14 FE ?H5 Novel Conposition This invention relates to novel v qg;r e08
formul ati ons, nethods for preparing them and their use in th rapE;F/!.
particular the present invention relates to conbination vaccines for
adm ni stration to adol escents. Papil] qmaviruses are small DNA tunour

vi ruses, which are highly specie %SL@PHP@.S““’SO far, over 70 individual
human papi | | omavi rus (HPV) genotypes have been described. HPVs are
generally specific either for the skin (e.g. HPV-1 and -2) or nucosal

surfaces (ehidinvaRMoR rébds 1o ddveadNacdifd! Birin]£ives SmP@BE g fort prepa sy dwar t s)
that persist for several nonths or years. Such benign tunours may be

di st ressi nand their usérén thettipyi doglastiadarcbe pesteunyemiod nabitestto doenbinadtien
threatening, with a few exceptions. Some HPVs are al so associated with
cancers. TYRSCHIEY BN ASTpIISHRLQR g’eadg’i%sﬁﬁ%ti on between an 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, pailidinaifises BRAQIOD NAWMERAR S/1REEY] WHIAW ate ikl spREibdlsRam.
year. It is now technically feasible to actively conbat "primary HPV-16
i nf ect i onsSo fanavervihindiyvidial bumexn prAllomsviren (P W) penatrpesdase beed ng

vacci nes. For a reyi on th rospects for prophyl act| nd therapeutic
vacci nat i &Fs%ﬁdnsﬁbﬁg\%i%ﬂ?éélfwg CJL.SHFT %Hi Lﬁ‘? s Hr%ﬁfgomﬁ 4Py 4) OH ( 4)
293-306 a : N i j LG

555- 556, 52‘@“@%&‘3 &t .VIngPé %’3‘? HI 3pd oS eEraggﬁ%I%%‘? éﬁ%@%%‘é’%n%}l 33
and 45. Toglaypertilefodist¥ezalantnthy pegeat. SBMs bemige nheeursinsa)l bé idragthg
characterised with the help of cloni n? systens in bacteria and nore
recent |y bipr deRogiidyals erceesd behiend Ref &b Hie Wrepisnastwish adewt he HPV

genones has, been defined on a conparative basis with that of the
vel | - char a¢°ePT€8d bovi ne papi |l lomavirus type I (SPV 1). | 1 4 FEB 2006

Some HPVs are also associated with cancers. The strongest positive association
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 pow 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 therapentic 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. '

Other HPVs of particular interest are serotypes 31,33 and 45.

Today, the different types of HPVs have been isolated and characterised with the
help of cloning systems in bacteria and more recently by PCR amplification. The
molecular organisation of the HPV genomes has been defined on a comparative

basis with that of the well-characterised bovine papillomavirus rype 1 (BPV1).



Al t hough m nor variations do occur, all HPVs genones descri bed pﬁgﬁﬁmg
| east seven early genes, El to E7 and two | ate genes L1 and Lb*
addition, an upstreamregulatory region harbors the regul atory sequences

whi ch appearA;afe,u%];; ARhéOYariRiShs &6 BRSS! &pﬁmaéen%&ﬁ%&d;%ea hagv&'ﬁi\{e&'%nore-

El and E2 génes e Involved in viral replication and transcriptiona ‘
control, respacarveleyieqil todiitdaddrviaelach ganupl achodyl Y i [inhddigdrggmat i on. E6
and E7, and recent evidence inplicate also E5 are involved in viral

t r ansf or mat UpHreahragHiatPIP\IESIOR PATRAEY therf egRpipry: APquearesi WibA 2BRREA tis HPV 16

and 18, the oncageni [0 tart f inteqgration of viral DNA The
i ntegration CP%%%I @st; ﬂ@qgﬁaa%cfl%?éﬁi@%hg& BEET- codi ng for the capsid
proteins L1 and L2 and in installing continuous over expression of the
two early proteins E6 and E7 that will |ead to gradual |oss of the
normal cel | Hiadnddt? fareentd mivbived andirhhepieehapdarinsaiptidnel cmaratj nona.
Car ci noma of the cervix is compn in wonen and devel ops through a pre-
cancerous i mespeemdlnerd Bod e be distunsed h)(/éib'fﬂv@t%ﬁlféﬂlhoﬁgaﬂﬁf@hﬂm Efeeint | y

leads to death. The int jate st f the di is k
corvical i nevaepr REEAR Setio Raap R B s BRaRET 1T (N e o

i ncreasing severity. Cinically, HPV infection of the femal e anogenital
tract manifests as cervical flat condylonas, the hallmark of which is

t he koi | ocylimsiesHRVE éxrtdlveyl preedocdl ramrinoma sueh as HRY flibcind| 18amkt oncogenic
internedi ate cells of %the, cervj cal squams epi.thelium Koil ocytes which
are the condERfGENHAHRIE BFEERNp I vial PAA- dhedpgeratiopdesuls fntlie as

mul ti nucl eated.. | i : - It i is

hi ckened wiEht Sttt ity S KE; Rl linT ) Boa T2t s
appear ance @bnfidiRuk 88ér0¢kprdsion of ligd twepemhly BEesns\Re And BT thatweilll 104d the HPV
16 or 18 serotypes, are high-risk factors for the evolution toward
cervi cal i nigrasupl losept tie DoEBpl eelinler ddfegntiatignand te peplompentof theoma i n
situ (C'S) Véharic(fn%n%re t hensel ves regarded as precursor |esions of

Carcinoma of the cervix is common in women and develops through a pre-
cancerous intermediate stage to the invasive carcinoma which frequently leads to
death. The intermediate stages of the disease is known as cervical intraepithelial

»  neoplasia and is graded I to I in terms of increasing severity.

Clinically, HPV infection of the fernale anogenital tract manifests as cervical flat
condylomas, the hallmark of which is the koilocytosis affecting predominantly the

superficial and intermediate cells of the cervical squamous epithelium.

Koilocytes which are the consequence of a cytopathic effect of the virus, appear as
multinucleated cells with a perinuclear clear halo. The epithelium is thickened with

abnormal keratinisation responsible for the warty appearance of the lesion.

Such flat condylomas when positive for the HPV 16 or 18 serotypes, are high-risk

factors for the evolution toward cervical intraepithelial neoplasia (CIN) and



i nvasi ve cervix carcinoma. WO 96/ 19496 di scl oses variants of t\ulhngﬁ %GUE
papilloma virus E6 and E7 proteins, particularly fusion protel 0

E6/E7 with a deletion in both the E6 and E7 proteins. These deletion
fusion proteins are said to be i munogenic. HPV L1 based vaccines are

di scl osed igeradpoma O 1152 (CNED 94ichOrs Thei@H3 s 0pEBded srutc\doe/ 1858820f Such a
vacci ne can conprise the.L | antigen as a nononmer, a capsoner or a Vvirus
like parti c‘Pé?S?%u‘iqﬁV‘ﬁa‘?af‘?”&q“é% may additionally.conprise L2 proteins. L2
based vaccines are described for exanple in W93100436. O her HPV

vacci nes are based on the Early proteins, such as E7 or fusion proteins
such as  L2wWEY96MIBYSE diselosddevapiantemif huekh phpiibmalviag e amf ENerqieias,
genitalis. HSV-2 and HSV-1 (the _causative agent of herpes [abialis) are
char act er i spagtigyjardh &siorgprioreinsyoft l56/Erd gvithea Belethon rbeth th 6 asd £7prdteies.

est abli sh | atent .infection, .primarily.in neuronal ganglia cells.
Geni t al he?ﬁlé?‘z ﬁgleggrg SAPRRF OISR E S [ﬁ DERBTUIBETHIEY | on people in the

U S A alone wth 500,000 clinical cases recorded every year (primary
and recurrent infection). Primary infection typically occurs after

puberty anddP¥ IChbisadtvacdissdirdyistioeed BCWOBAD]1S2pRIHNCE 7QTWOB MR U84 ski n
| esi ons, which persist for a period of between 2 to. 3 weeks. Wthin the
fol | owi ng sind HES 7Rt Sachpn Yapaing Gapfcemprishthsdod dFtigsatas @TRenomegr) #

experience a recurrence of, the.di sgasge. ut 25 % of patients y

expor | ence CBRTTHA A oryEeayflen O3 pafiiBs m i BE o BB M ear . 1
I munoconpr gRtesad 1 PahdedVascihditark BEIHDOG Sorddxatiptinl WESHAOIE 6 QGMEF ence s
statistically higher than in the normal patient population. Both HSV-1
and HSV- 2 VHPWsvahaimes arerhasddeon it Hprlycmpteatse swehcasniyd oe fitsionl protdimsdsuchas t he
‘surface of the _virus. These are known as gB, gC, gD and gE etc. 3 1 4 FEB

2906 There ¥%¥d-need for effective combination vaccines to prevent
di seases to which adol escents are particularly prone.

HSV-2 is the primary etiological agent of herpes genitalis. HSV-2 and HSV-1 (the
causative agent of herpes labialis) are characterised by their ability to induce both

acute diseases and to establish a latent infection, primarily in neuronal ganglia ceils.

Genital herpes is estimated 10 occur in about 5 million people in the U.S.A. alone
with 500,000 clinical cases.recorded every year (primary and recurrent infection).
Primary infection typically occurs after puberty and is characterised by the localised
appearance of painful skin lesions, which persist for a period of between 2 to 3
weeks. Within the following six months after primary infection 50% of patients
will experience a recurrence of the disease, About 25% of patients may experience
berween 10-15 recurrent episodes of the disease each year. In immunocompromised
patients the incidence of high frequency recurrence is statistically higher than in the

normal patient population.

Both HSV-1 and HSV-2 virus have a number of glycoprotein components located

on the surface of the virus. These are known a8 gB, gC, gD and gE etc.



The present invention provides a vacci ne conposition conprising: Fgg) @'
her pes sinplex virus (HSV) antigen; and (b) a human papill omavi'r PV)
antigen in conbination with an adjuvant which is a preferenti al

stinmul ator ghe bl 2GREK forf 3%995’@@0111 gl‘%tléﬁﬁg'ﬁécnﬁ'esct@'ﬁp&%h{ gﬂf'aseg i Which
invention is of great benefit for admnistration‘to scents who may
be parti cul addlyscatisrars garotullSY, prame/ or HPV infection. Cptionally the
vacci ne conposition of the invention additionally conprises one or nore
of a nunmber of other antigens as described below It has been found that
t he vacci ne 0si td 00S: a6 n nvention risingly show no
mterferencgﬁctgﬁ 1§ Igv?rbloéléifSYﬁg?g %%“‘P%ﬁ%ﬂ%“ﬂ%%%‘ﬁ%@ %'Bé)each antigen in
the conposition of the invention is essentially the sane as that which is
obt ai ned by 'each antigen given individually in conjunction with an

adj uvant whiggh =aseepeprsahgeeninal(HSV) mtiggmandf TH1, cell response.

Vacci nes for the prophyl axis of heﬁatl tis Binfections, conprising one or
nore hepat i s BhamangapslomavirugdHPVR#8{ieen For exanpl e the vacci ne

Engerix-B (Trad Mar k rom.s Kl i ne Beec i cal dto
prevent HepHt FT mg.lmﬁ%’léanagb aﬂpwggj%ﬁl?é%ﬁﬁg}ﬂg{ﬁ ‘ga E#@c‘é&gntigen
(specifical kggpbhi@. 226 am no acid S- antigen described in Harford et. al.
in Postgradua?e Medi cal Journal, 1987,'63 (Suppl. 2), p65-70) and is
formul at ed using al um ni um hydr oxi de as adjuvant. The vacci ne Havri x
(Trade Mar k%@ al sqQ from SmthKlJ ne Beecham _ Bi ol oglﬁal s i,s.an exanple of
a vacci ne t BEE YASHNG PRSI IHhe JRYFRUAR BHpf et heue f@gtaﬂgqa,@strqqoqtg 4 14

e 2000 1 OLRHLRLE i Ry DAV S5SY, B AR ol g 2o e

inactivated with fornol (fornmal dehyde); see Andre et. al. (Frog. ned.
Virol., vol -24). As used herein, the termhepatitis Aviral (HAV)
antigen is g@@@n@l& ﬁ]@f\/@pcm@cgpp%qamhof the invention additionally compnses one or

more of a number of other antigens as described below.

