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COMPOSITION

TECHNICAL FIELD

The present invention relates to influenza vaccine formulations and vaccination regimes
for immunising against various diseases. In particular the invention relates to vaccine
formulations comprising an oil-in-water emulsion adjuvant and 3D-MPL, their use in
medicine, in particular their use in augmenting immune responses to various antigens,
and to methods of preparation, wherein the oil in water emulsion comprises a sterol, a
metabolisable oil and an emulsifying agent.

TECHNICAL BACKGROUND

New compositions or vaccines with an improved immunogenicity are always needed. As
one sirategy, adjuvants have been used to try and improve the immune response raised
to any given antigen. |

By way of example, influenza vaccines and vaccines against human papilloma virus
(HPV) have been developed with adjuvants.

Influenza viruses are one of the most ubiquitous viruses present in the world, affecting
both humans and livestock. Influenza results in an economic burden, morbidity and even
mortality, which are significant.

The influenza virus is an RNA enveloped virus with a particle size of about 125 nm in
diameter. It consists basically of an internal nucleocapsid or core of ribonucleic acid
(RNA) associated with nucleoprotein, surrounded by a viral envelope with a lipid bilayer
structure and external glycoproteins. The inner layer of the viral envelope is composed
predominantly of matrix proteins and the outer layer mostly of host-derived lipid material.
Influenza virus comprises two surface antigens, glycoproteins neuraminidase (NA) and
haemagglutinin (HA), which appear as spikes, 10 to 12 nm long, at the surface of the
particles. It is these surface proteins, particularly the haemagglutinin that determine the
antigenic specificity of the influenza subtypes.
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These surface antigens progressively, sometimes rapidly, undergo some changes leading
to the antigenic variations in influenza. These antigenic changes, called ‘drifts’ and ‘shifts’
are unpredictable and may have a dramatic impact from an immunological point of view
as they eventually lead to the emergence of new influenza strains and that enable the
virus to escape the immune system causing the well known, almost annual, epidemics.

The influenza virus strains to be incorporated into influenza vaccine each season are
determined by the World Health Organisation in collaboration with national health
authorities and vaccine manufacturers.

HA Is the most important antigen in defining the serological specificity of the different
influenza strains. This 75-80 kD protein contains numerous antigenic determinants,.
several of which are in regions that undergo sequence changes in different strains (strain-
specific determinants) and others in regions which are common to many HA molecules
(common to determinants).

Influenza viruses cause epidemics almost every winter, with infection rates for type A or B
virus as high as 40% over a six-week period. Influenza infection results in various disease
states, from a sub-clinical infection through mild upper respiratory infection to a severe
viral pneumonia. Typical influenza epidemics cause increases in incidence of pneumonia
and lower respiratory disease as witnessed by increased rates of hospitalization or
mortality. The severity of the disease is primarily determined by the age of the host, his
Immune status and the site of infection.

Elderly people, 65 years old and over, are especially vulnerable, accounting for 80~-90%
of all influenza-related deaths in developed countries. Individuals with underlying chronic
diseases are also most likely to experience such complications. Young infants also may
suffer severe disease. These groups in particular therefore need to be protected. Besides
these ‘at risk’-groups, the health authorities are also recommending to vaccinate healthy
adults who are in contact with elderly persons.

Vaccination plays a critical role in controlling annual influenza epidemics. Currently

avallable influenza vaccines are either inactivated or live attenuated influenza vaccine.

Inactivated flu vaccines are composed of three possible forms of antigen preparation:

Inactivated whole virus, sub-virions where purified virus particles are disrupted with

detergents or other reagents to solubilise the lipid envelope (so-called “split” vaccine) or
2
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purified HA and NA (subunit vaccine). These inactivated vaccines are given
intramuscularly (i.m.) or intranasaly (i.n.).

~Influenza vaccines, of all kinds, are usually trivalent vaccines. They generally contain

antigens derived from two influenza A virus strains and one influenza B strain. A standard
0.5 mlinjectable dose in most cases contains 15 g of haemagglutinin antigen component
from each strain, as measured by single radial immunodiffusion (SRD) (J.M. Wood et al.:
An improved single radial immunodiffusion technique for the assay of influenza
haemagglutinin antigen: adaptation for potency determination of inactivated whole virus
and subunit vaccines. J. Biol. Stand. 5 (1977) 237-247; J. M. Wood et al., International
collaborative study of single radial diffusion and immunoelectrophoresis techniques for the
assay of haemagglutinin antigen of influenza virus. J. Biol. Stand. 9 (1981) 317-330).

Influenza vaccines currently available are considered safe in all age groups (De Donato et
al. 1999, Vaccine, 17, 3094-3101). However, there is little evidence that current influenza
vaccines work in small children under two years of age. Furthermore, reported rates of
vaccine efficacy for prevention of typical confirmed influenza illness are 23-72% for the
elderly, which are significantly lower than the 60-90% efficacy rates reported for younger
adulis (Govaert, 1994, J. Am. Med. Assoc., 21, 166-1665; Gross, 1995, Ann Intern. Med.
123, 523-627). The effectiveness of an influenza vaccine has been shown to correlate
with serum titres of hemagglutination inhibition (HI) antibodies to the viral strain, and
several studies have found that older adults exhibit lower HI titres after influenza

Immunisation than do younger adults (Murasko, 2002, Experimental gerontology, 37, 427-
439).

New vaccines with an improved immunogenicity are therefore still needed. Formulation of
vaccine antigen with potent adjuvants is a possible approach for enhancing immune
responses to subvirion antigens.

A sub-unit influenza vaccine adjuvanted with the adjuvant MF59, in the form of an oil-in-
water emulsion is commercially available, and has demonstrated its ability to induce a
higher antibody titer than that obtained with the non-adjuvanted sub-unit vaccine (De
Donato et al. 1999, Vaccine, 17, 3094-3101). However, in a later publication, the same
vaccine has not demonstrated its improved profile compared to a non-adjuvanted split
vaccine (Puig-Barbera et al., 2004, Vaccine 23, 283-289).
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Papillomaviruses are small DNA tumour viruses, which are highly species specific. So
far, over 100 individual human papillomavirus (HPV) genotypes have been described.
HPVs are generally specific either for the skin (e.g. HPV-1 and -2) or mucosal surfaces
(e.g. HPV-6 and -11) and usually cause benign tumours (warts) that persiét for several
months or years. Such benign tumours may be distressing for the individuals concerned
but tend not to be life threatening, with a few exceptions.

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 now technically feasible
to actively combat primary HPV-16 infections, and even established HPV-16-containing
cancers, using vaccines. For a review on the prospects for prophylactic and therapeutic
vaccination against HPV-16 see Cason J., Clin. Immunother. 1994; 1(4) 293-306 and
Hagenesee M.E., Infections in Medicine 1997 14(7) 555-556,559-564.

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

HPV L1 based vaccines are disclosed in W094/00152, W094/20137, W093/02184 and
WQ094/05792. Such a vaccine can comprise the L1 antigen as a monomer, a capsomer or
a virus like particle. Methods for the preparation of VLPs are well known in the art, and

include VLP disassembly-reassembly approaches to provide enhanced homogeneity, for
example as described in W0O9913056 and US6245568. Such particles may additionally
comprise L2 proteins. L2 based vaccines are described, for example, in WO93/00436.
Other HPV vaccine approaches are based on the early proteins, such as E7 or fusion
proteins such as L2-E7.

There is still a need for improved vaccines, such as influenza or HPV vaccines.

STATEMENT OF THE INVENTION

In first aspect of the present invention, there is provided an immunogenic composition
comprising:
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(a) an antigen,

(b) an oil-in-water emulsion adjuvant; and

(c) 3D MPL.
wherein said oil-in-water emulsion comprises a metabolisable oil, a sterol and an
emulsifying agent.

The invention also relates to use of a composition comprising:

(a) an antigen, and

(b) an oil-in-water emulsion adjuvant; and

(c) 3D MPL
wherein said oil-in-water emulsion comprises a metabolisable oil, a sterol and an
emulsifying agent, in the manufacture of an immunogenic composition for the prevention
of infection and/or disease.

The invention also relates to a method of vaccination comprising delivery of an antigen,
an oil in water emulsion adjuvant as defined herein and 3D-MPL.

The invention also relates to a method for the preparation of an immunogenic
composition comprising combining an oil in water emulsion as defined herein with an
antigen and 3D-MPL.

Other aspects and advantages of the present invention are described further in the
following detailed description of the preferred embodiments thereof.

LEGEND TO FIGURES

Figure 1: Oil droplet particle size distribution in SB62 oil-in-water emulsion as measured
by PCS. Figure 1A shows SB62 lot 1023 size measurements with the Malvern Zetasizer
3000HS: A = dilution 1/10000 (Rec22 to Rec24) (Analysis in Contin and adapted optical
model 1.5/0.01); B = Dilution 1/20000 (Rec28 to Rec30) (Analysis in Contin and adapted
optical model 1.5/0.01). Figure 1B shows a schematic illustration of record 22 (upper part)
and record 23 (lower part) by intensity.

