOS LArd w B PO o T
1 - PV hn8LIp2ptideliy cadabltalbkicibng smiahirkasspohe dfainat a pacifed BIPY thild <\, aH16. U4
H18. J4 %@r?ichl%r r]éze-rgn%eg ﬁ%VLtgfpeS, Egilch7a55 HPYV type 18 (or any other referenced HPV type). In
addition, the L2 peptide, as presented in the context of a chimeric L1/L2 polypeptide disclosed
herein, is also capable of eliciting an immune response against an HPV type other than the
referenced HPV type. For ease of reference, the HPV type other than the referenced HPV type is
15  referred to as a “non-HPV type.” For example, when the referenced HPV type is HPV 18, any
other type than HPV 18 can be referred to as a non-HPV type 18 peptide (or polypeptide or
virus). Similarly, with respect to any referenced HPV type, any other type than the referenced
HPV type can be referred to as the non-HPV type.
[0114] For example, the L2 peptide can induce an immune response against one or more further
20 L2 proteins from different HPV types. In any embodiment disclosed herein the HPV L2 peptide
or peptides can be capable of inducing a cross reactive, cross neutralising and/or cross protective
response against another HPV type. Suitably the L2 peptide is selected which shows a high level
of sequence identity (“homology”) between HPV types that is greater than §0% between two (or
more) types. In some cases, the L2 peptide has greater than 85% sequence identity between
25  types, or greater than 90% sequence identity between types, or greater than 95% sequence
identity between types. In certain embodiments, the L2 peptide is selected to have 100%
sequence identity between at least two HPV types. Such L2 peptides may be referred to herein
as L2 “consensus” sequences.
[0115] For example, in a particular embodiment, the L2 peptide is a consensus sequence that is
30  identical (i.c., has 100% sequence identity) between HPV type 33 and HPV type 11. For

example, in a specific exemplary embodiment, the consensus sequence is identical between

amino acids 17-36 of L2. In another embodiment, the L2 peptide is a consensus sequence that is
24



#1-L1-HPV 1 8/L2 DES56-75 ND ND ND ND ND #2-L 1 -HPV 1 8/L2 Ct56-75 (in NaCl
100mV) ND ND + + #2-Li -HPV 1 8/L2 Ct56-75 (in NaCl 500m\V) ND ND + + #3-L
1 -HPV 1 8wOLa10DHY7236- Ct 56 -75 (in NaCl 100mMV) ND ND + PCHEP3010/03902HPV 1
8/L2 "17-36-Ct56 -75 (in NaCl 500mM ND ND + + #4-L 1 -HPV 1 6/L2 B6-75 +
ND ND + #5-L 1 -HPV 1 6/L2 DE17-36 + +

10

15

20

25

30

identical between HPV type 58 and HPV type 6. For example, in a specific exemplary
embodiment, the consensus sequence is identical between amino acids 56-75 of HPV type 58
and HPV type 6.
[0116] Cross reactive L2 peptides which are capable of eliciting an immune response against
further HPV types can be identified according to the present disclosure. As shown herein, L2
sequences from different HPV types can be aligned to identify regions with high similarity
between HPV types (see FIG. 3 and other sequences shown herein). Numerous sequence
programs are available to perform such alignments and identify where there is sequence
homology. This can enable selection of L2 peptides which are most similar among HPV types of
interest and are therefore potentially cross reactive between some or all of those HPV types.
[0117] The L2 peptides of the present disclosure can be any suitable immunogenic L2 peptides.
L2 peptides can be tested for immunogenicity and cross reactivity by standard techniques well
known in the art. For example, the peptides or chimeric L1 polypeptides, capsomeres or VLPs
containing the peptides may be injected into model animals or humans and measurement of
antibody and/or cellular immune responses can be carried out for example by ELISA or cytokine
analysis/measurement respectively. Methods for screening antibodies are well known in the art.
An ELISA can be used to assess cross reactivity of antibodies. Antibodies can be tested for
necutralisation and cross neutralisation properties using a pseudovirus neutralisation assay for
example. Suitable pseudovirus neutralisation assays are described in Dessy et al 2008 and
Pastrana ct al 2004.
[0118] In addition a number of cross reactive L2 peptides have already been identified. For
example a common-neutralising epitope for HPV 6 and 16 has been found in the region (aa) 108-
120 of HPV 16 L2 (Kawana et al 1998, 1999, 2001). In another example, immunization of
rabbits with (aa) 17-36, 56-75, 96-115 L2 peptides from HPV 16 could give rise to cross
neutralising antibodies (Kondo et al 2007, 2008). In another example (aa) 17-36 of L2 from
HPV 16 was identified as a protective and broadly cross-neutralising epitope after passive
immunization and challenge in BALB/c mice (Gambhira et al 2007). Similar protection was
shown in BALB/C mice by Alphs et al 2008 following vaccination with a synthetic lipopeptide
vaccine containing aa 17-36 of L2 from HPV 16.
[0119] Suitably the L2 peptide or peptides are cross reactive peptides, so that they are able to
clicit an immune response which recognises not only the L2 of the HPV genotype from which
the L2 peptide is derived, but also an L2 protein or L2 peptide from an HPV genotype other than
25



ND + #7-L 1 -HPV 1 6/L2 DE 17-36-Ct56-75 +/- ND ND + + #8-L 1 -HPV 1 8/L2
DE17-36 ND ND + #9-L 1 -HPV1 8/L2 Ct17-36 ND ND + #1 0-L1 -HPV 1 6/L2
DE56- 75 WD 2biD/14975RIPV 16 L 1 VLPs + + - ND ND HPV 18 Li PUILR®2010/05992ND ND
ND: not detern ned.

the one from which it is derived. Suitably the peptide is cross-reactive with 1 or 2 or more other
genotypes, suitably a genotype associated with causation of cervical cancer such as HPV type 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68 or 73 or genital warts such as HPV 6 or 11, or
skin cancer such as HPV 5, 8 or 38.
5 [0120] Inone embodiment, one or more of the L2 peptides is selected from an HPV type 16 or a

modified version thereof, and is cross reactive against at least one other cancer causing HPV
type, such as a type selected from HPV 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68 or 73
and/or at least one genital warts causing HPV type such as HPV 6 or 11 and/or at least one skin
cancer causing HPV type such as HPV 5, 8 or 38. In another embodiment, one or more of the L2

10 peptides is selected from and HPV type 18 type or a modified version thereof.
[0121] Suitably the L2 peptides used in the invention are capable of generating a cross
neutralising immune response, that is an immune response which is capable of neutralising HPV
of a different HPV type than the HPV type from which the L2 peptide is derived. Cross
neutralisation can be tested for by assays known in the art such as pseudoneutralisation assay

15  described herein in Example 3.
[0122] Suitably, the L2 peptide is able to provide cross protection, and suitably comprises a
cross neutralising epitope, suitably for one or more of HPV types associated with cervical cancer
selected from HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68 or 73 and/or at least one
genital warts causing HPV type such as HPV 6 or 11 and/or at least one skin cancer causing

20  HPV type such as HPV 5, § or 38.
[0123] Cross protection suitably occurs when an L2 peptide is capable of generating a
protective immune response against infection/disease caused by at least two HPV types. For
example, when presented in the context of a chimeric L1/L2 polypeptide, the L2 can induce a
response that protects against the type from which the L2 peptide is obtained, and at least one

25  additional type of HPV. As discussed above, cross protection can also occur when a consensus
L2 peptide is selected and presented in the context of a chimeric L1/L2 polypeptide. Cross
protection against different HPV types different to the one from which the L2 peptide or L1 VLP
is derived, can be identified using an animal model, for example a mouse model as described in
Alphs et al 2008.

30 [0124] Cross protection can be assessed by comparing incidence of infection and/or disease for
a group of HPV types (infection being incident or persistent infection) in individuals vaccinated
with a given L2 peptide compared to a non vaccinated group. Complete cross protection against
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Exanpl e 3: Method for testing i mmunogenicity and cross reactivity of
chinmeric Li/L2 antigens in an ani mal nodel 15[0200] BALB/c mice (typically,
at | east Wb avioc@9ser group) were inmuni zed i ntranuscul arcy/Ephan/ossanpl e, in
a multidose reginmen of three tinmes at day 0, 14 and 42) with 2 or 10 ug of
the aforesaid chinera Li/L2 pol ypeptide alone or adm nistered with
Cervarix, followed by two boosts two and six weeks later. After a suitable
peri od (e g. on day 14) followi ng the |last inmunization, the specific Li

anti body oft ¢ f%%opﬂéqﬂl@&f;dc@%i %Qo Yl%rlﬁes@trﬁléc%sﬁgz mﬂee&/\gly level of
2010/ 1497 P E 2010/ 059024 pepti de and/ or protein-ELI SA. The specific and

Cross r eam prpgection ammdbs)@lbeneés pﬁn@bb' the mydem‘ chops pl@@ﬂctlnlabb&arvedamsubb that
moni t Or c1B§g& I%I%%% qﬁ 11’1(%t C%IOH ancli'/gr éaeagégsg&lt %Wlt avr\%ﬂ-e\/ CCll’l Cﬁbét ed
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15  detection of HPV DNA in a sample, such as type specific PCR using primers specific for each
HPV type of interest. Suitable primers are known to the skilled person, or can be easily
constructed given that the sequences of the different HPV types are known.
[0126] Suitably cross protection is observed in the male and/or female population, suitably
women who are seronegative for HPV infection, or seronegative for HPV 16 and 18, suitably

20  adolescent women pre-sexual activity.
[0127] Cross protection (as assessed by protection seen in a vaccinated group vs. a control
group) is suitably seen against oncogenic types, such as any one of the group of high risk cancer
types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68 or 73 or, collectively, groups of high
risk cancer types such as any 2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, or indeed all, of these high

25  risk cancer types. All possible combinations of 2, 3,4, 5,6,7,8,9,10, 11,12, 13 and 14 of

these high risk cancer types are specifically contemplated.

NUCLEIC ACIDS ENCODING L1/L2 POLYPEPTIDES

[0128] Another feature of this disclosure is nucleic acid molecules that encode any of the
aforementioned chimeric L1/L2 polypeptides.
30 [0129] Such nucleic acids can be “recombinant” nucleic acids, which have a sequence that is

not naturally occurring or has a sequence that is made by an artificial combination of two
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317060 596763 3165739 2296242 4364479 #5- L1- HPV16/ L2 DEL17-36 10pg / ASO4
1243267 912131 1694616 60647 41878 87828 #8-L1- HPV18/L2 DE17-36 10pg / ASO4
197839 138020102Q927%86 1586703 1326262 1898286 HPV16/ 18 LECVIHP2@IpH39924
#2-L1-HPV18/ L2 Ct56-75 (in NaCl 100nnM) 2pg / ASO4 658494 505689 857472
1550403 1201194 2001135 HPV16/18 L1 VLP 2pg + #2-L1-HPV18/L2 Ct56-75 (in
NaCl 100nnM) 10pg / ASO4 1096750 982819 1223889 2003694 1583281 2535739
HPV16/ 18 L1 VLP 2pg + #5-LI-HPV16/L2 DE17-3621.ig / ASO4

otherwise separated segments of sequence. For example, the recombinant chimeric L1/L.2
nucleic acids include at least one nucleic acid sequence that encodes an HPV L2 peptide
operably linked to at least one (and frequently at least two) nucleic acid segments that encode an
HPV L1 polypeptide (or fragments thereof). This artificial combination can be accomplished by
5  chemical synthesis or, more commonly, by the artificial manipulation of isolated segments of
nucleic acids, ¢.g., by genctic engineering techniques. For consistentcy, a “recombinant” protein
is one that is encoded by a recombinant nucleic acid, (and which may be introduced into a host
cell, such as a bacterial or eukaryotic cell).
[0130] In certain embodiments, the recombinant nucleic acids that encode chimeric L1/L.2

10 polypeptides are codon optimized for expression in a selected prokaryotic or cukaryotic host cell.
[0131] To facilitate replication and expression, the nucleic acids that encode the chimeric L1/L.2
polypeptides can be incorporated into a vector, such as a prokaryotic or a cukaryotic expression
vector. Host cells including nucleic acids that encode a chimeric L1/L2 polypeptide are also a
feature of this disclosure. Favorable host cells include prokaryotic (i.c., bacterial) host cells,

15  such as E. coli, as well as numerous eukaryotic host cells, including fungal (e.g., yeast) cells,
insect cells, and mammalian cells (such as CHO, VERO and HEK293cells).

[0132] To facilitate replication and expression, the nucleic acids can be incorporated into a
vector, such as a prokaryotic or a cukaryotic expression vector. Although the nucleic acids
disclosed herein can be included in any one of a variety of vectors (inclding, for example,

20  bacterial plasmids; phage DNA; baculovirus; yeast plasmids; vectors derived from combinations
of plasmids and phage DNA, viral DNA such as vaccinia, adenovirus, fowl pox virus,
pscudorabies, adenovirus, adeno-associated virus, retroviruses and many others), most
commonly the vector will be an expression vector suitable for generating polypeptide expression
products. In an expression vector, the nucleic acid encoding the chimeric L1/L2 polypeptide is

25  typically arranged in proximity and orientation to an appropriate transcription control sequence
(promoter, and optionally, one or more enhancers) to direct mRNA synthesis. That is, the
polynucleotide sequence of interest is operably linked to an appropriate transcription control
sequence. Examples of such promoters include: the immediate early promoter of CMV, LTR or
SV40 promoter, polyhedrin promoter of baculovirus, E. coli lac or trp promoter, phage T7 and

30 lambda Py promoter, and other promoters known to control expression of genes in prokaryotic or
eukaryotic cells or their viruses. The expression vector typically also contains a ribosome
binding site for translation initiation, and a transcription terminator. The vector optionally
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DE17-36 10pg / ASO4 813835 631288 1049168 1261779 1061768 1499467 LL =
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m ce sera reacted with HPV16 and HPV18 Li VLP showi ng that insertion of L2
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cukaryotic cell culture, or such as kanamycin, tetracycline or ampicillin resistance in E. coli.
5 [0133] The expression vector can also include additional expression elements, for example, to
improve the efficiency of translation. These signals can include, e.g., an ATG initiation codon
and adjacent sequences. In some cases, for example, a translation initiation codon and associated
sequence clements are inserted into the appropriate expression vector simultancously with the
polynucleotide sequence of interest (e.g., a native start codon). In such cases, additional
10  translational control signals are not required. However, in cases where only a polypeptide-
coding sequence, or a portion thereof, is inserted, exogenous translational control signals,
including an ATG initiation codon is provided for translation of the nucleic acid encoding the
chimeric L1/L2 polypeptide. The initiation codon is placed in the correct reading frame to
ensure translation of the polynucleotide sequence of interest. Exogenous transcriptional
15  elements and initiation codons can be of various origins, both natural and synthetic. If desired,
the efficiency of expression can be further increased by the inclusion of enhancers appropriate to

the cell system in use (Scharf et al. (1994) Results Probl Cell Differ 20:125-62; Bitter et al.
(1987) Methods in Enzymol 153:516-544).

[0134] In some instances, the nucleic acid (such as a vector) that encodes the chimeric L1/L.2

20 polypeptide includes one or more additional sequence elements selected to increase and/or
optimize expression of the encoded polypeptide when introduced into a host cell. For example,
in certain embodiments, the nucleic acids that encode the chimeric L1/L2 polypeptide include an
intron sequence, such as a Human Herpesvirus 5 intron sequence (see, e.g., SEQ ID NO:13).
Introns have been repeatedly demonstrated to enhance expression of homologous and

25  heterologous nucleic acids when appropriately positioned in a recombinant construct.
[0135] Exemplary procedures sufficient to guide one of ordinary skill in the art through the
production of recombinant nucleic acids that encode chimeric L1/L2 polypeptides can be found
in Sambrook et al., Molecular Cloning: A Laboratory Manual, 2d ed., Cold Spring Harbor
Laboratory Press, 1989; Sambrook et al., Molecular Cloning: A Laboratory Manual, 3d ed.,

30  Cold Spring Harbor Press, 2001; Ausubel et al., Current Protocols in Molecular Biology, Greene
Publishing Associates, 1992 (and Supplements to 2003); and Ausubel et al., Short Protocols in
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HPV- 16 HPV-18 TA368 57 037 21 995 HPV16/18 L1 VLP 2pg / A504 TA369 108
886 104 117 TA380 108 286 984 466 #2-Li-HPV1 8/L2 Ct56-75 (in NaCl

100mV) 100w Q 201088150l TA381 47 879 785 301 TA382 16PCHEP2@ 0044024

#5- Li - HPV16/ L2 DE17-36 80pg / Specol TA383 327 429 6 771

Molecular Biology: A Compendium of Methods from Current Protocols in Molecular Biology,
4th ed., Wiley & Sons, 1999.
[0136] Exemplary nucleic acid sequences that encode HPV L1 and L2 polypeptides from the
different HPV types are well known in the art, ¢.g., numerous examples have been described in

5  the literature and are available publicly in the GenBank database. These can readily be identified
by those of skill in the art by an appropriate query using the terms human papillomavirus (or
HPYV) and the specific protein (¢.g., L1 or L2) and type of interest. These L1 and L2 nucleic
acids can be utilized to produce nucleic acids that encode recombinant chimeric L1/L.2
polypeptides as disclosed above.

