NOVEL COMPCSI TI ONS BACKGROUND [ 001] The present disclosure relates to the
field of human vaccines. Mire particularly, the present disclosure relates
t o phar meweubiozab7sand i mmunogeni ¢ conposi tions, for thepgrareamiosn2or
treatment of human papillomavirus (HPV) infection or disease. [002]

Papi | | omavi ruses are small, highly species specific, DNA tunour viruses.
Human papil |l omaviruses are DNA viruses that infect basal epithelial (skin
or nmucosal) cells. Over 100 individual human papillomavirus (HPV) genotypes
have been described. HPVs are generally specific either for the squanobus

epitheliumof the skin (e. INOVIEL 'CWP@SI roﬂrg:osal surfaces (e.g. HPV-6
and - 11) and usually cause benlgn tunours ?marts) that persist for several

nont hs or years. [003] Persistent infection with an oncogeni c hunman
papi |l omavirus (HPV) type is a neBas3aGROUAIZe of cervical cancer, the
second nost conmon cause of cancer death anmong wonen worl dwi de. There is

inter nat[@(nmalrh@pﬁscﬁmaisao@diatel attd ©@hhd fidl of BENAT YaREiSes. I Mblcydithalaggnat ypes 16,
18, 31, 33, 35, 39, 45, 52, 56, 58, 59 and 66, can.lead to cervical
cancer Qﬁdeléﬂécg’é%féé?la@%@ REETRACS N} and iRBRUNoSeHe FURPESHIona A e REFVERIP ne ck

Ccancers .o, ﬁ%ﬂ}ﬁ@ﬁtl&f’hufﬁgﬁ/paﬂlﬁorﬁMruU@fP\%ﬁlf&ﬁ%nBpgis& @dom nant oncogeni c types,

cunul atively accounting f over 0% of all 1 nvasive cervical cancer

cases. [{)6&?] quS]l LRSS %%Ellﬂal‘i) 1‘%2%’ Cific, QWA%%% Qi%s'éé.sﬁ?maﬁ;an cause

beni gn ow-gra e cervical tis e es ahd genital warts (condyl oma
acum natapillomhvighcsare wmmms tnat tnlfmt bzsaklemhelmgskhaor nrudoyal) wﬂsl @wmard 0D n
wonen and,.t. eni s .S i thelial

o ow he TuRy REReS it ohe Ehihahr B badt e SR HEAR e Bk ory
papi | | oRBdcod &ither fof efeltii@idus cpRiliuat &frtle fap(dd. eTPt-08hé )2)%hﬁhcd$sﬁﬂ$ﬂrfa€es

sur |caI i ntervention. 0051 Two praophyl actic HPV vaccines have recently
been0| i éeaddlY Orrndahy nduaty sause beiign furows (Wrets) thpteoepst forerealmpntlay or
conpr|s§gﬂgf reconbi nant LI capsid proteins of individual HPV

[003] Persistent infection with an oncogenic human papillomavirus (HPV) type is a necessary
cause of cervical cancer, the second most common cause of cancer death among women
worldwide. There is international consensus that “high-risk” genotypes, including genotypes 16,
15 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 66, can lead to cervical cancer and are associated
with other mucosal anogenital and head and neck cancers. Globally, HPV-16 and HPV-18 are

the predominant oncogenic types, cumulatively accounting for over 70-80% of all invasive

cervical cancer cases.

[004] Infections with other genotypes, termed “low-risk,” can cause benign or low-grade

20 cervical tissue changes and genital warts (condyloma acuminata), which are growths on the
cervix, vagina, vulva and anus in women and the penis, scrotum or anus in men. They also cause
epithelial growths over the vocal cords of children and adults (juvenile respiratory papillomatosis

or recurrent respiratory papillomatosis) that require surgical intervention.

[005] Two prophylactic HPV vaccines have recently been licensed in many countries. Both use

25  virus-like particles (VLPs) comprised of recombinant L1 capsid proteins of individual HPV
types to prevent HPV-16 and -18 cervical precancerous lesions and cancers. Cervarix™
(GlaxoSmithKline Biologicals) contains HPV-16 and -18 VLPs produced in Trichoplusia ni cell
substrate using a baculovirus expression vector system and formulated with the

immunostimulant 3-O-desacyl-4’-monophosphoryl lipid A (MPL) and aluminium hydroxide salt.
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types to prevent HPV- 16 and -18 cervical precancerous |esions and cancers.
Cervarix(tnm) (d axoSm thKline Biologicals) contains HPV- 16 and -18 VLPs
produced wo 20r0/abmpl usi a ni cell substrate using a baculPoTiEPaGI0@IPRLSSI ON
vector system and fornulated with the inmunosti mul ant

3- O-desacyl - 4' - nmonophosphoryl lipid A (MPL) and al um ni um hydr oxi de

salt. Gardasil (tm (Merck) contains HPV- 16 and -18 VLPs produced in the
yeast Saccharomyces cerevisiae and formul ated wi th anor phous al um ni um

hydr oxy phpsphat m&kp&%ﬁnéﬁw 16'a'ﬂdaf§jVLP dudag.! sﬁka&%to% VLPs

from non-oncogeni c types HPV-6 and - ch are inplicated i 75 90% of
geni tal compisige a%formtamdmdmm@fshmEQMmNm lp»rcm@?ewho&phatag@lphm sdlinfrect i on

W th ongg v HPV- HPV 18 and ancer ous | esi ons
has beefd mjnsciyat ed"omamég’&?’ TR PR F&%{%MP@ TSt of

oncogenii@plda¥édtiy pﬁ%%bﬂg‘enaﬁlawfrgsmrtﬁ)ﬂb‘lf@ciﬁlei SPRUEI gt Citdrvigatukt i@ f0Gar
i ncludes .at | east HPV t F\ées (g 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
66, 88 At orsogeaisHIPGHIIET ) redHPYakta nshtnsumencepus lodens haphsstt et al .

2006) . [1P088hstrhha if¥ndbhRed VRG&d Reds. are abl e to provide specific protecti on
agai nst infection and/or disease by sone of these HPV types and to varying

degr ees 10 W@“K@[lst'orf }é\éb%leﬁi]gr iy \p%%r\;vhl@h Ly r@s%'aﬁglblg e ca{lﬁn%]@éfﬁcﬁ MAGEI ne whi ch

ei ther contains anti types I n ord urther inprove
t he coverchgls agaishBiP Valypesdio, the | cEy, vbcH, 45.aicd, 56abt SAg PV and/pebuod inoul d

elicit a broad cr rotegt S ted and non-rel ated HPV types.
't wou Bl E R R PhERARS) QR S S e o e

lave vacci ne mhlch is further
ef f gainst. skin cancer .causin HPVt pes such as HPV 8 or
AR (it s R e R o A RO s R Lo o N R e AN
cur r ent ldseap Pl Q¥RE obthed4IFPV gk BRGS0 \RERAE d@g&ee@f Hodchavewbaeane poepaagd for
use in an HPV vaccine for exanple in WD 2003/097673, WD 2004/.052395, WD

2006/ 08B9gdicialyg hxyp glvemwhwk@mfé citaigs anyops fonyetheyHPY| typw, in guder e,
Kondo etﬁn‘ﬁler %Q&@VQ fh[e QB% %’e%?gmstza@%f MLoernbdl %LX#C@P%&B@ HPRE ¢ mg@!es &Q@cglld?éﬁcht

I nternational Papi || omavi Cont erence 8-
Cour sagetbred cadss pRE¢diioh pgansy atlatothand tRapiclakalFRY rcms Cbmogt@bmt@mallﬂt h My,

Ar G ﬁ? %‘Aee(}%lal toﬁlavggtvazlg ne Whlah 152181(’2}Zer ?f%&iveeaga%?lét s%(r)loc]ﬁflcze(r) %Qﬂsinélhl?\; tyaples 2006

such as HPV 5 or HPV 8 or HPV 38 or any combination of two or more of these.

[008] In addition to the currently approved L1 VLP vaccines, peptides of L2 have been
proposed for use in an HPV vaccine for example in WO 2003/097673, WO 2004/052395, WO
2006/083984, WO 2009/001867, Kondo et al 2008 J Med Virol 80, 841-846, Kondo et al 2006

20  Virology 358, 266-272, Schellenbacher et al 2009 25" International Papillomavirus Conference
8-14 May, Malmo, Sweden, Coursaget ct al, 25" International Papillomavirus Conference 8-
14 May, Malmo, Sweden, Slupetzky et al 2007 Vaccine 25, 2001-2010, Xu ct al 2006 Arch
Virol 151, 2133-2148, Gambhira 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 Vaccine 19, 1496-

25 1502.

BRIEF SUMMARY

[009] The present disclosure relates to an improved vaccine against human papilloma virus
which contains antigens which provides protection against additional cancer causing HPV types

and/or low risk HPV types associated with genital warts. The improved vaccines contain



Virol 151, 2133-2148, Ganbhira et al 2007 J Virol 81, 13927-13931, Al phs et
al 2008 PNAS 105, 5850-5, Kawana et al 2003 Vaccine 21, 4256-60, Kawana et
al 2001 wsochme4dB2 1496- 1502. BRI EF SUMVARY [ 009] The ppra&peom/osdoz€| osur e
relates to an inproved vacci ne agai nst human papilloma virus which contains
antigens which provides protection against additional cancer causing HPV
types and/or low risk HPV types associated with genital warts. The inproved
vacci nes contai nchineric LI polypeptides into which at | east one peptide

conpri si 2 i N 38 4eS S : an
ool e LA BRGHA 10 whichRIRSAE pAtidcSohBRERE Blepildbl GFal D220

(HPV) Lipolyppideds medrigdept i de or fragnment thereof conprising at |east one
pepti de conprising an epitope of an L2 polypeptide inserted within the HPV
LI pol ypeisi drean ¢mbaimecre wib ddti imesntion, Hecrp ol prpedtd deincanppilbes: vatus (BBE) Lt wo

peptides of .a L2 po tide..[O In an ternat e enmbodi nent the

e IR o R A S R A T AR T
f r agsentan TheoBtptaRMmcted Mghi theAPVAe! SOVRhtiad. NG oAbt MBodbiclSthd folypefidef an
HPV L2 pol ypeptide inserted within the HPV LI pol ypeptide. [012] The

chi nmer i €0PBIiSEaplerd &¥0 pertidpeot heprlyisptidan be presented as capsoneres or
Virus like particles (VLP). Such pol ypepti des, capsoneres and VLPs and can

be for mi?dd edp smalicenatasrmbrsgaent checiarpbion Prayidss alppmas aapibome Heps (HFaRdflact ur e,

sure an I LI i : I.OE i Gi h

ot event 156 6P BEP AR e Bert N oh BT oA Ror RSN E WBER R ST

pr ovi desn&Pdohd opdlypeptide mnptddsyitign theiHPN\aL1 pelyptptolae hunman papi | | omavi r us
(HPV) LI virus like particle (VLP); and (ii) at |east one chinmeric HPV LI
pol ypepioité, Thapsoree polypepiidy oftberpveitionganbe st dsdepiometdser Mirus éijeience.

[014] The inv pon further .provides a co iti.on coppri si a conbi nation
of two BRI LV ERL Nt ROy spud SOPYRERY Hey ipdstte Pl TiaRe o aach L)
conpri siifguadsch daRPbiiEEnd MtAs bf their manufacture, sure and for their use e.g. in the

formulation of medicines for the prevention of HPV infections are described.

[013] The invention further provides a composition comprising:
15 (1) at least one human papillomavirus (HPV) L1 virus like particle (VLP); and
(i1) at least one chimeric HPV L1 polypeptide, capsomere or VLP, comprising an L2
peptide in the L1 sequence.

[014] The invention further provides a composition comprising a combination of two or more
chimeric HPV L1 polypeptide, capsomeres or VLPs, each L1 comprising an L2 peptide in the L1

20  sequence.

[015] The invention further provides a composition comprising:

(i) at least one human papillomavirus (HPV) L1 virus like particle (VLP); and

(i1) at least one chimeric HPV L1 polypeptide, capsomere or VLP comprising an L.2
peptide in the L1 sequence, for use in the prevention or treatment of a disorder related to HPV

25  infection.

[016] The invention further provides a composition comprising a combination of two or more
chimeric human papillomavirus (HPV) L1 polypeptides, capsomeres or VLPs comprising an L2
peptide in the L1 sequence, for use in the prevention or treatment of a disorder related to HPV
infection.

30 [017] The invention further provides the use of:
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sequence. [015] The invention further provides a conposition conprising:
(i) at |least one human papillomavirus (HPV) LI virus like particle (VLP);
and (ii) w0 2masp7sone chineric HPV LI pol ypepti de, caps®@oeEmP2a0/05024
conprising an L2 peptide in the LI sequence, for use in the prevention or
treatment of a disorder related to HPV infection. [016] The invention
further provides a conposition conprising a conbination of two or nore
chimeric human papill omavirus (HPV) LI pol ypeptides, capsoneres or VLPs
conprising a f vention or
compr 15119, 20) LEIRERA Mokl Mkl REMETPEL haliesg I REEYent o
further proviides laastengskingfic PV dtl fobwsptiden eapsomena Opé@Pl dogwaiving @s LZHPV) LI
virus ik VLP nd h| ne HPV LI

ol ypeptt BRI sl i B hugibioBiofs FRRcp OBt paRRn Phdehen o fence,
i n the @disepRf aldtantod{P\ainfedioganent for prevention or treatnent of a

di sorder related to HPV infection. [018] The invention further provides the
use of #0BPNMIhe atviMONArthobPréiidd¥uhicusedif AR mBinkiRdA & twp ok deptHitess HPV
capsorreres or VLPs conprising an L2 peptide in the LI sequence, in the

pr epar atil mlwptsdeﬁéap%%tor &rPSﬁP@méﬁflg gL pertidsdn therdt! ssflvecsiiadreder

rel ated p‘}éﬁal'a'P ¥ bfYf BClikQhent [f&:l&lve-ﬂhgn bﬂY&HﬁérR B § HISOIAS! reRAQMb $8S/ Ar&RbAEN | C

HPV LI polypeptides, capsoneres or Ps conprising two or nore L2 peptides
in the e t met hod
for ind c?ig%ﬁ?l S] ntd][n gﬁgﬂé%a??%‘g?&Hgv I'n n\t)’ar%slrbgc?{?*gl?tl?dglg nc%ls e%rllslogﬁ&érl)?ng to a

human arompmungyeneronae i gsptidesm émddrsdqmagw o the i nvent| on descri bed
herein. [02 1] In another aspect the invention provides a nethod for

i nduei ng020¢ulr alottei agreerrthe hodnten ragddesst mefRM fon iﬂmmgantﬂmdimiagﬁing HPV in
adm nistering to a hunman .an. |rrrrur1]éll eni c.conposi tion accordin

i nvent | GHMARSOMIBSHEREMEYIFering foR R GG ERECR OB ageR gg 1o tﬂe
neut r al iiieAGon described herein.

[021] In another aspect the invention provides a method for inducing neutralising antibodics
against HPV in humans comprising administering to a human an immunogenic composition
15  according to the invention described herein. Such a method can also induce cross neutralising

antibodies.

[022] In another aspect the invention provides a method for inducing cellular immunity against
HPV in humans comprising administering to a human an immunogenic composition according to

the invention described herein.

20  [023] In another aspect the invention provides a method for inducing neutralising antibodies
and cellular immunity against HPV in humans comprising administering to a human an
immunogenic composition according to the invention described herein. Such a method can also

induce cross neutralising antibodies.

[024] The invention further provides a method for preventing HPV infection or HPV disecase
25  related to HPV infection, which method comprises administering to a human an immunogenic

composition according to the invention.

[025] The invention further provides a method of preparing an immunogenic composition
which method comprises combining (i) at least one human papillomavirus (HPV) L1 virus like
particle (VLP), with (ii) at least one chimeric HPV L1 polypeptide, capsomere or VLP

30  comprising an L2 peptide in the L1 sequence, and (iii) a pharmaceutically acceptable diluent or
4



anti bodi es. [022] In another aspect the invention provides a nethod for

i nducing cellular inmmunity against HPV in humans conprising adm ni stering
to a humawoaniowmwsaogeni ¢ conposition according to the ipor@reélonsmescri bed
herein. [023] In another aspect the invention provides a method for

i nduci ng neutralising anti bodies and cellular immunity against HPV in
humans conpri sing adm nistering to a human an i nmunogeni ¢ conposition
according to the invention described herein. Such a nmethod can al so i nduce
Cross n%h’[rriref’-éﬂdsdp@ignﬁ@t('i\g%q!a 2vart HprodlB€al YRR deRic thib &l oPs kb dided a

met hod for preventing HPV infection or HPV disease related to HPV

i nf ect i bareinahihehnvyestipio firhenpriidesmetindsfios themiurifjcationaf hershimaie fohyngpadgeni ¢

conpositign a rdi.ng 1.0 the,invention, [025] The invention further .
et B8RO ki D LM e sl e ol BB ERER? fod i bing

conpri sebroanrddraphpg (i) at | east one human papillomavirus (HPV) LI virus
|i ke particle (VLP), with (ii) at |least one chineric HPV LI pol ypeptide,
capsenmeE@ar THe Rvemimr fuBhdtPréidds2 mapsd dpréparing en hmeespieaR@Bmpasito(iii) a
pharmaceutical |y acceptable djiluent orcarrier and optionally (iv) an

adj uvantvhighgngfhdieRIEPTiRS FIRRIRIBE EWP &1 BerRsauneicohl ¥d- | ebpeptilsy. JHRIBISHSS Ofhe

i nventi & psUphBAREn &9E§9§&kﬁ?ﬁﬁﬁq§m%ﬁﬁmkée purification of the chineric
e

pol ypepti des as describ herein, salrd nethod conprising anion exchange
chr omat p I " i tion
U thor o i e P O AR s s kP o o
met hod compinimses KRVl pohyeptive vdrichmmeprshd anpepitide Effvoptlof poLY pelypérdies,

vt ancr e pip T oUPE R B i B s b Pt kB FER Eonpr 1 i ng

conbi ning an HPV LI pol ypeptide which conprises a peptide epitope of an L2
pol ypeptide inserted w tBRIEFIDESCRIPpOONEPTHEDRAWINGShar maceuti cal |y
acceptabl e diluent or carrier. BRI EF DESCRI PTI ON OF THE DRAW NGS

[028] FIG. 1 shows a C terminally truncated L1 sequence for HPV 16 and HPV 18. The amino
acid numbering for the HPV 16 and HPV 18 sequences of Figure 1(a) and (b) respectively is
used throughout the specification in relation to L1 of HPV 16 and HPV 18.

15  [029] FIG. 2 shows the exposed loops of HPV 16 and HPV 18 L1 and exemplary locations for

insertion of L2 peptides into the L1 sequence.

[030] FIG. 3 shows alignments for L1 sequences for HPV 16, 18 and other types, in the
exposed loop regions and C terminus invading arm region. The sequence at the top is the HPV

16 L1 sequence shown in FIG. 1.
20  [031] FIG. 4 shows L2 peptides from various different HPV types.

[032] FIG. 5 shows a flow-chart for the purification of chimeric L1/L2 polypeptides.

DETAILED DESCRIPTION
INTRODUCTION

[033] This disclosure concerns compositions and methods for the prevention and treatment of
25  discase caused by infection with human papillomavirus (HPV). More specifically, this
disclosure relates to chimeric polypeptides containing immunogenic components of the major
capsid protein, L1, and the minor capsid protein, designated L2. The chimeric polypeptides
disclosed herein include an L1 polypeptide into which at least one L2 peptide has been inserted.

The L2 peptide is sclected to include at least one epitope of an L2 polypeptide.
5



[028] FIG 1 shows a Ctermnally truncated LI sequence for HPV 16 and HPV
18. The am no acid nunbering for the HPV 16 and HPV 18 sequences of Figure

| (a) and wb)oreempseti vely i s used throughout the speci f iPcatEPodoiosooz€l at i on

to LI of HPV 16 and HPV 18. [029] FIG 2 shows the exposed | oops of HPV 16

and HPV 18 LI and exenplary | ocations 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, in the exposed |oop regions and C term nus invading arm

region. [Jﬁ? ?f?w&ﬂ&ﬁiilﬁén‘[}ﬂﬁpél% Lide sh& PW‘[)%@_I%'LI%)%%@ rde. S['Tﬁgy\ﬂhé dhikk&k 1
[031] FIG "4 shows L2 peptidesS fromvarious different HPV types. [032] FIG

5 shows Ld/B2 mhlyrehadd inflodest iV tpei 18iLdatalyepode @Hragerentcthtrepliztpehighept i des.
DETAI LE%SDE% ll%ltk%%gwleg{s{cﬁf%ﬂ%%es rq %é (Ep-g%lf 3 ﬂ %?)lrygcsé‘ql{{;gén ?"8{; (%xeaélrf)%e the I.2

conposi tions an of preventon an I'sease caused
by i nf egtptaie cah bh fibtredspPaPilPV oY that $ypcHR\Qhat Vb4 eorsHRVitipeCEd 1LY peptilde)s

di sclosure relates to ch'neric,polypep%ides cont ai ni ng i nmunogeni c
conponehtOuFPlY:Hle L8 PolyRmtidg intaprile AT ndpeing am ynipRe RINGRC ©RIRFUC pr ot ei n,

deSi9na?ﬁﬁdh%omﬁhﬁngﬁkﬁ%ﬁk&nﬁﬁﬁ&ﬁﬁﬁﬁ&%ﬁ%mﬁéﬁﬁk@é%%eﬂ&%@jRdhﬁ&hﬂ,,ﬂﬁ” L
pol ypeptide into which at |'east one L2 peptide has been inserted. The L2
pept i de Lild 25l nspede ¢ao biersepabiieofanducagsn immamne pisporpe todt least o additional

pol ypept i de. .1 n an enbodi nent, LI pol ypeptide is an HPV type 18 LI
polypep%kgqugﬁékuithe chimeric L1/L2 pol ypeptide includes HPV type 18 LI

pol ypept rofre nent thereof i .wWhich .i.s inserte t.nheast .one peptide
Phat: pit el e BF LER vt igBleghasiont BRR0 RS D00 SR 5% opti e
canlbg ftdroinR ofylpglra’fu-wh ylﬁip;i&é, stufhlaé{&, ftqnpergﬂrﬁ a(:idl@atISil())iE‘o,ft}&fmglﬂﬁl‘dotfylpe 18 L2
peptide). Favourably, the L1/L2 pol ypeptide is. capable of .inducing an

i mune )rLla%%% Belypeptiden by spgeitip F%‘P%ﬁﬂﬂle@ééﬁif; L-<iPRRfideR arcysolepist fisBYOF 8P om

whi ch tha.REPLE BchiRlcBMPALIRL amARdicld [R0ahdsY 7-J6NT ok HIVZL PRL Y PERIGEAe can be
capabl e of 1 nducing an i mMmune response to at | east one additional native L2
pr ot ei npeptide 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
15  residues 108-120 of an HPV L2 polypeptide. In various embodiments, the L2 peptide, or
peptides, includes an amino acid sequence represented by SEQ ID NOs:1-31. In one exemplary
embodiment, the L2 peptide consists of amino acids 17-36 of HPV type 33 L2 (which is identical
to amino acids 17-36 of HPV type 11 L2). In another exemplary embodiment, the L2 peptide
consists of amino acids 56- 75 of HPV type 58 L2 (which is identical to amino acids 56-75 of
20  HPV type 6 L2). More generally, an L2 peptide can be selected to include at least 8 contiguous
amino that are identical to the L2 polypeptides of at least two different HPV types (that is a

consensus sequence between two or more types of HPV).

[036] In another embodiment, the chimeric L1/L2 polypeptide includes an HPV L1 type 16
polypeptide or fragment thereof into which has been inserted a peptide comprising amino acids

25  56-75 ofan HPV L2 polypeptide. For example, the L2 peptide can include amino acids 56-75
of an HPV L2 polypeptide from an oncogenic type of HPV, such as HPV type 58.

[037] In certain embodiments, the L2 peptide that is inserted into the L1 polypeptide to form a
chimeric L1/L2 polypeptide includes at least one amino acid insertion, deletion, or substitution
as compared to a native L2 polypeptide. In an embodiment, the L2 peptide has at least one

30  amino acid insertion, deletion or substitution that removes a disulphide bond between two

cysteines or removes the amino acids between two cysteines capable of forming a disulphide

6



[035] In an enbodinent, the L2 peptide(s) is selected fromam no acids
1-200 of the Nterm nus of an HPV L2 pol ypeptide, such as from am no acids
1- 150 of wbeoN/mersmi nus of an HPV L2 pol ypeptide. |n specifireoienbmdi nent s,
the L2 peptides are selected fromthe group selected of: a peptide
conprising am no acid residues 17-36 of an HPV L2 pol ypeptide; a peptide
conprising am no acid residues 56-75 of an HPV L2 pol ypeptide; a peptide
conprising anmno acid residues 96-1 15 of an HPV L2 pol ypeptide; and a
peptide bsmdﬁhﬂggﬁ%&%%@iﬁg tHaB i AESan0Bp A 8e Rfithah ot def pelypeptide. In
vari ous enbodi nment he L2 peptide, or peptides, includes an am no acid
sequencéekaqm mmtéutidmyis SE@DleDf N@lcmgaa nmmunﬂre@pmlsem*r@aatrgneelﬁbmjlhe nt, the
L2 pepti 0%1 orna?ura?ﬂ o Slrrrn n emgz?)% of HPV type 33 L2 (which is

i dent i c&I°F'0 “AMno 168 P- EP ot type 11 L2). In another exenplary

e et A5 ey PR B A% B 5,8 2y n R R, 0 2

an L8 papids.dm eaminkembseiheatsethe1Q peptddigrdinsdredsito @n eOpYstdkQLES oRATOl that
are identjcal to the L2 polypeptides of at least two different HPV ty

(that i §Olz¥p%lf¢§engwéa%?%@ew%@fwwow cqpgiedhe PEdeone- aapbweep@emo | n
anot her ,gabesh M), ke CHERL ‘Bet'vs%’eﬁ%n%'a\éﬂﬁﬁ% dﬁzzb NRd RS p 0 Hodfwkin type
16 pol ypeptide or fra ment thgreof into which been mserte% a peptid
conpri S|amgloemdsc$4ée|36|%) BBY7ShoC tamikP\Of Itk Ipbbq}pmhdd@gﬂmtwmamphceacldme L2

pepti de e am.n aC| PV L2 po from an
oncogeni g& ydpﬂ%lﬁ))“f q—ﬂf’\fmbocﬁ)mﬂe WI(—)ﬂf'\/n%or?)EE @%prh ?:P?]mﬁeﬁ‘yc %ldﬁ g}vbodl ment s,
the102 peRbesRlc! Fat cxatpld) SRItive dr imdtoL1 Peptides mlm@ﬁ@ttedieltd e kaneiee @Rk, meric
L1/ L2 pol ypeptide includes at | east one am no am% i nsertion, deltﬁg' on, or
subst i t 8t F 6ANTHEEOWSHeHEY dnipe acideqricpreaamaery oy pin difigeent sifes sk ibigi BeRE  t he
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pol ypepti de

peptlc?es include at lcast 8 contiguous amino acids of a native L2 polypeptide.

[039] In certain embodiments, the L2 peptide(s) is inserted within the L1 polypeptide without
deleting an amino acid of the L1 polypeptide. In other embodiments, the L2 peptide(s) is
inserted into the L1 polypeptide with a deletion of one or more amino acids of the L1

20  polypeptide.

[040] Insome embodiments, the chimeric L1/L2 is in a supramolecular assembly of chimeric
polypeptides, for example in polypeptide particles, such as amorphous aggregates, or more

ordered structures, ¢.g. a capsomere or a virus like particle (VLP) or small non VLP structures.

[041] Another aspect of this disclosure pertains to nucleic acid molecules that encode a

25  chimeric L1/L2 polypeptide as described above. Such nucleic acids can be present in a
prokaryotic or eukaryotic expression vector. Suitable expression vectors include, for example,
recombinant baculovirus. The recombinant nucleic acids, ¢.g., expression vectors can be
introduced (e.g., infected, transfected or transformed) into host cells. Such host cells are also a
feature of this disclosure. These host cells can be used to produce the chimeric L1/L2

30  polypeptides, ¢.g., by replicating the host cell under conditions suitable for the expression of the



[038] In an enbodinent, the HPV LI protein has a C-term nal deletion of one
or nore amno acids. In certain enbodinents, the L2 peptide(s) are inserted
into an expaswdi4pmgi on of the LI pol ypeptide. |In variougcCerdredionssbs, 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 |loop (e.g., between
am no acids 345 - 359); and/or the Ctermnus of the LI polypeptide (e.g.,
between ami no acids 429 and 445). In an enbodinment, two or nore L2 peptides
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insertednﬁMwaﬁMEpﬁwmeMyﬁemmcdeﬁmnHWV@nﬁehenDmﬁwmmeone or nore am no acids
of the LI polypeptide. [040] In sone enbodi nents, the chineric L1/L2 is in
a supr an@3é¢cilihey, tlegsesehl discddsuchilsoeproad gahppepérde sqmpasrtioax &mpbkeini the

R R G

VLP st r yeinpssiison ihOiddd a Aigkhie 1 AdpRbipeptide Bigs ar&eipifsenRes dralllsad 0 nucl ei ¢
acid nol ecul es that. encode a chineric L1/L2 polypeptide as described, above.

Such nudpsribedgioys. ip spmpaatineyihe ph%ﬁacwé%b}f%ﬂs%nt%bl%?xcawﬁr diBrepicoregpsicessi on
vect or . 1,3 alh 6 SXRE SR 1 %EIQE SorhP&it gnqealso iRiusaNRiRyardt e SRy hant

bacul ovirus. The reconbi nant ntcl ei c aci g., expression vectors can be
i nt r odueddv{ms gcludé af domedymtsplanstlest abdmimrunt hedrefide.medpr BdcocHasd cel | s.

Suchshost | cel |50.81 fid SGrAMPL).

[044] In one embodiment, the compositions includes: (i) at least one virus like particle (VLP)
comprising or consisting of a human papillomavirus (HPV) L1 polypeptide or fragment thereof;
and (ii) at least one chimeric polypeptide comprising a human papillomavirus (HPV) L1
polypeptide or fragment thercof into which has been inserted at least one peptide comprising an
20 epitope of an L2 polypeptide. Any of the chimeric L1/L2 polypeptides disclosed herein
(including the aforementioned supramolecular assemblies, polypeptide particles, capsomeres
and/or VLPS) is suitable for use in compositions containing VLPs in combination with chimeric

L1/L2 polypeptides.

[045] In an embodiment, the VLPs for use in combination with the chimeric L1/L2 polypeptide

25  consist of L1 polypeptides or fragments thercof. In specific embodiments, the HPV L1 VLPs are
HPV 16 and/or HPV 18 L1 VLPs. Similarly, the chimeric polypeptides can also include an HPV
16 L1 polypeptide or fragment thereof and/or an HPV 18 L1 polypeptide of fragment thercof.

[046] In an embodiment such a composition in an exemplary embodiment includes at least one
chimeric polypeptide of (ii) which consists of an HPV 16 L1 polypeptide or fragment thereof, an
30  HPV 18 L1 polypeptide of fragment thereof, or both an HPV 16 L1 polypeptide or fragment



feature of this disclosure. These host cells can be used to produce the
chinmeric L1/ L2 pol ypeptides, e.g., by replicating the host cell under

condi ti onsoxuinabise for the expression of thereconbi nantCpairy@epsiode.
Optionally, the pol ypeptide can then be isolated and/or purified, e.g.,
prior to formulation in an i nmunogeni ¢ conposition. [042] Any of the
chinmeric L1/ L2 pol ypeptides di sclosed herein can be used in nedicine, e.g.,
as i mrunogeni ¢ conpositions (such as vaccines) for the prevention or
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enbodi mentdeviilef derpreshinnbifsamincheides: (i) at | east one virus |ike particle
(VLP) conprising or consisting of a human papillomavirus (HPV) LI
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(including t'he aforenentioned supranol ecul’ar assenblies, polypeptide
parti cl @slyperjsis arrerted withid/thr HRAY Pg) pal wepda. div exdnaple.iibecdmbisdiopssei tricbids
cont ai ni 1 PSs.J.n g&i i ' I er | 24: epti . [045] In
- embodn st PophD GREBATY et WSO T S Pt Ps RO Ry 17
pol ypepipbldPeptides in the combination can include the same or different L2 components. In one

specific embodiment, the chimeric polypeptides comprise L1 polypeptides of the same HPV type

and the L2 peptides are different.