Figure 2: Schematic illustration of the preparation of MPL bulk.

Figure 3: Schematic illustration of the preparation of ASO3+MPL adjuvant.
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Figure 4: Explo Flu-001 clinical trial. CD4 T cell response to split influenza antigen (Q1 =
first quartile, Q3 = third quartile).

Figure 5: Explo Flu-001 clinical trial. CD8 T cell response to split influenza antigen (Q1 =
first quartile, Q3 = third quartile). |

Figure 6: Explo Flu-001 clinical trial. Cross-reactive CD4 T-cell response to split influenza
virus antigen after vaccination with Fluarix + ASO03.

Figure 7: Explo Flu-001 clinical trial. B cell memory response post vaccination.

Figure 8: Explo Flu-002 clinical trial. CD4 T cell response against split influenza antigen
following revaccination.

Figure 9: Explo Flu-002 clinical trial. Anti-HI titers following revaccination.

Figure 10: Ferret study |. Temperature monitoring (priming and challenge). Figure 10A is
priming, Figure 10B is challenge.

Figure 11 : Ferret study I. Viral shedding.

Figure 12 : Ferret study Il. Temperature monitoring (priming and challenge). Figure 12A
IS priming, Figure 12B is challenge.

Figure 13 : Ferret study ll. Viral shedding.

Figure 14 : Ferret study Il. HI titers to H3N2 A/Panama (vaccine strain) (Figure 14A) and
to H3N2 A/Wyoming (challenge strain) (Figure 14B).

Figure 15 : Mice study. Frequencies of CD4 T cells in C57BI/6 primed mice using whole
Inactivated virus as re-stimulating antigen (day 7 post-immunisation).

Figure 16 : Mice study. Frequencies of CD8 T cells in C57BI/6 primed mice using whole
Inactivated virus as re-stimulating antigen (day 7 post-immunisation).

Figure 17 : Mice study. Frequencies of CD4 (upper part) and CD8 (lower part) T cells in
C57BI/6 mice primed with heterologous strains, using whole inactivated virus as re-
stimulating antigen (day 7 post-immunisation).

Figure 18 : Human clinical trial. B cell memory response post-vaccination of elderly with
Fluarix, Fluarix + AS03, Fluarix + AS03+MPL (difference between pre- and post-).

Figure 19 : Ferret study Ill. Temperature monitoring before and after challenge.

Figure 20: Ferret study Ill. Viral shedding before and after challenge.

Figure 21 : Ferret study lll. HI titers to H3N2 A/Woming (vaccine strain).

Figure 22 : Ferret study lll. HI titers to H83N2 A/Panama (challenge strain).

Figure 23 : Human clinical trial. HI titers (GMTs) at days 21, 90 and 180post vaccination
(persistence).

Figure 24 : Human clinical trial. CD4 response — all double test - Pool antigen at days 21,
90 and 180 post vaccination (persistence).



10

15

20

25

30

35

CA 02602456 2007-09-21
WO 2006/100111 PCT/EP2006/002838

Figure 25 : Human clinical trial. HI titers in a revaccination clinical trial with AS03+MPL
compared to Fluarix.

Figure 26 : Human clinical trial. CMI for CD4 response - all double test - Pool antigen at
days 0 and 21.

Figure 27: Human clinical trial with AS03+MPL at two concentrations. Hl titers at days 0
and 21.

Figure 28: Human clinical trial with AS03+MPL at two concentrations. Reactogenicity.

DETAILED DESCRIPTION

The principles of the present invention are demonstrated in respect of a sub-unit or split
influenza antigen or with various cancer-associated HPV antigens in the form of VLP,
combined with an oil in water emulsion and 3D-MPL.

In one aspect of the invention, the present inventors have discovered that an influenza
formulation comprising a sub-unit or split influenza virus or antigenic preparation thereof
together with an oil-in-water emulsion adjuvant and 3D-MPL is capable of improving the
CD4 T-cell immune response and/or the B cell memory response, against said antigen or
antigenic composition in a human compared to that obtained with the un-adjuvanted sub-

unit or split virus or split virus antigenic preparation thereof.

Said compositions thus provide improved influenza vaccines.

The claimed formulations may be used to induce anti-influenza CD4-T cell responses
capable of detection of influenza epitopes presented by MHC class Il molecules. The
present Applicant has now found that it is effective to target the cell-mediated immune
system In order to increase responsiveness against homologous and drift influenza strains

(upon vaccination and infection).

The present inventors have discovered that an influenza formulation comprising a split
Influenza virus or split virus antigenic preparation thereof together with an oil-in-water
emulsion adjuvant as defined herein and 3D MPL is capable of inducing at least a trend
for a higher B cell memory response following the first vaccination of a human subject,

compared to the un-adjuvanted composition.
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The adjuvanted influenza compositions according to the invention have several
advantages:

1) An improved immunogenicity: they will allow to restore weak immune response in
the elderly peope (over 50 years of age, typically over 65 years of age) to levels
seen in young people (antibody and/or T cell responses);

2) An improved cross-protection profile: increased cross-protection against variant
(drifted) influenza strains;

3) They will also allow an reduced antigen dosage to be used for a similar response,
thus ensuring an increased capacity in case of emergency (pandemics for

example).

In another aspect of the invention, the inventors have also discovered that an oil-in-water
emulsion adjuvant as defined herein + 3D MPL demonstrates immunogenicity results for
both antibody production and B cell memory which are equivalent to, or sometimes
greater than, those generated with an adjuvant devoid of the oil-in-water emulsion

component.

These findings can be applied to other forms of the same antigens, and to other antigens.
Antigens

Antigens that may be used in the present invention include:

Streptococcal antigens such as from Group A Streptococcus, or Group B Streptococcus,
but is most preferably from Streptococcus pneumoniae. A protein and/or saccharide
antigen is most preferably used. The Streptococcus pneumoniae saccharide antigen
and/or at least one Sirepfococcus pneumoniae protein antigen(s) is most preferably
selected from the group consisting of: pneumolysin, PspA or transmembrane deletion
variants thereof, PspC or transmembrane deletion variants thereof, PsaA or
transmembrane deletion variants thereof, glyceraldehyde-3-phosphate dehydrogenase,
CbpA or transmembrane deletion variants thereof, PhtA, PhiD, PhiB, PhtE, SpsA, LytB,
LytC, LytA, Sp125, Sp101, Spi128, Sp130 and Sp133, or immunologically functional
equivalent thereof.

Also preferred at least one (2, 3, 4, 5, 6, 7, 8, 9 or 10) Streptococcus pneumoniae
saccharide antigen(s) and/or Sireptococcus pneumoniae protein antigen preferably
selected from the group of protein antigens listed above.

8
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Certain compositions are described in WO 00/56359 and WO 02/22167 and WO
02/22168 (incorporated by reference herein).

The antigen may comprise capsular saccharide antigens (preferably conjugated to a
carrier protein), wherein the saccharides (most preferably polysaccharides) are derived
from at least four serotypes of pneumococcus. Preferably the four serotypes include 6B,
14, 19F and 23F. More preferably, at least 7 serotypes are included in the composition,
for example those derived from serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F. More
preferably still, at least 11 serotypes are included in the composition, for example the
composition in one embodiment includes capsular saccharides derived from serotypes 1,
3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F (preferably conjugated to a carrier protein). In a
preferred embodiment of the invention at least 13 saccharide antigens (preferably
conjugated to a carrier protein) are included, although further saccharide antigens, for
example 23 valent (such as serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14,
18B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F), are also contemplated by the invention.

- For elderly vaccination (for instance for the prevention of pneumonia) it is advantageous

to include serotypes 8 and 12F (and most preferably 15 and 22 as well) to the 11 valent
antigenic composition described above to form a 15 valent composition, whereas for
infants or toddlers (where otitis media is of more concern) serotypes 6A and 19A are
advantageously included to form a 13 valent composition.

Although the above saccharides are advantageously in their full-length, native
polysaccharide form, it should be understood that size-reduced polysaccharides may also
be used which are still immunogenic (see for example EP 497524 and 497525) if
necessary when coupled to a protein :carrier.

For the prevention/amelioration of pneumonia in the elderly (+55 years) population and
Otitis media in Infants (up to 18 months) and toddiers (typically 18 months to 5 years), it is
a preferred embodiment of the invention to combine a multivalent Streptococcus
pneumonia saccharide as herein described with a Streptococcus pneumoniae protein
preferably selected from the group of proteins listed above. A combination of

pneumococcal proteins may also be advantageously utilised as described below.