10 [0137] Additional nucleic acids that encode chimeric L1/L.2 nucleic variants that share sequence
identity with the exemplary L1 and L2 polypeptide can be produced by those of skill in the art.
Typically, the nucleic acid variants will encode polypeptides that differ by no more than 1%, or
2%, or 5%, or 10%, or 15%, or 20% of the amino acid residues present in a chimeric L1/L2
polypeptide (e.g., in the L1 polypeptide portion). That is, the encoded polypeptides share at least

15  80%, or 85%, more commonly, at least about 90% or more, such as 95%, or even 98% or 99%
sequence identity with the reference chimeric polypeptide. It will be immediately understood by
those of skill in the art, that the polynucleotide sequences encoding chimeric L1/L2 polypeptides,
can themselves share less sequence identity due to the redundancy of the genctic code. In some
instances, the encoded L1/L2 polypeptide has one or more amino acid modification relative to

20  the amino acid sequence of the naturally occurring polypeptides from which it is derived. Such
differences can result in the addition, deletion or substitution of one or more amino acids. A
variant typically differs by no more than about 1%, or 2%, or 5%, or 10%, or 15%, or 20% or of
the nucleotide residues. For example, a nucleic acid that encodes a variant chimeric L1/L2
polypeptide can include 1, or 2, or up to 5, or up to about 10, or up to about 15, or up to about 50,

25  orup to about 100 nucleotide differences (e.g., in the L1 portion, and/or to encode the modified
L2 peptides as described above). Thus, a variant in the context of a nucleic acid that encodes a
chimeric L1/L2 polypeptide as disclosed herein, typically shares at least 80%, or 85%, more
commonly, at least about 90% or more, such as 95%, or even 98% or 99% sequence identity with
a reference sequence consisting of naturally occurring L1 and L2 components.

30 [0138] In addition to the variant nucleic acids previously described, nucleic acids that hybridize
to one or more nucleic acids that encode chimeric L1/L2 polypeptides with L1 and L2 sequences
corresponding to naturally occurring L1 and L2 polypeptidescan also be used to encode chimeric
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TA370 5 049 62 505 #8-L 1 -HPV1 8/ L2 DE17-36 100g / ASO4 TA371 2 851 55

907 TA376 16 039 688 188 #8-Li-HPV1 8/ L2 DE17-36 100pg / Specol TA377
8 673 575ve2910/1$BZ2 80 313 70 839 HPV16/ 18 L1 VLP 20pgPET/EP2648/4059024 - HPV1
8/ L2 DE17-36 20pg / ASO4 TA373 64 274 118 238 TA374
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L1/L2 polypeptides. One of skill in the art will appreciate that in addition to the % sequence
identity measure discussed above, another indicia of sequence similarity between two nucleic
acids is the ability to hybridize. The more similar are the sequences of the two nucleic acids, the
more stringent the conditions at which they will hybridize. The stringency of hybridization
conditions are sequence-dependent and are different under different environmental parameters.
Thus, hybridization conditions resulting in particular degrees of stringency will vary depending
upon the nature of the hybridization method of choice and the composition and length of the
hybridizing nucleic acid sequences. Generally, the temperature of hybridization and the ionic
strength (especially the Na” and/or Mg concentration) of the hybridization buffer will
determine the stringency of hybridization, though wash times also influence stringency.
Generally, stringent conditions are selected to be about 5°C to 20°C lower than the thermal
melting point (T,,) for the specific sequence at a defined ionic strength and pH. The T, is the
temperature (under defined ionic strength and pH) at which 50% of the target sequence
hybridizes to a perfectly matched probe. Conditions for nucleic acid hybridization and
calculation of stringencies can be found, for example, in Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 2001;
Tijssen, Hybridization With Nucleic Acid Probes, Part I: Theory and Nucleic Acid Preparation,
Laboratory Techniques in Biochemistry and Molecular Biology, Elsevier Science Ltd., NY, NY,
1993.and Ausubel et al. Short Protocols in Molecular Biology, 4th ed., John Wiley & Sons, Inc.,
1999.

[0139] For purposes of the present disclosure, “stringent conditions” encompass conditions
under which hybridization will only occur if there is less than 25% mismatch between the
hybridization molecule and the target sequence. “Stringent conditions” can be broken down into
particular levels of stringency for more precise definition. Thus, as used herein, “moderate
stringency” conditions are those under which molecules with more than 25% sequence mismatch
will not hybridize; conditions of “medium stringency” are those under which molecules with
more than 15% mismatch will not hybridize, and conditions of “high stringency” are those under
which sequences with more than 10% mismatch will not hybridize. Conditions of “very high
stringency” are those under which sequences with more than 6% mismatch will not hybridize. In
contrast, nucleic acids that hybridize under “low stringency conditions include those with much
less sequence identity, or with sequence identity over only short subsequences of the nucleic
acid.
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infection, transfection and the like, depending on the selection of vectors and host cells.

[0142] Host cells that include chimeric L1/L2 polypeptides-encoding nucleic acids are, thus,
also a feature of this disclosure. Favorable host cells include prokaryotic (i.c., bacterial) host

15 cells, such as E. coli, as well as numerous eukaryotic host cells, including fungal (e.g., yeast,
such as Saccharomyces cerevisiae and Picchia pastoris) cells, insect cells, plant cells, and
mammalian cells (such as CHO and HEK293 cells). Recombinant nucleic acids that encode
chimeric L1/L2 polypeptides are introduced (e.g., transduced, transformed or transfected) into
host cells, for example, via a vector, such as an expression vector. As described above, the

20  vector can be a plasmid, a viral particle, a phage, a baculovirus, etc. Examples of appropriate
expression hosts include: bacterial cells, such as E. coli, Streptomyces, and Salmonella
typhimurium; fungal cells, such as Saccharomyces cerevisiae, Pichia pastoris, and Neurospora
crassa; insect cells such as Trichoplusia, Drosophila, Spodoptera frugiperda; mammalian cells
such as 3T3, COS, CHO, BHK, HEK 293 or Bowes melanoma; plant cells, including algae cells,

25  ete.
[0143] The host cells can be cultured in conventional nutrient media modified as appropriate for
activating promoters, sclecting transformants, or amplifying the inserted polynucleotide
sequences. The culture conditions, such as temperature, pH and the like, are typically those
previously used with the host cell selected for expression, and will be apparent to those skilled in

30  the art and in the references cited herein, including, ¢.g., Freshney (1994) Culture of Animal
Cells, a Manual of Basic Technique, third edition, Wiley- Liss, New York and the references
cited therein. Expression products corresponding to the nucleic acids of the invention can also
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[0145] Similarly, in yeast, such as Saccharomyces cerevisiae, a number of vectors containing
20  constitutive or inducible promoters such as alpha factor, alcohol oxidase and PGH can be used
for production of the desired expression products. For reviews, see Berger, Ausubel, and, e.g.,
Grant et al. (1987; Methods in Enzymology 153:516-544). In mammalian host cells, a number of
expression systems, including both plasmis and viral-based systems, can be utilized.
[0146] A host cell is optionally chosen for its ability to modulate the expression of the inserted
25  sequences or to process the expressed protein in the desired fashion. Such modifications of the
protein include, but are not limited to, glycosylation, (as well as, e.g., acetylation, carboxylation,
phosphorylation, lipidation and acylation). Different host cells such as 3T3, COS, CHO, HeLa,
BHK, MDCK, 293, WI38, ctc. have specific cellular machinery and characteristic mechanisms
for such post-translational activities and can be chosen to ensure the correct modification and
30  processing of the introduced, foreign protein.
[0147] In certain examples, the nucleic acids are introduced into cells via vectors suitable for
introduction and expression in prokaryotic cells, e.g., E. coli cells. The expression vector is
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introduced (e.g., by clectroporation) into a suitable bacterial host. Numerous suitable strains of
E. coli arc available and can be selected by one of skill in the art (for example, the Rosetta and
BL21 (DE3) strains have proven favorable for expression of recombinant vectors containing
polynucleotide sequences that encode a chimeric L1/L2 polypeptide.

[0148] More typically, the polynucleotides that encode the chimeric L1/L2 polypeptide are
incorporated into expression vectors that are suitable for introduction and expression in
cukaryotic (e.g., insect or mammalian cells). Favorably, such nucleic acids are codon optimized
for expression in the selected vector/host cell.

[0149] In one example, the polynucleotide sequence that encodes the chimeric L1/L.2
polypeptide is introduced into insect cells using a Baculovirus Expression Vector System
(BEVS). Recombinant baculovirus capable of infecting insect cells can be generated using
commercially available vectors, kits and/or systems, such as the BD BaculoGold system from
BD BioScience. Briefly, a polynucleotide sequence encoding the chimeric L1/L2 polypeptide is
inserted into the pAcSG2 transfer vector. Then, host cells SF9 (Spodoptera frugiperda) are co-
transfected by pAcSG2-chimeric plasmid and BD BaculoGold, containing the linearized
genomic DNA of the baculovirus Autographa californica nuclear polyhedrosis virus (AcNPV).
Following transfection, homologous recombination occurs between the pACSG2 plasmid and the
Baculovirus genome to generate the recombinant virus. In one example, the chimeric L1/L.2
polypeptide antigen is expressed under the regulatory control of the polyhedrin promoter (pH).
Similar transfer vectors can be produced using other promoters, such as the basic (Ba) and p10
promoters. Similarly, alternative insect cells can be employed, such as SF21 which is closely
related to the Sf9, and the High Five cell line derived from a cabbage looper, Trichoplusia ni.
[0150] For long-term, high-yield production of recombinant chimeric L1/L2 polypeptides
disclosed herein, stable expression systems are typically used. For example, cell lines which
stably express a chimeric L1/L2 polypeptide are introduced into the host cell using expression
vectors which contain viral origins of replication or endogenous expression elements and a
selectable marker gene. Following the introduction of the vector, cells are allowed to grow for 1-
2 days in an enriched media before they are switched to selective media. The purpose of the
selectable marker is to confer resistance to selection, and its presence allows growth and
recovery of cells which successfully express the introduced sequences. For example, resistant
groups or colonies of stably transformed cells can be proliferated using tissue culture techniques
appropriate to the cell type. Host cells transformed with a nucleic acid encoding a chimeric
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Rabbi t context of protein production, purification includes such processes as centrifugation, dialization,
ion-exchange chromatography, and size-exclusion chromatography, affinity-purification or
precipitation. The term “purified” does not require absolute purity; rather, it is intended as a
relative term. Thus, for example, a purified polypeptide (or capsomere, or VLP) preparation is
15  one in which the polypeptideis more enriched than it is in its generative environment, for
instance within a cell or population of cells in which it is replicated naturally or in an artificial
environment. A preparation of substantially pure chimeric L1/L2 polypeptides can be purified
such that the desired chimeric polypeptides represent at least 50% of the total protein content of
the preparation. In certain embodiments, a chimeric L1/L2 polypeptide will represent at least
20  60%, at least 70%, at least 80%, at least 85%, at least 90%, or at least 95% or more of the total
protein content of the preparation.
[0153] In the production and purification of a chimeric L1/L2 polypeptide, cells can be harvested
by centrifugation, disrupted by physical or chemical means, and the resulting crude extract
retained for further purification. Eukaryotic or microbial cells employed in expression of
25  proteins can be disrupted by any convenient method, including freeze-thaw cycling, sonication,
mechanical disruption, or use of cell lysing agents, or other methods, which are well know to
those skilled in the art.
[0154] Expressed chimeric L1/L2 polypeptides can then be recovered and purified from
recombinant cell cultures by any of a number of methods well known in the art, including
30 ammonium sulfate or ethanol precipitation, acid extraction, filtration, ultrafiltration,
centrifugation, anion or cation exchange chromatography, phosphocellulose chromatography,
hydrophobic interaction chromatography, affinity chromatography (e.g., using any of the tagging
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systems noted herein), hydroxylapatite chromatography, and lectin chromatography. Protein
refolding steps can be used, as desired, in completing configuration of the mature protein.
Finally, high performance liquid chromatography (HPLC) can be employed in the final
purification steps. In addition to the references noted above, a variety of purification methods
5  are well known in the art, including, e.g., those sct forth in Sandana (1997) Bioseparation of

Proteins, Academic Press, Inc.; and Bollag et al. (1996) Protein Methods, 2" Edition Wiley-
Liss, NY; Walker (1996) The Protein Protocols Handbook Humana Press, NJ, Harris and Angal
(1990) Protein Purification Applications: A Practical Approach IRL Press at Oxford, Oxford,
U.K.; Scopes (1993) Protein Purification: Principles and Practice, 3" Edition Springer Verlag,

10 NY; Janson and Ryden (1998) Protein Purification: Principles, High Resolution Methods and
Applications, Second Edition Wiley-VCH, NY; and Walker (1998) Protein Protocols on CD-
ROM Humana Press, NJ. WO2010/012780 (incorporated herein by reference) describes a
process for purifying HPV 16 and HPV 18 VLPs. An analgous process can be applied to the
purification of the chimeric polypeptides described herein. Thus the chimeric polypeptides may

15  be extracted from host cells in a reducing B-mercaptocthanol (BME) butter and then subjected to
anion and hydroxyapatite chromatography and then allowing the resulting product to mature, by

BME removal. The resulting product may be rendered sterile, by sterile filtration.

IMMUNOGENIC COMPOSITIONS AND METHODS

[0155] Another aspect of the present disclosure concerns immunogenic compositions that
20 contain chimeric L1/L2 polypeptides (or capsomeres or VLPs made up of the chimeric L1/L.2
polypeptides). Such immunogenic compositions can include the chimeric L1/L2 polypeptides
alone or in combination, e.g., with additional chimeric L1/L2 polypeptides and/or with VLPs (for
example, L1 VLPs).
[0156] In certain embodiments, any of the chimeric L1/L2 polypeptides described hereinabove is
25  acomponent of the immunogenic composition. For example, the immunogenic composition can
include a chimeric L1/L2 polypeptide that includes an HPV type 18 L1 polypeptide or fragment
thereof into which at least one peptide comprising an epitope of an L2 polypeptide has been
inserted (e.g., a non-HPV type 18 L2 peptide). Similarly, the immunogenic composition can
include a chimeric L1/L2 polypeptide that includes an HPV type 16 L1 polypeptide or fragment
30  thereof into which at least one peptide comprising an eptiope of an L2 polypeptide has been
inserted (e.g., a non-HPV type 16 L2 peptide). In specific examples, the L2 peptide inserted into
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the HPV 16 L1 polypeptide includes (¢.g., consists of) amino acids 56-75 (as designated with
respect to an alignment with HPV 16 L2) of the L2 polypeptide. Additional suitable chimeric
L1/L2 polypeptides for use in immunogenic compositions include any of those described above.
[0157] In certain embodiments, the chimeric L1/L.2 polypeptides are present in immunogenic
5  compositions in combination with HPV VLPs. For example, in one embodiment, the
immunogenic composition includes:
(1) at least one virus like particle (VLP) comprising a human papillomavirus (HPV) L1
polypeptide or fragment thercof, and
(ii) at least one chimeric polypeptide comprising a human papillomavirus (HPV) L1 or
10 fragment thereof comprising at least one peptide comprising an epitope of an L2
polypeptide inserted within the HPV L1 polypeptide.
[0158] In an embodiment the chimeric polypeptide is a polypeptide as herein described.
[0159] In a favoured embodiment at least one VLP comprises a HPV 16 VLP L1 polypeptide or
fragment thereof. In another embodiment at least one VLP comprises HPV 18 L1 polypeptide of
15  fragment thereof. Favourably in such compositions the chimeric polypeptide is assembled into
supra molecular assembly such as capsomeres or Virus like particles or small non-VLP like
structure.
[0160] In one embodiment the composition comprises (i) at least one HPV L1 VLP; and (ii)
two chimeric HPV L1 VLPs, polypeptides or capsomeres each comprising an L2 peptide in the
20 LI sequence. In a favoured embodiment the two chimeric L1 polypeptides (or capsomers or
VLPs) can comprise different L2 peptides in L1 polypeptides from the same HPV type (for
example HPV 16 or HPV 18). Alternatively the two chimeric L1 polypeptides, capsomeres or
VLPs can comprise the same L2 peptide in L1 polypeptide from two different HPV types such as
HPV 16 and HPV 18. In yet a further embodiment, the two chimeric L1 polypeptides or
25  capsomers or VLPs, can comprise different L2 peptides in L1 polypeptides from two different
HPV types (such as HPV 16 and HPV 18 and/or HPV 33 and HPV 58). In specific
embodiments, the L2 peptides can be from HPV 33 or HPV 58, and can be inserted into HPV 18
L1. In such embodiments, the different L2 peptides can be inserted singly into two different
HPV type 18 L1 polypetpides, or they can be inserted into the same or different sites in the same
30  HPV type 18 L1 polypeptide.
[0161] In certain embodiments, the HPV VLPs (particularly HPV L1 only VLPs) and chimeric
VLPs, polypeptides or capsomers, included in the compositions according to the present
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disclosure can include one or more of HPV 6 VLPs, HPV 11 VLPs, HPV 16 VLPs and HPV 18
L1 VLPs. For example they can include VLPs of HPV 16 and 18, or HPV 6 and 11, or of all 4
HPV types. Suitably the HPV L1 VLPs and chimeric HPV L1 polypeptides, are from HPV 16
and/or HPV 18.

