15 Septenber, 2006 Viral antigens The present invent : gg rﬁl at!es éﬁgi
vacci nes against HPV. In particular the invention re
conprising virus like particles (VLPs), especially virus like particles
conprising proteins fromhuman papilloma virus (HPV). Papillomaviruses are
smal | DNA tunour viruses, which are highly species specific. So far, over
100 i ndividual human papill omavirus ‘éHPV) genot ypes have been descri bed.
HPVs are generally specific either f¥iralantigensin (e.g. HPV-1 and -2) or
mucosal surfaces (e.g. HPV-6 and -11) and usually cause beni gn tunours
(warts) that persist for several nonths or years. Such benign tunmours may
be di st ressi nkhefpoesentiieventionticlated vav s cinesagpinseHP YU In patichlarahe ingedtien! i f e

t hr eat eni ng, i dons. ..Sone, HP re al sqQ assocjated with
cancers. The Iéykfregtnogveas H%%éﬁ’?ﬁ%fﬁﬁ‘%&&?%&&@% lywﬁkﬂ human
cancer is t hapertistes compniting profeiis fearhuni phpillamd vidMHPAS, and cer vi cal

carci noma. Cervical cancer is the nost common malignancy in devel opi ng
countries, wth about 500,000 new cases occurring in the world each year.

It is now t ePapillomhtisusésansitIEDNA ta@biciGhibess AHIRR areHigHIR Epectd® Mok ffic.

I nf ecti ons; estabJ i shed HPV- 16-contai ni ng cancers, 'using

vacci nes. Fosggﬁ’%‘(%?éw Bividyal humag papillersavipes (HPY) agnotmes havelbeen her apeut i ¢

vacci nati on aggiibst HBR¢ &@ﬁ]?@fé& ; ' : 3?@' B 4, 1(4)
293- 306 and Hagenesee I\/R%é%nf ec1 ion[sﬁc#lmchfeﬁi&eﬁlgh@%g' 12?1?9 21)%%
555- 556, 559- B@gosalgurfacas fhe HIGS apd r§13 endbusyaliy capsebanignatiinotie (wans) tiate s

descri bed' haygqat ' I ' E8,and. two l.ate genes LI
and L2. In agﬁ??ifg}n@gﬁlﬁ%@%‘g m r %%ﬁ%ﬁ%%?%’%?%ﬁ&%@‘ﬁ%gm atory
sequences whindividuslseorcernsd buttendot ik lifetthreateming, withaniaty exeeptivss. of t he HPV
genone. HPV LI based vaccines are disclosed in W94/ 00152,

W94/ 2013" 7, ' M (P3/62j 84 and W94105792. Such a vaccine can conprise the

Li antigen aSonze HBVioarealso associaled o/ithcaiversd Thie stiongdebtposifids hiseistionVet hods for
the Prepar atﬂe%eegfmmm%rh%mv}ag Icx!mcer 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 infectiotis, 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.
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Although minor variations do occur, all HPVs genomes described have at least eight
carly 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; W094/20157) W093/02184 - -
and W0O94/05792. 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 L2 proteins.. L2 based' Vaccines are o J.
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known in the art, and include VLP disassenbly-reassengly aEprgachgg o]
provi de enhanced honogeneity, for exanple as describ t and
US6245568. Such particles may additionally conprise L2 proteins. L2

basedjiraccines are' 3sc.:|l J 15 Septenber, 2006 described, for exanple, in
W93/ 00436. Ot her HPV vaccines are based on the Early proteins, such as E7

or fusion prgteibs ?jé}%??@ge,liﬁﬁ%/@?@ bﬁ]tefﬁfv‘%%n%w&éed’ &F@hgﬁ‘y teg:;? 'S

still no broadly ef vaccl ne agai ns cervical cancer.

i nvention r epwtans, sushas E7 ppfusigs groteinciunk as2iEAst hurman papilloma virus. In
a first aspect the present invention relates to a vacci ne conposition
conprising VLPs containing Li proteins or functional LI protein

derivatives DespitediR\WdB on HPYV vab&inedthtfe Hlstilimd btrbMdlyiéifectivevacdineagainsent i on

al so rel ates o8 Bl hod of vacci ne production, the nmethod conprising .
conbi ni ng VLPS ot S chi ng LI proteins or functional LI protein derivatives
from HPV 16, HPV 18, HPV 31 and HPV 45. The invention further relates to

use of a m xture of VLPs. containing LI proteins or _functignal Li protein -
der i vat | ves TRGHPSERAfIYRgioR FRlates g an qpreyed vageine pepinsthumen papyllome yim e
preparation of a vaccine for the prevention of cervical cancer. The
invention further relates to a nethod of preventing cervical cancer, the

met hod  conpRiadirpigserst the preseny inventinn relates {0 aivagring compesitiaprcomprisipg al  cancer

an effectiveypsiuitaifile Bt MRt filkti | g@é | ne
conprising S mxture o% I—E’V%gs ~ﬁﬁ§u&%§£ig¥b‘?%ﬂ)\ﬁ/ gﬁ%’%%%t@?cme VLPs
of the presdd$HPNHmd&HPVc4h be forned fromeither the full length HPV LI
protein or certain LI derivatives using standard nethods in the art, for

exanple as disclosed in W 9 911 3 05 6 incorporated herein by reference,
It is preferfhednventitn dlsverelates po omethod ubeadcine pfoductidn)ithe idthddsomptisingcat ed Ll

protein. combining VLPs containing L1 proteins or fimctional 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 1.1 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 é"nuxtureof HPV:16,

HPV 18, HPV31 and HPV 45 VLPs. O AT

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 W099/13056 incorporated herein by reference. "

It is preferred that the L1 protein used to form the VLP is a tnmcated 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 30
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Preferably at |east one of the VLPs conprises a truncated LI protein, and
preferably all the LI proteins in the conbination valk3September, 2006; o ||
proteins. Preferably the truncation renoves a nuclear |ocalisation signal.
Preferably the truncation is a C termnal truncation. Preferably the
C-term nal truncation renoves fewer than 50 2 15 Septenber, 2006 am no

aci ds, nore fr%@ r&g@ ;ﬁpty the C
term nal truncat | on Fem) feﬁngﬁqwﬁ%h% §|3%1ﬁ'74#§? an Bg am no aci ds
from HPV 18. tﬂumﬂmwonmnmv@sé#mmamdsﬁ'om&ﬂr\yw emt35 amiab atils fromt ei n
derivati ves. }Wﬁl onal LI protein derivatives are capable of raising an

I mmune response (I'f necessary, when suitably adjuvanted), said imune
response bei ng capabl e of recognising a VLP consisting of the full length

LI protein a /or BPV. t e fr whj ch the Lj otel ved. VLPs
of the |nvent Wé?'?éﬂ"%tﬁmﬁ B’n% L pagtegy defi ?F&‘E&F ‘ﬂ’r“g{’{e
derivatives, wﬁﬁhu&th&EraeépﬁbleBﬁamnéwﬂnﬂxﬁe%boﬁe ({&'hum&l-ﬁdvhbﬁ’v Ll

pr ot ei ns suc ?g del etign, .substitution, or insertion nutants. Suitable
derivatives SWEBlYadvanied), saidimmene esponssbeie rapthlees recngaising ¥R ei n or
derivative ”Edhsﬁhﬁé’oﬁﬁe%lfl‘dﬁ%ﬁ d't‘élﬁhﬁli/ gPﬂ?ﬁsﬁﬁmeﬁém off the LI

protein with 12 or an early Pre era lon proteins conpri se
proteins f r oRfolN Yapdrsiviehy genotype VLPs made from chimaeric LI proteins
in which LI proteins fromone genotype are linked to Li proteins from other
genotypes are not preferred. !'r The LI protein or functional protein
derivative immbfthbhvemliﬂmamlémmpasdmﬁerw&mnﬁndmwdmn can be

and gynami ¢ TA0HN ot EERE R QR gl REHB! SRV T EpERE P St “The”
VLPs is | essddldiian, ﬁib&tzthﬁon, obikertisriehetani) Suitddisddivatives also mclude codon

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.