Pneumococcal Proteins

Streptococcus pneumoniae antigens are preferably selected from the group consisting of:
a protein from the polyhistidine triad family (Pht), a protein from the Lyt family, a choline
binding protein, proteins having an LPXTG motif (where X is any amino acid), proteins
having a Type Il Signal sequence motif of LXXC (where X is any amino acid), and
proteins having a Type | Signal sequence motif. Preferred examples within these

9
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categories (or motifs) are the following proteins (or truncate or immunologically functional
equivalent thereof):

The Pht (Poly Histidine Triad) family comprises proteins PhtA, PhtB, PhtD, and PhtE. The
family is characterised by a lipidation sequence, two domains separated by a proline-rich
region and several histidine triads, possibly involved in metal or nucleoside binding or
enzymatic activity, (3-5) coiled-coil regions, a conserved N-terminus and a heterogeneous
C terminus. lt is present in all strains of pneumococci tested. Homologous proteins have
also been found in other Streptococci and Neisseria. Preferred members of the family
comprise PhtA, PhtB and PhtD. More preferably, it comprises PhtA or PhiD. It is
understood, however, that the terms Pht A, B, D, and E refer to proteins having
sequences disclosed in the citations below as well as naturally-occurring (and man-made)
variants thereof that have a sequence homology that is at least 90% identical to the
referenced proteins. Preferably it is at least 95% identical and most preferably it is 97%
identical.

With regards to the Pht proteins, PhtA is disclosed in WO 98/18930, and is also referred
to Sp36. As noted above, it is a protein from the polyhistidine triad family and has the type
Il signal motif of LXXC.

PhtD is disclosed in WO 00/37105, and is also referred to Sp036D. As noted above, it
also is a protein from the polyhistidine triad family and has the type Il LXXC signal motif.
PhtB is disclosed in WO 00/37105, and is also referred to Sp036B. Another member of
the PhtB family is the C3-Degrading Polypeptide, as disclosed in WO 00/17370. This
protein also is from the polyhistidine triad family and has the type Il LXXC signal motif. A
preterred immunologically functional equivalent is the protein Sp42 disclosed in WO
98/18930. A PhiB truncate (approximately 79kD) is disclosed in WO99/15675 which is
also considered a member of the PhtX family.

PhtE is disclosed in WO00/30299 and is referred to as BVH-3.

SpsA is a Choline binding protein (Cbp) disclosed in WO 98/39450.

The Lyt family is membrane associated proteins associated with cell lysis. The N-terminal
domain comprises choline binding domain(s), however the Lyt family does not have all the
features found in the choline binding protein family (Cbp) family noted below and thus for
the present invention, the Lyt family is considered distinct from the Cbp family. In contrast
with the Cbp family, the C-terminal domain contains the catalytic domain of the Lyt protein
family. The family comprises LytA, B and C. With regards to the Lyt family, LytA Is
disclosed in Ronda et al., Eur J Biochem, 164:621-624 (1987). LyiB is disclosed in WO
98/18930, and is also referred to as Sp46. LytC is also disclosed in WO 98/18930, and is
also referred to as Sp91. A preferred member of that family is LytC.
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Another preferred embodiment are Lyt family (particularly LytA) truncates wherein “Lyt” is
defined above and “iruncates” refers to proteins lacking 50% or more of the Choline
binding region. Preferably such proteins lack the entire choline binding region.

Sp125 is an example of a pneumococcal surface protein with the Cell Wall Anchored motif
of LPXTG (where X is any amino acid). Any protein within this class of pneumococcal
surface protein with this motif has been found to be useful within the context of this
invention, and is therefore considered a further protein of the invention. Sp125 itself is
disclosed in WO 98/18930, and is also known as ZmpB — a zinc metalloproteinase.

Sp101 is disclosed in WO 98/06734 (where it has the reference # y85993. I is
characterised by a Type | sighal sequence.

Sp133 is disclosed in WO 98/06734 (where it has the reference # y85992. It is also
characterised by a Type | signal sequence.

Sp128 and Sp130 are disclosed in WO 00/76540.

The proteins used in the present invention are preferably selected from the group PhtD,
PhtA and PhtE, or a combination of 2 or all 3 of these proteins (i.e. PhtA+D, A+E, D+E or
A+D+E).

Further pneumococcal protein antigens that may be included are one or more from the
group consisting of: pneumolysin (also referred to as Ply; preferably detoxified by
chemical treatment or mutation) [WO 96/05859, WO 90/06951, WO 99/03884], PsaA and
transmembrane deletion varianis thereof (Berry & Paton, Infect Immun 1996
Dec;64(12):5255-62), PspA and transmembrane deletion variants thereof (US 5804193,
WO 92/14488, WO 99/53940), PspC and transmembrane deletion variants thereof (WO
97/09994, WO 99/53940), a member of the Choline binding protein (Cbp) family [e.g.
CbpA and transmembrane deletion variants thereof (WO 97/41151; WO 99/51266)],
Glyceraldehyde—3-phosphate — dehydrogenase (Infect. Immun. 1996 64:3544), HSP70
(WO 96/40928), PcpA (Sanchez-Beato et al. FEMS Microbiol Lett 1998, 164:207-14), M
like protein (SB patent application No. EP 0837130), and adhesin 18627 (SB Patent
application No. EP 0834568). The present invention also encompasses immunologically
functional equivalents or truncates of such proteins (as defined above).

Concerning the Choline Binding Protein family, members of that family were originally
identified as pneumococcal proteins that could be purified by choline-affininty
chromatography. All of the choline-binding proteins are non-covalently bound to
phosphorylcholine moieties of cell wall teichoic acid and membrane-associated
lipoteichoic acid. Structurally, they have several regions in common over the entire family,
although the exact nature of the proteins (amino acid sequence, length, etc.) can vary. In

general, choline binding proteins comprise an N terminal region (N), conserved repeat
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regions (R1 and/or R2), a proline rich region (P) and a conserved choline binding region
(C), made up of multiple repeats, that comprises approximately one half of the protein. As
used in this application, the term “Choline Binding Protein family (Cbp)” is selected from
the group consisting of Choline Binding Proteins as identified in WO 97/41151, PbcA,
SpsA, PspC, CbpA, CbpD, and CbpG. CbpA is disclosed in WO 97/41151. CbpD and
CbpG are disclosed in WO 00/29434. PspC is disclosed in WO 97/09994. PbcA is
disclosed in WO 98/21337. Preferably the Choline Binding Proteins are selected from the
group consisting of CbpA, PbcA, SpsA and PspC.

lf a Cbp is the further protein utilised it may be a Cbp truncate wherein “Cbp” is defined

- above and “truncate” refers to proteins lacking 50% or more of the Choline binding region

(C). Preferably such proteins lack the entire choline binding region. More preferably, the
such protein truncates lack (i) the choline binding region and (ii) a portion of the N-
terminal half of the protein as well, yet retain at least one repeat region (R1 or R2). More
preferably still, the truncate has 2 repeat regions (R1 and R2). Examples of such
preferred embodiments are NR1xR2, R1xR2, NR1xR2P and R1xR2P as illustrated in
WQO99/51266 or WO99/51188, however, other choline binding proteins lacking a similar
choline binding region are also contemplated within the scope of this invention.

Cbp truncate-Lyt fruncate chimeric proteins (or fusions) may also be used in the
composition of the invention. Preferably this comprises NR1xR2 (or R1xR2 or NR1xR2P
or R1xR2P) of Cbp and the C-terminal portion (Cterm, i.e., lacking the choline binding
domains) of Lyt (e.g., LytCCterm or Sp91Cterm). More preferably Cbp is selected from
the group consisting of CbpA, PbcA, SpsA and PspC. More preferably still, it is CbpA.
Preferably, Lyt is LytC (also referred to as Sp91).

A PspA or PsaA truncate lacking the choline binding domain (C) and expressed as a
fusion protein with Lyt may also be used. Preferably, Lyt is LytC.

In a pneumococcal composition it is possible to combine different pneumococcal proteins
of the invention.

Preferably the combination of proteins of the invention are selected from 2 or more (3 or
4) different categories such as proteins having a Type Il Signal sequence motif. of LXXC
(where X is any amino acid, e.g., the polyhistidine triad family (Pht)), choline binding
proteins (Cbp), proteins having a Type | Signal sequence motif (e.g., Sp101), proteins
having a LPXTG motif (where X is any amino acid, e.g., Sp128, Sp130), toxins (e.g., Ply),
eic. Preferred examples within these categories (or motifs) are the proteins mentioned
above, or immunologically functional equivalents thereof. Toxin + Pht, toxin + Cbp, Pht +

Cbp, and toxin + Pht + Cbp are preferred category combinations.
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Preterred beneficial combinations include, but are not limited to, PhtD + NR1xR2, PhtD +
NR1xR2-Sp91Cterm chimeric or fusion proteins, PhtD + Ply, PhtD + Sp128, PhtD + PsaA,
PhtD + PspA, PhtA + NR1xR2, PhtA + NR1xR2-Sp91Cterm chimeric or fusion proteins,
PhtA + Ply, PhtA + Sp128, PhtA + PsaA, PhtA + PspA, NR1xR2 + LytC, NR1xR2 + PspA,
NR1xR2 + PsaA, NR1xR2 + Sp128, R1xR2 + LytC, R1xR2 + PspA, R1xR2 + PsaA,
R1xR2 + Sp128, R1xR2 + PhtD, R1xR2 + PhtA. Preferably, NR1xR2 (or R1xR2) is from
CbpA or PspC. More preferably it is from CbpA.