[0162] HPV VLPs for use as described herein, either chimeric or non-chimeric, can be
assembled from L2 also, or they can be L1 only VLPs. For example, VLPs can be assembled
from a mixture of L1 and L2 polypeptides (and as such are not the same as the chimeric L1/L2
VLPs disclosed herein, in which an L2 peptide is inserted into the L1 sequence). Alternatively,
the VLPs can be chimeric VLPs other than the L1/L2 polypeptide disclosed herein. For
example, such non-L1/L2 polypeptides can include an L1 polypeptide and at least one additional
sequence of an HPV polypeptide other than L1, such as E7.

[0163] The HPV LI in the VLPs or from the chimeric polypeptides disclosed herein can be
formed from either full length HPV L1 protein or certain L1 derivatives, such as fragments,
using standard methods in the art, for example as disclosed in WO 03/077942 (US7416846) or
W099/13056 (US7351533) incorporated herein by reference.

[0164] In aparticular embodiment of the composition disclosed herein, the HPV L1 VLPs
comprise or consist of HPV 16 and HPV 18 VLPs, and the chimeric HPV L1 VLPs comprise or
consist of chimeric HPV 16 L1 VLPs or chimeric HPV 18 L1 VLPs or both. Where both HPV
16 and HPV 18 chimeric L1 VLPs are present, the L2 peptides in cach can be the same or
different and can be any of the L2 peptides disclosed herein.

[0165] The immunogenic compositions disclosed herein typically include at least one
pharmaceutically acceptable diluent or carrier and optionally an adjuvant. An immunogenic
composition is a composition which raises an immune response when administered to an animal
or human, which immune response can be a protective immune response which is not necessarily
fully protective against infection or disease but at least reduces incidence of infection or disease.
[0166] An adjuvant for usc as described herein can comprise an aluminium salt. Also suitable
are adjuvants which stimulate a Th1 type response such as 3 de-O-acylated monophosphoryl
lipid A (3D MPL) or QS21. Suitably the adjuvant is an aluminium salt, suitably in combination
with 3D MPL, such as aluminium hydroxide and 3D MPL. Compositions according to the
present disclosure comprising such an adjuvant can be prepared as described for example in WO

00/23105 incorporated herein by reference.
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[0167] HPV L1 VLPs and chimeric HPV L1 VLPs for use as described herein can be adsorbed
on to aluminium containing adjuvants. The adjuvant can be added to the different VLPs to pre-
adsorb them before mixing of the different VLPs to form the final vaccine product.
[0168] The immunogenic composition can also comprise aluminium or an aluminium
compound as a stabiliser, and the present disclosure also relates to a stabilised composition
wherein the VLPs are adsorbed onto an aluminium salt. Suitably the VLPs are more stable over
time after adsorption onto an aluminium salt than in the absence of aluminium.
[0169] The immunogenic compositions described herein can be administered as vaccines by any
of a variety of routes such as oral, topical, subcutancous, musosal (typically intravaginal),
intravenous, intramuscular, intranasal, sublingual,intradermal and via suppository. Intramuscular
and intradermal deliveries are preferred.
[0170] The dosage of the polypeptides, and /or capsomeres and/ or VLPs and other proteins can
vary with the condition, sex, age and weight of the individual, the administration route and HPV
of the vaccine.
[0171] The dosage of the polypeptide and/or VLPs present in compositions described herein can
vary with the condition, sex, age and weight of the individual, the administration route and HPV
of the vaccine. The quantity can also be varied with the number of VLP types. Suitably the
delivery is of an amount of VLP suitable to generate an immunologically protective response.
Suitably each vaccine dose comprises 1-100 pg of each VLP, suitably at least Sug, or at least 10
ug, for example, between 5- 50 pug each VLP, most suitably 10-50 pg of each VLP, such as with
Sug, 6ug, 10ug, 15 ng, 20pg, 40 pg or 50ug. In certain embodiments, where both chimeric and
non-chimeric VLPs are present these amounts reflect the total of the VLPs present for each HPV
type i.e. chimeric L1 VLPs with an L2 peptides and L1 VLPs without L2 peptide.
[0172] For example a composition according to the present disclosure can comprise, in a single
dose:

30ug HPV 16 VLPs

30ug HPV 18 VLPs

10ug chimeric HPV 16 VLPs with L2 peptide

10 pg chimeric HPV 18 VLPs with L2 peptide,

39

HPV16/ 18 TA372 1 533 1 370 1 633 1 517 490

1



#8- LI - HPV18/ L2 TA373 16 603 18 684 22 998 16 788 347 14 309 29
593 253 DE17- 36 20pg
WO 2010/149752 PCT/EP2010/059024

where the L2 peptide in the chimeric HPV 16 and HPV 18 VLPs is the same or different, and can
be selected from L2 56-75 and L2 17-36 as described hereinabove, from the same or different
HPV types.
[0173] In another example a composition according to the present disclosure can comprise, in a
5  single dose:
20ug HPV 16 VLPs
20ug HPV 18 VLPs
10-20 pg chimeric HPV 18 VLPs with L2 peptide
10-20 pg chimeric HPV 16 VLPs with L2 peptide,
10 where the L2 peptide in the chimeric HPV 16 and HPV 18 VLPs is the same or different, and can
be selected from L2 56-75 and L2 17-36 as described hereinabove, from the same or different
HPV types.
[0174] Suitably the compositions above further comprise an adjuvant, suitably an aluminium
salt, suitably aluminium hydroxide, suitably in combination with a Thl adjuvant such as 3D-
15 MPL.
[0175] The compositions described herein suitably generate an immune response in a human or
animal subject against 1, 2 or more HPV genotypes, suitably any 1, 2 or 3,4, 5 or more selected
from the group of HPV 5, 6, 8§, 11, 16, 18, 31, 33, 35, 38, 39, 45, 51, 52, 56, 58, 59, 66, 68 and
73. Favourably the compositions may generate an immune response against one or more of
20  HPV types 2, 3 and 73.
[0176] The compositions described herein suitably provide protection against infection and/ or
disease from 1, 2 or more HPV genotypes, suitably any 1, 2 or more selected from HPV 5, 6, 8,
11, 16, 18, 31, 33, 35, 38, 39, 45, 51, 52, 56, 58, 59, 66, 68 and 73. Suitably the compositions
provide protection against at least HPV 16 or 18, and more suitably against both HPV 16 and 18.
25 [0177] Suitably the compositions described herein provide protection against HPV 16 and 18
and at least one other HPV type selected from cancer causing HPV type, genital warts causing
HPV types and skin cancer causing HPV types. Suitably the compostions provide protection
against one or more of the following HPV types in addition to HPV 16 and HPV 18: HPV 5, 6,
8, 11,31, 33, 35, 38, 39, 45, 51, 52, 56, 58, 59, 66, 68 and 73.
30 [0178] The immunogenic compositions and vaccines described herein can be used to treat or
prevent HPV infection and/or disease. For example the immunogenic composition can be used

therapeutically to reduce viral load and/or infections that lead to cervical carcinoma or CIN III
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sequelae. The present disclosure thus relates to use of the immunogenic compositions described
herein in the therapeutic treatment of discases related to HPV infection and in prophylaxis of
infection or discase. Suitably the use of the vaccine of the present disclosure is in prophylaxis of
infection and/or disease. The term ‘infection’, as used herein suitably relates to incident
infection and/or persistent infection. Infection can be assessed by PCR, for example. The term
'discase’ as used herein can be abnormal cytology, ASCUS, CIN1, CIN2, CIN3 or cervical
cancer related to HPV infection. Disease can be assessed by, for example, histological
examination or analysis of biomarkers such as p16.

[0179] Optionally the immunogenic composition or vaccine can also be formulated or co-
administered with other HPV antigens such as early antigens or non-HPV antigens. Suitably
these non HPV antigens can provide protection against other diseases, most suitably sexually
transmitted diseases such as herpes simplex virus, chlamydia and HIV. In a particularly
embodiment the vaccine comprises gD or a truncate thereof from HSV. In this way the vaccine
provides protection against both HPV and HSV.

[0180] For all vaccines described herein, the vaccine is suitably used for the vaccination of
adolescent girls aged 10-15, suitably 10-13 years. Suitably the vaccine is also suitable for
administration to a pacdiatric population, 0-10 years old. The vaccine can also be administered to
women following an abnormal pap smear or after surgery following removal of a lesion caused
by HPV. Thus the vaccine is suitably applicable to both a seronegative population as a
prophylactic vaccine and/or a seropositive population in a therapeutic setting. The vaccine may
also be administered to males.

[0181] Suitably the vaccine is delivered in a 2 or 3 dose regimen, for example ina 0, 1 ora0, 2
ora0,3o0ra0,4o0ra0,5 ora(.6 month regimen, or 0,1 and 6 or a 0, 2, 6 month regimen
respectively. Suitably the vaccination regime incorporates a booster injection after 5 to 10 years,
suitably 10 years. Other regimes, with 4 or more doses, can also be used.

[0182] Suitably the vaccine is a liquid vaccine formulation, although the vaccine can be

lyophilised and reconstituted prior to administration.
EXAMPLES

Example 1: Exemplary Chimeric L1/L2 Polypeptides
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[0183] Expression vectors comprising nucleic acids that encode the following exemplary
chimeric L1/L2 polypeptides were produced using molecular biology procedures and

summarized in the Table 3.

Table 3:
Chimera # L1 Amino acid L2 peptide Shown
backbone | L1 position inserted in
of L2 (SEQID
peptide NO)
#1-L1-HPV18/L2 P75 HPV18 137-138 56-75 HPV58 (36)
#2-L1-HPV18/L2 ™" (in NaCl HPV18 432-433 56-75 HPV58 (37)
100mM)
#2-L1-HPV18/L2 “®*"® (in NaCl HPV18 432-433 56-75 HPV58 (37)
500mM)
#3-L1-HPV18/L2 PET7-36C0878 HPV18 137-138 17-36 HPV33 & (38)
NaCl 100mM) 432-433 56-75 HPV58
#3-L1-HPV18/L2 DET7-36-C6-75 iy HPV18 137-138 17-36 HPV33 & (38)
NaCl 500mM) 432-433 56-75 HPV58
#4-L1-HPV16/L2 ©57° HPV16 431-432 56-75 HPV58 (39)
#5-L1-HPV16/L2 PET7° HPV16 137-138 17-36 HPV33 40
#7-L1-HPV16/L2 PET7-36-C6-75 HPV16 137-138 17-36 HPV33 & (42)
431-432 56-75 HPV58
#8-L1-HPV18/L2 PE7-%6 HPV18 137-138 17-36 HPV33 (43)
#9-L1-HPV18/L2 1736 HPV18 432-433 17-36 HPV33 (44)
#10-L1-HPV16/L2 PE*%-7° HPV16 137-138 56-75 HPV58 (45)
L1-HPV16 HPV16 Fig 1a
L1-HPV18 HPV18 Fig 1b

5 [0184] Chimera 1: HPV 18 L1 HPV 58 L2 DE chimeric polypeptide wherein the L2 peptide
GGLGIGTGSGTGGRTGYVPL (HPV 58/HPV 6) is inserted between position 137 and 138 in
a C terminal truncated L1 from HPV 18.

[0185] Chimera 2: HPV 18 L1 HPV 58 L2 CT chimeric polypeptide wherein the L2 peptide
GGLGIGTGSGTGGRTGYVPL (HPV 58/HPV 6) is inserted between position 432 -433in a
10 C terminal truncated L1 from HPV 18.

[0186] Chimera 3: HPV 18 L1 HPV 33 L2 and HPV 58 L2 chimeric polypeptide wherein the
L2 peptide QLYQTCKATGTCPPDVIPKYV (HPV 33/HPV 11) is inserted between position 137
and 138 and the L2 peptide GGLGIGTGSGTGGRTGY VPL (from HPV 58 or HPV 6) is
inserted at position 432 - 433 in a C terminal truncated L1 from HPV 18.
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[0187] Chimera 4: HPV 16 L1 HPV 58 L2 CT chimeric polypeptide wherein the L2 peptide
GGLGIGTGSGTGGRTGYVPL (HPV 58/HPV 6) is inserted between position 431 & 432 in a
C terminal truncated L1 from HPV 16.

[0188] Chimera 5: HPV 16 L1 HPV 33 L2 CT chimeric polypeptide wherein the L2 peptide
5 QLYQTCKATGTCPPDVIPKYV (HPV 33/HPV 11)is inserted between positions 137 and 138 in
a C terminal truncated L1 from HPV 16.

[0189] Chimera 6: HPV 16 L1 HPV 33 L2 P/D chimeric polypeptide wherein the L2 peptide
QLYQTCKATGTCPPDVIPKYV (HPV 33/HPV 11)is inserted between position 272 & 273 ina C
terminal truncated L1 from HPV 16.

10 [0190] Chimera 7: HPV 16 L1 HPV 33 L2and HPV 58 L2 chimeric polypeptide wherein the L2
peptide QLYQTCKATGTCPPDVIPKYV (HPV 33/HPV 11) is inserted between position 137 and
138 and the L2 peptide GGLGIGTGSGTGGRTGYVPL is inserted at position 431 -432in a C
terminal truncated L1 from HPV 16.

[0191] Chimera 8: HPV 18 L1 HPV 33 L2 DE chimeric polypeptide wherein the L2 peptide
15 QLYQTCKATGTCPPDVIPKYV (HPV 33/HPV 11) is inserted between position 137 and 138 in
a C terminal truncated L1 from HPV 18.

[0192] Chimera 9: HPV 18 L1 HPV 33 CT chimeric polypeptide wherein the L2 peptide
QLYQTCKATGTCPPDVIPKYV (HPV 33/ HPV 11) is inserted between position 432 - 433 in a
C terminal truncated L1 from HPV 18.

20 [0193] Chimera 10: HPV16 L1 HPV58 L2 chimeric polypeptide wherein the the L2 peptide
GGLGIGTGSGTGGRTGYVPL (HPV 58/HPV 6) is inserted between positions 431 and 431 of
a C terminal truncated L1 from HPV 16.

Example 2: Synthesis expression, purification and characterisation of Exemplary Chimeras

[0194] Production of Recombinant Nucleic Acids. Nucleic acids encoding the exemplary

25  chimeric L1/L2 polypeptides described in Example 1 were obtained by gene synthesis prior to
their cloning by standard genetic manipulations into a Baculovirus expression vector. The
insertion sites are summarized in Table 3. C-terminal truncation of each of the L1 polypeptides
aimed at removing the nuclear localization signal, as well as the DNA-binding domain present at

the C-terminus of each of the L1 polypeptides (C-terminal end deletions of 34, 35 amino acids,
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respectively for HPV 16, 18). Amino acid sequences of the HPV 16 and 18 L1 truncates as used
herein are shown in FIGs la and b, respectively. Amino acid sequences of the HPV 33 and of
HVP58 L2 peptides are shown in FIG. 2 (figure 2(a), figure 2(b), respectively). Amino acid
sequences of the exemplary chimeras are provided in SEQ ID NOs: 36-45.

5 [0195] Cell Harvest. The exemplary chimeric polypeptides were expressed in Trichoplusia ni
(High Five™) cells (at a density of ~ 2 000 000 cells/ml) infected with recombinant Baculovirus
(MOI of 0.05-0.5) encoding the HPV 16 or 18 L1 / L2 chimeric polypeptides of interest. Cells
were harvested at day 4 post infection by low speed centrifugation. The resulting cell pellets

were stored at -70°C.