PENEE

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
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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. '

Lo ohas, o caannpl electron
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0.1 and nore preferably |l ess than 0.08 when neasured ﬁging a %Elvgaﬁ
Zet asi zer 3000HS under conditions as described hereif: emoe rm
"protein' or reference to a specific protein e.g. 'L1" is hereinafter

taken to include reference to functional protein derivatives, unless

ot herwi se indicated or obviously apparent fromthe context. 4r] u 1.1 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 LI - Adiginativélpsantt marst wafchcuhfthd veeaine dongysrived stpeiditidaal HPEvaleoy; " 3 15
Sept enber ferred, the I ne_conprises
anpaddr ti ona?rgﬁ-r’@%l\}’zfﬁ enc%’t :];%r}{; %&-Sgglzﬁl?&f@ft@ﬂ?l Vplepey ﬁe‘%%‘%ﬁg t he

gddr ti ?_nar vah &b pyotéin Ofaﬁx\rlbﬁbmbﬂ@ﬂfwﬁv&}@s;baﬂe ?ong%@to%mgféz fsggw; B3) g,aJS o
erivative, r ne 4o an .
6 58 ROt  sptuge iy Fhuboube e ls PeisedBe in  sout

Preferably t
Anerica or I-Bbﬁtﬁ&méii&a@fl—lﬁ? 584153 ort BEwhen @d ViBcind isf O usd $E Ak, Asi a. The

present invention also extends to vaccines conprising 2 or nore additional
val encies, to provide a vaccine with 6 or nore genotypes. In one preferred

erbodi ment t 1; resthl i9ERR aRY Ckidhfito Vhddiel LA Do m&iR sflitioddY 11
genotypes. Preferably the vaccine o? the 1 nventi I's at east 55%
ef fective i nvalemeiesrdp PrRyideer vireine with Groe oore geootypex ef er abl y 60% 65% 70%
75% preferably 80%or even nore effective in prevention of cervical
cancer. For the avoi dance of doubt; %efficacy in prevention of cervical
cancer mean s‘nmﬂepmedmnﬂ)gdlmem tha bombieatidneatludes VIPs from HPA6ah§b bRV

i nfection, Eéﬂﬂm‘f protection agai nst cancer caused by one genotype.
Preventi on bl y assessed over 1 year post initial vaccination,
al t hough preferred vaccrnes are equally effective over 2, 3, 4,5 or nore

years. The O?retfextahﬁratﬁg vaccme o? 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; % eﬂicacym préirczitibn
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 genoiypes to ta:get the vaccine fonnulat:on 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 imroune -
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%. Forresponses to the HPV 16 and HPV 18 VLPs, the combined
vaccine of the invention preferably stimulates ar immune response which is atleast:
50% of that provided by a combined HPV 16 / HPV-18 VLP vaccine.' Suitsblythe =
immune response generated by the vaccine of the invention is at a level in which the




I ncreased by selecting appropriate HPV genotypes to target th l.pe
formul ation to specific geographical areas. PreferabM%i—%ﬁngn of
VLPs within the vacci ne does not reduce the imrunogenicity of each VLP
type. In particular it is preferred that there is no interference between
HPV VLPs in the conbination of the invention, such that the conbined VIP
vaccine of the invention is able to offer effectlve protection, %ai nst

i nfection by %%FEWWPM@HB%W&@HW’%@M@B THe PWBMREJEPORSS MY AUy y t he
| mTune 1 espQStea8] ?rﬁtexﬁn?l'e"lﬁfhtn bk r¥fRnies, dsMusaRiePhéleinl on i s at |east 50

% of the i mune respons VLP type when neasured individually,
preferably 100% or substantially 100% For responses to the HPV 16 and HPV

mmune 1 esponts L ER" P el Ry befipty Epk bRl prov?’%‘“?“t*“&“é’?#é?tnié iy

16 / HPV 18 VisBaseaFeri exemplsuthe mbxyxe trdag be isaditbarapcotioatly seregucecvivel bdd by t he

f th t | ' "
Uh 15 Sopt erBayorGuanR Tl Govied Frrinon b £y W Bestppn rtiedoieption o
The i mmune rﬁmsﬁxﬂaestﬁame sﬂhéaidcjnelbémﬁmnthﬂhmpmﬁpmmﬁmtdntl body

responses, a Ius vac i,ne o | nvention,may be used
to treat or %ﬁve'@? ﬁ‘Hd?B’P"P Hrda gl ecgg} ‘ﬁ grhfhe vacci ne
may be used hﬂeﬁmwolrsladebmseomdw dbtﬂbﬁiaubﬂaﬂheﬁﬁdﬁtwnmrg&mﬂaﬁm t hat

| ead to cervical carcinoma or N Il sequel ae. The invention thus relates
to use of th@%@%ﬁf@%ﬂﬁ%@ﬂ%‘ﬁﬂ@dﬁ #hendde- ¢ her apeuti c treatment of

di seases related to HPV infection and in prophylaxis of infection or

di sease. The invention also relates to use of the VLP conbination of the

i nveption i nTheveseiae Dbﬁhemmmmmlbﬁmfﬁwl&g‘bmmwhEQM‘B“ 31 and

45. The vacc t sy VL Ps
whi ch provi E&R‘Z’%%@m%@%ﬁ%@t%m E@E%sﬁ:.co taining LI
protei n fronuddRyY BRY 16Igenotypes.

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 protéin fragments in'
addition to the 11 protein or derivative. Proteins/peptides may be deliveredin
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 El, E2,
E3, E4, E5, E6,E7, E8 or immunologically active derivatives thereof. When delivered
in chimaeric form it is preferable to utilise an immunogenid fragment of ebout 30-60

armnino 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



and/ or HPV 11 genotypes. Pi Preferably the VLPs conprise the HPV hl Brotein
only and no |Ii protein or protein fragnment. Vacci nesi8 n may
conprise other proteins or protein fragments in addition to the LI protein

or derivative. Proteins/peptides may be delivered in chimaeric formwth
the LI protein in the VLP, encapsulated within a VLP or co- fornulated in a

mxture with $be Vi.P.s, ]éxn%g ; i.ns or tides .al so. be co-

admi ni st er ed l\;/fll th 1[){%6 vEods ném@?‘ij{“ﬁ%”?sﬁ%}%h@?‘%wﬁﬁﬁmg%%ﬁ yiand acci ne
conpri ses an B We pptiovlaily piefer Lidt the vhatciieicompsises RDOGr adfuncatd leRBE k8@, f Of
exanpl e as difass.!,gﬁggg' wana et  al .\Vacci 2001) pl496- 1502,

i ncor por at ed "her’éi n %/Ertﬁ;? remce ?‘nﬁdﬁc?ﬁﬂgpgagéﬁ%&rgﬂ%W%nt t he
vacci ne of t vacdimageovidespromyticnegiing Wothaied ani HEVHRYeRAd M Rt gk e SUCh as
El, E2, E3, d§s4ri gds \g@@z 8%8 a&l&mnol ogically active derivatives .
t hereof . Wen ePIV r iR V5 4Pmit is preferable to utilise an

I mmunogeni ¢ fragnment of about 30660 am no acids of the early antigen.