[048] In exemplary formulations, the immunogenic compositions include between 10 and 50
ug of each VLP and/or chimeric polypeptide per human dose. In an embodiment, each VLP

20 and/or chimeric polypeptide is present in an amount of approximately 20 pg.

[049] Immunogenic compositions as described herein can be prepared by combining at least

one chimeric polypeptide comprising a human papillomavirus (HPV) L1 polypeptide or

fragment thercof with at least one inserted peptide comprising an epitope of an L2 polypeptide

inserted within the HPV L1 polypeptide, with at least one other chimeric polypeptide, or with at
25  least one human papillomavirus (HPV) L1 virus like particle (VLP), along with a

pharmaceutically acceptable diluent or carrier and optionally an adjuvant.

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.



consi st of LI polypeptides or fragnents thereof. In specific enbodi nents,
the HPV LI VLPs are HPV 16 and/or HPV 18 LI VLPs. Simlarly, the chineric
pol ypept iwoomaromkso i ncl ude an HPV 16 LI pol ypepti de ecTiPagumesi24 her eof
and/or an HPV 18 LI polypeptide of fragnment thereof. [046] In an enbodi nent
such a conposition in an exenpl ary enbodi nent includes at | east one
chinmeric pol ypeptide of (ii) which consists of an HPV 16 LI pol ypepti de or
fragnent thereof, an HPV 18 LI pol ypeptide of fragnent thereof, or both an

HPV 16 I lﬁ)okﬂl%pgﬂﬁ%lﬁ ex‘})faﬁﬁﬁgﬂf ttﬁgl‘gﬁ%@gn@é}%nﬁﬁc s %@edl-ﬂe]ge@@hw%qgé de of

fragment into which a pepti de een inserted thereof. As disclosed
above, niveniobisrerinopgpnidesodanonaefcndiearaskilllin il aypleprhiichethisi diselaue

ter m nal (el etb o Bl 8RS RLaIRY 8 AR Al 51008 ctle bk, PRINRERLE Heid 0 one
speci fi CCenboai et Che T IO HI '€ EByos? PFOR" T el lidds B pV'™6 LI
VLPs and;er3W, 1Bblishe¥bPS)x fad diversiBrRresspIMIEIBN da9-8s4 §7-bp tkiendmewtiPy/. 16 LI
pol ypeptide and an HPV 18 LI pal ypeptide, .In such an enbodi nent, the
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aci ds oiCoupyeiessivd Devé\Rafadense, nubbistedtber\i A ubldberninge 1 34T ASBN[13PR1-569-
Simlar I8 , in anot her enbodi nent, the inmunogenic conposition can include a
conbi nati'on of two or nore chineric polypeptides that include a human

papillo LT HPY) Ll pol.ypeptide. ok.f nt. thereof with at |east one
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pol ypeptjdes with the sane_or different L| conponent. Sim/larly, the
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presént sudh arnantgsnt arofintampied axba@ipedxyim2@. Mbus, where a concentration is indicated to

be at least (for example) 200 pg, it is intended that the concentration be understood to be at least

approximately (or “about” or “~”) 200 pg.

[053] Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of this disclosure, suitable methods and materials are described

20  below. The term “comprises” means “includes.” Thus, unless the context requires otherwise,
the word “comprises,” and variations such as “comprise” and “comprising” will be understood to
imply the inclusion of a stated compound or composition (e.g., nucleic acid, polypeptide,
antigen) or step, or group of compounds or steps, but not to the exclusion of any other
compounds, composition, steps, or groups thercof. The abbreviation, “e.g.” is derived from the

25  Latin exempli gratia, and is used herein to indicate a non-limiting example. Thus, the

abbreviation “e.g.” is synonymous with the term “for example.”

[054] The term “human papillomavirus,” abbreviated “HPV” refer to the members of the genus

Papillomavirus that are capable of infecting humans. There are two major groups of HPVs

(genital and cutancous groups), cach of which contains multiple virus “types” or “strains” (c.g.,
30 HPV 16, HPV 18, HPV 33, HPV 58, etc.) categorized by genetic similarity. In the context of this

disclosure the term “type” can be used to designate an HPV, and/or a polypeptide from a

10



[ 049] I mrunogeni c conpositions as described herein can be prepared by

conbi ning at | east one chineric polypeptide conprising a human

papi | | onawonrop/UHRY) LI pol ypeptide or fragnment thereof partdr2@b/ob®ast one

i nserted peptide conprising an epitope of an L2 pol ypeptide inserted within
the HPV LI polypeptide, with at | east one other chineric pol ypeptide, or
with at | east one human papillomavirus (HPV) LI virus |like particle (VLP),
along with a pharmaceutically acceptable diluent or carrier and optionally
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0-19-854287-9) ;. Kendrew et al. (eds.), The Enc cl opedi a of Ml ecul ar

Bi ol ogy ressiyss wab&rﬂdymsfi feeether 1hr<%h@ﬁe® hangs. Thetgums ‘ipgBmeptids3or 6o ) ;
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Conpr ehensi ve Desk Reference, published by VCH Publishers, Inc., 1995 (I SBN
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15  acids. Polypeptides are translated from the N or amino- termlnus towards the C or carboxy-

terminus.

[056] The terms “polynucleotide” and “nucleic acid sequence” refer to a polymeric form of
nucleotides at least 10 bases in length. Nucleotides can be ribonucleotides,
deoxyribonucleotides, or modified forms of either nucleotide. The term includes single and

20  double forms of DNA. By “isolated polynucleotide™ is meant a polynucleotide that is not
immediately contiguous with both of the coding sequences with which it is immediately
contiguous (one on the 5’ end and one on the 3’ end) in the naturally occurring genome of the
organism from which it is derived. In one embodiment, a polynucleotide encodes a polypeptide.
The 5" and 3’ direction of a nucleic acid is defined by reference to the connectivity of individual

25  nucleotide units, and designated in accordance with the carbon positions of the deoxyribose (or
ribose) sugar ring. The informational (coding) content of a polynucleotide sequence is read in a

5" to 3’ direction.

[057] The term “heterologous” with respect to a nucleic acid, a polypeptide or another cellular
component, indicates that the component occurs where it is not normally found in nature and/or

30  that it originates from a different source or species.
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approximately (or "about"” or "~") 200 pg. [053] Although nethods and
materials simlar or equivalent to those described herein can be used in

t he practwoeonvi4p®zti ng of this disclosure, suitable nerhode2andsvat eri al s
are described below. The term "conprises” means "includes." Thus, unless
the context requires otherwi se, the word "conprises,"” and variations such
as "conprise" and "conprising" wll be understood to inply the inclusion of
a stated conpound or conposition (e.g., nucleic acid, polypeptide, antigen)
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The t er the'ipfsrange pelypkptide & whiebiitfis @@mbayed byt hadédition delstien ommibsirtatignyof one
occurri %QnﬁBFeoéﬁithcid?%r \Qﬂ]ﬂe sﬁﬁstﬁlﬁ% f""ﬁ' %{%Q%c?dnin?lggﬂpl nantly or

synt hetica eterm erence to a pol ypepti de,
RIS RCAIEL e T me N e TR
of antibodies and/or a T cell response in an animal, including compositions that arc injected,
absorbed or otherwise introduced into an animal. The term “antigen” includes all related
antigenic epitopes. The term “epitope” or “antigenic determinant” refers to a site on an antigen
to which B and/or T cells respond. The “dominant antigenic epitopes” or “dominant epitope” are
20  those epitopes to which a functionally significant host immune response, ¢.g., an antibody
response or a T-cell response, is made. Thus, with respect to a protective immune response
against a pathogen, the dominant antigenic epitopes are those antigenic moieties that when
recognized by the host immune system result in protection from disease caused by the pathogen.
The term “T-cell epitope” refers to an epitope that when bound to an appropriate MHC molecule
25  is specifically bound by a T cell (via a T cell receptor). A “B-cell epitope” is an epitope that is
specifically bound by an antibody (or B cell receptor molecule).

[061] An “immune response” is a response of a cell of the immune system, such as a B cell, T
cell, or monocyte, to a stimulus. An immune response can be a B cell response, which results in
the production of specific antibodies, such as antigen specific neutralizing antibodies. An

30  immune response can also be a T cell response, such as a CD4+ response or a CD8+ response.

In some cases, the response is specific for a particular antigen (that is, an “antigen-specific
2 2
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retain at |east one predom nant inmunogenic epitope of the full-length
reference protein or polypeptide. Orientation within a pol ypeptide is
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positions of the deoxyribose (or ribose) sugar ring. Thé infor ITB.tI onal

( codi ngYo pashegsnchafenge froliwnucl eot i de sequence is read in a5 to 3
direction. [057] The term "heterol ogous" with respect to a nucleic acid, a
pol ypep{0@¢ o&m “adyatfm’f lsclelaguit dlrat cnimpmséhﬂ proiluntion af es intmhane fes@nsvMEoRent
occurs V\Iherfec ma ner mmona aIX 1 Hl d I ne naf)tnlélr m?‘n%ge{log Irlila ur{utn Orl gl nat es
froma APFHeEreH PEEOBf \p'ec ok 6%@]’ THES Pe athf g "™ nat ur al | y
occuor i hgdrokit &Ilurhmuﬁhrp}ﬁlslﬂﬂ%l)bntosﬂﬁ&h @figen Rradt@bd; emﬁlsmeﬂhﬂd@ngbva&u@ﬂ eic
aci d, tht IS present in the sanme_ st is in nature. That t he
el enent Ha¥ g inpEaer (Reshyariagty thereh: mcgida}gl @)ub kerempglyionsigad rrvqesitle ?)‘BEIlSlOP??at in
the contgxlacaritidd & %Jo%fsb&‘ﬁb!ﬁ@es TR R s Blaly ﬁc@éié alldd dsﬁﬁ{ fatgal ly
occurring types o P—i V (and HPV proteins an ﬂ-@ ypeptides), e.g., obtained
from di P lmrmnkeomqsnrhabsﬁcyne@c&lk hkaReaepioe aganistHpytticploa 9] TIARZ, AR4RLR 7 {fhen
referri i i an HPV LI or L2 nucleic
acid or di fl‘ﬂR@ ag&gi‘@ gnda\parfguéj{oﬁbégﬁlgxggpstdcﬂ%oéﬁo&htstI de that differs from a
,[ ﬁfe? 5/ SP IT(Z@%E' éﬁgjnfnﬁ@%{z %e}no rcg%é) 8&8819 ! 1|s g%omIL)Jgslilt?‘(l)n c¥f’ mat&:r s&{a{)fe%r a{](f:mlgls?ratpo%tt\cl)\e en

.

a human or animal subject (c.g., in an experimental sctting) that is capable of eliciting a specific
immune response, €.g., against a pathogen, such as Human Papillomavirus. As such, an
immunogenic composition includes one or more antigens (for example, antigenic subunits of
viruses, ¢.g., polypeptides, thereof) or antigenic epitopes. An immunogenic composition can
20  also include one or more additional components capable of eliciting or enhancing an immune
response, such as an excipient, carrier, and/or adjuvant. In certain instances, immunogenic
compositions are administered to elicit an immune response that protects the subject against
symptoms or conditions induced by a pathogen. In some cases, symptoms or discase caused by a
pathogen is prevented (or treated, ¢.g., reduced or ameliorated) by inhibiting replication of the
25  pathogen (e.g., Human papillomavirus) following exposure of the subject to the pathogen. For
example, in the context of this disclosure, certain embodiments of immunogenic compositions
that are intended for administration to a subject or population of subjects for the purpose of
cliciting a protective or palliative immune response against human papillomavirus are vaccine

compositions or vaccines.
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nucl eic acid or pol ypeptide constitute a proportionally small nunber of
differences as conpared to the referent. A variant nucleic acid can differ
from t he weferoengm2nucl eic acid to which it is conparedPoy/RP2@oasw2e i on,

del etion or substitution of one or nore nucl eotides, or by the substitution
of an artificial nucleotide analogue. Simlarly, a variant pol ypeptide can
differ fromthe reference polypeptide to which it is conpared by the
addition, deletion or substitution of one or nore am no acids, or by the

substi t yiiRERE AL AP PaeiIrfheal ogue. [060] An "antigen" is a conpound,
conposi fion, or substance that can stinulate the production of antibodies

and/ or C | i i i id i are
i ot et pabe pisTRARS Rl AR AN (Rt pRGPHASOURPARIE PhARRA RS
"ant i genicdimeodougpesitiand, amdthat setdsfanlic pedif@ aspictand efcctimeeat@nawshgpsitioped or

"antigenic.determnant” r rs.to a sjite on an, antj to which and/or T
coll °r Beifer e huime Y e Ry Sndlet G3PEs RLPRh It oSyt ope- Car o
those epvdiRPRSohMnddihIGhcandsUnCHraduddr] he pregdtitinveaidn dvdsémd eRMBEAC I esponse,
e.g., an antibody response or a T-cell response, is made. Thus, with
respect _PPBPQ?W%%@E@PI\‘/@@ N R yRsREES iaparhish has Goar sgrsel atdgiet i nant
ant|l gen'p@ptﬁf%'tﬁﬁ@lﬁﬂ;u(fég§n%ﬁ%%ﬁic%ﬂfté&%!aﬁfmEﬁb@l?géﬂ?iﬂ[‘:. when recogni zed by the

host i mmne systemresult T n protection fromdi sease caused by the

pat hogeh065ThelteddY LT-a0é LR pehiptmple’ disdbsddictam mny bpitvopaytghadtyphaibéund t o
an appropri ate. N lecule i.s specifical oun e Vi T cell
ecent o e Vel ik GRER LRy PR Hpe a7 a5y Bdn by
an aoti Bodsz, 66r58B5¢.&k| 6§ @cBpindthd@n@alul @js. call 9o HPWrtypds Rughe HIBg pogisid” is a
response C?f a cell of the immune system such as a B cell, T cell, or
monocyt @14 th5 SkingRpTiRg tacs uAh prirnirie P e BB VE 2R Y@ P8 2c8rl 3 F¥SHEHSEh whi ch
resul t's chinolQyank O GIreTb REocBRECHth Serddd LRbESwariUCh as antigen specific
neutralizing antibodies. An | nmune response can al so be a T cell response,

such as [@o6CD4Eer ceap@ase apemiodimRat the prsesms énventiorspyaeidessleunan fapilloewponse i s

speci fi rl - ' t i i.gen-s wilcr nse").
T othe b PELR opE bR g Rel it SornfRing RN RO LhERRANCE
a " pat hagepitgpefhi L2 ppBppailsensertdl WiphiattecHP V. li polypreetide dpapiepe sfand2 i nmune
response t hat.jnhibit, detrinmental function or acf:ti vity of a pat hogen,
reduces pp‘tqug&dp & B%ptlie HBgEROPGHY presented is capable o 1nduc1ng an immune response

that will recognise a native (e.g., full length) L2 polypeptide from a human papillomavirus, for

example, a naturally occurring human papillomavirus.
[067] In another embodiment there is provided a human papilloma virus (HPV) L1 type 16
20  polypeptide or fragment thereof comprising at least one peptide comprising amino acids 56-75
from an HPV L2 polypeptide.
[068] The L1 polypeptide can be a full-length L1 polypeptide. In certain embodiments, the L1
polypeptide is a fragment of L1, such as a fragment truncated by the deletion of one or more
amino acids from the N- or C-terminus. Accordingly, in certain embodiments, the L1
25  polypeptides are truncates from which one or more amino acids are removed from one or both
ends compared to the native protein (that is the protein as found in nature). In a particular
embodiment, the L1 polypeptide has a C-terminal deletion. An exemplary L1 HPV 16 sequence
is given in FIG. la. An Exemplary L1 HPV 18 sequence is given in FIG. 1b.
[069] The truncated L1 proteins maybe capable of self-assembly, e.g., into capsomeres or
30  VLPs. Virus like particles typically resemble HPV viruses under the electron microscope.
Typically they are made up of 72 capsomeres which in turn are made up of 5 L1 polypeptides in

a pentameric unit. Suitably at least one of the L1 proteins utilised herein, comprises a truncated
14



decreases synptons (including death) that result frominfection by the

pat hogen. A protective imune response can be neasured, for exanple, by the
i nhi bi ti onoabiwvidpmk replication or plaque formation i n &CplERque/0s®AUCt i on
assay or ELISA-neutralization assay, or by neasuring resistance to pathogen
chal l enge in vivo. [062] An "adjuvant" is an agent that enhances the
production of an imune response in a nonspecific manner. Commbn adj uvants
i ncl ude suspensions of mnerals (alum alunm num hydroxide, alum num

phosph atLq)pr&}&tnoaﬂMW&J?e Aildpgenprysyads Aikefe p ﬁﬁép%'(i%’ cay é@)ﬁleﬂg' resent,

wat er-inoil, and oil-in-water (and variants rof, incl udlng oubl e
enmul si onsitaiall & Prdsties enthe sompﬁzs)tlonlar@tmlmtsﬁéﬂlmgsmsI Pyitaby ths srondwtivn des,

i mrunost i nul at or GOI Ieotlde ., | Lposones,
Tor -1 s e P GRS R, DTLLRR RS 0L TRl SRS
agom St $he, C-adithinsd fruBdaSio fHﬂfiUVBﬁfdv@ﬂﬂlaﬁfSO an@ﬂb dxpion exdnsple f@8thaAR() amino

"I munogeni c. conposjtion” is a conposition of matter suitable for

admi Aj staflg% i BrPoe Garichghebimegit t%r%ﬁlaiﬁrpn%aeog remqvigs ahaEReSCidy iy

setti ng)HPt\hPéaﬂcﬁS%ﬁQh@id@froﬁ'HWﬁgng a specific immne response, e.g.,
agai nst a pathogen, such as Human Papi|lomavirus. As such, an imunogenic

conposi {0 i Agnedted Ldrmeotgins ropwyahhérgaree (fieblydkentiohd, leoﬁegledwwatmbam ts
of vir u%/gﬁants Fgl’lCtIOB% Iylgﬁggeﬁ (?C]%l’Valrl\Qgr FQJH an?s ar@@ Ip'agl% ;BH; 531?% % nepl’es onse

i nunogeni c ¢ | ORal onent s
capabl e(@fnoehli}cmﬂmmgnmbly%lﬁwztaﬁuedl)g s 1mﬂﬁinllm1&spicﬁls¢)b¢15§cap3bllehf%ogﬂsﬁg(ﬁ:I pi ent,

carrier,.and/ or. adjuv In cer i .nmunogeni sitions
AT R TGy S A R aﬂ@i Proigip aa%?@e#@"fwgg ?&95} ect
agai nst yGYdmhO® RbtemORE detiPas |nduced by a pathogen. In sone cases,
syrrptoms or di sease caused by a pathogen is prevented (or treated, e.g.,

r educed (6] ankicilosatipeal thsﬁmnil@ﬁ injargimesisl IR Ll prlypeptidealissiaspdbrspinse. g.
Human pap M Qpavirus) followi ng exposure of the subject to the pat hogen
For exanple, 1'n the context of this disclosure, certain enbodi nents of

i rrrrunogé@in@ dorpy simbodmsnt digt osad hemrmtthcnﬂkﬂeﬁtmile cadbd hcstd atinerftle apswd) ect

o ROEULSLLon, o SUl cts, Lor Lrc, BUTPORe o R Lot Lo 8, Lol Ye.
when the L1 is in the form of capsomers or virus like particles (Chen et al 2000 Mol Cell 5, 557-
567).
[073] In any embodiment disclosed herein the L2 peptide can be located at a position selected
from the following regions of the L1 sequence, where the locations relate to the HPV 16 and
20  HPV 18 L1 reference sequence shown in Figure 1, or at an equivalent position in another HPV
L1 sequence:
(1) BC loop in amino acids 50-61
(i1) DE loop in amino acids 132-142, for example amino acids 132-141, particularly
amino acids 137-138
25 (iii))  EF loop in amino acids 172-182, for example 176-182, particularly 176-179
(iv)  FG loop in amino acids 271-290, for example 272-275, particularly 272-273
(v) HI loop in amino acids 345-359, for example 347-350, particularly 349-350
(vi)  C terminus arm in amino acids 429-445, for example 423-440, particularly 423-
424,431-433, or 437-438 for HPV 16, and 424-425, 432-433 or 439-440 for HPV 18.
30 [074] In any embodiment disclosed herein the HPV L2 peptide can be inserted into the L1
sequence without removing L1 amino acids. Alternatively the L2 peptide can be inserted into
the L1 sequence with removal of one or more amino acids from the L1 sequence at the position
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conposi tions or vaccines. CH MERI C L1/ L2 POLYPEPTI DES [ 064] The present
invention is directed towards pol ypeptides that can be fornulated into
vacci ne cwoponvipmas, and that satisfy the need for a satCe/rendossdoecti ve
vacci ne conposition to provide protection against HPV infection and/or

di sease and which differs fromcurrently avail able commercial vaccines. In
particul ar, the present invention concerns chineric polypeptides that

i nclude an HPV LI pol ypeptide into which has been inserted at | east one

pept i deom@émbﬂ%p%ﬁlpm @nﬁuggnm @m 1P, 95, 163n1hFi\5 L@ 19019/@9; b6 €minlb065]
The HPV LI and L2 pol ypepti des di's¢l osed hérein may fromany genotype of

HPV |nchud$q@hchlpanmn@umabetﬁmnmdghﬂmd@mnwanbertbah%pmgm&PMnﬁMpésTHPV 16,

18, 31, 4 D2, 56, 58 .59 66 Qr and the nj

a5 cABOHEEPHER BBk R e of e SuiaRtn? o YRl B BT sucn

as typesoelbﬂl%tﬁa@f@lddwﬁmrse@ma dﬂelqelsfalzntaa@gt&oaﬁsmlpalbtﬁm swmehce:ommn warts,

and HPV76 ass iated with beniga cut aneous rts. EOGG] For exagg in an
D

embodi meMS]t NWheE £ AF MPFRfenPSPHACTS PIcas Ia FRIFEFC h&pbiZinobmaptdey thesqdapyy L

type 18 b@‘&lde?&@tQ%@pﬂfes fﬁro?fgtﬂ? Mmd NPVaQHe, 6PMBY baH MG cPliddsarsth dPREnPEPli de
conprising an epitope of an L2 polypeptlde inserted wthin the HPV LI

pol ypeptyngein whickpist diy coh bafronthp edrygsppdinierciionan e liffatentttaf tynken
properly presented is capable of inducing an i nmune response that wll
recogni $§&/6a faai Mebc(défnglt the LR Ipeptetegs hl)serLezl ip@lWedeh@efmﬁmsaemblmﬁa
paplllonHV|ru ccurrln Qmavi,r us.
1067 1 neeEer hnSHRE ipRaf By, REGR o R B TR sl TR v
LI tygpe cd@opelsypeptd die Immdléaa@m; oﬁsﬁlﬁﬂleﬁ)ﬁl \donked §1lu6@1re%t Fbeéis&fmp(l)dj&) pepti de
conprising am no acids 56-7 om an HPV L2 polypﬁ $ OGBhHThe LI

pol ypeptHEagar-Tharugurg e Ik?elhfij’ﬁlﬁe [S10558eg e thcdd. po Weefé G eyt H3beREAt s,

the LI paly¥RERLhdR: difs hbhRd E@ﬁ?m@ﬁod—dﬂdm%%‘fﬂe@?nd%& haameioheyfcat ed by the
del etion of one or nore anino acids fromthe N- or C-term nus. Accordingly,

i n cert aiantainingditaeerpsomerh enteractnk ppé s ¥éd cantormatiore diveb sipramelgtilah one or
or € ams{llgct%%é ga% ‘t?eragsesge%\gf 5 ec{roﬁ) %88&08\5, fglpéygmple, as described by Sadeyen et al

15 2003, Virology 309, 32-40; Slupetzky ct al, 2007 Vaccine 25, 2001-2010, Varsani et al 2003, J
of Virology 77, 8386-8393, Chen et al 2000, Deschuyteneer M et al 2010, Human Vaccines ©:5,
A0T.41%, Typically, the chimeric VLPs are of a similar or identical size as compared to native
VLPs, that is, VLPs in which the L1 protein is full length or truncated, but does not contain an
L2 peptide. The chimeric VLPs can be in the range of 50 nm in diameter. In alternate

20  embodiments small non-VLP structures of between 20-35nmin oliameter are formed.

[077] The site at which the L2 peptide is inserted can allow the presence of conformation
dependent neutralising epitopes to be maintained. Neutralising epitopes can be detected by using
monoclonal antibodies such as V5, H16. E70 and U4 for HPV 16 (Christensen et al 2001, Carter
ct al 2003, 2006, Day et al., 2007) and J4 for HPV 16 (Combita ct al 2002). Additional

25  neutralising epitopes arc known in the art and their presence or absence can be similarly
identified using monoclonal antibodies.

[078] However, maintenance of all the L1 neutralising epitopes on the L1 polypeptide may not
be necessary, ¢.g., especially in the compositions described herein that also contain non-chimeric
L1 VLPs. Suitable sites for insertion of the L2 peptide expose the L2 peptide at the surface of

30  the L1 polypeptide particularly when presented as a VLP, for example the sites shown in Table

L.
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ends conpared to the native protein (that is the protein as found in
nature). In a particular enbodi nent, the LI polypeptide has a Cterm nal

del eti on.wanosxeapkary LI HPV 16 sequence is given in FPGI/HEPa010Am0EKenpl ary
LI HPV 18 sequence is given in FIG Ib. [069] The truncated LI proteins
maybe capabl e of self-assenbly, e.g., into capsoneres or VLPs. Virus like
particles typically resenble HPV viruses under the el ectron m croscope.
Typically they are nade up of 72 capsoneres which in turn are made up of 5
LI pol yq’@;@?' desld Ng HERL ABIPY [YNkposePH AR (Fa@lr ot 818903 A58 et L0 0k!
proteins utilised herein, conprises a truncatedLl protein, and where

mul ti pl €hePet AV2PR0) vdhéemipeoydd stelplt iimbetion sitealos b 2aspade apt dsent |

suitably all t LI. proteins in the ¢Q sjtign _are truncate | proteins.
2ui t oot PoirkerlaBR e PR R Mok BodldIR SRR RS (2heBl 1§ NEREEER diecP o0y "The

t runcat it@mims i@vadinig@kd) drahtottheDEaddpadt.intSuhd BB llaoptdi ént&thea Nboy@l Suitablyaé i on
renoves fewer than 50 am no acids, for example fewer than 40 am no . aci ds.

In ofe BAMEPEdn iatnserpbaiotanbYRRETEblc spairhel the logR AL B PeEPed NS AS SN0
aci ds f ke dRVrab® ead rda1mm 8%idahidseibhosinBYack8ficd B0 o Tgikr ¢ aed pbd and
proteins enployed herein are suitably functional LI protein derivatives or
var i ant gre defined foo iV 14 Lproeeled- deri vatives or variants are capabl e of

rai si ng ﬁ&eilwglr&g&gﬁ& é?oqtghp\p%l y, when suitably adjuvanted), said
i nmune ] ognising a virus conprising (or VLP
i om whi ch

in a

I n any
embodi Mt 4 scl osed herein the L2 Pelyth de can be located in ong of the
exposedAadepsi2or the C term nus i nyvldiomg arm of the LI protein. |[The | oops
and i nyadipgrarmare found when—the bt s it the. fort OMErs or virus
i ke pariidles (Chen et al 2000 Mol CellCE EEY e E3) ™ F 633 n Jany
enmbodi meA27HE¥cl osed herein the L2 H&td de can be located at a position
sel ect edafmepot he Tol T ow ng regi onsHabopt he LT sequence, where the | ocations

rel ate tA%4t251§45HPV 16—and

C terminus (Ct) invading arm

10  Table 2 HPV 18 L1 exposed loops

BC loop
AA 132-142 DE loop
EF loop (Capsomer bridge: Cys 175 & Cys 428)
AA 271-290 FG loop
AA 345-359 HI loop
AA 429-445 C terminus (Ct) invading arm

[080] It can be advantageous in a chimeric L1 polypeptide, capsomere, or VLP described
herein to insert an L2 peptide into or in the region of an immunodominant epitope, such as the
epitope of HPV 16 recognised by the V5 monoclonal antibody. This can result in the

15  immunodominant epitope losing its immunodominance so that another L1 epitope can become
immunodominant, which may in turn result in better cross protection. For example an L2

peptide inserted into the FG loop in the region of the epitope recognised by the V5 antibody may
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HPV 18 LI reference sequence shown in Figure 1, or at an equival ent
position in another HPV LI sequence: (i) BC loop in amno acids 50-61 (ii)
DE | oop iwoanmomaymei ds 132-142, for exanpl e am no aci dsPL3APreid/059024
particularly amno acids 137-138 (iii) EF loop in am no acids 172-182, for
exanple 176-182, particularly 176-179 (iv) FG loop in am no acids 271-290,
for exanple 272-275, particularly 272-273 (v) H loop in am no acids
345-359, for exanple 347-350, particularly 349-350 (vi) Ctermnus armin

am no_aci(fg ¢~ ﬁé)e lgﬁﬁg RXAMRN® d8RR TG andRAL bR &fl ité&?e%ecéltgfh 431- 433,
or 437-438 for V16, and 424-425, 432-433 or 439-440 for HPV %8. [074] In

any enbaodinneedondiat] osed herein the HPV L2 peptide can be inserted into the

LI sequ it hout renovi Ll..am no acids., A ternatively the L2 peptide
T o e S O R e
aci ds f napsy ea tdmp@iiloantzecrived hbreinp 082 peptdesicas b¢ tn taa L1 fiom dffargt BPY, 2,
3, 4.5, 6, 7, 8, 9, %0, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 am no

aci d3 ofYcher in L5 Eqindhe #eaHP¥dveenpved at the |ocation where the L2

peptide 4@1i Na&h k&M odikMBcdt}Ristd tRERE hidfe C2PeRMBS il Jud bE1yh SRS Or nore
amino acids in the LI sequence, for exanple the L2 peptide can replace an
LI sequenpsemefe aliR)athe he peetidgs kart loe nbrstell 2n epame er @lé‘gm@h@@s 1 o75] Where
two or 2 [ r r i Lneric . - tide .these
o e TRl RALIASS AERURESE AUl BeSIRORL LR R RERY o

pept i desad boimthd $aheriepervidPAble yges df thaMainehocpademhnby adantabeuk tohaviclae

Che 102" pEB 10 & ierideberies B CF e R BHCpBHE (- dsbenbl § toh & 10
supr anplaged AfdsaRERFRINE 10f ppieer i ¢ pol ypeptides, for exanple in
pol ypepti de parti cl es, suc% as capsoners or virus like particlea (VLPs) or

smal | ndMR3VL A e lidepeptideserascdestcdrte incdydarplcast one aptdcpicabiion Hhstselaetedir e, t he
2 P DRSHLSHAIN S LIoehl ALY RSBHL 0 B S B IR
ar e i nvotspedcitnatiedisndm miting L2 pbypemaiosonkpean h? polapdptida shagmdlutlbruthe ¥inkho
Conflg ' n%Elhg Bfese%%l ?nhthg ls'lgécafe flzp?t%gflz.algavourably, the chimeric L1/L2 polypeptide is capable of
eliciting an immune response against at least one additional native L2 protein.
[084] The L2 peptides for use as described herein can be selected from the following peptides:
a peptide comprising amino acid residues 17-36 of L2;
a peptide comprising amino acid residues 56-75 of L2;
20 a peptide comprising amino acid residues 96-115 of L2;
a peptide comprising amino acid residues 108-120 of L2.
[085] For example, the L2 peptides for use as described herein can be selected from the
following peptides:
a peptide consisting of amino acid residues 17-36 of L2;
25 a peptide consisting of amino acid residues 56-75 of L2;
a peptide consisting of amino acid residues 96-115 of L2;
a peptide consisting of amino acid residues 108-120 of L2.
[086] FIG. 3 shows the HPV L2 sequence for HPV16 L2 peptides from positions 17 to 36, 56
to 75,96 to 115 and 108 to 120 of the L2 amino acid sequence, and for L2 peptides from the