10 [0196] _Antigen Extraction. The exemplary chimeric polypeptides were extracted from High

Five™ cells in a two step process of extraction and clarification. The extraction step of cells was
performed with a reducing and hypotonic buffer (Tris 20mM + 4% B-mercaptocthanol (BME),
pH 8.5). Alternatively, when extraction is low, pH can be 8.7 and detergent Empigen 2% is
added. A volume equal to one half or equivalent of culture volume was used to perform the

15  extraction. A contact time of minimum half an hour at room temperature was used. The
clarification was performed by centrifugation; if supernatant is turbid, an optional filtration is

performed; through a Millistak COHC filter (Millipore) or equivalent.

[0197] Purification and Characterization. Purification regimes are very similar for the different

chimeric L1/L2 polypeptides, chimeric polypeptides and involve the steps of: Anion exchange
20  chromatography ((D1i or Tri methyl amino ethyl - DMAE or TMAE), and Hydroxyapatite
chromatography.

Supramolecular formation regimes vary slightly between chimeric polypeptides, differing
slightly by NaCl and Tween addition involving the steps of: buffer exchange and BME removal
trough gel filtration on Sephadex G25, overnight maturation and 0.22 um sterilizing filtration.

25  The purification processes were carried out at room temperature, except for VLP maturation
taking place overnight at +4°C. BME 4% v/v was added to all but final buffers in order to
prevent VLP formation. All buffers used were filtered on 0.22um filters. Prior to cach
purification run, gel matrixes are sanitised and equilibrated with appropriate buffer before

sample loading.
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* 17-36 HPV11l/ HPV33 represents honol ogous L2 peptide= type specific WO
2010/ 149752PCT/ EP2010/ 059024 Tabl e 10: Bi ndi ng of rabbit antiserum i nduced
by chi merwo 2b/14275pol yp eptides to L2 peptide 56- 75 onPpdajEprieiofosdoowi ng
the last inmmunization (ELISA) Fornul ation Rabbit id# Anti-peptide L2 56-75
response (EU m) HPV- 58 HPV- 45 HPV- 33 HPV- 52 HPV- 5 HPV- 11 HPV- 56
HPV- 35 #2 L1/L2 (in NaCl 100mM) 100g Specol TA380 7 235 4 647 7 679 34 2
881 48

Anion exchange chromatography TMAE or DMAE: The clarified extract was applied to anion
exchange column (Di Methyl Amino Ethyl) previouisly equilibrated in Tris 20mM | NaCl
50mM | 4% -mercaptocthanol BME buffer, pH 8.0 £ 0.2. After washing for unbound
polypeptides, Elution was performed with a linear gradient of Tris 20mM | NaCl 50-to-

5 250mM |4% -mercaptocthanol BME buffer, pH 8.0 + 0.2. The antigen was cluted within the
NaCl gradient and the elution profile was monitored at 280 nm. Fractions collected were
analyzed by SDS-PAGE. L1/L2 positive fractions were pooled and kept at +4°C before next

column.

Hydroxyapatite chromatography: The eluate of the previous step was applied to a
10 hydroxyapatite Type I (HA) column previously equilibrated in (TRIS 20mM | NaCl
180mM | 4%BME) buffer, pH 8.0 + 0.2.

After sample application, the gel was washed with equilibration buffer and cluted with
approximately 10 column volumes of (Na Phosphate 100mM | NaCl 30mM | 4%BME) buffer,
pH 6.0+ 0.2. The HA eluate was immediately diluted at up to 40 ml with elution buffer and

15  stored overnight at room temperature.

[0198] The HA cluates were then applied to a Sephadex G25 (M) gel filtration column (145 ml
bed volume) equilibrated in ( 20 mM Na Phosphate | 500mM of NaClLpH 6.0) buffer. In certain
instances, the buffer was modified to a NaCl content of 100mM). The clution profiles were
monitored at 280 nm (for polypeptide) and 254 nm (for BME). The chimeric L1/L2 antigens are
20  collected in the void volume whereas BME elutes at later stage and with different spectrum from
total volume (Vt). Maturation is carried out by overnight storage at +4°C. Following maturation,
the Sephadex pools containing the chimeric L1/L2 antigens were filtered, through a 0.22 um
sterile filter and stored at -70°C. In certain cases, 0.05 % (V/V) Tween 80 is added prior
filtration. A simplified flow chart of a method for purifying chimeric L1/L2 antigens from 800
25  ml of culture is illustrated in FIG. 5 a) —e).

Electron Microscopy (EM) characterisation of chimeric L1/L2 antigens. Electron microscopy

was used to characterise that particles are being formed from the purified chimeric L1/L2
polypeptides, such as polypeptide particles and/or capsomeres and/or VLPs similar to those
produced by the C-terminal truncated HPV-16 and HPV-18 L1 proteins used as controls. The

30  size of the chimeric VLP can be smaller or larger than the controls. Purified chimeric L1/L2
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38 2 091 TA381 1 065 1 201 484 721 550 722 798 934 *56-75 HPV58/ HPV6
represents honol ogous L2 peptide= type specific [0209] 5 Neutralization
experi merwo 201oi498eks after the third and/ or fourth i MmeoTZERRI1ONS902€r a wer e
diluted with neutralization assay buffer (8 four-fold serial dilutions -
initial dilution started at 1/10 for rabbit sera and 1/40 for mce) and
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(Nout r a 5007 GRTGEE a5t @L AR R G RIBL PR TSN bsBE AN AR 8B o
modi f i eelomtfhstuli@ﬁgehh Bricllyad hivkel Igrig i 00uMEd wigrartoptdontcs éstnivar filen vas flbged
l'i near rang bet en 75-100 RLU). Neutralizing titers are expressed
as the PB& gfpa&ﬁh%fane fee Uiyt (RO IFIISEETTRJO FEOB 0%k e@beR Of JiF 186tk he

SeAP actpxVish ¥olalif@hs &%e&%&ﬁh@%a’tz&m l'eﬂtfoea%dk}pﬁr 135 {HAR 23S e R waehHn
Neutralizing titers below 40 are considered below the Cut-off. Table 11

sunmar : deisfly Hess dlaanad 0 sac)nflaaged onagirpp 0 HAisUigrSPPETH EPREECR ISP uihpirld stain .
Ne , S
R A T e

I muni zdad9Hn2 Bl at/vpin gatxau paptraentgbetth N ‘(/d’lFF&{ahﬂé) K\)z/vb-JPKheBgnd-lle blbttedHPV

16 lﬁg v %i?y ﬂt:z:\r/ 3%3* ﬁepr\r/la‘g:rl’;l was leg’[ Acliry c<o£}r(1)p165t§1£}1/ (%\@eGr | hr)l:)53 gxafné}r?ed under the LEO
Zeiss EMO12Q) at 100kV. Representative fields were imaged at standard 100K original
magnifications and summarized in Table 4 and EM results showed that the chimeric L1/L2
polypeptides formed are not identical to those produced by the wild type HPV-16 or HPV-18 L1
VLP except for #5-L1-HPV16/L2 "*'77¢ and #8-L1-HPV18/L2 "*'7°°, The particles formed are either

15  under VLP stage, amorphous structures or small and relatively homogenous non-VLP structures.
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<40 HPV-16/18 L1 VLP 2 ug/ ASO4 10.2 <40 <40 170 400 >655 360 <40 <40 10.3
<40 <40 449 492 161 388 <40 <40 6.1 <40 <40 <40 326 306 <40 <40 #2-L1-HPV1
8/ L2 Cl56Wwd20(0/m9MNaCl 6.2 <40 <40 <40 234 682 <40 <40 100wMP2wm0ps0L4 ASOA

Table 4 Summary of EM results : Chimeric L1/L2 polypeptides

Chimera Buffer* Observations
#1 PO4 20mM- NaCl 500mM-
SH6.0 Huge amorphous structures
#1 PO4 20mM- NaCl 500mM-
tween 0.05%- pH6.0 Huge amorphous structures
#2 PO4 20mM- NaCl 100mM-
ween 0.05 % - pH6.0 Amorphous aggregates
#2 PO4 20mM- NaCl 500mM- Small non-VLP structures
tween 0.05%- pH6.0
#3 PO4 20mM- NaCl 100mM- Amorphous aggregates
tween 0.05% - pH6.0
#3 PO4 20mM- NaCl 500mM- Small non-VLP structures
tween 0.05%- pH6.0
#4 PO4 20mM- NaCl 500mM- Small non-VLP structures
tween 0.05%- pH6.0
#5 PO4 20mM- NaCl 500mM- VLP
tween 0.05%- pH6.0
#7 PO4 20mM- NaCl 500mM- Small non-VLP structures
pH6.0
#8 PO4 20mM- NaCl 500mM- VLP
pH6.0
#9 PO4 20mM- NaCl 500mM- Small non-VLP structures
tween 0.05%- pH6.0
#10 PO4 20mM- NaCl 500mM- Huge amorphous structures
tween 0.05%- pH6.0

* Elution buffer

[0199] Antibody characterisation of chimeric L1/L2 antigens. Antigenic characterisation of the

L1 component of the purified L1/L2 chimeric constructs was carried out by a sandwich ELISA
5  using as coating cither H16.V5 (ncutralizing and conformation specific monoclonal, antibody; aa

266-297 and 339-365 critical for binding HPV-16 L1 VLPs), H18.J4 ( neutralizing and
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6.3 <40 <40 <40 337 657 <40 <40 9.1 <40 566 289 420 <40 1 279 <40 #5-L 1
-HPV16/ L2 DEL17-3610pg / ASO4 9.2 <40 245 271 534 <40 604 <40 9.3 <40 130
107 562 <0 #4652 3.1 <40 341 <40 >655 360 314 <40 #8PLTEP2HBNIBLL?2
DE17-3610pg / ASO4

conformation specific monoclonal antibody, (epitope location unknown) on HPV-18 L1 VLPs)
or H16.U4 (neutralizing and conformation specific monoclonal, antibody, unknown epitope on
HPV-16 L1 VLPs) purified from hybridomas provided by Dr. Neil Christensen (Chistensen et
al., 1996, 2001) . The assay was used to demonstrate the presence of HPV-16 or HPV-18
5  conformational specific epitopes on the various chimeric L1/L2 antigens compared to native

preparations of HPV-16 or HPV-18 VLPs. The L2 component of the purified L1/L2 chimeric
constructs was characterized using a direct ELISA by coating plates with the chimeric constructs
followed by detection with either rabbit polyclonal directed to L2 peptide amino acid 17-36
HPV33/HPV11 or 56-75 HPV 58/HPV 6. This assay showed that the L2 epitope is well exposed

10 at surface of the chimeric L1/L2 polypeptide except for #9-L1-HPV18/L2 7%,

Table 5 summarises the data.

Chimera # H16.V5 | H16.U4 | HI8.J4 pAbL2 | pAb L2 56-
17-36 75
#1-L1-HPV18/L2 PF7 ND ND ND ND ND
#2-L1-HPV18/L2 “°°” (in NaCl 100mM) | ND ND + - +
#2-L1-HPV18/L2 “°*” (in NaCl 500mM) | ND ND + - +
#3-L1-HPV18/L2 PF77%P07 (i NaCl ND ND + + +
100mM)
#3-L1-HPV18/L2 PF172 P07 (i NacCl ND ND - + +
500mM)
#4-L1-HPV16/L2 %7 + ND ND - +
#5-L1-HPV16/L2 PE173¢ + + ND + -
#7-L1-HPV16/L2 PF17-0-C06-5 +/- ND ND + +
#8-L1-HPV18/L2 PEI73¢ ND ND - + -
#9-L1-HPV18/L2 “17° ND ND + - -
#10-L1-HPV16/L2P%%" - ND ND - +
HPV 16 L1VLPs + + - ND ND
HPV 18 L1 VLPs - - + ND ND

ND: not determined.

Example 3: Method for testing immunogenicity and cross reactivity of chimeric L1/L2 antigens

in an animal model

15  [0200] BALB/c mice (typically, at least 15 mice per group) were immunized intramuscularly
(for example, in a multidose regimen of three times at day 0, 14 and 42) with 2 or 10 ng of the
aforesaid chimera L1/L2 polypeptide alone or administered with Cervarix, followed by two
boosts two and six weeks later. After a suitable period (e.g. on day 14) following the last

immunization, the specific L1 antibody responses induced by vaccination were monitored by

48



3.2 <40 943 <40 354 052 1 543 <40 4.1 <40 <40 555 880 214 660 <40 <40
HPV16/ 18 L1 VLP 2pg + 4.2 <40 <40 150 417 138 334 <40 <40 #2 L1/L2 (in NaCl
100nnM MWPQ010/1A8G4 4.3 PCT/EP2010/059024

peptide and/or protein-ELISA. The specific and cross reactive L2 antibody responses induced by
vaccination can be monitored by peptide and/or protein-ELISA. ELISA titers were calculated

from a reference by SoftMaxPro (using a four parameters equation) and expressed in EU/ml.

[0201] Alternatively, Two New Zealand White rabbits (NZW, 1.5-2 kg) were immunized by
5 intramuscular administration with 20 or 100 pg of the aforesaid chimera L1/L2 polypeptide
alone or administered with Cervarix (for example, in a multidose regimen of four times at day 0,

14, 28 & 42). The chimeras were formulated with with Specol (from Cedi Diagnostic), a water

in-oil emulsion used as an alternative to Freund's adjuvant for hyperimmunization of rabbits,

prepared according to the manufacturer’s protocols.

10 [0202] Anti-VLPs serology (Ig response). Quantification of anti-VLP16 or VLP18 antibody is
carried out by ELISA using HPV 16 VLPs or HPV 18 VLPs as a coating antigen,

Table 6 & 7 summarise the data in mice and rabbit, respectively.
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<40 <40 >655 360 73 465 <40 <40 7.1 <40 <40 186 990 15 578 <40 <40
HPV16/ 18 L1 VLP 2pg + 7.2 <40 70 253 409 85 175 208 369 DE17- 36
#5- Li - HRVD 2610234Gpg /| ASO4 7.3 PCT/EP2010/059024

Table 6: Binding of mouse antiserum induced by chimeric L1/L2 polypeptides to HPV-16, 18 L1

VLPs on day 14 following the last immunization (ELISA).

ELISA : Anti-L1 VLP response (EU/ml)

Formulation HPV-16 HPV-18
GMT LL UL GMT LL UL
CI95 CI95 CI95 Cl95
HPV16/18 L1 VLP 2ug / AS04 1661845 | 1142855 | 2416516 | 2068578 | 1207914 | 3542483
#2-L1-HPV18/L2 °7 (in NaCl | 434982 | 317060 | 596763 | 3165739 | 2296242 | 4364479
100mM) 10ug / AS04
#5-L1-HPV16/L2PF7% 10ug/ | 1243267 | 912131 | 1694616 | 60647 41878 87828
AS04
#8-L1-HPV18/L2 "7 10ug / 197839 | 133820 | 292486 | 1586703 | 1326262 | 1898286
AS04
HPV16/18 L1 VLP 2ug + 658494 | 505689 | 857472 | 1550403 | 1201194 | 2001135
#2-L1-HPV18/L2 “°*7 (in NaCl
100mM) 2ug / AS04
HPV16/18 L1 VLP 2ug + 1096750 | 982819 | 1223889 | 2003694 | 1583281 | 2535739
#2-1.1-HPV18/L2 ““¢7 (in NaCl
100mM)) 10ug / AS04
HPV16/18 L1 VLP 2ug + 1171974 | 805890 | 1704356 | 1036944 | 700439 | 1535113
#5-L1-HPV16/L2 "*73%2ug / AS04
HPV16/18 L1 VLP 2ug + 1901428 | 1327269 | 2723962 | 911637 | 653794 | 1271166
#5-L1-HPV16/L2 "*'>%10ug / AS04
HPV16/18 L1 VLP 2ug + 982738 | 779502 | 1238963 | 1504784 | 1210425 | 1870728
#3-L1-HPV18/L2 "% 2ug / ASO4
HPV16/18 L1 VLP 2ug + 813835 | 631288 | 1049168 | 1261779 | 1061768 | 1499467
#8-L1-HPV18/L2 "7 10ug /
AS04

LL = Lower limit; UL = Upper limit, CI95 = Confidence Interval

100% of the mice sera reacted with HPV16 and HPV18 L1 VLP showing that insertion of L2

5  epitope did not affect the HPV-L1 response.
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<40 81 >655360 98 651 231 <40 WD 2010/ 149752PCT/ EP2010/ 059024 For nul ati on
groups Mce pool N (n=5/pool) HPV 6* HPV 11* HPV 16 HPV 18 HPV 33* HPV 58*
/.1 <40 386 20im4526 254 121 348 214 HPV16/18 L1 VLP 2pgPE€T/EP2010/059024 2 <40 1
134 >655 360 192 239

Table 7: Binding of rabbit antiserum induced by chimeric L1/L2 polypeptides to HPV-16, 18 L1
VLPs on day 14 following the last immunization (ELISA)

