WO 03/ 077942 PCT/ EP03/ 02826 Viral antigens The present invention relates
to vaccines against HPV. In particular the invention relates to vaccines
conpri si MyowdHu®41 i ke particles (VLPs), especially virus IPCh&rPopeasté cl es
conprising proteins fromhuman papilloma virus (HPV). Papillomaviruses are
smal | DNA tunour viruses, which areidl giligenspeci es specific. So far, over
100 i ndivi dual human papill omavirus (HPV) genotypes have been descri bed.
HPVs are generally specific either for the skin (e.g. HPV-1 and -2) or

mucosal su . - |1 ' Lan..t unmour s
(warts) tha{‘g&%gern(st &Vf%n?gf%%%?/%glﬁccﬁr%%t%gggr ygarﬁs{ p &%ﬁ@ﬁ; g’%ﬁ%ﬂ%ﬁl tl%)ﬁrmur S may
be di stressifigs omacdihe contpaisitigdtak $ike pmcieles €ULBsY, edpbidiinotrus bkde life
threatening, with a few exceptjons. Some HPVs are _al so associated with
cancers. Tﬂaéﬁ\é\fle? ORI HRIOIRIRS, Lo SUBEP RepidRmaydti B8R Van HPV and human
cancer is that which exists between HPV-16 and HPV- 18 and cervi cal

carci noma. Cervical cancer is the nost common malignancy in devel opi ng
count ri es, Papillbmaioises &6 0mad ®Mé wmasesruses; whidhrge hightshepevtes bpbcefach year .

It is now fechnically.feasible to actively c t primary HPV-16

i nfecti ons,éo %ﬁdo"&r/éhgmélé‘f@%%‘mp -Iilé‘-"\é‘%?rmig?go ?ﬁ_:‘é"’g, ©¢f5i ng _
vacci nes. &QriBed. QYPV%@%eﬁ&ﬁlly cRFREGhEr fof FhaNkAPYd AV G aﬁadzgté}er apeutic
vacci nati on agai nst HPV-1I6 see son J., din. Inmmunother. 1994; 1(4)

293- 306 anupergbnaiees (MEHPV-hhed tilpasd isnallly ¢heserbenighd@monrs (Whrts) that

555- 556, 559- 56t4f Al t hilﬁ%htm nor vasi tJi ons tdo occur,bal | tI‘HPVS fge ones
descri bed PEVE QY Sqvgial fropfhs o Years, pych benisn tupjougsmassbe, distresiiis Y Wegenes 1
and L2. | ninaddddalsidbnc@fedPsiteRBibt t6 BYUFathaieniRgivai dhewhacsions regul atory
sequences whi ch appear to control nobst transcriptional events of the HPV

genome. HPV LI based vaccines are disclosed in W94/00152, W94/20137,
Y093/ 021845, A0gpNALAH D87 BociH fith 4AEGL"EnE ARrEETROLiTE i clado Rt 1 08N as 2

roneneE between an HPV and human cancer is that which exists between HPV-16 and HPV-
18 and cervical carcinoma. Cervical cancer is the most common malignancy in
developing countries, with about 500,000 new cases occurring in the world each year.
It is now technically feasible to actively combat primary HPV-16 infections, and even
established HPV-16-containing cancers, using vaccines. For a review on the
prospects for prophylactic and therapeutic vaccination against HPV-16 see Cason J.,
Clin. Immunother. 1994; 1(4) 293-306 and Hagenesee M.E., Infections in Medicine
1997 14(7) 555-556,559-564.

Although minor variations do occur, all HPVs genomes described have at least eight
early genes, E1 to E8 and two late genes L1 and L2. In addition, an upstream
regulatory region harbors the regulatory sequences which appear to control most

transcriptional events of the HPV genome.

HPV L1 based vaccines are disclosed in W094/00152, W094/20137, W(093/02184
and W094/05792. Such a vaccine can comprise the L1 antigen as a monomer, a
capsomer or a virus like particle. Methods for the preparation of VLPs are well
known in the art, and include VLP disassembly-reassembly approaches to provide
enhanced homogeneity, for example as described in W09913056 and US6245568.

Such particles may additionally comprise 1.2 proteins. L2 based vaccines are



capsoner or a virus like particle. Methods for the preparation of VLPs are
well known in the art, and include VLP disassenbly-reassenbly approaches
to provi d®0 oeftimwrzed honogeneity, for exanple as descri be@#CrEMNO@S18056 and

US6245568. . Suc articles. i,t 1 onal | rise L roteins. L2 based
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W93/ 00436, lxebuchRY E7ak Ghdi@Sprafendiaseds pp-Bhe Early proteins, such as E7
or fusion ‘proteins such as L2-E7. Despite the work on HPV vaccines there is

still no broadly effective vacci ne against cervical cancer. The present
invention relates to,an 4gpraoved vaccine. ] L: irus. In
afirst a %S(??te TS iAVEn Sitgeﬁg rlseﬁ‘%%ﬁg)g%@%&lgg\%% g‘ieﬁgamé%%r%%%? S%{i on

conpri si NgeerMbRsa@nt ai ning LI proteins or functional L1 protein
derivatives fromHPV 16, HPV 18, HPV 31 and HPV 45. The invention al so
relates to a nethod of vaccine production, the nmethod conprising conbining
VLPs cont a0 . i I i 1 pL9t.el rd i rom HPV
6, +pv 1o et iR o bt bicpRTacchepleBnd! Minb Bl Rlom s °01 &

m xture of VLPs containing L1 proteins or functional Li protein
derivatives fromHPV 16, HPV. 18, HPV.31 and HRV 45 in.the preparation of a
vacci ne f ol & st apecidhg pssenb invention telptesdg Aarcing RAMPORGT ‘icg"ﬁ’ her

rel ates toyppiesiadinf 1N5BER 0 M HBhN IG3brofcdNE& vatiV S-SR IHIOE 16,49P9T | Si Ng
delivering to an 1 ndi"vidual at risk of cervical cancer an effective anount
of a vacci e H%V desod HB¥Hmbove, such as a vaccine conprising a mxture of
HPV 16, HPV 18, HPV31l and HPV 45 VLPs. The VLPs of the present invention
can be forned fromeither the full length HPV LI protein or certain L1
deri vati veshdigiyBgichtAd0alatbs 18 h Radisod o viabéEn@produéi@n, exaigthed asmpridise! osed in

W99/ 13056 i ncorporated herein by reference. ) o
combining VLPs containing L1 proteins or functional L1 protein derivatives from

HPV 16, HPV 18, HPV 31 and HPV 45.

The invention further relates to use of a mixture of VLPs containing L1 proteins or
functional L1 protein derivatives from HPV 16, HPV 18, HPV 31 and HPV 45

in the preparation of a vaccine for the prevention of cervical cancer.

The invention further relates to a method of preventing cervical cancer, the method
comprising delivering to an individual at risk of cervical cancer an effective amount
of a vaccine as described above, such as a vaccine comprising a mixture of HPV 16,

HPV 18, HPV31 and HPV 45 VLPs.

The VLPs of the present invention can be formed from either the full length HPV L1
protein or certain L1 derivatives using standard methods in the art, for example as

disclosed in W(099/13056 incorporated herein by reference.

It is preferred that the L1 protein used to form the VLP is a truncated L1 protein.
Preferably at least one of the VLPs comprises a truncated L1 protein, and preferably
all the L1 proteins in the combination vaccine are truncated L1 proteins. Preferably
the truncation removes a nuclear localisation signal. Preferably the truncation is a C-

terminal truncation. Preferably the C-terminal truncation removes fewer than 50



It is preferred that the LI protein used to formthe VLP is a truncated L1
protein. Preferably at |east one of the VLPs conprises a truncated LI
protein, wWod3pr®izerably all the LI proteins in the conbi RETIEPA3/28L€i ne are

truncated Ll .proteins. Preferahl he, { runcati.on, reppves ucl ear

| ocal i sat i 8" |3§H§t r.no_f-:’?'@qugﬂyge¥%éﬁ%%%?9831df's osgrefeé?ka?'ﬂ?flét runcati on.
Pr ef er abl y id-ghaCtriifdation 2mbvddBAANIAN adi@NRYRIP B WElant B3 AnfRo cil¥Oro@/ 077942
PCT/ EP0O3/ 02826 ami no acids, nore preferably fewer than 40 am no acids.

Most prefeB&b i8.the C terminal truncation renoves 34 anmino acids from HPV
16 and 35 amino acids from HPV 18. Truncated L1 proteins are suitably
functional LI protein derivatives. Functional L1 protein derivatives are
capabl e of Thaicsted .1q5toieiMsunEsHiRBONAGIchl L hpoess deyfvativbe Funstibriabbl y

adj uvant ed), sai d_i mmune respaonse bei ng capabl e of regcognising.a VLP

consi st i ngPteip Herivaivies pigifgpable of IR TIRECIESROBES HPRECESHEY- 5 whi ch t he
L1 proteig,; I ) t I | ! { ot her

t ypes of fgﬁ%@ﬁoﬂgﬁwaﬁ%p ’es}{hﬁ erqevlgﬁo&g%%%ﬁbaggﬁé%nﬁggﬁ'%yﬁtphe full

| engt h or tonsistiag eflthdRulllldngtir bl eratsinsudior the HRIE bytei foom wduddsthe €4t i on, or
insertion nmutants. Suitable derivatives also include codon optimsed
sequences. PPRERYAS 8PV n or derivative may al so be a fusion protein, such
as the fusion of the L1 protein with L2 or an early protein. Preferably
fusion proteins conprise proteins fromonly one HPV genotype. VLPs nade

f r om chi ma&LiPs of the ipyattionmsayi alsodvingrist lothsr étpes nEfucienabpwtegianot ype are

linked to L1.pr.otei . th t f d. The L1
pr ot oi n or SRSV Fo kg et g S e o Bifedlat yPLd EPeBispif a v,
and VLP f gg188dd, Qfbstiditide o ARSQHER thuddhts tAEdBledctioahnk 418 Sndud@dccdsa f or

exanple, electron mecr oscop)ﬁ and dynam c |aser |ight scattering.
optimised sequences. The L1 protein or derivative may also be a fusion protein, such

as the fusion of the L1 protein with L2 or an early protein. Preferably fusion proteins
comprise proteins from only one HPV genotype. VLPs made from chimaeric L1
proteins in which L1 proteins from one genotype are linked to L1 proteins from other

genotypes are not preferred.

