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GLYCOSYLCERAMIDE ADJUVANT FOR SACCHARIDE ANTIGENS
TECHNICAL FIELD

This invention is in the field of vaccine adjuvants, particularly for saccharide antigens.

BACKGROUND ART

Vaccines often include adjuvants to boost immune activity. Examples of known adjuvants
include aluminium salts, oil-in-water emulsions, saponins, cytokines, lipids and CpG
oligonucleotides. Currently, only aluminium salts and the monophosphoryl lipid MF59'™ are
approved for human use. However, aluminium salts are subject to safety concerns and are
incompatible with some antigens. There is therefore a need to develop further adjuvants.

a-galactosylceramide (a-GalCer) is a glycolipid, more specifically a glycosylceramide,
originally isolated from marine sponges [1]. a-GalCer 1s presented by the MHC class I-like
molecule, CD1d, to invariant Natural Killer T cells and was originally ivestigated for its
ability to induce a Natural Killer T cell response against tumour cells [2]. Invanant Natural
Killer T cells have been also shown to induce B cell activation, enhancing B cell proliferation
and antibody production [3, 4]. Recently, a-GalCer has been shown to act as an adjuvant for
a variety of co-administered protein antigens [5]. Coadministration of a-GalCer with
irradiated sporozoites or recombinant viruses expressing a malaria antigen has been shown to
enhance the level of protective anti-malaria immunity in mice [6]. a-GalCer has also been
shown to act as an adjuvant for a DNA vaccine encoding HIV-1 gag and env genes [7].

However, not all vaccines contain protein antigens. Several commercially available vaccines

" is a vaccine containing saccharide

™ and Menomune'™ are

contain saccharide antigens. For example, Pneumovax'
antigens from 23 pneumococcal serotypes. Mencevax
meningococcal vaccines containing saccharide antigens from Neisseria meningitidis A, C, Y
and W-135. It would therefore be desirable to extend the use of a-GalCer as an adjuvant to
saccharide antigens.

Despite the success of a-GalCer as an adjuvant for DNA and protein antigens, the inventors
have surprisingly found that it does not act as an adjuvant for some saccharide antigens. On
the contrary, administration of a-GalCer with these antigens has been found to result 1n a
substantial decrease in antibody titres relative to unadjuvanted controls. It 1s an object of the
invention to overcome the problem of inhibition of anti-saccharide antibody responses when
a-GalCer 1s present.

DISCLOSURE OF THE INVENTION

Surprisingly, it has been found that this suppression of the anti-saccharide immune response
in the presence of a-GalCer can be reversed if the saccharide antigen 1s conjugated to a
carrier, and that the immune response to the saccharide antigen can even be enhanced. The
invention therefore provides a composition comprising: (a) a saccharide antigen conjugated
to a carrier; and (b) an a-glycosylceramide adjuvant

-1 -
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The a-glycosylceramide adjuvants

The adjuvant included in the compositions of the invention may be any suitable o-glycosylceramide

known in the art. Preferably, the a-glycosylceramide adjuvant is a compound of formula (I):

g 0
-. ‘ T
AN/ —
A3 OH
() wherein
S R! represents H or OH,

X represents an integer between 1 and 30,

R? represents a substituent selected from the group consisting of the following (a) to (e)

(wherein Y represents an integer between 5 and 17);
(a) —CH,(CH3)yCHs
10 (b) —CH(OH)(CH3)yCHs
(c) “CH(OH)(CH)yCH(CHs)>
(d) —-CH=CH(CHj)yCH3
(e) —CH(OH)(CH,)yCH(CH3)CH,CHs,
R’ represents H, OH, NH,, NHCOCH; or a monosaccharide,
15 R* represents OH or a monosaccharide,
R’ represents H, OH or a monosaccharide,
R® represents H, OH or a monosaccharide, and
R’ represents H, CHs, CH>OH or a monosaccharide.

X is preferably between 7 and 27, more preferably between 9 and 24, and more preferably between
20 13 and 20. Y is preferably between 7 and 15, and more preferably between 9 and 13.

‘Where R® is a monosaccharide, it preferably selected from o-D-galactopyranose,

B-D-galactopyranose, a-D-glucopyranose or f-D-glucopyranose.



10

135

20

235

30

35

CA 02579488 2007-03-06
WO 2006/0276835 PCT/IB2005/002788

Where R? is a monosaccharide, it is preferably selected from B-D-galactofuranose or N-acetyl a-D-

galactopyranose.

Where R° is a monosaccharide, it is preferably selected from o -D-galactopyranose, B-D-

galactopyranose, a-D-glucopyranose or -D-glucopyranose.

Where R® is a monosaccharide, it is preferably selected from o -D-galactopyranose, P-D-

galactopyranose, a-D-glucopyranose or -D-glucopyranose.

Where R’ is a monosaccharide, it is preferably selected from methyl a-Dgalactopyranoside, methyl

8-D-galactopyranoside, methy] a-D-glucopyranoside or methyl p-D-glucopyranoside.
Preferably, R” and R® are different. Preferably, one of R’ and R® is H.

Further examples of a-glycosylceramide adjuvants suitable for inclusion in the compositions of the

invention are provided in reference 2.