Optional ly t vaccine may al so be formul ated or co-admi nistered with .
non- HPV ant i EW%WVFMGFW@WCMF@@WWMMmniaipinatcwid on agai nst

ot her di seas psteiifedm PP 65D 5 € HREAs, s@cﬂ%&hlig, YfpP! y sexually transnitted

di seases such as herpes sinplex virus, nydia and H V. W particularly
prefer that the vaccine conprises gD or a truncate thereof from HSV,

Dacct ne. pr ov) Hun ety Yo iR ey 5 B OR nipvides 3 vpemedorgtong s
anti gens ar mm@fmyd6gmvmmmvwmmmwmmgsem i nventi on
Ppvic 1g rabEertindy lHRY fir OLpi birsile, s et am bt My Berain o
embodi nent, thhbl protemoi bhdaivativele Srofh NPV 461Thé S iokienblafire principle

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' genotypé. '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 L],

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 strubture & 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 withunixed




m xture of HPV 16 VLPs, HPV 18 VLPs, HPV 31 VLPs and HPV 45 VLPs. E&ference
herein to "HPV 16 VLP', for exanple, is a reference t ein

the Li protein or LI derivative is fromHPV 16. The sane nonencl ature

principle

applies, by extension, to other VLPs described herein, such as

HPV 18, HPV 31 and HPV 45 VLPs. Preferably each VLP contains LI protein
fromonly' 111PV gﬁ?ot pe;' Such a vacci ni magl be f,@&knﬁbﬂjed producti on
of i ndi vi dual 18(45P¢LPs. Ghmbmatians of oresthan £ &1 ggnatypes wi HEMD nati on of

such VLPs.

Pr&h@h@ﬂt% there are no other HPV proteins in the VLP other

than L1. Also preferred are VLPs containing proteins fromonly one HPV

genot ype,

such as VLPs with LI and L2 from HPV 16. However, in an

alternative m&mh&%c%@uh&}ﬁ?&% e ehitEssithio? tHERYARGIAMAILIE BrotfhdS, L

m xed VLP conprising
prot ei n fr omfalleesidnydogbiratipy t, fomn ¥LEs, s eheanpli

r

one enotg;ge I'n conbination with
bersin:  Alterpativelsodtinde e not

chimaeric LI .proteins ut assoegi ai.e .t oget 1t hi et apsi d

stntbture t' L}' pé'?tr?}nsW@ﬁ%@ﬁﬁsggwqbg.mﬁfggﬁegr%?’eﬁ(@uggﬁ%r%ons i ncl ude any
permut ati on Gbngeo @é ymﬁ}eﬁwﬁﬁﬁdﬁmgm btemfpﬂmd_ _ drhenﬁfw@nd tion
may conprise.a m xe o i nat i a.nm.xe
HPV3I / 11PV adatorhest calls, fach factors paitferen g%f%?ﬂ‘i %ﬂ“ﬂfvﬁ‘f‘?& AP |

Sept enber,

2 Qeétor Ha¥rgmiitifle 1.1 @endd] cvatrblibyod shated prdniater o2 nhultiglenot yp
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es

within 1 VIP are also contenplated. M xed VLPs rrg]y e. produced by separate
3‘55"3@ g e

expr essi on ofindipdugl prmaters,amay pe preds DHE clemgnts mag

PP

VLPs, as exerpiiy whtredpprpiate. AUkifig Sithickfredsidh Stratepio® thelcb-oRprebsed 0 1M
expressed within'the sane cell, fromone or nore, DNA constructs. F

exanmpl e, mul Prosties DrAbe empurifisdifer sybsequant VI T formationor anayispeptateariiy d

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. Whiere additionl 'éitigens 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'spdritaneously fonnJWhen
the L1 protein is expressed, as occurs for examplc; in sonie 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 # réducing agent: Ag'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
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into host cells, each vector encoding a different LI Protein. Al ternatively
a single vector having nultiple L1 genes, controlle ept not er
or multiple individual pronoters, may be used. 1RES el enents may al so be

i ncorporated into the vector, where appropriate. Using such expression
strategies the co-expressed LI proteins may be co-purified for subsequent

VLP formati onge ok 0y p for ' d\éIBP which can_then be
purified. V\he?_e mcxeg %%%@%E%ﬁggégé?f@'XM?ﬁw pyemamxmreef . o4 v p
production’ disegiried 3 ppoteipabateimvalaif aYédicing agn® fidinthe Mixtokefubiat | ves, such
as LI protei £ dinf | t papillomavirns genotypes, mxing the
proteins if @gg@:@%@mﬁl%@\@%%&m the proteins to produce m xed VLPs.
The LI proteins may be in the formof a crude extract, be partially

purified or &pr'f' glé‘{)rior o mxing. Preferably the proteins are at |east,
partially pu if?ﬁe‘éhiy BRECBRY RIocesRTETIE fomapmpyvil af ¢ jeducing agrnt syshias P+ cat i on

of the m Xednerédpfoctiaidie carried out after assenbly. \Wen
addi tional "antigens are used, then these may be added where appropriate.
I n one enbodi nent m xed VLPs may be made by di sassenbly of 2 or nore VLPs,

fol  owed by qgg’mo%pgr%o%'lﬁ#%q; ﬁﬁﬁ&&g‘@%}@%m\&ﬁt‘&%ﬁgﬁﬁ ik 2y suitable

point prior to reassenbly hi's approac S sul
VLPs' spor i t afdBiy ey webastbepeesence bfa tdduginpagenth Assuelundasertainas occurs for

exanpl e, in spap.JSast i.ns.. Were expressign of the LI protein
does not Ieagﬁ)to spg%t%%%guggwgﬁmwgwlgﬁéﬂaﬁ%&wqu proteins or
capsoners mayedbengagent. riei dabf infpertam 36 the linvehtiinCthal YhikBg of Beqbtkins §bmVLPS i S
general |y achi VFG}F bﬁ renoval ' af a tdduci ngagent, Af such;” in mxed VLP
production, tThe m &M Wﬁ“ﬁ?‘ﬁ?@%@%&?@@%@%%@@é@ﬂp@%ﬂhw t he
renoval of aﬁﬁmmﬁ@%ﬁn,mﬁ&iﬂmrﬂéﬁi&{s’ﬁiﬁ{tﬁiraﬁwhﬁr eferably the
production 7_ 15 Septenber,. 2006 of mXxed VLPs conprises the, step of m xed

VLP formati off'I'P Opfombipatiogof these.

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 aimounts of each protein”* ' '

Vaccine solutions comprising mixed VLPs may be stabilised by compositions known
in the art, such as those of WO 98/44944, WO(045841, incorporated ﬁerein by
reference.
e g oo Ta

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 vaceine 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 ina 0, 1t
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,

centsd v s o ns hovo
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di ssociated LI proteins by renoval of a reducing ageni onmtBe & ﬁg re
under conditions that allow VLPs to form Preferably

process results fromrenoval of a reducing agent such as (i-

mer capt oethanol. It is, however, known that VLP formation is dependent upon
pH, netal ions and ‘salinity as well as the presence of a reducing agent.