The L1 protein or functional protein derivative is suitably able to form a VLP, and
VLP formation can be assessed by standard techniques such as, for example, electron

microscopy and dynamic laser light scattering.

Preferably the polydispersity of the VLPs is less than 0.15, most preferably less than
0.1 and more preferably less than 0.08 when measured using a Malvern Zetasizer

3000HS under conditions as described herein.

Use of the term ‘protein’ or reference to a specific protein e.g. ‘L1’ is hereinafter
taken to include reference to functional protein derivatives, unless otherwise indicated

or obviously apparent from the context.

In a preferred aspect of the invention the vaccine of the invention has only four VLP
types - HPV 16, HPV 18, HPV 31 and HPV 45 VLPs. Preferably the VLPs are L1-
only VLPs from each of these 4 genotypes.



Preferably the pol ydispersity of the VLPs is |less than 0.15, nost
preferably less than 0.1 and nore preferably | ess than 0.08 when neasured
usi ng a MbDwetr79Zet asi zer 3000HS under conditions as des®cirhpd3/baseei n. Use
of the term protein' or reference to a specific protein e.g. L1 is
hereinafter taken to include reference to functional protein derivatives,
unl ess ot hﬁﬂfﬂiﬁﬁvél?lddrﬁ%@ﬂ preferr @D VieOkisbivie 3PRBFiSRtanfad@Mob ATV RER Sy, | N a
preferred aspect of the invention the vaccine of the invention has only
four VLP g apenpayalegt vaqpipe Breferpblyshe adrbtipayvalsnoy v, VI eqrepiging t he

VLPs are L1 OBV RGOSR LOBRS B aRIGLUPRRY 3,40 A94077042

PCT/ EPO3/ 0 er na |ve and r’ms pre erre e Vaccine conpri ses an
addi t i onal 5&RMd\s8l @n@&rablymklsﬁgeﬂotppmsaﬂw 8B twheAtltd NiecinPiefog uediny t he
addi ti onal valency is a conpr|S|ng an L1 pratein or functional

deri vat i veSOW8 ABeRGR, Oer%YnS%on@ gt 8rienghe vagpinegg forgige igAsia. 56 and 59.
Preferably the 5th genotype is HPV 33 when the vaccine is for use in South
Anerica or HPV 52, 53 or 58 when the vaccine is for use in Asia. The
present i nThepiesentahsntiex bisodstehds Mmcdimonqmjshigsz orgnérecadditiond addi ti onal

val enci es, rovi de vacci.ne 6 or enotypes. In one preferred
enbodi ment V%lﬁ%Cp%FPo?fﬁé{ é‘n"a&‘;‘ée?ﬂ’\é‘\ﬂ@sg] ‘\Yll?%rengB V 6a, 6b or HPV 11
genotypes. Preferably the vaccine of the invention is at |east 55%
effective in preventing cervical cancer, nore preferably 60% 65% 70%
75% pr ef er kbéne Bofsred embedinmot thegbfnbutatior ex¢indgsrehmfromrHRY Gedbwircal
cancer. FOEERpfbavoidance of doubt, %efficacy in prevention of cervical
cancer EEOLPSH agai nst al | cervical cancer induced by HPV

i nfection, and not just protection against cancer caused by one genotype.

Prevention may be suitably assessed over %/ear post initial vaccination,
al t hough pPesfespblgdhe vaccine of the invention is at least 55% effective in preventing cervical

cancer, more preferably 60%, 65%, 70%, 75% preferably 80% or even more effective
in prevention of cervical cancer. For the avoidance of doubt, % efficacy in prevention
of cervical cancer means protection against all cervical cancer induced by HPV
infection, and not just protection against cancer caused by one genotype. Prevention
may be suitably assessed over 1 year post initial vaccination, although preferred
vaccines are equally effective over 2, 3, 4,5 or more years. The % efficacy can be
increased by selecting appropriate HPV genotypes to target the vaccine formulation to

specific geographical areas.

Preferably the combination of VLPs within the vaccine does not reduce the
immunogenicity of each VLP type. In particular it is preferred that there is no
interference between HPV VLPs in the combination of the invention, such that the
combined VLP vaccine of the invention is able to offer effective protection against
infection by each HPV genotype represented in the vaccine. Suitably the immune
response against a given VLP type in the combination is at least 50 % of the immune
response of that same VLP type when measured individually, preferably 100% or
substantially 100%. For responses to the HPV 16 and HPV 18 VLPs, the combined
vaccine of the invention preferably stimulates an immune response which is at least
50% of that provided by a combined HPV 16 / HPV 18 VLP vaccine. Suitably the

immune response generated by the vaccine of the invention is at a level in which the



vacci nes are equally effective over 2, 3, 4,5 or nore years. The %efficacy
can be increased by selecting appropriate HPV genotypes to target the
vacci ne fwomalozaeon to specific geographi cal areas. Pref @CaliPy3/oises

conbi nati on of VLPs within the vaccine does not reduce the immynogenicity
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that the >VLP vacci ne of e Tnvention is able to offer effective
protection against infection by each HPV genotype represented in the

vacci ne. itably t i.nmmune respons ainst a qgi .VLP. ty in the
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erapeutically to reduce viral |oad and/or
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invention thus relates to use of the ccine of the jnvention in.the
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the VLP conbinatio e invention in generation o an | nmune response

agai nst HPMdiG, HRE,113denatypest5. The vacci ne of the invention nmay optionally
be formulated with VLPs which provide
Preferably the VLPs comprise the HPV L1 protein only and no L2 protein or protein

fragment.

Vaccines of the invention may comprise other proteins or protein fragments in
addition to the L1 protein or derivative. Proteins/peptides may be delivered in
chimaeric form with the L1 protein in the VLP, encapsulated within a VLP or co-
formulated in a mixture with the VLP’s. Other proteins or peptides may also be co-

administered with the vaccine of the invention.

In one aspect the vaccine comprises an HPV L2 protein or L2 derivative such as an
L2 peptide, for example as disclosed in K. Kawana et al Vaccine 19, (2001) p1496-
1502, incorporated herein by reference. In a further preferred embodiment the
vaccine of the invention may be formulated with HPV early antigens such as E1, E2,
E3, E4, E5, E6,E7, E8 or immunologically active derivatives thereof. When delivered
in chimaeric form it is preferable to utilise an immunogenic fragment of about 30-60

amino acids of the early antigen.

Optionally the vaccine may also be formulated or co-administered with non-HPV

antigens. Suitably these antigens can provide protection against other diseases, most



protection agai nst genital warts, such as VLPs containing L1 protein from
HPV 6a, 6b and/or HPV 11 genotypes. Preferably the VLPs conprise the HPV
L1 prot eiwo®aloy79and no L2 prot ein or prot ein fragment. VRCTIAPE3023R6 t he

i nvention may cqnprise other atelns protein fragnments in _addition to

the LI proP&f5ly Sgap Wm@% BExeh PF@P@% Slﬁﬁ’glﬁxb\émb?eF}? yByda and,
chimaeric f{Wm\Wﬁzﬂtl&hﬁl}LﬂrePé’r%ﬁ'tﬂh \l'aQCﬁlQ%OMbHSCS PSRl M fma VLP or

co- formulated in a mxture with her protelns or peptldes may
al so be coHSé[dmerﬁarsblyrﬂmlgmttmotehveasmwhaé m)W(D 98/458% nlni this. wdyrthene as pect

t he vaccine conprises an HPV L2. LV, as_an
bopt 1 do. 1 GeoB PhpnacaE0arian ol FufibRhnds Ve P dThEhesSs §8001)
pl496- 150g&sschbeadnpOAIadsessi Why154ference. In a further preferred
enbodi nent the vaccine of the invention maybe fornmulated with HPV early

antigens such as El, E2, E3, E4, E5 E6,E7, E8 or imunologically active

derivati Ve“fhépnﬂrgge%? nvemhc?rp%‘eql%}allgr%gls té Q{n(i%}m %r V](EPS]c c%rn?a]um;l cgp ]Pc{ eferable to

utilise an m ho aci the early

antigen. mbtemgaﬁdmﬁmel&asmr@dmys@h&@meorﬂgarvmlsat ed or co-admi nistered
wi th non-HPV antigens. Suitably these antigens can provide protection
agai nst other diseases, nost 5 WO 03/077942 PCT/ EP03/ 02826 preferably
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ul ar at the vaccine ¢ npri1ses g ncate
thereof frmintuldSYHEN &6 éfmmwms‘grmrm’\bsbmpaandieﬁwmsowpsn WO 99/ 45957.