It has been found that the vaccine compositions according to the invention

surprisingly show no interference, that is to say that the immune response to each
antigen in the composition of the invention is essentially the same as that which is
obtained by each antigen given individually in conjunction with an adjuvant which

is a preferential stimulator of TH1 cell response.

Vaccines for the prophylaxis of hepatitis B infections, comprising one or more
hcpati'tis-B antigens, are well known. For example the vaccine Engerix-B (Trade
Mark) from SmitbKline Beecham Biologicals is used to prevent Hepatitis B. This
vaccine comprises hepatitis B surface antigen (specifically the 226 amino acid S-
antigen described in Harford et. al. in Postgraduate Medical Journal, 1987, 63

(Suppl. 2), p65-70) and is formulated using aluminjum hydroxide as adjuvant.

The vaccine Havrix (Trade Mark), also from SmithKline Beecham Biologicals is an

exarnple of a vaccine that can be used to prevent hepatitis A infections. It is



protein derived fromhepatitis A virus or an attenuated strai ngﬁ@ g
optionally inactivated-, e. g. with fornmal dehyde. If the HA i'gen is
a protein derived from hepatitis Avirus it may optionally be a

reconbi nant protein. The vaccine Twinrix (Trade Mark) is a combination of
a reconbi nafdrnhped iwithsalBrindunh hgdroxidetds atijieraaf. oTkiventiionedmprisestanvat ed
attenuat ed hepatitis A virus, The _vaccine nay be used to protect agai nst
hepatitis Aggrvaied saain ¢ithe BYInhiSHenpagls Ayvires fnggoatedowite Aermpl339 667,

(Cheno Sero),. descr,i bes th ener a ncept . ,C i £ n hepatitis A
antigen and)(fgr%@égwﬁf’sseﬁeﬁgﬁfggteﬁi‘t(gporga%gedaqéﬁ%ﬁjﬂtﬁdr@'@@tci ne. In that
specification it is stated that the adjuvant which is used is not
critical: it nust only be capabl e of enhancing the immune activity to a
desired ext @ntusedberehnthemuncicpantissh dérab(H &%) antigen isused at redert toatither a

al um nium gel may be used, in_  particular alum nium hydroxide gel and

~al uni ni um pRESpRAEE vekTomMpEPalie & WIS sicpraad adaiaradithyy Vi spiprally
; . ) y cel v ant T LAY
ot gen_or | EeEBXHBh o Gamch Forisadnyl, 1\ HAY AR08t ien ARl PR ol ay

and an HBV ggidigien we6ditdnajosiitionsly e re@iftihar@R@bint for adninistration

to adol escent's who may be "particularly at risk of HSV, and/or HPV
i nfection, and/or HAV infection, and/or HSV infection. An inmune

response nmay_ be broadly diyided jnto tw extrenme categories, being_a
huror al or %@F I"a‘?Fé‘Eﬁa‘gY"éHDﬁ ﬁfﬁ&ﬁe JoALe POf GSFIHLIRRRL BEPRES Bed by
anti body a ), L eglilively).
These cat egg‘?itl f%g v{l)lkﬂ E{elﬁgeﬁﬁgﬁ%éggﬁ%@%%%gg %%a\?éeé)%gg‘hhge%r{r@gﬁTﬁ&ét ype
responses ( osicinevsl Bé askdrtogponseigaidnhbphtis Al ychépatiti B sinaRaEnasly.

(hunoral response). Extrene THI -type i nmune responses may be
characterised by the generation of antigen specific, haplotype

o co ha EEYRER bk AP RPTICH R, SARLDELILR ol fenfiy pffcbe b °POnees
combining a hepatitis A antigen and a hepatitis B antigen to make a combination
vaccine. In that specification it is stated that the adjuvant which is used is not
critical: it must only be capable of enhancing the immune activity to a desired extent
and not cause any side-effects. It is stated that aluminium gel may be used, in

particular aluminium hydroxide gel and aluminium phosphate gel.

The vaccine composition according to the invention may comprises, in addition the
HPV and HSV antigens, an HAV antigen or a HBV antigen or more preferably a

combination of both an HAV and an HBV antigen

Such a vaccine is of great benefit for administration to adolescents who may be
particularly at risk of HSV, and/or HPV infection, and/or HAV infection, and/or
HBYV infection.

Axn immune response may be broadly divided into two extreme catzgories, being a
bumoral or cell mediated immune response {traditionally characterised by antibody

and cellular effector mechanisms of protection respectively). These categories of



generation of antibodies of the | g&a subtype, whilst in the hpgp@ m§se
correspond to IgGl type antibodies. TH2-type inmune responses ar
characterised by the generation of a range of immunogl obulin isotypes

including in mce | 1t ca considered that the driving for

beni nd ¢ e SRVBTEHIRCEE EPRELA i B o e o1 RRAE  bSEEEs g -
cytokines. H ISyl PQ,ES‘E otbP8 reMopkdynes tend to favour the

i nducti on oHpgg{[ rredri\s'stede :_dilm’rune rre pons)es to the given antigen, whilst
hi gh | evel s of TH2-type cytokines tend to favour the induction of hunoral

i nmune responses to the antigen. The distinction of TH and TH2-type
i mune r espbrgese B hatpedpaBIngtrasPonses iay P gharagterised W theagengfationHippor t

or edom nant FREFREPeRe UBIoPE S iaRd sfioah, ERraRbSoR. BiRendel Mg

famlies of 1 -Bfnat i [ i +tve T
cell clones c%g}%égln%g%nmgﬁ%@qaﬁ%‘ %rrg)r? I?%lggn%ﬁﬁé OQ?HR.Chgrﬁgﬁ %E%F an, R L.
(1989) THI gemsatdidilofcaitibediesinf therlg(a pabtype,nshitdt ih yirphokam tesecoredspoid

| ead to di fFer ent functional |I-Pr oper.ties. Annual Review of | munol ogy, 7,
p145-173). Wrkdrk W@ﬁ&mﬂ}?dlesﬂ:ﬁ %‘Wé IS HEWOnsSarg Shyarsrissd by the t he

of ten di r ecBryFranan) &l bF EpRettndin s BROO R e AR RbA0e "

responses are not produced by T-cells, such as IL-12. In contrast,
T-1{2- type responses are associated wth the secretion of IL-4, |IL-5
| L- 6, |L-141t cancbetcomsidered ¢lat dls¢ driviagtforcepeining thd idpvelépriemt dFEBs2@96 It is

known that certain vacci ne adjuvants .are particul arly suited to the
sti nul at i ontYP§F OB [HRIREpE ‘qulp?nsﬁ%’ Wghp%eﬁ&%’]t%}(?ﬂﬁé’fﬂﬁ{s'ﬁa’ﬁ@&’ﬁo es tend

Traditional |yelBe: B23halcih 6RLON Seflated MimlidlielblnBl e An ddifgehmune
response after a vaccination or i1nfection 1ncludes dire neasur enment of
t he product whitsofigh Hvetsr of THZ2-cyptecdyitoldneshiynd to fayophdmyihéisction of ihnoraf t er
restimulation with antigen, and/or (at least in mce) the nmeasurenent of
the | gGl: | gERRUPRFGSBORTES Ehitbe J8HBEDeci fi ¢ anti body responses.

The distinction of TH1 and TH2-type immune responses is not absolute. In reality
an individual will support an immune response which is described as being
predominantly TH1 or predominantly TH2. However, it is often convenient to
consider the families of cytokines in terms of that described in murine CD4 +ve T
cell clones by Mosmann and Coffman (Mosmann, T.R. and Coffman, R.L. (1989)
THI and TH2 cells: different patterns of Iymphokine secretion lead to different
functional properties. Annual Review of Immunology, 7, p145-173). Traditionally,
TH1-type responses are associated with the production of the INF-y cytokines by T-
lymphocytes. Other cytokines often directly associated with the induction of TH1-
type immune responses are not produced by T-cells, such as [L-12. In contrast,
TH2- type responses are associated with the secretion of 114, IL-5, IL-6, IL-10

and tamour necrosis factor-B{TNEF-B).



Thus, a THI -type adjuvant is one which stinulates isolated T-ceh!E 2008

popul ations to produce high levels of TH 1-type cytoki nes wh

re-stimulated with antigen in vitro, and induces antigen specific

- i mmunogl obulin responses assogi athd W th THY-type lsgtﬁ}/ﬁ’e. ,Acﬂ uvant s
which are Edp&BPYDHsalGFEpE YaFIPGPDRYANE FT5RRHH UG Dt e ecRPPisioRnonse

g . ! ; ot o1 Vo
051 17200, 3 B AL PETER | BRELEELE e FRLRRAP o s HoSdERSof
adj uvant . EiBHI1STHKBSwhcel dtake HEne@2f2pdnse RibE J vadhiRiiba ak hiyfeifon S a

m xture of 3 De-Oacylated nonophosphoryl lipid Awith 4, 5 or 6
acyl at ed chmiusss dirdct measaregieat olithe prosucRbbiof T%dm o h eyokivienbaa. A

referred formof 3.De-O acyl at.ed nobnophosphoryl . lipid Ais disclosed in
Eur opean ‘:1?5‘368'9"’&’5’4&@{ r?sgmugmnivﬁxgl éﬁf’ﬁgﬁ?d/ & @F %@F%‘&I%’CQA&?

Preferably t f. o RF I rile
filtered tﬁlre%%}gﬁrgag dﬁ%%@r'l rarlel\%g? angm?@ Sh%ﬁ???%?ﬁ?ﬁgﬁjﬁ%%éan Pat ent
nunber 0 689 454). 3D-MPL will be present in the range of 10g - 100g

preferably 25-50 per dose wherein the antigen will typically be
present i nThus.anbd 1l 2ypoiipeant sage wWingb stifaplages esadated &-cglljnopalationoiopr i ses
QS21, an Hpl urifi.ed. nons ic fraction derived fromthe bark .of

Qi 118 SosOHEF P 8 THE G oo Phert 5 ilentd R AbBggt o ifo.
De- O acyl af o MaRQnheseh Sfetnd ithopidbain YR nseemgoeﬁ@édwimme@per Wi th
an carrier. 7 1 4 FEB"2001 The met hod of production of Q521 is scl osed
in US pateisbtylde. 5, 057, 540. Non-reactogeni ¢ adjuvant fornmul ations

cont ai ning Q521 have been described previously (WO 96/33739). Such
fornul ati ons conprising @21 and chol esterol have been shown to be
successf ul ' ' ' ' ¥ ol ] an
anti gon- AL a3 Tt B GRaAPloEUAR: B S B of R o) 80 il &

i nvention a&yribed inleeraatiomabPaeiti Applizhti6ERb. 0 9¢00 83 ted WO 95/17209.

3 De-O-acylated monophosphory! lipid A (3D-MPL) is one such adjuvant. This is
known from GB 2220211 (Ribi). Chemically it is a mixtre of 3 De-O-acylated
monophosphoryl lipid A with 4, 5 or 6 acylated chains and is manufactured by Ribi
Jmrmunochem, Montana. A preferred form of 3 De-O-acylated monophosphoryl
lipid A is disclosed in European Patent 0 689 454 B1 (SmithKline Beecham
Biologicals SA).

Preferably, the particles of 3D-MPL are small encugh to be sterile filtered through
a 0.22micron membrane (as described in European Patent number O 689 454).
3D-MPL will be present in the range of 10ug - 100pg preferably 25-50ug per dose

wherein the antigen will typically be present in a range 2-50pg per dose.

Another preferred adjuvant comprises QS21, an Hplc purified non-toxic fraction
derived from the bark of Quilizja Saponaria Molina. Optionally this may be
admixed with 3 De-O-acylated monophosphory! lipid A (3D-MPL), optionally

together with an carrier.