30  corresponding region of various other HPV types. Sequences available in the literature for other

known HPV types can be used to design corresponding L2 peptides from additional HPV types
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structures can be assessed by el ectron mcroscopy, for exanple, as

descri bed by Sadeyen et al 2003, Virology 309, 32-40; Slupetzky et al, 2007
Vacci ne 2802800492010, Varsani et al 2003, J of Virol ogpCT/EP288869083893,
Chen et al 2000, Deschuyteneer Met al 2010, Hunman Vaccines : 40 - 4 .
Typically, the chimeric VLPs are of a simlar or identical 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 chineric VLPs can be in
the rangedinofh MBHPY £ BIEIGEnce k0 rdliblnah feneREAS RS GBRLIm AR VP
structures of "between 20-35nmn olianeter are formed. [077] The site at

whi ch t BB01)2r pepbandidBersonnsdr, 28@8)ran al | ow t he presence of conformation
depende eut.r al i si epi t-opes to.he mintai Neut r al j Si epi t opes can
o dot ebd by R e FBEIBRER B P SelRhl EUBEP 1 MM B I8eRR, (DR o
HPV 16 (édueh&ttedseimiat thl re 00 fromGaliitie thedl2 saluca0d3,deA OO0, Nusalyerdg sakts at 2007)
and J4 for HPV 16 &Cbnbita et-%l 2002) .. Additiéﬂﬁl neatralising epi t opes
are Rnodinancihbatdhe Nadpgnippie ith phed deidnysat hisdefhpandead opanysiearqngsy y

i denti fiaGckatib REeMRAQ e &lrmaik 'amg'rigﬁt: AQ(Bhuliovaehr cdfRifdfRange of all
the LI neutralising epitopes on the LI pol ypeptide nmay not be necessary,
e.g., evpeiticalbn dtherttH tapelspigory, ddbehistheldppafiepeptidasbelaso cont ai n

non- chi ke P i I [: r. t . i de expose
the L2 ot asiabniRer S AR PR [N B B b Re Py Fblnen

pr esent etbdiedas eferibédhcrexafop baanipfie SEQUBPINGHOWA drISEQalhl BO129.0TR LT abl7e 1 &
2 shows the VV LI exposed regi.ons. (Carter et al 200 i shop et al 2007,
Cher1|_8 et pswtldfgg@ys W‘?ﬁ%ﬁﬂﬁa‘?ﬂuﬁ?%\)ﬁ%{téaﬁ BPalogh quai*%\? P8S for the L2

pepti dejos@nd taa Ippaidsact@RIng t6 BRippREnWidcsbroldAR E8mpIRG P2 B8nsisPHf bRy t he

L2 peptideis inserted into the Ctermnus invading arm or into the DE
| oop or MYig.OT fHeoRmoIesd thegreqiarees represarfed byodQ BANGsbl {0 the L2 peptide is
i nsert egd,dot I, ah! i - SN ' - ...The
ot ons el Bun A REL i 20 Bob ERLAR Y schliEnd BB oA Do e
in LI ofl7¢6leg., BPctypescxantglar e defined for HPV 18 L2 in table 2. Table

LHPY LI expoged 1 00ps Vil ckbX di® proipkv-36 [SEQ ID NO: 1]

Type 52: 16-QLYQTCKASGTCPPDVIPKV-35 [SEQ ID NO: 2]
Type 51: 16-QLYSTCKAAGTCPPDVVNKV-35  [SEQ ID NO: 3]
Type 6: 16-QLYQTCKLTGTCPPDVIPKV-35 [SEQ ID NO: 4]
Type 11: 15-QLYQTCKATGTCPPDVIPKV-34  [SEQ ID NO: 5]

20 Type 31: 17-QLYQTCKAAGTCPSDVIPKI-36 [SEQ ID NO: 6]
Type 45: 16-DLYRTCKQSGTCPPDVINKV-35  [SEQ ID NO: 7]
Type 5: 17-HTYQTCKQAGTCPPDVINKV-36 [SEQ ID NO: 33]

[

Type 56: 17-QLYKTCKLSGTCPEDVVNKI-36 SEQ ID NO: 34]
[091] The L2 peptide(s) can also be selected from the segment of amino acids between amino

25  acids 56-75 (e.g., 20 mers), for example:

Type 16: 56-GGLGIGTGSGTGGRTGYIPL-75 [SEQ ID NO: §]
Type 6: 55-GGLGIGTGSGTGGRTGYVPL-74  [SEQ ID NO: 9]
Type 31: 56-GGLGIGSGSGTGGRTGYVPL-75  [SEQ ID NO: 10]
Type 33: 55-GGLGIGTGSGSGGRTGYVPI-74 [SEQ ID NO: 11]

30 Type 45: 55-GGLGIGTGSGSGGRTGYVPL-74  [SEQ ID NO: 12]
Type 11: 55-GGLGIGTGAGSGGRAGYIPL-74 [SEQ ID NO: 13]
Type 35: 56-GGLGIGSGSGTGGRSGYVPL-75  [SEQ ID NO: 14]
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Table 2 HPV 18 LI exposed | oops [080] It can be advantageous in a chineric
LI pol ypepti de, capsonere, or VLP described herein to insert an L2 peptide
into or iwothw/merzon of an i nmunodom nant epitope, suclrCaEpP2iie/oes ope of
HPV 16 recogni sed by the V5 nonoclonal antibody. This can result in the

i mmunodom nant epitope losing its i munodom nance so that another LI
epi t ope can becone i munodom nant, which may in turn result in better cross
protection. For exanple an L2 peptide inserted into the FGIloop in the

region af,t e epi 5OpRIIAEALUSSIGRAGVePVI4ant IhedypMRy.regul t in the

epitope Fosing its i Mmunodom nance and a subdom nant epitope becom ng

i mmunoddipaant . [P LWETESGAGRTEYNVELLD pep(fesDav e 3dlesent in separate
pol ypeptifdes {or £a res, . or VLPS) .in conmposition_describ her gi n,
Phe” Uo” MBTT G RBRATH ST nuS e orbh el o PP AR A S ERE (hORR nlRIE o7,

t he sanead&adyyfuenbef O8hinb AcidngrenbOtiumBNdquali8ranshé GeillsvOuddras Foiend 2cids,
peptldeso!n-onekgohgpeptlde (.ar Qapsoneqe or VLP), the,Lz-aeptldes can be

i nsert ed PRIRE Sahlb BinodFr-rting peids Ip Aminpercids Fhtpanceds\whap & the L2
pept i degnfLaciAF6F drfiflicBlr JthghiSPARIsHehfoen i8ind 30RMFRexddplt NBe BANE,iRQRL and
can be in the sanme hypervariable region of the sanme |loop. It may be

?dvant a@eiwftr@nzmms sefﬁ@gbﬁr%mbt;tr\x@g@hmmog aatﬁigéﬂépmh ab_&ls\felﬁqvngexq_ntmﬁgéftz i des
or exa , 2, 3, 4, 5, 6, 7, 8, 9, or am no aci ds between the
peptidegp I683] The L2 peptides are selected to include at | east one
an}igennﬁpeyktopeS64hHﬁ%ﬁﬂEbBEdlepi;ope_(as_in@mﬂp@DaKed9ﬂnto an LL t

pol ypep S gener. capabl e o iciting an immne r. onse to a
Poadl oi@ﬁatﬁ?&%@%%ﬂ%@%ﬁ&g,‘? et 1 B! &/ FEHRY HS R P A s

the am pEdags-dss REESeMnctd) hhsaaflect ed epitope. Favourably, the chimeric
L1/ L2 pol ypeptide 1's capable of eliciting an inmmune response agai nst at

| east od@pafdi ti oRFEPNARSPRSIPSHESSAThI14 084] THQ IR NS&pol des for use as

describ .ein r tihg fol | ow ti-gles: a peptide
conpris?ggpgéino ggﬁgqgggggggéﬁggggg 0#1%2; a g%%??%gﬁnggrising am no acid
resi duegyp637%5 of 9¢-PPVGPLDPSIVSLVEESGIV-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
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a peptide conprising amno acid residues 96-1 15 of L2; a peptide
conprising am no acid residues 108-120 of L2. [085] For exanple, the L2
pepti des wonougr®ms descri bed herein can be sel ected fr ecTtErPeoOI0RN NQ
pepti des: a peptide consisting of amno acid residues 17-36 of L2; a

pepti de consisting of am no acid residues 56-75 of L2; a peptide consisting
of am no acid residues 96-1 15 of L2; a peptide consisting of amno acid
resi dues 108-120 of L2. [086] FIG 3 shows the HPV L2 sequence for HPVI 6

L2 pept i@&sdof dt AN A003). 111RA%n 17 pEﬂtld%Ga’s d@&rlﬁoé)d ﬂeﬁem%@n% R qddBct 0 120 of

the L2 anlno acid sequence, and for L2 peptides fromthe correspondlng
regi on &iGGLEGI. ous ot her HPV types. Sequences available in the literature

for oth ty es Can be use rres in tides
£ om ad 7 ororiopat e BESsEEdat s iR i A SV SR S BPE crce
sequenceéndhske a&lﬂb%cﬂﬂbtenﬁﬁﬁl@@kﬂiﬁlﬂﬂ peptidd. .For 200ale the p@@ﬂi’tﬁalﬁkn fuBdason et al .,

2008)). [087] Throughou specification the L2 sequence of HPV 16 is
used% s CPRBIICHNE 08 AEROTS E?Gé‘a@f‘él Yol amEoACHls ?%‘é‘a‘fn@%(ﬁ‘ﬁ(’fw AfeE RMe 2

sequencgciiSesitfifel Y& NIRBEHANG (BE @Jrﬁ&yafgmﬁﬁﬂsr(@r BGvEenllifed RGN WRERIRYS .

with the Ntermnus at the |eft hand énd of any sequences appearing herein
and t he oOmoes Ind papsidet are peeseritly Heenepsdhy dlad spacarival ihape Hootpeeifie bilogiead a¢tvatlyent

pept i degyf. hDF g}l% {B%@Fﬁgmhgcgg%ﬁ pseﬂf'f‘&eLtg o g ubdle! &S0 Efe%r%e QJmesl%ﬁﬁl%«Hng ¢ the

pepti des peptide cohpri SES of consis
L2 56- 751ismapé mdcﬁher@pmamrm;itioyls}npﬁetimeldt}ﬂm d@s;tarcerbe@ eedicedet orfhatpfExanpiie SEQ

s eq Eﬁ) nc ghq ‘iﬂ’érﬁ‘?ﬁrcPi}F%“atéonN?ﬁ]&%ﬁ XE{% anhéf o 0‘% ]S‘i%’g%vse %\%9‘]? gt?%tb(?ﬂél gle ptides

accor di ryg;eltt&iL@ﬁeﬁ%@@@rﬁf)arg&ﬁ,cdb@@égefgglghcgprrpr| se or consist of one or nore,
or two or nore of the sequences represented by SEQID NGs: 1 to 3 1. [090]

The L2 e85 cipsof tbfa@iaowe pertidse eabermedifiedh 6. gs dyriahinsationrdaisionk delstitnesine en
am no a(s\{ﬂgﬁtu:l'l%n %?OI(G ordnore %Qm{gee{cﬁisz F(tr%&arﬁfgl%m% £2 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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Type 16: 17- QLYKTCKQAGTCPPDI | PKV-36 [SEQ ID NO 1] Type 52:

16- QLYQTCKASGTCPPDVI PKV-35 [ SEQ I D NO 2] Type 51:

16- QLYSTGKOAGHORPBYVNKV- 35 [SEQ I D NO 3] Type 6 : PCT/EP2010/059024

16- QLYQTCKLTGTCPPDVI PKV-35 [SEQ I D NO 4] Type 11:

15- QLYQTCKATGTCPPDVI PKV- 34 [SEQ I D NO 5] Type 31:

17- QLYQTCKAAGTCPSDVI PKI - 36 [ SEQ I D NO 6] Type 45:

16- DLYRTCKQSGTCPPDVI NKV-35 [SEQ I D NO 7] Type 5 :

17-H YQTCKQA\@ CllI)JD%V\NeI @6%6%@5&11%%@) Atgﬁn%lgmdqgs]ldl—l'éx Re- 3%Q)f L2 comprising one or more

17- QLYKTCKLS Kl -3 D NG 34] [09 1] The L2 peptTde(s) can also
be sel eemad zfcnbaddutbassb@mma@f’oranbsmmt@m ds bet ween ami no aci ds 56-75

(e.g., 20 ners), GGRTGY! PL- 75 [ SEQ I D
No: %8] Type. bt St RIS TR B e e

56- GO Gafab{oHAIXIIT KV RIctetiond HidDQrIsTbdNGitiohd)] Type 33

gg_ %g gg m&vﬂgh}:;@ngégg %anNNgCId]f-%ﬁldﬁFﬁ Bé liiof L2 comprising one or more

55- CA. G, Gl {AEREINENL Faeiezléns[ ﬁé@)r s@oéﬁ@tlo;@ Type 35:

56- GGLGA GSGSGTGGRSGYVPL- 75 14] Type 52:

55- GGLG GTGAGB@CEQP@QMEMHPSE® a@m@cldlrsqldqaméé%sw of L2 comprising one or

56- GALG GT I an al so
o6 L TSN BT 40 S TR TR by PEBR SRR

nunber dtlcammsnadac dstigrieat @€ ad d‘tﬂlﬁpam’d teqmahvd D2 Bolgpepide.aci ds, such as 9

am nQ acj 0 no aci ds |ds m.no acids, 15 am no

aci élg ié)l%g}n'ﬂh? fgﬂ‘}“ﬁ‘?g af?rexﬂ?}pge Ogg& B?Rt Pa@%fa YUK i nt eger of anino
acids b en 8 apl QR TERDEXATEGE, the L2 pest (%qilgmrm pe an 8 am no acid
segnment from between am no aci ds 56-75, such as the follow ng exenplary

8- mer. (without variable region (23-28) between 2 cysteines and deleting one cysieine)
Type 16: 17-QLYKTCPPDVIPK V-36 [SEQ ID NO: 25]
(without variable region in between 2 cysteines, deleting one cysteine and
15 substituting Ile with Val at position 32 (I32V)
Type 16: 17-QLYKTCKQAGTCPPDVIPKV-36  [SEQ ID NO: 26]
(containing 132V)
Type 51: 16-QLYSTCKAAGTCPPDVINKYV-35 [SEQ ID NO: 27]
(containing V33I)
20 Type 45: 16-DLYRTCKQSGTCPPDVIPKV-35 [SEQ ID NO:28]
(containing N34P)

[0103] The L2 peptide can also be a concatamer sclected from two different segments of amino

acids, ¢.g., from amino acids 17-36 and amino acids 56-75 (20 mers) for example:

Type 16 - 17-QLYKTPPDIIPKVGGLGIGTG-63  [SEQ ID NO: 30]
25 Type 16 - 17-QLYKTPPDVIPKVGGLGIGTG-63  [SEQ ID NO: 31]
(with 132V)

[0104] The two peptides represented by SEQ ID NOs: 30 and 31 are chimeras of two of the

above peptides and contain the region from peptide 17-36 without both of the cysteines and

without the region (22-28) between the cysteines, together with the region 56-63 (conserved
30  between HPVs) from the 56-75 peptide. A similar peptide can be constructed from other HPV

types.
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Type 16: 56-GE.G GIG- 63 [SEQ I D NO 29] [093] The L2 peptide(s) can al so be
sel ected fromthe segnent of am no acids between amno acids 96-1 15 (e.g.,
20 mers) ,woanioenarspl e: Type 6 : 95- EPVAPSDPSI VSLI EESAI | PETEL20188Q02D NO

16] Type 52: 95-EPI GPLEP SIVSM EETTFI -1 14 [SEQ ID NO 17] Type 31:

96- DPVGPLDPSI VSLVEESGA V-1 15 [SEQ ID NGO 18] Type 16:

96- DPVGPSDPSI VSLVEETSFI -1 15 [SEQ I D NO 19] Type 58:

95- DTVGPLDSSI VSLI EESSFI -1 14 [SEQ I D NO 20] Type 45:

94- EPVGilgspl Imvmnh thlaﬁal{gﬁﬁ%é %o%@i_st@&])eﬂtﬁgédagmqn&l?deﬁffﬁsﬁ ﬁ@(v_s% . can

al so be selected fromthe segnment of am no aci ds between am no aci

108- 120 pplypeptided 3apromsys, of YEP ex devptilked lEyqie al oy dfoBe $ilgEETSFILDAGHARNISS [ SEQ

| D NO élzs%uSTé((pﬁerelig: 106- LI EDSSWTSGAP-1 18 [SEQ ID NGO 23] [095] Any of the
above pep 08s €8N be nodified, by the addition, deletion or substitution
of at | ¢@b] oWacramiphgraligiod L2 ®ecprides bie présentad dichbin@bsiticledcebidiny totheSprbsehi t ut i on
of opne, two or several am no acids. For. exanple in the L2 peptide 17-36 the
regi on @pslosyy. tg%%?\ﬁé‘é ¢ PO RyC it A PCRIEFS Sioa BF sybg HPXBYP%edg?g%ﬁSnes
can be %hﬁ&iﬁ@renm&udmgiwaﬂgﬁﬁih@r}egiénss(_m@) of REart BMwhGrReRL tfRFent BEQ | D NCs.

24 and 25). In another exanple The valine (V) |located four am no acids from
t he C t @eptides o thesamquggionjoddiffppeny HEV tapeg gy the 5-36 seioni Féhergmes: than be
substit ' isgl ' ' is t ' ' is
os: t1 ong &2 Bpitsf e K il ply by Byl ple R ARRE Srh RS s 0
exanpl e niuheple gerpielpd froa diffoontIRV 5pean be reduced in size (for exanple, as

AP A Ph el L0 90, L, (SEQLDNG. 1) o he C
Cross rgagctit\iidhosie! Wer PegidY chy Resickan foanaliPiL1 VId0Rdh-a ditsen@PV-&pRept | de
as described herein can conprise the sequence GGGELG .
example HPV 16 and HPV 18 L1 VLPs, or they may be in HPV L1 VLPs from the same HPV
type for example HPV 16 or HPV 18 L1 VLPs. Suitably L2 peptides described herein are
present in HPV VLPs from HPV 16 and/or HPV 18.
15 [0108] Suitably, in any embodiment disclosed herein, the L2 peptides include at least 8
contiguous amino acid residues from the L2 protein. In any embodiment disclosed herein the
HPV L2 peptide or peptides can be up to 30 amino acid residues in length.
[0109] In any embodiment disclosed herein, L2 peptides can be selected 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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[097] Optionally, a spacer of one or nore am no acids, such as glycine
resi dues, can also be included at the N or Ctermnus of the L2 peptide.
For exanpWwe 20tver4pmpt i des can further conprise one or tweCorEPRémes0added
spacer am no acids for exanple one or two or three am no acid residues
added at the amino or the carboxy term nus (or between |inked peptides
where two or nore L2 peptides are present). Cenerally the spacer wll have
no specific biological activity other than to join the i mmunogeni c peptide
to the bl u5EANLRR Bl bPuPLERRIE (8 20 Em(Ho el RhShARE SnimiRlafEn SARY 2l
rel ati onshi p between t em A spacer nmay be needed hel pful to retain the
corr ect theohffonentdtl paptidés ushe inld coviipsiind 2ogording &f the ptepant delosurp pewpdo 25
present at i on the inserted L2 ared to absence of a spacer.
[ 098] An?”'a%iﬂ”gﬁov§§%@ﬁybé@§m€%9m5%ln%ﬁl 'ed, e.g., by the insertion
(addi ti o)12] ded @dptiaes etordlhgsd tHelrésom difclROR ¢ suitably adld to @lidiCartisnmirar
exa the L2 p |d s can_incorporate amno acids that differ fromthe
ggqué??@%nséﬁgﬁaftt Au HPY infaefiqny Bt . asemstinfesgyn el I \sbgaéte. For

exanple“%mgiggghhgﬁgoﬁggaggve one or two am no acid insertions or
substitutions within the sequence, or a deletion of one or two or several

amno a 010153 gﬁﬁab%ﬁlm2%eﬁmdezls c§pabf]e oftnduin |g7<1n ifnfhe ?bgp(grfg% gtgaimﬂgas@ﬁiléjs

conpared to the native sequence f exanmple to renove the occurrence of a
di sul phide&rctm lhﬂ’Vb%’pweéﬁP‘t'we cgasﬂtlﬁfvdiestyambldsed ot hecleiegeidninnifurihet Memerothe
modi,f i cati ons

fi
cystei Nesn AN ypes ab/ﬁé 4 es%fl X 1n Cihve ht[erature dIIth(sIt ctogteg (ﬁzﬁ? Q,rgsﬁ?ﬁalg‘ﬁ&i}le%ce

pepti des of "osur e,

are10i mahed peptide i9 balﬁbﬁmflﬁclﬁﬁg gh inﬁﬁﬁfetrb@@ﬁse a@@in@ﬁd QPasific@ HPYURSE, iefeltal ONs,
and/ or deletlon of ug to 10 conti guous anlno aci ds between two cysteine

r esi due®ricBlgociapRsre HDGvPe-cuth PY&VP@H@ (erany offirs Frdereased B PER he

pept | de%d&iﬁ&? rth@@ﬂ{)é}ﬁ'a@' e pre%la'lﬁgﬂ gl Edfedl ben CE%IIQEIJL2$Oq)%p§MS&&@a a
substantial proportion or | east 50% or at |east 70 | east 90% or

at |eas ﬂle%ﬁ/dsm“lsqdaeatémmwamgd@ linmupp ecspapt pgianst en HEYpionelother than the aci ds i n
e S ] o | e
desdsi bedehet @iaga “hon-HRY tgpse Bdr camyiplef whéiethe rafadhded CEHLV ops i< 1PV HE, dn
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
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sequence, the immunogenic character of the L2 sequence is maintai ned. That
is, the epitope or epitopes of L2 within the peptide which elicits the

desi red iwournw/memsponse i s naintai ned. The purpose of tireTmrdimios®wks ons can
be to inprove the properties of the L2 peptide for exanple to inprove cross
reactivity with L2 fromother HPV types . [0101] Thus the L2 peptides can
be selected fromthe foll ow ng peptides:(a) a peptide corresponding to

am no acid residues 17-36 of L2 conprising one or nore am no acid

addi ti O'i’cﬁvntigﬁb%e@ﬂi‘ﬁPMé)% mggtt IO ckdMpld iRERpd S c_%ﬁﬁ)@dwgndi ng to

amno acid residues 5 of L2 ri sing one or nore am no aci

addi t i oembodisicat, thermonsgmelsorqenbsisiidanticdhstwetn pmanopsplsisde’ Sad s hpadBng t o
am no a%L&IHﬁ)Q,sti deugs 96-1 15 of L2 conprising one or nore am no acid

addi ti of&S "déI'€¥S bns and/ or substitutions;; (d) a peptide corresponding to
am no a¢did 6f eSoshuesctil0 82 bptidek whichcoapdpabledd cli¢itn®in iﬁfﬁﬁ@e&ﬁép@ﬁse&@hﬁst

addi tions, deletions and/or supstitutions; wherein the one or nore

i nsept i dygher H@Néw%ﬁénaﬁeﬁea?ﬁgfﬁa&g?ﬁdmﬂp JKPreyeat cg%d%sa??paﬁ oW hgreadZve L2

pol yp_ep%é:ciiil%nce[s GLA2difrd et Ifip{/@%‘s @%%ﬁi%é@fmhgrﬁifg edics RERLHI §m‘ﬁ‘aﬁ{§/
modi fications. Type 16: 17- QLYKTCPPDI I'PKV-36 [SEQ D NO 24] (w thout
var i abl éctwegih BRV(t2pesAg)e et heehoterspgraicerehowndeal) eNupgramecaysecei ne) Type

16: 17- : . ' fon i
ot weon TP EPALHIYICEE pirRifd duth Mikfinls GIRKE WAL AN & LR L Vel
posi t i ohodalogy32Ms cTiy perblkbielctZorbMKTIRKQASTAREDAINRIVsi Bl af Siel P WSpeR 6]

(conparslon. 32 Juee oy shasTeedcierauey g1 g o 3

(cont ai phiNg] NAAR)2 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

15  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

20  Pastrana et 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

25  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.

30 [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



[0103] The L2 peptide can al so be a concatanmer selected fromtwo different
segnents of amno acids, e.g., fromamno acids 17-36 and am no acids 56-75
(20 ners)woanivenarspl e: Type 16 : 17- QLYKTPPDI | PKVGELGE GPGTAR2018802D NO

30] Type 16 : 17- QLYKTPPDVI PKVGELA GTG- 63 [SEQ ID NO 31] (with 132V
[0104] The two peptides represented by SEQ ID NGs: 30 and 3 1 are chineras
of two of the above peptides and contain the region from peptide 17-36

wi t hout both of the cysteines and without the region (22-28) between the

Cyst ei NeR, ok GRRE Qﬁfch‘{‘ﬂ it Berb 2. "Sﬁﬂét%th'é@eﬁ@de(lg %%@fe‘é&ﬂze%ﬁi"@@r“z Bipﬁl_{l&)e ditficpm t he

56-75 peptide. A simlar peptide can be constructed from ot her

types. [ @L@Bypeksuithlly algencéypecla@mcmtwawnlacwlsaﬁomdf@elabxal/@nlcq:@uédamb‘tf itfes 6can
be incl P p sSone or VLP escri bed
her ei n, lfg’t gn %f 3¥h§ 1| t%sﬁ’oggp% %i%%sgaéen%%mté‘s Sssélﬁ}%%se%@ﬁe(’(rjelsln r[0106]
Wher e asﬁhua@erﬁmhaﬁ HP¥ fepiriddes are present in a conposition according to

the present di sclosgrcg, t hese can bg twq or m)re |ffdlfrent Lzé/peptldes from
the SameV4BV Ipppe cmpodimepeaRg efdrore PbhediZieatidsits {5l Ed enman BV & YEH Bt

regi ons yfdiftedveRliod thereS alEiscWRs %act'i%r a%aﬁilhtf Jt §La8ne lotheP BRIcbAGSsih fiPvt he same

region of different HPV types e.g. 17-36 region. Where nore than two L2
pept i desyrsr ®ichpes Bie Sclh¢tsd tam H1?1"0(b8\/3é Bt Ru6i Pl. 82 ppb8.d0s66. 108w Vhe same

HPV 1 yp%a(???at%ﬁs{ élﬁf%ngaﬁ%aﬂg%gus I{g%@ s)téoe%{la{]&s ﬁig)\y6to¥9?§md/£)1oa?tqga]st (ﬁ%%[{%t two he

or nore eren peptides ar nposi t1on accor
present caicsctansing @PVeaph syndpk iHPY ﬁe&brbs@ pr @sehot embb(hﬂﬁeﬂrﬂPMleLdr mrPof ﬂler]nza
di fferent

V.tyef r ex HPV_16 and HPV. 1 VLPs, .or they may be in
HPV IV DEIBKICH 55 eftﬁ%%é’ ity Wﬁé@ﬁmﬁ Oéﬁémﬂl%efgﬁ\‘ﬁl% 6%olpy 18 LI VLPs.
Sui t abl 01|22 ?Q&e dep&idbeskeD el Bt MnvRhoP4re S87bld IF gblRYatMeRScrbdsom HPV 16
and/ or HPV 0108] Suitably, in any enbodi nent disclosed herein, the L2

pept i de@eliltr?élma SMENNG EesBANsg th it nyisnEncapiPaBsCarhieh segpahlief meppeHsingd IRy
protein, of b Qi ngﬁl@ﬁ tlﬁl:' Pflgv ?ﬁ)%qrolﬁ?{;vﬁlcﬂ tljich]?2 peptide is derived. Cross

necutralisation can be tested for by assays known in the art such as pseudoncutralisation 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 gencrating 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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HPV L2 peptide or peptides can be up to 30 am no acid residues in |ength.
[0109] In any enbodinent disclosed herein, L2 peptides can be selected from
anm no aciwe 20t0/@0B20f the N term nus of HPV L2, parti culparippzaviosm24aci ds

1- 150 of HPV L2. Thus the L2 peptides can conprise 8 or nore am no acid
residues fromthe region 1-200 or 1-150 of HPV L2, which can be 8 or nore
contiguous am no acid residues fromthe region 1-200 or 1-150. [01 10] The
term'L2 peptide can conprise at |least 8 am no acid residues', as used
herein, artﬁ;ee&s rE) HEd ésdf%%oplfeqﬁ’i?é'd &c%m@%{) ?negm:s@f?t (ﬁ@l&ﬁredﬁfd'eé’(?Qn feQ@Pole

al t hough peptldes aré suitably at least ™9, 1

nmor e amnicroes potadgon provisiags henefih %mémbnboﬂwdnﬁknmhgbﬁznp@phwdeé1$$mhﬁeu
present . dISC Qsure ar tides |l ess _tha

sui t abl {198 °°m%tﬁa%r086%asr§b i esapn% dlon gy ! Pedis®hy Sﬁo‘ﬂ%e%%“}ﬁ& fighi¥geetn oFYexanpl e
the peptydes tyen the dgpniparal mmeclﬁzﬁecdgroum rh&@B giiifublyoup 1apl 00 upo 05% 2upl

am no acids in Ien%Ih The full length L2 protein is not conS|dered to be a

pept P de (0% 1§ 2 %ue%%%&tupotp 3teURH HEr W e HP T2 upE peptitaes’ PR K osed

herein. ¢h1d, i 65Phep 9 TU/@HﬂS‘tB 04, ﬁﬁfﬂ%ﬁ% bPEveAMpld 1 O®Rdsd i dtioh REd/BF esent
disclosure’is a peptide that is capable of inducing an i|nmune response to a

native @Eeﬁﬁoteln Thus, the L2 peptides typically include at |east 8

cont | 9“%&%@%‘8& r%SfeS't? O{aﬁgé‘ all-s%sg?'g%fﬁ@t%dn%g%? ﬁ%genic%% ﬁ{%?elé"&clé ?}%%ﬁ‘lc(%&e

epi t ope re o S In a conp
accor di ngrisws HMetypeemeaht vaiicﬁleémdrcenmargb@lpup)dt@tiaﬁ canbmr@ezicdﬁ for up to 30

U2 {8t Reiser Ebie el bemasr o bR Q0T 0 HD 1 a2 tndEosre ar o

up t 0 2%hR8h MrtRelds f@Jndﬁpspteaﬁégmgnﬁmoh@fﬂ@vmmna%&%qﬁe@t 4&888hhor [01 12]
L2 peptides accordln to the present disclosure are suitably able to elicit

an i muiN4 e9svngeg agilmsstonpiolceyted HMD P &XAT; (E§64$%§8Bihanchlgla[ﬂﬁf§t et
fect
' EI tegb: ik (ﬁ% %gsff 9 tf%éﬁﬁrsofbgog@g‘m‘be TH@%IS%?%% , BE Lo DA SR ts L@ hniehl

I mune response agai nst
at | eas tarethmemi lrfcb@bemd HﬂRVfdrgmesAnﬁW&b&rmethbchm hovedehype myq:niefobﬁ)sed on

nucle! gk reiIPE Y AIELONS, YL YRes e Deen descr bedyln the
i s capabire; 8he 6f infdrés't.ngulﬁlﬂlel RIS ark KA HOR KEtha gl BS perdonS BESInTHeeEsilfPV t ype,
©-9d.. 4 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

