Novel Conmposition This invention relates to novel vaccine formulations,
nmet hods for preparing them and their use in therapy. In particular the
present invention relates to conbination vaccines for admnistration to
adol escents. Papillomaviruses are small DNA tunour viruses, which are

hi ghly species specific. So far,NowdCotfpesitibryi dual human papil | omavi rus
(HPV) genotypes have been described. HPVs are generally specific either
for the skin (e.g. HPV-1 and -2) or nucosal surfaces (e.g. HPV-6 and -11)
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Some HFVs 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 now technically feasible to actively combat primary HPV-16 infections,
and even established HPV-16-containing cancers, using vaccines. For a review on
the prospects for prophylactic and therapeutic vaccination against HPV-16 see
Cason J., Clin. Immunother. 1994; 1{4) 293-306 and Hagenesee M.E., Infections in
Medicine 1997 14(7) 555-556,559-564. '

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 type 1 (BPV1).



seven early genes, El to E7 and two |ate genes L1 and L2. In addition, an
upstreamregul atory region harbors the regul atory sequences which appear to
control nost transcriptional events of the HPV genone. El and E2 genes are
involved in viral replication and transcri‘Ft ional control, respectively
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Carcinroma 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

¢ npeoplasia and is graded I to III in terms of increasing severity.

Clinically, HPV infection of the female 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



WO 96/ 19496 di scl oses variants of human papilloma virus E6 and E7 proteins,
particularly fusion proteins of E6/E7 with a deletion in both the E6 and E7
proteins. These deletion fusion proteins are said to be inmunogenic. HPV

L1 based vaccines are disclosed in W94/00152, V‘094120137, W93/ 02184 and
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O her HPV vaccines are based on the Early proteins, such as E7 or fusion
pr ot ei ns such as L2-E7. HSV-2 is the primary etiol ogical agent of herpes
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particul arlysjpr;one. The present invent | on pI’OVI des a vacci ne conposition
conpri si ng: :
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 cells.

Genital herpes is estimated to 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
between 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 as gB, gC, gD and gE etc.



(a) (b) a herpes sinplex virus (HSV) antigen; and a human papil | omavirus
(HPV) antigen in conbination with an adjuvant which is a preferenti al
stimulator of THI cell response. The vaccine conposition of the invention
is of great benefit for adm nistration to adol escents who may be
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Optionally the vaccine composition of the invention additionally comprises 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 SmithKline 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 aluminium bydroxide as adjuvant.

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

example of 2 vaccine that can be used to prevent hepatitis A infections. It is



As used herein, the termhepatitis A viral (HAV) antigen is used to refer
to either a protein derived fromhepatitis A virus or an attenuated strain
of HAV, optionally ‘"inactivated, e.g. with formal dehyde. If the HAV antigen
is a protein derived from hepatitis Avirus it nmay optionally be a
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be characterised by the generation of antigen specific, haplotype

restricted cytotoxic T |ynphocytes, and natural killer
- European patent 0 339 667 (Chemo Sero) describes the general concept of

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 aluminivm 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 bepefit for administration to adolescents who may be
particularly at risk of HSV, and/or HPV infection, and/or HAV infection, and/or
HBY infection.

An immune response may be broadly divided into two extreme catagories, being a
bumoral or cell mediated tmmune response (traditionally characterised by antibody

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



cell responses. In mce TH -type responses are often characterised by the
generation of antibodies of the Ig&a subtype, whilst in the human these
correspond to 1gd type antibodies. TH2-type inmune responses are
characterised by the generation of a range of immunogl obulin isotypes
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immune responses to the antigen.

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
predomigantly 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 Mosmana and Coffman (Mosmann, T.R. and Coffman, R.L. (1989)
TH1 and TH2 cells: different patterns of lymphokine secretion lead to different
functional properties. Annual Review of Immunology, 7, p145-173). Traditionally,
TH 1-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 IL-12. In contrast,
TH2- type responses are associated with the secretion of IL-4, IL-5, IL-6, IL-10

and tumour necrosis factor-B(TNF-B).



measurenent of the 1gGl: I gQ&a ratio of antigen specific antibody responses.
Thus, a TH1l-type adjuvant is one which stinmulates isolated T-cell

popul ations to produce high levels of TH 1-type cytoki nes when
_re-stinulated with antigen in vitro, and induces antigen specific
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menbrane (as described in European Patent nunber 0 689 454 . 3D-WMPL will
be present in the range of 10.ig - 100g preferably 25-50. ig per dose
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optional | yand @gfélch&‘e?mwcﬂlﬂp%cltﬁ&:anmmmglobmmhespmsdmdsmfatqﬂm:thdtH]etypaf QS21 is
di scl osed in, US patent No. 5,057,540. Non-reactogeni c adjuvant formnul ations
cont ai ni ng Sﬁg?f have been descri bed previously (WD 96/33739). Such

formul ati ons conprising Q21 and chol esterol have been shown to be
successful TH stinulating adjuvants when fornulated together with an

anti gen. Thsd§uvaatscwhich congrpabit iod peefevientidl stimudatioarof tef THh @ellresponide are

described in International Patent Application No. WO 94/00153 and WO 95/17209.

3 De-O-acylated monophosphoryl lipid A (3D-MPL) is one such adjuvant. This is
known from GB 2220211 (Ribi). Chemically it is a mixture of 3 De-O-acylated
monophosphoryl lipid A with 4, 5 or 6 acylated chains and is manufactured by Ribi
Immunochem, Montana. A preferred form of 3 De-0O-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 enough 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 Quillaja Saponaria Molina. Optionally this may be
admixed with 3 De-O-acylated monophosphoryl lipid A (3D-MPL), optionally

together with an carrier.



i nvention may include a conbination of QS21 and chol esterol. Further

adj uvants which are preferential stinulators of TH cell response include
i mmunonodul atory ol i gonucl eoti des, for exanple unnethylated CpG sequences
as disclosed in WD 96102555. Conbi nations of different TH 1 stinulating
adj uvants, such as those nentioned hereinabove, are al so contenpl ated as

provi di ng adj i | h | ad ti to THL cell
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and/or lecithin and/or tricaprylin. In a particularly pré)ferred spect the
anti gens i novéntionanay melude aposibinaivoaddPS2di angl chotestenal. | nventi on are
conbined with 3D-MPL and alum 8 Typically for human adm nistrati on Q521
and 3D-MPL will be present in a vaccine in the range of 1g - 200g, such as

10- 100g, pr 2y : ' [ er will
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equal to or less than 1 as this provides a nore stable enulsion. Span 85
may al so bedigflesgdip WP W/0%598 of 1 % In sonme cases it may be '
advant ageous that the vaccines-of the present invention will further
contain a stabiliser.

Combinations of different TH1 stimulating adjuvants, such as those mentioned
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 1:5 to 5 : 1 and often substantially 1 : 1. The preferred
range for optimal synergy is2.5: 1to 1 : 1 3D-MPL: QS821.

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 aluminium 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.