As such, und | LIG e Ps m ght
formin the Sérg%ﬁa%@ﬂhgymg%ner%%ﬁiﬁﬁgacgmgﬁmﬁﬁﬁo&%ﬂﬁ&%’%ﬁﬁﬁgor ﬁt{zy;‘% t he

i nventi on t hdyophilised gndfecddstitupipirior tosdinimstration.f f er ent genot ypes occurs
prior to the change in environnental condition that allows the m xed VLPs
to form whether this is pH netal ions, salinity, reducing environnent or

conbi nati on ofhetva@ifes omrlﬁveﬁh&ﬁﬂayﬂm;ﬁls&E(ﬁdvan&rﬁf:&hﬂﬁhﬁ’odm fenponent s

of the VLPs are mxed. in the nproportions in which they are deslred in the

final mixed WIFs- Byitabdy thepVIPs of thejinvention arg psediin cambipatignapith al BRoar i al |y
purified LI mﬁ@h%lsﬁltefuipﬁasbﬂ%‘éd aﬁp@mlyldﬁ’éérﬂéaonwa&hﬂﬁﬁnad avafsl Ak With

approxi matel y equal anpunts of ‘each protein.' Vaccine soI utions conpri sing

m xed VLPs n@yefwdmﬁim@@dﬂmgh Ma Thbtype asponse spch a8 BPMBL of such as

those of VO Q440 - lit
I T (. _~atL: @ Eor sz)’gg@m nes of the mvg%tlonﬁln:wls pr%erred t hat

the vacci ne NMPysuch dsehumntihinm plwsphiateand 3R-MPLadol escent girls aged 10- 15,
preferably 10-13 years. The vaccine nmay also be adm nistered to wonen
foll owi ng an abnormal pap snear or after surgery follow ng renoval of a

| esi on causeﬁﬁryfehid/adjﬂfaihraamhmummmjwﬁhﬂﬁcdmbhuﬁﬁmdfﬂm'miﬁh or 3 dose

reginme,, forgh nth regime or 0,1 and 6 nonth regine
respectivel y]C1 %‘B’Pﬁ ngﬁf’ﬁp WQYP%?F °Heg| me i ncorporates a booster
injection after 5 tol O years, preferably 10 years. 8

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 accorhg 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.

cvadads, e e it s
The dosage of VLP and other proteins will vary with the condition, scx; 3ge 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 immunologica'ly protective response.
Suitably each vaccine dose comprises 1-100 pg of each VLP, pmfcr@ly 5-80pg,

AL LDsEty ¢! sl m,
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15 Septenber. 2006 Preferably the vaccine is a liquid_vaccine fornulation,
al t hough the vaccine may be |yophilised and reconsti t 06

adm ni stration. The vaccines of the invention may al so conprise adjuvants
in conmbination with the VLPs. Suitably the VLPs of the invention are used
In conmbination with alumnium and are suitably adsorbed or partially

adsor bed ont on@kéxlms' | :!)éaé% r ' nts .whi ch
stinulate a Thli typfegfaﬁgs%?r? e Suliﬁl.ﬁ,élﬁ@%ﬁ&{;)b% S%Q%.Oefggﬁ‘g%ﬁwtﬁﬁgg’adj uvant
i's an al um ni G 98is,,15 pgelr0ppkspediallycmefeidt i on with 3D MPL, such as

al um ni um phosphate and 3D-MPL. A preferred adjuvant is alum nium

hydr oxi de, with the conbi nation of al um nium hydroxide wth 3D MPL
especial | y pr'Eiﬂnﬁ!ﬁdaleﬂt\heébiﬂﬂ.&&h@ﬁ@seﬁﬁﬁ%ﬂﬁ%@ié%ﬂi&&yﬁ}ddﬂ&dﬂi%&?r Wl Ni ng

adj uvants, the ' [ referably added before m xing~o he "VLPs to
formthe fi nalf‘"@%@ﬁﬁﬁ’ﬁr Mdsﬁéhﬁl%@‘i‘%%ﬂ pEl1 ¥iLBs areovgitknownan theiarti um or
an al uni ni um mdripuasdoeekampid MithddsSWen in YISHS Wos ' \og%d | so
relates to a stgﬁ' Ei sed corI;bi natio%ﬁa‘\r/eg(%j ne \%@32% nt gz‘w\j/L S é@ehgdsorbed
onto an al umiFAHRIE326, thewhale contents of which avednopepozated barkie. over tine after

adsorption onto an alumniumsalt than in the absence of al um nium
Preferably stabilised VLPs are obtained or obtainable by nethods according
to exanpl e Buially theVIEs of theinvention aeanwaie by disassemblytdnd PeasSeybDEof VIR, ded by

any of a vari as r t.opi cal,,, ., subcut aneous, nusosal
(typically i ok ’)gx‘/’faaé Pﬁ%ﬁ%ﬁ’%@%\}‘é"n‘&& fﬂx“‘?‘ﬂt’g of RHLEIP BROCeSsoR ATE AL

subl i ngual , i WORPHGRUSHAAS S68and WPEMB0sE.y. | ntranmuscul ar  and i ntradennal
delivery are preferred The dosage of VLP and other proteins will vary

with' the condition, se, ; Ige and weight of the individual, the

admi ni st rat i Breferahly eheanioPsHrd pRparbd SoMasetiells it be
varied wth the r}éﬁber of VLII?’ﬁ?y_es. Sui t abl y@ﬁg%ﬁ\%é’y&?@&%@@gn anount
of VLP suit aBPe™iRPIgess susheas coliptiyrastsglis foriepample; § cerevisioe Sypowiwer

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 methy! amin6 ethyl - DMAE), ‘aniion
exchange chromatography (tri methyl amino ethyl - TMAE), hydroxyapatite
chromatography, filtration such as nanometric filtration or ulirafitration, 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 priOrﬁ Lo
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; |

*



Sui tably each vacci ne dose conprises 1-100 g of each MLB, prefer 5-80g,
Il .., .+Useni . (' f al UIIItP 'rn. 9 15 Septenber.%?g‘l‘#@ﬁé%erably

5- 30 g each VLP, nost preferably 5-20 g of each VIP with 5g, 6g, 1 (gg,
15 sg or 20g especially preferred. The nultival ent vacci ne of the present
i nvention is suitably produced by conmbining purified LI VLPs. Methods for

t he producti | . el | . ' rt, and include for
exanpl e net h%%l%ﬁghﬁﬁ@%%égyﬂ%@i@ﬁ%m 09671 and US5888526,
t he whol e coFigard $illnirates atibadyaresponses pgrinst ¥IL.PHErie i mixeUHPYR0,)18 Bb 4§LPs of
the invention are tade hy disa I d reassenbly of VLPs, to provide
honogenous aft™ ?@Maﬁ?xegiﬁﬁgﬁgﬁo‘%n@rtabl e processes are given in
W00057906, UBRRASSARs@Ae: MEBG13090nsePagdest ¥IPy 8tih @ mikddFIBY ¢6,18ehBMEd f rom

insect coils such as Sfl. or H -5 cells, although any suitable cells such
as E. coli of"% °chéF‘f‘§?"ﬁ‘6‘Pl'1§¥a1§ﬁPﬁtf°lfS. cerevisiae S. ponbe or Pichia

sp. may al so brpuktEliusthii@f BiiBddy\redpbised bifalrlst VAP0 in 9miNddASPA1 6,618, 31, 45
expression includes one or nore of the _steps of anion exchange
chr omat ogr apsfmbnstioavacsinevs ap HP¥ 3 wpotrod 49¢nF) | ~anen  exchange

chr onat ogr apBuel 7 il NEkdehtifdly2espeisty hgainst VBEUS 1Y SOOIV 6,118, 31, 45

chromat ography, filtration suCh as nanonetric filtration or

ul trafiltrat¢asbination vagaineoyshaybHBVidhcentendt i on chr omat ography. Preferably at
| east one ani on exchange step is performed during purification, and nore
preferably 2 ani on exchange steps are wused. Preferably at | east one anion
exchange purification step'i's perfoEsmupledi or to ~ nixing the proteins.
Optionally a Wirradiation step may be enpl oyed. For the avoi dance of
doubt, the entire teaching of all docunments referred to hereinis

i ncor por at edTitondieition ofHP VS apd EP¥NIS L NVERS isalstailed hdréinsLY protethsby t he

fol I ow ng notgc;nlllo e;[‘ hi;% g%)ég elzseigayab%q'eadily produced by similar methods, already
known in the art,

A Preparation of HPV 16/18 L1 VLPs

R G O o
Production of HPV 16 and HPV 18 VLPs was carried out using standard protocols —
for example, sec W09913056. HPV 16/18 proteins were expressed in Trichoplusia
ni (High Five™) cells (at 2 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 fo
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 filiration.