In this he vaccj ne V. protecti .agal nst both_HP HSV.
Preforred Kpwreant gemdo SHeV f&ﬁ‘?ﬁ? BIFXARP EBgre{pan M\%il%ﬁ’ 9§10 The
present i nyenti ReSrRaTPAdNatifd Rl HP VAL 4T %ﬁégaﬁleqion}én%tﬁepﬁﬁaﬂ ng capsid
applies, by extension, to other VLPs described herein, such as HPV 18, HPV 31 and
HPV 45 VLPs.

Preferably each VLP contains L1 protein from only 1 HPV genotype. Such a vaccine
may be formulated by production of individual VLPs from HPV 16, 18, 31 and 45,
followed by combination of such VLPs. Preferably there are no other HPV proteins in
the VLP other than L1.

Also preferred are VLPs containing proteins from only one HPV genotype, such as

VLPs with L1 and L2 from HPV 16.

However, in an alternative embodiment of the invention, the VLPs may be mixed
VLPs, a mixed VLP comprising L1 protein from one genotype in combination with
L1 protein from a second genotype, wherein the different L1 proteins are not
chimaeric L1 proteins, but associate together within the same capsid structure to form

immunogenic VLPs.

Preferred combinations include any permutation of genotypes 16, 18, 31 and 45 - for
example, the invention may comprise a mixed HPV 16/HPV 18 VLP in combination
with a mixed HPV31/HPV 45 VLP, or mixed 16/31 VLPS in combination with mixed



proteins fromHPV16, 18, 31 and 45, such as Ll-only VLPs. In a particularly
preferred enbodi nent, the invention provides a vaccine conprising a

m xt ure oVOMBN7D& VLPs, HPV 18 VLPs, HPV 31 VLPs and HPV 2BTNIPPY02826

Ref erence herein to 'HPV 16 VLP' , for exanple, is a.reference to an LI VLP
wherein t h&/4p|Vidisofambingfions offaprethan 4, &1 iggncft}’%‘fﬂg\}ﬂiéﬁprﬁfé alsQme

nonencl atugﬁm%bﬁ%{?pl e applies, by extension, to other VLPs described
herei n, suc 18, HPV 31 and HPV 45 VLPs. Preferably each VLP
contains L1 protein fromonly 1 HPV genotype. Such a vaccine may be

formul ated_b, roduction of . indjvidual VLPs fro PV .16 31 .and 45,
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proteins fromonly one HPV genotype, such as VLPs with LI and L2 from HPV

16. Howevel ] proteinn nalytberaxatdssed withio diensante astl, fremm onavemoroRNA he VLPs may be
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L1 protei ngntahestRells, etdl VeResriccddingds aiffirdts L1 pubtes Seradtivelyopdhgier within
t he same capsid structure to form innunogenic VLPs. Preferred conbinations
i ncl ude anyeger haying mulipks L eprssyqoaioligl by gshazed pregotes or npdiple exanpl e, t he

i ncl ude any=ge . ) / REFORES OF TP Pl e
i ved. Hpva RO ffief, Tt ife Pt Eisbs ol ich GORRMRBIARImat | €
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genotypes within 1 VLP are also contenpl.at ?d. M xed VLPs maal be1 pr oduced
by separ at 8reisips Ba¥ bssopurifigd forsybsaagent VI fopmatien. 95 may spontanieously

form mixed VLPs which can then be purified.

Where mixed VLPs are used, a preferred process for mixed VLP production
comprises preparation of VLP L1 proteins or derivatives, such as L1 proteins, from
different papillomavirus genotypes, mixing the proteins if necessary and assembly of
the proteins to produce mixed VLPs. The L1 proteins may be in the form of a crude
extract, be partially purified or purified prior to mixing. Preferably the proteins are at
least partially purified before being combined. Optionally, further purification of the
mixed VLPs may be carried out after assembly. Where additional antigens are used,

then these may be added where appropriate.

In one embodiment mixed VLPs may be made by disassembly of 2 or more VLPs,
followed by combination of the disassembled VLP components at any suitable point
prior to reassembly. This approach is suitable when VLPs spontaneously form when
the L1 protein is expressed, as occurs for example, in some yeast strains. Where the
expression of the L1 protein does not lead to spontaneous VLP formation,
preparations of L1 proteins or capsomers may be combined before assembly into

VLPs.

Assembly of VLPs is generally achieved by removal of a reducing agent. As such, in
mixed VLP production, the mixing of proteins preferably takes place prior to the

removal of a reducing agent from the mixture of proteins. Preferably the production



foll owed by conbination to form VLPs, as exenplified herein. Alternatively
multiple L1 proteins may be expressed within the sane cell, fromone or
nore DNA woenstwrts. For exanple, nultiple DNA construct $CHEPOEE2826

transforned_or. t fected into host.c each vector encoding a

di fferent Bf“ﬁ%‘%{@ S CofpprLes Ahq %?@ %flﬁlxggw&l%efon_{}%t&‘bﬁrﬁ&ﬁﬂ_’f&”ﬁﬁf tiple L1
genes, CcontdiRbdifed BY pRotehBh§FeRbPIRF § redibin@ bttt &n HeNHixid UakePr OMOt €r'S,
may be used. | RES el énents may al so be incorporated into the vector, where

appr opr i at eondiiprsghatipdloveXpPetnsfoon. strat egi es the co-expressed LI proteins
may be co-purified for subsequent VLP formation, or may spontaneously form
m xed VLPs which can then be purified. Wiere m xed VLPs are used, a

preferred Pi&eRBE thetedionasly WoReirofilg HorlrenfoVdPsf SREudhE R ANLs@- VLP L1
proteins or derivatives, such as L1 proteins, from differeéent

papi | | omavimaneapépstiengbes, mixing the proteins if necessary and assenbly of
the proteins to produce m xed VLPs. The LI proteins may be in the formof a
crude extract, be partially purified or purified prior to m Xxing.
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conbi ned. Opt |,onaI“I§§, further purification of the mxed VLPs may be
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may be add i j T X € S y be made by
di sassenbl ?g%‘)rﬁ\@%g‘%regﬁrg{“§9\%%§ﬁsaéfg|ﬁ%&&§%§%@nﬁ‘%‘ﬁ&@é ‘ri{e%éb% U di sassenbl od
VLP conponesitusingtagaty IsisiohBbingop@iito theiniveitionahatesisigritliye protiiss f@pr oach is
sui tabl e Wgen VLPs spontaneous]y formwhen the L1 gr otein is expressed, as
occurs f or dEiEEsR IBENOtYPESRSRS\PEIRE {0 thE chings in pparamenial cendiienthiripllosts the L1
protein do . I Qi< Rr -ations of LI

pr ot ei ns o@c@%&%@?ﬁ t%@%%ﬁ?ﬁ%g@%@%@ﬁé%ﬂnﬁ@, ]{%ﬁ c%ﬂé VLPs. Assenbly
of VLPs i segerman®int yr crohibiestesh dfithesenoval of a reduci ng agent. As such, in
m xed VLP production, the mxing of proteins preferably takes place prior
to the

‘Where mixed VLPs are used, preferably the components of the VLPs are mixed in the
proportions in which they are desired in the final mixed VLP. For example, a mixture
of the same amount of a partially purified L1 protein from HPV 16 and HPV 18

provides a mixed VLP with approximately equal amounts of each protein.

Vaccine solutions comprising mixed VLPs may be stabilised by compositions known
in the art, such as those of WO 98/44944, WO0045841, incorporated herein by

reference.

For all vaccines of the invention, it is preferred that the vaccine is used for the
vaccination of adolescent girls aged 10-15, preferably 10-13 years. The vaccine may
also be administered to women following an abnormal pap smear or after surgery

following removal of a lesion caused by HPV.

Preferably the vaccine is delivered in a 2 or 3 dose regime, for example in a 0, 1
month regime or 0,1 and 6 month regime respectively. Suitably the vaccination

regime incorporates a booster injection after 5 to10 years, preferably 10 years.



removal of a reducing agent fromthe m xture of proteins. Preferably the

production 7 WD 03/ 077942 PCT/ EP03/ 02826 of m xed VLPs conprises the step

of m xed WDR3ooamti on froma m xture of dissociated LI PCOEPORS28RY

removal of _a reducing agent fraomthe mxture un?ﬁr C@nditi_ons t hat al |l ow

VLPs to foPreferablufhs vasripeihelifudyaessn \prprigienelingugh s VAR Ma¥BYal of a

reduci ng a%ﬁ%ilﬁé!f%ﬁd%cc(rﬁﬁm'?ﬁ'ﬁﬁﬂtt@Q&IHBMatioﬁ.t is, however, known that VLP
I's , neta

formation ependent upon p ions and salinity as well as the
presence of a reducing agent. As such, under certain circunstances, it may

be envisaged thaf VL mght. formin the presence of a..reduci.ng,agent. |t
s onl y | b YA 61 (eanTHER FIoG A PISTPRRS G oS Pire A U e

di fferent gepol ¥ReDHIPHEUISPINARS idventdirs DAAYR chMbBRAMbS AMNBMAERNdi t i on
that allows the mxed VLPs to form whether this is pH, netal ions,

sal i ni ty, ambtaresmitpblyeadsorhed e partielly edsehedamitoalupinivmexiguvanse Adsari xed VLPs
are used, preferably..the co ngnt s. of VLPs are m xed-i Rt he

proporti ongre WW%%@P}%’? %H@R&tg ufageda ﬂtlipfylﬁ’g TFSPRATC Srlhgi%%% .L For exanpl e,
a mxture Qgb1t Sﬁta%gﬁﬂleaﬁwaﬁt i0 bin alupAfiuiedalty ple@ritly @dcdrhbipsewith BDom HPV
16 and HPV 18 provides a mxed VLP with approximately equal anounts of each
pr ot ei n. M&,ﬁ@hﬁlﬂﬁm@ﬁm@b@ﬁﬂhﬁ@i%@3ﬁrh@§& VLPs may be stabilised by
conpositions known in the art, such as those of WO 98/44944, WO0045841,

i ncorporated herein by reference. For all vaccines of the invention, it is
pref erred Ahnéfetrbe adjacaiticaluminismhytioxideheithvheeimbsihation affaladmiwscent girls
aged 10-15 referably 10-13 years. The vaccine may also be adm nistered
to women fBY Wﬁ@’“&r&&mﬁ%’lwﬁgbp@ﬁﬁd- or after surgery follow ng

renoval of a | esion caused by HPV.