27



particul ar referenced HPV type, such as HPV type 18 (or any ot her
referenced HPV type). In addition, the L2 peptide, as presented in the
cont ext oWoaoohiseesei ¢ L1/ L2 pol ypepti de di scl osed her ei RCTiERP2@bmsvoecapabl e
of eliciting an immune response agai nst an HPV type other than the
referenced HPV type. For ease of reference, the HPV type other than the
referenced HPV type is referred to as a "non-HPV type." For exanple, when
the referenced HPV type is HPV 18, any other type than HPV 18 can be

referr e%tﬁeﬁmaése%aﬁ% ng’ eﬁtyme&@enesmr%@a& fe. Ok IBEBiHaAE A herYd L HED -
Similarly, wth respect to any referenced HPV type, any other type than the

r ef er encedecieRvids ;q@bldc ahleps on@ﬁmlfrledmd scasndeltbatroepdeiPyn HY .2 paplidd 4] For

exanpl e, ti e Gan i ponse, aga ne_ of

Furt ner oP My OFARER'S RS ORR TG RR ot IMOES FRRINSS e SRR Y e
herei n HpPa/ HPyollygepmaa(drcfeagﬁfen@e}mrtdﬁﬂmamllﬁelacaﬁﬂﬁhzelo@fcan Bél w@bﬁ@haledrbgss
reactl ve I’OSS neut ralisi ng an [ or CI’OS% p otective resq 36 aga| nst
anot Rer chpycglyyathessy pry BBFSCAHROL Bydps pgEcrsmappat ot Rd e hi gh
llevel ofy,88194eRce 4 A8 chtc dn Hf%@i%g)gb’hn)iq&@ mnﬁayn&%’ Qte{?iéo%‘inah‘? égét@ﬁt er

t han 8096betmeen two “(‘or nDre types. In some cases pept i has
gr eat er i mnhaw@@edﬁsiéqyceerep@e inant pugeicweidn(ang péisch gy kyrisediced hma s T) 73

sequence ﬂQEQ}&&Mmggh?ﬁg%ukﬁgﬁgumﬂztgreater t han 95% sequence identity

bet ween y es. In the L2 peptide is selected to have
100%)seqmsnydnmdenhbﬁ&o&ﬁmmeﬁme&mombﬁmhnﬁmmkHRvmuMpeﬁmﬁSuhhquIpﬂplides may

be referred to herein as L2 "consensus seq ences 0115] For Ie in a
par P cuPAPPERKBFIREATON rfign ez“‘ééffmr%félow S G ER e i sy TRy S

i denti cad13(l - B facilidse 133990{9&%3 aHE E‘)ﬁﬁes‘sQE Nthis hM()l@l@ ativeant diRYdd P ehidRriend/HPV
type 11. For exanple, in a specific exenplary enbodi nent, the consensus

sequenc @olygentdleneandel ingnspareies iniork ectee b a3 T PBERABONIL P a PEKagYRYE §Eprssion
embodi ”‘%E'@gr. f,ﬁlbg !:_@V%t’?o%delﬁ'%ndc 1@a&8§‘tﬁ§t{%ﬁ9§ e&ﬂﬁ&?& /E%gf%g!ﬁgﬁi%kecﬁéo petween

HPV type or exa I'n a specl
enbodi mﬁemtture bﬁéliwdjmt@uml §asena,hle host cleEs indied¢ pmkhrybm (eebaaonialphacedls, 56- 75

capdbl e Pk 67T g i PGS FOSpBAb T e e fingif (EEPyalf Sl o1 A€
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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further HPV types can be identified according to the present disclosure. As
shown herein, L2 sequences fromdifferent HPV types can be aligned to

i dentify wognommaotset h high simlarity between HPV typesPCIaEP2(HbE59034 and

ot her sequences shown herein). Numerous sequence prograns are available to
perform such alignnents and identify where there is sequence honol ogy. This
can enabl e selection of L2 peptides which are nost simlar anong HPV types
of interest and are therefore potentially cross reactive between sone or

al l Of Em&ﬁ HE) Yoﬂrﬂ?@s%quérgg:s faozhmﬁﬁﬁllr{gzexfﬂﬁe%lblgeﬁl agﬁltIBHth Eﬁﬁ%foncueaﬁ}sosur e
can be any SUIta | e 1 munogeni c eptid peptides can be tested for

i munogeniigially camgrissras or rreafmellasctafoye Ibgrksltandauowrmedﬁmp@me‘s’pmmht ﬂzmown in
the art r pe t|d o} al oneres
or VLPs 5%18‘9 Oguo)rﬁ?rg’%f? eedglepttce Ses‘“’may “Llle‘/ Fny Rl %““’tar%g 8“?%85‘/‘““ a3
hurransdeﬁlehry?ﬁa:unemanf: cﬂfguamsu&a@ﬁyyoamdét@{gyaeﬂelouhliaplcilmwa/ etaheem@lees. can be
carried out for exanple ELI SA or_ cytoki.ne anal ysi s/ nmeasur enent

r espéct iLVeBY . ThasAtsaRos ‘6‘?°¥(§6?‘é%1ﬁ‘? H§IudR e G Eefad XS ORI IMIRRo i CK#MRIRd ar t .

An ELI ShnGRRe bR e‘f'ﬁ&‘éhc%r%f ASREIRInCTIRIS sibRAC LdnihNd Ot canh i i BSatioARbddH0di es
can be tested for neutralisation and Cross neutralisation properties using

a pseudevd pdiscenbserpeices dnisome gassayorf rampleaarpheslat@oiinisiplien qeden dieslassessated

neutral i iq%%@f 611 %ydasrf: ?t{sgrtgp ﬁ&)ﬂ%g g&pr#&lape esg’\%n %ctgrosgrgulmgiﬂ? y\&/ft H% et al

2004. I'OR & number orr Cross reactive ave
aIreadypb@ﬁmﬂudEBEe@meduﬁﬁmmmaxa@phemﬁy@QMﬂanbnewhmaﬂ1euﬂga@hnmﬂme for HPV

6 ang 16 h s. been found in t he re aaz 108- 120 of HPV é, Kawana et
98 [rag; @@nalf@eﬁyl SigRls o Reldrd gn{#&e ST EATSS AhCETPIdY 2 P BB‘?H“Q Wwith (aa)

17 36, 5§dlz§seq%@ﬁc% 35 PettiReMbicfe s ihi@idl HRYedBus MMl sthtiBhM@ohtr S Qidn@lsCr 0SS

neutralising anti bodi es (Kondo et al 2007, 2008). In another exanple (aa)

17- 36 ofindl mg@rvi\Fﬁ\mliLletIWa@dp@erﬁrwui@dfoaga@l%lfo@pé&wmelebzrmldmnéesang'the

BLE) o piPe TNEChARNDARE, Pl BEinRARRIER 1 TG i BB AR R Ty
m ce by eMuphsamstatiah o200 Pofyolidlemtidegeymoc asfanuemnt ixbperaus yradskheptianal | popept i de
VaC(i% ne e e(r)nre%taslarr}h ?Igtlﬁlon cod(:)%nGS cg}; beI:_ (2)f \tarrl%lrg (I;|r|?g\{nsl %oth 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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[01 19] Suitably the L2 peptide or peptides are cross reactive peptides, so
that they are able to elicit an i mmune response which recogni ses not only
the L2 ofwohel0HRY/sgenot ype from which the L2 peptide isPpdemprradjosdat al so
an L2 protein or L2 peptide froman HPV genotype other thanthe one from
which it is derived. Suitably the peptide is cross-reactive with 1 or 2 or
nore ot her genotypes, suitably a genotype associated wth causation of
cervical cancer such as HPV type 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,

58, 59, | ; f ncer
MecuiB Bg&logjg zp@or[gﬁé}z'diu]% ojv)@étkédszn’%rz g@ﬁe;ﬁWo@cQZ@ it ol RlilaP fbwt?oh c

such as HPV 5, or 38. [0120] I'n one I ment, one or nore o L2

pept i dedth gl .S¥llec&ddnf.rl@P.an HPV type 16 or a nodified version thereof, and

IS Crossay ive,agai nst at, | east gne ot he er usi ng..HP\. t ype, such
he o O TR el AP PR balt iRt 8 RhACTEALE Bla CENSLIR I R AR, SUER
68 or 7Jifeseit oIPVatyptLas tvellk@o@e it thakrt\@ag | Surea@uds dxgmplRRY hiygiees dederibsd ilPV 6

or 11 and/or at |east one skin. cancer causing HPV type such as HPV § or
38. Pn AdttHeMreMsr REweDle oR lfi)f mntﬁ? Qe@awkrfgt@zsep w8 r?aﬁy@rf&%ﬁedfa rom

and HPVp{YRRe %_ﬁsktill'ﬁlethé’ﬁrt%yﬁﬂgf)ﬁrbﬁtqjatélﬁﬁé%ﬁﬁné hRn&ss hub@d gddinsuhiaRly: the L2
peptides used in the invention are capable of generating a cross

neut r al EVgnd thesnecifie pyotms €2.2.1 lhlaer 12 aad typewil fderesds pbersd- lvimidd R rivgleicapabl e
of neutrali sj ) j nt . t . AV om whi ch
the L2 Bagk P iedlo ol pEUEe el Ml oREed ety R L P ey s
known i polyheptriet assdiadiosad apseudoneutral i sati on assay described herein in

Exanpl e @w g%ﬁgé Sui tably,. ng L2 peptide j ble to provide cross
ot ofBet (4571 it Bty ditpreatod Bingt hEu? Purs Pl Sy beGhE s y
for one i@htifiOk&h ok ek@ﬁslplﬁ]é/ﬁﬁsar@i%gfdlﬁkggdé"éahrbe%%dﬁb&ﬁl%)y ®afcakIgh et from
HPV 16, 18, "31, 33, 35, 39, 45, 51,"52, 56, 58, 59, 66, 68 or 73 and/or at
| east orepigalhy. the nugkeia aid wignisgyilipyeady pelypertifea haHt(fesbyno mercgthay b et
| east one, gKiq S%W&ror(ié‘%s b%b%"gythte%%‘i’nos&%‘r St Yesen iﬁ a%ﬁéic L 9d23] Cross
protection suitably occurs en an L2 peptide I's capable of generating a
pr ot ect ipelypeptitkiegy estpobhs @o@gqitidsmo'rt'romﬁhamﬁs/, theseasied cpa]ypqﬂidbys}ate_ dtéemst two
EEY&%ZB?ﬁ‘@egpgiﬁxrﬁgggwn}% Ef’: £e§a notu?go%%r Enrg)(rae,%l?cq} aes)§t %?for g‘ve%ty8%eorrl 9(\9%' /12
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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response that protects against the type fromwhich the L2 peptide is

obt ai ned, and at | east one additional type of HPV. As discussed above,
Cross proveabioom9tsan al so occur when a consensus L2 peptrraEresionsdoect ed and
presented in the context of a chimeric L1/L2 pol ypeptide. Cross protection
against different HPV types different to the one fromwhich the L2 peptide
or LI VLP is derived, can be identified using an ani nal nodel, for exanple
a nouse nodel as described in Al phs et al 2008. [0124] Cross protection can

be asseggacd &Xylfe?ﬁ@(%f 0N o G 11 HeE BriQYil laPhiRCiblc At FDM BHortb IRAHRfRhc@ 9T OUP
of HPV types (i nfection being Incident or persistent infection) In

i ndi vi didengtyvacsinealisstssed thova, egiotl@nlridgzlqomqmcazmﬂan@d)et\mea twomuo:,lacci nat ed
group. Co ecti,qQ ainsta t r t §,cNnot
Pequn t ed AR bOPSHAIONE ST atg T ASREERE Bt Bt Uy kB Pee
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and subspguam, sdetest doptitiohs PDLCILNRES beabid 58C kd PSSt thedRsmul bed in
WO 99/ 14377 (US6482588B1), and in Kl eter et al, (Journal of Cinical
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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.,

20 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

25  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

30  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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[0126] Suitably cross protection is observed in the male and/or female
popul ation, suitably wonen who are seronegative for HPV infection, or
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activity. [0127] Cross protection (as assessed by protection seen in a
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reconbi nant nucleic acid, (and which may be introduced into a host cell,

such as infe@iwet isfction anshike hio derendaig|op thg @igopn phvastors gidhoshasdeli ments, t he
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such as Saccharomyces cerevisiae and chchza 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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vector. Host cells including nucleic acids that encode a chinmeric L1/L2
pol ypeptide are also a feature of this disclosure. Favorable host cells

i ncl ude pwolkarwapise (i.e., bacterial) host cells, such asTEP2@io0los02e8s wel |
as nunerous eukaryotic host cells, including fungal (e.g., yeast) cells,
insect cells, and manmal i an cells (such as CHO, VERO and HEK293cel | s).
[0132] To facilitate replication and expression, the nucleic acids can be
incorporated into a vector, such as a prokaryotic or a eukaryotic
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conpris ne or nore se e nar génes t rovi enotyplc trait
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and the like.
[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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and adj acent sequences. In sonme cases, for exanple, a translation
initiation codon and associ ated sequence elenents are inserted into the
appropri ave 2expi4ersei on vector sinultaneously with the pecympeéiensiode
sequence of interest (e.g., a native start codon). In such cases,
additional translational control signals are not required. However, in
cases where only a pol ypeptide - codi ng sequence, or a portion thereof, is
inserted, exogenous translational control signals, including an ATG
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Following transfection, homologous recombination occurs betwéen 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).

20  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

25  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 clements 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

30  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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4th ed., Wley & Sons, 1999. [0136] Exenplary nucleic acid sequences that
encode HPV LI and L2 pol ypeptides fromthe different HPV types are well
known i n wbeosri4975@. g., nuner ous exanpl es have been desecirpdotionsdoke
literature and are available publicly in the GenBank dat abase. These can
readily be identified by those of skill in the art by an appropriate query
using the terns human papillomavirus (or HPV) and the specific protein
(e.g., LI or L2) and type of interest. These LI and L2 nucleic acids can be

utilized 1o QigduGs ﬂl:‘%t‘?dr%ll?%l%e& D3fer EARS CEEBMDLPARLxGRGR 4 L1/ L2

pol ypeptides as di scl osed above. [0137] Additional nucleic acids that
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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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chinmeric L1/L2 pol ypeptide as disclosed herein, typically shares at | east
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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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[ 0139] For purposes of the present disclosure, "stringent conditions”
enconpass conditions under which hybridization will only occur if there is

| ess t harw@3bsomi4giat ch bet ween t he hybri di zati on nol eculPeTardoiosootar get
sequence. "Stringent conditions”™ can be broken down into particular |evels
of stringency for nore precise definition. Thus, as used herein, "noderate
stringency" conditions are those under which nolecules with nore than 25%
sequence msmatch will not hybridize; conditions of "medium stringency" are

those updgipWhisgh ﬁmlpg : e%cméiésfae.g%&qsis&a&) iy L 218668 (ér(g debigh@ta QyRr i di ze,

and conditions of "Hi stringency” are those under which sequences with

nmor e t hagspd@% i drgmtreht with HPiok6 IR)twf ithdi [Zepol Gmtlile. i| Additiafal Swiable chingdric
stringe "> are these under.whi ch sequences W.th re an 6% m tch will
ot nybriar e e TR il R RHRRE oty PG EG: R MR

st ri ngenens 7¢ anebirtairosisbdditad g éhet dhxB&io 1/N2 puiPepti@isSars pepdandeinslemigehiy, or

W th_sequence. identity over on| évshort subseqtllences of the nucleic

aci d° VEPRIEDRS TEROR UPERIER ISt ity IBY ey RepERTPIE®!q. 01 2t criipd it ti8f i ¢ L1/ L2

pol ypepthAgiodhkdorpedtibelRivacgcan be produced using well established
procedures for the expression and purification of reconbinant proteins.

Procedur es s(i filedsepne Yinsdili gertigled VoP) skhprisingrn hreargpapiltoaravives M-l n t he
following re : . al,., Ml ecular Coning: A Laboratory
Manual , Col d@ﬁ%@‘?%?@%ﬁéﬁ?%ﬁ%ﬁ%y Press, Cold Spring Harbor, NY, 200;
and Ausubel @i) adlcastShochinferio popegideRonplicagh aumBh papoiymavditub (RV) LI ohn

W | §¥ & Sonsf | nc. ,h999. Addi tional and specific .details are Erﬁ%ﬂ ded

her éPnbel ow. TEETAY e SABPHERE 2 87% PHUMGSOPREY @ AR BYOPE Rt mer i c

L1/L2 pol ypegéliygﬁﬁidariﬁseiﬂ@&m;iﬁﬁ@ﬂipmp1 Paspepeigtl s by any of a variety of
wel | - known procCedures, such as el ectroporation, |iposone nedi ated
t r ansf ed®i58h Ipen gmbodimentige shigspepeypeantidy isyeelyraptide p5 hssgodescribedansf ect i on

" eagent v Y0k Ak bREERSTAMNELIEAOY Y TEANSEERTANG D 1) Gl o

phospha cl pitation, ection, trans on and the
t he sel éepgmomn théreafelbt aotheacdbditmenteae ldag.onf VIPontdoists RV 18 Lil hatypeptodewnde

cT BT 5 Ga 3, 80 pROLL 5% encoct o quel e, act e arey Ae St | o
bact er i @hpra RR%dcular 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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cells, such as E. coli, as well as nunerous eukaryotic host cells,

i ncluding fungal (e.g., yeast, such as Saccharonyces cerevisiae and Picchia
past ori s)woebiwi49isasect cells, plant cells, and mamal i 20TEPRIIS/OEBRALH as
CHO and HEK293 cel | s). Reconbi nant nucl eic acids that encode chinmeric L1/L2
pol ypeptides are introduced (e.g., transduced, transformed or transfected)
into host cells, for exanple, via a vector, such as an expression vector.
As descri bed above, the vector can be a plasmd, a viral particle, a phage,

a bacul QoY it ﬁlcluﬁé@ﬁ%rﬁiﬁoﬂe fﬁ@W@QLPét}ﬁD\%PW%%'}@PVH@S\IL%s NG Hpdei g
bacterial cells, such as E. coli, Streptonyces, and Sal nonella typhinmurium

fungal &8IVIPs. dige hxaaaolcSéJcE by de@yLBep%HPkﬁ lé@nd PR ;:dﬂHaP\b asndil,or ohnid4
Neur osp r I as Tri Ius osaophi |
Spodop S SP8 B IRCHR T PN PP 1S e L2 EY 1 2o

or Boweancmfellﬂﬂvrm pl ant cells, includi ng al gae cells, etc. [0143] The host
cells can be cul ture& in conventional L rient media difjed s

appr opr i1 &t%] iV Ad s Ve yshgs prserprddicen. seét IAG 1S F ARB CBINMAlGE @n

ampl i fyl,g@mbha fdases brd cﬁ‘@lﬁé&%lﬁ bheel iHE ﬁ@p@%@%mﬁ@e«m daH'b8 a&@&@leﬁ' ons,
such as tenperature, pH a he like, "are typically those previously used

Wi t h t hérohosmixgeie|of éélaedté@owmptéiﬁ@fa@dgs preh a@@bt\md Jamgas ggpdnedric L16L2 hose

skilled r u

P eshney 110N e foh Sy 1 IKBRF ISR ST el O T b £
editi ontheWLByeanlbleshundi«ieWDMrdﬂmlﬁdmtth\@Lr/et@bb,zmﬁﬁie@mmded he¢ial Ror Expr essi on
pro tion can al sohe

cts corres he n cleic ids. of the inve
prog ce Bty %Q?/Lé@Pf ﬁC%nﬂpﬁﬁ%LP%@g@U# i esicdigomtlq ¢ ne
i ke. |@ecﬁ1‘éf¥éetdf%HHPQ/1§ﬁ pﬁ@l‘oth@iet'hgﬁlll afigh Austbel , details regarding cel|
culture can be found iIn \éyl’e et al. (1992) Plant Cell and Tissue Culture

in Li quilei68) skherrP\s bhnn (el \ByPsgordies the qh@nem@wlmpkdesrdwd@dﬂmmg camble
o 1 g SRR Lt 8 ) st 08 IR FiE
and At | asingstnd?ad ksthpdsls)thd e, fbiaﬂdblpttﬁ(ascaﬁschdsed WO @BgoTak?2 (\@311461684](998) CRC
P55 G I s et B babegigters, A number of exprecsion
product [olsal 18%3AR|c8lar WABHIiRAOS (R Jokities dRblogedaRbdiRaR HH® 1O 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
20  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
25  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
30  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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fragments thereof are needed for the production of antibodies, vectors

whi ch direct high | evel expression of chineric L1/L2 pol ypeptides that are

readi |y pwoizbicedomee favorably enpl oyed. Such vectors i mrcirmpegioosdo2ar e not

limted to, nmultifunctional E. coli cloning and expression vectors such as

BLUESCRI PT (Stratagene), in which the coding sequence of interest, e.g., a

pol ynucl eotide of the invention as descri bed above, can be ligated into the
vector in-frame with sequences for the amno-term nal translation

initiati 6‘1%7%@11@4@'\1;@5%51 cBR‘f‘eri%Wﬂ'i’%Ps%oﬁ%é 'agﬂ'énsgrll?é(d }Q%lﬁcﬂ%caeﬁirs%&&iase

produ0|ng a catalytically active beta gal actosi dase fusion protein; plN
vectorsoevadumgerC&mSmhwgﬂenﬁmiggbgaﬁufmthGhﬂﬂﬁ@Bwt@s@ﬁkEEOQLPSwET&

oo AR SRRk 5 R RS T o e 15

yeast, $0Iei3] HﬂleSﬁtﬁﬁiﬂag@fwaﬁﬁp(ﬁﬂﬂ‘oﬁ\éhﬁhl@@corﬁprmdﬁ[hﬁhﬁlnmfn smedtabisinfant ai ni ng
constitutive or ind clble onoters such a pha factor, al cohol oxidase

:
and PGHCERROH esh %Fr b‘?fg%@quﬁﬁd&f’ OB & afi@éff lptggjtogshrhalised GAMBeSRNCt s.  For

revi ews wh3fen BeNAP; me‘%&lﬁb‘t@@& ont® R aluthifium 28 itably B VLEL 88 forMetabedSerd N
Enzynol ogy 153:516-544). In mammalian host cells, a nunber of expression

syst ens finierigicuatisatptibn phtopnabmiigivanthlttharein thasbeencs >®£ tlamgnivman be utili zed.
I I f
[0146] f()l%@i fT}%eﬁlélrr}dﬁK% 691?& %)Qﬂibslt%ng Hé%%l";ﬂped h%Felﬁ Eﬁl ‘t% d%rLlrnXteItea agggcl& & %%tfl%?

expressi-on
t he desiof edaxﬁaﬁ bf @otes Sudihus rasm]l; tbpicalf suba@talm‘oui hlmSpsram(tgpmaliymtrmd@nabut are not
| ation, | ati on, carboxyl atj on,

ed.to, cos
pho bhow‘%}r“é{F , Ifrgpysgaler dpt a&ﬁﬁ@e{}%‘%ﬁldﬁygdeﬁﬁf ﬁﬁmsuﬁagse toye | PEaRYEHlaG s’

3T3, Cxﬁhdﬁ%ﬁhmhﬁL&ﬂwamﬁﬁH@B@Kﬂma93 W 38, etc. have specific cellular
nachlner and characteristic nechanisns for such post-transl ati onal

act i vi t [@lg0hnkhectemgsef dreqwbepidesmndr/er qaneonessesa@dt ool s andethics nrodgias can
processing Wiy {hg %oﬁd‘ﬁ&nog&%kc @ge andg{'eq%lg N H{eQ{uﬂbﬂual[ 91%%? inirafiEh Rgh]'té‘an?l)i%@”' €s,
t he nuclerrc acl are rntroduce to cells via' vectors su
i nt r oduotihorvaareb. expression in prokaryotic cells, e.g., E CO|I cells. The
expr,essi to ISI rod ced 4 el ectroporation) .int. sui tabl e
bactSr BT Hbethe dostedbts Teteattocidior yiks Feporis BGPFo-uPRt dval bt At can
be sel eghgdviltythe B@nd?ffions, Ké)J, bgd dhdtWREglRloF t}{eflﬁdhvﬂiﬁﬁmte Qdmifi®ralRes flut@ardngiPv
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 cach VLP, suitably at least Sug, or at least 10
20  pg, for example, between 5- 50 ug 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

25  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,
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BL21 (DE3) strains have proven favorable for expression of reconbi nant

vectors contai ning polynucl eoti de sequences that encode a chineric L1/L2
pol ypept iwe.20{00kd4B8p More typically, the pol ynucl eoti despChatr2@nnsmes t he
chimeric L1/ L2 pol ypeptide are incorporated into expression vectors that

are suitable for introduction and expression in eukaryotic {e.g., insect or
mammal i an cel |l s). Favorably, such nucleic acids are codon optim zed for
expression in the selected vector/host cell. [0149] In one exanple, the

pol ynuckgaldfHer s paURRGE tHeQﬂm&RCfﬁd@? 6 LREHER MBVLEs ik Md2mR Ak YFRRL d8dcsh

introduced into insect cells using a Bacul ovirus Expression Vector System
( BEVS). béeedmttﬂ femtL25%e A andi 2uk/ - Sapabssaibefl hergfrabovenfoinrtbestmaa] dilferen  be
gener at comercially avail abl e vectors, kits and/or systens, such
as the 3@u oGol d system from BD Bi oSci ence. Briefly, a polynucl eotide
sequenc ¢01eg3¢ ddiangthéhsatpicidontokilibh Acdpaliyp@phd piesdns disclsiré eth doipdisé,iea

pAc SG2 tragé@er vector. Then, host cells SF9 (Spodopterafrugi perd ) are
cot r ansFE8 by pAcSG2-chineric plasm d and BD Bacul oGol d, containing the
l'inearized gegonipyOyA/Ops t he bacul ovirus Autographa californica
nucl ear pol yhedrosi s virus (AcNPV). Follow ng transfection, honol ogous
reconbi nat i oa0wgcHBVS 80éLRween t he pACS& plasmi d and the Bacul ovirus genone

to generate the reconbinant virus. In one exanple, the chinmeric L1/L2
pol ypept i de &PEP ges chigeag bPas Ky LEnwéh Lewspiidsgul at ory control of the

pol yhedrin pﬁ@g@&@ &Rasl%ﬁzqgkﬁiﬁgg qiféﬁﬁﬁgctors can be produced using

ot her pronoters, asi c 6 pl O pronoters. Simlarly,

al t é0 nathes thoE2ptptakelih thewhimdre Iél?mlléytﬁdiHPmcShVHBs iSHzIsawdaiog Hiffesent,| 2 g ehry
related to the d_t he H Y | i ne, deri.ved. from a cabbage

| ooper , PFPFlEdihit i s 1%111?05%{ caT eﬂ@?ﬁﬁnah?@afrwéhﬂsaﬁ%& FEH - of
reconblmﬁnxb?a;nerlc L1/ L2 pol ypeptides disclosed herein, stable expression
systens are ically used. For exanple, cell lines whi ch stably express a
chi meri ¢017#] ltgblwlyewmmltlameahorw fusthge eamiprise on eisvanssivitably pn akimigjum

CxBr 5oL AP MINSIRIE Dl BOAID s L LERLPD spdogenons
i nt ibdutMPlan of the vector, cells are allomed to grow for 1-
[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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2 days in an enriched nedia before they are switched to selective nedia.
The purpose of the selectable marker is to confer resistance to selection,
and its pvexercedmkl ows growt h and recovery of cells whipchi/Ero@opsmbul |y
express the introduced sequences. For exanple, resistant groups or colonies
of stably transformed cells can be proliferated using tissue culture

techni ques appropriate to the cell type. Host cells transfornmed with a

nucl eic acid encoding a chimericlLl/L2 polypeptide are optionally cultured

under cQfifab Oﬂﬁa ﬁéﬁeﬁ@cﬁéc@osﬁ@ thﬁﬂ%la?@é l% BRI AudBEAY €6ﬂ{p&§t1c¥n§' fcienpaded

protein fromcell culture. [0151] | ow ng transduction of a suitable host
cel | i hercamid thy thowaheuic tltehenehmeﬁdlsreisdssela@dm\HBMpnf@pmormné ig etdphylexisiof y, the

sel ect ed r.onot riat ( re s t
or chemBegeet By UHEY Reithe SAPE Rl B ul S Raume P IRE A abR A
[0152] Tifecthaandbedis@at. ypla@ﬁetrdanﬁfcﬁdu;ﬁs ussd hdrein sﬁﬁa&ibyﬁﬂa&d; tamebident puri fi ed

fromthe cultur medi um The term "purification” (e. Wth respect to a
chi merj & E@ﬂoezm%r pyEnenidatection. rlaﬁepg?rbcae&edwse?ﬁ@wwﬁég% é‘z,rwxamb% Qﬁefﬁ%e)
refers tfschfi®addis0fB&SinQhn HEABHGAG W%@t@sf CoM & 1BOPass bi Qpvicdlhe
presence of which is not desired. ritication is a refative term and does

not req@imncer rehed talHPY rré@elgnoDlﬂeWe cambesisesabl by, dongremels: hiselageasbved from
the CO”BQﬁhﬁlht%}l or aﬂa&ﬁ?o?& rsos cPLOYgi N production, purification

i ncl udes such processes as cen ug athon, dialization, i on- exchange
chr omat ¢@I7ap ypticanidy ﬂnezmﬂmncgdnm cmmpehmenrat agraplyn aled bé formylapdior to-cat i on or

pre p|t tion r|f|ed does not .require ol ute puri

r at ﬁ@ Finidired gt KE TGP S ERRA%T BFBhANHAS OF mﬁgif s Ju %)?fxf. ed
pol ypepttne@en&pﬁpveaﬁg&@ lc§n plemdvﬁaP&ted@lbﬁ RakiAdtioBldr HReRBE nldBt éMfthlSlEl s&hﬁuy

pol ypeptideis nore enriched than it is In its gener ative environment, for

i nst anc &apinifphdigeasey uckps lmpﬁmsmlp@hvms eldpmydip gnyHIEhIn & pargeulesi i cat ed
nat ural Ly n{ bdofd thd QR 4R B pally
S v L
Chl rrer i @rqymdeypﬁmatldesgmwbe&lémv amd H8%&(st 50% of t he total protei n cont ent
é@@g ert. tgll ment s,. E,é,mer%%)d | /L2 § 0gepti de
S o BTl Voot B0 CpTrBage VROV s B by B Boby ot
I east 9Q%Ie§%nt@gﬁrl§ £281095%9tabIFa0e 30fcatshSuitaBlyathe pidatrelmal@@ﬁheﬂk fof the
reparation.
prep 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
20  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,
25  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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[0153] In the production and purification of a chinmeric L1/L2 pol ypepti de,
cells can be harvested by centrifugation, disrupted by physical or chem cal
nmeans, amslotzhe/memsal ting crude extract retained for fur®hemEPpuwiofdoeat i on
Eukaryotic or mcrobial cells enployed in expression of proteins can be

di srupted by any conveni ent nethod, including freeze-thaw cycling,

soni cation, nechanical disruption, or use of cell |ysing agents, or other
met hods, which are well know to those skilled in the art. [0154] Expressed
chi mer i go g3 2 R PRI Ui MR R SER KRR RN AW Ll Sffpih om
reconmbi nant” ce cul tures by any a nunber of nethods knomn in the
art, i nchuairind. 14emyneptides et BYOdncedtdﬂmlg@molmU@@|bmltb$'tpro¢t,du@eanld extraction,
filtration u%&féﬂﬁéflftéon centrifugation, anion or cation exchange
chronathra ﬁ phosp Rocel | ul ose chr omat ogr aphy, hydrophobic interaction
chr omat é@ghy, affinity chromatography (e.g., using any of the

tagginggg nms noted herein), hydroxylapatite chromatography, and |ectin
chronmat ogr aphy. Cliffdrg#n refol ding steps Camihe adged. B3 pdptdd €d] SHown

conpl eting configuration of the paikbBbge PI PHeiditionl hal |Mse b@h perfqgrmance
| i qui d|chromat ography (HPLC) can be enpl oye fip the final purif ‘€§EQQD

steps. |In addition to the refefences notg }%tbggg a variety of purN@ ation
nmet hods—ar L—,#tva PKE) W DEssITst tre—ar LHPVIllg,I ugh g7 _18g0- %B%q_'% Fortglm