A particularly preferred combination of pneumococcal proteins comprises Ply (or a
truncate or immunologically functional equivalent thereof) + PhtD (or a truncate or
Immunologically functional equivalent thereof) optionally with NR1xR2 (or R1xR2 or
NR1xR2P or R1xR2P). Preferably, NR1xR2 (or R1xR2 or NR1xR2P or R1xR2P) is from
CbpA or PspC. More preferably it is from CbpA.

The antigen may be a pneumococcus saccharide conjugate comprising polysaccharide
antigens derived from at least four serotypes, preferably at least seven serotypes, more
preferably at least eleven serotypes, and at least one, but preferably 2, 3, or 4,
Streptococcus pneumoniae proteins preferably selected from the group of proteins
described above. Preferably one of the proteins is PhtD (or an immunologically functional
equivalent thereof) and/or Ply (or an immunologically functional equivalent thereof).

A problem associated with the polysaccharide approach to vaccination, is the fact that
polysaccharides per se are poor immunogens. To overcome this, saccharides may be
conjugated to protein carriers, which provide bystander T-cell help. It is preferred,
therefore, that the saccharides utilised in the invention are linked to such a protein carrier.
Examples of such carriers which are currently commonly used for the production of
saccharide immunogens include the Diphtheria and Tetanus toxoids (DT, DT CRM197
and TT respectively), Keyhole Limpet Haemocyanin (KLH), OMPC from N, meningitidis,
and the purified protein derivative of Tuberculin (PPD).

A preferred carrier for the pneumococcal saccharide based immunogenic compositions
(or vaccines) is protein D from Haemophilus influenzae (EP 594610-B), or fragments
thereof. Fragments suitable for use include fragments encompassing T-helper epitopes.
In particular a protein D fragment will preferably contain the N-terminal 1/3 of the protein.
A protein D carrier is useful as a carrier in compositions where multiple pneumococcal
saccharide antigens are conjugated. One or more pneumococcal saccharides in a
combination may be advantageously conjugated onto protein D.

A further preferred carrier for the pneumococcal saccharide is the pneumococcal protein
itself (as defined above in section “Pneumococcal Proteins of the invention”).

13



10

15

20

25

30

35

CA 02602456 2007-09-21
WO 2006/100111 PCT/EP2006/002838

The saccharide may be linked to the carrier protein by any known method (for example,
by Likhite, U.S. Patent 4,372,945 and by Armor et al., U.S. Patent 4,474,757). Preferably,
CDAP conjugation is carried out (WO 95/08348).

Preferably the protein:saccharide (weight:weight) ratio of the conjugates is 0.3:1 to 1:1,
more preferably 0.6:1 to 0.8:1, and most preferably about 0.7:1.

Particularly preferred compositions of the invention comprise one or more conjugated
pneumococcal saccharides, and one or more pneumococcal proteins of the inventionin
addition, pneumococcal saccharides and proteins can be stably stored as bulk
componentis adsorbed onto aluminium phosphate in a liguid form.

Other antigens are suitably derived from HIV-1, (such as gag or fragments thereof such
as p24, tat, nef, gp120 or gp160 or fragments of any of these), human herpes viruses,
such as gD or derivatives thereof or Immediate Early protein such as ICP27 from HSV1 or
HSV2, cytomegalovirus ((esp Human)(such as gB or derivatives thereof), Rotavirus
(including live-attenuated viruses), Epstein Barr virus (such as gp350 or derivatives
thereof), Varicella Zoster Virus (such as gpl, Il and IE63), or from a hepatitis virus such as
hepatitis B virus (for example Hepatitis B Surface antigen or a derivative thereof), hepatitis
A virus, hepatitis C virus and hepatitis E virus, or from other viral pathogens, such as
paramyxoviruses: Respiratory Syncytial virus (such as F, N, M and G proteins or
derivatives thereof), parainfluenza virus, measles virus, mumps virus, human papilloma
viruses (for example HPV6, 11, 16, 18, ), flaviviruses (e.g. Yellow Fever Virus, Dengue
Virus, Tick-borne encephalitis virus, Japanese Encephalitis Virus) or Influenza virus
(whole live or inactivated virus, split influenza virus, grown in eggs or MDCK cells, or
whole flu virosomes (as described by R. Gluck, Vaccine, 1992, 10, 915-920) or purified or
recombinant proteins thereof, such as HA, NP, NA, or M proteins, or combinations
thereof), or derived from bacterial pathogens such as Neisseria spp, including N.
gonorrhea and N. meningitidis (for example capsular saccharides and conjugates thereof,
transferrin-binding proteins, lactoferrin binding proteins, PilC, adhesins); S. pyogenes (for
example M proteins or fragments thereof, C5A protease, lipoteichoic acids), S. agalactiae,
S. mutans; H. ducreyi; Moraxella spp, including M catarrhalis, also known as Branhamella
catarrhalis (for example high and low molecular weight adhesins and invasins); Bordetella
spp, including B. pertussis (for example pertactin, pertussis toxin or derivatives thereof,
filamenteous hemagglutinin, adenylate cyclase, fimbriae), B. parapertussis and B.
bronchiseptica; Mycobacterium spp., including M. tuberculosis (for example ESATS,
Antigen 85A, -B or -C), M. bovis, M. leprae, M. avium, M. paratuberculosis, M.
smegmatis; Legionella spp, including L. pneumophila; Escherichia spp, including
14
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enterotoxic E. coli (for example colonization factors, heat-labile toxin or derivatives
thereof, heat-stable toxin or derivatives thereof), enterohemorragic E. col
enteropathogenic E. coli (for example shiga toxin-like toxin or derivatives thereof); Vibrio
spp, including V. cholera (for example cholera toxin or derivatives thereof);, Shigella spp,
including S. sonnei, S. dysenteriae, S. flexnerii; Yersinia spp, including Y. enterocolitica
(for example a Yop protein) , Y. pestis, Y. pseudotuberculosis; Campylobacter spp,
including C. jejuni (for example toxins, adhesins and invasins) and C. coli; Salmonella
spp, including S. typhi, S. paratyphi, S. choleraesuis, S. enteritidis; Listeria spp., including
L. monocytogenes; Helicobacter spp, including H. pylori (for example urease, catalase,
vacuolating toxin); Pseudomonas spp, including P. aeruginosa; Staphylococcus spp.,
including S. aureus, S. epidermidis; Enterococcus spp., including E. faecalis, E. faecium,
Clostridium spp., including C. tetani (for example tetanus toxin and derivative thereof), C.
botulinum (for example botulinum toxin and derivative thereof), C. difficile (for example
clostridium toxins A or B and derivatives thereof); Bacillus spp., including B. anthracis (for
example botulinum toxin and derivatives thereof); Corynebacterium spp., including C.
diphtheriae (for example diphtheria toxin and derivatives thereof); Borrelia spp., including
B. burgdorferi (for example OspA, OspC, DbpA, DbpB), B. garinii (for example OspA,
OspC, DbpA, DbpB), B. afzelii (for example OspA, OspC, DbpA, DbpB), B. andersonii (for
example OspA, OspC, DbpA, DbpB), B. hermsii; Ehrlichia spp., including E. equi and the
agent of the Human Granulocytic Ehrlichiosis; Rickettsia spp, including R. rickettsii;
Chlamydia spp., including C. trachomatis (for example MOMP, heparin-binding proteins),
C. pneumoniae (for example MOMP, heparin-binding proteins), C. psittaci; Leptospira
spp., Including L. interrogans; Treponema spp., including T. pallidum (for example the rare
outer membrane proteins), T. denticola, T. hyodysenteriae; or derived from parasites such
as Plasmodium spp., including P. falciparum; Toxoplasma spp., including T. gondii (for
example SAG2, SAG3, Tg34); Entamoeba spp., including E. histolytica; Babesia spp.,
including B. microti; Trypanosoma spp., including T. cruzi; Giardia spp., including G.
lamblia;, Leshmania spp., including L. major; Pneumocystis spp., including P. carinii;
Trichomonas spp., including T. vaginalis; Schisostoma spp., including S. mansoni, or
derived from yeast such as Candida spp., including C. albicans; Cryptococcus spp.,
iIncluding C. neoformans.