Fi gures, wherein: Figure 1 illustrates mxed VIPs in cogari saon WIEE HPV 16
VLPs as assessed by EM 10 15 Septenber, 2006 Figur 1 rate

size distribution of m xed VLPs; Figure 4 illustrates anti body responses
against VLP 16 in a m xed HPV 16, 18, 31, 45 conbination vaccine vs. an
HPV 16 control; Figure 5 illustrates anti body responses against VLP 18 in a

m xed HPV 16, 18, 3lpydficatfopPi Nati on vaccine vs. an HPV 18 control; Figure
6 illustrates_anti body responses against VLP 31 in a m xed HPV 16, 18, 31,

45 conbi nat i dhe perificaten procesawa-RVI@ out atroom tempmenatuE] Breecaptobthhned t r at es
anti body resp i VLP 45 in a mxed HPV. 16 , 31, 45
CAY% P GR diib ke cindaln Bt S Sl the YER sddionhRameBn of 1PV

combi nation v
16 and HPV 18for botilaRtigens, Iclel 6l 8. Glydasil @iafaddell up ¢4 Edndentrakib® BT VAR, HPV

genotypes may. be readi | rroduced by simlar nethods, already known in the.
art. A Preparjgfﬁpﬁrqu‘?&ﬁti‘ﬁ‘/# “ppreaptesthapplyuct j on of HPV 16 and HPV 18

VLPs was carried out using standard protocols - for exanple, see W9913056.

HPV 16/ 18 pro Hllé, were expressed in Trichoplusia ni (Hi gh FiveTM cells
(at a densi ty“&@ Tergusyd otpre fltered on 9.32umfilers prontotsterage@bPT-RAAt PricBac ul ovi r us

(MJ of 0.3) qrcpdifgdtidd ®nHRYmibi e o rest. Cells were
har vest ed appr ox?‘rgriat elly 12 Boﬂ%@%%gég?#sggﬁ%ﬁ@r&gfﬁﬁﬂmaﬁ antigen
extraction THuffsnbaferesarople lgading8) was extracted fromH S cells in a three

step process of concentration, extraction, clarification. The

concentration step consists removes up to
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
Anijon exchange chromatography (DEAE) for HPV 16; and

Sterile filtration. o

Specificaily:
C1 Purification of L1-18 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).
Blution is performed with (Tris 20mM | NaC1 200mM | 4% B-mercaptocthanol 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.

12



90% of the culture nmedium and was perfornmed by tangegéial flgwfééﬁﬁation.
The extraction step was perforned with a hypotonic t pH
8.5). A volune equal to the culture volune was used to performthe

extraction. A contact tinme ofm ninumhalf an hour under snooth agitation
was used. The clarification was perforned by tangential flow filtration.

nl 7V' oi. %‘P&g e§gﬂ %qt&ﬁfdmagggrgph Bﬂﬂlf I cation The pl(JZfl%]: :/v;:\z/iv; | %Spggggzs

was carri ed o] oo -'ATr capt oet hanol

to the extracmauaéQ%er@tabﬁm&hmtl%lmomMMmmmw for both
antigens, L1-16/18. dycerol was added up to a concentration of w w 10%

just prior toeltlﬁélsdh@i applied tofa SE@“@@W@&%@GPMWWMB@VF&WOM ‘wer e
11 ered on Ongagh LISkl s FAESR6T 206l Bae e 18 730

pUI‘IfIC&tIOI’] run, rrxes are sanitis

appropriate 'thd:ﬂgenhehhmﬁmapprbnmlamhdtl cojumiPuolufbecaid theelntion pofile isir e gi ven
for the separate u itgh@ation of LI fromboth HPV 16 and 18. These schenes

are broadly SRiE "hvol ve the steps of : Anion exchange
chromat ography (D nethyl am no ethyl - DMAE), Anion exchange

chr omat ogr aplHydroxyapastitdsliromatapeapliynyl - TMAE), Hydroxyapatite
chromat ography, Nanonetric filtration gPIanova) Utrafiltration,

Hydr ophobi ¢ i Hestuataofdhe M riends pebied qahydiepyepatijs B oleRe) for HPV 18
or Anion excmé?gﬁ?ﬁlggﬁfmﬁ@&f 2R i LR wiltPippFRindiBly 231wk VélhRes of

filtration. Speci
(NaH;PO4 1060mM [NaCl 30mM | 4%BME) buffer, pH 6.0+ 0.2 .
’ Nanomefric filtration (Planova)
The HA eluate is diluted in order to reach the following conditions: (NaH2PO,

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;PO, 20mM | NaCl 500mM) buffer, pH 6.0+ 0.2.

Hydrophobic interaction chromatography (Octyl Sepharose)

The ultrafiliration permeate is applied to an Octyl Sepharose column. .77

This chromatography step is run in the negative mode with approximately 5 column
volumes of (Na;PO, 20mM | NaCl 500mM) buffer, pH 6.0 0.2 .

Sterile filtration
The purified L.1-18 antigen solution is sterilised by filtration on & 0.22 pm membrane.

ol e
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Cl Purification of L1-18 antigen Anion exchange chronmatography DVAE The
clarified extract (protein at a concentration of-' | ept ry 2806

protein at - 150 ng(m) is applied to an ani on exchange colum (D Met hyl
Amino Ethyl). Elution is performed with (iris 20mM | NaCl1200nM 14%

P- mer capt oet hanol BME) buffer, pH 7.9 0.2. The antigen is eluted in
approximately 5 colum volunmes and the elution profile is nonitored at 280
m. 12 15 Septenber, 2006 Anion exchange chronat ography TMAE The el uate of
the first step is diluted with 1 volunme of H20BME 4% The diluted eluate

is then appl i€2 to ZRusificotich efLLI6 eutgdeange col um (Tri Methyl Amino Ethyl).
Elution is performed with (20mM Tris | Nad 200mM 149BVE) buffer, pH 7.9 t
el uted in approxi mtely 4 colum vol unmes and the

0.2. The antjgen i

el ution prof i#%”?ﬁxciﬁﬁﬁ‘?‘flﬂ?gﬁt%ﬂmw Hydr oxyapatite chromatography The .
eluate of th I.S: li.ed to.a hydroxyapatijfe (HA) colum. After
sanpl e appl i ?&E%ﬁfi@@ g)graagﬁs%ﬁgmgﬁ%%?fu% ?’%E%FGBP@QWMbé 14m0 yrm vol unes
of (NaH2PO4 EtigdhM | NaCl30nM 149BME) buffer, pH 6.0 0.2. Manonetric '

filtration ( nova) The Lelyate is diluted ip order to reach the

Fol | on ng. cobitiRihbetcrRed Bkt | Naic O 4 ARMED busforgid 791 O3 7. 5
0.2. Then itmsﬁﬁgehwaﬂeéﬁ%?ﬁﬁhﬁﬁ& 481 o?m%{ et n

a. Planova 15 fl filter of 0.12 n? . yThehlilenlq{ ra %Pgﬁalﬁ% oeroﬁggdrfﬁé?jgat
constant preZOBHFedB28M- 20 mbar. U traflltration The ultrafiltration

Is performed with a tangential flow ultrafiltration system equipped wth

pol yet her sul Agfm dm;g@r@gﬁlﬁggﬁtabﬁymasset te 0.1 n2, | OCD).
The elvate of the first step is dituted 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 6.0402. - . -,

Nanometric filtration (Planova)

The HA eluate is diluted in order to reach the following conditions: (NaH;PQ,
25mM | NaCl 10mM | 4%BME) buffer, pH7.5 £ 0.2 .