Non-toxic oil in water emul sions preferably contain a non-toxic oil, e.g.
‘'squal ane or squalene, an emulsifier, e.g. Tween 80, in an aqueous carrier.
‘The aqueous carrier nay be, for exanple, phosphate buffered saline. A
~particularly potent adjuvant fornulation involving Q21, 3D MPL and -

00T L] RSSO OSSR IO Bl T T

antigen-int nposition o entiron’is prete

16 and/or 18 theradge @hipEV 200agdarh ad 10-100ngPMedtabld3 00k - 400 hbr 840G
preferred enbodi nent the HPV antigen in. 1tlﬁtMvacci 2e g(ﬁ)rrpoglg{pif)n accordi ng

to the i nvelwpieailyabenoiliis eeteriwillheomprise dpsn @ tprl0%esqualehe ofrotdPMoal (ibe
optionally e L2 protein, particularly fromHPV 16 and/or HPV 18. In this
enbodi nent ,aﬁ}gh@etoc?ﬂl@{ ral’]gg:r%%né Eg)féj%ﬁgeg; 3y obrsferably the ratigrf sgealenel

protein. Pr r ' | ' L1-.L2 fusio s in.the form
of a Vi rus-ﬂﬁlﬁeﬁg@ﬁe@ﬁékmgm Ile%ga]flf)ﬁ dﬁﬂ%ﬁé’f#”h’% 4 BeT§ %}3@8 WISt her HPV

protein, i rgpaAGSimay Mo Eé’gmeﬁmmlamlehﬁz ThU4de Rasdsht 8y be VLPS
conprising L1-E or L1-L2-E are particularly preferred. In another preferred

enmbodi ment ,advirsageovs gt ithgevaccmes hbthe pugsost mivemtionf wilhfarthemsantdinan i s deri ved
froman E6 or.E7 protein, in particular E6 or E7 linked to an

i munol ogi SAYISEET on partner-having T cell epitopes. 9 In a preferred form
of this enbodi nent of the invention, the i munol ogical fusion partner is
derived fromprotein D of Heanophilus influenza B. Preferably the protein

D deri vat i \Nomstanjy 6is &5 wagep eowisicis@irafetddty dntsin aldon-wkicldle ey, QgBAIRge b
particul ar approximately the first N-term nal 100-110 am no aci ds.
Preferred Fa4aleRs. spsopiHEer, €. §-hwecardthan ap aquess camier nTdaigueous eatiers e

P 18 ana P dohepP oo R BTt sl LGl ol n D par proferanly

conprises the first 113 of protein D. In still another enbodi nent of the

invention, the HPV antigen is in the formof an
A particularly potent adjuvant formulation involving QS21, 3D-MPL and

tocopherol in an oil i 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
prcfeﬁed form of the L1 protein is a truncated L1 protein. Preferably the L1,
optionally in a L1-L2 fusion, is in the form of a virus-like particle (VLP). The L1
protein may be fused to apother HPV protein, in particular E7 to form an L1-E7

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

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

immunoclogical fusion partner baving T cell epitopes.



L2-E7 fusion, particularly fromHPV 6 and/or HPV 11. The proteins of the
present invention preferably are expressed in E. coli. Ina preferred
enbodi ment the proteins are expressed with a Histidine tail conprising
between 5 to 9 and preferably six Hi stidine residues. These are

advant ageous, § prefaréli RPN thisi estiod@fient D ehedisentiont, ileninofinddiegicd fudiact ur e of
such proteins is fully described in co-pending UK patent application
number GB Opaf@$3s derivRidefrom\prewin I of HasmopbilsdaBuergadbnpesdeeplyrtheray be

adsorbed onto A 3. The HSV antigen in,the co si.ti on of t.he invention
i s preferabPSP“HJé&qga‘zé'dv?t‘rVSr‘Fmeszﬁpp??WE'ﬁM {}]‘ed@%r"étﬂéﬁw " Hycoprotein D
is |ocated : ' : # and i1 fE910 b Adidd he cyt opl asm of

i nf ect ed ce??é*{“%é%%‘@%?é‘ﬁﬂ?ﬁ@ﬁﬁtﬁ? plal FORELD A0 e 20s. 435). It
conprises 393 ami no acids including a signal peptide and -has a nol ecul ar

wei ght of approximately 60 kD. O all the HSV envel ope glycoproteins this

i s probabl yPrefierrést Bisicahproteinsainithis gmbedimeant ef thg| inventiogfcoyiprise Fggtein 3o,
157-166). Ip_vivo jt . i nown .t o.pl LAl e d | r hment to
cel | nenbrgﬁécé".m m&geﬁm@ﬁ}ibﬁﬁ%ﬁ'?ﬁﬂéﬁ%@@ﬁbs t%%gpoﬁggafaéo%@ to
elicit neupralighNgERLKPN S I TheprvRid B feéthbly -coMpeisesving Firgay3 127:
59-65). I—bmg/ogél?n%m%ﬁg?&e%‘t HS@/-%Z ﬁe\r/ﬂurs (l:an Igh?tlﬁe be ?ealg?i 3at ed and i nduce
recurrence ¢fpioind.sease despite the presence of high neutralising

antibodies titre in the patients sera. In a preferred enbodi nent of the
I nvention the HSV antigen is a truncated HSV-2 gl ycoprotein D of 308 am no

aci ds which,conpri ses am i ‘ g ﬂﬁg 1y '

gl ycopr ot ei Mﬁﬁmﬁﬁ%‘ %‘%0 %%éalrng%?tﬁ}eﬁ’ E%cﬁlgﬁé ut %ﬁ?lsle]hat%lg? e S%Q?er m nal
end of the {pumraisRmh, PaRitilyenaiHPVh dntforPWrIane anchor region. This
formof the protein includes the signal peptide which is cleaved to yield a

mature 283 amino acid protein. The production of sulch a protein | n Chi nese
P B 130 4170 PRUEPS o i AT HEGHP PO YRy o eret i B PREnFe 7o
preferably YsgbrldehBSdiment the proteins are expressed with a Histidine tail comprising

between 5 to 9 and preferably six Histidine residues. 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 AI(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 membrane,
and is also found in the cytoplasm of infected cells (Eisenberg R.J. et al; J 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 play a central role in viral attachment to cell
membranes. Moreover, glycoprotein D has been shown to be able to elicit

neutralising antibodies in vivo (Eing et al J. Med. Virology 127: 59-65). However,
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vaccine formul ati ons of the present invention and is designated rgD2t. A
‘conbination of this HSV-2 antigen in conbination with the adjuvant 3D MPL
has been described in WO 92/16231 Wien a hepatitis B viral (HBV) antigen
is included in the conposition of the invention this is typically

b ClL oSO \ RS f .
(Phang) 1s ot HRSE2I SR sl BE rACSRAGR sl incice phBRtents SEibe Fisasover op. o
Bi ol . St andé¢sgitbfhe Pragencs 2P Mg%%hali%ggﬂtib&ficsgﬂitrc &%?k%&?@%&ogy’ 5, page

479 (1987), EP-A- 0 226 846, EP-A-0 299 108 an references e€rein. As
used herein the expression 'Hepatitis B surface antigen', abbreviated

herein to 'HBsAg' 0 FQBC? inc# udes any HBsAg antigen or fragnment thereof
di spl ayi ng FPre ?ﬁr?f&%’ﬁ 1nenoef theinventipn sie HaViagtigen ista smndateddSMder st ood
that in addi, am I.d sequence of th SAg .S antigen
(see Tioll a$lgb@t}9&% H]ﬁa%@rz%ua?fgﬁs %é’ '(-’Tg%%ﬁes AREPS %“f‘&’ Zﬁh‘@gﬁlﬂ@r ei n)
HBsAg as hernairallgeseiirdgdl tein WRES teCsliditi kA pre-S
sequence as_descri bed ?%(ktﬁ%yg%ove referen(]:uedsipggnpg}#r??él n%]_u%ﬂ%eg%fé%o-
HBsAg as hekd¢mmigelsandi dfdbe buncatedsprotedh devaid of its imenibsand Aichoereital eriive

' escape nmutant' scrihed in, WO 91/14703. In a further aspect the HBsAg
My conpri s@”ﬁ Odg-ﬁ? Biqieigdecindasdhe signalpepidewhihds slepvadctotyield sl matatei on

Nunb 0 41 : 8 : ' t ] id f
whi ch consy oy atigp o6R) piokin O TREBr ARG Br Bocr Bl IO PRt BRNET 1< 5

virus | ar geovaty celix Indsdieen @estribed fy Gendiathes Euﬁ?édna;%t@ﬂtilﬁﬁﬂ-l@ dihat the
am no acid sequence of the protein consists of either: (a) residues 12 -

52, followed by residues 133 - 145, followed by residues 175 - 400 of the

oy 15t AuesrirageOhplgin BERHEHSY o BbiditiEd Bhatds uitehrtinisipad |

pr ot ei n. vaccine formulations of the present invention and is designated rgD2t.