Other preferred specific antigens for M. tuberculosis are for example Tb Ra12, Tb H9, Tb
Ra35, Tb38-1, Erd 14, DPV, MTI, MSL, mTTC2 and hTCC1 (WO 99/51748). Proteins for
M. tuberculosis also include fusion proteins and variants thereof where at least two,
preferably three polypeptides of M. tuberculosis are fused into a larger protein. Preferred
fusions Include Rail12-TbH9-Ra3d5, Erd14-DPV-MTI, DPV-MTI-MSL, Erd14-DPV-MTI-
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MSL-mTCC2, Erd14-DPV-MTI-MSL, DPV-MTI-MSL-mTCC2, TbH9-DPV-MTI (WO
99/51748).

Most preferred antigens for Chlamydia include for example the High Molecular Weight
Protein (HWMP) (WO 99/17741), ORF3 (EP 366 412), and putative membrane proteins
(Pmps). Other Chlamydia antigens of the composition can be selected from the group
described in WO 99/28475.

Preferred bacterial compositions comprise antigens derived from Haemophilus spp.,
including H. influenzae type B (for example PRP and conjugates thereof), non typeable H.
influenzae, for example OMP26, high molecular weight adhesins, P5, P86, protein D and
lipoprotein D, and fimbrin and fimbrin derived peptides (US 5,843,464) or multiple copy
varients or fusion proteins thereof.

Derivatives of Hepatitis B Surface antigen are well known in the art and include, inter alia,
those PreS1, PreS2 S antigens set forth described in European Patent applications EP-A-
414 374; EP-A-0304 578, and EP 198-474. In one preferred aspect the vaccine
formulation of the invention comprises the HIV-1 antigen, gp120, especially when
expressed in CHO cells. In a further embodiment, the composition of the invention
comprises gD2t as hereinabove defined.

In a preferred embodiment of the present invention compositions contain an antigen
derived from the Human Papilloma Virus (HPV) considered to be responsible for genital
warts (HPV 6 or HPV 11 and others), and the HPV viruses responsible for cervical cancer
(HPV16, HPV18 and others).

Particularly preferred forms of genital wart prophylactic, or therapeutic, compositions
comprise L1 particles or capsomers, and fusion proteins comprising one or more antigens
selected from the HPV proteins E1, E2, E5 EB, E7, L1, and L2.

The most preferred forms of fusion protein are: L2E7 as disclosed in WO 96/26277, and
proteinD(1/3)-E7 disclosed in GB 9717953.5 (PCT/EP98/05285).

A preferred HPV cervical infection or cancer, prophylaxis or therapeutic compositions may
comprise HPV 16 or 18 antigens. For example, L1 or L2 antigen monomers, or L1 or L2
antigens presented together as a virus like particle (VLP) or the L1 alone protein
presented alone in a VLP or caposmer structure. Such antigens, virus like particles and
capsomer are per se known. See for example W094/00152, W094/20137, W094/05792,
and W093/02184.

Additional early proteins may be included alone or as fusion proteins such as E7, E2 or
preferably ES for example; particularly preferred embodiments of this includes a VLP
comprising L1E7 fusion proteins (WO 96/11272).
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Particularly preferred HPV 16 antigens comprise the early proteins E6 or E7 in fusion with
a protein D carrier to form Protein D - E6 or E7 fusions from HPV 16, or combinations
thereof; or combinations of E6 or E7 with L2 (WO 96/26277).

Alternatively the HPV 16 or 18 early proteins E6 and E7, may be presented in a single
molecule, preferably a Protein D- E6/E7 fusion. Such a composition may optionally
contain either or both E6 and E7 proteins from HPV 18, preferably in the form of a Protein
D - EG or Protein D - E7 fusion protein or Protein D E6/E7 fusion protein.

The composition of the present invention may additionally comprise antigens from other
HPYV strains, preferably from strains HPV 31 or 33.

Compositions of the present invention further comprise antigens derived from parasites
that cause Malaria. For example, preferred antigens from Plasmodia falciparum include
circumsporozoite protein (CS protein), RTS,S MSP1, MSP3, LSA1, LSA3, AMA1 and
TRAP. RTS is a hybrid protein comprising substantially all the C-terminal portion of the
circumsporozoite (CS) protein of P.falciparum linked via four amino acids of the preS2
portion of Hepatitis B surface antigen to the surface (S) antigen of hepatitis B virus. Its full
structure is disclosed in the International Patent Application No. PCT/EP92/02591,
published under Number WO 93/10152 claiming priority from UK patent application
No.9124390.7. When expressed in yeast RTS is produced as a lipoprotein particle, and
when it is co-expressed with the S antigen from HBYV it produces a mixed particle known
as RTS,S. TRAP antigens are described in the International Patent Application No.
PCT/GB89/00895, published under WO 90/01496. A preferred embodiment of the present
invention is a Malaria vaccine wherein the antigenic preparation comprises a combination
of the RTS,S and TRAP antigens. Other plasmodia antigens that are likely candidates to
be components of a multistage Malaria vaccine are P. faciparum MSP1, AMA1, MSP3,
EBA, GLURP, RAP1, RAP2, Sequestrin, PFEMP1, Pf332, LSA1, LSA3, STARP, SALSA,
PfEXP1, Pis25, Pfs28, PFS27/25, Pfs16, P{s48/45, Pis230 and their analogues in
Plasmodium spp. . One embodiment of the present invention is a composition comprising
RTS, S or CS protein or a fragment thereof such as the CS portion of RTS, S in
combination with one or more further malarial antigens which may be selected for
example from the group consisting of MPS1, MSP3, AMA1, LSA1 or LSAS.

The compositions may also contain an anti-tumour antigen and be useful for the
immunotherapeutic treatment of cancers. For example, the antigen may be a tumour
rejection antigens such as those for prostrate, breast, colorectal, lung, pancreatic, renal or
melanoma cancers. Exemplary antigens include MAGE 1 , 3 and MAGE 4 or other
MAGE antigens such as disclosed in W099/40188, PRAME, BAGE, Lage (also known as
NY Eos 1) SAGE and HAGE (WO 99/53061) or GAGE (Robbins and Kawakami, 1996,
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Current Opinions in Immunology 8, pps 628-636; Van den Eynde et al., International
Journal of Clinical & Laboratory Research (submitted 1997); Correale et al. (1997),
Journal of the National Cancer Institute 89, p293. Indeed these antigens are expressed in
a wide range of tumour types such as melanoma, lung carcinoma, sarcoma and bladder
carcinoma.

MAGE antigens for use in the present invention may be expressed as a fusion protein
with an expression enhancer or an Immunological fusion partner. In particular, the Mage
protein may be fused to Protein D from Heamophilus infuenzae B or a lipidated derivative
thereof.. In particular, the fusion partner may comprise the first 1/3 of Protein D. Such
constructs are disclosed in W099/40188.

Other tumour-specific antigens include, but are not restricted to KSA (GA733) tumour-
specific gangliosides such as GM 2, and GM3 or conjugates thereof to carrier proteins; or
sald antigen may be a self peptide hormone such as whole length Gonadotrophin
hormone releasing hormone (GnRH, WO 95/20600), a short 10 amino acid long peptide,
useful in the treatment of many cancers, or in immunocastration.

In a preferred embodiment prostate antigens are utilised, such as Prostate specific
antigen (PSA), PAP, PSCA (PNAS 95(4) 1735 —1740 1998), PSMA or antigen known as
Prostase.

Prostase is a prostate-specific serine protease (trypsin-like), 254 amino acid-long, with a
conserved serine protease catalytic triad H-D-S and a amino-terminal pre-propeptide
sequence, indicating a potential secretory function (P. Nelson, Lu Gan, C. Ferguson, P.
Moss, R. Gelinas, L. Hood & K. Wand, “Molecular cloning and characterisation of
prostase, an androgen-regulated serine protease with prostate restricted expression, In
Proc. Natl. Acad. Sci. USA (1999) 96, 3114-3119). A putative glycosylation site has been
described. The predicted structure is very similar to other known serine proteases,
showing that the mature polypeptide folds into a single domain. The mature protein is 224
amino acids-long, with one A2 epitope shown to be naturally processed.

Prostase nucleotide sequence and deduced polypeptide sequence and homologs are
disclosed in Ferguson, et al. (Proc. Natl. Acad. Sci. USA 1999, 96, 3114-3119) and in
International Patent Applications No. WO 98/12302 (and also the corresponding granted
patent US 5,955,306), WO 98/20117 (and also the corresponding granted patents US
5,840,871 and US 5,786,148) (prostate-specific kallikrein) and WO 00/04149 (P703P).
The present invention provides compositions comprising prostase protein fusions based
on prostase protein and fragments and homologues thereof (“derivatives”). Such
derivatives are suitable for use in therapeutic vaccine formulations which are suitable for
the treatment of a prostate tumours. Typically the fragment will contain at least 20,
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preferably 50, more preferably 100 contiguous amino acids as disclosed in the above
referenced patent and patent applications.