When VLPs are adsorbed on to aluminium containing adjuvants, the adjuvant is

preferably added before mixing of the VLPs to form the final vaccine product.

The vaccine may also comprise aluminium or an aluminium compound as a stabiliser,
and the present invention also relates to a stabilised combination vaccine wherein the
VLPs are adsorbed onto an aluminium salt. Suitably the VLPs are more stable over
time after adsorption onto an aluminium salt than in the absence of aluminium.
Preferably stabilised VLPs are obtained or obtainable by methods according to

example 1 section C3.

The vaccines of the invention may be provided by any of a variety of routes such as
oral, topical, subcutaneous, musosal (typically intravaginal), intraveneous,
intramuscular, intranasal, sublingual,intradermal and via suppository. Intramuscular

and intradermal delivery are preferred.

The dosage of VLP and other proteins will vary with the condition, sex, age and
weight of the individual, the administration route and HPV of the vaccine. The
quantity may also be varied with the number of VLP types. Suitably the delivery is of
an amount of VLP suitable to generate an immunologically protective response.

Suitably each vaccine dose comprises 1-100 pg of each VLP, preferably 5-80ug,



Preferably the vaccine is delivered in a 2 or 3 dose reginme, for exanple in
a0, 1 nonth regine or 0,1 and 6 nonth regine respectively. Suitably the
vacci nat iwW0O 03029#2re i ncorporates a booster injection aftePCI/HPO3/UB2¢/ear s,

preferably 10 years,. 8 03/0 42 PCT/ EP03/.02826 Preferably.ihe vaccine
is a liqui d“?ﬁ&&’é?frﬁ’@b]fyosr'\r:’gl%&?% , ’%haﬁf%rﬁtﬁyéa@dﬂ%\%{ %@‘Hﬁ’mtbéa&i li sed
and reconsty i t 1 Ni ratd The vaccines of the invention
may al so COdﬁ%:,"}l@%,ggjug/o(%{nngﬁggﬂé%a%ip%%fteﬁg% with the VLPs. Suitably the
VLPs of the invention are used in conbination with alumnium and are

suitably adsorbed or partially adsorbed ontq al um nium adguvant s.. Also
preferred are @iyt ecpe ehthspropgnigpreniionns suilably nradyssf by combiing 3DVPL

or @QS21. I ' [ i3 i
corbinat | on Saeh 40 A for e ARV e RN G Tthe
preferred adfundmte fosexdmpic metimds goreoxn BEQSMI5B2,t WOICOSBATN T O@H02E71
alumnium h I wi.t h MPL especial l referred. When VLPs are

adsor bed oﬁ“ﬁgfsgféggﬁ%%%ﬁ%ﬁ?ﬁ?ﬂ@ogﬁ}jﬁbéf{?@@@ﬂ@t ¥8Bnt is preferably
added before m xing of the VLPs to formthe final vaccine product. The

vacci ne may al so conprise al umniumor an al um ni um conpound as a
st abi | i ser ,Suitably thd¥LBs & thetinyamtien afeomads byodisasbenldy and repssenatily bf ¥édls,

conbi nati on _vaccine wherein the s .are adsqrhb onto an al um ni.um salt.
Sl tably ¢ e PO Ko ih s b M Vo el b S eBe 58y S Ebieticn an

al um ni um sgbposTvE, URGLABS68haevee9of3pakum nium  Preferably stabilised
VLPs are obtai ned or obtainable by nethods according to exanple 1 section

C3. The vaccines of the invention may be provided by any of a variety of

routes suc ool tY-0i I
i ntravagi ng’lr?éralbﬁ{ t?lg\y g“ r?é%g;&lep?%# %%%@g%?ggﬂs ‘Jiﬁléﬁ ?l%%iags(grl I'\,{II 5 866}15’ Xlthough
subl i ngual ,anpisuicdbés catlls sasidas/il.acoliwp Fosst telsy forleRamhplalS. cél-disiae S. pombe or

Pichia sp.may also be used.

Preferably the purification of VLPs after L1 expression includes one or more of the
steps of anion exchange chromatography (Di methyl amino ethyl - DMAE), anion
exchange chromatography (tri methyl amino ethyl —- TMAE), hydroxyapatite
chromatography, filtration such as nanometric filtration or ultrafiltration, or
hydrophobic interaction chromatography. Preferably at least one anion exchange step
is performed during purification, and more preferably 2 anion exchange steps are
used. Preferably at least one anion exchange purification step is performed prior to

mixing the proteins. Optionally a UV irradiation step may be employed.

For the avoidance of doubt, the entire teaching of all documents referred to herein is

incorporated by reference.

The present invention is illustrated by the following non-limiting Examples and

Figures, wherein:

Figure 1 illustrates mixed VLPs in comparison with HPV 16 VLPs as assessed by
EM;
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and intradermal delivery are preferred. The dosage of VLP and ot her
proteins will vary with the condition, sex, age and weight of the
i ndi vi duaWwg oslezr9azimi ni strati on route and HPV of the vacci RET/EPA&028quant ity

may al so vari.ed .wi.t.h the .nunber of VLP.t _Suitably the delivery is
of an ano uﬁ?zﬁfégéhFﬁﬁﬁ?@Z? wﬁ@ﬁﬁ@ﬁ?tmﬁﬁﬁﬁﬁﬂﬁhologicalIy protective
response. fj et@@lhﬁtrﬁ%ihtl\béﬁggé}goﬁ%@%a@mﬁﬁnjaﬁ%dm 16agh3 V148,

preferably 5-80g, 9 WO 03/07 PCT/ EP0O3/ 02826 nore preferabfy 5- 30 g
each VLP, eppshingrosfaceipt ys.5nddPy 16fcoetzdh VLP with 59, 6g, 10g, 15 g or 20g

P R B

pr oduct i oncapdbibdtiolsRsciae es.walHPRKnewontkdl; t he art, and include for exanple
met hods given in _W9531532, W9615247, WO00/09671 and_US5888526, the whol e
contents ofigwks Ciugiaes #ibrdpreapersenagainsh VLB A liinm mixeh ERY Ha 185 311

i nvention Maﬁﬁg%%ﬁg'é%g%%mm@ Jieagsenbly of VLPs, to provide

honbgenous and pure es of slitable processes are given in
W0057906, Fighie2AibnéBatenaht WO8P 13P&ites fadise VAR 46 intsemivk®IIPAF £6,d8ePBrM4Ed from
insect cells such as Sf9 or §%<€ gells, al t hough any suitable cells such
as E. col i cogpbipaiiosy vaceing ¥s. andiPYAA 6oLl 5 cerevisiae S. poinbe or  Pichia
sp. may al so be used. Preferably the purification of VLPs after L1
expression includes one or nore of the steps of anion exchange

chromat ography (Di nethyl am no et hiikampBMAE), ani on exchange

chromat ography (tri nethyl amno ethyl - TMAE), hydroxyapatite

chromat ography, filtration such as nanonetric filtration or ‘

ul trafiltregd @mbifktionofdiPPhehbhe HPV B3 BEMIPR i€ hdiaieatieesiaphy prol¥igf er ably a
| east one ani on exchange step is perfornmed during purification, and nore
pr ef er abl yiromaihes dR¥% eprzniypes rashe rapdily produced by similar methods, already

known in the art.
A Preparation of HPV 16/18 L1 VLPs

Production of HPV 16 and HPV 18 VLPs was carried out using standard protocols —
for example, see W09913056. HPV 16/18 proteins were expressed in Trichoplusia
ni (High Five™) cells (at a density of ~ 350000 cells/ml) infected with recombinant

Baculovirus (MOI of 0.3) encoding the HPV 16 or 18 L1 gene of interest. Cells were

harvested approximately 72 hours post infection.