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-0 299 108 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 as described in the above references and in
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HBsAg may al so refer to pol ypeptides described in EP 0 198 474 or EP O 304
578. Normally the ffBsAg will be in particle form It may conprise S
protein alone or nay be as conposite particles, for exanple (L*, S) wherein

L* is as defpned, s S denotes, th -protein of hepatitis B surface
anti gen.’ Tth%SOAg?%égo‘bZ{%@%%mﬂﬂeéqf (2R RIssHetpiaveariangs,descri bed in

W03/ 24148. el tialkycapd nhieiit idsl A Lgen . used in the fornulation
of the invention is nggAg S ant%slélziﬁgaas use%fl/ilhw:ﬁehb% iagpechisduct

Enger i x- B (HBadlg iy dampr8eia pristein deddeioed asTL BiiR IFagifeah %%;enﬁAgngﬁgﬁ@%
conpri si ng ﬂ]%%gtl is B_surface antigen in conjunction wt was
descri bed | PO éah 3P4t At isApsay e protoin, (heaBRINGALI Syasmeas vafictant i gens

fromadditi whi ch be included in the conpositions

accor di ng t%ﬂﬁﬁtéspc?%vdetg%?glhe WO%NWWEW%@E hepatitis BevimsHarge W)r us (EBV) ,
a nenber ofprbiegn bﬂrd}ehg' Nduh ' I cti.Qus . .mononucl egsis as a
primry di speasga in humans%Egedg%chcgﬁﬁgfﬁkpg@faégﬁéaﬁlﬂisFﬂ‘r“é’r‘ie OgF % oung
adul t s. MorpFotehmecBBs of eitheer aver age adult population is infected by EBV

t hat persists fgé lifetinme in peripheral B-lynphocytes. The virus is
lifelong produc@ i rfeEiEe kY ob? dfodiowed binasidprselds -prasysiidwedyy exchange of

saliva from.iadi w5d—%§0%955§1@§.?9}0%e1p$ws' Children infected wwth EBV are

| argely asynptomatic or have 'Ssynpt ons, whil e adol escents and
adul ts who becqpp i nesiahed2 dRnBWRR by yeligdHs j4f o514 DG £GSLS.
characterised by fever, pharyngiti é)ﬁ/ and a eno%tfhg&ggg%? S’@H’Sqaé\ie been
i nfect ed nditAt aifpllewed bEBzidugstli7h o di08 of fler saich® grefsai_.nder of their |ives,
and are thus inmune to further infection. In addition to its infectious

qualities, EBV has been shown to transform |ynphocytes into rapidly

oo ¥ ne AN HE PO RRRFRS BRI B IS Rk B

Normally the HBsAg will be in particle form. It may comprise S protein alone or

may be as composite particles, for example (L*,S) 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
W093/24148.

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

compositions according to the invention are now described.
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be invol ved in causi ng nasopbaryngeal carcinoma (NPC). Wrldwi de it is
“estimated that 80,000 cases of nasopharyngeal carcinoma occur and it is
nore prevalent in ethnic Chinese populations. Infectious nononucleosis is
~a consequence of primary infection by EBV. It is not a life-threatening

di sease if additionak;.ri actors are ahsent.. Four proteins.of. the EBV
viral envel B%e’@oigaéf M‘Wﬁﬁavﬁh%%giéﬁfjfgl& YEPREroNR FAPST B have
been. descri %Honu@[@é's%%?ﬁﬂ | disca€d RN thshrsO PdgBirkall 300 ec chfiBref0/ 350
or sinply as gp 250 z)r 350 (?26 SEI% A-151079): There |s$'c-onvclcncﬁ ng evidence
that gp 350cEyaingmdie. Metadkean $0:% of detuaterage adhit pepiladbn & infcrdtbybodi es
and that antibodi es against_gp 350 and ngB 250 have neutrali si n? capacity.
These pr ot EBNsthal RersigtsJor ifstmedp psripkarabB dymphasytes Edhevinsiinbifelangr furt her

i nformation f. t l,i cation of gp 250/350 far prophylaxis and

t r eat ment o?roag&%r'gﬂg?g%%gﬂigia@gs gSB%%‘&EHW@Y%@?@%E@P%}VGE%V surface
gl ycopr ot ei idgRRRA¢ JRO shédf @6 virub Uit RBlcred 1S EBIV &g Brpefynt €raction with
the cellular nmenbrane protein, CD21. Gp350/220 is the pri r%a y 13 target for
EBV- neut r al asympdpraatid éoktive srerynmiid spmptamy vénleadbscemtsodindgpidfi®Adad0 have
been shown to ercht ai_nst E?IIB;’X-.reI ated di sease. Preferably a vaccine
conposi t i onP&CEEABIEGFdd5VEIAR OMIGAL Mafeeipus sraonudeosys, characisris fEVehough

ot her protﬁ&ﬁ, ; ' ' r aspect ..t vacci ne
conposition o '%{%itelé‘i%nd\(/igeag?'?%n gdg’llgeto;ﬂgeﬁ‘gp? b&egboe?f%%@%&gm\@gpc@f’f. oster
viral anti gaitiboiiéy femnthe gemdindSuoftiBéir Eved) tan@ arsthas imiiéNe t@furitiee inferiign. i n t he
vacci ne fornul ation include gpl-V described by Longnecker et al., Proc

Nai | Acad Sci USA 84, 4303-4307 (1987). In a preferred enmbodi nent gpl (see
05 a7 b BTN ioral; Gatie, AV B ReboRa R SRIUERD on of he

i nvention aggiphb@fad info rapidly dividing cells and has therefore been implicated in several

different lymphomas, including African Burkitt’s lymphoma (BL). EBV may also

be involved in causing nasopharyngeal carcinoma (NPC). Worldwide it is |

estimated that 80,000 cases of nasopharyngeal carcinoma occur and it is more

prevalent in ethnic Chinese populations. Infectious mononucieosis 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 vaccipe. For further information
about the application of gp 250!35-0 for prophylaxis and treatment of EBV-related
diseases see EP 0 173 254.