Preferably, the a-glycosylceramide adjuvant is an a-galactosylceramide (a-GalCer) (i.e. R’=0H,
R*=0H, R’>=0H, R°=H and R’=CH,OH). a-GalCer included in the compositions of the invention
may be isolated directly from marine sponges or may be a chemically synthesised product. Examples

of a-galactosylceramides suitable for use in the compositions of the invention are provided in
reference 8. A preferred a-galactosylceramide is KRN7000, which has the formula (2S,35,4R)-1-O-
(a-D-galactopyranosyl)-2—(N—hexacosanoylamino)—l,3,4-octadecanetriol. The synthesis of KRN7000

is described in reference 8.

The a-glycosylceramide adjuvant may also be a truncated analog of a-GalCer in which the fatty acly
chain and/or the sphingosine chain are truncated compared to a-GalCer. Examples of truncatéd
analogs of a-GalCer are provided in reference 9. A preferred truncated analog of a-GalCer 1s “OCH’
in which the fatty acyl chain has a truncation of two hydrocarbons and the sphingosine chain has a
truncation of nine hydrocarbons compared to the preferred a-GalCer (ie. R'=H, X=21,
R?=CH(OH)(CH,),CHs, R’=OH, R*=OH, R’=OH, R°=H and R'=CH;OH). Further preferred
truncated analogs of a-GalCer include analogs in which the fatty acyl chain has a truncation of two
hydrocarbons and the sphingosine chain has a truncation of seven or three hydrocarbons compared to
0-GalCer (ie. R'=H, X=21, R*=OH, R*=OH, R’=OH, R°=H, R’=CH,OH and R? is ecither
CH(OH)(CH,)sCHj; or CH(OH)(CH,)10CHs).

Saccharide antigens

Preferably, the saccharide antigen conjugated to a carrier included in the compositions of the

invention is a bacterial saccharide and in particular a bacterial capsular saccharide.

Examples of bacterial capsular saccharides which may be included in the compositions of the
invention include capsular saccharides from Neisseria meningitidis (Serogroups A, B, C, WI135 or
Y), Streptococcus pneumoniae (serotypes 4, 6B, 9V, 14, 18C, 19F or 23F), Streptococcus agalactiae
(types Ia, Ib, 11, I1I, IV, V, VI, VII, or VIII), Haemophilus influenzae (typeable strains: a, b,c,d, eor

3-
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f), Pseudomonas aeruginosa, Staphylococcus aureus, eic. Other saccharides which may be included
in the compositions of the invention include glucans (e.g. fungal glucans, such as those in Candida

albicans), and fungal capsular saccharides e.g. from the capsule of Cryptococcus negformans.

The N.meningitidis serogroup A (MenA) capsule is a homopolymer of (a1—6)-linked N-acetyl-D-
mannosamine-1-phosphate, with partial O-acetylation in the C3 and C4 positions. The N.meningitidis
serogroup B (MenB) capsule is a homopolymer of (o 2—8)-linked sialic acid. The N.meningitidis
serogroup C (MenC) capsular saccharide 1s a homopolymer of (0.2—9) linked sialic acid, with
variable O-acetylation at positions 7 and/or 8. The N.meningitidis serogroup W135 saccharide 1s a
polymer consisting of sialic acid-galactose disaccharide units [——4)-D-Neup5Ac(7/90Ac)-0-(2—6)-
D-Gal-a-(1—]. It has variable O-acetylation at the 7 and 9 positions of the sialic acid [10]. The
N.meningitidis serogroup Y saccharide is similar to the serogroup W135 saccharide, except that the
disaccharide repeating unit includes glucose instead of galactose [—4)-D-Neup5Ac(7/90Ac)-o-
(2—6)-D-Glec-a-(1—]. It also has variable O-acetylation at positions 7 and 9 of the sialic acid.

The H.influenzae type b capsular (Hib) saccharide is a polymer of ribose, ribitol and phosphate
[‘PRP’, (poly-3-B-D-ribose-(1,1)-D-ribitol-5-phosphate)].

The compositions of the invention may contain mixtures of saccharide antigen conjugates.
Preferably, compositions of the invention comprise saccharide antigens from more than one
serogroup of N. meningitidis, e.g. compositions may comprise saccharides conjugates from
serogroups A+C, A+W135, A+Y, C+W135, C+Y, W135+Y, A+C+W135, A+C+Y, C+WI35+Y,

A+C+W135+Y, efc. Preferred compositions comprise saccharide conjugates from serogroups C and

Y. Other preferred compositions comprise saccharide conjugates from serogroups C, W135 and Y.

Where a mixture comprises meningococcal saccharides from serogroup A and at least one other
serogroup saccharide, the ratio (w/w) of MenA saccharide to any other serogroup saccharide may be
greater than 1 (e.g. 2:1, 3:1, 4:1, 5:1, 10:1 or higher). Preferred ratios (w/w) for saccharides from
serogroups A:C:W133:Y are: 1:1:1:1: 1:1:1:2; 2:1:1:1; 4:2:1:1; 8:4:2:1; 4:2:1:2; 8:4:1:2: 4:2:2:1;
2:2:1:1: 4:4:2:1; 2:2:1:2; 4:4:1:2; and 2:2:2:1.