Further adjuvants which are preferential stinulators of TH 1 cell 2006
response include i mmunonodul atory oligonucl eotides, for exarrpléLFEB
unmet hyl at ed CpG sequences as disclosed in WO 96/ 02555. Conbi nati ons of
different Till stimulating adjuvants, such as those nentioned

her ei nabove, are also contenplated as providing an adjuvant which is a

pr ef er ent i dhe sitihodlo@posduefiod bif QSEL lis dBclpombie. Uk patax Niop 5572 can be
formul ated together wth 3D-MPL. The ratio of Q521 : 3D-MPL will
typically be in the order of 1 : 10 to 10 : 1; preferably 1:5 to 5 1 and

ft bstanti al 1L : .1 Th f. d, . ti i
ofLen bt gl |8l ool SR A TS o BTG 07 |5
the vacci n%@@i@ﬁﬁ?'@@@ﬁ%@?%ﬂ'Q&hti%nhﬁl%tioﬁWcﬁﬁ'ﬁﬂis‘?ﬁ'a Q8¢ &a'dhbREeFRY be

an oil in ter emil sion, or ‘an alumnium salt, such ~ as alum nium
phosphat e diavalbaen stiawm toylskr succebaful APr stireulpeéog odjlivams wake fommihgion
conprises a netabolisible oil, such as squal ene, _alpha tocopherol and
Tween 80. AGESthEIOWED BY apHReno; ThisVagaing COBRQFISPBH WiNAR fosDRas: of Bpareses

and/or lecithin. and/ oy tricaprwl.in, i rti gu |y, preferred aspect
the anti geﬂgv?rﬁlopﬁéay\?gl@&ﬁdﬁé %mgfotniogn@%?g%&rddcﬁlﬁg&&i@‘t he invention are
conbined with 3D-MPL and alum 8 1 4 FEB 2006 Typically for human '
adm nistration Q21 and 3D-MPL will be present in a vaccine in the range
of 1g - 200Rirther admhasts whichl @@qireforadtiel stthylatods s TH 15@Y peromde elude
Typically the oil in water will copprise from2 to 10% squal ene, from 2
to 10% al prRERYReSSRACTY LigAnRFIERIHASS aor X amplFt EReth dated s SFHBPSEStAe

rati o of s%@lgggg:m‘?b%% s@gopherol is equal to or less than | as this

provides a nore stable ‘emulsion. Span 85 may also be present at a |evel
of 1 %. In sone cases it may be advantageous that the vaccines of the
present invention will further contain a stabiliser. Non-toxic oil in

wat er enul stoRBinghienscfdifferenyhid; simulymg adgxiagtseisnch g hosemeationsd or
hereinabove, are also contemplated as providing an adjuvant which is a preferential
stimulator of TH1 cell response. For example, QS21 can be formulated together
with 3D-MPL. The ratio of QS21 : 3D-MPL will typically be in the order of 1 : 10
to 10 : 1; preferably 1:5to 5 : I and often substantially 1 : 1. The preferred
range for optimal synergy is 2.5: 1to 1:13D-MPL: QS21.

Preferably a carrier is also present in the vaccine composition according to the
invention. The carrier may be an oil in water emulsion, or an 2luminium salt, such

as aluminium phosphate or aluminium hydroxide.

A preferred oil-in-water emulsion comprises a metabolisible oil, such as squalene,
alpha tocopherol and Tween 80. Additionally the oil in water emulsion may

contain span 85 and/or lecithin and/or tricaprylin.

In a particularly preferred aspect the antigens in the vaccine composition according

to the invention are combined with 3D-MPL and alum.



.squal ene, an emulsifier, e.g. Tween 80, in an aqueous carrierj{Tgg 7005
.aqueous carrier may be, for exanple, phosphate buffered saline. A
particularly potent adjuvant formulation involving Q821, 3D MPL and -
- tocopherol in an oil in water emulsion is described in WO 95/17210. The
HPV ant i genl yPiFaili ot bimss pemims tetiop (521 apd iy -dAF S sv1) hemaesaBl  ajwcrined

from HPV 16 .and/ or 0 r PV

one prefer B Pei9BBG ﬁg’ﬁg -? Ré’li%kﬁ% ?%-gﬁﬁlpﬁ pr%ﬁﬁa@gcl?f‘%é%égﬁﬁ&ﬁ%%n
accor di ng 'JIS&S 2&1&‘6’?“& LRtk GRRGESSRe Fig 780 20 7Capaldde PO & g% 0f HPV
and optiona L2 protein, parfticularly fromHPV 16 and/ or HPV 18.
In this emaqﬂjartemphetdiandmmeﬂi or7 B % awnems0.i herefetalply ahetatioi of squdleneacat ed
LI protein. Preferably the LI, optionally in a LI-L2 fusion, is in the
formof a phagosapberaas equal & priers tharasithis pspvides # mesg spblefenndsion.o
anot her ein art| cul ar, m_an LI Chineric
VLPs conprl\éggﬁggﬁgy@lﬁﬁ Erqﬁméﬂgl}%"% f??eullﬂlﬁi}?‘eﬁ?gﬁé}?‘éﬂ%‘el n anot her
preferred eghods %E%ﬁ& mamﬁh@ymepame;bresenmeemﬁp@ﬁl fir@er

invention is de ed froman E6 or protein, in particu ar 60r E7

| i nked to ambiliserunol ogi cal fusion partner having T cell epitopes. 9 1 4
FEB 2006 In a preferred formof this enbodi nent of the invention, the

i mrunol ogi cal fusion partner is derived fromprotein D of Heanophil us

i nfluenza P fe- Ve ¢ r S [oxi mately
the firat T8SRHLELVaEE EmoRich Brbreoiftdnth SRR dF 5 RRHEL P
- N-term nal sa@fﬁeﬁelanémummqled@ TWeeaf 89, i an hgisdons cRITireiThe dgedulictrrier

enbodi ment of the invention conprise Protein D- E6 fromHPV 16, Protein
D - E7 fromairbe, for erampe.phosphagybyfifesad pidiped8 and Protein D - E6 from
HPV 18. The protein D part preferably conprises the first 113 of protein
D. In still another enbodi nent of the invention, the HPV antigen is in

the form ofs BirtichiRriF potdht befivaBAbirmeEheH ixNofvEJQgTQHEY, $panpf.0fnd PV 11.

tocopherol in an oil in water emulsion is described in WO 95/17210.

The HPV antigen in the composition of the invention is preferably derived from
HPV 16 and/or 18, or from HPV 6 and/or 11, or HPV 31, 33 or 45.

In one preferred embodiment the HPV antigen in the vaccine composition according
to the invention comprises the major capsid protein L1 of HPV and optionally the
L2 protein, particularly from HPV 16 and/or HPV 18. In this embodiment, the
prefeﬁed form of the L1 protein is a truncated 1.1 protein. Preferably the L1,
cptionally in a L1-1.2 fusion, is in the form of a virus-like particle (VLP). The L1
protein ray be fused to another HPV protein, in particular E7 to form an L1-E7

fusion. Chimeric VLPs comprising L1-E or L1-L2-E are particularly preferred.

In z2nother preferred embodiment, the HPV antigen in the composition of the
invention is derived from an E6 or E7 protein, in particular E6 or E7 liriked to an

immunological fusion partser haviog T cell epitopes.



The proteins of the present invention preferably are expressed Jhp FB 2005
coll. Ina preferred enbodi nent the proteins are expressed w-t 5
Hi stidine tail conmprising between 5 to 9 and preferably six Histidine

resi dues. These are advant ageous_ i aiding.puri.fication. The description
of the rranufx%étpﬁ%rér%g %‘Tj’&ﬁ?g‘r‘%?‘@"ﬁg@egt ?tldg?&‘ﬁ’eﬂﬁ%r Bé‘&‘q”ﬁo@&cﬁ%ﬁ’@i‘%‘i‘g UK

patent appl catl o8 HTRE S GRS IR Bea L Yrapl 08 dibrediy yaec ne

conpositionmay be adsor nto antigen 1n

conposi t i on pedteinlT® defivatiie @mprisepagirekiatiely dey firsed/F oDt pSYiRin t ypi cal Iy
gl ycoprotein D. Gycoprotein Dis |ocated on the viral nmenbrane, and is
al so found ipartichiar eppopimatalyohe ifisstdetestniesd | 108-1BiagunbaeigsR J. et al; J of
Virol 1980, 35, 428-435). It conprises 393 anm no acids including a
signal peptide and has a nol ecul ar weight of approxinmately 60 kD. O all

t he HSV env el IS 3 -k sed
(Cohen et al ;&g&e%?'ll ng"g‘é‘gé HIS%‘E)SP& Tgf f%@q@n%ﬁ@%r?@%ﬁ%ﬁ%@m (!i):j pl ay
a central rggerdm WPValS, PrétaiRiiDeB7 fromdebV 16rRoteames E7 Mune ®M8S 18 and

gl ycoprotein D has been shown to be able to elicit neutralising

ant i bodi es Protgin/d -(H4 frgmelPY]| 18, Thveptotam dbpag preforablyseogFyses Howissel/3 10
1 4 FEB 2006l atent HSV-2 virus can still be reactivated and i nduce
recurrence Of P8 R sease despite the presence of high neutralising
antibodies titre in the patients sera. In a preferred enbodi nent of the
invention the HSV antigen is a truncated HSV-2 glycoprotein D of 308
am no aci ds Invtiit Anathepembatmant sfaha aivestide, tthe HlyhaBi®n inat thedbiny of an

occurring glycoprotein with the addition ragine and @ utam ne at the
C term nal ééoe fusitfe Ptaftéﬁ\‘é"‘élyeﬁoﬁﬂg? i%%ﬁfgﬁgg Lits menbrane anchor '

region. This formof the protein includes the signal peptide which is
cleaved to yield a mature 283 amino acid protein. The production of such

a protein i mhefroese dfanspreient dvablion ptoferablyurd egpresteads ENedlil Mn a
CGenentech's European patent EP-B-139 417. The reconbi nant mature HSV-2
gl ycopr ot ei preferred pehpdinest freamreteinsiage gxprassed withe Histidinerail fcomprisiagi ons

of the pr es%gttweleg\ﬁetgtﬁl 20 f)irréflerébﬁy gﬁsﬁﬂﬂé&%‘%esri&%%.t “These are advantageous in
aiding purification. The description of the manufacture of such proteins is fully

described in co-pending UK patent application number GB 9717953.5.
The HPV antigen in the vaccine composition may be adsorbed onto A(OH),.