B Cell harvest / antigen extraction

The antigen (L1-16/18) was extracted from Hi5 cells in a three step process of
concentration, extraction, clarification. The concentration step consists removes up to
90% of the culture medium, and was performed by tangential flow filtration. The
extraction step was performed with a hypotonic buffer (Tris 20mM, pH 8.5). A
volume equal to the culture volume was used to perform the extraction. A contact
time of minimum half an hour under smooth agitation was used . The clarification

was performed by tangential flow filtration.
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used. Preferably at |east one anion exchange purification step is perforned
prior to mxing the proteins. Optionally a UV irradiation step nay be

enpl oyed. wbm®s/0t9¢2 avoi dance of doubt, the entire teachi ngPofi/ER0I/0B2€UNENt S
referred to herein is. incorporated by reference. The present invention is
illustrat eabe thg"’frbtli?%\ﬂi“ng non-limting Exanples and Figures, wherein:

Figure 1 il ; 1 e i i \ assessed
TR e e S A e e IR
di stri but i dA%ol/wii waschddedPsy thEegimoe irdorded to siiyasdeasblathici VIORy inte sgsomess, agai nst

VLP 16 in 1 xed HPV , 4 coppi nation vaccine vs. an HPV 16
control ; F?faﬂ]}"&ﬁgn‘ilgqnééﬁ"é%ﬁg' (glrlﬁ’tc?rﬁgﬁﬁs? AYRLR & caprenHationpPvABle%M 4 ni xed

HPV 16, 18.:y3briofR the QBHBALE BnefSptddAbmYye- an HPV 18 control . Figure 6
illustrates antibody responses against VLP 31 in a mixed HPV 16, 18, 31, 45

conbi nati on vaccine vs. an HPV 31 control; and Figure 7 illustrates

anti body re nses against. VLP 45 in a_m xed HPV 16, 18, 31, 45,

conbi nat i or{ﬁ\‘p/g%@?rﬁés‘?%swerﬁﬁlﬁqﬁg OESO'%H’P iﬁg'Fr.S DBk thsterage #he CeBifbi Priftitdn of HPV
16 and HPV chéh bikifilaBen kiéh, 461 Rtk 18 5&lifsedland Ry Bi6E th afp,8hnge  HPV
genotypes may be realdrill y’%r oduced by si n%el ar ngﬂloc?s, g{re@c@ﬁﬁﬁéom in the
art. A Prepaftfat beforeciamigdloadng.8 LI VLPs Production of HPV 16 and HPV 18

VLPs was carried out using standard protocols - for exanple, see W9913056.
HPV 16/ 18 proteins were expressed in Trichoplusia

Purification regiemes are given for the separate purification of L1 from both HPV 16

and 18. These schemes are broadly similar, and involve the steps of :

Anion exchange chromatography (Di methyl amino ethyl — DMAE),

Anion exchange chromatography (tri methyl amino ethyl — TMAE),
Hydroxyapatite chromatography,

Nanometric filtration (Planova),

Ultrafiltration,

Hydrophobic interaction chromatography (using Octyl Sepharose) for HPV 18 or
Anion exchange chromatography (DEAE) for HPV 16; and

Sterile filtration.

Specifically:
C1 Purification of L.1-18 antigen

Anion exchange chromatography DMAE

The clarified extract (protein at a concentration of ~ 1 g/ml, with the L1 protein at ~
150 mg/ml) is applied to an anion exchange column (Di Methyl Amino Ethyl).
Elution is performed with (Tris 20mM | NaCl 200mM | 4% B-mercaptoethanol BME)
buffer, pH 7.9 + 0.2 . The antigen is eluted in approximately 5 column volumes and

the elution profile is monitored at 280 nm.
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ni (Hgh FiveTM cells (at a density of - 350000 cells/m) infected with
reconbi nant Baculovirus (MJ of 0.3) encoding the HPV 16 or 18 LI gene of
i nt er est . WQaBl%79%kre harvested approxi mately 72 hours poPCTiEPbEE82ON. B

Cell harvest ./ antigen gxtractio tigen (L1-16/18) was extracted from
H 5 cells iHigRER ggfﬁﬁmﬁ?tb’g’é@gy%@gncgnt r<(31ti on, ex% raction,

clarificati . e . | i ..90% of the
curtur e medisioRARERR Ry Alued SR TVARE S ARTRARS 4P 3R kRS D
extracti on ehia@is\Wah gppliEdroestcond mion byopahgdoturhn {Te MdtHyliAsmia0mvhylpH 8. 5) .

A volunme equal to the culture vol u,mj was used tové)erformthe extraction. A
contact t iGheiosris pEwpmRAh Wish (20sMAais] NakhaPOmMg 394 ME) butferopHeXt@sked. The

clarificat ;@% gntt 0 el igeaggﬁr&jﬁgéglgqlnéoihﬁkn fvh%e{s)laiutl Eh%teih?cﬂ)%l piréf;ﬂ\c/a\?s 03/ 077942

PCT/ EPO3/ 0 urifticat urification process wa ried out at
room t enpemadritoeed 4t 380mncapt oet hanol (4% w w) was added to the extract in
order to disassenble the VLP's into capsoners, for both antigens,
L1-16/18. dycerol was added up to a concentration of ww 10% just prior
to the addiHYBRX¥APAtHE AROMAPPFAPANEN0l . Al buffers used were filtered on

0.22mfil ' . C;8C., Pri h i fi [ ,
gel ot 11 xabeshiaSahe TBLEE 3R Sinefid I apudiofoen e BRISPRARL ' b0t for betore

sanpl e | oadifg sarftplelabpE@ioRNthE 6l i6 BRSedatieh %» &finfa@ly b BeohfRAvAhfes of
purification of L1 fromboth HPV 16 and 18. These schenes are broadly

simlar, afabRQiONYENeCEpmbE| 4%BHE) hufiss hHifge+d% omat ogr aphy ( Di
met hyl am no ethyl - DMAE), Anion exchange chronmatography (tri nethyl

am no et hlezfno-rl;l'\éj%‘r% filtrlz;%jl{ &;%g v%i te chromat ogr aphy,
The HA eluate is diluted in order to reach the following conditions: (NaH,POy,
25mM | NaCl 10mM | 4%BME) buffer, pH 7.5 £ 0.2 .
Then it is filtered successively on a 0.2 pm prefilter and on a Planova 15N filter of

0.12 m? . The filtration is performed at constant pressure 200 mbar + 20 mbar.

Ultrafiltration

The ultrafiltration is performed with a tangential flow ultrafiltration system equipped
with polyethersulfone membranes (Centramate cassette 0.1 m?, 100kD).

The Planova eluate is treated to reach the following conditions: (NaH,PO4

100mM | NaCl 30mM | 4%BME) , pH 6.0 £ 0.2 ; then it is loaded in the system,
concentrated 5 fold and dia-filtrated with continuous injection of ~10 starting volumes

of NaH,PO4 20mM l NaCl 500mM) buffer, pH 6.0 £ 0.2 .

Hydrophobic interaction chromatography (Octyl Sepharose)

The ultrafiliration permeate is applied to an Octyl Sepharose column.
This chromatography step is run in the negative mode with approximately 5 column

volumes of (NazPO,; 20mM | NaCl 500mM) buffer, pH 6.0+ 0.2 .

Sterile filtration

The purified L1-18 antigen solution is sterilised by filtration on a 0.22 pm membrane.
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Nanonetric filtration (Planova), Utrafiltration, Hydrophobic interaction
chromat ography (using Octyl Sepharose) for HPV 18 or Anion exchange

chr omat ogwapbBp79BEAE) for HPV 16; and Sterile filtration. PCEFPas/oiseal | y:

C Purification of L1-18 antigen Anion exchange chromatography DVAE The
clarified extract (protein at a concentration of - 1 g/m, with the L1
protein at 150 ng/n1) is applied to an ani on exchange colum (D Mt hyl

Am no Et hyl { p e vvlth (Tris 20mM 1 Nad 200mM 14%
(3- mer capt hano?’ Bﬁ%)"‘lﬂ ﬂﬁ‘iol WYeIng 0. 2. The anti gen is eluted in

approximately 5 colum volunes and the elution profile is nonitored at 280

nm 12 WO n exchange chronmat ography TMAE The
el uate of %31{19% rzsi% E?Iﬂ %gﬁﬁgd)mtﬁ 1 volune of H20/BME 4% The
di | uted e*m@tcﬁanm%dteiaﬁﬁm@wpu@@lt&ﬁlﬁlléﬁmgngaa"eo%ﬁﬁﬂhﬁe@l 1 8aliHgm (Tri

Met hyl Am no Et hyl) lution is performed with (20 Tris 1 Nad 200nM
149BVE) bufttleyd). pH 7.9 0.2. The antigen is el ut ed in apprOX| mately 4

col um vol s and t.he f|| to

Fy i oxy apatTEETOR Pt S e e i OtRR e S e 200 1o o
hydr OXyapatI‘hE%ntﬁ%éﬁ)ls GRtltéﬂniH apﬁokﬁﬁat@l?%o%ﬁ?@bfuﬁé& 'aﬂ('i‘thete'ﬂﬁlo‘ii rofifs i€l uted

W t h approxi nat 2.5 colum volunes of (NaH2PO4 100nmM | C130n1\/l 149BIVE)

buffer, pHn&miﬁore@ ap28Namonetric filtration (Pl anova)

Anion exchange chromatography TMAE

The eluate of the first step is diluted with 1 volume of H;O/BME 4%. The diluted
eluate is then applied to a second anion exchange column (Tri Methyl Amino Ethyl).
Elution is performed with (20mM Tris | NaCl 180mM | 4%BME) buffer, pH 7.9 + 0.2
. The antigen is eluted in approximately 5 column volumes and the elution profile is

monitored at 280 nm.

Hydroxyapatite chromatography (HA)
The eluate of the TMAE step is applied to a HA column.

After sample application, the gel is eluted with approximately 3 column volumes of

(NaH,PO, 100mM | NaCl 30mM | 4%BME) buffer, pH 6.0 + 0.2 .

Nanometric filtration (Planova)

The HA eluate is diluted in order to reach the following conditions: (NaH,PO4
25mM | NaCl 10mM | 4%BME) buffer, pH 7.5 £ 0.2 .
Then it is filtered successively on a 0.2 um prefilter and on a Planova 15N filter of

0.12 m? . The filtration is performed at constant pressure 200 mbar * 20 mbar.

Ultrafiltration

The ultrafiltration is performed with a tangential flow ultrafiltration system equipped
with polyethersulfone membranes (Centramate cassette 0.1 m?, 100kD).