ELISA : Anti-L1 VLP response
Formulation Rabbit id# (EU/mi)
HPV-16 HPV-18
TA368 57 037 21995
HPV16/18 L1 VLP 2ug / AS04
TA369 108 886 104 117
TA380 108 286 984 466
#2-L1-HPV18/L2 ““*” (in NaCl 100mM)100pg
/ Specol
TA381 47 879 785 301
TA382 165 675 6 540
#5-L1-HPV16/L2 "*'73¢ 80ug / Specol
TA383 327 429 6771
TA370 5 049 62 505
#8-L1-HPV18/L2 "#72¢ 100ug / AS04
TA371 2 851 55 907
TA376 16 039 688 188
#8-L1-HPV18/L2 "*'73¢ 100ug / Specol
TA377 8673 575 679
TA372 80 313 70 839
HPV16/18 L1 VLP 20ug +
#8-L1-HPV18/L2 °*'7¢ 20ug / AS04
TA373 64 274 118 238
TA374 1136 885 850 922
HPV16/18 L1 VLP 20ug +
#8-L1-HPV18/L2"*73¢ 20ug / Specol
TA375 396 871 474 109
TA378 385 169 622 211
HPV16/18 L1 VLP 20ug +
#8-L1-HPV18/L2 "*'73¢ 100ug / Specol
TA379 579 951 1037 924
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1 026 <40 DEL17-36 #8-Li-HPV18/L210pg / ASOU4 1.3 <40 607 >655360 110
914 399 <40 * HPV33/11l and HPV58/6 PsV represents type specific for L2 pep
‘des respEot2n10el4y7527- 36 HPV33/ HPV11 and L2 peptide 56 7PBCHRVE@HI0C4
Chimeric Li /L2 pol ypeptide antigens #5-L1-HPV161L2 DE17-36 and

#8- L1- HPV18/ L2 DE17-36 i nmuni zed al one induced detectable specific
neutralizing antibodies (titers ranging from262- 5 696) when tested in

m ce (Table 10) except #2-L1-HPV18/L2 B6-75 When conbi ned with HPV16/ 18 Li
VLPs Ch;@%@i@od% lok theRASHIRERL &G ARith BBNT 6 HRra hiw'ﬂ%"ﬂ@!/ﬁﬂs}B%X Gt A0ghidiB- L1-
HPV18/ L2 DELl7-36 1 nduced still detectable neutralizing anti bod| es but to a
| ower exf bAepi(dpetdd sotafingibRy 11 oeapéise633) . 10 WO

2010/ 149752PCT/ EP2010/ 059024 Table 1 I'b Neutralization of HPV-6,

11, 16, 180233] 38rigdsge oy e mermntllfmatmrbftaytldﬁlamabocb'\&as/ L2

| t i t.d 4 f t hird F | ati
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18 5  acid 17-36 HPV33/HPV 11 or L2 peptides amino acid 56-75 HPV58/HPV6) or heterologous

HPV types to assess specific and cross-reactive responses. For the cross L2 antibody response,
the following synthetic L2 peptides were used: amino acid 17-36 from HPV-5, 6, 16, 31, 35, 52
and 56 or amino acid 56-75 from HPV-58, 45, 33, 52, 5, 11, 56 and 35.

HPV-L2-peptide ELISA measurement
10 [0205] HPV-L2-peptide ELISA measurement

L2 peptides (produced by Eurogentec) were diluted at a final concentration of 2 ug/ml in PBS
and were adsorbed overnight at 4°C onto the wells of 96-wells microtiter plates (Maxisorp
Immuno-plate, Nunc, Denmark). The plates were then incubated for | hr at 37°C with PBS +
0.1% Tween20 + 1% BSA (saturation buffer). Sera diluted in saturation buffer were added to the

15  HPV L2 peptide-coated plates and incubated for 1 hr 30 at 37°C. The plates were washed four
times with PBS 0.1% Tween20 and biotin-conjugated anti- Ig diluted in saturation buffer was
added to each well and incubated for 1 hr for anti-mouse reagent (Dako, UK) or 1 hr 30 for anti-
rabbit reagent (Amersham, UK) at 37°C. After a washing step, streptavidin-horseradish
peroxydase (Dako, UK), diluted in saturation buffer was added for an additional 30 min at 37°C.

20  Plates were washed as indicated above and incubated for 20 min at room temperature with a
solution of 0.04% o-phenylenediamine (Sigma) 0.03% H,0; in 0.1% Tween20, 0.05M citrate
buffer pH 4.5. The reaction was stopped with 2N H2S04 and read at 492/620 nm. ELISA titers
were calculated from a reference by SoftMaxPro (using a four parameters equation) and

expressed in EU/ml.
25 HPV-L1 ELISA measurement

HPV-16/18 L1 VLPs were diluted at a final concentration of 1 pg/ml in PBS and were adsorbed
overnight at 4°C onto the wells of 96-wells microtiter plates (Maxisorp Immuno-plate, Nunc,
Denmark). The plates were then incubated for 1 hr at 37°C with PBS + 0.1% Tween20 + 1%
BSA (saturation buffer). Sera diluted in saturation buffer were added to the HPV L1 peptide-

30  coated plates and incubated for 1 hr 30 at 37°C. The plates were washed four times with PBS
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GMI' HPV -33* GMI' HPV -58* GMI HPV16/ 18 L1 VLP 2pg / ASO4 <40 <40 35501 2
41078 1 <40 <40 #2-L1-HPV18/L2 D166-76 (in NaC 100mM) 10pg / ASO4 <40 <40
<40 29570W6 2610014970 #5- L1- HPV16/ L2 DE17-36 10pg / ASO4 R¢U/EPGRA0ASDZIO 6 <40
689 46 #8-L1-HPV18/L2 DE17-36 10pg / ASO4 <40 567 <40 48169 7 696 <40

10

0.1% Tween20 and biotin-conjugated anti-mouse Ig (Dako, UK) or anti-rabbit Ig (Amersham
UK) diluted in saturation buffer was added to each well and incubated for 1 hr 30 at 37°C. After
a washing step, streptavidin-horseradish peroxydase (Dako, UK), diluted in saturation buffer was
added for an additional 30 min at 37°C. Plates were washed as indicated above and incubated for
20 min at room temperature with a solution of 0.04% o-phenylenediamine (Sigma) 0.03% H,0;
in 0.1% Tween20, 0.05M citrate buffer pH 4.5. The reaction was stopped with 2N H2S0O4 and
read at 492/620 nm. ELISA titers were calculated from a reference by SoftMaxPro (using a four

parameters equation) and expressed in EU/ml.
Table 8 summarises the immunogenicity data in mice.

[0206] All chimeric L1/L2 polypeptide antigens induced significant dose dependent L2 antibody
responses (titers ranging from 1687-18873) in mice. The results demonstrated improved

immunogenicity between post-third and post-fourth immunization (data not shown)
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HPV16/ 18 L1 VLP 2pg + #2-L1-HPV18/L2 D166-76 (in NaCl

100mM) 10pg / ASO4

<40 <40 37982 7 12969 4 <40 <40 HPV16/18 L1 VLP 2pg + #5-L1-HPV16/L2
DE17- 36 MWPQ010/A$BG4 <40 61 31432 1 50774 124 84 HPV16/ 1@CI/EPY1B/02qg4 +

#8- L1- HPV18/ L2 DE17-3610pg / ASO4 <40 633 42163 8 17564 0 522 70
HPV33/ 11 and HPV58/ 6 PsV represents type specific for

*

L2 peptides

respectively 17-36 HPV33/HPV11l and L2 peptide 56-75 HPV58/ HPV6 5[ 0210]
Table 12 & 13 summarize the neutralization data in rabbit at day 14 post

and meRts. kY4
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i nduce ABUIYE I'zi'ng "anti bodi es 10despite the observation that this chineric
I nduced ELISA titers. The ilnsertion @LidA2 Apep? behtiSe teponbee(ECHhheri c L1/ LP
pol ypepti des dighua®dn i Nt er fler e2-péptide 177065 HMABSEC T 1] ONLBephid0Bs-715 deptide HPV 58
neutralli zi ng anti bodi es di feched agagst JiRMedqd emTHPV-ILELI83 ( labl €195 1
&12). CnrmETTC L7 L2 POt ypgprides #8 tornutated 1 Specol T nauced
appr oxi| maRiyHEV kS1L2e8 hiigher qeut r afirzi ng irt ers,:85; conpared to Alsng MP
f or mul qt i ! (0PaM) Ore3RSP4mini zati on with the Li[/ L2 chi nera al one 15i ndu
si gni f ircamtty ghB]!dlgcflélt ratifzr g —ant T bodres to HPYI6or—HPY=18—whith
refl ect s5{helribIlBOAY” tegpPgnse t o i er t gi nHPV-16,9r HPV-1§Li V|
Mor eover, good A®Mtrali ztign \?\O 2%%% 149‘}%@307 E\IB2010/ 0%3024
DE17-36
#8-L1-HPVIS8/L.2 1009/ | 18873 11808 29937 NT NT NT
AS04
HPV16/18 L1 VLP 2ug +
#2-L1-HPVI18/L2 °*7 (in NT NT NT 3199 1401 7308
NaCl 100mM) 2ug / AS04
HPV16/18 L1 VLP 2ug +
#2-L1-HPV18/L2 °*7 (in NT NT NT 12653 6037 26520
NaCl 100mM)10ug / AS04
HPV16/18 L1 VLP 2ug +
#5-L1-HPV16/L2 ¥ 7% 2ug/ | 1687 866 3285 NT NT NT
AS04
HPV16/18 L1 VLP 2ug +
#5-L1-HPV16/L2 " 3% 10ug / | 2405 1565 3695 NT NT NT
AS04
HPV16/18 L1 VLP 2ug +
#8-L1-HPV18/L2”" 7 2ug/ | 3965 1631 9639 NT NT NT
AS04
HPV16/18 L1 VLP 2ug +
#8-L1-HPV18/L2* 7 10ug / | 11971 7242 19786 NT NT NT
AS04
LL = Lower limit; UL = Upper limit, CI95 = Confidence Interval
5 Table 9 & 10 summarise the ELISA data in rabbit for peptide sequence 17-36 and 56-75
respectively.
[0207] All chimeric L1/L2 polypeptide antigens induced significant dose dependent specific and
cross-reactive L2 antibody responses in rabbits. The L2 response was specific as the antisera
from rabbits immunized with chimera L1/L2 polypeptide containing amino acid 17-36 of L2 did
10 not cross-react with synthetic L2 peptides amino acid 56-75 of L2 and vice versa (data not

shown).

[0208] A good cross-reactivity was observed with most synthetic L2 peptides from the 17-36

amino acids of L2 sequences (Table 9). The reactivity may be dependant on an amino acid in
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of high-risk HPV-33,58 was observed for chineric Li/L2 polypeptide #5 and
to a | esser extend of chinmeric Li/L2 polypeptide #8. In addition

neut r al i 2s0i20m0/@p75kowri sk HPV-6 and 11 was detected forCharPhowabdes sera
(Tabl e 13). Tabl e 12: Neutralization of HPV-6, 11,16, 18, 33, 58

pseudovi rions by antiseruminduced by 5 chineric LI /L2 pol ypeptides in
rabbits at _day 14 following the third i muni zation. Fornul ati on HPV16/18 L1
VLP 2pg / A504 Rabbit id# TA368 TA369 Pseudoneutra titers (ED50) HPV 6*

HPV 11* 5Eort §0: Yo 48 ¢ M:e%?ba/ a'de\f‘eé& aminS4Qd A TAPas¢0; B iDAPs dzq A0 15 357
180 798 50 <40 (<10) <4 <40 (<10) L1/L2#2 (1 n TA380 <40 <40 <40 221

849 <40 a(lml@mdsmt}( IQWOD)Y no cross react1v1ty (L2-amino acid 17- 36 HPV-31 and -56). Similarly a
relatively good cross-reactivity was observed with all synthetic L2 peptides the 56-75 amino acid
sequence of L2 (Table 10). The reactivity may be dependant on an amino acid in position 70: a
5  Thr(T) replaced by a different amino acids such as Ala (A) were not cross reactive (L2-amino

acid 56-75 HPV-11, -52 and -56).

55



NaCl 100m\M) 100pg / TA381 <40 <40 <40 216 003 <40 (<10) <40 (<10) Specol
#5- U TA382 3 414 428 111 733 49 1 879 118 HPV16/ L2 DE17- 3680pg 1
TA383 2 386 2610844752163 840 69 1 167 231 PCT/EP2010/059024

Table 9: Binding of rabbit antiserum induced by chimeric L1/L2 polypeptides to L2 peptidel7-36
on day 14 following the last immunization (ELISA)

Formulation | Rabbit ELISA : Anti-peptide L2 peptide 17-36 response (EU/ml)

id# HPV-5 HPV-6 | HPV-11* | HPV-16 | HPV-31 [ HPV-35 HPV-52 | HPV-56

#5-L1- | TA382 | 64367 | 73243 | 90769 53 601 5410 39251 | 139671 | 1362
HPV16/L2

DEL7-36
80pg | TA383 [ 77393 160 437 154 321 70 389 2019 49784 | >216 561 900

Specol

#3-L1- | ta370 | 5627 8792 12 594 8971 1593 6 063 18 825 1
HPV18/L2

DEL7-
36100“9 TA371 3065 7 100 11 295 3135 314 2 882 17 153 84

AS04

#3-L1- | TA376 | 33379 | 74976 | 109514 | 38514 3366 29864 | 151811 | 3354
HPV18/L2

DEL7-36
100pg TA377 | >171 000 | >208 165 | >213 208 | >190 137 4 840 >124 546 | >216561 | 2726

Specol

HPV16/18 | TA372 | 1533 1370 1633 1517 490 1192 2639 264
L1 VLP

20pg +
#8-L1-

HPVIS/L2 | TA373 | 16603 | 18684 | 22998 16 788 347 14309 | 29593 253

20ug
AS04

HE1\/\1/6L/F1)8 TA374 | 1277 4484 10 479 2832 2362 1 689 12252 412

20pg +
#8-L1-

H%\Eﬁ%_%éLZ TA375 10217 15197 18916 11226 651 5863 29 216 841

20ug
Specol

HE1\/\1/6L/F1)8 TA378 | 25542 | 31141 | 35927 19 519 2329 10 434 36 378 503

20pg +
#8-L1-

Hlj)\ggém TA379 | 39846 | 44095 | 73486 30 542 1790 22358 | 101784 494

100ug
Specol

* 17-36 HPV11/HPV33 represents homologous L2 peptide= type specific
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Specol #8-L1- TA370 <40 <40 <40 47 215 <40 (17) <40 (18) HPV18/L2
DE17-36 | oopg TA371 <40 <40 <40 14 778 51 <40 (<10) / ASO4 #8- L1-
WO 2010/149752 PCT/EP2010/059024

Table 10: Binding of rabbit antiserum induced by chimeric L1/L2 polypeptides to L2 peptide 56-
75 on day 14 following the last immunization (ELISA)

Formulation Rabbit Anti-peptide L2 56-75 response (EU/ml)
id#  "HPV- [ HPV- | HPV- | HPV- | HPV- | HPV- | HPV- | HPV-
58 45 33 52 5 11 56 35
#2 L1/L2 (in TA380 | 7235 4 647 7679 34 2 881 48 38 2 091
NaCl 100mM) TA381 | 1065 1 201 484 721 550 722 798 934
1001g Specol

*56-75 HPV58/HPV6 represents homologous L2 peptide= type specific

[0209]

5  Neutralization_experiment. Two weeks after the third and/or fourth immunization, sera were

diluted with neutralization assay buffer (8 four-fold serial dilutions — initial dilution started at
1/10 for rabbit sera and 1/40 for mice) and mixed with infectious pseudovirus (PsV) from HPV
types which are the same as and different to the one(s) used during immunization. The mixture
was reacted for an hour at 4°C and added to the 293 TT cells (30 000 cells per well) which have
10 been plated at least 2 hours before but not more than 4.5 hours. After culturing for 72 hours with
5% CO,. The supernatant is recovered and secreted alkaline phosphatase (ScAP) activity
measured (Neutralization assay essentially as described in Pastrana et al 2004 modified in that
the relative light units were optimised to be in the linear range (e.g. between 75-100 RLU).
Neutralizing titers are expressed as the reciprocal of the serum dilution leading to 50% reduction
15  of the SeAP activity signal generated by PsV infection in the absence of serum. Neutralizing

titers below 40 are considered below the Cut-off.