The HSV antigen in the composition of the invention is preferably derived from
HSV-2, typically glycoprotein D. Glycoprotein D is located on the viral membrage,
and is also found in the cytoplasm of infected cells (Eisenberg R.J. et al; ¥ of Virol
1980, 35, 428-435). It comprises 393 amino acids including a signal peptide and
has a molecular weight of approximately 60 kD. Of all the HSV envelope
glycoproteins this is probably the best characterised (Cohen et al; J. of Virology,
60, 157-166). In vivo it is known to piay a central role in viral attachment to céll
membranes. Moreover, glycoprotein D has been shown to be able to elicit

reutralising antibodies in vivo (Eing et al J. Med. Virology 127: 59-65). However,
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A conbination of this HSV-2 antigen in conbination with the adjiREAnillb

" 3D-MPL has been described in WD 92/ 16231 Wien a hepatitis B viral (HEV)
antigen i's included in the conposition of the invention this is
~typically hepatitis B surface antigen. The preparation of Hepatitis B
surf ace antlﬁtgetrﬁ@MB%Ag‘}ls Fan s8] be eractivasted aefl inguee f@bﬁ%@@a@fﬁh@ diseisef ord et

Bi ot cohnol GERHSSTC AT T Ebas - RRenpog s (Hrgh BEEAEITSE. 103 and

references therel n. As used herein the expression Hepatltl s B surface
antigen', abbreviated herein to 'HBsAg' or 'HBS includes any HBSAg

anti gen or Ihlaagefantedtdmsbodithendicfphajivegtidihte RSV iagegencis taymaicaldBWSLLT ace
antigen. It will be-understood that in addition to the 226 am no acid
sequence ofglydepTerEg of 39R @mien agidewhihotqmprises aming acidsal threvgls¥0p, 489
(1985) and ref ences .therein) HBs rein, describe i f desired,
contain al %8 a&p;egfm%gbrrcgpl)@t g’n&‘gag RS PRTRSNS %I(EE‘%‘HB?/ he
references @it bhd Jefﬁxéi%?nc% i;rﬁfé&aex%@@x@ﬁﬁmbk‘ﬁm o‘ﬁ' his
described can also refer to varidnts, for exanple t escap mut ant '
descri bed ifori\Of g #7083 inchiniea thesigharpepsgevhidhhe clekiisirg yiely aonaprel se a
protein described as. L* in European Patent Application  Nunher 0 414 374,
that is to 23\2RinpReiddratein. ndhe progycten Sfél&ljlﬁeﬁ@éc%fn @HF’@FF Hawstsr sts of
parts of th i € (L)
protein (aaD or aé}%sﬁ%tbg%%§&%gﬁ%?énc{;gé‘%hg%% sioéﬁ]lo#% ‘?‘hgﬂt g%ﬁg sequence
of the protein consists of either: (a) residues 12 - 52, foIIovved by
residues 133 - 145, followed bK’I residues 175 - 400 of the said L
protein; orTHeecombinduiemazre HOM-2 glsttopioteind? dupente i preézably obedoinglee by
resi dues 133 - resi.dues- 175 - 400 o said L protein.
HBsAg may aiASEinf g?%‘?“’i‘%“ﬁ%%e%&eﬁ‘%}’één‘&é‘&% Apd s ﬁ*eﬁ‘%ﬁ‘cﬂ r&@%‘ 474 or EP 0
304 578. '

A combination of this HSV-2 antigen in combination with the adjuvant 3D-MPL has
been described in WO 92/16231

When a hepatitis B viral (HBV) antigen is included in the composition of the

invention this is typically hepatitis B surface antigen.

The preparation of Hepatitis B surface antigen (HBsAg) is well documented. See
for example, Harford et.al. in Develop. Biol. Standard 54, page 125 (1983), Gregg
et.al. in Biotechnology, 5, page 479 (1987), EP-A- 0 226 846, EP-A-D 299 108 and

references therein.

As used herein the expression 'Hepatitis B surface antigen', abbreviated herein to
'HBsAg' or ‘HBS’ includes any HBsAg antigen or fragment thereof displaying the
antigenicity of HBV surface antigen. It will be understood that in addition to the
226 amino acid sequence of the HBsAg S antigen (see Tiollais et. al. Nature, 317,
489 (1985) and references therein) HBsAg as herein described may, if desired,

contain all or part of a pre-S sequence zs described in the above references and in
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Normal ly the HBsAg will be in particle form It may corrprise\bﬁ:éﬁr@hlﬁei n’
alone or nmy be as conposite particles, for exanple (L*,S) 1 e L* is
as defined above and S denotes the S -protein of hepatitis B surface ~

antigen. The y adsor bed on gl ym ni um phosphate as _described in
W93/ 24145?‘%&2@?8%5 y }gﬁﬁfﬁeﬁ%@qftﬂiﬂs@ﬁ@ﬁ(ﬁaﬁw 25 &0 YaBauE nfar he

formul at i el Q0 | : i i

cormer oi afBuatier KASERA hierER GEWD STILIBR, 7 s d5EHe faki e

Bi ol ogi capkA gAnMAEShREseCOPRRIE S IdBgribe@al L is HhrspdzhdeeeAM froRRidd
conjunction wth 3D-VPL was described in European Patent plication O
633 784. HExenppt 841413 74nthayente shy arpragt, thoaminopatihegmescari whichay be
included in the _conpagsjtions according to the inventjon are _now

descri bedCOMBOLPAREDIIBp FRMOIAT SPqEaReE &fthey depatsin s vEUsIMERLof t he

her pesvir ' Hﬁﬁﬁ? n . QHS 1 c IS PL di sease
in hunansﬁr%&rqég%%rn%ﬁt y e? éﬁﬁedé S gﬁ%?g% l”@?‘%y%b“ﬁ%qu’aﬁ‘hgsﬁh re than
90% of t hgrotaigicaggstadikeithgpopul ation is infected by EBV that persists for
lifetime 1n peripheral B-l1ynphocytes. The virus is lifelong produced in
the parotid gl éd arﬂ}icbméédﬁinifwih)%?ddyb)bgﬁsﬁmchéﬁ@eléﬁ, fodloimed biyr om

i ndi vi dual s, who iﬂegoéhf viru s Children infected with EBV are |argely
asynpt ormalsEU6t iy eV 8F et YRS %E, whil e adol escents and adul ts who

becone i nf ect ed,ydev typi ' | n [ﬁ’% [ rised
by fever, pha Qngi ﬁsgﬁea%fg%%%%@gf%?&giég??ﬁ%i aveﬁybrecgp\ﬁllc%?%%t ed
mai ntai n &8, - ERdwedrityl lesxdihes1T50+¢ 40hef thesmididerotein. t heir ives, and are
thus inmune to further infection. In addition to its infectious
qualities, EBV has been shown to transform |ynphocytes into rapidly

ohonsoS kA RSB BRI D A PR Al e

i nvol ved in causi ng nasopharyngeal carcinoma (NPC3. Wrldwide it is

Normally the HBsAg will be in particle form. It may comprise S protein alone or
may be as composite particles, for example (L*,5) wherein L* is as defined above

and S denotes the S-protein of hepatitis B surface antigen.

The HBsAg may be adsorbed on aluminium phosphate as described in
W(093/24148.

Preferably an hepatitis B (HBV) antigen used in the formulation of the invention is
HBsAg S-antigen as used m the commercial product Engerix-B (Trade Mark;

SmithKline Beechamn Biologicals).

A vaccine comprising hepatitis B surface antigen in conjunction with 3D-MPL was

described in European Patent Application 0 633 784.

Examples of antigens from additional pathogens which may be inciuded in the

compositions according to the mmvention are now described.

12



. estimated that 80,000 cases of nasopharyngeal carcinoma occur aﬂg Eag 1008
nore prevalent in-ethnic Chinese popul ations. Infectious nonon F 0SI S
is a consequence of primary infection by EBV. It is not a ,
-life-threatening disease if additional risk factors are absent. Four
prot ei ns ofEgsien BBM Virta(ERV el mpebaocsfahe herpesdnisheoss-waldsddfecdomsr ane
anti gen conpl ex have been described. They are usually referred to as gp

220/'350 OrmeHPIRSIELYSAs aPriEany iseess iy Humans. o Predemingaldy grafisctsindmon.

There is convincin evj den n 50 . nduce.th _
producti on Odfyoﬁ%tagléllmi' s]ibl?i’ge é‘%‘?itd@%f)ggle%g%ég? %%@Pgﬁguﬁ%%od% feéégfg&%?ﬁgt gp 350
and gp 250 fdypvendigetdias f&'lﬁ&hﬁ@@s@ﬁéﬁ%erﬁ@%ﬂﬁ&%&! %e%ﬁsﬁ@ﬂﬁlong

candi dates for a possible EBV vaccine. For “further infornation about the
appl i cat i orproducgp i2 Hi¥ @H6rid giang mop byleak pamarity by exdhaegt obfaliwBYrorel at ed

di seases see EP 0 173 254. The major EBVY surfaqmlﬁcoprotei n gp350/ 220

i nf ect s huriadividaalyevhe ghedgbe Kiresighhildnspdnfseted srthEBN arpdaredly| ul ar

menbr ane protei ) 350/ 2 s th i 4 FE6, 2006 target
for Eov- noderRPIEATS SKETh ey aot svipivens MRIE ettt 40 0P RIS 01220
have been sjagyfe iife@b@HSH0PEPidAP InfécBYns ﬁioaé@ﬁlébs%?@ﬁﬁacﬁf@éﬁfﬂb% a
vaccine conposition according to the invention conprises gp 350 of EBV
al t hough otgberyngprsotzed aflanepathyi denplerveye hroe bsenl infeqted mpimbiarana B pect

t he vacci ne ¢ osi.tion of .the invention additjonall coppri ses a
Vari eor T o GaEBanes farhe mteaitane of (st htee, mungte (il PuBlee G RRgenElestonyzy

for inclusion in the vaccine fornulation include gpl-V described by
Longnecker et al., Proc Nail Acad Sci USA 84, 4303-4307 (1987). In a

~preferred daphdditioand igifeéiime gublities, EBVahas, beblb shawend trénsfofn 239) is used.
See al so European Patent_ No. 0 405 867 Bl. |In another preferred aspect
t he vacci ndy®pherodast intorrapidly gividipg eelisi ad has dhereformbeap impdispted desevarahuman

cytomegal oy e A A0 th8iE Ring KANah Bl BpENRa (BL). EBV may also
be involved in causing nasopbaryngeal carcinoma (NPC). Worldwide it is |
estimated that 80,000 cases of nasopharyngeal carcinoma occur and it is more
prevalent in ethnic Chinese populations. Infectious monomucleosis is a consequence
of primary infection by EBV. It is not a life-threatening disease if additional risk

factors are absent.

Four proteins of the EBV viral envelope constituting the so-called membrane
antigen complex have been described. They are usually referred to as gp 220/350
or gp 250/350 or simply as gp 250 or 350 (see EP-A-151079)." There is convincing
evidence that gp 350 and gp 250 induce the production of neutralising antibodies
and that antibodies against gp 350 and gp 250 have neutralising capacity. These
proteins are thus candidates for a possible EBV vaccine, For further information
about the application of gp 250/350 for prophylaxis and treatment of EBV-reiated
diseases see EP 0 173 254,

The mejor EBV surface glycoprotein gp350/220 infects human target cells through

interaction with the cellular membrare protein, CD21. Gp350/220 is the primary
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virus belonging to the famly of herpes viruses. HCW is endem C"f#cﬁﬂ mxﬁst'
parts of the world. Anong two popul ations, HCW is responsi bl &

.serious nedical conditions. HCW is a major cause of congenital defects
i n new bor ngyeef it EBVCRAERARY hatibSlestih HunSdas ARE sOBFYHAOHIRR0I26d
patients such as those suffering fromH YV infection and those patients
under goi ng havabsed sindvet topiecT AgaicdtiEB ¢atlatedi Bease Padereblyae varcinet y of
synptons including fever, hepatitis, pneunpnitis_and _infectious '
mononuc! eosiOSIPOAIINNEACEPTRE Worifie dereofian CORgrises & 3,53%%1‘. RV alkopgh ollew i s
gB685 ** as_descri betdai n Vz\D %5/ 555. I mmunogens for use in HCW vacci nes
are al so prfQIGRYEE BY-E5EE & A Matrix Protein as described in WO

94/ 00150 (City of Hope). In one preferred aspect the vaccine conposition
of the invention additionally conprises both a VZV and an HCW anti gen,

i n particul fara prefeseedaaspegahs vacérecooniprd itatnonfehe invetticn dHBoRB46 | n

anot her preferred aspect the vaccine conposition of the invention

addi ti onal |§Dmméﬁﬁﬁi‘éﬂé§e§a¥@%bw§¥@%ﬁc§§’% APRtggRh. SUERRHRHEeES §bndi i i s

an obl i gat ingr |l r as| : DS 2. far ,
t oxopl asrmgyglvi fﬁ?r\%géj‘ﬁ%l%’{' g{oglgd'% E%é\igw&'@c‘%%?%m%e@iﬁ%%gh it is
general Iy cldd¥nediterler 2By FRICONRY iAGad SchEglAt 84 4308dR8T dug73, t oxopl asnosi s
may cause severe conplications in pregnant wonen and ji nnmunoconproni sed

patients. A preferred antigen for use in a vacci ne agai nst Toxopl asnma
gondii is SAG (also, kno as P30 .descigdin 102654 or, Tg34 as
descri bed i1 a@r§berietaBboqimeR&p F{%?fag]rlﬁsé&ﬂgs Sdlatet“ﬁ\é%gc@%gés E%?F‘rposﬁgti on
of the inveptj i ol y ies either a VZV antigen or an HCW
anti gen con%%dnggr%g%bgeﬁgt%bijéd'?rg}a%&g%lﬁdi i antigen, in particular those

anti gens described above. In a preferred aspect the vaccine conposition

of the invention is a nmultivalent vaccine, for exanple a tetra- or
pent aval ent Imangtiesreferred aspect the vaccine composition of the invention additionally

comprises a human cytomegalovirus (HCMV) antigen. HCMYV is a human DNA
virus belonging to the family of herpes viruses. HCMYV is endemic in most parts of
the world. Among two populations, HCMV is responsible for serious medical
conditions. HCMYV is a major cause of congenital defects in new borns. The
second population at risk are immunocompromised patients such as those suffering
from HIV infection and those patients undergoing transplantations. The clinical
disease causes a variety of symptoms including fever, hepatitis, pneumonitis and
infectious monopucleosis. A preferred antigen for nse in a vaccine against HCMV
is gB685** as described in WO 95/31555. Immunogens for use in HCMV vaccines
are zlso provided by pp635, an HCMV Matrix Protein as described in WO 94/00150
(City of Hope).