The Planova eluate is treated to reach the following conditions: (NaH,PO,

100mM | NaCl 30mM | 4%BME) , pH 6.0 + 0.2 ; then 1t is loaded in the system,
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The HA eluate is diluted in order to reach the follow ng conditions:
(NaH2PO4  25mM | NaCl 10mM 149BME) buffer, pH 7.5 0.2. Then it is filtered
successi WEDW3OM982 0. 2 m prefilter and on a Planova 15N fi IPCE&EP0$/02806 12 nR .
The filtration is performed at constant pressure 200 nbar 20 nbar.

U trafiltrgenenirathe Subidrantlidia-fikirateshwits cpinuonsnmgeciipn hf alQ stagiegtvolimds| ow

ultrafiltrat.i st.em i it h_pol yet her sul f one nmenbr anes
(Cent r amat 8%%@@@%6’@%@8%%@%‘1 epéléﬁﬁ\p&@ eluate is treated to reach
the follow ng conditions: (NaH2PO4 100mM 1 Nadl 30mM 1498BME) , pH 6.0 0.2

; then it iAnibPe@Anbe chiintyst DEARRcentrated 5 fold and dia-filtrated
with continuous injection of -10 Starting volunmes of (NaH2PO4 20mM | Nadl

500mV) buf fae ultpiiteatdn éduate ishfirsa@hto econth@ivagtof tit dfnflibrmboni@Rhy (Cctyl
Sepharose) The ultrafiltration perneate is applied to an Cctyl Sepharose

col um. ThilNa:2Rk3REN gNaph3oGsadp, PH 6 0i2endrpphedyen aneniom eechangen
i mat | f (Na3PO4 20nM | NaCl500 buffer, pH 6.0
05" st ori Fely B LA xR ¥R 01 ¢ on i

0.2. Steri e fied L1-18 antigen solution is sterilised

by filtrat Eapioans ferfordRd WilERUIBRO, 2031 O3 0A A B RE HHEBABL @%@ﬁe 2
e

Purification of L1-16 antigen Anion exchange chronatography D\
clarified eaxigeads clutedappppregimaiels3 cohinom vebauiss agbthe sluion pgdfile it hyl  Ami no
Ethyl). Elutiqn i rmed with (Tris 20nM | NaCl 180nM 149BME) buffer,
pH 7.9 O. Onﬁcﬁ? saggg(?%lg‘h is eluted in approximately 4 colum vol unes and
the elution profile is nonitored at 280 nm

Sterile filtration

The purified L1-16 antigen solution is sterilised by filtration on a 0.22 um membrane.

C3

Each VLP type is adsorbed independently to produce a concentrated adsorbed

monovalent.

Preparation of VLP16 concentrated adsorbed monovalent:

60 pg of purified VLPs from HPV16 are adsorbed on 150 pg AI** from A(OH)s, at a
pH of 6.0 = 0.2, for one hour at room temperature with gentle stirring. This
concentrated adsorbed monovalent is stored at +4°C. Adsorption is checked by

centrifuging the preparation and quantifying VLPs in the supernatant.

Preparation of VLP18 concentrated adsorbed monovalent:

60 pg of purified VLPs from HPV18 are adsorbed on 150 ug A’ from AI(OH)s, at a
pH of 6.0 £ 0.2, for one hour at room temperature with gentle stirring. This
concentrated adsorbed monovalent is stored at +4°C. Adsorption is checked by

centrifuging the preparation and quantifying VLPs in the supernatant.

D Final vaccine preparation:
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Ani on exchange chromat ography TMAE The eluate of the first step is diluted
with 1 volunme of H2OBVME 4% The diluted eluate is then applied to a second
ani on excwerng®7met uim (Tri Met hyl Am no Et hyI ) EI uti on iPETEPo3/ea8ped Wi th

(20mMM Tris NaCl 1 4%3I\/E) buf f er, The antigen is
eluted in é’Jﬁ%"r‘Z %?%Ff %C{TM mwevfémm?égedéwdhﬁ ﬁ@@%h%wswbén defo

noni t or ed § e of the
TMAE step ?E“ﬁ%%u%“{s%ggﬁﬁ‘ co e %f\?gfb és}glirr(r)p teﬁ %%gﬁ% Cé%%&?gﬁlré%e gel is

el uted w t h48pproxi mately 3 col urm voI umes of (NaH2PO4 100nM | NaCl30mM (
498BME) buffer, pH 6.0 0.2. Nanonetric filtration (Pl anova) The HA el uate
is diluted in order to reach the followi ng conditions: (NaH2PO4 25nM |

NaCl 10mM 14946 oWﬁ’@fi‘om@ﬂ)‘} 32 anfl 48 at IE‘ ehttrat ot %‘2'0%@”5&1 §¥ﬁcessi vely on

a 0.2 mprefilter and on a Planova 15N f| ter o e filtration
i s perfor nedmpiecteths tedmyalpnieescine. 200 nbar 20 nmbar. U trafiltrati on The

ultrafiltration is perforned with a tangential flowultrafiltration system
equi pped wi th polyethersul fone nenbranes (Centranate cassette 0.1 n2,

100kD) . TheriRlandyradakisstbed belks, o %&ﬁ@kdﬁg aaﬁﬁséh &hﬁs , i@y H%%ﬂﬁer‘i‘ﬁ&g&t I ons:
(NaH2PO4 100mM | NaCl30mM 1498ME) | .2 ; thén it 1s loaded in the

system 14 with aByonroaeh pCIDERER/ 02826 concentrat ed 5 fold and
dia-filtrated with continuous injection of -10 starting vol unes of
(NaH2PO4 20mM 1 NaCl 500mM) buffer, pH 6.0 0.2. Anion exchange
chromat ogr aphy DEAF The ul trafil tratmmnlﬁhgate is adjusted to the
conductivity of the equilibriumbuffer,

A Preparation of HPV 16/18 L1 VLPs

Production of HPV 16 and HPV 18 VLPs was carried out using standard protocols —

as above
B Formation of mixed VLPs

The process of the invention involves dissassembly and then reassembly of the HPV
16 and 18 VLPs such that the reassembly of HPV L1 16 and 18 is carried out together

to permit the formation of a mixed VLP.

The HPV 16 and 18 VLPs may be combined at any suitable point in the above process
prior to the point at which the VLPs are reassembled.

By way of example 2 specific strategies have been tested:

1 mixing of both antigens after the HA step. Based on the L1 concentration
in HA pools, the two components are mixed to reach an equal concentration of
HPV16 and 18 to start the UF step. In this case after the ultrafiltration step an Octyl
speharose step is performed as for HPV 18 purification followed by a DEAE step as
performed in the HPV 16 procedure.
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(Na3PO4 20mM 1 NaC1250mM) , pH 6.0 0.2 and applied on an ani on exchange
colum (D Ethyl Amno Ethyl). Elution is perfornmed with (NaH2PO4 20mM 1
NaCl500mwWvowanf®e; pH 6.0 O0.2. The antigen is eluted i nPapmroxisedel y 3
colum volunmes and the elution profile is nonitored at 280 nm .Sterile
filtration The purified L1-16 antigen solution is sterilised by filtration
on a 0.22 pm menbr % to
produce a concentrlgl 85%;’%15%%2%\%%#0\&&%5Bﬁ%ﬁegggg%:lgﬁﬁo B@/ﬁ%%iny

concent r at diktadispthb MO velRowa|agsunixed@o eack ap aqual centeWtrigorf ofdhP VR/AG! ar e

adsor bed on 150 Al + fromAl (QH 3 t of 6.0 one, hour at
room terrperléttﬂrs i?l\@éhtsfe@ é%f‘lflr ?%%eﬂﬁpgplt@gﬂ%éﬁ‘???% é’lasaéﬁf(?fgﬁ tep
monoval ent i 56,98 H8%s 3br HFE-13AG8RK /L byPADEA FCRES KEskrRYme8 B Hr@hag t he
preparation and quantifying VLPs in the supernatant. Preparation of VLP18
concent r at goozds® bed nmonoval ent: 60 g of purified VLPs fromHPV 18 are
adsorbed on 150 g Al13+ fromA (OH)3, at a pHof 6.0 0.2, for one hour at
roomtenperature with gentle stirring. This concentrated adsorbed

nonoval ent is stored at +4C. Adsorption is checked by centrifuging the

pr epar at i orgHpV e3R8 VY/PaminddRa Ulstepe supernatant. D Final vaccine
preparation: 15 WD 03/077942 PCT/ EP03/ 02826 Concentrat ed adsor bed

nonoval ent § prepared by |the above nethod werel|conbined to forma
izépensi on cEs”% éo pg each HFBV']:I@e Final vaccine is stored at
DMAE DMAE
! v
TMAE TMAE
v v
HA HA
\j v
Planova Planova
50% 50%
UF
v
Octyl
v
DEAE
v
0.22um filtration

17



Addition of VLPs fromHPV 31 and 45 at a concentration of 20g each VLP
conpletes the tetraval ent vacci ne. The conbi ned adsor bed bul ks, or

i ndi vi duaWwoadsomkbzed bul ks, nmay be further m xed w th adj kcampe3/easeh as
3D-MPL. Exanple 2 A Preparation of HPV 16/18 LI VLPs Production of HPV 16
and HPV 18 VLPs was carried out using standard protocols - as above B
Formati on of m xed VLPs The process of the invention involves di ssassenbly

and then r e HPV 18 VLPs such that the reassenbly of

HPV L1 16 :‘ﬁg§i§3*%v£%yﬁ1$éﬁ"matﬁggﬁng to pernit the formation of a

m xed VLP. P : fg?ﬁ I | int in

t he above gﬁégg}sﬁg\ﬁoég?}%?pﬁsé&%g%}éﬁ%{maﬁn %ﬁ%?’%} eeda%tlﬁlgs]ﬁlz\a@%ﬁ%tg g%g% | ed. By
way of exanfltlee UFseeciThecostenatiben eed Hanvedutiaen theatiedexchamgedMA D! bot h

antigens affer the HA step. Based on the LI concentration in HA pools, the
t wo conponéﬁé]?asrtfé’sﬁ? @é“ﬁ}ﬁt'reach an equal concentration of HPV 16 and 18

to start the OF step. In this case after the ultrafiltration step an Cctyl
speharose step is performed as for HPV 18 purification foll owed by a DEAF
step as pdRdsaltsed in the HPV 16 procedure. 16 WO 03/ 077942 PCT/ EP03/ 02826
2 mxing of both extracts and copurify. Based on the L1 concentration in

Ext ts, t i d t h I trati f HPV
6 and 10 HEVLERR L DR G I SgR . 2 er the al trafiitration step an
ctyl SPenal Bs Shigh yiLPs BBt hahbEd s 81 50hnd b i3cf AblepibfhcByvnp DEAE step as

performed in
combining HPV 16 and HPV 18 L1 proteins.