Table 11 summarises the data in mice.
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TA376 <40 141 101 114 542 306 124 HPV18/L2 DE17-36100pg / TA377 <40
<40 61 125 200 58 51 Specol HPV16/ 18 L1 TA372 282 102 28 157 76 596
<40(12) 9ovhiy/A0pg + PCT/EP2010/059024

Table 11 Neutralization of HPV-6, 11,16,18,33,58 pseudovirions by antiserum induced by
chimeric L1/L2 polypeptides in mice at day 14 following the third immunization

Formulation groups Mice pool HPV 6* | HPV 11* | HPV 16 HPV 18 HPV 33* HPV
N° 58*
(n=5/pool)
10.1 <40 <40 584 166 | >655 360 <40 <40
HPV-16/18 L1 VLP 2 ug/ AS04 10.2 <40 <40 170400 | >655360 <40 <40
10.3 <40 <40 449492 | 161388 <40 <40
6.1 <40 <40 <40 326 306 <40 <40
Ct56-75 /.
#2-L1-HPVI8/L2 (in NaCl 6.2 <40 <40 <40 234 682 <40 <40
100mM) 10ug / AS04
6.3 <40 <40 <40 337 657 <40 <40
9.1 <40 566 289 420 <40 1279 <40
#5-L1-HPV16/L2 **'">%10ug / AS04 9.2 <40 245 | 271534 | <40 604 <40
9.3 <40 130 107 562 <40 424 61

3.1 <40 341 <40 >655 360 314 <40

#8-L1-HPV18/L2 "*'73¢ 10ug / AS0O4
3.2 <40 943 <40 354 052 1543 <40
4.1 <40 <40 555880 | 214 660 <40 <40

HPV16/18 L1 VLP 2ug +
. 4.2 <40 <40 150417 | 138334 <40 <40
#2 L1/L2 (in NaCl 100mM) 10ug / AS04
4.3 <40 <40 >655360 | 73465 <40 <40
7.1 <40 <40 186990 | 15578 <40 <40
HPV16/18 L1 VLP 2ug +

x 7.2 <40 70 253409 | 85175 208 369

#5-L1-HPV16/L2 "*'73¢ 10ug / AS04
7.3 <40 81 >655360 | 98651 231 <40
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#8- LI - HPV18/ L2 TA373 59 <40 >163 840 129 531 140 <40(23)

DE17-3620pg / ASO4 HPV16/ 18 L1 TA374 2 319
WO 2010/149752 PCT/EP2010/059024
Formulation groups Mice pool HPV 6* | HPV 11* | HPV 16 HPV 18 HPV 33* HPV
N° 58*
(n=5/pool)
1.1 <40 368 174 526 254 121 348 214

HPV16/18 L1 VLP 2ug +

48.L1-HPV18/L2 P17 10ug / ASO4 1.2 <40 1134 | >655360 | 192239 | 1026 <40

1.3 <40 607 >655360 | 110914 399 <40

*HPV33/11 and HPV58/6 PsV represents type specific for L2 peptides respectively 17-36 HPV33/HPV11 and L2 peptide 56-75

HPV58/HPV6

Chimeric L1/L2 polypeptide antigens #5-L1-HPV16/L2 "% and #8-L1-HPV18/L2 PF'7%

immunized alone induced detectable specific neutralizing antibodies (titers ranging from 262-
5 696) when tested in mice (Table 10) except #2-L1-HPV18/L2 “®°’°. When combined with

HPV16/18 L1 VLPs chimeric L1/L2 polypeptide antigens #5-L1-HPV16/L2 °'"*® and #8-L1-

HPV18/L2 P53 induced still detectable neutralizing antibodies but to a lower extent (titers ranging

from 61-633).

10
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198 >163 840 235 557 336 141 VLP 20pg + #8- LI - HPV18/ L2 TA375
<40 <40 >163 840 91 991 44 <40 (<10) DE17-3620pg / Specol
WO 2010/149752 PCT/EP2010/059024

Table 11b Neutralization of HPV-6, 11,16,18,33,58 pseudovirions by antiserum induced by
chimeric L1/L2 polypeptides in mice at day 14 following the third immunization

Pseudoneutra titers (ED50)
. HPV-6* | HPV | HPV- | HPV- | APV | HPV
Formulation groups 11* 16 18 _33* _58*
GMT |eMT| GMT | oMT | GMT | GMmT
HPV16/18 L1 VLP 2ug / AS04 <40 | <40 35201 41(1)78 <40 | <40
#2-L1-HPV18/L2 ©575 (in NaCl 100mM) 29570
Toug | ASOA <40 | <40 | <40 30 | <40 | <40
DE17-36 20370
#5-L1-HPV16/L2 10ug / AS04 <40 | 262 | 2% <40 | 689 | 46
DE17-36 48169
#8-L1-HPV18/L2 PE'73510ug / AS04 <40 | 567 | <40 791 696 | <40
HPV16/18 L1 VLP 2ug + #2-L1-HPV18/L2 37982 | 12969
G575 (in NaCl 100mM) 10yg / ASO4 <40 | <40 | 74 4 | <40 | =40
HPV16/18 L1 VLP 2ug + #5-L1-HPV16/L2 31432
DE17-36 10ug / ASO4 <40 61 1 50774 | 124 84
HPV16/18 L1 VLP 2ug + 42163 | 17564
#8-L1-HPV18/L2 5% 10ug / AS04 <40 | 633 | g o | 92|70

*HPV33/11 and HPV58/6 PsV represents type specific for L2 peptides respectively 17-36 HPV33/HPV11 and L2 peptide 56-75
HPV58/HPVE
5 [0210] Table 12 & 13 summarize the neutralization data in rabbit at day 14 post III and post IV

respectively.

Most chimeric L1/L2 polypeptide antigens tested induced detectable specific and cross-
necutralizing antibodies in rabbits (Table 12 & 13) except L1/L2 chimera#2 (in NaCl 100mM). The
presentation of the L2 peptide 56-75 HPV58/HPV11 may not be optimal to induce neutralizing antibodies

10 despite the observation that this chimeric induced ELISA titers . The insertion of L2 peptides in the
chimeric L1/L2 polypeptides did not interfere with the induction of high-titer neutralizing
antibodies directed against HPV-16 or HPV-18 L1 (Table 11 &12). Chimeric L1/L2
polypeptides #8 formulated in Specol induced approximately 2 times higher neutralizing titers as
compared to Alum-MPL formulation (Table 13). Immunization with the L1/L2 chimera alone

15  induced significantly high neutralizing antibodies to HPV16 or HPV-18 which reflects the
antibody response to carrier protein HPV-16 or HPV-18 L1 VLP. Morcover, good neutraliztion
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HPV16/ 18 L1 TA378 <40 135 >163 840 197 836 292 <40(22) VLP 20pg
HPV18/ L2 TA379 242 <40 >163 840 >163 840 416 188 DEL7- 36

#8- LI -

100pg / Specoio/149752

+

PCT/EP2010/059024

of high-risk HPV-33,58 was observed for chimeric L1/L2 polypeptide #5 and to a lesser extend

of chimeric L1/L2 polypeptide #8. In addition neutralization of low-risk HPV-6 and 11 was
detected for both rabbit sera (Table 13).

Table 12: Neutralization of HPV-6, 11,16,18,33,58 pseudovirions by antiserum induced by

5 chimeric L1/L2 polypeptides in rabbits at_day 14 following the third immunization.

Formulation | Rabbit Pseudoneutra titers (ED50)
id# HPV 6* | HPV 11* | HPV 16 HPV 18 | HPV 33* | HPV 58~
HPV16/18>1 TA368 | <40 <40 8 995 15 357 50 <40 (<10)
VLP 2
neoq | TA369 | <40 | <40 | 76400 | 180798 | <40 (<10) | <40 (<10)
L1/L2#2 (in | TA380 <40 <40 <40 221 849 | <40 (<10) | <40 (<10)
NaCl 100mM)
100ug / TA381 <40 <40 <40 216 003 | <40 (<10) | <40 (<10)
Specol
#5-L1- TA382 | 3414 428 111 733 49 1879 118
HPV16/L2
P 80ug/ | TA383 | 2336 | 6841 |[>163 840 69 1167 231
Specol
#8-L1- | TA370 | <40 <40 <40 47 215 | <40 (17) | <40 (18)
HPV18/L2
PEI7T36 100ug | TA371 <40 <40 <40 14 778 51 <40 (<10)
/ AS04
#8-L1- TA376 <40 141 101 114 542 306 124
HPV18/L2
PEq00pg 7 | TA377 | <40 <40 61 125 200 58 51
Specol
HPV16/18 L1 | TA372 | 282 102 28 157 | 76596 | <40 (12) 91
VLP 20ug +
#8-L1-
DI;§§218/L2 TA373 59 <40 >163 840 | 129 531 140 <40 (23)
7 20ug /
AS04
HPV16/18 L1 | TA374 | 2319 198 >163 840 | 235 557 336 141
VLP 20ug +
#8-L1-
DI;§§218/L2 TA375 | <40 <40 >163 840 | 91 991 44 <40 (<10)
7 20ug /
Specol
HPV16/18L1 | TA378 | <40 135 >163 840 | 197 836 292 <40 (22)
VLP 20ug +
#8-L1-
DEIglzyl&LZ TA379 | 242 <40 >163 840 | >163 840 416 188
i 100ug
/ Specol

*HPV33/11 and HPV58/6 PsV represents type specific for L2 peptides respectively 17-36 HPV33/HPV11 and L2 peptide 56-75

HPV58/HPV6
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* HPV33/ 11 and HPV58/ 6 PsV represents type specific for L2 peptides
respectively 17-36 HPV33/HPV11l and L2 peptide 56-75 HPV58/ HPV6 WO

2010/ 149A50RCIVEHPER10/ 059024 Tabl e 13: Neutralizati on ofPCHREW¥2@0/039283, 58
pseudovirions by antiseruminduced by chineric L1/L2 polyp eptides in
rabbits at day 14 follow ng the fourth i mmunization Fornul ation Rabbi t id
Pseudoneutra titers (ED50) HPV 6* HPV 11* HPV 33* HPV 58* HPV16/18 L1 VLP
2pg / A504 TA368 <40 <40 47 <40 TA369 <40 <40 <40 <40 #2-Li-HPV18/L2

Qt 56- 75 1hbR (NaGd, R0, OFW(SFﬁ%%S%%Vﬁ%QS 979 ORSselumBRa L by chimeric

L1/L2 polypeptides in rabbits at day 14 following the fourth immunization

Formulation Rabbi Pseudoneutra titers (ED50)
u tid HPV 6* | HPV 11* | HPV 33* | HPV 58*
HPV16/18 L1 VLP 2ug / ASO4 TA368 <40 <40 47 <40
TA369 <40 <40 <40 <40
#2-L1-HPV18/L2 “°*" (in NaCl 100mM) | TA380 <40 <40 <40 <40
100ug / Specol
TA381 <40 <40 <40 <40

#5-L1-HPV16/L2°" "~ 80ug / Specol | TA382 | 5303 1 608 2287 4784
TA383 | 2814 8617 4 640 2 448

#8-L1-HPV18/L2 " "~°100ug / AS04 | TA370 <40 64 99 768
TA371 43 359 667 1019
#8-L1-HPV18/L2 °*""~° 100ug / Specol | TA376 <40 345 641 3436
TA377 <40 439 605 2 688
HPV16/18 L1 VLP 20ug + TA372 288 89 <40 74
#8-L1-HPV18/L2 "*'7°° 20ug 1 ASO4
TA373 <40 <40 <40 <40
HPV16/18 L1 VLP 20ug + TA374 | 2623 1113 2 455 2400
#8-L1-HPV18/L2 """ 20ug / Specol
TA375 282 76 113 180
HPV16/18 L1 VLP 20yg + TA378 [ 119 412 1141 1331
#8-L1-HPV18/L2 """ 100ug / Specol
TA379 186 475 1163 2201

*HPV33/11 and HPV58/6 PsV represents type specific for L2 peptides respectively 17-36 HPV33/HPV11 and L2 peptide 56-75
HPV58/HPVE

5  Inanother experiment Chimera #2 purified as a small non-VLP and Chimera 3 were formulated
into AS04 adjuvant (alum 3D-MPL) and administered separately to Rabbit and tested in Elisa for
antipeptide 17-36, and antipeptide 56-75 and anti HPV L1 response. After the second

immunisation the following data was obtained.
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TA381 <40 <40 <40 <40 #5-u-HP\ 716/ L2' 17-3680pg / Specol TA382 5 303 1 608 2
287 4 784 TA383 2 814 8 617 4 640 2 448 #8-Li-HPV1 8/L2 DE17-36100pg /
ASO4 TA3WWO0240/B47599 768 TA371 43 359 667 1 019 #8- Li - HPYEPSI1RA59024

DE17- 36100pg / Specol TA376 <40 345 641 3 436 TA377 <40

Table 14: Immunogenicity in Rabbit of L1/L2 Chimera — anti L2 ' (second immunisation)

Anti-Peptide L2 '7° Ab Titers
HPV-6 | HPV-11 | HPV-16 | HPV-35 | HPV-52 | HPV-59
#3-L1-HPV18 PE739C36T 90 ug/AS04 1033 2137 1245 718 2328 114
#3-L1-HPV18 PE739C367 100 ug/AS04 | 608 1323 484 769 883 87
#3-L1-HPV18 PE 17393675 90 g / 851 2035 830 923 2088 69
Prime AS04 — boost Alum
#8-L1-HPV18 **'7°° 100 ug/AS04 NT 2076 NT NT NT NT

Table 15: Immunogenicity in Rabbit of L1/L2 Chimera - — anti L2 **7° (second immunisation)

Anti-Peptide L2 **7 Ab Titers

HPV-5 HPV-11 | HPV-33 | HPV-45 | HPV-58
#2-L1-HPV18 “°*7 20 ug/AS04 248 144 532 553 853
#2-L1-HPV18 % 100 ug/AS04 15 465 170 138 135
#3-L1-HPV18 PE 73937 90 1g/AS04 21 22 55 77 73
#3-L1-HPV18 PE739C567 100 ug/AS04 79 1296 809 645 141
#3-L1-HPV1§ PE739C567 20 g / 54 460 232 93 2061
AS04/Prime AS04 — boost Alum

Table 16: Immunogenicity in Rabbit of L1/L.2 Chimera —anti HPV 18 L1 (second immunisation)

Anti-HPV-18 L1 Ab Titers
#2-L1-HPV18 “°7” 20 ug/AS04 86573
#2-L1-HPV18 “°*” 100 ug/AS04 88567
#3-L1-HPV18 PE 73937 90 1g/AS04 58734
#3-L1-HPV18 PE 730367 100 ug/AS04 67833
#3-L1-HPV18 PE 1730567 20 g / 40754

Prime AS04 — boost Alum
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439 605 2 688 HPV16/18 L1 VLP 20pg + TA372 288 89 <40 74 #8 -L 1 -HPV18/L2
DE17-3620pg / ASO4 TA373 <40 <40 <40 <40 HPV16/ 18 L1 VLP 20pg + TA374
2 623 1 MB 281045752 400 #8-Li-HPV1 8/ L2 DEL17-3620pg / SpetmP2010/059024rA375
282 76 113 180 HPV16/18 L1 VLP 20pg + TA378
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25 HPVchi WB%@E@%%éwE@%ﬁ%%P %Z %GKVSAYQY 121 PFYNKLDDTE 30 181

CAPAS GEHWA 241 PLDI CQSI CK 301 GVRASPGSCV 361 NLTI CASTQS 421 EDWNFGVPPP
35481 PYBKEKEW\MseE@G D) nd/YLPPPSVAR RVFRVQLPDP SSHAATSGAE. KGTACKSRPL
YPDYLQVBAD YSPSPSGSIRYs RVPEQ¥DATIRPTTSLYDTYRT M@y 873s s WL PPREVARRYEFRVEGL PDP
SSHAATSNVS KNTAA EWWE@LWRFPPYW N BT NGH38 )

VYLPPPSVAR RVERV LPEW
PVPGOYDATK PT P
SQGDCPPLEL P 3

Q@Tyﬂ@?(

NKFGLPDNSI EDyaDWﬁ\é@s%@T@/@@wﬁ
SGTGGRTGYV VWNIDBEYWERY N6 PRNSH Y ROFQIAT GTOPx 1SQERCRBL Bt px PYGDSMERELFSLOL
TSDS6LFNKP FKOVSRENMEERFVCQBYAI TCQ DQYPLGRKFL