Further preferred compositions of the invention comprise a Hib saccharide conjugate and a
saccharide conjugate from at least one serogroup of N. meningitidis, preferably from more than one
serogroup of N. meningitidis. For example, a composition of the invention may comprise a Hib

conjugate and cojugates from N. meningitidis serogroups A, C,Wl35and Y.

The invention further includes compositions comprising Streptococcus pneumoniae saccharide
conjugates. Preferably, the compositions comprise saccharide conjugates from more than one
serotype of Streptococcus pneumoniae. Preferred compositions comprise saccharide conjugates from
Streptococcus pneumoniae serotypes 4, 6B, 9V, 14, 18C, 19F and 23F (7-valent). Compositions may

further comprise saccharide conjugates from Streptococcus pneumoniae serotypes 4, 6B, oV, 14,
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18C, 19F 23F, 1 and 5 (9-valent) or may comprise saccharide conjugates from Streptococcus
pneumoniae serotypes 4, 6B, 9V, 14, 18C, 19F, 23F, 1, 5, 3 and 7F (11-valent).

Further preferred compositions of the invention comprise pneumococcal saccharide conjugates and
saccharide conjugates from Hib and/or N. meningitidis. Preferably, compositions of the invention
may comprise saccharide conjugates from S. preumoniae serotypes 4, 6B, 9V, 14, 18C, 19F and 23F
and a Hib saccharide conjugate. Preferably, compositions of the invention may comprise saccharide
conjugates from S. prneumoniae serotypes 4, 6B, 9V, 14, 18C, 19F and 23F and saccharide
conjugates from N. meningitidis serogroups A, C, W135 and Y. Compositions according to the
invention may also comprise saccharide conjugates from S. pneumoniae serotypes 4, 6B, 9V, 14,

18C, 19F and 23F, a Hib saccharide conjugate and saccharide conjugates from N. meningitidis
serogroups A, C, Wi135and Y.

It is preferred that the protective efficacy of individual saccharide antigen conjugates is not removed

by combining them, although actual immunogenicity (e.g. ELISA titres) may be reduced.
Preparation of capsular saccharide antigens

Methods for the preparation of capsular saccharide antigens are well known. For example, ref. 11
describes the preparation of saccharide antigens from N. meningitidis. The preparation of saccharide
antigens from H. influenzae is described in chapter 14 of ref. 12). The preparation of saccharide

antigens and conjugates from S. preumoniae is described in the art. For example, Prevenar'™ is a 7-

valent pneumococcal conjugate vaccine. Processes for the preparation of saccharide antigens from

S.agalactiae is described in detail in refs. 13 and 14.

The saccharide antigens may be chemically modified. For instance, they may be modified to replace
one or more hydroxyl groups with blocking groups. This is particularly useful for meningococcal
serogroup A where the acetyl groups may be replaced with blocking groups to prevent hydrolysis
[15]. Such modified saccharides are still serogroup A saccharides within the meaning of the present

invention.

Capsular saccharides may be used in the form of oligosaccharides. These are conveniently formed by
fragmentation of purified capsular polysaccharide (e.g. by hydrolysis), which will usually be
followed by purification of the fragments of the desired size.

Fragmentation of polysaccharides is preferably performed to give a final average degree of

polymerisation (DP) in the oligosaccharide of less than 30. DP can conveniently be measured by ion

exchange chromatography or by colorimetric assays [16].

If hydrolysis is performed, the hydrolysate will generally be sized in order to remove short-length
oligosaccharides [17]. This can be achieved in various ways, such as ultrafiltration followed by
ion-exchange chromatography. Oligosaccharides with a degree of polymerisation of less than or
equal to about 6 are preferably removed for serogroup A, and those less than around 4 are preferably

removed for serogroups W135 and Y.
-5-



10

15

20

25

30

CA 02579488 2007-03-06
WO 2006/0276835 PCT/IB2005/002788

Carriers

Preferably, the carrier is a protein. Preferred carrier proteins to which the saccharide antigens are
conjugated in the compositions of the invention are bacterial toxins, such as diphtheria toxoid or
tetanus toxoid. Suitable carrier proteins include the CRM197 mutant of diphtheria toxin [18-20],
diphtheria toxoid, the N.meningitidis outer membrane protein [21], synthetic peptides [22,23], heat
shock proteins [24,25], pertussis proteins [26,27], cytokines [28], lymphokines [28], hormones [28],
srowth factors [28], artificial proteins comprising multiple human CD4+ T cell epitopes from various
pathogen-derived antigens [29] such as the N19 protein [30], protein D from H.influenzae [31,32],

pneumococcal surface protein PspA [33], pneumolysin [34], iron-uptake proteins [35], toxin AorB
from C.difficile [36], efc.

Attachment of the saccharide antigen to the carrier is preferably via a -NH; group e.g in the side

chain of a lysine residue in a carrier protein, or of an arginine residue. Where a saccharide has a free
aldehyde group then this can react with an amine in the carrier to form a conjugate by reductive

amination. Attachment may also be via a -SH group e.g. in the side chain of a cysteine residue.