Purity by SDS-Page

The purity of the mixed VLP’s was as good as both “classical” HPV 16 or HPV 18
bulks. The purity of the bulks was higher than 95%.

EM data - Fig 1
The EM of 31B165C (UF Retentate after maturation) was compared to a classical
HPV16 lot (39B122c). VLP’s were well formed, homogeneous in size, without

aggregation; some ribbons of capsomeres are present in both experiments.

Size distribution

The size distribution of the VLP’s were determined using a Malvern Zetasizer 3000
HS.

The samples were measured undiluted into a plastic cuvette for Malvern analysis (800

ul/cuvette).

The technical conditions were:
- laser wavelength: 532 nm,
- laser power: 50 mW,

- scattered light detected at 90°,
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procedure. HPV16- HPV18 VLP-m xed at UF step HPV16 HPV18 DMAE DVAE 1 TMAE
TMAE | HA HA Planova Planova 50%50% U F GCctyl DEAE 4 0.22pm

filtrati oWOD3/0VED3/ 077942 PCT/ EPO3/ 02826 HPV16- HPV18 VLPCHiEPE#02826 DMAE
step The sanme flow sheet is applied but the mxing is perforned at the DVAE
step i nstead tesfrerd@eUB§tep. The concentration used for elution at the

anion xchanon, MBS RBRLRoRO0 Mgl Lo PPVLOLeVLS WP e

ers 31bl65c and 31b166c¢c) were
produced by aonbénB egnddPMivktmemdrehtiéyts18 L1 proteins. Purity by SDS-Page

- z-average diameter: by cumulants analysis,

size distribution: by the Contin method.

Classical results for HPV18 L1-VLP’s are: 70-80 nm with good polydispersity (< 0.1)
Classical results for HPV16 L1-VLP’s are: 60-70 nm with good polydispersity (< 0.1)

For mixed VLP’s, the following results were obtained:
31 B165c: 85 nm with good polydispersity (0.08 ). VLP’s are almost completely
formed at the beginning of maturation

31 B166¢c: 76 nm with good polydispersity (0.08 ).

The size distribution of lot 31 B165¢ and 31 B166¢ as measured by dynamic laser
light scattering is shown in Figures 2 and 3.

HPV16-HPV18 VLP mixed at DMAE step

Lot n°. 31B167B was made up from lots EISL1C005 ( HPV18 ) and 39B167 (
HPV16).

Purity by SDS-Page
The purity of the mixed VLP’s was as good as both “classical” bulks.
The purity of the bulks was higher than 95%.

Size distribution

The size distribution of the VLP’s were determined by using a Malvern Zetasizer

3000 HS.

Classical results for HPV18 L1-VLP’s are: 70-80 nm with good polydispersity (< 0.1)
Classical results for HPV16 L1-VLP’s are: 60-70 nm with good polydispersity (< 0.1)

For mixed VLP’s, the following results were obtained:
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The purity of the m xed VLP's was as good as both "classical" HPV 16 or HPV
18 bul ks. The purity of the bul ks was higher than 95% EM data - Fig 1 The
EM of 31BYO3G0({YR2 Retentate after maturati on) was conpar e®CTEPa3/ei8acsi cal

HPV 16 lot (39B 122c). VLP's were well formed, honogeneous in size, wthout
aggr egat i oHPVd 6P Y1HBhIkO 78t c%@@ﬁ@_ﬂé&o@rl@lqﬁd@@éﬁﬂy OR7poVRPSXBEEi nent s.

Si ze distributjon e . size di I but i . VLP's were determ ned using
a Mal vern %8F§é?§@$gﬁhﬁ%nn f%#%%géé%%ggg&ﬁg$§mﬁéasured undiluted into a
pl astic cuvette for Malvern analysis (800 pl/cuvette). The technical
conditions were: - |aser wavelength: 532 nm - |aser power: 50 nW -
scattered |ight detected at 90, 18 WO 03/077942 PCT/ EP03/ 02826 -
tenperature: 25C, - duration: autonmatic determ nation by the software, -
nunber: 3 consecutive neasurenents, - z-average di aneter: by cunul ants
anal ysis, size distribution: by the Contin method. C assical results for
HPV18 L1-VLP' s are: 70-80 nmw th good pol ydispersity (< 0.1) d assical
results for HPV16 LI-VLP's are: 60-70 nmw th good pol ydi spersity (< 0.1)
For m xed VLP's, the following results were obtained: 31 B165c: 85 nmwth
good pol ydi spersity (0.08 ). VLP s are al nost conpletely
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formed at the beginning of maturation 31 B166c: 76 nmw th good

pol ydi spersity (0.08 ). The size distribution of |lot 31 B165c and 31 B166¢c
as measurwo idp7ynamn c Iaser Iight scattering i s shown i RCFEPO3/€282¢€ and 3.
HPV16- HPV18 VLP m xed at tep Lot n. 31B167B was_ made up fromlots
E18L10005 (Emvm«)-”arfcroggmmof m«-@H ﬁulﬁ,tl§ ﬂy“@B@“’leg"é“’?h‘@cﬁ'ﬁﬁ ty of the
m xed VLP's was as good as both "classical" bulks. The purity of the bul ks
was hi gher than 95% Size distribution The size distribution of the VLP' s
wer e det er Thtredudtjonusi ng a Mal vern Zetasi zer 3000 HS. C assical results
for HPV 18 L1-VLP' s are: 70-80 nmw th good pol ydispersity (< 0.1)

d assi cal results for HPV16 L1-VLP's are: 60-70 nmw th good pol ydi spersity
(< 0.1) Fop, wﬂat s gawtsqlérﬁme@ il BAMYCE ke Leing AlRhMEGktioA DO

03/ 077942 PCT/ EP03 0282 HPV16-HPV18 31B167B : 74 nmwi th good

pol ydi sper sérmnally. mtjcatedL Pl &vhitsr 6, B, s éﬁ)rﬂdjua’@eﬂe# widh r&b@nd‘t 3PrePL

begi nni ng of rrat .ation,20 [ 077942 P 6 Exanmple 3 -
Pr oduct i on%&efrela TRt Ay i%\ogf migiim salf rﬁl‘ g‘éﬁw accine. Introduction
An i mmunogeni city study was perfor med in Bal b/C m ce using a conbination of

C termnally truncated L1 VLPs 16, 18, 31 & 45 adjuvanted with alum +
3D MPL 4 groups of 10 mice were immunised twice intramuscularly on day 0 and 21

respectively with:

VLP 31 (2pg) / adjuvant A

VLP 45 (2pg) / adjuvant A

VLP 16 (2pg) and VLP 18 (2ug) / adjuvant A

VLP 16 (2ug), VLP 18 (2pg), VLP 31 (2pg), VLP 45 (2ug) / adjuvant A

L b=

Antibody responses against VLPs 16, 18, 31 and 45 were monitored on sera taken at
day 35 (14 days post dose II).

Results are shown in Figures 4-7

Antibody respouse against VLP 16

e Strong antibody responses are induced in post II sera by either VLP16 formulated
with VLP 18 on adjuvant A (group 3) or by the full combo (group 4)
e Similar level of antibodies directed against VLP 16 are measured in both groups

and no interference is observed.
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(herein “adjuvant A" - 50 g aluminiumsalt and 5 g 3D MPL) 4 groups of 10
mce were imuni sed twice intramuscularly on day 0 and 21 respectively
with: 1. wWDR38179¢2g) / adjuvant A 2. VLP 45 (2g) / adj uv®cT/ER0B028U.P 16
(29) and VLP 18 (2g) / adjuvant A 4. VLP 16 (2g), VLP 18 (2g), VLP 31 (29),
VLP 45 (2g) / adjuvant A Antlbo%y‘responses agai nst VLPs 16, 18, 31 and 45
wer e noni t GkRiEDAKY IeSPENSE AZAMSE gy 35 (14 days post dose Il1). Results are
shown in Figures 4-7 Antibody response against VLP 16 Strong anti body
responses are induced in post Il sera by either VLP16 formulated wth VLP
18 on adj UV'anStr&léﬂft%ﬂy@sp@ﬂsebwélh@&eﬂhﬂp@ﬂﬂ&ra{@@ﬂﬂrW)LPISIdelﬂniLﬂditedl evel of
anti bodi es directed agal nst VLP are nmeasured in _both groups and no

i nterference Wihogddldenadipyanid @PW?M?YWWWP 4nt i body response
t VLP 1 b
c'ther VL 16 FEPRI R ofHpBRRY ohBARERSER SEP 1L iRk s RO FouBST 7, Y

full conbo (gﬂamphﬁﬂLsﬁ&ﬂnﬁﬂaﬁnM§Wﬁdn@ﬁﬁﬁﬁﬁﬂhﬁdﬂﬁ&bdﬁﬁﬁtted agai nst VLP 18
are nmeasured in both groups (less than 1.5 fold difference) and no
interference was observed. Antibody response against VLP 31 Strong
antibody responses are |nduced in post Il sera by either VLP31 fornul ated
al one on adj R6K sle i R\3% he full conbo (group 4). Simlar level
of antibodi es dlrected agalnst VLP 31 are neasured in both groups,

e Strong antibody responses are induced in post II sera by either VLP31 formulated

alone on adjuvant A(group 1) or by the full combo (group 4).
e Similar level of antibodies directed against VLP 31 are measured in both groups,

therefore no interference is observed.