In one preferred aspect the vaccine composition of the invention additionally
comprises both a VZV and an HCMYV antigen, in particular those antigens

described above.
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- The fornul ations of the present invention are very effecti \i8, tgp 100§luci ng
protective inmmunity, even with very | ow doses of antigen (e. g. as |low
as 5g rgD2t). They provide excellent protection against primary infection

and stinmulate, advantageously both specific huporal (neutralising
ant i bodi esit anothesPsYfcard agnest %@QHFCIH%@FB@%T@PR offtip 1 yeatine addisprmiyes. The

present invention ilp a}ff urt her .aspect Qvides a vaccine .formul ation as
herein deS¥FRTE] 445 _gém?ﬁoﬁfg F‘@hglent %éqrx f’_’lﬁé’fs’?‘%&ﬂ%‘r?tﬂ)lgﬁt& use in the
Lrearrent  Sracdihl bd%bn g&r{ghw@eﬁ;&@mé %&Q@Xé&lé&%ds&fﬁ%&ﬁﬁﬁo@&ﬁ_ her pes

sinplex virus 1 nfections.. vaccl ne of the esent 1 nvention wll

cont ai n ananifaRy iebidit e atainy eAlhomghiit iy geferalip elinictily esysnpaielaticily: Healthy
prepared by conventional techniques. 15 1 4 FEB 200E Vacci ne preparation
i s gener al inglivicusds, i BXQPIISOPHIARREBISE FOETE SHBPLCHABS Bpreenst womenadci ne

Design - the subunit a . uyant, approach.. edited by Powel | and Newman,
Pl enum Pr e@uﬂ%ﬁgpr%&gq‘%gﬁ%}s{ 'a%‘opr V&ﬁ&ﬁ‘ﬁﬁ?ﬂ OTiY5e %@é’??‘fé%? 2880 ed Dby
Vol ler et @huoniddniaVishdli iy SREIK R8s wnBAIHE0NDE BescMBEY L-ANDo6HHB58 0r 1978_
Encapsul ation"within |iposones is described, for exanple, by Fullerton,
U. S. Pat enTg34a285c85ed inCaG}A2gbk366n of proteins to macronol ecules is

di scl osed, for exanple, by Likhite, U.S. Patent 4,372,945 and by Arnor
et al., US. Patent 4,474,757. The anount of protein in each vacci ne dose

i s select n (.ch i . i nQpL.Qt ect.i.ye r.esponse

W t hout si n?a‘)%i 9?5%:?{28 %géeec\r‘\,giép‘ %Café’gteé?‘?‘@S%‘gg? ﬂ%pﬁggﬁmn\fggl\éo%l s. Such
amount W | donvaists GRRETIVEY Aafyen ¥ iafi I GIPBL kiiti geni BHBRRASHH & TofimRhsmeed.
Generally, it is expected that each dose will conprise 1-1000g of
protein, pgadErantiggn o peaisularsbescpndgensadasgridedadpve.An opti mal anount for
a particular vaccine can be ascertained by standard studi es involving
observation of antibody titres and other responses in subjects.

Fol | owi ng hiaied.] 8GGhé b deS uﬁjﬁ@j t ' i'n about
4 weeks. Irr?llrha F%rike(?nas 0 \q/%%]cidr?g%}i cgn of "S’gr"gé‘?}%ﬁ’s" Eﬁ@p%%b@ém? %EfﬁPV or HSV

i nf ect i onsvactine, for example a tetra- or pentavalent vaccine. -

The formulations of the present invention are very effective in inducing protective

immunity, even with very low doses of antigen (e.g. as low as Sug rgD2t).

They provide excellent protection against primary infection and stimulate,
advantageously both specific humoral {peutralising antibodies) and also effector cell

mediated (DTH) immune responses.

The present invention in a further aspect provides a vaccine formulation as herein
described for use in medical therapy, particularly for use in the treatment or

prophylaxis of human papillomavirus infections and herpes simplex virus infections.

The vaccine of the present invention will contain an immunoprotective guantity of

the antigens and may be prepared by conventional techniques.



pharmaceutical conpositions of the present invention may be used Eg 2006
treat, immunotherapeutically, patients suffering fromthe said &'rgﬁ
.infections. In a further aspect of the present invention there is

provi ded a mathae pRiparatRAYS dederis; @GchBEEINPIHIeSa dubiesl BIhRE8bIB Y N[BT hod
conprises mxing a human papilloma virus antigen and a herpes si npl ex

vi rus anti g&aceint DesighH-the subttatiang adadjovamptqachpeditddnpPewsDambT. and,
preferably, a carrier,

for ex | e al f i red, other_antigens may
be added, i Ne#fare SIRPYRR @Fﬁss, %r ?N?\Bulg']ﬁafiﬁi aalgeﬁ%mf%ﬂt%m Vaerdngsn gdited

ed, ST . D i o
oot not 1 T (VRS BEH O fEvaRhS ek g, By S MENAIRY 15,8 DBt oS P!
| Munogeni ¢ EhyaRhlatiby wAtisa lipddBenek i98scribED oY ek Lifle OBy FERERSMN AN Patent

vaccines formul'ated with ASO4. | NTRODUCTI ON An inmunogenicity study was
per f or ned i #,2Bal%/7C Géngegatonmg proteins dp ffasramylectden is giesrdosed 1 forlReBld, 1

Virus Like Particul VL.P- 16 . HPV18 L1 Virus Ljk articule (VLP-18)
3. gD anti gBh Iélfmﬁsi‘]é h?‘emlégxéﬁ\%;ﬁﬁ‘%gfé’dmﬁrteﬁ% bn§3 4. AEY - usi ng
pre adsorbed nonobul ks of antigen or 3D-MPL on Al (OH)3 or AlPO, .

3D-MPLI Al (OH)3 fornul ations are referred to ASO4D whereas 3D- MPL/ A] PO4

based for nuirgt bepsnedforoRiein @dh vecASOdbie iJ baedted bOdh BHHOUMACHEIRASHIRIES

assessed: 1. VLP16 + VLP18 ASO4AD, 2. gD AS4D; 3. HBs ASO4C.
an immunoprotective response without significant, adverse side effects in typical
vaccinees. Such amount will vary depending upon which specific immunogen is
employed. Generally, it is expected that each dose will comprise 1-1000pg of
protein, preferably 2-100ug, most preferably 4-40ug. An optimal amount for a
particular vaccine can be ascertained by standard studies involving observation of
antibody titres and other responses in subjects. Following an initial vaccination,

subjects may receive a boost in about 4 weeks.

In addition to vaccination of persons susceptible to HPV or HSV infections, the
pharmaceutical compositions of the present invention may be used to treat,

immunotherapeutically, patients suffering from the said viral infections.

In a further aspect of the present invention there is provided a method of
manufacture as herein described, wherein the method comprises mixing a human
papilloma virus antigen and a herpes simplex virus antigen with a TH-1 inducing

adjuvant, for example 3D-MPL and, preferably, a carrier, for example alum.

If desired, other antigens may be added, in any convenient order, to provide

multivalent vaccine compositions as described berein.

The following example illustrates but does not limit the mvention.
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and the potential to conbine these vaccines was eval uated. Th kg ot
this experinent was to conpare the i munogenicity of tw different ASO4
conbi nati ons nmade of either: 1. VLP 16 +VLP 18 and aD. 2. VLP 16 +VZP 18
~and gD and HBs Ag. 17 1 4 FEB 2006 The experinental protocol is fully

described i Exhh$1dpi Tonsaratide Mahlie@gefieRy bPBPV AgSUARYED B QYRS 2Rt 59
mce were imuni sed intramuscularly twice at 3 week intervals with

various Ag bembihatisnraceines oy mydatediyoitly AS84ponse to VLPs, gD and HBs Ag

and the isotypic profile induced by vaccinati on were nonitored by ELISA

at day 14 post 11. At the sane tinmepoint, the cytokine production

(I FNyTIL5) was analysed after in vitro re-stinulation of splenic cells

. with either VLPs, gD or HBs antigens. MATERI ALS AND METHODS Formnul ation
For mul ati on e VLP16, VLPI8, gE and HBs fornulated with 3D MPL

on Al um ni anIqﬁs’aI t .Ug?rp%ent s used Conponent-ConcentrationBuffer HPV 16

VLP560 i gl mAfriirsnedgbiibias g Snyipkifdimisd iWHREA rhice hsinkd&lr Hfferei NaPO4

20mM AL( OH) 310380 pgl m H20O HBs1219 i ghnl PO4 10 i nM NaCl 150 nmM gD443

ggl M PBS pHAiZ&n$p: MPL1170 ugl M Water For |njection AlPO45 ng/ m NaCl 150

mM Adsor pti on.

1. HPV16 L1 Virus Like Particule (VLP-16)
2. HPV18 L1 Virus Like Particule (VLP-18)
3. gD antigen of HSV-2

4, HBsAg

formulated with Alum/3D-MPL (AS04) using pre adsorbed monobulks of antigen or
3D-MPL on AI(OH), or AIPO,.

3D-MPL/AYOH), formulations are referred to AS04D whereas 3D-MPI/AIPO, based

formulations are referred to ASO4C,

The following vaccines were assessed:
1. VLP16 + VLP18 AS04D;
2. gD AS04D;
3. HBs AS04C.
and the potential to combine these vaccines was evaluated.

The aim of this experiment was to compare the immunogenicity of two different

AS04 combinations made of either:

1. VLP16+VLPI8 and gD.

2. VLP16+VLPI8 and gD and HBs Ag.
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a) VLP adsorption. VLP 16 and VLP 18 purified bulk are added to ﬁtéﬁ@g
to obtain a ratio of 2pg VLPIIOg Al (OH) 3. The m xture is stor el

2-8C until final fornmulation. 18 1 4 FEB NH b) gD adsorption. 2g gD are
mxed with |Og Al (OH) 3. The m xture is stored between 2-8C until final
formul ation. c) HBs adsorption. 2g Hbs are m xed wwth I Ogg ALPO4. The
mxture is Sheerstriménslgnode8iGs fully bedcribed in therMudesibl a1 MdhodDsdvBbn.
adsorption. 5g 3DMPL are mxed with I Oy AL(OH),. The -m xture is stored
between 2-8C wuntil final fornulation. Sg 3D-MPL are m'xed with 1 Og

Al PO4. The xture IS _staor bet C- for mul

For mil at | on S § Ry TPt S (st hitamissPRtly CHi A3 iy

m nut es of [ ARsial 0 are
added: - adsorbedTant L rCSTE bie adsor‘%‘e"ﬁlﬁa%%ﬁ‘z\@“” *@?%%Z%Q??E 89[;%‘?‘0@.
They are shilBsmgatnd tbmrmdtgpnp@mﬁlamdxfced b}’t@acammmmcmrrdomtomeceuy &LIZL
until injection. Antigen &qmmnostl mul ant sVehi cl e G oupTypeqTypeAgTypeAg
AgD2Al ( OH) 34@?%144116021\%( SRING HTSDRIpY, (k) 0K PRAIUSHPL MaH) 310

analysed after in vitro restimulation of splenic cells with either VLPs, gD or HBs

antigens.