HPVchim09 (SEQ ID NO: 44)
1 MALWRPSDNT VYLPPPSVAR VVNTDDYVTR TSIFYHAGSS RLLTVGNPYF RVPAGGGNKQ
50 61 DIPKVSAYQY RVFRVQLPDP NKEFGLPDNSI YNPETQRLVW ACVGVEIGRG QPLGVGLSGH
121 PFYNKLDDTE SSHAATSNVS EDVRDNVSVD YKQTQLCILG CAPAIGEHWA KGTACKSRPL
181 SQOGDCPPLEL KNTVLEDGDM VDTGYGAMDF STLQODTKCEV PLDICQSICK YPDYLQMSAD
241 PYGDSMFFCL RREQLFARHF WNRAGTMGDT VPPSLYIKGT GMRASPGSCV YSPSPSGSIV
301 TSDSQLENKP YWLHKAQGHN NGVCWHNQLFE VTVVDTTRST NLTICASTQS PVPGQYDATK
55 361 FKQYSRHVEE YDLQFIFQLC TITLTADVMS YIHSMNSSIL EDWNEFGVPPP PTTSLVDTYR
421 FVQSVAITCQ KDQLYQTCKA TGTCPPDVIP KVAAPAENKD PYDKLKEFWNV DLKEKFSLDL
481 DQYPLGRKFL VQ
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TSI FYHAGSS YNPETQRLVW RTGYVPLNVS KNTVLEDGDM RREQLFARHF YW HKAQGHN
YDLQFI FQLC KDAAPAENKD TSI FYHAGSS YNPETQRLVW YKQTQLCI LG STLQDTKCEV
VPPSLYI KGVONZOMMTTBRST Y1 HSMNSSI L PLAAPAENKD TSI FYHAGSS PRPEPOIRLNY024
PDVI PKVNVS KNTVLEDGDM RREQLFARHF YW.HKAQGHN YDLQFI FQLC KDGE.A GIG VQ
RLLTVGNPYF ACVGVEI GRG EDVRDNVSVD VDTGYGAMDF WNRAGTMGEDT NGVCVWHNQLF
TI TLTADVMS PYDKLKFWAV RLLTVGNPYF ACVGVEI GRG CAPAI GEHWA PLDI CQSI CK
GVRASPGSCV NLTI CASTQS EDVWNFGVPPP PYDKLKFWAV RLLTVGNPYF ACVGVEI GRG
EDVRDNVSVD VDTGYGAMDF VWARAGTMGDT NGVCWHNQLF TI TLTADVMS SGTGGRTGYV

RVPAGGG%JW%@/?@%{ M STLQDTKCEV VPPSLY! KGT VTWWDTTRST
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CK
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e e ey
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NVBLCAAI ST DWNFGLQPPP LKKYTFWEVN Pl KKPNNNKI QPLGVG SGH KGSPCTNVAV

YPDYI KWSE YFPTPSGSM/ SET TYKNTNF GGTLEDTYRF LKEKFSADLD WO

2010/ 149752PCT/ EP2010/ 059024 HPVchi mD5 (SEQ ID NO 1 MBLW.PSEAT 61
LVPKVSGLQY 121 PLLNKLDDTE 5 181 CKPPI GEHWG 241 PLDI CTSI CK 301 GSTANLASSN
361 NVSLCAAI ST 421 DWNFGLQPPP 10481 QFPLGRKFLL HPVchi m06 (SEQ ID NO. 1
MBLW.PSEAT 61 LVPKVSGLQY 15 121 PLLNKLDDTE 181 NPGDCPPLEL 241 PYGDSLFFYL
301 GSTANLASSN 361 NVSLCAAI ST 20421 DWNFGLQPPP 481 QFPLGRKFLL
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HPVchi n07 (SEQ ID NO 25 1 MSLW.PSEAT 61 LVPKVSGLQY 121 PLLNKLDDTE 181
CKPPI GEHWG 241 PLDI CTSI CK 30 301 GSTANLASSN 361 NMSLCAAI ST 421 DWNFGLQPPP
481 LKKYTWOBVIN/B%75RIPVchi n08 (SEQ ID NO 1 MALWRPSDNT 6PCDIEPEOSAYQY4 121
PFYNKLDDTE 40 181 CAPAI GEHWA 241 PLDI CQSI CK 301 GVRASPGSCV 361 NLTI CASTQS
421 EDVWNFGVPPP 45481 DQYPLGRKFL 40 ) VYLPPVPVSK RVFRI HL P DP NASAYAAQ LY
KGS PC TNVAV Y P DY | KWSE YF PT P S GS W SE TTYKNTNF GGTLEDTYRF 41)
VYLPPVPVSK RVFRI HLPDP NASAYAANAG | NTVI QDGDM RREQVFVRHL YFPTPSGSW
SETTYKNTNF GGTLEDTYRF 42) VYLPPVPVSK RVFRI HLPDP NASAYAAQLY KGSPCTNVAV
YPDY! KMYSECIHIDTPSGSMY SETTYKNTNF GGTLEDTYRF LKEKFSADLD 43 ) VYLPP PS VAR
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erein the at least one

A polypeptide as claimed in any one of the preceding claims
L2 peptide is inserted in the FG Loop of the L1 protein.

10. A polypeptide as claimed in claim 9, wherein the at least one L2 peptide is inserted

between amino acids 172 -182.

11. A polypeptide as claimed in any one of the preceding claims, wherein the at least one

L2 peptide is inserted into the HI loop of the L1 protein.

12. A polypeptide as claimed in claim 11, wherein the at least one L2 peptide is inserted

between amino acids 345 - 359.

13. A polypeptide as claimed in any one of the preceding claims, wherein the at least one

L2 peptide is inserted within the C terminus of the L1 polypeptide.

14. A polypeptide as claimed in claim 13, wherein the at least one L2 peptide is inserted

between amino acids 429 and 445.

15. A polypeptide as claimed in any one of the preceding claims,

L2 peptides inserted within the L1 polypeptide.

comprising two or more

16. A polypeptide as claimed in claim 15, wherein the two or more L2 peptides are inserted

at different sites.
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44) VYLPPPSVAR RVFRVQLPDP SSHAATSNVS KNTVLEDGDM RREQLFARHF YW HKAQGHN
YDLQFI FQLC KDQLYQICKA VQ VWNTDDYVTR NKFGLPDNSI EDVRDNVSVD VDTGYGAMDF
VNRAGTMEDVOGMOMBECL F TI TLTADVMS TGICPPDVI P TSI FYHAGSS PYIRFIPZEIRI05024
YKQTQLCl LG STLQDTKCEV VPPSLY!I KGI' VTWDTTRST Yl HSMNSSI L KVAAPAENKD
RLLTVGNPYF ACVGVEI GRG CAPAI GEHWA PLDI CQSI CK GVRASPGSCV NLTI CASTQS
EDWNFGVPPP PYDKLKFWNV  RVPAGGGNKQ QPLGVGELSGH KGTACKSRPL YPDYLQVSAD
YSPSPSGSI V. PVPGQYDATK PTTSLVDTYR DLKEKFSLDL WO

2010/ 149752'?¢TA ﬁ dQ%@Qgﬁled"!ﬁ’yﬁhﬁ n@%ﬂeréﬁ 2 FRER FEQRF@ is MRLWLFREA

NPDTCRL VI AL ARV R CEERRe B RRERR Moo e | 6 O s

YNPDTQRLVW RLL
NASAYAAGGE. G G 551G ad RIS MRl eiAbsa lcRIMES YKQT Quifdrdifothelfd okt BEHVG KGS
PC TNVAV NPGD%P kNI, QPGOM VOTGGAMDE

5 19. A polypeptide as claimed in any one of the preceding claims, wherein the at least one

L2 peptide comprises at least 8 contiguous amino acids of a native L2 polypeptide.

20. A polypeptide as claimed in any one of the preceding claims, wherein the at least one
L2 peptide is selected from amino acids 1-200 of the N-terminus of an HPV L2

polypeptide.

10 21. A polypeptide as claimed in any one of the preceding claims, wherein the at least one
L2 peptide is selected from amino acids 1-150 of the N-terminus of an HPV L2
polypeptide.

22. A polypeptide as claimed in any one of the preceding claims, wherein the at least one
L2 peptide is selected from the group selected of:

15 a peptide comprising amino acid residues 17-36 of an HPV L2 polypeptide;
a peptide comprising amino acid residues 56-75 of an HPV L2 polypeptide;
a peptide comprising amino acid residues 96-115 of an HPV L2 polypeptide; and
a peptide comprising amino acid residues 108-120 of an HPV L2 polypeptide.

23. A polypeptide as claimed in any one of the preceding claims, wherein the at least one
20 L2 peptide consists of amino acids 17 -36 of HPV type 33 L2.

24. A polypeptide as claimed in any one of the preceding claims, wherein the at least one
L2 peptide consists of amino acids 56 — 75 of HPV type 58 L2.

25. A polypeptide as claimed in any one of the preceding claim, wherein the at least one L2
peptide comprises an amino acid sequence represented by SEQ ID NOs: 1-31.

25 26. A polypeptide as claimed in any one of the preceding claims, wherein the at least one
L2 peptide comprises at least one amino acid insertion, deletion, and/or substitution as
compared to a native L2 polypeptide.

27. A polypeptide as claimed in claim 26, wherein the at least one L2 peptide comprises an
insertion of one or more amino acids as compared to a native L2 polypeptide.

30 28. A polypeptide as claimed in claim 26, wherein the at least one L2 peptide comprises a
deletion of one or more amino acids as compared to a native L2 polypeptide.

29. A polypeptide as claimed in claim 26, wherein the at least one L2 peptide comprises a
substitution of one or more amino acids as compared to a native L2 polypeptide.

30. A polypeptide as claimed in any one of claims 26-29, wherein the at least one amino
35 acid insertion, deletion or substitution removes a disulphide bond between two
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cysteines or removes the amino acids between two cysteines capable of forming a
disulphide bond.

31. A polypeptide as claimed in any one of the preceding claims, wherein the at least one
L2 peptide comprises two or more L2 peptides.

5 32. A polypeptide as claimed in claim 31, wherein the two or more L2 peptides are
contiguous.

33. A polypeptide as claimed in claim 31, wherein the two or more L2 peptides are joined
by at least one additional amino acid.

34. A polypeptide as claimed in claim 33, wherein the two or more L2 peptides are joined
10 by a spacer comprising a plurality of amino acids.

35. A polypeptide of any one of the preceding claims, wherein the L2 peptide comprises at
least 8 contiguous amino acids, which at least § contiguous amino acids comprise a
sequence identical to the L2 polypeptides of at least two HPV types.

36. A polypeptide as claimed in any one of the preceding claims, wherein the at least one
15 L2 peptide is inserted within the L1 polypeptide without deleting an amino acid of the
L2 polypeptide.

37. A polypeptide as claimed in any one of the preceding claims, wherein the at least L2
peptide is inserted within the L1 polypeptide with a deletion of one or more amino
acids of the L2 polypeptide.

20 38. A polypeptide comprising an amino acid sequence represented by any of sequence ID
Nos. 32-45.

39. A human papilloma virus (HPV) L1 type 16 polypeptide or fragment thereof
comprising a peptide comprising amino acids 56-75 of an HPV L2 polypeptide
inserted within the HPV L1 polypeptide.

25 40. A polypeptide as claimed in claim 39, wherein the peptide comprising amino acids 56-
75 of an HPV L2 polypeptide is selected from an oncogenic type of HPV.

41. A polypeptide as claimed in claim 39 or 40, wherein a peptide comprising amino acids
56-75 of an HPV type 58 L2 polypeptide is inserted within the HPV L1 polypeptide.

42. A polypeptide as claimed in any one of the preceding claim, wherein the at least one L2
30 peptide comprises at least one amino acid insertion, deletion, or substitution as
compared to a native L2 polypeptide sequence.

43. A polypeptide as claimed in claim 42, wherein the at least one L2 peptide comprises an
insertion of one or more amino acids as compared to a native L2 polypeptide sequence.

44. A polypeptide as claimed in claim 42, wherein the at least one L2 peptide comprises a
35 deletion of one or more amino acids as compared to a native L2 polypeptide sequence.
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WO 2010/ 149752PCT/ EP2010/ 059024 W& claim 1. A human papilloma virus (HPV)
type 18 Li pol ypeptide or fragnment thereof conprising at |east one peptide
conpri si nyoaniegEptsepe of an L2 pol ypeptide inserted w t rCH/EPR@oloFdd24 i

pol ypeptide. 52. A polypeptide as clainmed in claim1, wherein the peptide
of the L2 polypeptide is a non-HPV type 18 peptide. 3. A pol ypeptide as
claimed in claiml or 2, wherein the polypeptide is capable of inducing an
i mmune response to a native protein conprising the L2 pol ypepti de.

4. A pol ypeps 'ﬂgoli’rﬁep%'d@bﬁa%n{e'a 1ﬁkﬁin'?h§1wl¥¥'?&ﬁ%{erht‘i£§t o‘?i@'[i%?ﬁded&)rﬂ 1s€sazpab| e

of inducing an Q ne respon ne addi 1nat
protein. 5. AB ﬁ%é"&o dac 8smeie a’PH%O a‘i‘?? %%r%?mé?ﬁré &2 8? geﬁgpf PP ere| n the
HPV Li protei rc¢6HpT-i ses a C—ternlnal del eti on of one or nDre am no acids.

6. A pol ypepg! jggol%p%&g‘lamguﬂeﬂl gg f% al&lp 22 Qg %ﬁe‘ijé R gne at %agﬁs@e\gﬁ% e' n the

at | east one

pol ypept i de. ftf}‘?i in Jeeitm geu lt‘EfOéHrﬁ@qusﬁdé % ‘Pi@%r%%ed. ng

cl ai ns, wher eiaysteines @ltreﬂne‘a@tth@ﬁelnlgchdeb@wael Ve ¢yitsancs eabaple of iernDEL £ oop  of
the Li protei nlisufphids paldypeptide as clainmed in claim7, wherein the at

| east one L2 peptide is inserted between am no _acids 132 - 142.

9. A pol ypeptidieolypentida pnelainicd inayy enfeofdhe Rraecdiiectdns nyhesinithest I6aer8i n t he
at | east one Z@h%ppéphnd@mesnmn@enmeﬂzunpmms FG Loop of the Li protein. 10.
A polypeptide as clainmed in claim9, wherein the at |east one L2 peptide is
"nsdP? ed befthebROERSEC a%?la%nemnf%ﬁ %&erew&dwﬁém%i BPdrnited i n any
one of the pre@edgngsclalns wherein the at |east one L2 peptide is

inserted in oop .of the otein. 2512. A tide as c]ained
0ol & m 1109 haRap iR e R edS et B DRl g oios MofSy PERbe isatnShn no
aci ds 345 - 33?31k@ﬁfmeﬂéﬁyﬁeﬁﬁmueﬂﬁélcIa|ned |n any one of the preceding
fle?:,nrrﬁusvmofegﬁlﬂleﬁlo tldeea%% a1 (Fll’l c%au%%@t girﬁln Sqecl)’rtrrelc()jr{i%téo%{andet(s: F{Ig?i gEd | n
cl ailth 13, Meﬂeﬂlﬁdbmsweq@%l%ﬁ@&lﬁ%ﬁfﬁ@@%lq%serted 30bet ween ani no

aci ds 429 a@fi Al ?&%ép@lde '(A)‘f Bﬁ{)&ﬁ%%@%hgﬁ‘s 2556, lv@H F@Qtﬂe%&ﬂ%&tﬁd&%o@%r& Eg t}fera(:t‘ced' ng

clains, conpri i dés I nsert

bol ypept | de 18t ol BARkdF FRiBPEnEPERLEE ph Bap PSSR SIS (o or
nmore L2 pept i d@bstiggteon;inewable@f drdueing pe framunaicsrogise toygmative protein comprising
2010/ 149752PCThEP204Igpéphide24 17. A polypeptlde as clalned in claiml6,
wherein a first L2 peptide is inserted into p and a second L2
peptlde is Phsepelypentiqe of %I}Yémeoe“éhemr?ﬁiémsfclafrﬁe Vther%ﬂ%é&ep e copgprisgy at

pol ypepti de adeast dcomguows amyo ands, othiadl aiawst SldnliZyovsherim avidshuee & vaouercenor e
L2 peptides arigerflichifte RNt podhiptidesR@hyRep i dlBPaSysdsai med in any one of the
preceding clains, wherein the at |east one L2 peptide conprises at |east 8
cont i guous éﬁnﬁqeam@mqrscomprlammmomemzdew@|c§ﬂ;u@pd incPély opolai n&@ﬁﬁpeptl de as
clainmed in Sg one

ot e 1o S A0 e AR IS SRS RvprtER e Rttt SERbR ey’ L

polﬁéeptide 821. A pol ypepti de as clalned in any one of the preceding

cl i‘%g‘;o . W[‘ﬁg?:\@% mﬁu@ot hif3sh 9:5@%@%%8 t§1 ?@Jpgcg%&% Rfﬁws%ﬁgtlﬁgeﬁlgisds
cI ai med in anfﬂ%ﬁéclalrmstlhg %?Xﬁlpe% fﬁlfle'?{t@ag%rﬂ%e L2

e %ﬂ
peptide is §§'ﬁ1§t1§1ﬁ1uﬁ15gé&é&?n&5%9 a§§1|a§1%tdqgc]9fm 53%11%?9& ORI R R
am no acid residues 1736 of 'an HPV L2 pol ypeptide; a pepti e conpri si ng

am no aci d pesidumsunbgehtc @imparitibiRys tl2inpadliy plpt deheimpibptidjdears oompiisk ng
am ng aci d reshdugsinder k5> of an HPV L2 pol ypeptide; and a peptide
conprising am no acid residues 108-120 of an HPV L2 pol ypepti de.