Where the composition contain more than one saccharide antigen, it is possible to use more than one
carrier e.g. to reduce the risk of carrier suppression. Thus different carriers can be used for different
saccharide antigens. e.g. Neisseria meningitidis serotype A saccharides might be conjugated to
CRM197 while type C saccharides might be conjugated to tetanus toxoid. It is also possible to use
more than one carrier for a particular saccharide antigen. The saccharides might be in two groups,
with some conjugated to CRM197 and others conjugated to tetanus toxoid. In general, however, 1t 1

preferred to use the same carrier for all saccharides.

A single carrier protein might carry more than one saccharide antigen [37,38]. For example, a single
carrier protein might have conjugated to it saccharides from different pathogens or from difterent
serotypes of the same pathogen. To achieve this goal, different saccharides can be mixed prior to the
conjugation reaction. In general, however, it is preferred to have separate conjugates for each
serogroup, with the different saccharides being mixed after conjugation. The separate conjugates may

be based on the same carrier.

Conjugates with a saccharide:protein ratio (w/w) of between 1:5 (i.e. excess protein) and 5:1 (i.e.

excess saccharide) are preferred. Ratios between 1:2 and 5:1 are preferred, as are ratios between
1:1.25 and 1:2.5.

Conjugates may be used in conjunction with free carrier [39]. When a given carrier protein 1s present
in both free and conjugated form in a composition of the invention, the unconjugated form is
preferably no more than 5% of the total amount of the carrier protein in the composition as a whole,

and more preferably present at less than 2% by weight.
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After conjugation, free and conjugated saccharides can be separated. There are many suitable
methods, including hydrophobic chromatography, tangential ultrafiltration, diafiltration efc. [see also

refs. 40 & 41, ete.].
Any suitable conjugation reaction can be used, with any suitable linker where necessary.

The saccharide will typically be activated or functionalised prior to conjugation. Activation may
involve, for example, cyanylating reagents such as CDAP (e.g 1-cyano-4-dimethylamino pyridinium
tetrafluoroborate [42, 43, etc.]). Other suitable techniques use carbodiimides, hydrazides, active

esters, norborane, p-nitrobenzoic acid, N-hydroxysuccinimide, S-NHS, EDC, TSTU (see also the

introduction to reference 44).

Linkages via a linker group may be made using any known procedure, for example, the procedures
described in references 45 and 46. One type of linkage involves reductive amination of the
polysaccharide, coupling the resulting amino group with one end of an adipic acid linker group, and
then coupling a protein to the other end of the adipic acid linker group [47, 48]. Other linkers include
B-propionamido [49], nitrophenyl-ethylamine [50], haloacyl halides [51], glycosidic linkages [52], 6-
aminocaproic acid [53], ADH [54], C4 to C12 moieties [55] etc. As an alternative to using a linker,
direct linkage can be used. Direct linkages to the protein may comprise oxidation of the

polysaccharide followed by reductive amination with the protein, as described in, for example,

references 56 and 57.

A process involving the introduction of amino groups into the saccharide (e.g. by replacing terminal
=0 groups with -NH2) followed by derivatisation with an adipic diester (e.g. adipic acid

N-hydroxysuccinimido diester) and reaction with carrier protein 1s preferred.

After conjugation, free and conjugated saccharides can be separated. There are many suitable
methods, including hydrophobic chromatography, tangential ultrafiltration, diafiltration efc. [see also

refs. 58 & 59, efe.].

Where the composition of the invention includes a depolymerised saccharide, it is preferred that

depolymerisation precedes conjugation.

Further antigenic components of the compositions

The compositions of the invention include at least one saccharide antigen conjugated to a carrier.
However, the composition of the invention may include one or more of the following antigens, in

addition to the saccharide antigen(s) conjugated to carrier(s) described above:

— a protein antigen from N.meningitidis serogroup B, such as those in refs. 60 to 66, with

protein 287" (see below) and derivatives (e.g. ‘AG287’) being particularly preferred.

_  an outer-membrane vesicle (OMV) preparation from N.meningitidis serogroup B, such as
those disclosed in refs. 67, 68, 69, 70 erc.
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a protein antigen from S.pneumoniae (e.g. from PhtA, PhtD, PhtB, PhtE, SpsA, LytB, LytC,
LytA, Sp125, Sp101, Sp128, Sp130 and Sp133, as disclosed in reference 71.)

an antigen from hepatitis A virus, such as inactivated virus [e.g. 72, 73; chapter 15 of ret. 73].

an antigen from hepatitis B virus, such as the surface and/or core antigens [e.g. 7 3,74; chpater
16 of ref. 78].

an antigen from hepatitis C virus [e.g. 75].

an antigen from Bordetella pertussis, such as pertussis holotoxin (PT) and filamentous
haemagglutinin (FHA) from B.pertussis, optionally also in combination with pertactin and/or
agglutinogens 2 and 3 [e.g. refs. 76 & 77; chapter 21 of ref. 78].

a diphtheria antigen, such as a diphtheria toxoid [e.g. chapter 13 of ref. 78].

a tetanus antigen, such as a tetanus toxoid [e.g. chapter 27 of ref. 78].