MATERIALS AND METHODS
Formulation

Formulation compositions

VLP16, VLPI8, gD and HBs formulated with 3D-MPL on Aluminium salt.

Components used

'Compﬁﬁent" ¥ Concentr:mon o ” Buffer
HPV 16 VLP 560 pg/ml Trs 20mM/NaCl 500mM
HPV 18 VLP 550 pg/ml NaCl 500mM/NaP04 20mM
AL(OH)3 10380 pg/ml H20
HBs 1219 pg/ml P04 10 mM/NaCl 150 mM
gD 443 yg/ml PBSpH74
3D-MPL 1170 pg/ml Water For Injection
AlPO4 5 mg/ml NaCl 150 mM
Adsorption,

a} VLP adsorption.
VLP 16 and VLP 18 purified bulk are added to AJ(CH); to obtain a ratio of 2ug
VLP/10pg AYOH)3. The mixture is stored between 2-8°C until final formulation.
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BgD2Al (OH) 310 VLP162A1( OH) 310 VLP182Al (0OH) 310 HBs2Al P0410 14 FEB 1008
3D- MPL5AL( OH) 310 CgD2Al (OH) 310 3D- MPL5M OH) 310 Al (OH)330 19 1 4 FEB 2406
DVLP 162A1( OH) 310 VLP 182Al (OH) 310 3D- MPLSAI (OH) 310 Al (CH) 320

EHBs 2Al P Oﬁgaﬂl\g;%ﬂ(a—l) 310 Al (OH) 330 M ce Serology Anti-VLP-16 and
ti-VLP-1 Th t f t VLP16 d
th: bodi es? 3 e“%ﬁ&bﬁ@hs?ﬁ@“\%ﬂ%@%@% q‘é’éggﬁzﬁg‘)glfﬂé%d VLP18

504/ 2 (25/&!@197@E)U1at$011:0at| ng antigens. The antigen and anti body
solutions were used at 50 i per well. The antigen was diluted at a final

concentrat | Ldg,? Abg/ m in PBS and was adsorbed overnight at 4Cto
the wells S cro e Naxi.sor b no- pl at.e, ., Nunc,
Tt B S e 5 s

Denmar k) . ]
cont ai ni ngfotmeationi ne ser um al bumin. Two-fold dilutions of sera (starting
at 1/400 dilution) in the saturation buffer were added to the VLP-coated

pl at es and) %? %n_l hr 30m n at 37C. The pl ates were washed four
times with F’ﬂ%} f %
Sug 3 L are mixed with 10pg Al(OH),. The mixture is stored between 2-8°C

unti} final formuiation.
Spg 3D-MPL are mixed with 10pg AIPO,. The mixture is stored between 2-8°C until
final formulation.

Formulation.

H,0 and NaCl are mixed (10x concentrated) and afier 10 minutes of agitation at room
temperature, the differents components are added: adsorbed antigen, 3D-MPL
adsorbed and AI{OH), (See table below). They are shaken at room tcmpcraturc for 10
mimutes and stored at 4°C until injection.

Antigen(s) Immunostimulants Vehicle
Group Type Bg Type rg | Type rg
A gD 2 ANOH), 10
VLP16 2 Al(OH), 10
VLP18 2 Al(OH), 10
3D-MPL 5 Al(OH), 10
AYOH), 10
B gD 2 AYOH), 10
VLP16 2 AYOH), 10
VLP18 2 Al(OH), 10
HBs 2 AIPO4 10
3D-MPL 5 Al(OH), 10
C gD 2 AI(CH), 10
3D-MPL 5 AI{CH), 10
Al(OH)}, 30
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20 and biotin-conjugated anti-nouse |g (Anrersham UK) diluted 111568 7904
saturation buffer were added to each well and incubated for 1hr 30m n at
37C. After a washing step, streptavidin-biotinylated peroxydase conpl ex
(Amersham _ UK) diluted 111000 in saturation buffer was added for_ an
addi tional | 30mn 37LE6 Bl azeg were washed as gbovel@pid),i ncubei ef for
20rnin with a sol utiop pfg 0- pperyl enedi am ng (Si gma) AQehidye H2021(§). D3 %
in 0.1 %tween 20 0.05Mcitrate bumﬁ_rl%ﬁtﬂ.& he rag&%ﬁ {siooped
with H2SO4| 2N and [fead at 490/63Q n SAititeris Icu ated| from
a reference by SofftmaxPro (dsingla four _pardneterls eddd?lilhbn)

expressed {n B/ m| 2QHs 4 FEBzZGOG Anti-gD riesponse: ,Q;xmtitatim\ Df
anti-gD anti body was perfornqed by E lélhgp sing gb (|gD 43 ) 1(}5 P
coating antigen. The antigen and janti y “soljut1 ons wer ed 0p.1
per well.|The antligen was diluted at a finall concent ﬁé@q’!g}l g/m

in PBS and was adsorbed overnight at 4Cto the wells of 96 vveI | s
mcrotiter plates-{Mxisorb hnnuno-plate, Nunc, Denmark). The pl ates
were then incubated for Ihr at 377c wth PBS containing I % bovi ne serum
al bumin and 0.1 % Tween 20 (saturation buffer; 100pllwell). Two-fold

dilutions of sera (starting at 11100 dilution) in the saturation buffer
wer e added M@@gﬁat ed plates and incubated for Ihr 30mn at 37C.
The plates were washed four tines with PBS 0.1 % Tween 20 and biotin-
conj ugat ed AnterhBuEeanfb@ltl-W@Gl&SEﬂ%mb or 1g (Arersham UK) dil uted

1/1000 in uration b fer and i cub ed for 1hr
30 min ata76 daudonehabntBie HEt VLR TR A e Mt p

per oxydase APEp fer
was added fg?@%%glggl ti oﬁd;ﬁmélo%iza}t%%%ﬂép @Lilg/lgt% ggﬂv\%’j gﬁj\,{gé @t CH%SBE ove
and i ncubat egtigens. EWMQMMII antthwoidy tsobitions were ydedray [5S0n4d geamdetie TESI gma)
0.04 % H202 0,03 %in élvveen 20 0.05M citrate _huffer pH 4.5. The
reaction m%ﬂtﬂcﬁﬁﬁédiwqdﬁtﬂ mal SRRCSAFation, Q;ttsa“ Q@/%@%ﬁﬁ‘d whs adsorbed

overnight at 4°C to the wells of 96 wells nicrotiter plates (Maxisorb Immuno-plate,
Nunc, Denmark). The plates were then incubated for 1hr at 37°C with PBS
contzining 1% bovine serum albumin. Two-fold dilutions of sera (starting at 1/400
dilution) in the saturation buffer were added to the VLP-coated plates and incubated
for 1 hr 30min at 37°C. The plates were washed four times with PBS 0.1% Tween
20 and biotin-conjugated anti-mouse Ig (Amersham, UK) diluted 1/1500 in
saturation buffer were added to each well and incubated for 1hr 30min at 37°C.
After a washing step, streptavidin-biotinylated peroxydase complex (Amersham,
UK) dituted 1/1000 in saturation buffer was added for an additional 30min at 37°C.
Plates were washed as above and incubated for 20min with a solution of o-
phenylenediﬁnﬁne (Sigma) 0.04% H,0,0.03% in 0.1 % tween 20 0.05M citrate
buffer pH4.5. The reaction was stopped with H,SO, 2N and read at 490/630 nm.
ELISA rtiters were calculated from a reference by SoftmaxPro (using a four

parameters equation) and expressed in EU/mi.
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ELISA titers were calculated froma reference by SoftmaxPro (using a four
parameters equation) and expressed in EUnl. Anti-HBs serol ody FEBellb
guantitation of anti-HBs antibody was performed by ELISA using HBs (Hep
286) as the coating antigen. Antigen and anti body sol utions were used at
50.1 per wgii-gDTeepanki gen was diluted at a final concentration of

)jig/m in PBS and was adsorbed overnight at 4Cto the wells of 96 wells
m crotiter Quantiggorn Wﬁi—ﬁl%époaﬂflbﬁ_’ﬁy wahaerriom@ bINERESA D@ﬁﬁwﬂﬂdg[} #BB3at es

were then ingubated for hrl. at 37C $ (ionta ni n .%Cﬁ%f' ne serum
al bumi n and® B9 HHE8F 30 P%&P%%ﬁﬂ UBE’I ¥ )]UOWGIF%PEd iP6hs of
sera (startlhng ﬁlsai'_abéépwgé Sit PR 2 | lkﬁﬁcéﬁ%ﬁgﬁbﬁqgg@%‘fﬁ&%ﬁ @f@dded to

t he HBs- coat ed ate d |ncubate or Ihr 3 e plates
wer e was heddSc@l;MEd bvammighinat 4T (PRI wkils Tee iwelld nannﬁbtiaé:rqjlhms (:Majdsgﬂat ed

anti-nmouse Ig (4rnersbarn, LK diluted 111500 or Ig QRa

( TMTECH, 2@@@0&@6@%@6@%} derera pe vers/ aey Hmubatmg@olhrlal Gé@

1/ 4000 in sa uff were added ta eap%cﬂl q! Ccubtedfor
Thr 30m n SRS cRplpgine it s By gfoundp ABTD.UP et 9t (TR

per oxydasehﬁﬁre@'m 1 (/ORRY. ShAS-Rold Wkfhrishisl tseeh &{aHIQP ai ﬂlwaﬁbﬁ&{)'lﬁ%é)‘if fer

was added for an addltlona 30mn at 37C Pﬁ ates” were washed’as above
and i ncubatadration W@ffier meranedded do del gD—icoateﬂbeanesmﬂnytmmdl farilhe3¢:Bingma)
0.04% H20, 0.03 %in 0.1 %tween 20 0.05M cjtrate buffer pH4.5. The
reaction wWAsCsTBPBEIESW A WaSkRe,foRREIGS “f@a%ﬁ%% W olveesn 20uand WPYmSA titers

et fony lEsed BRTHpCIALERRI AR G AR L L BRHRIT,

the second i batbiAtisAbuffer wid eRledas @adh welbdnd SRWBRBE fNENE IDaHRVABT°C.
aseptlcally and pool ed. Cell suspensions were prepared in RPM 1640

medi um  ( GABBOR weshing ¢ guepiakidin-biotiewlaicdderenndais eompex (Anechanim
2- frer capt O%a&.l]futéd 1/1000 in saturation buffer was added for an additional 30min at 37°C.

Plates were washed as above and incubated for 20min with a solution of o-
phenylenediamine (Sigma) 0.04% H,0, 0.03% in 0.1% tween 20 0.05M citrate
buffer pH 4.5. The reaction was stopped with H,SO, 2N and read at 490/630 nm.
ELISA titers were calculated from a reference by SoftmaxPro (using a four

parameters equation) and expressed in EU/ml.

Anti-HBs serology

The quantitation of anti-HBs antibody was performed by ELISA using HBs (Hep
286) as the coating antigen. Antigen and antibody solutions were used at SOpi per
well, The antigen was diluted at a ﬁnal concentration of 1ug/mi in PBS and was
adsorbed overnight at 4°C to the wells of 96 wells microtiter plates (Maxisorb
Immuno-plate, Nunc, Denmark). The plates were then incubated for 1hr at 37°C
with PBS containing 1% bovipe serum albumin and 0.1 % Tween 20 (saruration
buffer). Two-fold dilutions of sera {starting at 1/100 dilution) in the saturation
buffer were added to the HEs-coated plates and incubated fof Ihr 30min at 37°C.
The plates were washed four times with PBS 0.1% Tween 20 and biotin-conjugated

anti-motuse Ig (Amerskam, UK) diluted 1/1500 or IgG1, TeG2a, IgG2b IMTECH,



and 5% foetal calf serum Cells were cultured at a final conce trgéBi a5 of
5x106 cells/m, inIm per flat-bottoned 24 well-plates with d 'T er ent
concentrations (10-1 ,ug/m) of each of the Ag (VLPs, gD or HBs
antigen). SyppOnated fespet®eiadiviesioad 1/4000] 5/4beb &8 sabhibh dafer Wetd |
tested for the presence of IFNy and IL5 by ELI SA. W\y (CGenzyaae)

Quanti t at i ondddd tbFsgh wed asdrifiorbated foy 1ELIGmnwe i37§Cr édtpe atwashingrats@enzy ne.