A further preferred prostate antigen is known as P501S, sequence ID no 113 of
Wo098/37814. Immunogenic fragments and portions thereof comprising at least 20,
preferably 50, more preferably 100 contiguous amino acids as disclosed in the above
referenced patent application. See for example PS108 (WO 98/50567).

Other prostate specific antigens are known from Wo098/37418, and WO/004149. Another
is STEAP PNAS 96 14523 14528 7 —12 1999.

Other tumour associated antigens useful in the context of the present invention include:
Plu -1 J Biol. Chem 274 (22) 15633 —15645, 1999, HASH —1, HasH-2, Cripto (Salomon et
al Bioessays 199, 21 61 —-70,US patent 5654140) Criptin US patent 5 981 215, .
Additionally, antigens particularly relevant for therapy of cancer also comprise tyrosinase
and survivin.

Mucin dervied peptides such as Muc1 see for example US 5744,144 US 5827, 666 WO
8805054, US 4,963,484. Specifically contemplated are Muc 1 derived peptides that
comprise at least one repeat unit of the the Muc 1 peptide, preferably at least two such
repeats and which Is recognised by the SM3 antibody (US 6 054 438). Other mucin
derived peptides include peptide from Muc 5.

The antigen of the invention may be a breast cancer antigens such as her 2/ Neu,
mammaglobin (US patent 5668267) or those disclosed in WO/00 52165, W099/33869,
WO99/19479, WO 98/45328. Her 2 neu antigens are disclosed inter alia, in US patent
5,801,005. Preferably the Her 2 neu comprises the entire extracellular domain (
comprising approximately amino acid 1 —645) or fragments thereof and at least an
Immunogenic portion of or the entire intracellular domain approximately the C terminal
580 amino acids . In particular, the intracellular portion should comprise the
phosphorylation domain or fragments thereof. Such constructs are disclosed in
WO00/44899. A particularly preferred construct is known as ECD PD a second is known
as ECD PD See Wo0/00/44899. The her 2 neu as used herein can be derived from rat,
mouse or human .

The compositions may contain antigens associated with tumour-support mechanisms
(e.g. angiogenesis, tumour invasion) for example tie 2, VEGF.

It is foreseen that compositions of the present invention may use antigens derived from
Borrelia sp.. For example, antigens may include nucleic acid, pathogen derived antigen or
antigenic preparations, recombinantly produced protein or peptides, and chimeric fusion
proteins. In particular the antigen is OspA. The OspA may be a full mature protein in a
lipidated form virtue of the host cell (E.Coli) termed (Lipo-OspA) or a non-lipidated
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derivative. Such non-lipidated derivatives include the non-lipidated NS1-OspA fusion
protein which has the first 81 N-terminal amino acids of the non-structural protein (NS1) of
the influenza virus, and the complete OspA protein, and another, MDP-OspA is a non-
lipidated form of OspA carrying 3 additional N-terminal amino acids.

Compositions of the present invention may be used for the prophylaxis or therapy of
allergy. Such vaccines would comprise allergen specific (for example Der p1) and allergen
non-specific antigens (for example peptides derived from human IgE, including but not
restricted to the stanworth decapeptide (EP 0 477 231 B1)).

Compositions of the present invention may also be used for the prophylaxis or therapy of
chronic disorders others than allergy, cancer or infectious diseases. Such chronic
disorders are diseases such as atherosclerosis, and Alzheimer.

The compositions of the present invention are particularly suited for the
Immunotherapeutic treatment of diseases, such as chronic conditions and cancers, but
also for the therapy of persistent infections. Accordingly the compositions of the present
invention are particularly suitable for the immunotherapy of infectious diseases, such as
Tuberculosis (TB), AIDS and Hepatitis B (HepB) virus infections.

Also, in the context of AIDS, there is provided a method of treatment of an individual
susceptible to or suffering from AIDS. The method comprising the administration of a
vaccine of the present invention to the individual, thereby reducing the amount of CD4+ T-
cell decline caused by subsequent HIV infection, or slowing or halting the CD4+ T-cell
decline in an individual already infected with HIV.

Other antigens include bacterial (preferably capsular) saccharides other than (or in
addition to) those pneumococcal antigens described above. Polysaccharide antigens are
conveniently stored in liquid bulk adsorbed onto aluminium phosphate — it is therefore
straightforward to generate vaccine compositions of the invention by admixing said liquid
bulk with the oil emulsions of the invention extemporaneously. Preferably the other
bacterial saccharides are selected from a group consisting of: N. meningitidis serogroup A
capsular saccharide (MenA), N. meningitidis serogroup C capsular saccharide (MenC), N.
meningitidis serogroup Y capsular saccharide (MenY), N. meningitidis serogroup W-135
capsular saccharide (MenW), Group B Streptococcus group | capsular saccharide, Group
B Streptococcus group 1l capsular saccharide, Group B Streptococcus group Il capsular
saccharide, Group B Streptococcus group 1V capsular saccharide, Group B Streptococcus
group V capsular saccharide, Staphylococcus aureus type 5 capsular saccharide,
Staphylococcus aureus type 8 capsular saccharide, Vi saccharide from Salmonella typhi,
N. meningitidis LPS, M. catarrhalis LPS, and H. influenzae LPS. By LPS it is meant either
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native lipo-polysaccharide (or lipo-oligosaccharide), or lipo-polysaccharide where the lipid
A portion has been detoxified by any of a number of known methods (see for example
WO 97/18837 or WO 98/33923), or any molecule comprising the O-polysaccharide
derived from said LPS. By N. meningitidis LPS it is meant one or more of the 12 known
immunotypes (L1, L2, L3, L4, L5, L6, L7, L8, L9, L10, L11 or L12).

Particularly preferred combinations are compositions comprising: 1) conjugated Hib,
conjugated MenA and conjugated MenC; 2) conjugated Hib, conjugated MenY and
conjugated MenC; 3) conjugated Hib and conjugated MenC; and 4) conjugated MenA,
conjugated MenC, conjugated MenY and conjugated MenW-135. The amount of PS in
each of the above conjugates may be 5 or 10 Og each per 0.5 mL human dose.
Preferably Hib, MenA, MenC, MenW-135 and MenY are TT conjugates.

A problem associated with the polysaccharide approach to vaccination, is the fact that
polysaccharides per se are poor immunogens. To overcome this, saccharides of the
iInvention may be conjugated to protein carriers, which provide bystander T-cell help. It is
preferred, therefore, that the saccharides utilised in the invention are linked to such a
protein carrier. Examples of such carriers which are currently commonly used for the
production of saccharide immunogens include the Diphtheria and Tetanus toxoids (DT,
DT CRM197 and TT respectively), Keyhole Limpet Haemocyanin (KLH), protein D from
Haemophilus influenzae (EP 594610-B), OMPC from N. meningitidis, and the purified
protein derivative of Tuberculin (PPD).

The saccharide may be linked to the carrier protein by any known method (for example,
by Likhite, U.S. Patent 4,372,945 and by Armor et al., U.S. Patent 4,474,757). Preferably,
CDAP conjugation is carried out (WO 95/08348).

Preferably the protein:saccharide (weight:weight) ratio of the conjugates is 0.3:1 to 1:1,
more preferably 0.6:1 to 0.8:1, and most preferably about 0.7:1.

Combinations of antigens which provide protection against pneumococcus and a different
pathogen are included in the present invention. Many Paediatric vaccines are now given
as a combination vaccine so as to reduce the number of injections a child has to receive.
Thus for Paediatric vaccines other antigens from other pathogens may be formulated with
the pneumococcal vaccines of the invention. For example the vaccines of the invention
can be formulated with (or administered separately but at the same time) the well known
trivalent’ combination vaccine comprising Diphtheria toxoid (DT), tetanus toxoid (TT), and
pertussis components [typically detoxified Pertussis toxoid (PT) and filamentous
haemagglutinin (FHA) with optional pertactin (PRN) and/or agglutinin 1+2], for example
the marketed vaccine INFANRIX-DTPa™ (SmithKlineBeecham Biologicals) which
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contains DT, TT, PT, FHA and PRN antigens, or with a whole cell pertussis component for
example as marketed by SmithKlineBeecham Biologicals s.a., as Tritanrix™. The
combined vaccine may also comprise other antigen, such as Hepatitis B surface antigen
(HBsAg), Polio virus antigens (for instance inactivated trivalent polio virus — [PV),
Moraxella catarrhalis outer membrane proteins, non-typeable Haemophilus influenzae
proteins, N.meningitidis B outer membrane proteins.