{10

Sandana SEQET S} /3@? R CTPEESS; —ran ag
et al. (Yg}é) Pr q%foﬁ; 5’(th§1 S, ’6' Ed?tl on I gy- s??)’?’l\ﬁ'\?\’% ker&ZT 96)
The Prg O S FaMaRRPK "'UHPV‘T’S FIESH32443 rr5i6575armi/5%ng {3¥990
Protein Puri f| catdomiyAppl i cati ons: A Pragtical Approach IRL Press at

Oxford, @i erdhv 118 DE17%Pé$in( 993pv % ot Bl naPuneT I Cafismrpisa &c| pl @) and
Practi ¢ce, 3rd Kdttioommvppri nger |Verlag, NY; 43anggn andeRpden/ggl998) Protein
Puri fi ¢caks-pnHARMgNOIDPI e Figgh| Regpl/ug 1 on MBYRGES anty-ZpRPYVeR&! bns¢3sHecond
Editi on W ey- ¥atl 50bhMm) and Wl ker (1998) | Pragbaizp Pr osegsl gy CODROM Hunana
Press, [NJ. WRQHI\OBALSCC1 ncor porryesl her eisn-4oy T ef epemaemvadescri ey a
process TorzpuiHPeg2PPY16 and EFPY148 VLRAg7-1A8 ahalig®eHmr3zcess @an b
appl i ed T @71 heiRuB/I2PEEESHS of | Thapehe Mer I c3palkgpept17dssHEeSER T bed(4hgr e n.
Thus the chinmeric polypeptides|my be ex}ragyad2f r omshgstHEd s|in a

reduci ng D-pel caphaeihaior (BME) ReVi@r pndsthes sUbjieceeiP\as (43)

D

#9-L1-HPV18/L2 1736 HPV18 432-433 17-36 HPV33 (44)

#10-L1-HPV16/L2 P=57° 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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ani on and hydroxyapatite chromat ography and then allow ng the resulting
product to mature, by BME renoval. The resulting product may be rendered
sterile, Wo2etoempise filtration. | MMUNOGEN C COVPCSI TI ONSCANBP2MEDHODS [ 0155]
Anot her aspect of the present disclosure concerns immunogeni c conpositions
that contain chimeric L1/L2 pol ypeptides (or capsoneres or VLPs nmade up of
the chinmeric L1/ L2 pol ypeptides). Such i munogeni c conpositions can include
the chimeric L1/ L2 pol ypeptides alone or in conbination, e.g., with

addi ti OF@'WE@hHﬁ&h g ]!-Hull-l% EPHPWEE’@?’ cﬁﬂlqérf}rpo‘fyp%ﬂi&é%réifl%e IQ(Z&ESHH@ , Ll
VLPs). [0156] In certain enbodi nents, any of thHe chineric L1/L

pol ypeplGesi[&s¥s TGEeR Thar i ln 4BV e 8P Y 6¢ bripwsriettbetfeeh pesitiomtilo§ddR cin a

conposi tian.. Far exa t i nogeni ¢ composition can include a
chi nmeri t(:dtfﬁ?lﬂﬁlqﬁuélf%ep%gi ?@éﬂl{iﬁétlmcl udes an HPV type 18 LI pol ypeptide or

fragnment  t of int i I t e peptide canprisin epl. { ope of
an- Lo pa UL Eet AP by P38 LR b RenFiSg Py S e PR p ol T ey

Si mi bar IQLY QTeK AMGITPeeV IPKSOHPOS33/HPV C1aR ihsdfbdist@wderGivisiihé €3 1dddl3s in

pol ypeptide that includes an HPV type 16 LI pol ypeptide or fragnment thereof
i nto whit@hteapinpligancatshb 1 fopt HEY 10onpri si ng an eptiope of an L2 pol ypepti de
has been inserted %e.?., a non- HPV Eﬁlge 16 L2 peptide). In specific

exanpl e$0180h&hinerp e P¥d 6ildsARY 8d Li2dt Brehinggo\potgeptideginaseia pre lekePapii€s udes
(e.q.. ) . . ' : aN 0

al i gnm‘r@“ﬁ?ﬁﬁﬁg@lg L2) ng (?ﬂ)e\g %ﬁﬁ%@gﬁgﬁﬁe. Adg‘in\tq?‘%ﬁﬁﬁézgug‘f%7€| lg s

chi mer i ¢erinidal Bupatedddpfrord@V . use i n i Mmunogeni ¢ conpositions include any
of those described above. [0157] In certain enbodinments, the chinmeric L1/L2
pol ypepfdid6F Caingcrp e BYitl 6ilr HPYV3AdGemd HPY 8 ds¢Himenspadl ppeptdbivhatinghe b2 t h

HPV VLPs. For i i i.mrunogeni ¢ conposi tion

i R O o7 LA e N T T R SR St e SR A
papi | | onay hfidie (HRVtidd GERGYFEQSGIESARTE Y /B RNhsdritehefsiticind 1 Ci4B) irdh ¢east
one chinmeric gglilypeptl de conprising a human papill omavirus (HPV) LI or

f r agmenterpiesd Bepcaicdrigr fran i Vat6.1 east one peptide conprising an epitope of
an L2
[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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pol ypeptide inserted within the HPV LI pol ypeptide. [0158] In an enbodi nent
the chinmeric polypeptide is a pol ypeptide as herein described. [0159] In a
favour ed wotzotvaeTst at | east one VLP conprises a HPV 16 PUILRPRé10psdogpept i de
or fragment thereof. In another enbodinent at |east one VLP conprises HPV
18 LI pol ypeptide of fragnment thereof. Favourably in such conpositions the
chineric polypeptide is assenbled into supra nol ecul ar assenbly such as
capsoneres or Virus like particles or small non-VLP |ike structure. [0160]

I'n one ?&P%Rgﬁ%r 1Pe 180 MBOR i 4L £ QLAREASESY thé 1PHT 16 £ASB 1AW &d uskhP>
Wo p d h

and (ii) chimeric HPV LI VLPs, polypeptides or capsoneres eac

conpr i sihpginane bipvpepthlde 14 and hecspkctyelyudnuee adidsequernes af thd HPYbddindertt t he

two chi ' L, ypept,i des SONEI.S ~0r Rs) ca ise different
12" pept RO nep iR an e ERRRRETAE rllaer BT P EARG £l 16
or HPV 1&uendsk bethakéniglhiyy dhiv@erbsvire iivitaidiie SEQ IpoN@pe3pt4isdes, capsoneres or
VLPs can conprise the sanme L2 peptide in LI polypeptide fromtwo different
HPV Yy pesiosychl 2t by Tie cabslpkbiRMchl8erid polyigiptidesividrt Birebd@diTieRBplusik e t Wo
chimeric LI pol ypeptides or capsoners or VLPs, can conprise different L2

pept i de§High hiye" p Egh eidgesstyfof orh Q0RPOQice i sembrinferipd/with pecombinsahBagilgyiys 16
d HPV / P 58) i £ ' :
pept 1 o100 Yetleglin S s L) SRR o ATRIRUEE iRl OB e |

| N such wenrblodvayedtas dayt hposdirféctioa by 1dR sypep cedafigadon. Mae rassleing ecll pilkegl y 1 nt o
two differ er%t HPV7by e 18 LI pol ypetpides, or they can be inserted into the
same or "#FY¥FLAt 70 es in the same HPV type 18 LI pol ypeptide. [0161] In
certain e diments, the HPV VLPs (particularly HPV LI only VLPs) and
chi neri &O%g%é%w%zh%?xmﬁﬁéﬁpcm@w% Wﬁrqq%&rae%e@ﬁlg ns
accor di 19,ch0.{16, PRES B PloBCh 88 LR ARMa{ A HARION T HOLxiTRES) Gy BFYIR WLPS.
HPV 11 VLPs, HPV 16 VLPs and HPV 18 LI VLPs. For exanple they can I nclude
VLPs of ptfRynibd vathth d8ucing atdMyp6toaivcbultts (Tots 20mMH4%4 BHR cipy@eiano SBMER| y t he
TEV L \IglFIF;BSS)aR ter%gtlive }rl,lwcherlzI E:)}(/tralfcltiog ?sl 1%&,6&& Ic(a.iine gé 89ragd Eétgr?erﬂ%\{nl}lgenaﬁgliso roHPY
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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[0162] HPV VLPs for use as described herein, either chineric or

non-chi meric, can be assenbled fromL2 also, or they can be LI only VLPs.
For exanpWe,20MliRs75can be assenbled froma m xture of LI pamEre@opsdogpepti des
(and as such are not the sane as the chineric L1/L2 VLPs discl osed herein,
in which an L2 peptide is inserted into the LI sequence). Alternatively,
the VLPs can be chineric VLPs other than the L1/L2 pol ypepti de discl osed
herei n. For exanple, such non-LI/L2 polypeptides can include an LI

pol ypeptagig &@Hax%% cin%ﬁ&& ﬁ[})‘ﬁ aagA L LPPRIA BLGHEPGsnal e;@ﬁcﬁﬁ’éé Phé/dot%l%loﬂe
other than LI, such as E 5163 The HPV LI in the VLPs or Tromthe

chi ner i exg@ehypepiiddsi Meml zemmb Ethyléapnvmaml}b@]uildxractaﬁlrﬁTr@rﬁ(thH1HaCl‘ ul |

|l ength HPV LI protein or tal derjyative such, as. fragnenpts, using
st andar QORR HSHE-Tfcamiestanp! B ‘é’f@& 20 407 Bpigtistiine foreseurh7 7642 (US74
16846) 1%@1@&%%@&%&% &f?%)wﬁm%%f Lficht ?*Tﬁ% Bodv Neicesgnge. [0164]

In a parti he corrp05| I on disclosed herein, the HPV LI
VLPs 5 conpoimbE 406 f-anncipsietiaho HRMEHaffan gHHRY+ D&, YhPantigndva RitahiitEn e HPV LI

VLPs co ise or consist of chineric HPV 16 LI VLPs or chjnerjc HPV 18 LI
VLPs or rig&l gradigpband thoelHtippRrofils wasanegrefert ¢RY pay Fractiqns gpliectedwerpr esent

the L2 pralid®s JOK-BAGHE. E%z%51E10@fr§&fE%s Qercidboic@ragf ke g 16N, 6 2RY: Of the
L2 peptides discl osed her ei n. 65] The i nmunogeni ¢ conpositions di scl osed

herein c9pmeal |y include at | east one phar maceutically acceptabl e dil uent
or carrier and optionally an adjuvant. An inmunogenic conposition is a
conposi Hydroxwipatite chadrmasgraphyi: nbherdduatesipbapevishestcpdrs mpdicéted t o an ani nal

whi ch . ti ' whi ch
¢ A Revdgirierer (S h PR e Beag st R B aneEhse but ‘at
Ieast r e AUGRE AL INIE PR OfH KIfsegbi on or disease. [0166] An adjuvant for use
as described herein can conprise an alumniumsalt. Also suitable are

adj uvantgs | at ed
monophosaery T it BHAT S tblys W@%%Ww%%ﬁa%ﬂ? Ry aﬁdgﬁ%@%ﬁ?y s an
al um ni lapjl)lﬁﬂlkﬁa,telﬁ U tebiy volunee b (NaPhosphant 1 00n3D | NBC] 3Guield 4%BME)Jhsuffur um
hydr oxi d?l 6a 8 d D "ll‘\ﬂDLHAcﬁl eovgallstlin(r)n%alate(]‘f}(l: 8 rh?[!%c? gt l;[pQ[O 48 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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present disclosure conprising such an adjuvant can be prepared as descri bed
for exanple in WD 00/23 105 incorporated herein by reference.[0167] HPV LI
VLPs and wbi2osvisg7sRiPV LI VLPs for use as descri bed hereipnT@Eerolbmsadsor bed
on to alum nium contai ni ng adjuvants. The adjuvant can be added to the
different VLPs to preadsorb them before mxing of the different VLPs to
formthe final vaccine product. [0168] The i nmunogeni c conposition can al so
conprise alum niumor an alum ni um conpound as a stabiliser, and the
present Q gﬁgﬂtﬁ%yﬁﬁﬂalé Qlefee&lﬁﬁ&ﬁtot%u%/rﬁltlﬁtfhélf ﬁa@}%cﬁ@%@@ér \ghé)ghomeihefa@let 3*).6
VLPs are adsorbed onto an alumnium'salt. Suitably the VLPs are nore stable
over ti fibeaimples afd@oprppar@hfom N nagatieve utwmngn anadpdit adchaling to 4 $tendatberegepf

al um ni um Q o] escrl d here

adni ni s{'&r% & easga“:\l/lg edl nes y y%ﬁ)@}l o%f&a vat i efé rl%?&l) %eran Acaeéat% 1Ac)b

t opi cal costiatny agEan ByicllMusniskdl gt YPOCakdhy wlmtda&magjoataﬂ rormvat filmy @20€l83ted

i ntramuscul i ntranasal, sublingual,intradermal and via suppository.

| nt r anu€B %Ppaﬂﬁd he samppleldemdl MR {Ra EEnpgFakurg e P eslsonplary 0] thenmatgidage
of the PQLUREALIiGLFas RAFvEPINRPRAMBLER @Wdr}pfor Wb ﬁlaﬁﬂ%lﬁtﬂ%grﬁfﬁﬁseth% can
vary with the condition, sex, age and wei ght "of the individual, the

adni ni sbriafly Besstant ¥ ssekflaard wra dhp oy disigllasevatpoe qulowlt%lgtagwldﬂlehdm@m

pol ypep d ary
i e RO B el i PLERFLH ohd FATRASIA pRISFREHRER AR ARRYRS

admi ni SHQ%)I Do AKX ev/anth Whktr, alipplbreentat giithel. %Tﬂmﬂlaqisa(\\tv/ivt) yrlfeagnca{)vsyblb&ed

h f VLP . S |
of Wip doi D st SR @hsnal Bl ooy e Py st e Pt B ET
SUI t abl Y RACEMYREST f1€]16R3L ﬁ%ehﬁﬁ% Jf‘ei-&o\xgﬂa %ag‘e%lCQt yﬁﬁdarauld(ﬁ@lo\féﬁfa

| east 5ng, or at least 10 ng, for exanple, between 5- 50 ngy each nost
sui t abl ynagoifationy ol wawmrize®,in Jiable hsndiliM réml)tﬁ sengt;d thaOrtigy; clllﬁleng L12D2'rg

40 ng o tal ric
VLps ar e°3Padids PRt aRRs TREE% B bl REeE 5y 0 i bHE oLl 5 BEL Y B
each HPVYIIPygRept.for #5Cihi-HeY i LA T "Vlakg #3iLt IMpansiL2 Dﬁp@btﬂha@arta[b@ fédmeWlaRSciwct hout
L2 peptide. [0172] For exanple a conpositjon according to the present

di séPos gp%er %%ﬂ,?p§mg1@hoqsr§trgct§rq§ f gmall and relatively homogenous non-VLP structures.

46



dose: 30ng HPV 16 VLPs 30ng HPV 18 VLPs | Ong chinmeric HPV 16 VLPs with L2
peptide 10 ng chineric HPV 18 VLPs with L2 peptide, where the L2 peptide in
t he chi mewocotdAM9s8 and HPV 18 VLPs is the sanme or diff ecempoiansvoean be
selected fromL2 56-75 and L2 17-36 as descri bed herei nabove, fromthe sane
or different HPV types. [0173] In another exanple a conposition according
to the present disclosure can conprise, in a single dose: 20ng HPV 16 VLPs
20my HPV 18 VLPs 10-20 ng chineric HPV 18 VLPs with L2 peptide 10-20 ng

chi mer i qabRY shfhnYhPSr M H:s&it% RGBS I NSO pERRIE2 Peptide in the chineric

HPV 16 and HPV 18 VLIPS

he sane or different,

and can be selected from

L2 56-
HPV tyj

75 and Chihera6 as de
nes [ 0174] Qm'rahlv

pscr i bedBlaffeat*nabove,

the compositions abo

from tObseamtiais di ffer

e fur'rhpr r‘nrmri se _an

ent

adj uvar
sui t abl
conposi

it, suitabfly an al uni
y in conbination wt
tions described herg

nPQARemM- NaliSpamM; 4

h a Thli ﬁﬁgﬁvant suctk
bin sui tabl'y generate

al u nlunlhﬁdrOX|de
1 as UEPVBPP F@fﬁ@?u$ﬁe

an i nmune response in &

human ¢
2 or 3,
33, 35,

or - ani mal #lubj ect agz
4, 5 or nore sel ecté
38, 39, 45, 51, 52|

1 POY 20mM2 NuCl 15002 M=P

od fron1th r
I%%Poag ;

56, veps 0

genotypes, suitably af
{HPVHBge gnophousisirugigres 18,
and 73. Favourably the

wy 1,
31,

conposi

types 2

provi de

T10Nns nmayggener at e ¢
, 3 and 73. [0176]
> protection against

P

ANpOIYRE1- r}@ﬁq 088M94

'he conpositions descyi
i nf excen 6058ndpHO6HO di s

il NSt _one or nore of HP
i bedAhemhious apyitcabd y
sease from1l, 2 or nore

HPV

genot yj

IES, auua#ﬂy any—1;

2P B OBV RIS SR
tween 0.05%- pH6.0

YT 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

* 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

using as coating cither H16.V5 (neutralizing 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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11, 16, 18, 31, 33, 35, 38, 39, 45, 51, 52, 56, 58, 59, 66, 68 and 73.
Suitably the conpositions provide protection against at |east HPV 16 or
and nor e wWoi20abil4y75agai nst both HPV 16 and 18. [0177] SuipCaliprgoiniosso24
conpositions described herein provide protection against HPV 16 and 18 and
at | east one other HPV type selected fromcancer causing HPV type, genital
warts causing HPV types and skin cancer causing HPV types. Suitably the
conpostions provide protection against one or nore of the follow ng HPV
types | Qoaddhdd At @ RYdfoRNhRY, 185t iPM B funowon Y. 1351 9py)38.
39, 45, 51, 52, 5B. 58 59 66, 68 And 73. |0178] The irmunogeni c

conposi i e Udr(dewrmbizingesd dedemidted spestiai momaipnble anfghedy tunknewatpitipe pnevent
HPV i nf | / di e. . kEor. exanpl e, t.he 4 eni.c ¢ sitiqn can
be used TRETak AL I TR B st b phaer AR f BT & ead o
cer vi calal.ci96j 200p. The &3sh Whi &eqteldatonsitie thy@sente chIBRV-06Wr BHPVALS rel at es
to use of the im"runoani C. conpositi onsﬁg,escri bed herein in the therapeutic
t r ea? mefPMgIMIosRl3ReE s epitpPeOR Be MpNPYS thiearicdn /L tigaN s BHNAR nat vt

i nfecti oRpfatidhSaney-1 88 HaRL IR Vhes use 19fco ki endREEIRBulficd PELPLERRAE
disclosure is in prophylaxis of infection and/or disease. The term

' i nf ect icompstructs svay skatadierizefl psisg p dab¢tELIBA By egating nlated Wik thejchineasici constensts/ or
per si st i nfectior i e )he. The
Porm - af aisd Tkl Sl ML S Ok R BEARTRAR, Y p b il BN Ok
Cl N3 or HPARBIHRY | cait®meTs HRVaRatPY 6. HRY assifyabédwahthatDhs BAspitaparnis well agsessed

18,

)

hi st ol.o

[ﬂg%%?é %&P? HECTig

B2 o

ati

formul ated or coadm nistered with other
or non- HeRlcamtmgaiscs taef#tabl y t hese non HPV antigens can provide protection

on .or

anal

S s ET R T

B

Qf..pi omarkers such as

I&r vacci ne can al so be

HPV anti gens such as early antigens

agai nstother di sRaskss NOST SUI T Ak Y/ sSCRYaU4Y| W Aem T &% 13 SEgREE2 SPCh as
her pes |sinplex virus, chlanydia and H'V. In a particulariysgnmbodi t the
vacci ne—conmpises by mastruncat e thereofgi ropr HeY it s v t
vacci ne_pr ov%%gi&lgﬁ?/ggti on agai nst botlh H and V. [[0180] Fo? a{\lII
vacci ne€2-déstMlBéd “Her @ideCl 1heMyacdie |i s MU t abl v uséd for the vadci nation
of adoll &3&&mPVARILRS  AqedNaC0s006M) suiNRblly ™ 13| years. [Sui t-abl v t he+vacc] ne
is al s¢ SULL-HBVES/EDF * ™" (nNaCl | 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
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adm nistration to a paediatric population, 0-10 years old. The vaccine can
al so be adm nistered to wonen following an abnormal pap snear or after
surgery fwbl2ow/magrseenoval of a | esion caused by HPV. ThesTiEreowaswmehe i S
suitably applicable to both a seronegative popul ation as a prophyl actic
vacci ne and/ or a seropositive population in a therapeutic setting. The
vacci ne nay al so be adm nistered to males. [0181] Suitably the vaccine is
delivered in a 2 or 3 dose reginen, for exanple in a 0, 1 or a0, 2 or a o,
3 or a ge tfHeQhd Br ontén ELIS% Ophe&perfid Qldrcﬁgés'}r&ﬂtlv@fi thiboﬁg)gesﬁoﬂ%'és ﬁldgeed%vy
mont h regi men respectively. SUIP bly the vaccination regine 1ncorporates a
boost er Vacrql@@t)n o lxf memitaBed loy n@tlsieatdéor moﬂemalbILIfBAl 6Liatiers @th @alcule‘gdmes
\Mth 4 ?1‘ mar Cr I’(I)S%S Max@r (|01 SeI‘d ra T Il’gab éxtrhe %1 IS a

QUL el ?"Frrm °“§H%u VTR phedt L LRSS U and

l'i quid vacci ne ron, aceirh

o oot 10017 Rttt S 3%@&5@6@5&5@@%@ P o o

aci ds thﬁ%anﬁﬁ&ﬁ%dhhﬁs&ﬁioh%}ﬂg) AN YheClTboBAd Ehitndfal2 /DPpYIPERKEES Wer e
produced using nol ecul ar bi ol ogy procedures and summarized 1 n the Table 3.

Tabl e 3 alonp gn@kpinGoredewish Cerviupy/(fogeyamplipin saitRlopaegmanefifeursionoy peday He

bet woen o T 3R 155 ENGRrge e ore o) (R CE kel BUbTE Gl

[ 0185] @hbﬁmmalsibn uséiPa4 ah&iltetnatiRvo3Bednd s Gljus itrfer hypepmhypeptiordel rabierei n t he

L2 peptide GﬁﬁERI HPV 58/ HPV 6) is inserted between position
432 - 4§??PF GT{B%FH 8,1113{‘13% ff’gé&’r‘r_Pc 3% om HPV 18. [0186] Chinera 3 : HPV
HPV L2 and HPY 58 L2 chineric pepti de wherein t epti de
: Qe (g2 esh -Qu?%tlfp caﬁ%vr? tipgk kbt @ﬁnaﬁ 37 and

e andcﬁﬂﬂ%d L2 B9 e A GTESCROGRTGMRLY (b a7 azmgsﬁﬁ%@n HPV 6) 15

Table 6 & 7 summarise the data in mice and rabbit, respectively.
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inserted at position 432 - 433 in a C term nal
18.[0187] Chinera 4 :

HPV 16

LI

the L2 pewDi20B/1@EsE GTGSGTGGRTGYVPL (HPV 58/ HPV 6)

truncated LI
HPV 58 L2 CT chineric pol ypepti de wherein

from

HPV

i S i ReEmPedolosdoaeen

position 431& 432 in a Ctermnal truncated LI fromHPV 16. [0188] Chinera
5: HPV 16 LI HPV 33 L2 CT chineric polypeptide wherein the L2 peptide

QLYQITCKATGICPPDVI PKV (HPV 33/HPV 1l)is inserted between positions 137 and
138 in a Ctermnal truncated LI fromHPV 16. [0189] Chinmera 6 : HPV 16 LI

HPV 33 7,81¢ B! %zm Mo%sd%}!mé%%zhgﬁcemﬁ CRdrit h@/Lla%o%%ﬁsz@ 1o HPV-16, 18 L1
CKATGICPPD

QYQT (HPV 33/HPV 1l )i's inserted between position 272 & 273
in a CVLEfaw day I%ﬁoaﬂwgé/de hapt iz (f&le{)mgo] Chinera 7 : HPV 16 LI HPV
33 L2and—HPV—58t2—chinertc potypeptt UUEM\SWI tl'l'_jll’\/‘LFrésﬁor{éE"kEU/Hﬁ
QLYQTCKATGTCPPDVI PKV (HPV 33/ HPY—Ti)—igevt gSertea et ween POy jon J.OI and
138 and the LfOB%%? Ple GOLA GFESGFERRTGYVPLT s inse Pyt t 43T
432 in a Ctermnal truncated L rom 16. J;’ lc@;flrreram ; HP 1958 LI
HPV 33 L@ps/ BITNE PiGg PRSGAPE A licErB4vNET@babst I1Q416516)f‘9©68@m 1207914 | 3542483
QLYQTCKATGTCPPDVI PKV ?HPV 33/|HPV 11) is inserted between position 137 and
138 in a Ctermnal truncated LI fromHPV 18. [0192] Chinpra 9 : HPV 18 |LI
HPV 38 CHIGIHPERITS PO yPRst T JS430087 ¢1 B17066 | 250PFadl | 66560y JDebed a5 TRk RKV
(HPV 33/ HPMoaqmm@/lAg@erted bet ween position 432 { 433 in a C termnal
truncat eg LI HPV oL Gi3k3726hi| merTA 3107 1683916 | LhoellPVpB 4keZaChll mez83eC
pol ypepti de wheragion t he t%e L2 peptide GELG GIGSGTEERTGYVPL (HPV |58/ HPV |6)
I s 1 nseried APy WeEIP PoS{ohl PNS fo7é3aAMd 195830 OF 2486l ¢Rbdched | IBEEREAT [efbobdssf|r om
HPV 16. Exanpl e ados Synthesi g expression, purificafion and characteri satfi on
of Exenpl ary Chi mer as [0194] Production of Reconbipant Nupleic Acfids.
Nucl eircach@seABE PULFB.d 1€ CXCEBRIGT Y GoBeBET | Caslrd72L £ 1680 PERRO AT [URpFI3s0ed
in Excanpﬂzglh{mrggzém7a(.mﬁét|by gene synthesi$ prior|to
100mM) 2ug / AS04
HPV16/18 L1 VLP 2ug + 1096750 | 982819 | 1223889 | 2003694 | 1583281 | 2535739
#2-L1-HPV18/L2 ““°™ (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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their cloning by standard genetic mani pul ations into a Bacul ovirus

expressi on vector.
C-ter m navotzouwastsecon of each of the LI
nucl ear

the Gt
34, 35

the HPV 16 and 18 LI

| ocal i zation signal, as well
erm nus of each of the LI
am no aci ds, respectively for

ure 2(a)

rigure 2

The insertion sites are summari zed in Table 3.
pol ypepti des ai meu/ERR00A®YS Ng t he

as the DNA-bi nding domai n present at

pol ypepti des (C-term nal
HPV 16, 18).

respggtlve ly). Am no

end del eti ons of
Am no aci d sequences of
truncates as used herein are shown in FIGs la and b,

r espect iyl y. Bﬁm»goof?gbbch PASHENCAHON bl bﬁm(%/ﬁ/%z%

are shown in FIG

OfiddYRPBP2 spepLj des

acid

sequencé{%«_@,bnvlmeléfoélmyf@rt@e i zmwaszaawe@@ﬁﬂ ded in SEQ ID NOs: 36- 45.

Cal

[ 0195]

Tri choy
cel | s/
the HP

=|a.| VCDL. IIIC C/\CIIPI aly C
(Hgh Five(tm) cells
i nf ect edFamntlationeconbi nant

18 LI / L2 chineric poI

bl usi a ni
1)
16 or

aal dars A4

II IICI I C pU
b (at a de
Ba Rablitid# u
ypeptldes

O

—tes—

t '\IE‘I“C—C'X'ﬁ'I“e'
nst-ﬁﬂ% Jint-L1 Y B gspase
5 (MO of(lfy"‘@SO.S)e

ssed in

hcodi ng

ofHPVH’I@rest HEM-18 W

er e

har vest
resul ti
exenpl g
a two {
cells \

Cu at U(J.)’ - PUOL I Ilf C\’I.I UII U)’
ng cell pellets were stored at
'Y _CNiBoId 5 IRGLYRERY kdBs ver e
bt ep process of extraction and
vas performed with a reducing i

I UVV OPCCU

- TR68E |
extracted

1nd%ﬁypo

£ Lo
bCIILIIIUUQLIUII LILILA

D196} 0dnt i gen Exdgosact
fromH gh Five(tm c
afio e extr n

ﬂgﬁ%? 1%9959

ohi c er (Tris

on. The
Bl s in
5t ep of

oM + 4%

b- ner ca
can be
equi val
time of
clarifi
opt i ong

pt oet hanol (BME), pH 8.5). Alt
8.7 and detergent Enpigen 2%
il 1 HP\IBIRUPE’ @moNdomenownwsis 1008

m ni mum hal fSgenolhour at room
cation was performed by centri
| filtrationis performed; th

ernati vel
S adagssd.

I to perfo
tenperatu
f ugassion;
ough a M

y, when extraction Is
A volswse equalost esene
rmthe extraction. A
e was used. The

i f 4g@per nat anBo B! t uf

|[istak COHC filter

| ow, pH
hal f or
cont act

bid, an

(M11i{

Purifig

pol ypej
exchang

pore) or equivalent. [0197] Pu
ation re |nes]@g§3verz simla
ﬁqq Hes q

o L BRI A1S ah

ge chronatography ((D or Tri

i fication
f 3f3%%he
hnd i nvol v
ret AB83am

di f 12r%At chi mérfe L1

e the steps of: Anion
no 87i¢P - DVAE 76t TM

and Characterization].

L2

AE), and

Hydr oxy
slightl

apatt+te chromet OOt aplly oupl 2!
y between chineric pol ypepti dj

#8-L1-HPV18/L2 "#72¢ 100ug / AS04

1 1
or Tl url al

s bfd er

TA371

Ul Ilﬂ.tl urr T Tcyriliicos vdal

Ng 5049 62 505

2 851 55 907

#8-L1-HPV18/L2 "*'73¢ 100ug / Specol

TA376

TA377

16 039 688 188

8673 575679

HPV16/18 L1 VLP 20ug +
#8-L1-HPV18/L2 °*'7¢ 20ug / AS04

TA372

TA373

80 313 70839

64 274 118 238

HPV16/18 L1 VLP 20ug +
#8-L1-HPV18/L2"*73¢ 20ug / Specol

TA374

TA375

1136 885 850 922

396 871 474 109

HPV16/18 L1 VLP 20ug +
#8-L1-HPV18/L2 "*'73¢ 100ug / Specol

TA378

TA379

385 169 622 211

579 951 1037 924

51



slightly by NaC and Tween addition involving the steps of: buffer exchange
and BME renoval trough gel filtration on Sephadex &5, overnight maturation
and 0. 22 wonstoerspisezi ng filtration. The purification precesEPesonsses carri ed
out at roomtenperature, 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 0.22mm filters. Prior to
each purification run, gel matrixes are sanitised and equilibrated with
appr opr @8 @G@%%‘fﬂﬁ%ﬂﬁ@se?ﬁ%t@d LereieRg o ARl APvaX Ehanae RAAMBLOGLARGY TMAE
or DIVAE The clarified extract was applied to anion exchange colum (D

Met hyl ARLRepiEipeyid ngyreéeitdlli &Ly respandei brated in Tris 20V Nad 501M | 4%

b- mer capt oet hanol BME buffer pH 8.0 + 0.2. After washing for unbound

pol ypep{02hd$ eeplpor Aorampaisel t Quantifi camarofgtnammub@dy\ws s 20mM

| NaCl 50-t.0- 4% b- e ffer 0.2.. The

ant genpa%%rn&ﬁﬁoﬂ%%nﬁ (AR I A T

noni sor agidat-3380pvizs/HPVaC bi DD perfiialkd aﬁmedcl\a%asama‘{fyg/ﬁﬁvlayoﬁ[é&r%@m L1/ L2
positive fractions were pool ed and kept at +4C before next col um.