Sanpl d antibody sal uti d_ at 50p. 1. 96- el
oot tor  SrEREYAT RRSPUeieg HerTAS. Grae: (AR aBe sl AT e

i ght at_4C it di i g/ n
P car bonat S B BED ores AgREHE SR laaBidoha SHTE of BIVCEblats b Blvadyetlasd)
with 100, ul ;6fveRBY BOMHaRd ol Q0hiYabOV ¥y thR ¢fB-phéyBRdARENO(SIha) Tween 20

(saturation buffer). Two-fold dilutions of supernatant fromin vitro
stimul at i onO(®t%IH,Da@.G& % in 2)1 % rewsert 20 At05Wh cimate buffevepléd . Sadledeacton he

anti- IFNy -coated pl a nd..i ncubat ed r.Lhr .0 at 37C. The 22 1 4
FEB 2006 pl A8 SIORBFD “ﬂ@?ﬁéﬁlglﬁ Anbeeagaf ﬁgq%é%‘g %ﬁr?églﬂf%s(‘ﬁ%@wa&?ﬂhﬁ‘é’r )

and biotin- j @%&'Er- I i i I er
at a final ggbﬁ{gheg%%?%%g)%% : pdéﬁgnﬁma/a@hza%l@#%%ggg{éﬁﬁ’%%@%#g&sg&ﬂ

i ncubated f@uar at 37C. After a washing step, AMDEX conjugate
(Amersham diluted 1/10000 in saturation buffer was added for 30m n at
37C. Pl ates were washed as above and incubated with 50111 of TMB
(Biorad) for iOmn. The reaction was stopped wth H2S04 0. 4N and read at
450/ 630 rum Concentrations were cal cul ated using a standard curve (nobuse
| FNy standard) by SoftpmaxPro (four paraneters equation) and expressed in
pglm . 1L5 (Briekinegroduabiemtitati on of |1L5 was performed by ELISA using

reagents from Pharrningen. Sanples and antibody. sol uti ons were used at
501 per wel [Ewoosesks|afteqihe SEpREMpBRRSAION, MiksVEHT BlledniplRsnp WatIemqyse,

o en) ar " HaP S SRR, S Blpd o Wb Rleoifea AREEH 1843 bichRpe !5

(GIBCO) containing 2 mM L-glutamine, antibiotics, 5x10* M 2-mercaptoethanol,

and 5% foetal calf serum. Cells were cultured at a final concentration of 5x10°
ccus!nﬂ, in 1ml per flat-bottomed 24 well-plates with different concentrations {(10-1
pe/ml) of each of the Ag (VLPs, gD or HBs antigen). Supernatants were harvested
96hrs later and frozen until tested for the presence of IFNy and IL5 by ELISA.

IFNy (Genzyme) |
Quantitation of IFN«,' was performed by ELISA using reagents from Genzyme.
Samples and antibody solutions were used at 50ul per well. 96-we11. microtiter plates
(Maxisorb Imruno-plate, Nunc, Denmark} were coated ovefnight at 4°C with 50yl
of hamster anti-mouse [FNy diluted at 1.5zg/ml in carbonate buffer pH 9.5. Plates
were then incubated for lbr at 37°C with 100u! of PBS containing 1% bovine

- serum albumin and 0.1% Tween 20 (saturation buffer). Two-fold dilutions of
supernatant from in vitro stimulation (starting at 1/2) in saturation buffer were

added to the anti- IFNy -coated plates and incubated for 1hr 30min at 37°C. The
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i ncubated for 1hr at -37C with 100yl PBS containing | % bovi ne 1serpgmygs
albumn and 0.1 %tween 20 (saturation buffer). Two-fold dilutions of
supernatant fromin vitro stinmulation (starting at 112) in saturation

- buffer were added to the anti-IL-5-coated plates and incubated for |hr
30m n at 3pGitesTergivasthed dviames weth MRS Twetmed %Bw(whsh IRERrTaekbiolind % (wash

buf f d bj otin-conj ugat ed ti: 1.L5, dil uted_i turati
buf for at | SORMEIeTSOALEHE PR 2ot SR e O BOLE tich BRUoRET e
i ncubat ed f 7 t i ' .
(Arer ohany o 8 e Ehcl Gen el SR 8 pliRior WERCS RTE MR8, Suaspine o
37 C. Pl at ggepreDRIRSHGEsAS (ARerdarndilhRaubpiced iishfirath buffir WAYB

. (Biorad) for “15mn. The'reaction was stopped with H2SC4 0.4N and read at
450/ 630 nmad@edieritminiad A%° GePlates vadre masbebasuabiong 2ad stcbdad dviduiygd of

oxprossed TIMBgRTath Tt ORI R PSP RO G T O10. Brel Ao wer e
. Soee ' ; Cons o

& oupe. and PSR LBkt bR, bR Ahe s SEGUMR QO0P d B uENd 1,

13D- MPL Sg Mﬁﬂ%&&%@y@%ﬁm@m\%&é iHB?ZﬂicﬂJ?@&%@% E/?zlml.s | Al

(OH) 40pg / AIPOL 1D CD 2 13D-MPL S/ AI(OH) 50 DVLPI6 29g°7 VLP18 2

I3D-MPL 5 1 Al (OH a"0 EHBs 2lig / 3D-MPL 5/ AIPO4 10lig 1 AL(OH) 40

Details of fornul ati ons are descri bed above in Materials and Met hods.
RESULTS

L3 (Pharmingen )

Quantitation of [L5 was performed by ELISA using reagents from Pharmingen.
Samples and antibody solutions were used at 50u1 per well. 96-well microtiter plates
(Maxisorb Immuno-plate, Nunc, Denmark) were coated overnight at 4°C WithISUp.l
of rat anti-mouse IL5 diluted at 1ug/m] in carbonate buffer pH 9.5. Plates were then
incubated for lhr at 37°C with 100ul PBS containing 1% bovine serum albumin and
0.1% tween 20 (saturation buffer). Two-fold dilutions of supernatant from in vitro
stimulation (starting at 1/2) in saturation buffer were added to the anti-IL-5-coated
plates and incubated for 1hr 30min at 37°C. The plates were washed 4 times with
PBS Tween 0.1% (wash buffer) and biotin-conjugated rat anti-mouse L5 diluted in
saturation buffer at a final concentration of I1ug/ml was added to each well and
incubated for 1hr at 37°C. After a washing step, AMDEX conjugate {Amersham)

- dilated 1/10000 in saturation buffer was added for 30min at 37°C. Plates were
washed as above and incubated with 50ul of TMB (Biorad) for 15min. The reaction
was stopped with H,SO, 0.4N and read at 450/630 nm. Concentrations were
calculated using a standard curve (recombinant mouse IL-5) by SofomaxPro (four

parameters equation} and expressed in pg/ml.



1. Serology: a) Anti-VLP16 response: Hunoral responses (lg ) r
measured by ELI SA using VLP16 503-1 (20/12/99) as the coati ngel*aﬁtﬂi @gﬁn
Day 14 post Il sera were anal ysed. Figure 1 shows anti-VLP16 | g anti body
responses nEROWES! on individual sera on day 14 post i_ The anti-VLP16
titers obtained after inmmunisation with the combination of VLPs, gD and
HBs Ag (gr dimoum)of U:Belb&T imgyhe et buvannisedbintramuseHarlybidi the dolw wingei t her
the conbinati qn of VLPs and gD (group A) or the npnoval ent VLPs

f or mul at i orf® BUYSD) (GMT respectively of 27578 versus 48105 EU m
versus 44448 ELI/m ). Before statistical anal y5| s a T-G ubbs test was
applied on each popul ation fey t ok non-responder mce in
b oups A and D were elimnated %q @;oﬁ?ﬁysﬂ’?”b 24 %4 FEB 20H The

di fferences observed between the groups were shown as statistically not
significant using the Student Newran Keuls Test. b) Anti-VLP18 response:
Hunor al responses (jig) were nmeasured by F|1SA using VIP18 504-2

(25/ 10/ 99) | GRGURt ing anti gen- Day HORMELATEMNa were anal ysed. |Fi gure

2 shows the anty - VL Dxf:[ﬁ'mgg 1 VDPd§ ey 3 Qo EIDINPY, mptolﬁgucll sera
on day 14 post 11 The, ’%]_Pw ti ters%g)l?)t ai ned afterg{gmrum satign with

t he conbi nati+-oenof A gu e aou

magni tude as the tif mggg@% 9&##% r’ygtPéD bfﬁQtW LPs and
gD (group A) _or . the n (group D) (GI\/IT
respectively ofC 5607gD\vkpgdSIBRMYG SELN HHI(QH) 58@ug 76991 EU nil) Beflore
statisticall ang ysi $ VELPL6GA0bVILIPES R ppd STRMIPL SpgdnAROT) , 30pE! ati on. for

dat a E HBs 2ug / 3D-MPL Spg / AIPO, 10pxg / AYOH) , 40ug

Details of formulations are de‘scribed above in Materials and Methods,

RESULTS

1. Serology:
a) Anti-VLP16 response:

Humoral responses (Ig ) were measured by ELISA using VLP16 503-1 (20/ 12!99)
as the coating antigen. Day 14 post II sera were analysed.

Figure 1 shows anti-VLP16 Ig antibody responses mieasured on individual sera on
day 14 post II.

The anti-VLP16 titers obtained after immunisation with the combination of VLPs,
¢D and HBs Ag (group B), were slightly lower than the one obtained with either the
combination of VLPs and gD} (group A} or the monovalent VLPs formulation
(group D) (GMT respectively of 27578 versus 48105 EU/m! versus 44448 EU/ml).
Before statistical analysis a T-Grubbs test was applied on each population for data

exclusion. Two non-responder mice in groups A and D were eliminated for

analysis.
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excl'usion. Two non-responder nice in groups A and D were eliningt peB 108k
anal ysis. The differences observed were shown as statistically not
significant using one-way analysis of variance test. c¢) Auti-gD

_ response: Hunoral responses (lg and isotypes) were neasured by ELI SA

using gD asTheQmffirafices aBkdrgedbethasn d Qg vdre SiRtvon Wedtearallysed. Figure 3
shows the anti-gD anti body responses neasured on individual sera at day

14 post || sigRefientiising theeStadarnt NgBmasers &gsta sl i ght decr ease was
observed in the GMI obtained with the VLPs/ gD/ HBs conbi nation (group B)
conpared to gD alone 25 1 4 FEB 200E (G oup C) or VLPs/gD conbination
(Goup A) (GMIT respectively of 18631 versus 32675 versus 27058 EU . m).
Bef ore st ath) StedLEISAeRI%es T- G ubbs test was applied on each

~ popul ation U%ngﬁéﬁ%goﬁgh@i 90 Jgggugaiﬁyg}ﬁgﬁg{‘ﬂﬁﬁ Wﬁﬁgi 5\/\3}5&? gl??}og?#? ©

el i m nated SI'S. onée-'way-ana vari anc d on

anti-gD ti t@lcgatdipt Mtige@IDay !Iﬁtf]béﬁtqfl REaivedte @halp@et 11 data. No
statistically significant difference was observed between the three

formul ations. The isotypic repartition analysed on pool ed sera was as
foll co i iti 0 I A 2 - B 2
OG 8‘3’; C %gllirse £ 1531106'}’55: TEJIC taizg—r{/]gi/?s fgga%tfg)g%z ?es %stt)a n%agszlfped 09n6§1div%1?alll Fgera 963

on day 14 post I

The anti-VLP18 titers obtained after immunisation with the cornbination of VLPs,
gD and HBs Ag (group B), were in the same magnitude as the titers obtained with
either the combination of VLPs and gD (group A) or the monovalent VLPs
formulation (group D) (GMT respectively of 56078 veréus 88786 EU/mi vcrsﬁs
76991 EU/ml)

Before statistical analysis a T-Grubbs test was applied on each population for data

exclusion. Two non-responder mice in groups A and D were eliminated for analysis.