Examples of preferred Moraxella catarrhalis protein antigens which can be included in a
combination vaccine (especially for the prevention of otitis media) are: OMP106 [WO
97/41731 (Antex) & WO 96/34960 (PMC)]; OMP21; LbpA &/or LbpB [WO 98/55606
(PMC)]; TbpA &/or ThpB [WO 97/13785 & WO 97/32980 (PMC)]; CopB [Helminen ME, et
al. (1993) Infect. Immun. 61:2003-2010]; UspA1 and/or UspA2 [WO 93/03761 (University
of Texas)]; OmpCD; HasR (PCT/EP99/03824); PilQ (PCT/EP99/03823); OMPS85
(PCT/EP00/01468); lipo06 (GB 9917977.2); lipo10 (GB 9918208.1); lipo11 (GB
9918302.2); lipo18 (GB 9918038.2); P6 (PCT/EP99/03038); D15 (PCT/EP99/03822);
OmplA1 (PCT/EP99/06781); Hly3 (PCT/EP99/03257); and OmpE. Examples of non-
typeable Haemophilus influenzae antigens which can be included in a combination
vaccine (especially for the prevention of otitis media) include: Fimbrin protein [(US
5766608 - Ohio State Research Foundation)] and fusions comprising peptides therefrom
[eg LB1(f) peptide fusions; US 5843464 (OSU) or WO 99/64067]; OMP26 [WO 97/01638
(Cortecs)]; P6 [EP 281673 (State University of New York)]; TbpA and/or TbpB; Hia; Hsf;
Hind7; Hif; Hmw1; Hmw2; Hmw3; Hmw4; Hap; D15 (WO 94/12641); protein D (EP
594610); P2; and P5 (WO 94/26304).

Other combinations contemplated are the pneumococcal saccharide & protein of the
invention in combination with viral antigens, for example, from influenza (attenuated, spilit,
or subunit [e.g., surface glycoproteins neuraminidase (NA) and haemagglutinin (HA). See,
e.d., Chaloupka 1. et al, Eur. Journal Clin. Microbiol. Infect. Dis. 1996, 15:121-127], RSV
(e.g., F and G antigens or F/G fusions, see, eg, Schmidt A. C. et al, J Virol, May 2001,
p4594 — 4603), PIV3 (e.g., HN and F proteins, see Schmidt et al. supra), Varicella (e.g.,
attenuated, glycoproteins |-V, etc.), and any (or all) component(s) of MMR (measles,
mumps, rubella).

A preferred Paediatric combination vaccine contemplated by the present invention for
global treatment or prevention of otitis media comprises: one or more Streptococcus
pneumoniae saccharide antigen(s) (preferably conjugated to protein D), one or more
pneumococcal proteins (preferably those described above), and one or more surface-
exposed antigen from Moraxella catarrhalis and/or non-typeable Haemophilus influenzae.

Protein D can advantageously be used as a protein carrier for the pneumococcal
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saccharides (as mentioned above), and because it is in itself an immunogen capable of
producing B-cell mediated protection against non-typeable H. influenzae (ntHi). The
Moraxella catarrhalis or non-typeable Haemophilus influenzae antigens can be included
in the vaccine in a sub-unit form, or may be added as antigens present on the surface of
outer membrane vesicles (blebs) made from the bacteria.

Preferred antigens

As mentioned above, in one aspect the invention relates to use of a composition
comprising:

(a) an antigen, and

(d) an oil-in-water emulsion adjuvant; and

(e) 3D MPL
wherein said oil-in-water emulsion comprises a metabolisable oil, a sterol and an
emulsifying agent, in the manufacture of an immunogenic composition for the prevention
of infection and/or disease.

The composition of the invention is thus used for infections and/or diseases which are
capable of being prevented or ameliorated by that composition, and suitably in which the

antigen is derived from or associated with a pathogen (such as a bacteria or virus) which
Is associated with the disease.

Antigens from influenza virus A and B, HPV antigens, RSV A and B, SARS,
streptococcus, VZV, rhinovirus, parainfluenza virus are preferred for use in the present
iInvention, such as split influenza , VZV gk, VZV IE63, and PhtD from Streptococcus

pneumonia. However, any suitable antigen may be used.

In one embodiment the composition used in the invention does not comprise an influenza
subunit antigen with the MF59™ adjuvant.

For all aspects of the invention it is preferred that antigens comprise a CD4 T cell epitope,
or a B cell epitope or suitably both.

Influenza viral strains and antigens
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An influenza virus or antigenic preparation thereof for use according to the present
invention may be a split influenza virus or split virus antigenic preparation thereof. In an
alternative embodiment the influenza preparation may contain another type of inactivated
influenza antigen, such as inactivated whole virus or purified HA and NA (subunit
vaccine), or an influenza virosome. In a still further embodiment, the influenza virus may
be a live attenuated influenza preparation.

A split influenza virus or split virus antigenic preparation thereof for use according to the
present invention is suitably an inactivated virus preparation where virus particles are
disrupted with detergents or other reagents to solubilise the lipid envelope. Split virus or
split virus antigenic preparations thereof are suitably prepared by fragmentation of whole
influenza virus, either infectious or inactivated, with solubilising concentrations of organic
solvents or detergents and subsequent removal of all or the majority of the solubilising
agent and some or most of the viral lipid material. By split virus antigenic preparation
thereof is meant a split virus preparation which may have undergone some degree of
purification compared to the split virus whilst retaining most of the antigenic properties of
the split virus components. For example, when produced in eggs, the split virus may be
depleted from egg-contaminating proteins, or when produced in cell culture, the split virus
may be depleted from host cell contaminants. A split virus antigenic preparation may
comprise split virus antigenic components of more than one viral strain. Vaccines
containing split virus (called ‘influenza split vaccine’) or split virus antigenic preparations
generally contain residual matrix protein and nucleoprotein and sometimes lipid, as well
as the membrane envelope proteins. Such split virus vaccines will usually contain most or
all of the virus structural proteins although not necessarily in the same proportions as they

occur in the whole virus.

In another embodiment, the influenza virus preparation is in the form of a purified sub-unit
influenza. Sub-unit influenza vaccines generally contain the two major envelope proteins,
HA and NA, and may have an additional advantage over whole virion vaccines as they
are generally less reactogenic, particularly in young vaccinees. Sub-unit vaccinés can be

produced either recombinantly or purified from disrupted viral particles.

In another embodiment, the influenza virus preparation is in the form of a virosome.
Virosomes are spherical, unilamellar vesicles which retain the functional viral envelope

glycoproteins HA and NA in authentic conformation, intercalated in the virosomes’
phospholipids bilayer membrane.
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Said influenza virus or antigenic preparation thereof may be egg-derived or tissue-culture
derived.

For example, the influenza virus antigen or antigenic preparations thereof according to the
invention may be derived from the conventional embryonated egg method, by growing
influenza virus in eggs and purifying the harvested allantoic fluid. Eggs can be
accumulated in large numbers at short notice. Alternatively, they may be derived from any
of the new generation methods using tissue culture to grow the virus or express
recombinant influenza virus surface antigens. Suitable cell substrates for growing the
virus include for example dog kidney cells such as MDCK or cells from a clone of MDCK,
MDCK-like cells, monkey kidney cells such as AGMK cells including Vero cells, suitable
pig cell lines, or any other mammalian cell type suitable for the production of influenza
virus for vaccine purposes. Suitable cell substrates also include human cells e.g. MRC-5
cells. Suitable cell substrates are not limited to cell lines; for example primary cells such

as chicken embryo fibroblasts and avian cell lines are also included.

The influenza virus antigen or antigenic preparation thereof may be produced by any of a
number of commercially applicable processes, for example the split flu process described
in patent no. DD 300 833 and DD 211444, incorporated herein by reference.
Traditionally split flu was produced using a solvent/detergent treatment, such as tri-n-butyl
phosphate, or diethylether in combination with Tween™ (known as “Tween-ether’
splitting) and this process is still used in some production facilities. Other splitting agents
now employed include detergents or proteolytic enzymes or bile salts, for example sodium
deoxycholate as described in patent no. DD 155 875, incorporated herein by reference.
Detergents that can be used as splitting agents include cationic detergents e.g. cetyl
trimethyl ammonium bromide (CTAB), other ionic detergents e.g. laurylsulfate,
taurodeoxycholate, or non-ionic detergents such as the ones described above including
Triton X-100 (for example in a process described in Lina et al, 2000, Biologicals 28, 95-
103) and Triton N-101, or combinations of any two or more detergents.

The preparation process for a split vaccine may include a number of different filtration
and/or other separation steps such as ultracentrifugation, ultrafiltration, zonal

centrifugation and chromatography (e.g. ion exchange) steps in a variety of combinations,

and optionally an inactivation step eg with heat, formaldehyde or B-propiolactone or U.V.

which may be carried out before or aiter splitting. The splitting process may be carried
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out as a batch, continuous or semi-continuous process. A preferred splitting and
purification process for a split iImnmunogenic composition is described in WO 02/097072.