an antigen from N.gonorrhoeae [e.g. 60, 61, 62].

an antigen from Chlamydia pneumoniae {e.g. 79, 80, 81, 82, 83, 84, 85].

an antigen from Chlamydia trachomatis [e.g. 86].

an antigen from Porphyromonas gingivalis [e.g. 87].

polio antigen(s) [e.g. 88, 89; chapter 24 of ref. 78] such as IPV.

rabies antigen(s) [e.g. 90] such as lyophilised inactivated virus [e.g.91, RabAvert™].

measles, mumps and/or rubella antigens [e.g. chapters 19, 20 and 26 of ref. 78].

antigens from Helicobacter pylori such as CagA [92 to 95], VacA [96, 97], NAP [98, 99, 100],
HopX [e.g. 101], HopY [e.g. 101] and/or urease. |

influenza antigen(s) [e.g. chapters 17 & 18 of ref. 78], such as the haemagglutinin and/or

neuraminidase surface proteins.

an antigen from Moraxella catarrhalis [e.g. 102].

a protein antigen from Streptococcus agalactiae (group B streptococcus) [e.g. 103, 104].
an antigen from Streptococcus pyogenes (group A streptococcus) [e.g. 104, 105, 106].
an antigen from Staphylococcus aureus [e.g. 107}

antigen(s) from a paramyxovirus such as respiratory syncytial virus (RSV 108, 109]) and/or
parainfluenza virus (PIV3 [110]).

an antigen from Bacillus anthracis [e.g. 111, 112, 1 13].

an antigen from a virus in the flaviviridae family (genus flavivirus), such as from yellow fever
virus, Japanese encephalitis virus, four serotypes of Dengue viruses, tick-borne encephalitis
virus, West Nile virus.

a pestivirus antigen, such as from classical porcine fever virus, bovine viral diarrhoea virus,
and/or border disease virus,

a parvovirus antigen e.g. from parvovirus B19.
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The mixture may comprise one or more of these further antigens, which may be detoxified where

necessary (e.g. detoxification of pertussis toxin by chemical and/or genetic means).

Where a diphtheria antigen is included in the mixture it is preferred also to include tetanus antigen
and pertussis antigens. Similarly, where a tetanus antigen is included it 1s preferred also to include
diphtheria and pertussis antigens. Similarly, where a pertussis antigen 1 included it is preferred also

to include diphtheria and tetanus antigens.

Antigens in the mixture will typically be present at a concentration of at least 1ug/ml each. In

general, the concentration of any given antigen will be sufficient to elicit an immune response against

that antigen.

As an alternative to using proteins antigens in the mixture, nucleic acid encoding the antigen may be
used. Protein components of the mixture may thus be replaced by nucleic acid (preferably DNA e.g.
in the form of a plasmid) that encodes the profein. Similarly, compositions of the invention may

comprise proteins which mimic saccharide antigens e.g. mimotopes [114] or anti-idiotype antibodies.

Formulation of pharmaceutical compositions

The conjugates and a-glycosylceramide adjuvant of the invention are particularly suited to inclusion
in Immunogenic compositions and vaccines. A process of the invention may therefore include the
step of formulating the conjugate and a-glycosylceramide adjuvant as an immunogenic composition

or vaccine. The invention provides a composition or vaccine obtainable in this way.

Immunogenic compositions and vaccines of the invention will, in addition to saccharide antigen(s)

conjugated to carrier protein(s) and a-glycosylceramide adjuvant, typically comprise

‘pharmaceutically acceptable carriers’, which include any carrier that does not itself induce the
production of antibodies harmful to the individual receiving the composition. Suitable carriers are
typically large, slowly metabolised macromolecules such as proteins, polysaccharides, polylactic
acids, polyglycolic acids, polyme:ric amino acids, amino acid copolymers, trehalose [115], lipid
aggregates (such as oil droplets or liposomes), and inactive virus particles. Such carriers are well
known to those of ordinary skill in the art. The vaccines may also contain diluents, such as water,
saline, glycerol, etc. Additionally, auxiliary substances, such as wetting or emulsifying agents, pH
buffering substances, and the like, may be present. A thorough discussion of pharmaceutically

acceptable excipients is available in ref. 116.

Immunogenic compositions used as vaccines comprise an immunologically effective amount of
saccharide antigen, as well as any other of the above-mentioned components, as needed. By
‘immunologically effective amount’, it is meant that the administration of that amount to an
individual, either in a single dose or as part of a series, is effective for treatment or prevention. This
amount varies depending upon the health and physical condition of the individual to be treated, age,
the taxonomic group of individual to be treated (e.g. non-human primate, primate, efc.), the capacity

of the individual's immune system to synthesise antibodies, the degree of protection desired, the
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formulation of the vaccine, the treating doctor's assessment of the medical situation, and other rel-
evant factors. It is expected that the amount will fall in a relatively broad range that can be

determined through routine trials. Dosage treatment may be a single dose schedule or a multiple dose

schedule (e.g. including booster doses).