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

mteraction with the cellular membrane protein, CD21. Gp350/220 is the primary
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conprises a human cytonegal ovi rus ( HCW) a'ntigen. HCW is a hurman DNA
virus belonging to the famly of herpes viruses. HCW is ‘endem c in nobst
parts of the world. Anong two popul ations, HCOW is responsible for serious

“nedical conditio HCW j.s a mgj or cayse of congeni.tal defe LN new
bores. The m%ébgﬂ{gg%gﬁﬂugﬁj‘%ﬂg ARtihqdles ‘Qﬂg’ﬂfaﬁﬁﬁﬂ‘gé‘%ﬁﬁf‘gmss cgpﬁg{’/iaghts such
as those suf ' ' i @ apd unde I ng

t ranspl ant ;ha,rvgr"t])g&gﬁcfeﬁgﬁ E&ceéf Qéaﬁ.ﬁ%e@;‘ﬂ%\éqg\gﬁg@&?e\?aﬁeﬁ%ﬁlgf syrEr%tg ons :

i ncl udi ng f@ujositapratoidisy tonhe imRatibn Sompesesi gpf 350t 6fEBY nikhongicoesi s. A

preferred antigen for use 1n a vacci ne against HOW is gB685** as

descri bed ipro\BieSARIBESS mayramsédens for use in HCW vaccines are also

provi ded by pp65, an HCW Matrix Protein as described in WO 94/00150 (City

of Hope). In one preferred aspect the vaccine conposition of the invention
addi tionall | \Y/ HEWY: ' i ticular those
anti gens esaclgri(a Egg{dé cﬁ%@\?@%‘?ﬁéﬁcﬁacnot esfkibgr ef e? rﬁigghtg(gmp)%d(gtlﬁk%ﬂ%g?vacci ne

conposi ti onegafprishe ai Varksellh Taswee dirki anigeh (VZ8oamigesk sSuitableapigeasrar gondi i

antigen. Toxoplasma gondii is an obligate intracellular protozoan parasite

r esponsi bl eVZHrfor dnalption imticvareingformubatinadaciude gpi¥| describieditydi ng man.

Al though it_is neral ly,clinicallyq.as t hS LR+ h hy individuals,

t oxopl asnos%‘%“%‘?gé(ed'e?ﬁ ’gé?feﬁ%&%&ﬁ%ls%ﬁgﬁo%sﬁbhgﬁb%ﬁ%’bs'wonen and

I mmunoconprom sed patients. A preferred antigen for use i.n a vaccine

agai nst Toxoplasma gondii is SAG (also known as P30) as described in

W96/ 02654 Tara prefiddedasmbledimentgpl (fee BWi6 24 ail 356. patemt 41¥69238) eévrused. d8pect t he

vacci ne conposition of the_i nﬁar&t [ 09 a]?di tionally conprises either a VzVv

antigen or dsp FangpeanPasshNeoROASE7 i-h a Toxopl asnme  gondii antigen, in
particul ar those antigens described above. In a preferred aspect the

vacci ne conposition of the invention is a nmultival ent

In another preferred aspect the vaccine composition of the invention additionally

comprises a human cytomegalovirus (HCMV) antigen. HCMV 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 ﬁxononuclcosis. A preferred antigen for use in a vaccine against HCMV
is gB685** as described in WO 95/31555. Immunogens for use in HCMV vaccines
are also provided by pp65, 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 2 VZV and an HCMYV antigen, in particular those antigens

described above.
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vaccine, for exanple a tetra- or pentaval ent vaccine. The fornul ati ons of

. of the antigens and may be prepared by conventional techniques.

the present invention are very effective in inducing protective immunity,
even with very | ow doses of antigen (e.g. as |low as 5g rgD2t). They provide
excell ent protection against primary infection and stinul ate,

advant ageousapother Arefperd aspectithervacine(composhionsifibe mveitmdiddionanyd al so

effector cell nedi ?IedlérDTgé iﬁm.lne responses. The _present invention in a
further aspeEP BT vYi g OfIg ¢y %W"%SWF'@FF\HOHB%N bed for use
f red: cal ihiREARMr pRAGIdE R L BhndiB b BIkBL TPl ok OPIY | X1 2

of human papil |l omavirus 1 nfections er pes tions. The

vacci ne of anhmalgriesiedingi maenAitougt i is gaRtAiyclafcallRAMOLRREE i Mé“aitgyant ity
. i Vacci ne

pr epar at i oArqI¥IdyalseloXPPirsTHRS mal causersePergravmpdicttionlin Breghanhwahagand Vol . 61

Vacci ne Desian - ni.t. and adj yvant approach, edited by Powel| and
Newman, Pl éndm B?%@@f’ﬁ%@iahﬁﬂa\ﬁl ‘I‘?B#gg” ﬁi}ﬁ“‘%ﬂ@f?b}fﬁ%ﬁ@sv@ﬁn@/a%ﬁﬁes, edi t ed
by Vol | er qoxdplasmdpbmusi 5iSAGPHI% BiRSSas ggd)téf 'H&Ec‘?ibelr}r/ﬁ ig'/é%@o%éﬁﬁ%éﬁ 978,

Encapsul ation within |iposones is describ or exa

U. S. Pat enfl'g34 agdescgibed iC¥Pal3an 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 vaccine dose is

selected a ' j S ' rotective response w thout
signi fi cantﬁ? algtll:d@er se ds:iwgg&gplf gg‘{égﬁlcr? yps)lldc:sg:%’qq@%glgfe?fé‘@.a. ahount will
vary dependomprisgsaitheha $1Z6 petigehni i anrMUM@ QAL codrBhe$fh a%ﬂ%ﬂ%ﬁ?” it is
expected that, each dose wi,ill conprise 1-1000g of protein, preferably
2-100g, no8Pnqi Wtigeapnpatiadyr thase wpigenaliessribecheabdver a particul ar vacci ne
can be ascertai ned by standard studies involving observation of antibody
titres and other responses in subjects. Following an initial vaccination,

subj ect s nhya pedeirsdagpetiohs vacdinedmpositiodestiBe invention is a multivalent

vaccine, 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 (neutralising 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 quantity of

the antigens and may be prepared by conventional techniques.
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In addition to vaccination of persons susceptible to HPV or HSV infecti ons',
the pharmaceutical conpositions of the present invention may be used to
.treat, inmunotherapeutically, patients suffering fromthe sai d viral

i nf ections. urther ect f the. pre L ny. ere is i ded
et hod ot VeReie Pt en JE BEFu odsaBeR] B mnHERY PR REbRek YBIAY | ces
m xi ng a huRBRcipe U&@i@h' |tﬁ’é"?ub\(thtbh'§1daaﬂ]d‘ﬁﬁf‘a@ﬂ%cﬁ Etﬁfdaqg PoWBI @Xd Vi rus
antigen with a TH1 inducing adjuvant, for exanple 3D-MPL and, preferably,
a carrier, NewpeanRidoarmPross, 19‘95der§ewéﬁfpndstdmmmnopgmms iy adrénasddeickd i n
any conveni ent order, to provide nultiyalent vaccine conp05|t|ons as

descri bed héy Maller thal. ,fHWEW%dDaQREﬁ%FeB?IFWE? rMﬂlé’éaqgutU dobsIfB 1inmit t he

i nvention. Exa hy /

' monovai ekt oRRg R TERS RN o e PREa bl s B FRESOR s &N

An Irmunogealv@stswst u @nnﬁ'rfr@c&ﬁﬁﬁdolnﬁhcﬁﬁh&é&léai@%wsea fd?te&aﬂkEfeferent
antigens: HPV16 L1 rus Li ke Particule (VLP- 16) . HPV 18 1 Virus
Li ke Parti cuy & ikhiteP18) Path HB7 5045 ged bpfArHERV-R ald, UkBsEgcﬂtet,m,aﬁéd with

Al uni / 3D- MPL (ASO4) using pre adsorbed nonobul ks of antigen or 3D MPL on
Al (OH) 3 or AIPO4. 3D MPL/AL(OH), fornulations are referred to ASO4D wher eas

vace nos. e e SE0sal PR LR e E e SRR Aol SR O fch A
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 1-1000pug of
protein, preferably 2-100ug, most preferably 4-40pug. 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 édded, in any convenient order, to provide

multivalent vaccine compositions as described berein.