Hydr oxy &Pt Ypes EnpsesratRasticsmgl cropmecagtivaicerasrost he (e evrousanitbepy [BaROYpp! i ed
to a hygroxHapabist&hdHAS e lh@w&%seanara{n%va'cmsﬂ Y FGHIHEE. 96, 30 36T S
20MM Nad 18 | 49BVE) bufpf ter sanple application, the
gel was andshed anwrtomcehiﬁ -T3 f:othle’rSBLﬁ 83, fe?nél lell 06 eatl 3.t h approxi mately 10
colum vol unmes of (Na Phosphate 100vM | Nad 30OrM | 4%8ME) buffer, pH 6.0

0. 2. Thé&PNAL2Ipaptide RAdS Aimensdlicarcel y dil uted at up to 40 mMl with elution
buffer and stored overnight at roomtenperature. [0198] The HA el uates were
t hen0appda0sf HRYV -2 PeptidedeiX SG2Hedsenget filtrati on colum (145 m bed

vol une) equilibrated in ( 20 mM Na Phosphate 500nM of Nad , pH 6.0) buffer.

| n cert almpeptides gnoasced bh Eubigkhtes) was ditmdd hi efindl Ooﬁeﬁ@z@ionmmpgﬁhl iafPBEOOT) .
;I_P gr e:Bl&I/'Fggl \Qlﬂ%gl%]éclﬁlo?é?\ie&nlglit gééa%{tg al elérog92-we lfs %1cr8gte¥gﬁ ets I(lg/lgu)(lsc?'rgd 254 nm

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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collected in the void volunme whereas BME elutes at later stage and with
different spectrumfromtotal volume (Vt). Maturation is carried out by
over ni ghtwetoreaige7sat +4C. Fol | owi ng naturati on, the Seplrai®rP2@005®24
containing the chineric L1/L2 antigens were filtered, through a 0.22 nm
sterile filter and stored at -700C. In certain cases, 0.05 % (V/V) Tween 80
is added prior filtration. A sinplified flow chart of a nethod for
purifying chimeric L1/L2 antigens from800 m of culture is illustrated in
FIG 5 @)19 T6ken2Bla88 bidR-MhbASE YL noEM 10G DAk AR IS dr S hfbital (&RefREhC LI 7L2
antigens. Electron m croscopy was used tg charact’eri se that "particles are
bei ng f dikgelllufadomsatiretigubuffar eds etdadee cechlyiglLdhdpoduppied fordels, 30st 8H G fter

pol ypepti de, .particles and/or capsoneres. a r Ps..simlar to thase

P ontcnd "y ERe b S AR R SRR R R R OB Rl Forl BB v o
as cont nodesl forliieadslitivaalod0 mineat GMIATPLAtes WP waslitdle irsdi@kddeiboas addangaatetifan t he
controls, Purified chinmeric L1/L2 olé/rgoe L de%Fp%rti cles e/vere diluted to
somg? m 2P #rip ReopyieR et ith g pelarion ¢ Shp ey nediden e (Sterd (ivpHeQ: ver e
prepar egh § 95, EMReQal04¢ cifafl BUfRE pANAS. Y fealGGPR M é’t‘&lg%@w@th%l\ﬁﬁ@@@@' ahd\o- st ep
negative staining nethod (Hayat I\/FA. & Mller S E, 1990) using U an%l

Acet at e r¢adac F9H62bmmnt FIASHA; trigrs axgentalcuBredefrom a refersinek by SeftVaxRrd O®sinesiopr wi t h
car bon- I fl d on a drop of the sanple for 10 mn
at roon&’?%%%%%%%@%ﬁ{)gggkﬁéwxg%gorp ﬁ'on of the material. Excess solution

was re \é@dgandntlh% Sr’;[géerrinarl1 Ir%titt atai'nrr%rcé for less than 2 mn. The grid
was t hen *Bri esf’lfny a(“l%ss HER"SG"sE fI'oat%sd on a drop of distilled water to

re e t.hat. _cou ield stain.precipitate...Th ri s transferred
on 20 ST Al Simes Linb el Rl aPnbsor fir gl ke Codin CBuRSE, 5
UAC (W YdspbikeWait&@F rangihigt@Mesd 2 R MBS i nlicdoThee bl to deménvriited inkhieved i d was
blotted dry after 30 s . The material was left to dry conpletely (over 1
hr) and EBRHAEFELFItY dalyeer Restitiiey gndinost-fongh spnypizatoddata patoyhe¥sht at i ve fi el ds
were inmaged at standard | OOK original magnifications and summari zed in
Table 4 and EMresults showed that the chineric L1/L2 pol ypeptides forned
are not identical to those produced by the wild type HPV- 16 or HPV- 18 LI
VLP except for #5-LI -HPVI 6/L2 DE17 6 and #8-Ll-HPV18/L2 DE17 6 . The
particles formed are either under VLP stage, anorphous structures or snal
and rel atively honobgenous non-VLP structures. Table 4 Summary of EMresults
Chimeric L1/L2 pol ypeptides
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El ution buffer [0199] Antibody characterisation of chimeric LI /L2
antigens. Antigenic characterisation of the LI conponent of the purified
L1/ L2 chiwerim/aersatructs was carried out by a sandw chPELIEB20109590g4 as
coating either H16.V5 (neutralizing and conformation specific nonocl onal,
anti body; aa 266-297 and 339-365 critical for binding HPV-16 LI VLPs),
H18.J4 ( neutralizing andconformation specific nonoclonal antibody,
(epitope | ocation unknown) on HPV-18 LI VLPs) or H16.U4 (neutralizing and
conf or Mat,j, Q1. BHLH] n{%zé@ﬂf?ﬁé&%hdwc@@tHyb%MerzHDWQWBZy%h DidOPR oYz A8 LI
VLPs) purified frg hybri1 domas provi d ristensen (Chistensen
et al ., pa@8®,173006/Fy 33 oThpeptdaip- Kﬁaspwséﬂ’vt@mdmlﬂéﬁﬂmgttﬁelaptesence of
HPV- 16 ormbljlflyat}o%ﬁggflzrnati onal specific epitopes on the various chineric
L1/ L2 antigens C d to native preparations of HPV-16 or HPV-18 VLPs.
The L2|[conponent of the purified L1/ IE2ISphiAmEL P peption@bgonsd (& Usls
charactleri zedrstmuiagna di red¢t El-pephddyr-saatv 380 Il alBSepwdd 36-Aseptal IHPRTESC
constructs foll owed by det ¢CBvanN WiLidET (hetios gbBMT polyadignal dur egsed| t o
L2 peptide am o act g _17-3% HPV33/HPVI— 1 or 56-75 HPV 58/ HPV 6. Thi S aspay
showed |t HALLIEHRVISAL2ERT T 6pe |i symel | gxposedygt qupbace ofggt,ine chi mggiL L{/L2
pol ypept i el @Q@Mﬁ)ﬂoﬂﬂér‘\sgﬁ‘g | -HPV18/L2 ¢ t 17 34.. Table 5 sunmarises the
dat a. RD—Tot—determned—ifxanpteS—Method—fqgr—testtng—Tmmumogenicity] and
cross i ¢adtlilm\tly/Laf Chiomerilc L1/ ngﬁ&ti gensggsn [anani mal (wodel [ 02p0]

BALB/ c m'ce (ty/pb$QflaIIy, at [l east 15 mce _per grjoup) were |rrrrun| ze

intra gE T Xanpie; ettt dose—t O11Een of—three—t+nes—at ay
0, 14 ??514%#‘5@31 " Oa g ngsof  t hesoaf or eswdrd |chfrer a LATL2 pol ypépti d

al on r adm ni'c ar nrl \u i h f‘nr \larl - ¥n| | n\nnrl l‘\l o hooct S—t o anrl cl X%
NUUJLU A

weeks Iat#gf’w%’f lér“%?#@u tat Tper| od_(e.g. on ca)o(i 14) fol Lowing the |as

i nmuni c](‘g 152&29% ant i bHay resB‘5nse Hduced Bl/ vacci fi2fi on
wer e g A& Qrd/nr nrnfnln ELL SA—1The QnDPIfIP and-crgoss

U

11

reactiye t'ﬁV?afi’ﬂfi Lﬂd%%ggﬂgépor ses_induced by vacci|nation can be monitored by
pepti de ﬂﬁ‘g@t ei n- (11 $ANELI SAMTi t er sMher ¢ B8P ul at®d” f rom £5P%% er ence
by Sof t I\/hlil"}gtlﬂwoo ﬂ/ésq ouyg paraneters equat i nr) and expr essed in BN
HPV16/18 L1 VLP 2pg +
#5-L1-HPV16/L2 ¥ 7% 2ug/ | 1687 866 3285 NT NT NT
AS04
HPV16/18 L1 VLP 2pug +
#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 2pug +
#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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[0201] Alternatively, Two New Zeal and Wiite rabbits (NZW 1.5-2 kg) were

i mmuni zed by intramuscular adm nistration with 20 or 100 ng of the

af or esai dvohwmersgrskl/ L2 pol ypepti de al one or adm ni st er @dTEPRO10/QCEI02AT | X
(for exanple, in a nultidose reginen of four tines at day 0, 14, 28 & 42).
The chinmeras were fornulated with with Specol (from Cedi Diagnostic), a

wat er in-oil emulsion used as an alternative to Freund' s adjuvant for
hyperi nmuni zati on of rabbits, prepared according to the manufacturer’s

prot 000é§5m&92@ Zlprd ) ]%‘{E(P b%/ear(f?ffagﬂt dnliflo h&8 QQEESS%):h as%’@mE i | hl‘f' n'tlQ:@icOf
anti-VLP16 or VLP 1 body is carried out by ELI SA using 16 VLPs or
HPV 18 Vi @:sdsazvidnlaw argognask trrativigillLa-agniso Fcig lirmdaHPoe3t hed dé) élmﬂarhﬁ ze and
rabbit, respective e. 6; Blnd j ser. '

chi rer | SRR R b U R b TR G B S SEPGTS Sihciche

| ast i MatHucd&tdfan ((FEblb ). Thhl:ea@tl\hq)w&ﬁy bd di‘ﬂp%mdahlon—adlﬁﬁ@b abidrh posi€driOH): &
Confidence Interv 100% of the m sera ted wi th HPV16 and HPV18 LI
VLP éhoﬁﬁhg tr%eceﬁﬁyéﬂl fRntmIpRaci Stuﬁlbés a%erea@qt SEASS f93eiTgRly21amino
responsgcifala HpyBindbngq ofc)r abbi t antlserunllnduced by chinmeric LI7L2

pol ypeptides to HPV-16, 18 LR VLPs on day 14follow ng the | ast inmunization
(ELI SA)[ 0203] 100% of the rabbit sera reacted with HPV16 and HPV18 LI VLP
showi ng that insertion of L2 epitope did not affect HPV-LI response [0204]
Anti-L2 peptide serology (lg response). Quantification of anti-L2 anti body
was performed by ELISA using the L2 peptide (2 ug/m) fromthe honol ogous
(L2 peptides amno acid 17-36 HPV33/HPV1 1 or L2 peptides amno acid 56-75
HPV58/ HPV6) or het erol ogous HPV types to assess specific and cross-reactive
responses. For the cross L2 antibody response, the follow ng synthetic L2
pepti des were used: amno acid 17-36 from HPV-5, 6, 16, 31, 35, 52 and 56
or amno acid 56-75 from HPV-58, 45, 33, 52, 5, 11, 56 and 35. HPV-L2

- peptide ELI SA neasurenent [0205] HPV-L2-peptide ELI SA neasurenent L2

pepti des (produced by Eurogentec) were diluted at a final concentration of
2 ng/m in PBS and were adsorbed overnight at 4C onto the wells of 96-wells
mcrotiter plates (Mxisorp
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| nmuno

i ncuba

0. 1% Tween20 and bioti n-conjugated anti -
was added to each well

UK) or

washi nﬁaﬁé §Dp;

saturation bu

- pl at e,

ted for

Nunc,

Denmar k) .

The plates were then incubated for
37C with PBS + 0.1% Tween20 + 1% BSA (saturation buffer).
sat ur at i omokofoi@p7seer e added to the HPV L2 pepti

1

hr at

1 hr 30 at 37C. The plates were washed four tines with PBS

and i ncubated for

lg diluted in saturation buffer
1 hr for anti-nouse reagent (Dako,

1 hr 30 for antirabbit reagent (Amersham UK) at 37C. After a
¢ ERLA: e hph SR R BEL RS Ptk Pl fes (S rglett S 2

Sera diluted in
de- coatreu/Rro@bmsvand

was hedoradayi Wdvlavieg tiatias énandzarvaubated for 20 mn at roomtenperature with
a sol *F. cnécf UR%‘BAJ’/ o—pheryH Cnégl_'sﬁm re—(-SHeHra) .“.1“”% 22 —1—0—1%%Tweenr2)),
0. 05M |diPPHEEE pdPPer—nH4 5 ThaFaARRBHC DIHEAEREE WH@EGW_
read at_492/a620 lggn AN TR N e y -6
Softlvexlj%ug-usiwsa f GLE67 pRI7anEst 6 < i 179 & i 1.362
HPV- LI | BN 84 2neasur gment HPV- 16/|1 8 LI [VLPs w a fingal
concenrtr at igﬁ% ‘OTA3§3 g7 7A93 i h 10BST gnth4adr ¢ ZHPESBr at164@ pnt® the
wel |'s > | s—mterotHpr—plattes—{(Ma-sorp—tuRe plat-e—tNure—PenrrarK) .
The pl g{l%}l@r eTAXIRN SFUbRt 8W2f qr 125%r | a8 937C| wi 1B PBS %3 0 10%%kheken20 + 1%
BSA (S Eé i n buffer). Sera diIute_d ih saturation huffer yere added to
the HRVLL pepttgecoasess p| ai 8% dndisoacybatigd forid hr >3@ al 376 [They
pl at es weAg 4%51shed ffour tipes w tlh PBSOJ 1% Twe¢n20 ampd bi ot i|n- conj pgat ed
anti - DUE 19 (Dako—u—or—ant+—=rabbrt11 (Arer-stramrok—dtiroted—n
sat ur gt Qn JAuf X7 sTddet 8% dconkt | Ahd4i houbit éd21F 1 A SK0| a547(
After |a washi ng step, streptavidi|n-horseradi sh|peroxydase ([Pako, WK),
di lutgd ygp,gat|urery oribwdbd erones |addeds § oroas addsdi onats 530 | reim sat | 3706
Pl at e§ wed8owashed as indifcated gbove apd incubated for 20 fin at yoom
t enper|[afry@/ 18l [t $0l on U.[04%.0- ph eneqgpam|n | T<0. P3%,H
in O. l%Eﬁvv&enZO{,:lA%? ()5I\1/Il§£é§i t raf%ObLfﬁeé?Qp-l jrg)éa Thgb(?eactqilg% ms%&sét)oppé/8 W th
2N H2§O420apd rlead aff 492/ 6R0 nm |(ELI SA {iters yere CII culated froma
ref er gncéS-byy Joft MaxPro (uping a |four paraneters equation) gand expfessed|in
EU m .| HPVI®L2 | 1A373 | 16603 | 18684 | 22998 | 16788 347 14309 | 29593 253
20ug
AS04
HPV16/18 | TA374 | 1277 4484 10 479 2832 2362 1 689 12 252 412
L1VLP
20pg +
#8-L1-
HPVIS/L2 | TA375 | 10217 | 15197 | 18916 | 11226 651 5863 29216 841
20ug
Specol
HPV16/18 | TaA378 | 25542 | 31141 | 35927 | 19519 | 2329 | 10434 | 36378 503
L1VLP
20pg +
#8-L1-
HPVIS/L2 | TA379 | 39846 | 44095 | 73486 | 30542 1790 | 22358 | 101784 | 494
100ug
Specol

* 17-36 HPV11/HPV33 represents homologous L2 peptide= type specific
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Tabl e 8 summari ses the i mmunogenicity data in mce. [0206] Al chineric

L1/ L2 pol ypeptide antigens induced significant dose dependent L2 anti body
responseswtntoerg7seangi ng from 1687-18873) in m ce. ThePCedwpka19/059024
denonstrated i nproved i nmunogeni city between post-third and post-fourth

i mmuni zation (data not shown)Table 8 : Binding of mce antiseruminduced by
chinmeric LI 7L2 pol ypeptides to honol ogous L2 peptide 17-36 HPV 33 or
L2-peptide 56-75 peptide HPV 58 on day 1l4follow ng the | ast inmunization
(ELI'SA) 7hbioT 0LBWEE ldf Wit auhseruygipcﬁ[cecy byn}};zmer% gﬁ/L? p%ﬁéﬂt%ﬁﬁQZI ﬁb}aﬁ&’é’%

Tabl e _&_TU_SUITTYB.IgI Se the ELISA data 1'n rab pepti de sequence 17-36
and 56- 75 amespddifolmtiyg f’{@@@@?@zmwltatwhl(ﬁﬂSﬂﬁ L1/ L2 poI ypepti de antigens

i nduced significant dose dependent specific and cross-reactive L2 anti body
responses in rabbits The 12 response was specific as the antisera fraom
rabbits FemMAtead \ﬂag’? hi mera L1/ (APtipspy e %%PH 28 &M anmi no_acid
17-36 of L2 did not ssHP\eact HRY-t h RRMt heltf\e L ept'r"ﬁ‘és aftho | aldf\d 56- 75
of L2 and vice versa (dat22%not Q‘wn\'l\_n)_ 3 o2 A dlerBssdr 9ct i vidy [S

obser ved#2 kitA(iRpst Tﬁm hef 7% 124?)43pt i7ci%7§ {roth t hg 88% ] 36%8ami no*taci ds?%f | L2

sequen¢&ECLARME  GyTAsTNE TeRRCTi Wagty | TagPe| UepENTiagsy QN 7831 AniyBe acioss
i nposi 18afpece] pro (P) replaced by a ditferen am mo acid class suchlas S

or Ein 5@]7!5Hps/ygnpb@,gprggen@mmgdaggg@ndé&@J@Sgegﬁy or no cross reactivity (L2-am no
acid 17-36 HPV-31 and -56). Simlarly a relatively good cross-reactivity
was obsegaefl with all synthetic L2 peptides the 56-75 am no acid sequence
of L2 (Table 10). The reactivity may be dependant on an amno acid in

posi §i OWehRaliAridhlexpelindnf PTaGERcdY el Bi8NndANAQtIAGhENISMR, d&a Alcde (A)
were not cross reactive (L2-amno acid 56-75 HPV-1 | , -52 and -56).Table 9

© Bi ndi ﬁ{:}u'f@fl Vithoraufrabizitios @ssamn Juiigu 6 fpuisfold vl dikutippsy £ nifp) Jipsion stietsd b
L2 |
pepti g Sf??’ﬁabgﬂ sg@ﬁn&ﬁ] A foP Wi gﬁ{lj%ulce%s\htﬁ M‘oﬁ%éeﬂ@oxﬁ% %I fronig-l'l;iﬁ

HPV1 1/ represents onol ogo pepti de= type speci
Bi ndi ng tygfes méulodhi dre et Sageradrnmi ddteced td yhecdrictse usal dnrﬁlg2mpuin;qaeqm i Tthe Snitxgire
L2pepti de 56-

VB HEUB Bl U Bt gt S o B A L chT0iopR et Pt SeliPhich B

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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[0209] Neutralization experinment. Two weeks after the third and/or fourth
i muni zation, sera were diluted with neutralization assay buffer (8
four - f ol dweenical492| uti ons - initial dilution started arcI/EPBovoOsIRADDI t
sera and 1/40 for mce) and mxed with infectious pseudovirus (PsV) from
HPV types which are the sanme as and different to the one(s) used during

i mmuni zation. The m xture was reacted for an hour at 4C and added to the
293 TT cells (30 000 cells per well) which have been plated at |east 2

hour s JP@JI@[?NQMMZB%O P I-Bary, fs, ig, SP38 ﬁseu%v‘ir%ns%'ah#s‘ér&}ﬁ ifd@Fedlig, hours wi th

5% CO . The supernata is recovered and secreted al kal i ne phosphat ase
(SeAP)Cfa'@WQ/H 92ﬁelafsmlédv I@NGQQ @tadaiyz’érffi»léﬂw@%ym%@@mm@ﬁw as described in
Past r grra—et altom%\\éyé-‘h gHMbé' fed— Mid&‘ﬁoolt ||qp\;6&:|

optimsed to be in the |linear rla
titers are expressed as the reciiﬂf%@%l’l
r educpH-enr—e+—the—SeARaetivty—stghal
absence of serum Neutralizing|titgrs belgw|4Q,ares&oRs| dalad behow the
Cut-off. Table 11 summarises the data i|n m ¢e. Tabl e 11Neutral| zati gn
of HPV} 6, 11, 16, 18, 33, 58 pseudoVirions by an{i serum i nduced by| chi ngric
LI 7L2| polHRYelstiddday/LPa upgi 6804at day 7¢4f ol | o ng <tohe| t7ArA0d] 6PABEM| z &P i Qn*<40
HPV33f 1 1 and HPV58/ 6 PsV reprgsents type specifilc for L2 pep ides
respectively 17-36 HPV33/HPV1 1 a L2 | pept if de, 56} / ms<r' C
L1/ L2| pol ypeptide antigens #5-1]1- ﬁgf/l 50 DE17%36 Z“gﬁb %}fﬁ ovid |2 BELp
36 i ni Zzed al one | nduced detqctabl e \>peC| I C negtralizing anti bodi s
(titers ranging from 262- 696) [wheer t est ed i n<#i cle (4babl esiB)| except <4o
#2- L1} HPV18/ L2 B6-75 . When cgnbined with HPV16/(18 LI VLPs chinmerijc L1/[2
pol ypept e 1amvigens #5aiNacHPVY6/ L2, DE17 _36|angd #8-L1- Hﬂ(%g 8 L%O 17,36

i nducged st i | loorchet ®py abd@ neutrdli zing anti bedi es but to|l a [ower ext{ent
(titers ranging from 61-633). Tdble 1l b|Neutrfalization of HPV- 6|

11, 16| 18, 33, 58 pseudovi rions by anti sefumi ndu®ed| byoch| seepirc| LI4TLZ <40
pol yp pfi des in nmce at day 14flol | owi ngy thelthird i ominli zati * HP\VI3/ 111
and HPV58/ 6 PsV represents typg specific fof peptides respectively 17136
HPV33| HPVL 1 and L2 peptide 56-75 HPvs$/ BPVE 56 PEBLLASY LESPPaLlyqlvud

g. between| 75-100 RLU)| Neut|radi z| ng
of the serumdilpution |eading to p0%

fnnl hl Do\/in'Fnr\f'nnlr +t hao
] L=\ 4 u LILLEA"A A% Crre

CIVEVES HPM%L’OHPU%D WVES | Hpv

#5-L1-HPV16/L2 **'">%10ug / AS04 9.2 <40 245 | 271534 | <40 604 <40
9.3 <40 130 | 107562 | <40 424 61
3.1 <40 341 <40 | >6s5360 | 314 <40

#8-L1-HPV18/L2 "*'73¢ 10ug / AS0O4

3.2 <40 943 <40 354 052 1543 <40
4.1 <40 <40 555 880 214 660 <40 <40

HPV16/18 L1 VLP 2ug +
#2 L1/L2 (in NaCl 100mM) 10pg / ASO4 42 <0 | 40| 150417 138334 | <40 [ <40
4.3 <40 <40 >655 360 73 465 <40 <40
7.1 <40 <40 186 990 15578 <40 <40

HPV16/18 L1 VLP 2ug +
45-L1-HPV16/L2 5736 101 / ASO4 7.2 <40 70 253409 | 85175 208 369
7.3 <40 81 >655 360 98 651 231 <40
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[0210] Table 12 & 13 summari ze the neutralization data in rabbit at day 14
post |11l and post IV respectively. Mst chineric L1/L2 pol ypeptide anti gens
test ed | ocen/detsect abl e specific and crossneutrali zi ngCampreh0ds®34 i N
rabbits (Table 12 & 13) except L1/L2 chinera#2 (in NaC 100rM). The
presentation of the L2 peptide 56-75 HPV58/ HPV1 1may not be optimal to

i nduce neutralizing anti bodi es despite the observation that this chineric

i nduced ELISA titers . The insertion of L2 peptides in the chineric L1/L2
pol yp&ptTUeS E&/ludion gréupd BT T BT & WMidd pdol 19 HPUEIHPT DM | (HPv 18 UTHPV 1s EAPV 33* | APV
neutralizing anti bodies directed adai ngt HPVY-16 of HPV-1 8 LI |(Tabl
&12) . [Chineric L1/L2 pol ypepti ded" #¥°Ydrnul dted i h Specol indliced
appr oxtretety—2—t+res—higher—eptratzing—thters—gs—conparet—{o ARt
formullati on (Table 13). Imunizptign Wit hyt He Jed/ L2760 MeEa.al ong 1ndyged
significantly high neutralizing| anti bodi es tjo HPV16 or HPV-1 8 which
refleg¢ts thgp@alishedyphbgsponse Lo carrijer prjotein|{HPV-16 or HPV-18 |L | VIP.
Mor eoyeks | o@e 1 Reptrat ygi asef hi gh?ri gk “HP\- 3B3*58>Ra%° pli%etYy ed' Por| <©
chimefic L1/L2 polypeptide #5 apd to a |l essgr extend of [chinmeric L1J L2
pol ypeptide #8. |In addition neufralizat|iqp df J,oW Ldssk, HRV6, andygll] was
detected for both rabbit sera ([Table 13). Tgble 12: Neufralization jof

ol ypeptALS P P BT R Pt 4 PR R G HIoP T RN SRR 675
HPV33/ HPVbS/HME HPV58/ 6 PsV represents type specific for L2 peptides

respectively 17-36 HPV33/HPV1 1 and L2 pepti deDEgge- 75 HPV58/ HPV6Tabl e 13:
Neut r aChpagricoh | d2HPOLBEDtidE, 3dises fhdidbyVié/bas by &Rt &k UHPVARLRed Dy

chi mer i . i Q. T it . : i f

it e o R BRI B8l SR BufhuidRy géé%@?%%%%@%g?‘?%ﬁ?g% L2
pepfi dé686)r edpeatstadeliy ndide 3BabIPVEG/ dlleMit #2-antiPVAShept'*de When7 Bonk\EB8KHPV6 | n
anot he i i.er.a urj fi as.a s - Rangd Chinera 3
vere T SPSAREE & T o ABBA A BRLPYEN G S8 WAL L KR VA ot ePBAE LT

separ aHP\W 8L PRab Rdticca Bl dc@etaBid nbtralling Anfiydicdbut RePlovdeextdt Jtersamehing

anti peptide 56-75 and anti HPV LI response. After the second inmunisation

t he foffloBvtlngddata was obtai ned. Tabl e 14: | nmunogenicity in Rabbit of L1/L2
Chimera - anti L2 17-36 (second i nmunisation)

10

NI
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Tabl e 15: I mmunogenicity in Rabbit of L1/L2 Chinmera - - anti L2 56-75
(second i muni sation) Table 16: |Imunogenicity in Rabbit of L1/L2 Chinera -
anti HPV w8 2mhio/iasmeond | mmuni sati on) APPENDI X: LI ST OF REEEREBMGES5$0021 1]

Al phs HH, Ganbhira R, Karanam B, Roberts JN, Jagu S, Schiller JT, Zeng W
Jackson DC, Roden RB. Protection against heterol ogous human papil | omavirus
chal l enge by a synthetic |ipopeptide vacci ne containing a broadly
cross-neutralizing epitope of L2. Proc Natl Acad Sci U S A 2008 Apr 15
105(15) Téﬁl%ch’é NeEd?&'z%a%QIQQﬁPV 6141, 1& 9@ }2158 B%%\Hn% fi&&bm%&lc@&by

Li pman DJ, Ost , . Nucl ei c A ds Res. 36(Dat abase

i ssue): DQZE%%L@/Z@O@YW@@WM’] m&eghdcpy B‘fomawslglgm’z@zhﬁd iMingiipatin Gar cea RL,

Chri st emeﬁmen
papi | | gmavirus LI capsid proteins: understandi n% YR eCy T

neutralli zi ng nonocl onal antibodies. J Ch 208 -
282(43):31803-1 Hormidfatibn g@odps Sep 4. [0?_1“9\{ O, ?qﬁlfv Hp ?/roc_ ZX. S ':'5%\,{
Apweil ¢r R, Blatter M-C, Estreicher t er |

M choud K., O Donovan C, Phan L, Pil bou(t”"vlgal C%éﬂ 1e9 r M%’r te SCMRar
protei m_know edgebase and its suppl errent Tr EMBL imn 2003. Nucl el ¢ Aciids Res.