Then it is filtered successively on a 0.2 pm prefilter and on g Rlanova 15N filter of
0.12 m*. The filtration is performed at constant pressure 200 mbar 3 20 mbar. -

Ultrafiltration

The ultrafiltration is performed with a tangential flow ultrafiltration system equipped
with polyethersulfone membranes (Centramate cassette 0.} 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 it is loaded in the system,

14
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The Pl anova eluate is treated to reach the foll ow ng cggdi L1 ops: 2PO4
100mM I Nad 30nM 149%BME) , pH 6.0 0.2 ; then it is 1 £ stem
concentrated 5 fold and dia-filtrated with continuous injection of-10
starting volunes of (NaH2PO4 20nmM |1 Nad 500mM) buffer, pH 6.0 O0.2.

Hydr ophobi ¢ interacti on chromat ography (Cctyl Sepharose) The
ultrafiltration perneate is applied to an Octyl_ Sepharose colum, This

chr omat ogr aph§pnsenisateris foldqand dia-flirated yathicortinygtwinigetion efd P stlartingvelumes col um
vol umes of ( f 6.0 0.2. Sterile
filtration TWT@%T@%E%B%M?%{ﬁﬁeo%gﬁg'st erilised by filtration

on a 0.22 pin nenbrane. A 0 13 15 Septenber, 2006 C2 Purification of

L1- 16 anti genAsinh exchangbchnpmatigrapiet BEAEphy DMAE The clarified extract is
applied to an_anion_ exchange colum (D Methyl Amno Ethyl). Elution is
1

performed wi theutratiltratiomplyatens adjusterhiotheicongnativity of the equilibitum buffey, 2. The
antigen is el i i y | on profile
is nonitore a@fggn%%(r&}m on i@ﬁaﬁg%%%g%?’g%ﬁ%wé el uat e of
the first steplimn (B Ethyddming Bthyl)vol une of H20/ BVE 4% The diluted eluate
is then appligd.to a second.an] a I ri Y, 1o Ethyl).
Euti on | o patismiadTireRt TN SPERE Rt st bk PR 02 i 7 o
0.2 . The anbfignns él6tee inhmpeorifatelyy ckiniiesHniesand thd dikiohProfBss and t he

el ution prof Lrllo%t&%datrrgsr&}rgr ed at 280 nm Hydroxyapatite chromat ography (HA)

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

C3 o
Eack VLP type is adsorbed independently to produce a concentrated adsorbed

monovalent.

Preparation of VLP16 concentrated adsorbed monovalent:

60 g of purified VLPs from HPV16 are adsorbed on 150 pg AP* 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, Adsdtption 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 AI** from AI(OH);, ata
pH of 6.0 + 0.2, for one hour at room temperaturethh ge;tlestnlnng. 'Lla‘lfus e
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:

15



The eluate of the TMAE step is applied to a HA col urmJ gter aarrp!s
application, the gel is eluted with approximately 3 ¢ t
(NaH2YO4100mM | NaCl30mM J 4/ .BME) buffer, pH 6.0 0.2., Nanometric
filtration (Planova) The HA eluate is diluted in order to reach the

followi ng conditions: (NaH2PO4 25mM | Nad 10nmM 14% BME) buffer, pH 7.5

0.2 . Then 'tgo;ﬁﬁnghfg??@s%r@dﬂ&ﬁgwﬁéeﬁﬂﬁb%gﬁ eglmlﬁlfter ”%pocﬁtanstam

Rl pnova | r Skl
pressure 200 maswnﬁrpnaomamm@aoa@ehmmppammalmf:inhwsﬁrb@ﬂ: s

performed w thyg-tangential flow ultrafiltration systemequipped wth
pol yet her sul fone ‘menbr anes (Centramate cassette 0.1 n2, |1OOKD). The Pl anova
eluate is treated to reach the follow ng conditions: (NaH2PO4 100mM |

NaC130niv 14% then it is loaded in the system 14
Gilfr nra; %“m g"mgﬂ’%’%‘s ab A BwIcentpation of 2Qugceach V&Ped 5 fol d and |

dia-filtrat edcommaematdﬁaugaﬁvhm@gt lon of-10 starting volunmes of (NaH2PO4
20mM | NaCl500m\V) buffer, pH 6.0 0.2. Anion exchange chromatography DEAE -

The ultrafiltration eluate is adjusted to the conductivity of the

I 1ibri NaAc 2 d lied
on an ani on bIﬁefdﬁnbmeacoI umm (W%&%ﬁ%%@dﬁup‘% m@f'ﬂﬁﬁ"ﬂ |”§‘9‘ ??grlrrgd

on an ani on exchange
with (NaHZPMW@DWWaﬂN&@?ImG@MMffer pH 6.0 0.2. The antigen is eluted
in approximately 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 prEx#ipN 2ne.

A Preparation of HPV 16/18 L1 VLPs

Production of HPV 16 and HPV 18 VLPs was carried out usmg standard protocols -
asabove Calil s RO

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 reasscmbly of HPV Ll 16 and 18is camed out together

Do B | CHE YR

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 DEAR step as
performed in the HPV 16 procedure.




C3 Each VLP type is adsorbed independently to produce g concegtra&ggﬁ

adsorbed nonoval ent. Preparation of VLP16 concentrat

nonoval ent: 60 g of purified VLPs fromHPV 16 are adsorbed on 150 pg Al3
fromA (OH)3, at a pHof 6.0 0.2, for one hour at roomtenperature with
gentle stirring. This concentrated adsorbed nonovalent is stored at +4C.
Adsorption is checked by <centrifuging the preparation and quantifying VLPs
in the supernatant. Preparation of VLP18 concentrated adsorbed nonoval ent:

60 pg of puribied VLRﬁxxi:é@ﬂbdtﬁ’Mm?a&s%ﬁ&c@ﬂﬁW Bﬁ&d%tﬂéﬁl aﬂncéﬂt&tnonftf om
Al (OH3, at a_ .. ' ~emmnw I?H of ong hour at

room t enper at E?‘Ea% the tye Hﬂeéﬂeﬁ Wr‘?l?‘ﬁbm reash an GMMW@P@H °§Ir’f§¥
monoval ent | 51§¥o%:ﬁfjlh@bl\1ﬁﬁ:st6ﬁ‘d S0 bh&'hé RrafBakGHstdan GV dpkhandics@pt he

preparation an uantlfyln Ps"in the supernatant. D Final vaccine

pr epar at i on: V 18 fdlowed by e BFAEsterchspetformnddn s BRM 16nt s
prepared by b@ﬁpgﬁpve nethod were conbined to forma suspension containing
20 jig each per dose. Final vaccine is stored at +4C. Addition of VLPs
fromHPV 31 and 45 at a concentration of 20g each VLP conpletes the
tetraval ent vacci ne. The conbi ned adsorbed bul ks, or individual adsorbed

preparati on oRr vt Hey oV E-mibd BEMET Y O Moy 16 and PV 18 VLPS was

carried out USTNg Standary protocqrs -
HPV16 HPV18 |
Y DMAE DMAE
l " P Puiane
TMAE TMAE
v v
HA HA
v v
Planova Planova | pcror b e b
50% 50%
UF
v
Octyl
v
DEAE
v
0.22um filtration
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asabove B Formation of m xed VLPs The process of the |nvent|oB éﬁl ves
di ssassenbly and then reassenbly of the HPV 16 and 145 L t he
reassenbly of HPV LI 16 and 18 is carried out together to permt the

formation of a mxed VLP. ' , ' - - .." F ! I The HPV 16 and 18 VLPs maybe
prior to the point at

conbi ned at any suitable point in the above process
which the VLPs are reassenbl ed. By way of exanple 2 specific strategies
have been tested: 1 m xing of both antigens after the HA step. Based on the