The vaccine may be administered in conjunction with other immunoregulatory agents. The o-
glycosylceramide acts as an adjuvant within the immunogenic compositions of the invention. The

vaccine may include additional adjuvants. Such adjuvants include, but are not limited to:

A. Mineral-containing compositions

Mineral containing compositions suitable for use as adjuvants in the invention include mineral salts,
such as aluminium salts and calcium salts. The invention includes mineral salts such as hydroxides
(e.g. oxyhydroxides), phosphates (e.g. hydroxyphosphates, orthophosphates), sulphates, ezc. [e.g. see
chapters 8 & 9 of ref. 117], or mixtures of different mineral compounds, with the compounds taking
any suitable form (e.g. gel, crystalline, amorphous, efc.), and with adsorption being preferred. The

mineral containing compositions may also be formulated as a particle of metal salt {118].

A typical aluminium phosphate adjuvant is amorphous aluminium hydroxyphosphate with PO4/Al
molar ratio between 0.84 and 0.92, included at 0.6mg Al’"/ml. Adsorption with a low dose of

I>* per conjugate per dose. Where an

aluminium phosphate may be used e.g. between 50 and 100pg A
aluminium phosphate it used and it is desired not to adsorb an antigen to the adjuvant, this 1s

favoured by including free phosphate ions in solution (e.g. by the use of a phosphate butter).
B. Oil Emulsions

Oil emulsion compositions suitable for use as adjuvants in the invention include squalene-water
emulsions, such as MF59 [Chapter 10 of ref. 117; see also ref. 119] (5% Squalene, 0.5% Tween 80,
and 0.5% Span 85, formulated into submicron particles using a microfluidizer). Complete Freund’s

adjuvant (CFA) and incomplete Freund’s adjuvant (IFA) may also be used.
C. Saponin formulations [chapter 22 of vef. 117]

Saponin formulations may also be used as adjuvants in the invention. Saponins are a heterologous
group of sterol glycosides and triterpenoid glycosides that are found in the bark, leaves, stems, roots
and even flowers of a wide range of plant species. Saponin from the bark of the Quillaia saponaria
Molina tree have been widely studied as adjuvants. Saponin can also be commercially obtained from
Smilax ornata (sarsaprilla), Gypsophilla paniculata (brides veil), and Saponaria officianalis (soap
root). Saponin adjuvant formulations include purified formulations, such as QS21, as well as lipid

formulations, such as ISCOMs. QS21 is marketed as Stimulon™.

Saponin compositions have been purified using HPLC and RP-HPLC. Specific purified fractions
using these techniques have been identified, including QS7, QS17, QS18, QS21, QH-A, QH-B and
QH-C. Preferably, the saponin is QS21. A method of production of QS21 is disclosed in ref. 120.

Saponin formulations may also comprise a sterol, such as cholesterol [121].
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Combinations of saponins and cholesterols can be used to form unique particles called
immunostimulating complexs (ISCOMs) [chapter 23 of ref. 117]. ISCOMs typically also mnclude a
phospholipid such as phosphatidylethanolamine or phosphatidylcholine. Any known saponin can be
used in ISCOMs. Preferably, the ISCOM includes one or more of QuilA, QHA and QHC. ISCOMs
are further described in refs. 121-123. Optionally, the ISCOMS may be devoid of additional

detergent [124].

A review of the development of saponin based adjuvants can be found in refs. 125 & 126.

D. Virosomes and virus-like particles

Virosomes and virus-like particles (VLPs) can also be used as adjuvants in the invention. These
structures generally contain one or more proteins from a virus optionally combined or formulated
with a phospholipid. They are generally non-pathogenic, non-replicating and generally do not contain
any of the native viral genome. The viral proteins may be recombinantly produced or isolated from
whole viruses. These viral proteins suitable for use in virosomes or VLPs include proteins derived
from influenza virus (such as HA or NA), Hepatitis B virus (such as core or capsid proteins),
Hepatitis E virus, measles virus, Sindbis virus, Rotavirus, Foot-and-Mouth Disease virus, Retrovirus,
Norwalk virus, human Papilloma virus, HIV, RNA-phages, QB-phage (such as coat proteins), GA-
phage, fr-phage, AP205 phage, and Ty (such as retrotransposon Ty protein p1). VLPs are discussed
further in refs. 127-132. Virosomes are discussed further in, for example, ref. 133

E. Bacterial or microbial derivatives
Adjuvants suitable for use in the invention include bacterial or microbial derivatives such as
non-toxic derivatives of enterobacterial lipopolysaccharide (LPS), Lipid A derivatives,

immunostimulatory oligonucleotides and ADP-ribosylating toxins and detoxified derivatives thereof.

Non-toxic derivatives of LPS include monophosphoryl lipid A (MPL) and 3-O-deacylated MPL
(3dMPL). 3dMPL is a mixture of 3 de-O-acylated monophosphoryl lipid A with 4, 5 or 6 acylated
chains. A preferred “small particle” form of 3 De-O-acylated monophosphoryl lipid A is disclosed in
ref. 134. Such “small particles” of 3dMPL are small enough to be sterile filtered through a 0.22um
membrane [134]. Other non-toxic LPS derivatives include monophosphoryl lipid A mimics, such as

aminoalkyl glucosaminide phosphate derivatives e.g. RC-529 [135,136].