31: 3654 370(2003) [80215] Carter JJ, Wip Benkil 38501 Chgiggkensen |ND,
Gal | oway DA. HRYSR{B14R 19 [d¥S% hurman pé‘ﬂﬁ I | il rus t ype 116- 5548 [ <40

epitop&&n—t—he—&(—e—&rg—ng—l—a—&m—e—f—t—he—m, or—eapsteHproteti—H—p3—v+e+—2003
Nov; 77( 21#2-L 182 1 0 5in SlaCEAPUN) 1, Wpf | Qoo Madghei 1957 | Sehvacyg |SM
Kout sky LA Gal | owdQHD\SQ4entificatign of hyman papillqmarus type 16 [

surface | oops re UI red faor neutralizatfion by|human g8¢@.[ J Virpl. 2006 Y,

80(10): 466$5M HP\GBe1LA "= etfua /8S0¢ar caa RIAL, |G2dberg 1,| Ci nj 689 Hator ijson

S.C. Strusture—of erm" virus—|ike particleslasseqbled Hromthe Ll jprotdin
o, i PR apeibLee RopBhepel T 2000 o) 857 SSlgl RSP sk f eapep
U s | o | o |9 2| | o
HPV16/18 LD1E1\7/-|3_6P1%}:J%7§2E)L;_HPV16/L2 <40 61 31?132 50774 | 124 84
ot 8 s | 0 o [ [T [ |

*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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McCl enents W, Ludnerer SW Jansen KU . Hybrid papillomavirus LI nolecul es
assenble into virus-like particles that reconstitute conformtional

epi t opes woaoinmderse neutralizi ng anti bodi es to di stinct PEPYPRY10MS2024

Virol ogy. 2001 Dec 20;291(2):324-34.[0219] Christensen N D, D lner J,
Eklund C, Carter J J, Wpf GC, Reed CA, Cadel, NM Galloway DA Surface,
Li near and Conformati onal epitopes on HPV- 16 and HPV- 18 virus-1like
particles as defined by nonocl onal antibodies, Virology, 223, 174-184
(1996) . oF Ql%l?IQJSkWBﬁ 88 s oJRHZE ) chﬁ‘at':iﬁfaﬂlgﬂﬁ Bo ‘Igpepq‘a[e LS LENREN LY o aHF Saget
P. ldentification of tTwo cross-neutralizing ar epitopes wthin the LI
maj or capshichepe bil di2rpobyfpehiideets. ba%ﬂdlltlcmmuiralur@@@l OHOVrrrﬁlHPVZ@(aEdJUWaS
76(13): 6480- Q npson CD, Buck CB, Pang YY, Lowy DR,
Schille tfﬁlegﬁ?er[b ﬁl ﬂ’blpae}!a ﬁj\%%e IE’Sman papi | | omavirus w th nonocl onal

anti bodi es reveal s d| ffer ent nmechani sns of inhibition. J Virol. 2007 Aug;
81( 16) : 9aBK-192NeEpulbar200) HIIAG6,6L1, [IB235) 5 Dessadvoviicem de uniiderilh odabality A,

Pec chanpe NI o g Mk PO it QAP AT BRF R LI~ Vi rus

Li ke ParormlRtiohlaRapyie] used as vaccl rFﬁe,e@E]bhélﬁFh'SnﬂePs @jy@rl XTM the
AS04- adlj uvant ed HPVigyl6 ﬁB" 8 “6."\/: S PSS HT 027231 “""@ysg*
G anni ni SL, Bougel et CA ye% B Hai H % Poﬁwg? >M%pﬁt CUER
Wet t endoiipvi1eVEL1 at 19 PETVeRN qir 5 ELf ngre e @q
i nhi bi §i anplklg PA andi&;udogl ri on-basad %ggt rall ?@a‘??’on assa;{/) fqr rne*asgi1 ng
anti - HPV- 1gs@nd gntA3a9Y- x80ant i be@y rlegpoiie [aflBer79Baret®at1®rn A0 (s10he
AS04- adlj iz eltr'vl_(rz@_c AL RPN )
Nov - De NEEE%HQZ,%@ %3%})Jb<%808 NOV' 11, [0%’4] N T TS SR ST
M Chrifstepgf t Bctsge || nmapgi ty t Qo 18] <
papi | | ()mavspreé@es b-lg/ﬁlg%ml thl on V\A@t h shortoapept i ges o] %%%%(ﬂeeﬁwrs](opo
capsi d [prokain. . [JyARdD 2l Oifng/6(19]7 9458 80ag [ UFZ nini r1a|
Kar anam Bjpvdagy 9, '%!%%e‘ts %KI Buc8 CB, Eosé?s , XI phg I?ngl &
Chri st enFere dylyy / RogessRB. 2 Agdr ot gelh ve ~apd gzlrooadl %oCr OB S-Neait r cl [ 2231|g
epi t ope¢ ofsphtsman
#8-L1- TA370 | <40 <40 <40 47 215 | <40 (17) | <40 (18)
HPV18/L2
PEITSC q00pg | TA371 | <40 <40 <40 14 778 51 <40 (<10)
/ AS04
#8-L1- TA376 | <40 141 101 114 542 306 124
HPV18/L2
P 00ug 7 | TAS77 | <40 <40 61 125 200 58 51
Specol
HPV16/18 L1 | TA372 | 282 102 28 157 76 596 | <40 (12) 91
VLP 20ug +
#8-L1-
Dg{EXlS/LZ 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-
Dglj}ng/LZ TA375 | <40 <40 >163 840 | 91 991 44 <40 (<10)
7 20ug /
Specol
HPV16/18 L1 | TA378 | <40 135 >163 840 | 197 836 292 <40 (22)
VLP 20ug +
#8-L1-
DE§§y18/L2 TA379 | 242 <40 >163 840 | >163 840 416 188
i 100pg
/ 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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papi |l omavirus L2.J Virol. 2007 Dec; 8 1(24):
[0226] Harris, J.R, 1994, Proc. ICEMXIIIl, Les Editions de Physique, ed.,
p. 557 [ 022020tdappats2M A. & Ml ler S . E., 1990, Negative St a&cmiErgo100690&F aw -

H 1l ed [0228] Kawana K, Matumoto K, Yoshi kawa H, Kawana T, Yoshiike K,
Kanda T. A surface imunodeterm nant of human papill omavirus type 16 m nor
capsid protein L2.Virology 1998, 245, 353-359[0229] Kawana K, Yoshi kawa H,

13927-31. Epub 2007 Cct 10.

Takent ani

human papp . '19”}‘3&’&#&%%:&&%%?}?}@/ 61 NS
L1/ L2 capsids

Y, Yoshiike K, Kanda T.

Jour nal Vi roIo

In vitro construction of pseudovirions of

LA PR d QAR enbl ed

i

9,

PhARRiAE b

73, 6

%

8-6190.

0230

Kawana K,

Kawana W/L\?GE)V}WMW@SHM%MMIWV 1¥foll\0®s¢g %k@bﬂ(ﬂz iKamd&alfon. Nasal i mmuni zation
of m ce—wth pcpt;uc ||aV|||g a—C€tro8SsS IICULIQIILQ :UII ope—o—t ¥ L,apold
proteim L2 of hygmubaidd | omavi rus Rapse 116 el i QQ'E?'-H ST
ant i bodi es. Vacci ne. 2001 Jan 8; 19(| tid 12) HPALG* 5OEIPV[1)IZ3 HPW33lanHRY 58*
Yasugi [T, Kandg1d L1 VLFnQJgN Asara K | ghads [S Jdavana Yeag\el T, 4?akada k40
Toyoshiima S, Tsuchiya A, Kondo K, ﬁ&ggbkawa H, Tsuts O, T%ﬁet ;
Saf ety |and i mminogeni CI ty of a pe ont4Pni gt crbssSHRutfal 48t i dn
epi tope %%Lll-ﬁwl%Llcf “adniNaild9ed | MASADI[y i<4Oheql t hsAlvol unteé@s VacdDne.
2003 Ogt |;21(2793@)S8%%6- 60. [02B2] Kondo K, Ishii Y, Cchi t sunot o [T,
Yoshi kdvva H Kanda T. Neutralizat|®A38f [HPVHS, 1s, apd S‘éo ps ud6#Pri gdns
Wi th aM gV ee 0%, |78 iyt ot €S
represent #an se\}gsr‘%nts o? dg Hﬁg@l ZAﬁfggcr %8% p?(gsbg Lf%f% 4784
region|Virol ogy. 2007 Feb 20,358( PYAZ88722 8E1bub 2@@67Se 4647 0233 44&ndo
K, Cechil Hg-INERUsGaRo™ T, 106pg hikkawa | FasKanda <io Midi f pgat i pn @ huran7eg
api | Il gmavirus-1i ke particle vacc insegrtiqgn he| cr -re¢ac
Ez-pepi t-gpes—J—Ned—},QE,%@J—mQB—m ?gf?f%\ 841-6. %15 ast—rg-éia “\/Hlm"/
CB, Pang ™YY TPNORp3on oML perd PEASESH 2 Gsvddl d PC 345 ugkr € her | .3 430y
DR, Schiller JT. Reactivity of hupma33erna i<a0a slens43g vel hegh-t hr ugdput
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 IB1E1\7/I3‘6P 20ug + 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/HPV6

In another 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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pseudovi rus-based papillomavirus neutralization assay for HPVI 6 and HPVI
8.Virology. 2004 Apr 10;321(2):205-16. [0235] Mahdavi A, Mk BJ. Vacci nes
agai nst hwoeniopapiskl omavi rus and cervical cancer: promnm Pe3/ERpaoobmkd enges.
Oncol ogi st. 2005 Aug; 10(7):528-38. Review. [0236] Quint W5 Pagliusi SR,
Lelie N, de Villiers EM Wheeler CM Wrld Health Organi zati on Human

Papi | l omavirus DNA International Collaborative Study Goup. Results of the
first Wrld Health Organi zation international collaborative study of
detecti %bl@fmh%ﬁﬂn iclltgmgbﬁlpéf L% Bﬁﬁwr& S o b e Eéef:éﬂd ﬁ%ﬁdn‘fisa{'ﬁ%l th
Organization inter na coll aborative study of detection of hunman
papi |l l omavirus DNA. J Cin Mcrobjol. 2006 ﬁﬁg P‘éf}t((?e)Lz'i?ihA%[lqt%ﬁs?] Sadeyen
J.R Tqurne S, Shkreli M Sizaret|P. Y ur sag [ nser f oreign

sequence on capsid surface | oops oltlp‘{n_t(;mq{m/apﬂ Hpmqgl rm_gypﬁpngzwgpﬂ%d ke
I d

particles reduces their capacity to induce neutralizilng ant|bodieg an

del i neci%&@{mmﬁwmﬁwm /ASHA TRl iBsNg epit opernai 1ol pgy B091%2403)1432| 0
[ 0238] [Slupetzky K_ Shafti S1(pr.=1rm _lenz P_ Brandt S| (rassauer Al Sara

and Ki ra_mmerpvl?s DChisrEr cooRpAddsoneapg us- libke pautd cljesygxplessi nd agy

f or ei gn pnlfnnp on ("FIF\QI dsurface Innpc Journal of Cenerall \Virol qgy 200

82, 279%328@143\{1@2@916/Ct§r7ﬂme&gky K, | Gapbhiir a0y Cukpo T,| Shaft| - K@garfat 68,
Schel | e%gachLeéo C, Christensen N.D, Roden R, Kifnbauerl R A
papi | | ord® 17 RPSHAMMY cl e (VLP) vacci|ne displaying HPVI B L2 epit opes

i nduces -nedtra I n t 1 bodi to HP 1. cdi ng_25] ( 7)
2001- 20%8'&?%;’&8 Var S ’%38 /111 Rrith \Ll_z' %e Vi ﬁf‘er ﬁT 3 ﬁ\gﬁ) |, NT
Chri ste D, bi cki api 1 vk us ty. 16 HPV- 16)
Ll parti lsé5Ml@%ﬁ?ﬁ&l%@&%@ﬁ%ﬁﬁ@ﬁ@. n@ntéf;??ég serot yuinss ?‘H)nor
capsi d [pr ot ein of HPV-6 and HPV- J Vitol.. 2003 Aug..77{15): 8386-93.
[0241] |Y.-F. Xul, Y.-Q Zhang2, X-M xul, AMiPeRidgL2 Sondb Titgsi | | onmvi 1 us

Ach vl or ?(SBB'G)C TB1e 2153, 5140AMRS Aci ﬂﬁé}eéﬁ&@%&-ﬁf Eﬁﬁﬁfﬁgi YT bt i ¢
L1712 Pob ypepk) descthvenhgg) (SEQ 1D N0 136), 532 853

#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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1 MALWRPSDNT VYLPPPSVAR WNTDDYVTR TSI FYHAGSS RLLTVGNPYF RVPAGGGNKQ 61
DI PKVSAYQY RVFRVQLPDP NKFGLPDNSI YNPETQRLVW ACVGVEI GRG QPLGVGLSGH 121
PFYNKLDDTWOSBHAATSEGL Gl GTGSGTGG RTGYVPLNVS EDVRDNVSVD PROBRRGI0690281
CAPAl GEHWA KGTACKSRPL SQGDCPPLEL KNTVLEDGDM VDTGYGAMDF STLQDTKCEV 241
PLDI CQSI CK YPDYLQVBAD PYGDSMFFCL RREQLFARHF WWNRAGTMGDT VPPSLY!I KGT 301
GVRASPGSCV YSPSPSGSI V TSDSQLFNKP YW HKAQGHN NGVOWHNQLF VTWDTTRST 361
NLTI CASTQS PVPGQYDATK FKQYSRHVEE YDLQFI FQLC TI TLTADVMS Yl HSMNSSI L 421
EDWNFGVPPP PTTSLVDTYR FVQSVAI TCQ KDAAPAENKD PYDKLKFWNV DLKEKFSLDL 481
DQYPLGRKFL VQ HPVchi n2 ( SEBPENING: LE) OF RIAGREPEHIT VYLPPPSVAR WNTDDYVTR
TSI FYHAGSS RLLTVGNPYF RVPAGGGNKQ 61 DI PKVSAYQY RVFRVQLPDP NKFGLPDNSI
YNPETQRLVW ACVGVEI GRG QPLGVGLSGH 121 PFYNKLDDTE SSHAATSNVS EDVRDNVSVD
YKQTQL Cl0Ab 1 CAbps BEH G nkida®k SRRinandd, RRbGenCPRLERY KRNSO EDEDV up MG YaAvDF

STLQDTK DI YPDYL 241 PYGDSNVFF RREQOL F F VWARAGT T
TPPSLY! 105 ReHh KB e o o R o R A R ek B ARG e
VTVDF TREFopp Tl CABERE cPVRIGRERATKAB S drob(SRIMEE o MBIpRF EQRE TNFLAANNBU
Yl HSIMNSSI FGVPPP. PTTSLVDTYR 4 FVQSVAI TCQ KDGELG GTG SGTAERTGYV
PLAAPAEEK!IED 25%%/ \ (bﬁk%égsiﬁeubé@%@vﬁﬁwn VQ HPVchi O3 (SEQ | D NO
38) 1 MALVWRPSDNT VYLPPPSVAR VWNTDDYVTR TSI EYHAGSS RLLTVGNPYF RVPAGGGNKQ 61
DI PKVSAVEN 2RBersgoy oK auabcdypres 1 YauprandRl. Aty heelerBLcPedaak stieleio 1

PFYNKLDQE%Swlgga%SQ}'S TSECR) (E@g,@). PKVNVS EDVRDNVSVD YKQTQLCI LG 181
CAPAI GEHVA “KGTACKSRPL SQ%}-’%PPLEL NTVLEDGDM VDTGYGAMDF STLQDTKCEV 241

PLDI G5k 64 3 BRYL MO0 Jay S, QRS AR MRV had REEh XETCrystal
10 structures of four types of human papillomavirus L1 capsid proteins: understanding the
specificity of neutralizing monoclonal antibodies. J Biol Chem. 2007 Oct 26;282(43):31803-11.
Epub 2007 Sep 4.

[0214] Boeckmann B., Bairoch A., Apweiler R., Blatter M.-C., Estreicher A., Gasteiger E.,
Martin M.J., Michoud K., O'Donovan C., Phan I, Pilbout S., Schneider M. The SWISS-PROT

15  protein knowledgebase and its supplement TTEMBL in 2003. Nucleic Acids Res. 31:365-
370(2003)

[0215] Carter JJ, Wipf GC, Benki SF, Christensen ND, Galloway DA. Identification of a human
papillomavirus type 16-specific epitope on the C-terminal arm of the major capsid protein L1. J

Virol. 2003 Nov;77(21):11625-32.

20  [0216] Carter JJ, Wipf GC, Madeleine MM, Schwartz SM, Koutsky LA, Galloway DA.
Identification of human papillomavirus type 16 L1 surface loops required for neutralization by

human sera. J Virol. 2006 May;80(10):4664-72.

[0217] Chen X.S, Garcea R.L, Goldberg I, Casini G, Harrison S.C. Structure of small virus-like
particles assembled from the L1 protein of human papillomavirus 16. Mol Cell 2000, 5, 557-567

25  [0218] Christensen ND, Cladel NM, Reed CA, Budgeon LR, Embers ME, Skulsky DM,
McClements WL, Ludmerer SW, Jansen KU . Hybrid papillomavirus L1 molecules assemble
into virus-like particles that reconstitute conformational epitopes and induce neutralizing

antibodies to distinct HPV types. Virology. 2001 Dec 20;291(2):324-34.
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301 GVRASPGSCV YSPSPSGSI V' TSDSQLFNKP YW.HKAQGHN NGVCVWHNQLF VTWDTTRST 361
NLTI CASTQS PVPGQYDATK FKQYSRHVEE YDLQFI FQLC Tl TLTADVMS Yl HSMNSSI L 421
EDVWNFGVPRPORITIALYBT YR FVQSVAI TCQ KDGELA GTG SGTGERTGYV  PCAKPAHMIAEY 0448 1
PYDKLKFWNV DLKEKFSLDL DQYPLGRKFL VQ HPVchin>4 (SEQ ID NO 39) 1 MSLW.PSEAT
VYLPPVPVSK WSTDEYVAR TN YYHAGTS RLLAVGHPYF Pl KKPNNNKI 61 LVPKVSG.QY

RVFRI HLPDP NKFGFPDTSF YNPDTOQRLVW ACVGVEVGRG QPLGVA SGH 121 PLLNKLDDTE
NASAYAANAG VDNRECI SMD YKQTQLCLI G CKPPI GEHWG KGSPCTNVAV 181 NPGDCPPLEL

| NTVI X@ﬂ%%‘é@'ﬁl D TN SEYu O &Rl $if Wﬁﬂ&%&c%“ E1fEERBLF YL
RREQVFVRHL “FNRAGAVGEN VPDDLYI'KGS GSTANLASSN YFPTPSGSMV 301 TSDAQN FNKP

YW QRAQGHNoMEY DXAGNELaRe, DINDITKRSTN NVIBLLOA cBilo|8E T YRV a 86 HIPKEN VRHGHRY
DLQFI FQLCK | TLTARVMTY. | HSMNSTI LE.. DWNF PP GGTLEDTYRF VTSQAI ACQK
HOOLG GRCAClaT BBy (FBPHBRBB T ERORY LR e et B AT CF PrGRIFLL
QHPVChi EQ,|.D 40 NSLVW.P VYLPPVPVSK VST R.TNILYYHAGTS
RLLAva@OLﬁQ%ﬁNNﬁ%?T 8&29@%&%%%%9%&?%%%%%&%&@&% 0
ACVGYEVERss-QRltfalGin @Gk ak 2 pitbfieh. WidhOhE LINARAAARIiY p IO Kakih RN IoRISVINAGs .
VDNREC! SMD YKQTQLCLI G 181 CKPPI GEHWG KGSPCTNVAV NPGDCPPLEL | NTVI QDGDM
VDT GFGAND T RUGANKSIE( 048G D CTSI CK YPDYI KWSE PYGDSLFFYL RREQVFVRHL

FNRAGAVGEN VPDDLYI KGS 301 GSTANLASSN YFPTPSGSMV. TSDAQ FNKP YW.QRAQGHN
NG CWeNEA2 1/PoyBVr Agrmpern NvEB ek B P age iy kP ikeSah RIsGEE W mitrafzatiop ek

TLTADUG ESMISTLNS 14 S GEFR, SRR GGG P

VBLW. PSEAD] \Z90PRUBNSK NS TEENX/ARul ROVYRAGTS RLLAVGHPYF Pl KKPNNNKI

10 [0222] Deschuyteneer M, Elouahabi A, Plainchamp D, Plisnier M, Socte D, Corazza Y,
Lockman L, Giannini S and Deschamps M. Molecular and structural characterization of the L1-
Virus Like Particles that are used as vaccine antigens in CervarixTM, the AS04-adjuvanted

HPV-16 and -18 cervical cancer vaccine

[0223] Dessy FJ, Giannini SL, Bougelet CA, Kemp TJ, David MP, Poncelet SM, Pinto LA,
15  Wettendorff MA . Correlation between direct ELISA, single epitope-based inhibition ELISA and
pseudovirion-based neutralization assay for measuring anti-HPV-16 and anti-HPV-18 antibody

response after vaccination with the AS0O4-adjuvanted HPV-16/18 cervical cancer vaccine. Hum

Vaccin. 2008 Nov-Dec;4(6):425-34. Epub 2008 Nov 11.

[0224] Embers ME, Budgeon LR, Pickel M, Christensen ND. Protective immunity to rabbit oral
20  and cutancous papillomaviruses by immunization with short peptides of L2, the minor capsid

protein.. J Virol. 2002 Oct;76(19):9798-805.

[0225] Gambhira R, Karanam B, Jagu S, Roberts JN, Buck CB, Bossis I, Alphs H, Culp T,
Christensen ND, Roden RB. A protective and broadly cross-neutralizing epitope of human

papillomavirus L2.J Virol. 2007 Dec;81(24):13927-31. Epub 2007 Oct 10.
25  [0226] Harris, J.R., 1994, Proc. ICEM XIII, Les Editions de Physique, ed., p.557
[0227] Hayat M.A.& Miller S.E., 1990, Negative Staining, Mc Graw - Hill ed

[0228] Kawana K, Matumoto K, Yoshikawa H, Kawana T, Yoshiike K, Kanda T. A surface
immunodeterminant of human papillomavirus type 16 minor capsid protein L2.Virology 1998,

245, 353-359
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61 LVPKVSGELQY RVFRI HLPDP NKFGFPDTSF YNPDTQRLVW ACVGVEVGRG QPLGVAE SGH 121
PLLNKLDDTE NASAYAANAG VDNRECI SMD YKQTQLCLI G CKPPI GEHWG KGSPCTNVAV 181
NPGDCPPL By O120i0¥4l49)36:DM VDTGFGAVDF TTLQANKSEV PLDI CTSI CK  PPDNIPEMO/BE 0241 1
PYGDSLFFYL RREQVFVRHL FNRAGAVGEN VPQLYQICKA TGTCPPDVI P KVDDLYI KGS 301
GSTANLASSN YFPTPSGSMV TSDAQ FNKP YWLQRAQGHN NG CWENQLF VTWDTTRST 361
NMSLCAAI ST SETTYKNTNF KEYLRHGEEY DLQFI FQLCK | TLTADVMIY | HSWMNSTI LE 421
DWNFGLQPPP GGTLEDTYRF VTSQAI ACQK HTPPAPKEDP LKKYTFWEVN LKEKFSADLD 481
GFPLGRKoo QBRVEK BT (19560 1 B NGia13) vl MLV RSEAT 1VHLRRYRYSK MRTDRYVAR
TN YYHAGTS LAVGHPYF PI KKPNNNKI 61 LVPKVSGLQY RVFRI HLPDP NKFG-PDTSF
YNPDT QRIS AN GVEVERG 20PRIGIGNSCis 121 1L indtrDBITEn NASAYARMINAGTOKAFGTERePDVI

PKVNAG Cl SMD YK 161 P KGSPCTNVAV NPGDCPPLEL
| NTVI @%%%%%9&&%%@%9% b G VPDY! KM/SE PYGDSLEFYL
RREQVFV GAVGEN VP KGS 301, GSTANL YEP TSDAQN FNKP
YW ORA Oﬂwaw%%ﬁg‘a% g@é‘f@ﬁ? ?PSQ%WTK&%{EEY
DL QFF FQisifuhiEhtToN I ¥e WilbSidelbavihd b cEAANN G« IRPR1 Saleplt&pel ofRinindT &I dASeEd,in
HGGLG GTGS GTGGRTGYVP LTPPAPKEDP 481 LKKYTFWEVN LKEKFSADLD QFPLGRKFLL Q
HPVchi mb8 of Seor proldemapaps iypd O \RRESHNe s pebpacesR ankirestsa/frecing; Hdlidass

RLLTVG\IIQYIB(B\_/F%%_I@‘Gl Dl PKVSAYQY RVFRVQLPDP NKFGLPDNSI YNPETOQRLVW
ACVGVEI GRG QPLGVGELSGH 121 PFYNKLDDTE SSHAATSQLY QTCKATGICP PDVI PKVNVS

EDVRONVRYA YHTOHCK LG 4 GARAL GERY 6 PLELNTYLEDEEM
1 T N
VDTGY GA% gTL TCK:iéEV %ng PLDI I‘% YP%@L A%a%Fg RREQL FARHFE
VNRAGT MBOYosURRSE YT BTy 8 81 KGMRAS P3Gk avSREAS@Shivi DSDIQLARNKPS Mty HKAQGHN
NW%HN%IEuXJ%\ABE;%%Ipepﬁde containing the cross-neutralization epitope of HPV16 L2
administered nasally in healthy volunteers. Vaccine. 2003 Oct 1;21(27-30):4256-60.

[0232] Kondo K, Ishii Y, Ochi H, Matsumoto T, Yoshikawa H, Kanda T. Neutralization of
HPV16, 18, 31, and 58 pscudovirions with antisera induced by immunizing rabbits with
synthetic peptides representing segments of the HPV16 minor capsid protein L2 surface

15  region.Virology. 2007 Feb 20;358(2):266-72. Epub 2006 Sep 28.

[0233] Kondo K, Ochi H, Matsumoto T, Yoshikawa H, Kanda T. Modification of human
papillomavirus-like particle vaccine by insertion of the cross-reactive L2-epitopes. J Med Virol.

2008 May;80(5):841-6.

[0234] Pastrana DV, Buck CB, Pang YY, Thompson CD, Castle PE, FitzGerald PC, Kriiger

20  Kjaer S, Lowy DR, Schiller JT. Reactivity of human sera in a sensitive, high-throughput
pseudovirus-based papillomavirus neutralization assay for HPV16 and HPV18.Virology. 2004
Apr 10;321(2):205-16.

[0235] Mahdavi A, Monk BJ. Vaccines against human papillomavirus and cervical cancer:

promises and challenges. Oncologist. 2005 Aug;10(7):528-38. Review.

25 [0236] Quint WG, Pagliusi SR, Lelie N, de Villiers EM, Wheeler CM; World Health
Organization Human Papillomavirus DNA International Collaborative Study Group. Results of
the first World Health Organization international collaborative study of detection of human
papillomavirus DNA Results of the first World Health Organization international collaborative

study of detection of human papillomavirus DNA. J Clin Microbiol. 2006 Feb;44(2):571-9
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361 NLTI CASTQS PVPGQYDATK FKQYSRHVEE YDLQFI FQLC TI TLTADVMS YI HSMNSSI L 421
EDWNFGVPPP PTTSLVDTYR FVQSVAI TCQ KDAAPAENKD PYDKLKFWAV DLKEKFSLDL 481
DQYPL GRKRNOVQHRYshi 09 (SEQ | D NO. 44) 1 MALWRPSDNT VYPRPPREMAROSWIDDYVTR
TSI FYHAGSS RLLTVGNPYF RVPAGGGNKQ 61 DI PKVSAYQY RVFRVQLPDP NKFGLPDNSI
YNPETOQRLVW ACVGVEI GRG QPLGVGE.SCGH 121 PFYNKLDDTE SSHAATSNVS EDVRDNVSVD
YKQTQLCI LG CAPAlI GEHWA KGTACKSRPL 181 SQGDCPPLEL KNTVLEDGDM VDTGYGANDF
STLQDTKCEV PLDI CQSI CK YPDYLQVBAD 241 PYGDSMFFCL RREQLFARHF WNRAGTMGDT
VPPSLYI 7 BEPRVT Y ehob S§hRl i W%iﬁéPﬁQ%%@%é%Hﬁé%%Nﬁ@@NﬂF
VTVWDTTRST NLTI STQS PVPGQYDATK 361 FKQYSRHVEE DLQFI FQLC TI TLTADVMS

Y1 HSVNSStque ERWKREHFHPRUBTT SioyDo ¥ RImMa pap o8 \wAl rEOQp K DO Y GF DA TSI GRPD\EP
KVAAPAENKD PYDKL KF DLKEKFSLDL .481. DQY. KFL VOHRVchi.m EQ 1D NO 45)
Apaitar KR A RV A B v R R SRR AT R S
LVPKVSGefoRVFRb ok B (FG2DTGF  YNPDTQRLVW ACVGVEVGRG QPLGVG SGH 121
PLLNKLDDTE NASAYAAGG. G GTGSGTGG RTGYVPLNAG VDNREC! SMD YKQTQLCLI G 181
CKPPb GEIfy¥33 KSRPEENVRYS NPERGPRAELL ¢ PYBRIRGDY) Vialah AR ra VLQANKSBY 4L

PLDI CTSI CK YPDYI KWSE, PYGDSLFFYL RREQVFVRHL FNRAGAVGEN VPDDLYI KGS 301
GSTANLASSNNs7rerrppalogiyirgsstigpartigdes SpresragaiNCigee RO 2R T P REPPS 6 1

NNBLCAA|J§11;H§|§;E§%WH&%LW@ Bh§RIsGRLCK | TLTADVMTY | HSMNSTI LE 421
DWNFGLQPPP GGTLEDTYRF VTSQAI AOK "HTPPAPKEDP LKKYTFWEVN LKEKFSADLD 481

QFPL GRKE(IHS 9%p%ﬂzﬁ§/ & Ghmbhi’?h ﬁ, Egpﬁgﬂéﬂll-l@%n%ﬁj %', %%he(lféﬁé/e)chéry@% Btehben

pol ypeptide or fragnment thereo rising at T'east one peptide conprising
an epit opk, RédearR, Kdrnpahor e it paghdl s eng-bkle parti¢le GVEPevaeEe Hisplpping pEpLliode.

10 epitopes induces cross-neutralizing antibodies to HPV11. Vaccine 25 (2007) 2001-2010

[0240] Varsani A, Williamson AL, de Villiers D, Becker I, Christensen ND, Rybicki EP.
Chimeric human papillomavirus type 16 (HPV-16) L1 particles presenting the common
neutralizing epitope for the L2 minor capsid protein of HPV-6 and HPV-16. J Virol. 2003
Aug;77(15):8386-93.