LI concentration in HA pools, the two conponents are nixed to reach an

equal concent HEWIG:HEV18 VEV.iMied BEDMAE Qept art the OF step. In this case
after the ultrafilhation step an Octyl speharose step is perfornmed as for

HPV 18 purlfl'&ﬁﬂmfb@riﬂhmme@b@mmgpsaaﬁrﬁedﬁﬂhms fhstdBy 16
h extracts nd copurify. .

q 6 f bot
procedure. ecgﬁgfgﬁ.t ra% m&ﬁgn%ﬁhows[epi%te “%PHE&F\R;B‘%&H‘ m xed to

Based on the
reach an equa'I'MABmmﬂ” ab0 mpM.of HPV 16 and 18 to start the DMAE step.
Again, after the ultrafiltration step an Cctyl speharose step is perforneds

as for HPV 18 foll owed by a DEAF step as perforned in the BPV 16
procedure. HRésaisPV18 VLP-m xed at OF step HPV16 HPV1$ DVAE DVAE 4 4

TMAE TMAE i y HA HA
HPV16-HPV18 VLP-mixed at UF step
2 lots of mixed VLPs (lot numbers 31b165¢ and 31b166¢) were produced by
combining HPV 16 and HPV 18 LI 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%, e e
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 cuvetie for Malvern analysis (800
plcuvette).

The technical conditions were:

- laser wavelength: 532 nm,

- laser power: 50 mW,

- scattered light detected at 90°,

s BTN carlrger o

18



4 4 Planova Planova ix ux, OF 4 Cctyl DEAE 4 O. ZZQEfiltritiog ég 15
Sept enber, 2006 |i PV16-HPV18 VLP-m xed at DMAE step eet is
applied but the mxing is perforned at the DMAE step instead of the UF

step. The concentration used for elution at the ani on exchange DVAE TMAE
steps is 200 "M Results HPVI6-HPVI8 VLP-m xed at UF step 2 |lots of m xed

VLPs (1ot nunbers 3'%@65&;@“ 31b166¢c) were produced by conbining HPV 16
and HPV 18 LI'pt’%’P@f A Pty by SDS-Page The purity of the m xed VLP' s

was as good as ldofation:Qutbsatic dbterntiidon Gy @ie soRWarkl bul ks. The purity of the
bul ks was higher than_95% EMdata - Fig | The EM of 31B165C (UF Retentate

after maturati ofYMREs3 CORFEAEE MEBSUEMUSesi cal  HPVL6 | ot (39B122c). VLP' s

were wel | fornegdavhiasddignees by ciimslkfi€analysihout  aggregation; some ribbons
of capsoneres are present in got.h experinments. Size distribution The size

di stributi on e difdbuiop: by the Contipmethpd.ned usi ng a Mal vern Zet asi zer 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:

31B165c: 85 om 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 ).

X3

AW T LRI L

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 E18L1C005 ( HPV18 ) and 39B167 (
HPV16). o

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 S VTR e ptenst complet s

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 resuits 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 sanpl es were neasured undiluted into a plastic cuggt%e fo& Nhéﬁs n
analysis (800 pi/cuvette). The technical conditions

wavel ength: 532 nm - laser power: 50 nW - scattered |ight detected at
90, 18 15 Septenber, 2006 - tenperature: 25C, - duration: automatic
determ nati on by the software - nunber: 3 consecutive rreasurerrents

z-average di nt s,,anal ¥si s e dlS the
Contin et hogﬁﬂ}d‘l aSSI ca ezgft?4 M’f’z a@ %38 “Bm wi t h
good pol ydi splmctsttqzn;(lste@.fdxjnad@ith&b@Mgeﬁmhmﬁauﬁﬂr HF’V 16 LI -VLP' s are:
60-70 nmw th good pol ydispersity (< 0.1) For mxed VLP's, the follow ng
results were obtained: 31 B165c: 85 urn with good pol ydi spersity (0.08 ).
VLP's are alnost conpletely forned at the beginning of maturation 31 Bl
66c : 76 ma with good pol ydi spersity (0.08 ). The size distribution of |ot
31 B 165c and 31 B 166¢c as neasured by dynamic |aser |ight scattering is
shown in Figures 2 and 3. HPV16-HPV1S VLP m xed at DMAE step Lotn. 31B167B
was nmade up fromlots EI8L1C005 (HPV18 ) and 39B167 BPV16). Purity by '
SDS- Page The purity of the m xed VLP's was as good as both "classical"”
bul ks. The purity of the bul ks was hi gher than 95%

20



Size distribution "t" ~"t,p nnsr r rn{,let-' The size _distributigon of the
VLP's were determ ned by using a Mal vern Zetasizer 3 L

results for HPV 18 LI -VLP's are: 70-80 urn with good pol ydispersity (<
0.1) dassical results for HPVI6 LI-VLP' s are: 60-70 nmw th good

pol ydi spersity (< 0.1) For mxed VLP's, the followng results were

obt ai ned: 19 06, HRV J16-HR 1R167B.: 74 nm.w th good
pol ydi sper si tﬁg]ﬁ%ﬁﬁqﬁ%\%%‘ %ﬁ%@?ﬂ%ﬁ#ﬁgi’e& op?tlmng{;c?ﬂ% begi nni ng
of maturation 20 15 Septenber, 2006 Exanple 3 - Production of s mxed IIPV
16, 18, 31, 4?11%0% nation vaccine. Introduction An inmunogenicity study
was perfornmed OB C i ce usi ng a conbination of G termnally truncated
LI VLPs 16, 18, 31 & 45 adjuvanted with alum+ 3D-MPL (herein " adjuvant A
- 50 pg aluminiumsalt and 5 g 3D MPL) 4 groups of 10 mice were inpunised
twi ce intranuSCUFEHgE “éfa&r/“‘g wasperiormed-ig JRale/(\raice uging g combingiign afiCq 2¢y
adj uvant A 2terMinRli¢ rubdddd L1 adirevegt18A338. & UsPadlifvahddwisuMl P 3i8MPE0) /
adj uvant A 4. VLP 16 (2g), VLP 18 (28_), VLP 31 (2g), VLP 45 (2g) / adjuvant
A Antibody rspinhediveni A’ ns 60 v plymigumsalt agll 5 pg3DMPRer e noni tored on sera
taken at day 35 (14 days post dose 11). Results are shown in Figures 4-7

Ant i body response agai nst VLP 16
4 groups of 10 mice were immunised twice intramuscularly on day 0 and 21

respectively with:

VLP 31 (2pg) / adjuvant A

VLP 45 (2ug) / adjuvant A

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

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

awooe

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

Y T T 1 FYE DR T O S A P

Results are shown in Figures 4-7

Antibody response against VLP 16

» 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)
¢ Similar level of antibodies directed against VLP 16 are measured in both groups

and no interference is observed. .

okl of
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Strong anti body responses are induced in post Il seta_by either VLP16
fornulated with VLP 18 on adjuvant A (group 3) or bylB-3eptembers 2006 qroup
4) Simlar level of antibodies directed against VLP 16 are neasured in
both groups and no interference is observed. ac Cr .;i 21 15 Septenber,
2006 Anti body response agai nst VLP 18 Strong anti body responses are

i nduced in post Il sera by either VLP18 fornulated wth VIP 16 on adjuvant

A (group 3) OrAlHﬁng?eng“e g"ggmppvi’gr!gup 4). Simlar level of antibodies

di rected agai ns in both groups (less than 1.5 fold
difference) and no interference was observed. Ant| body response agai nst VLP
31 Strong an 'QRFM I nses are | n din era ei t her VLP31

f or nul at ed af.one oﬁa%?%%a%s?onﬁfsg?‘%ﬁgu‘i g pogs sceﬁ'ebyf% Frg%i/?o&’(’@‘ﬂlﬂ

Sinmilar |evel ofmanvmadmad_,dwrnegt(mupgﬁmr@tmé/hiﬂo%&bar(@nﬁi?aﬁur ed in both .
groups, ther ef lng T rfsﬂ‘g&f i s _observed. Antibody response agai nst
VLP 45 Strong &ARHHomP Pg@ﬁ ierted AgRIRR VAPi ﬁﬂm@ﬁswﬁmb@hmem VLP 45
formul ated al oqlessthals 1A Qlffefercey A4 Bo terBlreddy SIE)J th combo (group 4).