Antibody response against VLP 45

e Strong antibody responses are induced in post II by either VLP 45 formulated
alone on adjuvant A (group 2) or by the full combo (group 4).
e Similar level of antibodies directed against VLP 45 are measured in both groups,

thus no interference is observed.

Conclusions

No interference is observed when the four VLPs (VLPs16, 18, 31 & 45) are delivered

as a combination.
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therefore no interference is observed. Antibody response agai nst VLP 45
Strong anti body responses are induced in post Il by either VLP 45

f or mul at e8lO 0al0T19¢2 on adj uvant A (group 2) or by the full @®cwEPOF/ESUD 4).
Simlar level of antibodies directed against VLP 45 are nmeasured in both
groups, t @Y interference is observed. Conclusions No interference is
observed when the four VLPs (VLPs16, 18, 31 & 45) are delivered as a

conbi nation. 22 WD 03/077942 PCT/ EP03/02826 C ains 1 A vaccine conposition
conpri sing VLPs cdhvaiomegpnipbsitiootceinpssiog VIfRseoniapned LL prgieios ei n

derivatives. fromHPV 16,. HPV 18 PV \, 4 ot : A vacci ne
accor di ng t%ng}ogﬁﬁf&p?g%HCQY%HG%EMYQQMM’ ?%’\%ﬁ!,gn&ﬁﬁ@ 45%8 VLPs, HPV
31 VLPs andehRYpd$d VLPs, each VLP conprising LI proteins or functional L1

protein derivatives fromonly 1 HPV genotype. 3 A vaccine according to
claim2 wherein the VLPs are LI-only VLPs conprising HPV L1 protein or

functional L1 prptein deri iVves . e f kRA: ci ne
conposi ti or? acco‘géflacncénet %ccg%rﬁc@ﬁ%)tro ec(iaeu%li ncg0 cqlgslﬂr% *{c%lﬁp@(ﬁes‘ﬁr%; ‘@E?g Lﬂ)gglr%i%gt i ng

essenti al | y180viips, ¢fP\PBONEISintl AW HPVIPS, eabiP VI PSonkfoMindll Bpbtdifidord5. 5 A
vacci ne conposition accaording to any preceding claimwherein at | east one
L1 prot ei n factional Lhproten derivaiivgs &pin ongy hAHFACES9ERConposi ti on according to
any precedi ng claimwherein the

3 A vaccine according to claim 2 wherein the VLPs are L1-only VLPs
comprising HPV L1 protein or functional L1 protein derivatives and no other HPV

protein.

4 A vaccine composition according to any preceding claim comprising VLPs

consisting essentially only of proteins from HPV 16, HPV 1§, HPV 31 and HPV 45.

5 A vaccine composition according to any preceding claim wherein at least

one L1 protein is a truncated L1 protein.

6 A vaccine composition according to any preceding claim wherein the
composition comprises a VLP containing an L1 protein or functional derivative

thereof from an additional HPV genotype.

7 A vaccine composition according to claim 6 wherein the additional VLP
comprises an L1 protein or functional L1 protein derivative selected from one of HPV

33, 52, 53, 58, 35, 56, and 59.

8 A vaccine composition according to any preceding claim which is at least

60% effective in preventing cervical cancer.

9 A vaccine composition according to any preceding claim additionally
comprising an HPV early antigen or immunologically active fragment thereof selected

from E1, E2, E3, E4, ES, E6, E7 or E8.
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conposition conprises a VLP containing an L1 protein or functional
derivative thereof froman additional HPV genotype. 7 A vaccine

conposi t iwe 0aetszling to claim6 wherein the additional VPPI/EPONMSEGes an
L1 protein or functional L1 protein derivative selected fromone of ETV
33, 52, 53, 58, 35, 56, and 59. 8 A vaccine conposition according to any
preceding ghal m Wl Glacis Bhnph 861 acBRIB OIS £GHIURal} MifVRALLARGAIHT ca!
cancer. 9 A'vaccine conposition according to any preceding claim

addi ti onal lay antigempterived froanan-iRYarean lcyusarg a sppmaldy tramsmitied digeasel | y acti ve
fragment thereof selected fromEl, E2, E3, E4, E5, E6, E7 or E8. 23 WO
03/ 077942 PCT/ EP03/ 02826 10 A vacci ne conposition according to any
precedi ng ghai m f or kR RAmibiilon 8oRlths 81aifETd VRbeld BBARQIgRRNI SM
causing a sexually transmtted disease. 11 A vaccine conposition according
to cl ai m 10ISMeuategen or iremanologenally active frag@i¢ntifieiegén or i mmunol ogi cal |y
active fragnent thereof. 12 A vaccine conposition according to claim10
wherein the antigen is an HV antigen or imunologically active fragnment
thereof. 132A vacqj #RcERIBAPLEitiONacefdhigioWaitn] CivabinkBe Whesiis ah BEVant i gen
is a chlanydia antigen or imunol ogically active fragnent thereof 14 A
vacci ne corpiégintaromnzwengiiaty actdvedngnpnethseiodg cl ai m conprising an HPV L2
protein or fragment thereof 15 A vaccine conposition according to any
preceding claimadditionally conprising an adjuvant. 16 A vaccine

conposi tion3accor A vigcine cepbsitiddasoetiet v dbien BOljvhig@h the anigen igbum ni um

salt.
chlamydia antigen or immunologically active fragment thereof.

14 A vaccine composition according to any preceding claim comprising an

HPYV L2 protein or fragment thereof.

15 A vaccine composition according to any preceding claim additionally

comprising an adjuvant.

16 A vaccine composition according to claim 15 wherein the adjuvant is an

aluminium salt.

17 A vaccine composition according to claim 16 wherein the aluminium salt is

aluminium hydroxide.

18 A vaccine composition according to claim 16 or 17 additionally comprising
3D-MPL.
19 A vaccine composition according to any of claims 1-18 wherein the VLPs

contain L1 proteins which are not chimaeric.

20 A method of vaccine production, the method comprising combining VLPs
containing L1 proteins or functional L1 protein derivatives from HPV 16, HPV 18,
HPV 31 and HPV 45 to form a vaccine as claimed in any of claims 1-19.
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17 A vaccine conposition according to claim 16 wherein the alum nium salt
is alum nium hydroxide. 18 A vacci ne conposition according to claim 16 or
17 addi t iwpaBloy79¢nnpri sing 3D-MPL. 19 A vacci ne conposit iPGR/ERO®@SR ng t o
any of clains 1-18 wherein the VLPs contain L1 proteins which are not
chimaeric. 20 A nethod of vaccine production, the nethod conprising
conbi ni ng Ps ¢ i i i f of tq I I in derivatives
fromHPV 1 i_ HPV ?gg@fﬂg{}g%ﬂfjoafﬁ{ Hg%r}%\@tlg’ %‘Ig?r?ilgﬂ@algz%‘?ﬁg \gzsﬁcl ai med in any
of cl ai ms dom@isiZAtheD 1086 REV@ABnROTARRIBAGRSREcoLin this praphragiomiokaur e of HPV
16, HPV 18, HPV 31 _and HPV 45 VLPs .c tising. the. L ot.el.n_or functional
deri vat i vevaogmeder the Rrevration %qagp?rgﬁ?gﬁmgr&e\;gggﬁeﬁéo %S&r?ﬁeg{lf)’?’event i on or
treatment of a disorder related to HPV infection. 22 A nethod of prevention
of HPV infection or treatnment of disease related to HPV infection, the
met hod conm@?i si ngAdedthedef prgventionnf HRY infettian ontreztinert of disegperelateshio or
di sease an ecti.ve anmoupt .of a .vaccine ¢ kL. C i ny
precedi ng H@VaﬁPfﬁCh% tﬁe gF fllclogigas\l}g@gﬁxr’leen n%gg mgﬁ)éé(ilﬁgﬁglcagﬁ%l?%)glﬁﬁ%aggvacci ne
accordi ng §0digende M effédtive Amotnfldt aMaeEi@k BoipesilidPecchbrding tdRMyoecedihg 31 and
45 are adsorbed onto al um ni um hydroxi de before m xing. 24 A vaccine
conposi ti oflainket hod or use according to any of clains 1-23 wherein the
i mmune response against a given VLP type in the vaccine is at |east 50 %
that of the response of that sane VLP type when neasured individually. 25
23 A stabilised vaccine composition comprising a vaccine according to any of

claims 1-18 wherein the VLPs from HPV 16, 18, 31 and 45 are adsorbed onto

aluminium hydroxide before mixing.
24 A vaccine composition, method or use according to any of claims 1-23

wherein the immune response against a given VLP type in the vaccine is at least 50 %

that of the response of that same VLP type when measured individually.
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