15 [0241] Y.-F. Xul, Y.-Q. Zhang2, X.-M. Xul, and G.-X. Songl. Papillomavirus virus-like
particles as vehicles for the delivery of epitopes or genes. Arch Virol (2006) 151: 2133-2148

67



2. A polypeptide as clained in claim1, wherein the peptide of the L2

pol ypeptide is a non-HPV type 18 peptide. 3. A polypeptide as clained in
claim1l owo2oimtaersei n t he pol ypeptide i s capabl e of i ndecrmga@n/osewane
response to a native protein conprising the L2 polypeptide. 4. A

pol ypeptide as clainmed in claim3, wherein the polypeptide is capabl e of
i nduci ng an i nmune response to at | east one additional native L2 protein.
5. A polypeptide as clainmed in any one of clains 1-4, wherein the HPV LI
protel n compr i sesafifs L &1 8LARcA et ﬁlagfcmﬂr%nemmrm%ﬂ@esac' ds. 6. A
pol ypeptide as clainmed in any one of e ‘preceding claims, wherein the at
| east one L2 peptide is inserted within an exposed regi on of the LI

pol ypeptide. 7. A polypeptide as clainmed in any one of the preceding
cl ai s, H\Wf@ri@i)h {EHe IRt NJ:edsk one L2 @egti de is inserted in the DE Loop
the LI protein 80l E a7 B oA
east one L2 pﬁlpgé@& S %@ﬁé&&bé@&%@é@@ A Sy
pol ypepti de aggChabdReuiNk@xON8, SdcrPELHI @‘@Q]&t%McilﬁlG%AMD%ﬁL%bfk e at
| east one L2 pepbisieokscd Rs@ibesht BydiRerkG kooprofurt heabtudgrot@isny rxkEd. A
pol ypepti de asoickmramedsanystszisasd, Teusereiny therkatcHvessicwaerL2rvpeptrsde i s

i nséPt ed bet we€n NamiCABTEEC PURSOY 7RrK- TR SREVEE, YIOporQ pgeptlideras lighmesdli n any
one of the pré%leBP"ﬁqGEF%’ i ABTSIREReFTRAAETCRt KPP@&8E KN ERR RISt PIdERT5-DL
inserted into*thE8HLSRGop Sf the LI protein. 12. A pol ypeptide as cl ai ned
in claiml1l, wherein the at |east one L2 peptide is inserted between am no
aci ds 345veniz®9. (sis . 1pAIPOokypeptide as clainmed in any one of the preceding
cl ai s, wherei n theratmireastrroperl Znpeptiderssvhnser tedvwdii n/tbes&o

term nus of thea om.cetwcm 13,

of

b pysh ygpe priryeL P4 VKA LpOY SEpeHET gL vas ACiGaE Taed

wherein the at2l eESKLDpE

20

25

30

35

40

45

181
241
301
361
421
481

HPVchim03

1

61

121

181

241

301

361

421

481

HPVchim04

1

6l

121

181

241

301

361

421

481

SQGDCPPLEL
PYGDSMFFCL
TSDSQLENKP
FKQYSRHVEE
FVOSVAITCQ
DOYPLGRKFL

(SEQ ID NO:
MALWRPSDNT
DIPKVSAYQY
PEFYNKLDDTE
CAPATIGEHWA
PLDICQOSICK
GMRASPGSCV
NLTICASTQS
EDWNEGVPPP
PYDKLKEWNV

(SEQ ID NO:
MSLWLPSEAT
LVPKVSGLQY
PLLNKLDDTE
NPGDCPPLEL
PYGDSLFFYL
TSDAQIFNKP
KEYLRHGEEY
VTSQAIACQK
QFPLGRKFLL

EHBE PN SIBDYRONY F¥DeF fATPLCILG

KNTVLEDGDM
RREQLFARHF
YWLHKAQGHN
YDLQFIFQLC
KDGGLGIGTG
vQ

38)

VYLPPPSVAR
RVEFRVQLPDP
SSHAATSQLY
KGTACKSRPL
YPDYLQMSAD
YSPSPSGSIV
PVPGQYDATK
PTTSLVDTYR
DLKEKFSLDL

39)
VYLPPVPVSK
RVFRIHLPDP
NASAYAANAG
INTVIQDGDM
RREQMEVRHL
YWLORAQGHN
DLOFIFQLCK
HGGLGIGTGS
Q

VDTGYGAMDF
WNRAGTMGDT
NGVCWHNQLF
TITLTADVMS
SGTGGRTGYV

VVNTDDYVTR
NKFGLPDNSI
QTCRATGTCP
SQGDCPPLEL
PYGDSMFFCL
TSDSQLENKP
FKQYSRHVEE
EVQSVAITCQ
DQYPLGRKFL

VVSTDEYVAR
NKFGEPDTSF
VDNRECISMD
VDTGFGAMDF
FNRAGAVGEN
NGICWGNQLF
ITLTADVMTY
GTGGRTGYVP

68

STLODTKCEV
VPPSLYIKGT
VTVVDTTRST
YIHSMNSSIL
PLAAPAENKD

TSIFYHAGSS
YNPETQRLVW
PDVIPKVNVS
KNTVLEDGDM
RREQLFARHF
YWLHKAQGHN
YDLQFIFQLC
KDGGLGIGTG
vQ

TNIYYHAGTS
YNPDTQRLVW
YKQTQLCLIG
TTLOANKSEV
VPDDLYIKGS
VTVVDTTRST
THSMNSTILE
LTPPAPKEDP

CAPAIGEHWA
PLDICQOSICK
GMRASPGSCV
NLTICASTQS
EDWNFGVPPP
PYDKLKEWNV

RLLTVGNPYF
ACVGVEIGRG
EDVRDNVSVD
VDTGYGAMDF
WNRAGTMGDT
NGVCWHNQLF
TITLTADVMS
SGTGGRTGYV

RLLAVGHPYF
ACVGVEVGRG
CKPPIGEHWG
PLDICTSICK
GSTANLASSN
NMSLCAAIST
DWNEFGLQPPP
LKKYTEWEVN

KGTACKSRPL
YPDYLOMSAD
YSPSPSGSIV
PVPGQYDATK
PTTSLVDTYR
DLKEKFSLDL

RVPAGGGNKQ
QPLGVGLSGH
YKQTQLCILG
STLODTKCEV
VPPSLYIKGT
VIVVDTTRST
YIHSMNSSIL
PLAAPAENKD

PIKKPNNNKT
QPLGVGISGH
KGSPCTNVAV
YPDYIKMVSE
YFPTPSGSMV
SETTYKNTNF
GGTLEDTYRF
LKEKFSADLD



bet ween am no aci ds 429 and 445. 15. A polypeptide as clained in any one of
the preceding clainms, conprising two or nore L2 peptides inserted within
the LI povgpemnisgms2 16. A pol ypeptide as clained in cl aPocrEp20miossed n t he
two or nore L2 peptides are inserted at different sites.17. A polypeptide
as claimed in claim16, wherein a first L2 peptide is inserted into the DE
| oop and a second L2 peptide is inserted into the C termnus of the LI

pol ypeptide. 18. A polypeptide as clained in any one of clains 15-17,

wher ei ngbhe it ©fo MBrgo:L2opepti des are different. 19. A pol ypeptide as
claimed i n any onevwfstirevpreeedikngvalbarng, Tvivereiny tihevedryFearxkriomne L2
pepti de conpri&edVeEvVSEeas RVIBRIGDIH YIRATSDEOT MPLACRIHY BIVGHEVERG] VR.GV@ISGH

pol ygrgpti de. 20 PIQP g/?egﬁpd@% eTEPAEW Fi ADaRYVIBReV OREE YD pYred ekl

cl al s Mhereg ChE At east ghe ) g f?i@eéii%%%%‘f@@%ﬁ DA
1-200 of the ]TEE{R Lypepiide, ¢ E £l
clainmed in any6log@SLQAA§

F@I@s
sPI&& EnIESFLR%ﬂES( D Felda & @Aﬁ\FMT eastnoOnesLl

peptide is sehecvedchoom agimorac dsschrAda ofpphbesoN- LernFie OfexashddBV L2
pol ypepti de. 22. oleymekypepti de as clained in any one of the preceding
clainms, wherein the at | east one L2 peptide is selected fromthe group
sel ect edp@dninm®s RERS It@encoapPy i Sing am no acid residues 17-36 of an HPV L2

as

pol ypepti de; a peptirderonprarsPvEy avdmeyaci dirvesicdyes.ibbeiy rofrramnhiRY L2
pol ypepti de; a61pemﬁ\fd@L@jf0Prbﬁ*ngLm HFAGABDEEET BADESR I eCVOBEVGRESOIIGVEIFGHPY L2
pol ypepti de; Pid A O PGS VI Ea R o Y BIEREC T LE St FhT € SEHIIG 8ESP20TIH R Van HPV

Pé;
L2 pol ypepti d&®! ?%Ggg @@ég@iéiﬁ; Ié’;g%?@@’égl ng
7 -36

QAN
clai ms, where e iﬁ“ ﬁ%ﬁéﬁ%g&}\éﬁ%wﬁé %2% Ao,
, TP S L
of HPV type 3%&5 S%Agzx fRIH Q@L@ﬁeﬁ EB‘EEE L"&Kaf‘MTQB\%/JTQ Iﬁsﬁﬁsﬁﬁﬁced' ng
cl apos, wherenpn bﬁ@EG@bPﬂPe@@iLE@'ﬁﬁ%F VTSQATACOK HTPPAPKEDP LKKYTFWEVN LKEKFSADLD
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481 QFPLGRKFLL Q

HPVchimO7

1

6l

121

181

241

301

361

421

481

HPVchim08

1

61

121

181

241

301

361

421

481

HPVchim09

1

61

121

181

241

301

361

421

481

(SEQ ID NO:
MSLWLPSEAT
LVPKVSGLQY
PLLNKLDDTE
CKPPIGEHWG
PLDICTSICK
GSTANLASSN
NMSLCAAIST
DWNEFGLQPPP
LKKYTEWEVN

(SEQ ID NO:
MALWRPSDNT
DIPKVSAYQY
PEFYNKLDDTE
CAPATIGEHWA
PLDICQOSICK
GMRASPGSCV
NLTICASTQS
EDWNEGVPPP
DOYPLGRKFL

(SEQ ID NO:
MALWRPSDNT
DIPKVSAYQY
PEFYNKLDDTE
SQGDCPPLEL
PYGDSMFFCL
TSDSQLENKP
FKQYSRHVEE
FVOSVAITCQ
DOYPLGRKFL

42)

VYLPPVPVSK
RVFRIHLPDP
NASAYAAQLY
KGSPCTNVAV
YPDYIKMVSE
YFPTPSGSMV
SETTYKNTNF
GGTLEDTYRF
LKEKFSADLD

43)
VYLPPPSVAR
RVEFRVQLPDP
SSHAATSQLY
KGTACKSRPL
YPDYLQMSAD
YSPSPSGSIV
PVPGQYDATK
PTTSLVDTYR
vQ

44)
VYLPPPSVAR
RVEFRVQLPDP
SSHAATSNVS
KNTVLEDGDM
RREQLFARHF
YWLHKAQGHN
YDLQFIFQLC
KDQLYQTCKA
vQ

VVSTDEYVAR
NKFGEPDTSF
QTCRATGTCP
NPGDCPPLEL
PYGDSLFFYL
TSDAQIFNKP
KEYLRHGEEY
VISQATIACQK
QFPLGRKFLL

VVNTDDYVTR
NKFGLPDNSI
QTCRATGTCP
SQGDCPPLEL
PYGDSMFFCL
TSDSQLENKP
FKQYSRHVEE
EVQSVAITCQ

VVNTDDYVTR
NKFGLPDNSI
EDVRDNVSVD
VDTGYGAMDF
WNRAGTMGDT
NGVCWHNQLF
TITLTADVMS
TGTCPPDVIP

69

TNIYYHAGTS
YNPDTQRLVW
PDVIPKVNAG
INTVIQDGDM
RREQMEVRHL
YWLORAQGHN
DLOFIFQLCK
HGGLGIGTGS
Q

TSIFYHAGSS
YNPETQRLVW
PDVIPKVNVS
KNTVLEDGDM
RREQLFARHF
YWLHKAQGHN
YDLOQFIFQLC
KDAAPAENKD

TSIFYHAGSS
YNPETQRLVW
YKQTQLCILG
STLODTKCEV
VPPSLYIKGT
VTVVDTTRST
YIHSMNSSIL
KVAAPAENKD

RLLAVGHPYF
ACVGVEVGRG
VDNRECISMD
VDTGFGAMDF
FNRAGAVGEN
NGICWGNQLF
ITLTADVMTY
GTGGRTGYVP

RLLTVGNPYF
ACVGVEIGRG
EDVRDNVSVD
VDTGYGAMDF
WNRAGTMGDT
NGVCWHNQLF
TITLTADVMS
PYDKLKEWNV

RLLTVGNPYF
ACVGVEIGRG
CAPAIGEHWA
PLDICQOSICK
GMRASPGSCV
NLTICASTQS
EDWNFGVPPP
PYDKLKEWNV

PIKKPNNNKT
QPLGVGISGH
YKQTQLCLIG
TTLOANKSEV
VPDDLYIKGS
VIVVDTTRST
THSMNSTILE
LTPPAPKEDP

RVPAGGGNKQ
QPLGVGLSGH
YKQTQLCILG
STLODTKCEV
VPPSLYIKGT
VIVVDTTRST
YIHSMNSSIL
DLKEKFSLDL

RVPAGGGNKQ
QPLGVGLSGH
KGTACKSRPL
YPDYLOMSAD
YSPSPSGSIV
PVPGQYDATK
PTTSLVDTYR
DLKEKFSLDL



L2 peptide consists of amno acids 56 - 75 of HPV type 58 L2. 25. A

pol ypeptide as clained in any one of the preceding claim wherein the at

| east onewb20pepbdisde conprises an anmi no aci d sequence r epraPenbesody SEQ | D
NGs: 1-31. 26. A polypeptide as clainmed in any one of the preceding clains,
wherein the at | east one L2 peptide conprises at |east one amno acid
insertion, deletion, and/or substitution as conpared to a native L2

pol ypeptide. 27. A polypeptide as clained in claim26, wherein the at |east
one L2 peptide conprises an insertion of one or nore am no acids as
conpared_to.a n tsE %Dﬁ:p% peptide. 28. A polypeptide as claimed in claim
26, wherein 't hela(@ %IVJL% r wéplv;va%e%éﬁgymwmmg&q@ gdeletion of.onger nore
am no aci ds asgiceipaiketht QvikiRatisV 8xdcdr PRIFY PERbfen 2Z9cvivdeel yeptisde as
clai fed in cl atime26ikivnbEr eisryhhesiatidreastcconesyh2upeptintec Compriosesciac
substitution vl ONEPIGEHWEDKESERMNVIY BRIDISPLES. COIVpapred VRrGaGKaE| VE.QRPKSEV

pol ypeptide. 30 Pwlﬁ@ﬁ%egwﬁfdéw EYTESHE Li RREQHYV R eFGRCEY G mePDRBY 2GS
wherein the af®} 85t"CH SWT@QG% HSE?AH;%@T?Pi BWFQI Lg@tT@ﬁW%EQT;guI%’f’P¥¥ft§Fon
remyyes a di Ut BECHEER |OEY ST e 01 fehtves e, B g e os
between two cyst grfiesxeapagbl e of formng a disul phide bond. 31

pol ypeptide as clained in any one of the preceding clains, wherein the at

| east one L2 peptide conprises two or nore L2 peptides. 32. A pol ypeptide
as claimed in claim31l, wherein the two or nore L2 peptides are conti guous.
33. A polypeptide as clained in claim31, wherein the two or nore L2
peptides are joined by at |east one additional amno acid. 34. A

pol ypeptide as clainmed in claim33, wherein the two or nore L2 peptides are
joined by a spacer conprising a plurality of am no acids. 35. A polypeptide
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
conprise a

70



sequence identical to the L2 polypeptides of at |least two HPV types. 36. A
pol ypeptide as clained in any one of the preceding clains, wherein the at

| east onewb20pepdisde is inserted within the LI pol ypept ipde/Braloosdo24el et i ng
an am no acid of the L2 polypeptide. 37. A polypeptide as clained in any
one of the preceding clains, wherein the at |east L2 peptide is inserted
within the LI polypeptide with a deletion of one or nore am no acids of the
L2 pol ypeptide. 38. A polypeptide conprising an am no acid seguence
represented by any of sequence ID Nos. 32-45. 39. A human papilloma virus
(HPV) LIWedlaig:16 pol ypeptide or fragment thereof conprising a peptide
conprising am | D6 7 f j i ithin the
HPV LI poIygéﬁ??ﬁg%{&%ﬂﬁgpﬁngéggy?EEMQE%éﬂg#%gg@tﬁigﬁgﬂﬁﬁggsg&ﬂgrein t he
pepti de conpr i€MRYSBAIHG*AEPHEPEEE CoBPITNGH FBOPE PERPHES NS ect ed
from an oncogetihin theg® oL 1 pplypeptide. A pol ypeptide as claimed in claim39 or
40, erein,a peptide .conprisi,n m no_acids, 56- 7.5 of . an,HPV t .58 L2

ol ybept 1 da’t & PubSfdg SRR Y AMAU AR B3 Bl BhoPi2 oMo RE S8 e as
clai med in any©8ritPbfYPEH8 PEPECedi ng cl aim wherein the at |east one L2
pepti de conpri | .am hd i nserdt | {1 0

ubst i tuti of asrayppdiEastisie AFLAR 135D uhaBhibe Iﬁﬂ?@%@f{&g AT A

pol ypept i de. ad MR FAPRISEA & BB BHHamRf g YRPUGept i de

conprises an i365bdde 9 cI9MRAIGh cARA 6, FMBR R HFHBRICRIRMLRD flifnRid33N! Ve
L2 | ypepti de _sequence. ol almed in claim42, wherein

44, A t
theq t | east one EKEB%PF3%m€8%£??%%@ﬁghggpg§?g%p5 “Bne or nore amino acids
as conpar edst o BolRBEPtME ad-AaRRIINP ER} bt fRAUE NOCwhSrcinAh® BIPYPEIPbroteh as
cl aimed in clalffice MORLEID 08I ol G331 nOREuR, RGALT de compri ses a

substitution o ne or nore am no aci ds as conpare 0 a native L2
pol ypept i de6seqpelgp&tide as claimed in any one of the preceding claims, wherein the at least one

L2 peptide is inserted within an exposed region of the L1 polypeptide.

15 7. A polypeptide as claimed in any one of the preceding claims, wherein the at least one
L2 peptide is inserted in the DE Loop of the L1 protein.

8. A polypeptide as claimed in claim 7, wherein the at least one L2 peptide is inserted
between amino acids 132 — 142.

9. A polypeptide as claimed in any one of the preceding claims, wherein the at least one
20 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.

25 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
30 between amino acids 429 and 445.

15. A polypeptide as claimed in any one of the preceding claims, comprising two or more
L2 peptides inserted within the L1 polypeptide.

16. A polypeptide as claimed in claim 15, wherein the two or more L2 peptides are inserted
at different sites.
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46. A polypeptide as clainmed in any one of clains 42-45, wherein the at

| east one am no acid insertion, deletion or substitution renoves a

di sul phi d&ohordi4bmstween two cystei nes or renoves the anmPoo/ERedid®swes ween
two cysteines capable of form ng a disul phide bond. 47. A polypeptide as
clainmed in any one of the preceding clains, wherein the at | east one L2
peptide conprises two or nore L2 peptides. 48. A polypeptide as clained in
claima47, wherein the two or nore L2 peptides are contiguous. 49. A

pg: %ggp};' dgtl')asAe géé ?’bfg};lge gé"clgllnl?c'dn% éﬁllm%%@rﬁnta@sttL eﬁﬁder@'ir%eﬂfgd 18%0&1!3%3 are
RO B 2 AR s e R BT e @t%@m offe LP BBy

spacer conpi§sA pelyfepidt badlbinedah aRPbROIRGHHS 15-9%. wittrfip iheReplor 4 r@f 2 any one
of clains 42- 5% " F]ech f;Ite e pol ypeptide conprising the at |east one L2

pepti de conpri b5 ng t east one amno acid insertion, deletion or
subssi t ut i om9.is pelgpafalde amlaﬂnwduﬁamgomﬂtmme@dt@&mmsawli@elamm laast greot ei n

conpri sing t heLzLI?e Wﬁé &’cﬂﬁms!eﬂﬁ lealé?% gd&tii%g&}’s%ﬂhé d6408r a%%v@ﬂ@ pQFygéﬂiﬁte.

preceding clains ereint e conprises at |east ont i guous
am no aci ds20 Whpcllyp@tndh eadhin@ddoaty guecafshaprecrdingaildss avieeran siect drasteone

identical to tL@pebﬁd@@'sM@&@& fe@San@ho &lidd £a8 of WO NHRMnInMPESan 1BV 1A Capsoner
conprising a p?)w)% de as clained in any of clainms 1 to 52. 54. A virus

| i ke particle conprising a polypeptide as claimed in any of clains 1
to %@. 55. AN A PONPQEIEDhEcIGEAAE hity it FORFreSddiG okaildk OVIRIréIn (160 SABEIneOr VLP
as clained in epﬂfie &lsalkfBq ﬁoéﬁanﬁﬁ%&d@h%@@ﬁ%&\f & fthinds geqambaihe

excipient, dilu o%: carrier e | nmunogeni ¢ conposition as cl ai med
in claim55 f PCRE %onpri sing an adj uvant .

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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57. The imunogeni c conposition as clainmed in claimb56 wherein the adjuvant
conprises an alum niumsalt. 58. The inmunogenic conposition as clained in
cl ai m 57 wbepsvrotshe al um nium salt is al um ni um hydr oxiPGE/EP2@0/039024

i mrunogeni ¢ conposition as clained in claim57 or 58 additionally
conprising 3D-MPL. 60. A nucleic acid nolecule encoding a pol ypeptide as
claimed in any of clains O to 52.61. An expression vector conprising a
nucleic acid as clained in claim59. 62. An expression vector as clainmed in

claim 61, wher mEi‘@r r@%@&&%ﬁé Qrﬂmké%f‘d%etkw%e@tv&oe&}@%ﬁieﬁ‘@ébtabf%%‘%%rﬁl‘{hgé‘s 63. A

host cell tran gpn& a nucleic acid as clainmed in claim59 or a
vector as cl ai hi ik glmGl 64. A polypeptide as clained in any one of

claims 1 to3b2a h&pdptide bdclBHIGH a@y o tht pretdan dfms IR S itht 148t one
pol ypepti de oflf%;%tl?@gqnggnsg%&;on& %%b%%%tl&gnprl sing introducing the

expressi on vec a cell, and replicating the cell
undep condi B2.aNpolwp&stidbys ¢lhenddah yiapBtl dehdré&in Iﬂfe&df@Qﬁdlor@E?. péptidlenmesi ti on
conprising: (idp@ducu€ast one virus like particle (VLP) conprising a human
papi |  omavi rus (HPV) LI polypeptide or fragnent thereof; and (ii) at |east
one chi meri 83.pobylypptiddes deimpxliis clagn a1 hutaein gapivol oo meve L2 pepftidEdAre lidined

pol ypepti de oryfd4 agoEME aliigbePtmGRMRId. Si ng at | east one peptide conprising
an epitope of an L2 pol ypeptide inserted within the HPV LI pol ypeptide. 67.

A conposi ti 8h Aapolypeitideds ¢laingidan maé 33 whterah thettive ovinProk2 péptideomsijansl of LI

pol ypepti de orbyfa peceeBbmphgheoblurdi®y ofursiagpeEd.ti on as claimed in claimé66
or 67, wherein the at | east one chineric poI ypeptide of (ii) is the
pol ypept i de3dfA aslypaiide of an aaierpd the-pgeceding slagap ydwedin 8 Ll nepfisle comprises at

lcast 8 contiguous amino acids, which at least 8 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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53 or the VLP of claimb54. 69. The conposition as clained in any one of
clains 66-68, wherein the HPV VLPs in (i) conprise HPV 16 and/or HPV 18 LI
VLPs. 70.woOhelcaopesition as clainmed in any one of cl ai reT@®2@9/05%ber ei n
the at | east one chineric pol ypeptide of (ii) conprises an HPV 16 LI
pol ypeptide or fragnment thereof and/or an HPV 18 LI pol ypeptide of fragnent
thereof. 71. The conposition as clainmed in any one of clains 66-70, wherein
the at | east one chineric pol ypeptide of (ii) consists of an HPV 16 LI
pol ypepti de49ra f,&; AL ol D8IRATIn cBin I\ HBe ik kh PRI URERE 136 cBfidd & A
t hereof, or bot &0 HP¥816 LI l;r)olaj%lge%ade or fr grrentt.tt}%rei{p and an HPV 18
LI pol ypept i d&"3F " 1'H°AgmEAT °t REFEGH ™ .S"‘ﬁ%é?m@%‘ﬁg 51 P10l "ad OPAPHEd i n any
one of cl ai s S6®°P4S- wherein the at | east one chineric polypeptide of (ii)
conprises a . Nal { i e :  an .G t :
pol ygept i deftg;é.gg%%?lgeo%gggﬁeﬁg%Qléfzg%roﬁéﬁérq?%f 4@%23334&2 Ilegllgtr%1 Ig‘égllnlt‘oo 72,
wher &i n the Vi3l igertiqn, delgpon qraubsyidipnyipyovds sl bng bEPYR 801 VL s,
and wher ei n t rasteineherenops| thpapinp deids bétween Ywaeisistrics eapablel o dgrminhe
chinmeric pol ypipilphié wadpri sing an HPV 16 LI pol ypeptide and at | east one
chimeric polypeptide conprising an HPV 18 LI pol ypeptide.74. The
conposi ti on‘%(e% Belapeigide as elpignedhiz any Qpecafdhare¢rdingifildims | whasgn Wiseqhdqagteone
conpri si ng t hd.2HRytid6cdmhprpod teeptmate Lampdptides. chi meri ¢ pol ypepti de
conprising the HPV 18 pol ypeptide conprise different L2 peptjdes. 75. A
coﬁ’Eesi ti on*tohBPYRIMNGC 85 demsdrnrieen AZReiEn die o108 Mo PYRUASHIY pept i des
conprising a tvenaguogapi | | omavi rus (HPV) LI pol ypeptide or fragnent thereof
conpri si ng east one tide ¢ rising .an epitope of.,an L2 polypeptide
Coaertod o Thi SERberft o SR SRR r Vi e Bio oR B L D B iR
clai m 75, whert®iahloakfeone aildrepnad amgloasebt i des are as
50. The polypeptide as claimed in claim 49, wherein the two or more L2 peptides are
15 joined by a spacer comprising a plurality of amino acids.

51. A polypeptide of any one of claims 42-50, wherein the polypeptide comprising the at
least one L2 peptide comprising the at least one amino acid insertion, deletion or
substitution is capable of inducing an immune response to a native protein comprising
the L2 polypeptide.

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

53. A capsomer comprising a polypeptide as claimed in any of claims 1 to 52.

54. A virus like particle (VLP) comprising a polypeptide as claimed in any of claims 1 to
25 52.

55. An immunogenic composition comprising a protein, capsomer or VLP as claimed in
any of claims 1-54 and a pharmaccutically acceptable excipient, diluent or carrier.

56. The immunogenic composition as claimed in claim 55 further comprising an adjuvant.

57. The immunogenic composition as claimed in claim 56 wherein the adjuvant comprises
30 an aluminium salt.

58. The immunogenic composition as claimed in claim 57 wherein the aluminium salt is
aluminium hydroxide.

59. The immunogenic composition as claimed in claim 57 or 58 additionally comprising
3D-MPL.

35 60. A nucleic acid molecule encoding a polypeptide as claimed in any of claims 0 to 52.
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claimed in any of clains 1 to 52. 77. The conposition as clainmed in claim
75 or 76, wherein the chineric polypeptides conprise LI pol ypeptides of the
same HPV wopelcagrsthe L2 peptides are different. 78. Thectmppasiosioon as
claimed in any one of clains 66 to 77, wherein each VLP and/or chineric

pol ypeptide is present in an anount between 10 and 50 ng per human dose.
79. The conposition as clainmed in claim 78, wherein each VLP and/ or
chineric polypeptide is present in an amount of approximtely 20 ng. 80. An
| mmunogent ¢ o £OTPOTH&L B B WoRipRA olhuBie Lfd &l kit 2. Turt her
conprising a pharmaceutically acce[%t abl e excipient, diluent or carrier. 81.
An |nnunogeﬁi0%30qmm$bhwanmascmhmBMHdﬂmnuﬂlamﬂmﬁﬂhetnmt%emwmanpmm5|ng an
adj uvant . . rdEnYiRaRY BRAENIGs.conposition as claimed in claim8 1 wherein
the adj uvant conprises an alum niumsalt. 83. The i munogeni c conposition
as cl ai ned bh A& heit nel8Ranfremei withlenualetvcnd asmlambkd in daigl Mhorrs entohyer oxi de.
84. Fhe i munaggmkeircOmposli.tion as clainmed in claim82 or 83 additionally
conprising 3D-MPL. 85. A nethod of preparing an i nmunogeni ¢ _conposition,
the nmethod Ebnpy pAyprptidonbilaimeg if ar)ycmeorfé@g@s biteShigruse ipapididingmavi rus (HPV)
LI virus li Il e (V] |.east -one_c ri.c l. ypepti de
conpri sing ggh[gﬁla hoﬁ for ér & lr{%ﬁ% é& ﬁfan qn% Ofglta}nasemé{@f F%rgrén)'gsﬁ%got her eof
conpri si ng_ at lmé%délfmaﬁ%ﬁ is@&tswa%vefé?fmf gl é)ﬁ H}t‘t’éﬁ%l -3nd gplieaingshs edot i de
i nserted withiumdetronéHond whgyehbythe polydentidamdprodicey. a phar maceuti cal Iy

acce tabl e g{%l uent or.carrier. and optionally (iv) an adjuvant, to produce
the mrunog&fi‘t CUBSYONPBIRTINEE or ding to any one of clainms 80 to 84.

(i) atleast one virus like particle (VLP) comprising a human papillomavirus (HPV)
L1 polypeptide or fragment thereof; and

(i1) atleast one chimeric polypeptide comprising a human papillomavirus (HPV) L1
polypeptide or fragment thercof comprising at least one peptide comprising an epitope
15 of an L2 polypeptide inserted within the HPV L1 polypeptide.

67. A composition as claimed in claim 66, wherein the VLP of (i) consists of L1
polypeptide or fragment thereof.

68. A composition as claimed in claim 66 or 67, wherein the at least one chimeric
polypeptide of (ii) is the polypeptide of any one of claims 1-52, the capsomer of claim
20 53 or the VLP of claim 54.

69. The composition as claimed in any one of claims 66-68, wherein the HPV VLPs in (i)
comprise HPV 16 and/or HPV 18 L1 VLPs.

70. The composition as claimed in any one of claims 66-69, wherein the at lcast one
chimeric polypeptide of (ii) comprises an HPV 16 L1 polypeptide or fragment thercof
25 and/or an HPV 18 L1 polypeptide of fragment thereof.

71. The composition as claimed in any one of claims 66-70, wherein the at least one
chimeric polypeptide of (ii) consists of an HPV 16 L1 polypeptide or fragment thereof,
an HPV 18 L1 polypeptide of fragment thercof, or both an HPV 16 L1 polypeptide or
fragment thereof and an HPV 18 L1 polypeptide of fragment thereof.

30 72. The composition as claimed in any one of claims 66-71, wherein the at least one
chimeric polypeptide of (ii) comprises a C terminal deletion of one or more amino
acids of the L1 polypeptide.

73. The composition according to any one of claims 66 to 72, wherein the VLPs of (i)
comprise both HPV 16 L1 VLPs and HPV 18 L1 VLPs, and wherein the chimeric
35 polypeptides of (i) comprise at least one chimeric polypeptide comprising an HPV 16
L1 polypeptide and at least one chimeric polypeptide comprising an HPV 18 L1
polypeptide.
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86. A nethod for inducing antibodi es agai nst HPV in humans conpri sing

adm nistering to a human an i nmunogeni ¢ conposition according to any of

cl ai rs 55W0Q0BR14075266 t 0 84.87. The net hod of cl ai m 86, pam@pPed/os9duci ng
anti bodi es agai nst HPV prevents, aneliorates or treats HPV infection or

di sease. 88. A conposition as clained in any of clains 55 to 59 or 66 to 84
for use in the prevention, anelioration or treatnent of HPV infection or

di sease.

74. The composition according to claim 73, wherein the chimeric polypeptide comprising
the HPV 16 L1 polypeptide and the chimeric polypeptide comprising the HPV 18
polypeptide comprise different L2 peptides.

75. A composition comprising a combination of two or more chimeric polypeptides
5 comprising a human papillomavirus (HPV) L1 polypeptide or fragment thercof
comprising at least one peptide comprising an epitope of an L2 polypeptide inserted
within the HPV L1 polypeptide.

76. A composition as claimed in claim 75, wherein the chimeric polypeptides are as
claimed in any of claims 1 to 52.

10 77. The composition as claimed in claim 75 or 76, wherein the chimeric polypeptides
comprise L1 polypeptides of the same HPV type and the L2 peptides are different.

78. The composition as claimed in any one of claims 66 to 77, wherein each VLP and/or
chimeric polypeptide is present in an amount between 10 and 50 pg per human dose.

79. The composition as claimed in claim 78, wherein each VLP and/or chimeric
15 polypeptide is present in an amount of approximately 20 ug.

80. An immunogenic composition as claimed in any of claims 66 to 79, further comprising
a pharmaceutically acceptable excipient, diluent or carrier.

81. An immunogenic composition as claimed in claim 80, further comprising an adjuvant.

82. The immunogenic composition as claimed in claim 81 wherein the adjuvant comprises
20 an aluminium salt.

83. The immunogenic composition as claimed in claim 82 wherein the aluminium salt is
aluminium hydroxide.

84. The immunogenic composition as claimed in claim 82 or 83 additionally comprising
3D-MPL.

25 85. A method of preparing an immunogenic composition, the method comprising
combining

(i) atleast onec human papillomavirus (HPV) L1 virus like particle (VLP), with

(ii) at least one chimeric polypeptide comprising a human papillomavirus (HPV) L1
polypeptide or fragment thercof comprising at least one peptide comprising an epitope
30 of an L2 polypeptide inserted within the HPV L1 polypeptide, and

(ii1) a pharmacecutically acceptable diluent or carrier and optionally
(iv) an adjuvant, to produce the immunogenic composition acc
ording to any one of claims 80 to 84.

86. A method for inducing antibodies against HPV in humans comprising administering to
35 a human an immunogenic composition according to any of claims 55 to 59 or 66 to 84.
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87. The method of claim 86, wherein inducing antibodies against HPV prevents,
ameliorates or treats HPV infection or disease.

88. A composition as claimed in any of claims 55 to 59 or 66 to 84 for usc in the
prevention, amelioration or treatment of HPV infection or discase.
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