1, Simlar level of antibodies directed agalnst VLP 45 are neasured in
both groups, thus no interference is observed. Conclusions No

interference |s observed Wnen the four VLPs (VLPsl 6, 18, 31 & 45) are
del i ver ed atibodyiyiespons 2 VI Hept enber, 2006

* Strong antibody responses are induced in post If sera by either VLP31 formulated
alone on adjuvant A(group 1) or by the full combo (group 4).
* Similar level of antibodies directed against VLP 31 are measured in both groups,

therefore no interference is observed.

Antibody response against VLP 45

* 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). ar

* Similar level of antibodies directed against VLP 45 are measured in both groups,
thus no interference is observed.

Conclusions
wivvosne: VPP ek

» 3 “ ]
No interference is observed when the four VLPs (VLPs16, 18, 31 & 45) are delivered
as a combination.




Clainms | A vaccine conposition conprising VIPs contaighgg tl grotgbﬁg or
functional LI protein derivatives fromBPV 16, HPV ¥8; € V 45
genotypes wherein the i mune response generated by the vaccine is at a

| evel in which the protective eiftot ofeach VLP type is still seen. 2 A
vacci ne according to claiml conprising a mxture ofl | PV 16 VLPs, |I'PV 18
VLPs,-"HPV 31 VLPs and HPV 45 VLPs, each VLP conprising LI proteins or
functional LI protein derivatives fromonly I HPV genotype. 3 A vaccine
according to claim2 wherein the VLPs are Ll-ordy VLPs conprising HPV Li
protein or functional LI protein derivatives and no other HPV protein. 4 A
vacci ne conposition according to any preceding claimconprising VLPs
consisting essentially only ofproteins fromHPV 16, HPV 18, HPV 31 and BPV
45. 5 A vaccine conposition according to any precedi ng clai mwherein at

| east one LI (uimisein is a truncated LI protein. 6 A vaccine conposition
according to any preceding claimwherein the conposition conprises a VLP
containing an LI protein or functional derivative thereof froman

addi ti onal HPVY genowpmmé'wmm@m mMWsmhin&Mdrmmgsomm 6

wherein the agl AP 5@@,&
protein deri vat ve sa+1 ct ed I‘ﬁ-l(ﬁ)c?ili)lone ?Tﬁ:g?@%%ﬂgg’v’{%éeﬂ 35, 56 and
59. 8. A vacticiamusremdnsegencmiod byithn wodinnis afd leyebin wﬁﬂhéﬁqwﬂivzs

Sept enber, 208Qadh VLIVEpEisHll k.07 di ng any one of claims t to 8 conprising
virus |like particles “which provide protection against genital warts. 10 A
vacci ne according to claim9 conprising vino It particles containing L1

proteins from HPVAGRecikfhcadiihSio olditY 1 bdmStfeit@ia\tiiRture of HPV 16 VLPs, HPV 18
VLPs, HPV 31 VLPs and HPV 45 VLPs, cach VLP comprising L1 proteins or functional
L1 protein derivatives from only 1 HPV genotype. .

3 A vacoine according to claim 2 wherein the VLPs are L1-only VLI‘,seomprising
HPV L1 protein or functional L1 protein derivatives and no other HPV protein.

4 A vaccine o-omposition according to any precoding olaim comprising VLPs
consisting essentially only of proteins from HPV 16, HPV 18, HPV 31 and HPV 45.

5 A vaccine composition according to any preceding claim wherein at legst one
L1 protein is a tnmcated 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. '
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11 A vaccine conposition according to claim1l0 wherein _the antjgen ls an HS
V antigen or imunol ogically active fragment thereof 15 5eptember, 2006
conposition according to claim 10 wherein the antigen is an W antigen or

i mmunol ogi cal ly active fragnment thereof 13 A vaccine conposition according
to claim 10 wherein the antigen is a chlanydia antigen or inmunol ogically
active fragnment thereof 14 A vaccine conposition according to any preceding
claimconprising an HPV 1.2 protein or fragnment thereof. 15 A vaccine
conposition according to any preceding claimadditionally conprising an
adj uvant. 16 A vaccine conposition according to claim15 wherein the

adj uvant I's an alumniumsalt 17 A vaccine conposition accordlng to claim
16 wherein the alym ni [ .Iun1n|u- V9
conposi tion accorth ' -
24 15 Septenber, w A ok vatied waite,
1-18 wherein the VLPs contaln LI protelns whi ch are not chi maeric. 20 A
nmet hod of vaccine productlon t he nethod conpr|5|ng conblnlng VLPs
containing LI prpp. : i BB § g Gl 9Tt 20N bactis ,

HPV 18, HPV 31 and. ARV 43 1 i.ne as clalned in any of cl ai s
1-19. 21 Use of rEeipnsfomtEY 6g 8 V. LIgenoiReds ) and HPV 45 VLPs
conprising the LI protein or functlonal derivative thereof in the
preparation of a vaccine for the prevention or treatnent of a disorder

related to HPV ijpfect '&Oaw&’.@o&nﬁ@mhﬁ)wxfdn@ﬂ%ﬂﬂﬁ 1OWheedin 1P Mhtigeh B@h HBV or

treatnment of disease related t
antigen or :mmunologically active fragment thereof,

12 A vaccine composition according to olaim 10 wherein the antigen is an HIV
antigen or immunologically active fragment thereof.

13 A vaccine composition according to eleim 10 wherein the antigen is 2
chlamydia Qntigcn or immunologically active fragment thereof.

14 A vaccine composition according to any precoding claim oompnsing an HPV
L2 protein or fragment thercof. "

~

15 A vaccine composition according to any preceding claim sdditionally
comprising an adjuvant.

. 16 A vaccine composition acoordmgtoclaimls whmmtheadjumtisan i
aluminium salt, .

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

18 A vaccine composition according to claim 16 or 17 edditionally. comprising
3D-MPL. | S
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HPV i nfection, the nethod conprising delivering to an_]lndivi dual 6 gisk of
di sease an effective amount of a vacci n&é&#ﬁ%@&ﬁﬁeﬁi

I nfection or

according to any preceding claim 23 A stabilised vaccine conposition
conprising a vaccine according to any of clainms 1-18 wherein the VLPs from
HPV 16, 18, 31 and 45 are adsorbed onto al um ni um hydroxi de before m xing.

24 A vacci ne conposition, nethod or use according to any of clains 1-23

wherein the i mMmune response against a given VLP type in the vaccine is at
| east 50 4 that of the response of that same VLP type when neasured

I ndi vidual ly. 25
‘ 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 praduction, 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.

21 Use of a mixture of HPV 16, HPV 18, HPV 31 and HPV 45 VLPs comprising
the L1 protein or finctional derivative thereof in the preparation of a vacoine for the
prevention or treatment of a disorder related to HPV infection.

22 A method of prevention of HPV infection or treatment of disease related to
. HPV infection, the method comprising delivering to an individual at risk of infection or
disease an effective amount of a vaccine composition according to any preceding claim.

23 A smbilised 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 vacoine is at least 50 % that of the
response of that same VLP type when measured individually.

25