Lipid A derivatives include derivatives of lipid A from Escherichia coli such as OM-174. OM-174 1s
described for example in refs. 137 & 138.

Immunostimulatory oligonucleotides suitable for use as adjuvants in the invention include nucleotide
sequences containing a CpG motif (a dinucleotide sequence containing an unmethylated cytosine
linked by a phosphate bond to a guanosine). Double-stranded RNAs and oligonucleotides containing

palindromic or poly(dG) sequences have also been shown to be immunostimulatory.

The CpG’s can include nucleotide modifications/analogs such as phosphorothioate modifications and

can be double-stranded or single-stranded. References 139, 140 and 141 disclose possible analog
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substitutions e.g. replacement of guanosine with 2'-deoxy-7-deazaguanosine. The adjuvant etfect of
CpG oligonucleotides is further discussed in refs. 142-147.

The CpG sequence may be directed to TLRY, such as the motif GTCGTT or TTCGTT [148]. The
CpG sequence may be specific for inducing a Thl immune response, such as a CpG-A ODN, or it
may be more specific for inducing a B cell response, such a CpG-B ODN. CpG-A and CpG-B ODNs
are discussed in refs. 149-151. Preferably, the CpG is a CpG-A ODN.

Preferably, the CpG oligonucleotide is constructed so that the 5' end is accessible for receptor
recognition. Optionally, two CpG oligonucleotide sequences may be attached at their 3' ends to form

“immunomers”. See, for example, refs. 148 & 152-154.

Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as adjuvants in the
invention. Preferably, the protein is derived from E.coli (E£.coli heat labile enterotoxin “LT”), cholera
(“CT), or pertussis (“PT”). The use of detoxified ADP-ribosylating toxins as mucosal adjuvants is
described in ref. 155 and as parenteral adjuvants in ref. 156. The toxin or toxoid is preferably in the
form of a holotoxin, comprising both A and B subunits. Preferably, the A subunit contains a
detoxifying mutation; preferably the B subunit 1s not mutated. Preferably, the adjuvant is a detoxified
LT mutant such as LT-K63, LT-R72, and LT-G192. The use of ADP-ribosylating toxins and
detoxified derivaties thereof, particularly LT-K63 and LT-R72, as adjuvants can be found in refs.
157-164. Numerical reference for amino acid substitutions is preferably. based on the alignments of
the A and B subunits of ADP-ribosylating toxins set forth in ref. 165.

F. Human immunomodulators |
Human immunomodulators suitable for use as adjuvants in the invention include cytokines, such as
interfeukins (e.g. IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12 [166], etc.) [167], interferons (e.g.

interferon-y), macrophage colony stimulating factor, and tumor necrosis factor.

G. Bioadhesives and Mucoadhesives

Bioadhesives and mucoadhesives may also be used as adjuvants in the invention. Suitable
bioadhesives include esterified hyaluronic acid microspheres [168] or mucoadhesives such as
cross-linked derivatives of poly(acrylic acid), polyvinyl alcohol, polyvinyl pyrollidone,
polysaccharides and carboxymethylcellulose. Chitosan and derivatives thereof may also be used as

adjuvants in the invention [169].

H. Microparticles

Microparticles may also be used as adjuvants in the invention. Microparticles (i.e. a particle of
~100nm to ~150um in diameter, more preferably ~200nm to ~30um in diameter, and most preferably
~500nm to ~10um in diameter) formed from materials that are biodegradable and non-toxic (e.g. a
poly(a-hydroxy acid), a polyhydroxybutyric acid, a polyorthoester, a polyanhydride, a
polycaprolactone, efc.), with poly(lactide-co-glycolide) are preferred, optionally treated to have a
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negatively-charged surface (e.g. with SDS) or a positively-charged surface (e.g. with a cationic
detergent, such as CTAB).

I Liposomes (Chapters 13 & 14 of ref. 117)

Examples of liposome formulations suitable for use as adjuvants are described in refs. 170-172.

5 J.  Polyoxyethylene ether and polyoxyethylene ester formulations
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Adjuvants suitable for use in the invention include polyoxyethylene ethers and polyoxyethylene
esters [173]. Such formulations further include polyoxyethylene sorbitan ester surfactants in
combination with an octoxynol [174] as well as polyoxyethylene alkyl ethers or ester surfactants in
combination with at least one additional non-ionic surfactant such as an octoxynol [175]. Preferred
polyoxyethylene ethers are selected from the following group: polyoxyethylene-9-lauryl ether
(laureth 9), polyoxyethylene-9-steoryl ether, polyoxytheylene-8-steoryl ether, polyoxyethylene-4-
lauryl ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl ether.

K. Polyphosphazene (PCPP)

PCPP formulations are described, for example, in refs. 176 and 177.

L. Muramyl peptides

Examples of muramyl peptides suitable for use as adjuvants in the invention include N-acetyl-
muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-D-isoglutamine (nor-
MDP), and N-acetylmuramyl-L-alanyl-D-isoglutaminyl—L-alanine-2-(1'-2'-dipalmitoy1-sn—glycero-3-
hydroxyphosphoryloxy)-ethylamine MTP-PE).