The following example illustrates but does not limit the invention.
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3. HBs ASAC. and the potential to conbine these vacci nes was eval uat ed.
The aimof this experinent was to conpare the i nmunogenicity of two
~different ASO4 conbinations made of either: 1. VLP 16 +VLP 18 and gD. 2.
- VLP 16 +VLP | 8 and gD and HBs Ag. 17 The experinental protocol is fully

descri bed i e ;Pﬂ I Ofpy R r roups of .10
mce were | %Hﬁ’é% I?;]dtl’ an%@%ﬁ%‘gr y%?%ﬁgg’ gfﬁg\lmééfi}]%t/épv%@o@ﬂv?ﬁm\sgﬁ ous
Ag based fohmbaidtionsvacAies bshulagapemsasoa. VLPs, gD and HBs Ag and the
i sotypic profile induced by vaccination were nonitored by ELISA at day 14

post Il. At the sane tinepoint, the cytokine production (IFNy/ L5) was
anal ysed after in vitro restinulation of splenic cells with either VLPs, gD
or HBs antigens. MATERI ALS AND METHODS Formul ati on Fornul ation

~ conposition P , gD and HBs formulated with 3D-MPL on Al um ni um
salt. Corrpoi@ﬂ%jﬁygt\)/(lI nponent . Concentrati on-Buffer HPV 16 VLP560

AL( ) 310380 o KB Tk 1305 "7 BB 10 Gl o3 50 NG of nt PES ph
7.4 3D MPL1amtipegstt WAt er For I njection AIPO45 ng/ M Nad 150 nM

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 A{OH), or AIPO,.

3D-MPL/AJ(OH), formulations are referred to AS04D whereas 3D-MPL/AIPO, based
formulations are referred to AS04C.

The foliowing 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

AS(4 combinations made of either:

1. VLP16+VLP18and gD.

2. VLP16+VLP18 and gD and HBs Ag.
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Adsorption. a) VLP adsorption. VLP 16 and VLP 18 purified bulk are added -
to A(OH)3 to obtain a ratio of 2g VLP/10.g Al (OH) 3. The mixture is stored
between 2-8C until final formulation. 18 b) gD adsorption. 2g gD are m xed
with 10g AL(OH)3. The m xture is stored between 2-8C until final

formul ation. c¢) HBs adsorption. 2g Hbs are m xed with 10ug AlPCa. The

mxture is r 5] Eﬁﬂ
adsorption. %%19 8% %ﬁ% afﬁel-oécgeélmfl#ﬁ d' A%‘?&Z?%B e I‘rflr1@%(]'?(3‘4r:)§e S stored
between 2-8C wuntil final formnulation. Sg 3D MPL are m xed with 10g Al PO4.

The m xture is stored between 2-8C until final fornulation. Fornulation.
H20 and NaCln amnamanoqps abxl Ocmiee evare anaypiseth thtegmusculady fvisaresd vofek

di.ff dded
S sorbeq antHGaa %ﬁéuaséﬁa Basst o b R BoSRESPEBE do SiEsneE Moy are
shaken at rgtnyg%ga{? Lisigp oA indicad ?%aeaﬂatﬁn%e@ Iﬁ&mfbﬁ:@ ELISA

i nj ection. stl nmul ant sVeht cl e G oupTypepi gTypegTypeg
AgD2A1( OH) 31Ddég’/LRIl§é?sNII Ckf) (B4 Qanive Rt géint, b SOkiRB-pvblifcAbh GHNBIILS) was

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

antigens.

MATERIALS AND METHODS
Formulation

Formulation compositions

VLP16, VLP18, gD and HBs formulated with 3D-MPL on Aluminium salt.

Components used

'Compt.)n.ent" ¥ Concentraﬁon i i Buffer
HPV 16 VLP 560 pg/ml Tris 20mM/NaCl 500mM
HPV 18 VLP 550 pg/ml NaCl 500mM/NaPO4 20mM
AL(OH)3 10380 pg/mi H20
HBs 1219 pg/ml PO4 10 mM/NaCl 150 mM
gD 443 pg/ml PBSpH 74
3D-MPL 1170 pg/ml Water For Injection
AIPO4 5 mg/ml NaCl 150 mM

Adsorption.
a) VLP adsorption.

VLP 16 and VLP 18 purified bulk are added to AI(OH), to obtain a ratio of 2ug
VLP/10pg Al(OH)3. The mixture is stored between 2-8°C until final formulation.
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Al (OH) 310 BgD2A1( OH) 310 VLP162Al (OH) 310 VLP182Al (OH) 310 HBs2Al PO410
3D- MPL5A1( OH) 310 CgD2AI (OH) 310 3D MPL5A1( OH) 310 A1(OH) 330 19 DVLP
162Al (CH) 310 VLP 182AI,( OH) 310 3D MPL5AJ(OH) 310 Al (OH) 320 EHBs2AlI PO410
- 3D- MPL5AI (?—i) 10 AI 330 M ce Serology Anti-VLP-16 and anti-VLP-18
serology T LE "on of anti-VLP16 and anti-VLP18 anti bodi es was

per formed Byg ﬂa@mwgﬂ NgIMORECAKOBT) 1 Ti0hik2dra 99 stared bRl 258¢ il
(25/ 10/ 99Fanapfeeatdtidg. anti gens. The antigen and anti body sol utions were
used at 50 | per well. The antigen was diluted at a final concentration of

0.59/m ingﬁ%se@j was adsorbed overnight at 4Cto the wells of 96 wells
mcrotiter & 5P X% sor b | muno- plate, Nunc, Denmark). The plates were
t hen i ncub@ngditscare ntixediwitB 7 QugiAlROPHGe mmntraiimdtﬂﬁd bebodeR PLAYE ] ARRI

al bum n. Ty&fohbidi | uti ons of sera (starting at 1/400 dilution) in the
saturation buffer were added to the VLP-coated plates- and incubated

d) 3D-MPL adsorption.

5pg 3D-MPL are mixed with 10pg Al(OH),. The mixture is stored between 2-8°C
until final formulation.

5pg 3D-MPL are mixed with 10ug AIPO,. The mixture is stored between 2-8°C untjl
final formulation. A

Formulation.

H,0 and NaCl are mixed (10x concentrated) and after 10 minutes of agitation at room
' temperature, the differents components are added: adsorbed antigen, 3D-MPL

adsorbed and AI(OH), (See table below), 'I‘hcy are shaken at room temperature for 10

minutes and stored at 4°C until injection.

Antigen(s) Immunostimulants Vehicle
Group Type ng Type pg | Type ng
A gD 2 Al(OH), 10
VLP16 2 AKOH), 10
VLP18 2 Al(OH), 10
3D-MPL 5 Al(OH), 10
Al(CH), 10
B gD 2 Al(OH), 10
VLP16 2 Al(OH), 10
. VLP18 2 A OH), 10
HBs 2 AIPO4 10
3D-MPL 5 AI(OH), 10
C gh 2 Al(OH), 10
3D-MPL 5 ANCH), 10
Al(OH), 30
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antigen was diluted at a final concentration of 0.5ug/ml 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% 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 bioctin-conjugated anti-mouse [g (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) diluted 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 pH4.5. 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.
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buffer pH 4.5. The reaction was stopped with H2SO4 2N and read at 490/ 630
nm ELISAtiters were calculated froma reference by SoftmaxPro (using a
four paraneters equation) and expressed in EUm . Anti-HBs serology The
guantitation of anti-HBs antibody was performed by ELISA using HBs (Hep
286) as theaqpoaéhRgspiiségen. Antigen and antibody sol utions were used at
501 per well. The antigen was diluted at a final concentration of |pg/m

in PBS and Q@asntitatdswobanti-gDeimtibedyt wad pdorndifieENEIA ﬁSiﬂ%ﬁqﬂ%ﬂ !