Preferred split flu vaccine antigen preparations according to the invention comprise a
residual amount of Tween 80 and/or Triton X-100 remaining from the production process,
although these may be added or their concentrations adjusted after preparation of the split
antigen. Preferably both Tween 80 and Triton X-100 are present. The preferred ranges
for the final concentrations of these non-ionic surfactants in the vaccine dose are:

Tween 80: 0.01 to 1%, more preferably about 0.1% (v/v)

Triton X-~100: 0.001 to 0.1 (% w/v), more preferably 0.005 to 0.02% (w/v).

In a specific embodiment, the final concentration for Tween 80 ranges from 0.045%-
0.09% w/v. In another specific embodiment, the antigen is provided as a 2 fold
concentrated mixture, which has a Tween 80 concentration ranging from 0.045%-0.2%
(w/v) and has to be diluted two times upon final formulation with the adjuvanted (or the

buffer in the control formulation).

In another specific embodiment, the final concentration for Triton X-100 ranges from
0.005%-0.017% w/v. [n another specific embodiment, the antigen is provided as a 2 fold
concentrated mixture, which has a Triton X-100 concentration ranging from 0.005%-
0.034% (w/v) and has to be diluted two times upon final formulation with the adjuvanted
(or the buifer in the control formulation).

Preferably the influenza preparation is prepared in the presence of low level of thiomersal,
or preferably in the absence of thiomersal. Preferably the resulting influenza preparation is
stable In the absence of organomercurial preservatives, in particular the preparation
contains no residual thiomersal. In particular the influenza virus preparation comprises a
haemagglutinin antigen stabilised in the absence of thiomersal, or at low levels of

thiomersal (generally 5 ng/ml or less). Specifically the stabilization of B influenza strain is
performed by a derivative of alpha tocopherol, such as alpha tocopherol succinate (also

known as vitamin E succinate, i.e. VES). Such preparations and methods to prepare them
are disclosed in WO 02/097072.

A preferred composition contains three inactivated split virion antigens prepared from the
WHO recommended strains of the appropriate influenza season.
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Preferably the influenza virus or antigenic preparation thereof and the oil-in-water
emulsion adjuvant are contained in the same container. It is referred to as ‘one vial
approach’. Preferably the vial is a pre-filled syringe. In an alternative embodiment, the
influenza virus or antigenic preparation thereof and the oil-in-water emulsion adjuvant are
contained in separate containers or vials and admixed shortly before or upon
administration into the subject. It is referred to as ‘two vials approach’. By way of example,
when the vaccine is a 2 components vaccine for a total dose volume of 0.7 ml, the
concentrated antigens (for example the concentrated trivalent inactivated split virion
antigens) are presented in one vial (335 ul) (antigen container) and a pre-filled syringe
contains the adjuvant (360 ul) (adjuvant container). At the time of injection, the content of
the vial containing the concentrated trivalent inactivated split virion antigens is removed
from the vial by using the syringe containing the adjuvant followed by gentle mixing of the
syringe. Prior to injection, the used needle is replaced by an inframuscular needle and the

volume is corrected to 530 ul. One dose of the reconstituted adjuvanted influenza vaccine

candidate corresponds to 530 ul.

Preferred compositions of the invention comprise antigens having CD4 T cell epitopes
and optionally B cell epitopes.

HPV antigens

In another aspect of the present invention compositions contain an antigen derived from
the Human Papilloma Virus (HPV), for example from a virus considered to be responsible
for genital warts (HPV 6 or HPV 11 and others), or the HPV viruses responsible for
cervical cancer (HPV16, HPV18 and others). In one aspect prophylactic or therapeutic
compositions comprise HPV 16 or 18 antigens. Infection by HPV 16 and HPV 18 is

related to development of cancer.

Combinations of antigens from different HPV genotypes may be employed in the
invention, such as a combination of HPV 16 and HPV 18 antigens, suitably in the form of
VLP. Antigens from additional VLP types that may be included with 16 and/or 18 include
antigens from other known cancer-causing types such as HPV 31, 45, 33, 58 and 52.

In one aspect the HPV antigens are L1 or L2 antigen monomers. In one aspect the
invention relates to a combination of HPV L1 and L2 antigens from the same genotype

presented together as a capsomer or virus like particle (VLP). In one aspect the HPV
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antigen is an L1 protein (absent an L2 antigen) in the form of a VLP or capsomer
structure. Such antigens, virus like pariicles and capsomer are per se known. See, for
example, W0O94/00152, WQ94/20137, WO94/05792, and WQ93/02184.

In one aspect a truncated L1 protein may be used in the invention, for example as
disclosed in WO 96/11272. Preferably a C-terminal truncation of L1 is used, for example

a 34 amino acid C-terminal truncation of HPV 16, or an equivalent truncation from other
HPV type.

In one aspect of the invention a composition comprises a combination of HPV virus like
particles or capsomers from HPV 16 and HPV 18, together with HPV 31 and/or HPV 45.
In one aspect of the invention a composition comprises a combination of HPV virus like
particles or capsomers from HPV 16 and HPV 18, together with HPV 33 and/or HPV 58.
In one aspect of the invention a composition comprises a combination of HPV virus like
particles or capsomers from HPV 16 and HPV 18, together with VLPs or capsomers from
one or more cancer causing HPV types, such as one, two, three, four or all of HPV 31, 33,
45, 52, and 58.

The invention thus relates in one aspect to a composition comprising virus like particles
from HPV 16, 18, 31 and 45 in combination with an adjuvant comprising 3D MPL and an
oll in water emulsion as described herein.

In one aspect of the invention a composition comprises a mixture of HPV 16, 18, 31, 33,
45, 52, and 58 L1-only virus like particles or capsomers. L1 or L2 proteins may be
provided in the form of fusion proteins.

Particularly suitable forms of genital wart prophylactic, or therapeutic, compositions
comprise L1 particles or capsomers, and fusion proteins comprising one or more antigens
selected from the HPV 6 and HPV 11 proteins, for example E6, E7, L1, and L2.

HPV antigens from cancer types may be combined with antigens from genital warts types,
such as HPV 16 and/or 18 with HPV 6 and/or 11. For example, a composition comprising
HPV 16, 18, 6 and 11 is contemplated. In one aspect of the invention a combination of
HPV 16, 18, 31, 33, 45, 52, and 58 L1-only virus like particle or capsomers may be used
In combination with virus like particles or capsomers from HPV 6 and/or HPV 11.

In one aspect early proteins such as E7, E2 or E5 for example may be included alone, in
combinations, or may be fusion proteins; an embodiment of this includes a VLP
comprising L1E7 fusion proteins (WO 96/11272).
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In one aspect the fusion protein is L2E7 as disclosed in WO 96/26277, or proteinD (1/3)-
E7 disclosed in GB 9717953.5 (PCT/EP98/05285).

In one aspect HPV 16 antigens comprise the early proteins E6 or E7 in fusion with a
protein D carrier to form Protein D - E6 or E7 fusions from HPV 16, or combinations
thereof; or combinations of E6 or E7 with L2 (WO 96/26277).

Alternatively the HPV 16 or 18 early proteins E6 and E7, may be presented in a single
molecule, such as a Protein D- E6/E7 fusion. Such a composition may optionally contain
either or both E6 and E7 proteins from HPV 18, such as in the form of a Protein D - EG or
Protein D - E7 fusion protein or Protein D E6/E7 fusion protein.

Oil-in-water emulsion adjuvant component

The adjuvant composition of the invention contains an oil-in-water emulsion adjuvant,
preferably said emulsion comprises a metabolisable oil in an amount of 0.5% o 20% of
the total volume, and having oil droplets of which at least 70% by intensity have diameters
of less than 1 um.

In order for any oil in water composition to be suitable for human administration, the oil
phase of the emulsion system has to comprise a metabolisable oil. The meaning of the
term metabolisable oil is well known in the art. Metabolisable can be defined as ‘being
capable of being transformed by metabolism’ (Dorland’s lllustrated Medical Dictionary,
W.B. Sanders Company, 25th edition (1974)). The oil may be any vegetable oil, fish oil,
animal oil or synthetic oil, which is not toxic to the recipient and is capable of being
transformed by metabolism. Nuts, seeds, and grains are common sources of vegetable

olls. Synthetic oils are also part of this invention and can include commercially available

oils such as NEOBEE® and others. A particularly suitable metabolisable oil is squalene.
Squalene  (2,6,10,15,19,23-Hexamethyl-2,6,10,14,18,22-tetracosahexaene) is an
unsaturated oil which is found in large quantities in shark-liver oil, and in lower quantities
In olive oil, wheat germ oil, rice bran oil, and yeast, and is a particularly preferred oil for
use In this invention. Squalene is a metabolisable oil by virtue of the fact that it is an
iIntermediate in the biosynthesis of cholesterol (Merck index, 10th Edition, entry no.8619).

Qil in water emulsions per se are well known in the art, and have been suggested to be
useful as adjuvant compositions (EP 399843; WO 95/17210).
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