23. A pol ypéptlidemasmegainednrionitianys daencdfin clhen p7 ededimiye eluaiinpm satiey ei n
the at |east amenia@i2hpretidde consists of amno acids 17 -36 of HPV type 33
L2. 24. A polxpeptlde as clainmed in any one of the preceding clains,

wher ei n t he>&tTheamstunpgraiq nmepitiodes elawdddn slagh SART pbaddiiansliggompmising  HPV
type 58 L2. 23D-NMRiol ypeptide as claimed in any one of the preceding claim
wherein the at |east one L2 peptide conprises an am no acid sequence

r epPeésent ed Oty Bradsie prifogo! qcugfqen%%a PAYpentidp apelriredds agy of digsiddo 8Ay one

of the preceding clains, wherein the at | east one
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L2 peptide conprises at |east one am no acid insertion, deletion, and/or

substitution as conpared to a native L2 pol ypeptide. 27. A polypeptide as

cl ai mred iwochavwa®, wherein the at | east one L2 pepti deCTmrpoinssm2an

insertion of one or nore am no acids as conpared to a native L2

pol ypeptide. 3028. A polypeptide as clainmed in claim26, wherein the at

| east one L2 peptide conprises a deletion of one or nore am no acids as

conpared to a native L2 polypeptide. 29. A polypeptide as clainmed in claim

26, wher ei nof 1ien Alord:&RA oQBiohbriRFRL!REIROIRI ds3®imdd iHIH 9/t on of one or

nmore ami no aci ds as conpared to a native L2 polypeptid 30. A

polypeptlde6%sAméamm®ﬁnwanan¥(bﬂ@ﬁ@ﬁldﬁaﬂﬂsWﬁ&%ﬁghemh@tﬁmmw&haram,Ieast one

am no 35aci d i BsRBih@Nbacie)vals on or substitution renoves a disul phi de bond

between two WD 2010/ 149752PCT/ EP2010/ 059024 cystei nes or renoves the am no

aci ds bet weéh A host eyl transframed aypthlsl raickstc feat avi ahgmad di duhpifl der Weotedas 31. A

pol ypepti de asl4iinad freglaiinelany one of the preceding clains, wherein the at

| east one L2 peptide conprises two or nore L2 peptides. 532, A polypeptide

as clai med Ph ¢ ealhreptide ghdaisicd in pry angef elaimpl & 12fopaystin dredicaice contl guous.

33. A pol ypept | al Loeherein th or

pepti des ar gg)jAOIIqlne ﬁf& pr%)&%gnéstﬁ golgpeg& Pfanﬁ/ qne 9 o?clal S HM;Q orrqgrls?n

pol ypept i de a§ntéq’dé‘i°‘r?§c§ G GXPEISEIP P aetor (Wﬁk?ﬂfél h of fig lrtt% ce} apg Feplipatingdbs ¢lles ar e

j oi ned 10by almpad@nmﬁompwh@tMQmappbpﬂnkbu@mndmadlno acids. 35. A

pol Beptlde any one of the greceding clainms, wherein the L2 peptide
n% i ses aPO1bSSPPEOSLOPRESNE ani no acids, which at |east 8 contiguous

am no acids cqm)r ht%@asﬁoﬁﬂﬁ%@phﬁ%ﬁt('v%@h c&rﬁpﬁs‘ﬁ?‘g 2P PARARMIIREs @iP\ﬁ)t

| east two HPV [ty tide ordPronfonP@LXBERKY de as claimed in any one of the

precedi ng cl ai ns, Jerein the at Teast one 15L2 peptide is inserted within

the Li pol ypegti) dat lodst presuthigiericendlyRsplide eommisingel ingh papidlomavisest (Faptilde.

37. A pol ypeptrotipepisdeair diagrdnt theraplycoompeisiof at lvast pne peplidegrooipaising an ghikarei n

t helat | east Mapé@tpod(peptsleumetedlwdhmthhHﬁVtItﬂepdlypepodquept| de with a

del etion of .on A

pol ypepti de gdﬁﬁyn%gﬁ§naﬁnbnn%%n§%P egu%ﬁ%éh$gtresg%fmgwg(ggﬁy of

sequence | D Ng¥lyrgptidemr fragment theraefn paplllona virus (HPV) Li type 16

pol ypepti deg g&ﬁ@mp afsm%ﬂrg&{m IR e h&amed@&, cﬁ|nr9&1 Aamno acids
2?,4(735 /Cif pgrypé%@xpa% %ﬁ@fﬁ?%@ﬁ&ﬁiﬁe aééon apy L @éﬁ?ﬁo ra ﬂ%ﬁs. ng

am BB aci ds 563 orshaoYLBaf ¢4y $9 pol ypeptide is sel ected from an oncogenlc

t f HP d 39

bepti de cont Bsgmaftil %%tl%gl%%@lsaf% 0%%"3%14&»\54 Ghamsgitbedi VB

i nserted MAthﬁﬁHWH§3HPV L@n@@Fﬁﬁ Ps. 42, A pol ypeptide as clalned in
any one of thenpr ‘Sﬁ%gélﬁ& & c%med‘ﬁpﬁ{ edn@ o.tf DG 64 @@%he?eri?th'e%t %Q{?%ﬁ%' de

conprises at 1 erti tion as
conpared to a cHipsise YR 251 ?Oa@ﬂs?%weﬁ?é % po}vpﬁB lcf&fgﬁﬁgaﬂéma ogPlai med
in ébaim42, whéoepmHPNel &t wéﬂgmﬂém@fﬁﬁgmmapﬁﬁméfconpr|ses an insertion of

one or nore no aC|d red to a.nativ ptide sequence.

20 A pol ypdbtieoRBos o TR LTy s 3t iy G % ofierel HRak B 358 15

pept i de conpr icsERerie rphsPEds Yhiibronsine obn HEVel 6l PRIVRSPPER Olsagmsmpeselt o a
native L2 pol ypdfV deLseqlypaaele of WaRO I Ohct 48 /& HIGTAHRRPY 16/1053 03¢ prde orA

pol ypepti de asidgh@himerebfarl A HPV 28 LIWRSTPEStide e fidkmbRardeqne L2 peptide
conprises a substitution of one or nore am no acids as conpared to a native
L2 BBl ypept Vdelhsequenvaon aglaimed ol yyeqiciofl elamss @i-al. mdhdrdimthgnylcavionof cl ai s
42- 45, wher ei rchimi@icaiolypRpide ¢ME) eidpiBedaCitetniing deleti®nof dheloeioddardino
substitution renRyesead 1 doppidde bond between two cysteines or removes the
am no aci ds between two cystel nes capable of form ng a disul phide bond. 47.
A pol ypepti d& s compbsiech aceo@iimg toney ofic dftvdaims 66 edVhgvietan the, Viibexfén n t he at
| east onedL2 RERY h@?hﬁﬁﬂﬁ“‘ﬁ?ElQ?@s@ﬁdHPVQ8q%fpﬁﬂ$hﬁf§?m%gﬂﬁedﬁmﬁﬁbypept|de
as ained in [ o | r uous
oS Sy med L n el pe g ﬂseéﬁffiagtv@ iRl SolvheRERI L AR AL G ERL I
peptides are jidi R?él?eBS}d%%ndlaéé?ﬁft WhE lg&alictppbfﬁawtlffﬁﬁpwaﬂaegan Wis 50.
The pol ypept i delysptedeai med in cl ai m 49, wherein the two or nore L2 peptides
are 15joined by a spacer conprising a pkurality of am no acids. 51. A

pol ypepti de of any one of clains 42-50, wherein the pol ypeptide conprising
the at | east one L2 peptide conprising the at |east one am no acid
insertion, deletion or substitution is capable of inducing an i mune
response to a native protein conprising the L2 pol ypeptide. 2052. A

pol ypeptide of any one of the preceding clains, wherein the L2 peptide
conprises at



| east 8 contiguous am no acids, which at |east 8 contiguous am no acids are
a sequence identical to the L2 pol ypeptides of at |east two HPV types.

53. A capsormero/@ersri sing a pol ypeptide as clained i n argTaPr2eiaswes 1 to
52. 54. A virus |like particle (VLP) conprising a pol ypeptide as
claimed in any of clains 1 to 2552. 55. An i mfmunogeni ¢ conposition
conprising a protein, capsoner or VLP as clained in any of clainms 1-54 and
a pharmaceutically acceptable excipient, diluent or carrier. 56.

The i mmnoggmlﬂlec‘c@}ﬁ%%h&ﬂ Q:Qo ETgﬂi\b%la‘iEﬁ%' WhGLiRIR QrmbsE Ml?% | pRAIRIhtisitg an

et he RN B e TR AR R RS b pl SR ML BE IS el € >

conposi tion agobipsptigscompriss diffsrmyLyhertdlen t he al uni ni um salt |s alunlnlum

hydroxi de. 59, I%Pdsm&%gﬁ%@gggaggglgﬁgagmft% G B GLBhRAL or 58

addi tionally co Sin l'eic a ncodlng a
pol ypept i de a§0mp&?1ﬁﬁa%ﬂﬁlaaﬁ9pl Bergyiais ¢EPY) L pelpehiigeyor agment thercot

2010/ 149752 PCRoEPRSing A0S0 21 Beptldst\norem@m apitopeef arLTomprepsilnigseataduc! ei c
acid as cl ai nedthimttiel HRWLQolypeptidn expression vector as clainmed in claim
61, wherein_the expression vector i s a reconbinant bacul ovirus.

63. A host cel4 cempgsgodramelpinggd i crimel wherciadhelchimets aeliraptides ¥F a3 m 59 or a
vect or as SCIaﬂmmﬂdnnnnﬂaﬁnhnﬁﬂltdﬁﬁ A polypeptlde as claimed in any one of
clainms 1 to_52 for use.in i cine. 65. A nethod for producing the

pol yBept i de”bf sy mBAYIRR asg?%{mﬁ% imclpign Bpor 7&0% ) tHe CRIACH s ARl PARYdEhe

expr essi on vecoowprisd pr@lvmp@ﬂemftwsaﬁm@‘étmlamdtw pappescaae difigranhe cel |

d di wh I tid d., 1066. t
Compr i st ng: S(i ARBpaat s g ey éwﬁa @q"tﬁ relwagMP & hunan
papi | | omavi r usPh(fFP%pOIl)fpeB@ﬂ@ylE)éﬁ@ﬁ?fd@l mam@@g 0 ngp@d human dose j j ) at
east one ohh ! SuROINAER 15 naalln%&Q%h%rep#ga%;ﬂ \&%pggdyo%ﬁgﬁegus (HPV) Li

I tide or € conprisin
po iSFP o:oeelzscno Yé’ﬁpt@ lwwém%nw%ef%p@epwwﬁwm% HPV L| pol ypggt. de. )
67 A COWO%btAlpﬁ'mﬁéno%L:ﬁE %&ﬁ{)& idil Rl uﬁéd m"% ro?k@nﬁsh& HB Rlthbd do ‘Pﬂﬁrrl'gSt S

of Li polypepti sition as cla

claim66 or 67P %@WWmﬂﬁéaﬁp @é@?pﬁﬁédeﬂ?ﬁﬁ?gﬁnﬁblypept|de of (ii) is
the pol ypepgi den fim@seMBoRbosicH iR latmedin lehﬁl W%@l@?éonﬂ;rlsﬁlgadn@dﬁg% or
the VLP of claim54. 69. The conposition as clained in any one of” clains
66- 68, wher 82.rThchentiRYgadicR® npositioh ag crjprddse cldi? 8 1 6/hared! the adeVart 8ohpridek Ps.

70. 2dhe conposinta@Rinash §lital med in any one of clains 66-69, wherein the at

| east one chineric pol ypeptide of (ii) conprises an HPV 16 Li pol ypeptide
or fragment 33.hidcanmupsgandy eomppnitipPys ¢lgimdd ip olayp 8P twihiecio thefalergmem salhier eof .
71. The conposildmiafundBydtbddéered i n any one of clains 66-70, wherein the at

| east one chineric pol ypeptide of (||) consists of an HPV 16 Li polypeptide
or fragnent 8¢hidredpmunggeniquspnypsition gy elpimesetin glaig 2 pf S additionaHe eepprisieg  bot h
an HPV 16 Li ﬁﬁ)yﬁﬁptlde or fragment thereof and an HPV 18 L| pol ypepti de
of fragnent there 072. .The conposition as clalned i one of clains
66- 71, wher &/ frﬁﬁwéto PERSTNSHHIMIH{IOBT T CHBI{SEp: tha&redo (Ciof“}’“%%pr ises a C
ter mi nal del etdoopirafig one or nore amino aci ds of the Li polypeptlde 73. The

(P P oo 1 oo BBt noe: 1 Riegragt SivaviyTa I Jublke B GirEl Hidhe. ©
chimeric 35polyps n&asﬂ&ﬁ: éhfmérid I)olﬁg{maé @o%qﬁ\fsdgeaafﬁﬁna%%pmbmamsqm ypepti de

conpr|5|ng an o emﬁp %&%Bra)com, 2) i meri.c. @tlde
e e BERARI A AR ol EAY paORSnEl IRbSpR L RS
%ﬁe égikggl?Pdﬁa%é@éPHWﬁ@“Fo“%@ﬁﬂﬁWﬁ@ﬁ}Wﬁg}eFHPPh@ ﬁ?ﬁ%@ic polypeptlde

conprising th P I ypepti de
conpri sing thguﬂP&h%%l tRQh%?&%@h@%ﬁ%?ﬁggpﬁi?@gﬁgn?ﬁfgﬂ eptides. 75. A
conposi tion cqnpmnsmn@nats@ﬁhmaambmmnmmogmnnmhqnmnenﬁ&uneric pol ypepti des

Sconprising a human papillomavirus (HPV) Li pol ypeptide or fragment thereof
conpri si ng at‘F@&éﬁ)%ﬁémﬁéﬁﬁ35@5%5W§ﬂ|S|ng an epitope of an L2 polypeptlde

B o g s L T
|

claly

52. 1077.2 H&BW%WF ‘%?‘%P‘&P%%FOF%%T%H%O aHPS
chlnerlc pol ypeptides conprise Li polypgptides of the sane HPV type and the
L2 peptides are different. 78. The conposition as clained in any one of
clains 66 to 77, wherein each VLP and/or chineric polypeptide is present in
an anount between 10 and 50 | ag per human dose. 79. The
conposition as clainmed in claim78, wherein each VLP and/or chineric

15pol ypeptide is present in an amount of approxinmately 20 jig. 80. An
|nnunogen|c conp05|t|on as clalned in any of clalns 66 to 79 further

. T



81. An i nmmnogeni c conposition as clainmed in claim80, further conprising
an adj uvant. 82. The i mmunogeni ¢ conposition as clainmed in claim
81 wher eiwothw/agjsavant conpri ses 20an al um ni um salt. @8T/EP2@oiomvRhogeni c
conposition as clained in claim82 wherein the alum niumsalt is alum nium
hydr oxi de. 84. The i munogeni c conposition as clainmed in claim82 or 83
additionally conprising 3D-MPL. 2585. A nethod of preparing an i nmunogenic
conposition, the nmethod conprising conbining (i) at |east one human

Peast one. o moeriorled ot i, MhaSimticn & b)Y preenss! (Levy L
pol ypepti de 08“Fp88%§ﬁ¥8F%%F§§Pn‘8 ??@ﬁ%ﬁ“ﬁt | east one peptide conprising
an epitope 89 cafipdsdidnQk ¥RaREd Beni B bbb tshiop 66 kesd Y uld inRiRd ypept i de,

and (i !ﬂr%veﬁtic%" gﬁl'gﬁ-&%t%ﬁ {}rattéa)’m%‘f 8?1%@3%%&@&4 H&fl @ carrier and
optionally (i'v) an adjuvant, to produce the iInmunogeni c conposition acc
ordipg to any one of clains 80 to 84. 86. A nethod for inducing

ant i bodi es agai nst HPV in humans conpri sing adm nistering to 35a hunan an

i rmunogeni ¢ conposition according to any of clains 55 to 59 or 66 to 84.

87. The nethod of claim 86, wherein inducing anti bodi es agai nst HPV
prevents, aneliorates or treats HPV infection or disease. 88. A conposition
as claimed in any of clains 55 to 59 or 66 to 84 for use in the prevention,
anelioration or treatment of HPV infection or disease.
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