mcrotiter plates (Maxisorb_ | nmmuno-plate, Nunc, Denmar p atgés wer e
then i ncubateWefcoRIMMANigen 3T e antigeh apBgnGbuyaiohitings Wede bsedi as0gEperm al buri n
and 0.1 % T rat i -fold dilutions of ser

. f . Two- f
~(starting aiﬁ@ﬁ?ﬁgm&?@ E?;{Y a(f‘nl%lﬁll?‘?‘li EBIPJ? x %:?F?CES:\EIJVTOTB?PB%M%FH \%Pgséﬂdé&%? o the
HBs- coat ed glsaitsl AeshikmCHBACS Okeler SPTks licrdfifer 8@1%13&?4"3%?? e se

washed four tinmes with PBS 0.1 % Tween 20 an ot n-

| g (Amer shalompuiikplatk, Nureg Derfiafl). The placds, wérg @eh ind@taedd fob YEEGH 721 USA)
di | ut ed res‘gﬁﬁw@vel y at, 1/4000, 1/8000, 1/4000 in saturation buffer were
added to ea 3 coptning d b hevige sepm albumonand Al BT @eer’2d Ganaatias hi ng

) | dhd-1REAEH] € : | ~sham , UK) dil d
s1op, ) O S oAl P ELRELRIPISE Gl (Agerchan UG ol ure
Pl at es wer esanastielbaffer Wwére\sddean@ m@glgg@g_f‘ég 361%5 ARt uddeb s liglo’:@j%%'wm

o- phenyl enedi am ne (Sigma) 0.04% H %1n 0.1 %tween
citrate buf¥eC.pie Mateywere washed dour tives with PBSD. Mat Twka S apN\biad- r ead at

Cusi ng =t SuPusate asbEdustaty; Grtea i pr liclhatershomm cORMRIN g G100
ol cons. wor s Fone s s e A e e o Bl
prepared i MR\ waghifg stepl; straptavidin-biotinylated peroxydase complex (Amersham,
UK) diluted 1/1000 in satu:ati;)n 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 50;11 per
well. The antigen was diluted at a final concentration of 1ug/ml 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% bovine 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 HBs-coated plates and incubated fo} 1hr 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 or IgG1, 1gG2a, 1gG2b (IMTECH, |
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(A BCO containing 2 mM L-glutam ne, antibiotics, 5x10'5 M
2-mercaptoethanol, and 5% foetal calf serum Cells were cultured at a
final concentration of 5x106 <cells/ m, in Im per flat-bottonmed 24

Il-plat ith_diff t trati -1 . jug/m.) of h of the A

(VLPs” gD ob S ilted igaretively Jot HeDRnt B0 490k i eupidn @i ele or ana

f til ted fornthe. ok L

(égﬁggml;;] Igﬂ%{#?ﬁﬁ?%??bog’%gfﬂﬁ U%agg%ﬁe%oj%aggﬁﬁ'l ‘gﬁ uaé:élﬁg r 3%' ’m/s from

Cenzyne. S&Fﬁkﬁﬁdﬁnﬁoﬁwm@@@xsms@hweic@ﬂ@leaﬂmnmmn,am@amuqaerummin 96- wel |
p

mcrotiter tes (Maxi'sorb | mmuno-plate, Nunc, Denmark) were coated
over ni ght atamdi@tion baffs0vas eddddafos e additional 3omie at FRYC.Flras agreapvashedjaggl m

in carbonate buffer, pH 9.5 Plates. were then incubated for lhr at 37C with
| 001 of PBSa'?,Q)’ﬁtaé‘FiriPﬁﬂ;m?d(%)bgb%WgE@Lﬁ‘?f“&'loﬂt‘i’ﬁioﬁp%‘?aﬁ ?‘ﬁ"%ﬂf b"a‘P";o
(saturation,buf : 3 p LWL ; f & OPhd idd O
stimulati onog)g?%gzphé@t% % g)ld;F rﬁ\w é%ﬁtf%p ijn&gﬁﬁgﬁﬁ?{é‘ & ggi(&jée%aety%&{ he anti -
| FNy - coat eq, pk@bpsd ¥id H,S0y0N el fead at $90/650mum. BLISACiterfIveer@2alpllateds ver e
washed 4 tinmes with PBS Tween 0.1 % (wash buffer) and bjiotin- conjugated
goat anti - miesea réfkende by SefimanPryfusing s lGAr PRFRMSEErs quRtiPNh2d SEREESH Mat i on
of 0.51Ag/mM__was added to each well and incubated for |Ihr at 37C. After a
washi ng - st@HlmANDEX conjugate (Anersham) diluted 1/10000 in saturation
buffer was added for 30mn at 37C. Plates were washed as above and

I ncubated wth 50141 of TMB (Biorad) for 10min. The reaction was stopped
with H2S04 0. 4N and read at 450/ 630 run. Concentrations were cal cul ated
using a standard curve (nmouse | FNy standard) by SoftnmaxPro (four

par anet ers tlﬁﬁg) Qtphessed in pg/m. JL5 (Pharm ngen ) Quantitation
of IL5 was %ﬁmﬁﬁﬂ usi ng reagents from Pharm ngen. Sanpl es and
anti body. Sl o8 MR heleeondimBOdisaion miveere Bifledyespleens werd ictrmvep| at es
(Maxi sorb I mmuno-plate, Nunc, Denmark) were coated overnight at 4C with 50l

aseptically and pooled. Cell suspensions were prepared in RPMI 1640 medium

(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°

cclls!nﬂ, in 1ml per flat-bottomed 24 well-plates with different concentrations {10-1

pg/mi) 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 IFNy was performed by ELISA using reagents from‘ Genzyme.
Samples and antibody solutions were used at 50ul per well. 96-well microtiter plates
(Maxisorb Immuno-plate, Nunc, Denmark) were coated ovefnight at 4°C with 50yl
of hamster anti-mouse IFNy diluted at 1.5zg/ml in carbonate buffer pH 9.5. Plates
were then incubated for 1hr at 37°C with 100ul of PBS containing 1% bovine

- serum albumin and 0.1% Tween 20 (saturation buffer). Two-fold dilutions of
supernatant from in vitre 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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of rat anti-nouse IL5 diluted at Ig/m in carbonate buffer pH 9.5. Plates
were then incubated for Ihr at 37C with 1001 PBS containing 1 % bovi ne
serum al bumin and 0.1 %tween 20 (saturation buffer). Two-fold dilutions of
supernatant fromin vitro stinmulation (starting at 1/2) in saturation

buffer wer caddSs a-Lla Afiks Wi PiEORheth 0Bl 1 GR-Pfd A5HRRLER, o 1

30mn at 3 'ates were washe t1nmes ‘w -1 % (wash

buf fer) anddujtatdt g0t aicude IEN¥ afled 10 yRtralibh biFerhedfinil copdddifadbh ON
buffer at a final concentration of Ig/mM was added to each well and

i ncubat ed faff0.bhg/malt waradded\ta eachavelhatd ingubatehforAMDRK3 TN, Afiet £ wadiirg sham)

di luted 1110000 j turation buffer s added for 30mn at 37C. Pl ates
were washetthst Caﬂﬂg?tﬁgﬁﬂ%ﬂmyd\%ﬁt%oylgwo MBI B bufferfwas 15ni n.