The differences observed were shown as statistically not significant using one-way

analysis of variance test.

¢) Axti-gD response:
Humoral responses (Ig and isotypes) were measured by ELISA using gD as coating

antigen. Day 14 post II sera were analysed.

Figure 3 shows the anti-gD antibody responses measured on individual sera at day

14 post [:

Regarding the anti-gD response, a slight decrease was observed in the GMT

obtained with the VLPs/gD/HEs combination (group B) compared to gD alone
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L_ No difference was observed in isotypic profile induced by t hey Fﬂfﬁrﬁ]@@]
formulations: minly 1gGlL response (96-97% of 1gd@) were induced in the
3 groups as reported in the table below d) Anti-HBs response: Hunoral
responses ({Goapd)icFWYPEED dtRiEndiRAS e RY (EM1SfespsitNglyHBs I3 1 (Veeg286)
as coating antigen. Day 14 post 11 sera were anal ysed. Figure 4 shows the
anti.- HBs anﬂﬁﬁéd@crmﬁéﬁﬁﬁ?fnéhsured on individual sera on day 14 post
U Aslightly lower anti-HBs anti body response is observed in the

conbi nati on group B containing the VLPs, gD and HBs antigens conpared to
HBs al one ( : : C . 6 +F
g26b5 A oneg‘\g/\%&)%t%%ﬁti/cé%@% lsi/%??gﬁlggy\lﬁisw\ég%ﬁ@%&zﬁp%%hg’#b pﬁﬁg f‘ﬁi c%ai'&r S
after 109 ¢xcAREIOITHG nof-répoidstmitct iflgiodp Avesd aliinsiatediofol ¥naagi fi cant

di fference was observed between the group B (VLP/ HBs/gD) versus the
group. E (HBs ASO4) using Student Newran Keuls test. The isotypic

repartition, anal ysed on.pool ed sera was as,foll d owed no

di PferencesAﬁé‘F’ aé'ﬁaqa(rﬂ%ﬂ%’g%&ﬂﬂ%e‘ﬁﬁ%e “BF‘E)BBraPﬁ%ﬁ) ﬁgrﬁ %Eb@i%preserved in
the conbi ' ' I i : 1 L@ A2 : 0 B
Lhe o1 ang%dg%\éggg?@ﬁgst IB@ta. o Bt AIchilY SiRRiflcKor Mﬁéne@aage%tﬁve@ up

between the three formulations.

The isotypic repartition analysed on pooled sera was as follows:

Isotypic repartition (%)
IgGl IgGG2a IgG2b
Group A 96 3 2
Group B 96 3 2
Group C 97 1 1

No difference was observed in isotypic profile induced by the three formulations:
mainly IgG1 response (96-97% of 1gG1) were induced in the 3 groups as reported

in the table below.

d) Anti-HBs response: _
Humoral responses (Ig and isotypes) were measured by ELISA using HBsAg
(Hep286) as coating antigen. Day 14 post II sera were analysed.

Figure 4 shows the anti-HBs antibody responses measured on individual sera on

day 14 post II.

A slightly lower anti-HBs antibody response is observed in the combination group B
containing the VLPs, gD and HBs antigens compared to HBs alone (group E)
(GMT of 28996 EU/ml versus 20536 EU/ml).
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2. Cell Mediated I mune Response Cell-nedi ated i mmune respom:g@ﬁﬁ(lmﬁl\ly I

| L5 production) were evaluated at day 14 post Il after in vitro
restirnulation of splenic cells with either VLPs, gD or HBs antigens.

For each group of mce, pools of 5 organs were constituted. The
experinmental procedure is fully described in Material and Methods. 3. -
Cyt oki ne praducti.n . | Weatl gagji QM. VLP18 Fi gure
5 shows th‘éogl;éﬁ%’) )g?%'éﬁ srlé)gfj\\é |a%gc%0§$1#)% ored in s\g g%ls}:{%??%qgﬁer 96h in

Vitro resgifpibaidtion ofipol IVdRalko shatigticatlyGighfuat Biferénte aldsids@iaduct i on
nonitored in splenic cells after 96h in vitro restinmulation with VLP18.
No cl ear dogweemthgezresy BVLPAEBrEEY vetsae theegtoup EfBs@ .34 ang Birgdety dose
for restipnulati an iqh ei ther VLP antigens on both cytokine production.
27 14FEBZO&gWF‘g§?uﬁ' S} profile was observed with ali fornulations.
Table 2 :I1FN-yl1lIL-5 ratio after in vitro restinmulation with VLPI6 and
VLP18. Ratio IFN / IL-5roueroueGoup VLP16 10jiginm 15.18.9 16.5 VLP16 1
- pgl M, 14. 3TRe iseGpit RpenitionBaLIgE @Ppddledsetd dad 18 fdlloMlsRhE shpgbdhob) I n
vitro restimulLation with gD Figure 7 shows the_cytokine production

noni t or ed diffesgrcenbetween the hgnoeps WEh aiprordrtipp of 1gG2a preserved in the

combination vaccine.

Isotypic repartition (%)
IgG1 1gG2a 1gG2b
Group B 54 24 21
Group E 56 23 21

2. Cell Mediated Immune Response

Cell-mediated immune responses (IFNy / ILS production) were evaluated at day 14
post II after in vitro restimulation of splenic cells with either VLPs, gD or HBs
antigens. For each group of mice, pools of 5 organs were constituted.

The experimental procedure is fally described in Materjal and Methods.

3. Cytokine production
a) In vitro restimulation with VLP16 and VLP18

Figure 5 shows the cytokine production monitored in splenic cells after 96h in virro
restimulation with VLP16.
Figure 6 shows the cytokine production monitored in splenic cells after 96h in vitro

restimulation with VLP18.

No clear dose range effect has been observed using 10ug and lug Ag dose for

restimulation with either VLP antigens on both cytokine production.
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restimulation with gD antigen. No clear dose range effect was ohgergedih
restimulation The IFN-y is
produced in much higher concentration as conpared to Il.-5 (Table 3)

when conparing the 10 and | g Ag dose

I ndi cati ng acehedt i ProfilePvf dtservell vileall orHfbASPONSE in al |
(rmonoval ent versus comnbi nati on).

invitro restimulation with gbD. Ratio 1FN IIL-5 ro u p up ro u p

eval uat ed
after

for

Table 3 :

gr oups

IFIV y/IL-5 ratio

pg m gD | pgl nTalfe 2 :4AN-3/2L-3 ra¥o bfiexint vigo regiviuharicat wivh VPY B akBFLPI88 1 4
FEB 2006 Figure S shows the cytokine production nonitored in splenic

cells after 96h in

group B. However

vitro

restimulation with HBs.
| FN-y but no 1L5 production was observed for group B. As
2 hi gher production of

A significant

sh

| FN-y was observed in group E as conpared
hi gh background val ue of

| evel of
own in Table
to

| FN-y was observed in the group

E (HBs nonoval ent ) Refio i/ Behif obramptA hoGasxtn §er] fopupasi] nul ation. A
very high |FNyTIL-BLP B f&roim$ obse¥-¥ed W t h8.8he rfonoVBEent| vacci ne
indicating that a $tVbR&® TPt esporisd islinddeked. [Sind%-&rly, a high
IFN-y I'11.-5 ratio wgs nmeasured with the coobined vaccine confirmng the
ability of this fof L‘%"F ; : i ! Tabl e 4:
IFN-y/IrL-S ratio af ghkr\w\gy“o resgimul ati g i th HBgs

b) In vitro restimulation with gD

Figure 7 shows the cytokine production monitored in splenic cells after 96h in vitro

restimulation with gD antigen.

No clear dose range effect was observed when cbmparing the 10 and 1ug Ag dose

for restimulation

The IFN-y is produced in much higher concentration as compared to IL-5 (Table 3)

indjcating a clear TH-1 profile of the immune response in all groups evaluated

(monovalent versus combination).

Table 3 : IFN-y/IL-5 ratio after in vitro restimulation with gD,

Ratio IFN /IL-5 Sroup A Group B Group C
gD T0ugim? 5.2 7.2 3
go tugiml 6.2 11.2 2.3

c) In vitro restimulation with HBs
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Ratio IFN | IL-5G oupGoup S 16 pgrn 7.667.6 1iBs "Ipglnt CONCL nﬁ?gﬁ\@
The effect of the conbination of VLPs/gD or VLPs/ gD HBs Ag for I n
ASO4 on the inununogenicity was evaluated in Balb/C mce: Regarding the

+ serol ogi cal _anal ysi.s, no interference of the nmbi nati o observed

on antt Vi PEERaRS oaiys e AnEDe sEhEtt mobySredte SRR AL O B KLRES ang
gD or VLPs, %%[EQ]OH%l@HgSgens did not interfere wth the isotypic
profile of the antibody response displayed by the gl D and HBs nonoval ent
vacci nes. In the cytokines evaluation, the THi profile (IFNy/IL-5

rati o) observed with each _nmonoval ent vaccines was confirned with the
conbi nat i onA\ﬁaﬁ@ﬁﬁ@td?‘(ﬁﬁng&g but g0 fERprestion wasehiensd for groumBeifie

SO0 4 0 i B e AL
' d
R I

VLP 18 puri et & d d oY1 ratio
of 2. gg VP T0 g B e S el AN Bl et UL e

an HPV 18 uHNwB -5 adtionwad mmeamldxahdmmdamm WRkine SndifatingRYatlBstiodg VLP

formul ated wi th al um 3D- MPL usi n? Pre- adsor bed
TH1 response is induced. Similarly, a high IFN-y /IL-5 ratio was measured with the

combined vaccine confirming the ability of this formulation to also induce a TH-1

response.
Table 4: IFN-y/ IL-5 ratio after in vitro restimulation with HBs.
Ratic IEN7IL5 | Group B | Group E
HBs 10ugiml 158 €5.3
HBs 1ug/mi 7.8 67.6
CONCLUSIONS

The effect of the combination of VLPs/gD or VLPs/gD/HBs Ag formulated in

AS04 on the immunogenicity was evaluated in Balb/C mice:

Regarding the serological analysis, no interference of the Ag combination was

observed on anti-VLPs, anti-gD and anti-HBs serology.

The combination of VLPs and gD aor VLPs, gD and HBs antigens did not interfere
with the isotypic profile of the antibody response displayed by the gl and HBs

monovalent vaccines.

In the cytokines evaluation, the TE-1 profile {(IFN-y/IL-5 ratio) observed with each

monovalent vaccines was confirmed with the combination vaccine groups.



nmonobul ks of antigen or 3D MPL on al um ni um hydroxi de or AlPOA4. 1§, FEAMIBPY
18 L1 VLP formulated with al um 3D- MPL using pre-adsorbed nonobul ks of
antigen or 3D MPL on al um ni um hydroxi de or ALPO4. 30

CLAIMS:

1. A vaccine comprising an HPV 16 L1 VLP, an HPV 18 L1 VLP, aluminium
hydroxide and 3D MPL.

2. A vaccine according to claim 1 wherein the VLPs are formulated using pre-

adsorbed monobulks of antigen or 3D MPL on aluminium hydroxide.

3. A vaccine according to claim 1 or 2 wherein the VLP 16 and VLP 18 purified
bulk are added to alumininum hydroxide to obtain a ratio of 2 pg VLP/ 10 pg AI(OH);.

C. 4, A vaccine consisting of an HPV 16 L1 VLP, an HPV 18 L1 VLP, aluminium
hydroxide and 3D MPL.

5. An HPV 16 L1 VLP formulated with alum/3D-MPL using pre-adsorbed
monobulks of antigen or 3D MPL on aluminium hydroxide or AIPOj.

6. An HPV 18 L1 VLP formulated with alum/3D-MPL using pre-adsorbed
monobulks of antigen or 3D MPL on aluminium hydroxide or AIPO,.
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