The et o, SARARY ! BESOR L AN IR R o

Concentrations were calculate g a s

| L-5) by Sofmimgiibad) feI0minaTRERéARESn %Ay 3tdpPed Wi SXN0eRS afld kenapg/ M . 23
- GROUPS G oups of 10 Balb/C mce were i munised intramiscularly with the
fol | owi ng 43V ami Sescemmatipes wereGabmmiatedinging arstandand omse GROWEHERYULATI ON

AVLP16 2g / VLPl% Zugol g 2 %pISD MPL 59 / Al &O—%S 50 BVLP16 2g / VLP1S
21tg | HBs Sanglard)dry fawgs@i [ pafametors gapatigns and pxpyessedippg/mio D 2 /
3DWMPL Su | 41(011)3 50 DVLP16 21L/ VLP18 2gg 13D-MPL 5 / Al (OH) 3 50u EHBs

2pg / 3D-WMPL S5u | AIPO4 1O Lg / AI(OH) 340tig Details of fornulations are
descri bed above in Materials and Mt hods.

IL5 (Pharmingen )

Quantitation of IL.5 was performed by ELISA using reagents from Pharmingen.
Samples and antibody solutions were used at 50pl per well. 96-well microtiter plates
(Maxisorb Immuno-plate, Nunc, Denmark) were coated overnight at 4°C with -50;41
of rat anti-mouse IL5 diluted at 1pg/ml in carbonate buffer pH 9.5. Plates were then
incubated for 1hr 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 IL5 diluted in
saturation buffer at a final concentration of 1ug/ml was added to each well and
incubated for 1hr at 37°C. After a washing step, AMDEX conjugate (Amersham)

- diluted 1/10000 in saturation buffer was added for 30min at 37°C. Plates were
washed as aﬁove 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 II.-5) by SoftmaxPro (four

parameters equation) and expressed in pg/mi.
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RESULTS 1. Serology: a) Anti-VLP16 response: Hunoral responses (lg ) were .
measured by ELI SA using VLP16 503-1 (20/12/99) as the coating antigen. Day -
14 post U sera were anal ysed. Figure 1 shows anti-VLP16 |Ig anti body -
responses nBagHY on individual sera on day 14 post H The anti-VLP16
titers obtarmed ter immunisation with the conbination of VLPs, gD and
HBs Ag (gr oGfuB} of WeBalty i itk lwerk dm@inisbd inttaneusenRrlp biia] tm@cfoﬂbfvihgfl ther the
conbi nation of VLPs and gD (group A) or the nonoval ent VLPs for ation
(group D) (formulagigpsictively of 27578 versus 48105 EU m versus 44448
EUmM). Before statistical anal y5| s a T-G ubbs test was applied on each
popul ation for data excl usi non-r espond mce in groups A and D
were elimnated for analysi gnb@ly\%fé’"@ﬁ ‘f’f‘ilﬁ’ '°5'f)served bet ween t he
groups were shown as statistically not si gnlflcant usi ng the Student
Newman Keul s Test. b) Anti-VLP18 response: Hunoral responses (lg) were
nmeasured by ELI SA using VLP18 504-2 (25110/99) as coating antigen. Day 14

post Il serlagoeparial ysed. Figure 2FefRVIRIIAEI@Nt | - VLP18 Tg anti tody
response ngasurgd or V]'Zﬁ b T WA T /LP18
titers obtgine afte ¢ E%?H%ﬁllsazﬁgﬁﬂga ”c%ﬁ% Oﬁ? %F%?W gD and

HBS Ag (grc“n B\ MA/E n fha S-ae wnnnlfllrln_ nc fhn flfnl’c nhf d Wth
ei ther the |con®nat i OW-'%]FG el VA8, Euﬁ H@" gD 2 po/ ﬁ‘PnWélf ent |VLPs
fornul ati orl_(group DSzgdVH(O©EDpdeng 010@078 versus 88786 EU/ nrl versus

76991 EU ml) C eD 2 g / 3D-MPL Spg / AI(OH) , 50ug
D VLP16 2ug / VLP18 2z / 3D-MPL 5ug / AIOH), 5048
E HBs 2u:g / 3D-MPL 5pg / AIPO, 10g / AI(OH) , 40ug

Details of formulations are déscribed 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 measured on individual sera on
day 14 post II.

The anti-VLP16 titers obtained after immunisation with the combination of VLPs,
gD and HBs Ag {group B), were slightly lower than the one obtained with either the
combination of VLLPs and gD (group A) or the monovalent VLPs formulation
(group D) (GMT respectively of 27578 versus 48105 EU/mli 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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Before statistical analysis a T-Gubbs test was applied on each popul ati on
for data exclusion. Two non-responder mce in groups A and D were
elimnated for analysis. The differences observed were shown as
~statistically not significant using one-way analysis of variance test. c)

ANt 9D ¢ eSRNSferdMEPERe SRR LRI SO RSB GUISER Ur €0 by

ELI SA using gD as coating antigen. alysed.

Fi gure 3 shopsifiche waingitheBrudeiti Nedyiah BeiRMees nmeasured on individual sera
at day 14 post Il: Regarding the anti-gD response, a slight decrease was
observed in the G obtained with the VLPs/ gD/ HBs conbi nation (group B)
conpared to gD alone 25 (G oup C or VLPs/gD conbination (Goup A (GVI
respecti vel§) Anti{BEB18 yespense: 32675 versus 27058 EU/ nml ). Before statistical

“analysis a [I-Guhbs test applied on e opul ation for data

el et on TGOHDACs SRS (eT whf el o BLIS Aabas I Fikatka (FUT0mAN ysi 5.
A one- way- afadoafhs affi o2 Dad e 48 anti-gD titers after |og
transformation g?épos%e |1 agat gp Ng sgf%{”%{@ggﬁ% significant difference was
observed between the three formnulations. The isotypic repartition anal ysed
on pooled sera was as follows: Iso typic re partition (99 | Gll g&al g&b
Group A9632FignEed showstheauainPLEDY Iz angbody respopsremessusedotys indiridal merias ot ypi ¢

profile ind three forrmulations: nainly Ig@ response (96-97% of
lgd) were |n§:§'cie)%p{);r%q{ he 3 groups as reported

The anti-VLP18 titers obtained after immunisation with the combination 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 versus 88786 EU/mI versus
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.

c) Anti-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 H:

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

obtained with the VLPs/gD/HBs combination (group B) compared to gD alone
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in the table below. d) Anti-HBs response: Hunoral responses (lg and
| sotypes) were neasured by ELISA using HBsAg (Hep286) as coating antigen.
Day 14 post |l sera were anal ysed. Figure 4 shows the anti-HBs anti body

responses [ FRdi W ._ser n ost 11 l,ghtly | ower
anti - HBs amﬁgﬁﬁ‘g@%ﬁg}éﬁ %%%E%?O\Pe Py ?‘%GM‘FSHSWVSW @;f}%ﬁ}q ershs
cont ai ni ng 33875\Mdrsus DRSREUMEy. anti gens conpared to HBs al one (group E)
(GMr of 28996 EU/ ml versus 20536 EUmM ). 26 A one-way-anal ysis of variance

was performed on anti-HBs titers after log transformation of post |l data.
No statisticall si_gn%ii cgnt, difference was observed _between the group B
( VLPI HBs/gDﬁe‘l\%‘%/ 8lguasy a@ﬁmaﬁ-{ﬁ S K23H 342S GRPIRY! a%t ¢AFEPOPLUIEARGT dak| s
test. The i ' itd . .0l | ows and
Showed no | SHRYE TEBphi keI SE AR RULE IR AP | (2,

preserved in the conbination vaccine. Isotypic repartition (%9 Goup B
Goup EI1gGL 54 56 Ig&Rka 24 23 Inmp. &b :

A one-way-analysis of variance was performed on anti-gD titers after log
transformation of post II data. No statistically significant difference was observed

between the three formulations.

The isotypic repartition analysed on pooled sera was as follows:

Isotypic repartition (%)
IeGl IgG2a IeG2b
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 IgG1) 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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21 21 2. Cell Mediated I mune Response Cell-nediated i nmune responses (| FNy
/[ 1L5 production) were evaluated at day 14 post |l after in vitro

restimul ati on of splenic cells with either VLPs, gD or HBs antigens. For

. each group of mice, pools of 5 organs were constituted. The experi nent al
procedure is fully described in Material and Methods. 3. Cytokine
production g) In vitro restinmulation wth VLP16 and VLP18 Figure 5 shows

t he cyt ol dng‘ BB AP SIF A ¥ aAnse Was pebrmidco ait]- HBa fitess af@hogn vitro

restinulati ] ' 6 shows .1 he ¢yt okine production nonitored
in splenic ggﬁ%%@%ﬁ%@ﬁfy%gt\r?le]t\]%?anfté%arlfyrféﬁ!iﬁ?% differepcyvas pBseried cl ear
dose range bétiveed tHegro HEEBRYATH) Yei 0 f% se f
restinulation with ei tggr LP ant%)gnsi%%t%oéﬁﬁﬁ%t(%%s% 386‘681%‘61@’27 A
clear TH 1 PewmanKewstesbserved with all forrmulations. Table 2 : IFN-y/IL-5

ratio after in vitro restinmulation with VLP16 and VLPI8. Ratio IFN
| 1L- 5r oue Aroueroue 101jg7m 5.2 B. .9 _ VLP16 | pglm 15.114.316.5 Ratio

_%?gp "oue TEHBypld ¥pdnitbon hatfscl'n poolcl era’was as fo?lmiws Bnd lslmveiedznsd 2143

differences between the 2 groups with a proportion of IgG2a preserved in the

combination vaccine,

Isotypic repartition (%)
IgG1 I1gG2a I
gG2b
. Group B 34 24 21
Group E 56 23 21

2. Cell Mediated Immune Response

Cell-mediated immune responses (IFNy / IL5 production) were evaluated at day 14
post I1 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 fully described in Material 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 vitro
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 1ug Ag dose for

restimulation with either VLP antigens on both cytokine production.

27



b) In vitro restirnulation with gD Figure 7 shows the cytokine production
nonitored in splenic cells after 96h in vitro restinmulation with gD
antigen. No clear dose range effect was observed when conparing the 10 and
1g Ag dose ti Iatlo The | i.S roduced in much higher
concentrati ﬁﬂ?§ﬁ?§hﬁg¥%ﬁ F% n§dC$@L%%ﬁ§TP w3lie§fcating a clear TH1
profile of the inmmune response in all groups evaluated (nonoval ent versus
conbi nati on) I a3 VJ St | ibOn W th
gD. Goupr ougI?%u% 12 @%Mr}v tep% hﬂoqje;ﬂulbgoﬂ {V%é?%ﬁgagﬂﬁ%g 82 3¢c) In
vitro restinulation mnth HBs 28 Flgure 8 shows the cytokine production
nonitored in splenic cells after 96h in vitro restinulation with HBs. A
significant level of IFN-y but no IL5 production was observed for group B.
As shown in Table 2 higher production of IFN-y was observed in group E as
conpared to group fk—t@mﬁyﬁﬁjg.puGHﬂHﬁg.uuuﬁomﬁhu |G,0Lg“ was observed

in the group E (HE'S‘VIEP‘HIQY{@’_.QHIL[) forgthe \Ulltﬁ‘_@""WLu 1|-p3a|u gen for
restimulation. A vdgrwuriighipdhN-y/ | 455 ratli o ves obseryed with the

nonoval ent vaccine Tndicating that a strong TH 1 responsé i s induced.

- Simlarly, a high’l of % af | BrawssAngaSueedBwit I rehe D conbi ned vacci ne
confirmng the abi lfi EEE%; ;9¥ﬁ’§"f or m}Pt i on to'tal so|i ndlfed a JTH 1 response.
Table 4: IFN-y/|L-8 MAFi'8 '@l | n #3130 testiiil atlion'$fth HBs. Ratio | FN

/ 1 L-5roueroup

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)

indicating 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 Group A Group B Group C
gD i0pgiml 6.2 7.2 37
gD 1ugimli 6.2 11.2 2.3

¢) In vitro restimulation with HBs
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S pg m7.667.6 HBs ipg/m CONCLUSI ONS The effect of the conbination of
VLPs/ gD or VLPs/gD/HBs Ag fornulated in ASO4 on the immunogenicity was
eval uated in Bal b/C mce: Regarding the serol ogi cal anal ysi's, no

“interfer enceF_of the Ag conbi nation was observed on anti-VLPs, anti-gD and |
anti-HBs serd : Sﬁ%‘gs @Gﬁm%m RIRdestioymepiene goplaniotebls aftgD96nih 1By
antigens di ' - @ with the isotypic profile of the anti body
response di gﬁ{{%ﬁéf}%ﬁqlﬁeﬁ%b and HBs nonoval ent vaccines. In the cytokines
evaluation, the THI| profile (IFNy/I1L-5 ratio) observed with each

monoval ent vacci nes was confirmed with the conbination vacci ne groups. 29
CLAIMB 1. AAsigaifirantisplrafJFNgy bt nePLSy6roductioh RyasabsddPbt 16t group/BPAs

al um ni um hl\{droxi e and 3D MPL. 2. A vaccine according to claim1l wherein
the VLPs ar MP¥RARY| éPE higherprpduction of dFNatwapeRssTier 40 groupnk iag eormparedD MPL

on alumniu [ vaceci ne_accordi toclaim1l ar wherejin the
VLP 16 and \%gy%o%uglg%vfg‘% H?%huﬁi&ﬁ?%macy quﬂ EIF"{JW?%MCJF &OUPS obt ai n
a ration of . i biSLd of 16 L1

TP o iy (s fhdtonBlen B Gelcdnerdl wih §8 G544 6P RADRAG"h Bhyileh © 11 o
for mul at ed WFNky/HL-GmaG®wePhbsesverigwih eheasiendvatct viﬁ&ft@iﬁﬁﬂé&thﬁ'—g thahi isl@@ﬁg or 3D

MPL on al um ni um hydroxide or AIPO4. 6. An HPV 18 L1 VLP fornulated W th
al uni 3D- MPL Tdk} rrgpomss-ig indyeade $imilarly, 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.
Ratio IFNTIL-5 | Group B | Group E
HBs T0pgimlT 15.8 655.3
HBs tug/mi 7.6 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, oo interference of the Ag combination was

observed on anti-VLPs, anti-gD and anti-HBs serology.
The combination of VLPs and gD or VLPs, gD and HBs antigens did not interfere

with the isotypic profile of the antibody response displayed by the gD and HBs

monovalent vaccines.

In the cytokines evaluation, the TH-1 profile (IFN-y/I1.-5 ratio) observed with each -

monovalent vaccines was confirmed with the combination vaccine groups.
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nonobul ks of antigen or 3D MPL on al um ni um hydroxi de or Al PO4. 30

CLAIMS

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

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

adsorbed monobulks of antigen or 3D MPL on aluminium hydroxide.
A vaccine according to claim 1 or 2 wherein the VLP 16 and VLP 18 purified
bulk are added to aluminium hydroxide to obtain a ration of 2g VLP/10g

AL(OH)s.

A vaccine consisting of an HPV 16 1.1 VLP, an HPV 18 L1 VLP, aluminium
hydroxide and 3D MPL.

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

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