M. Imidazoquinolone Compounds.
Examples of imidazoquinolone compounds suitable for use adjuvants in the invention include

Imiquamod and its homologues (e,g. “Resiquimod 3M”), described further in refs. 178 and 179.

The invention may also comprise combinations of aspects of one or more of the adjuvants identified
above. For example, the following adjuvant compositions may be used in the invention: (1) a saponin
and an oil-in-water emulsion [180]; (2) a saponin (e.g. QS21) + a non-toxic LPS derivative (e.g.
3dMPL) [181]; (3) a saponin (e.g. QS21) + a non-toxic LPS derivative (e.g. 3dMPL) + a cholesterol;
(4) a saponin (e.g. QS21) + 3dMPL + IL-12 (optionally + a sterol) [182]; (5) combinations of 3dMPL
with, for example, QS21 and/or oil-in-water emulsions [183]; (6) SAF, containing 10% squalane,
0.4% Tween 80™, 5% pluronic-block polymer L121, and thr-MDP, either microfluidized into a
submicron emulsion or vortexed to generate a larger particle size emulsion. (7) RibiTM adjuvant
system (RAS), (Ribi Immunochem) containing 2% squalene, 0.2% Tween 30, and one or more
bacterial cell wall components from the group consisting of monophosphorylipid A (MPL), trehalose
dimycolate (TDM), and cell wall skeleton (CWS), preferably MPL + CWS (Detox™); and (8) one or

more mineral salts (such as an aluminum salt) + a non-toxic derivative of LPS (such as 3dMPL).

Other substances that act as immunostimulating agents are disclosed in chapter 7 of ret. 117.
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Medical methods and uses

Once formulated, the compositions of the invention can be administered directly to the subject. The
subjects to be treated can be animals; in particular, human subjects can be treated. The vaccines are
particularly useful for vaccinating children and teenagers. They may be delivered by systemic and/or

mucosal routes.

Typically, the immunogenic compositions are prepared as injectables, either as liquid solutions or
suspensions; solid forms suitable for solution in, or suspension in, liquid vehicles prior to injection
may also be prepared. The preparation also may be emulsified or encapsulated in liposomes for
enhanced adjuvant effect. Direct delivery of the compositions will generally be parenteral (e.g. by
injection, either subcutaneously, intraperitoneally, intravenously or intramuscularly or delivered to
the interstitial space of a tissue). The compositions can also be administered into a lesion. Other
modes of administration include oral and pulmonary administration, suppositories, and transdermal
or transcutaneous applications (e.g. see ref. 184), needles, and hyposprays. Dosage treatment may be

a single dose schedule or a multiple dose schedule (e.g. including booster doses).

Vaccines of the invention are preferably sterile. They are preferably pyrogen-free. They are
preferably buffered e.g. at between pH 6 and pH 8, cenerally around pH 7. Where a vaccine

comprises an aluminium hydroxide salt, it is preferred to use a histidine buffer [1835].

Vaccines of the invention may comprise detergent (e.g. a Tween, such as Tween 80) at low levels
(e.g. <0.01%). Vaccines of the invention may comprise a sugar alcohol (e.g. mannitol) or trehalose

e.g. at around 15mg/ml, particularly if they are to be lyophilised.

Optimum doses of individual antigens can be assessed empirically. In general, however, saccharide
antigens of the invention will be administered at a dose of between 0.1 and 100ug of each saccharide
per dose, with a typical dosage volume of 0.5ml. The dose is typically between 5 and 20pug per

saccharide per dose. These values are measured as saccharide.

Vaccines according to the invention may either be prophylactic (ie. to prevent infection) or

therapeutic (i.e. to treat disease after infection), but will typically be prophylactic.

The invention provides a saccharide antigen conjugated to a carrier protein and an a~-glycosylceramide

adjuvant for use in medicine.

The invention also provides a method of raising an immune response in a patient, comprising
administering to a patient a vaccine according to the invention. In particular, the invention provides a
method of raising an immune response in a patient, comprising administering to a patient a
saccharide antigen conjugated to a carrier and an a-glycosylceramide adjuvant. The immune response 1S
preferably protective against meningococcal disease, pneumococcal disease or H. influenzae and may
comprise a humoral immune response and/or a cellular immune response. The patient may be an
adult or a child. The patient may be aged 0-6 months, 6-12 months, 1-5 years, 5-15 years, 15-35

years or greater than 55 years. Preferably, the patient is a child. The method may raise a booster
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response, in a patient that has already been primed against meningococcus, pneumococcus or

H influenzae.

The saccharide antigen conjugate and o-glycosylceramide adjuvant may be administered
simultaneously, sequentially or separately. For example, the a-glycosylceramide adjuvant may be
administered to prime the mammal before administration of the saccharide antigen conjugate or after the
administration of the saccharide antigen conjugate to boost the mammal’s immune response to that
conjugate. Where more than one saccharide antigen conjugate is being administered, the saccharide
antigen conjugates may be administered simultaneously with the o-glycosylceramide adjuvant being

administered separately, simultaneously or sequentially to the mixture of saccharide antigen conjugates.

The method of raising an immune response may comprise administering a first dose of a saccharide
antigen conjugated to a carrier and an a-glycosylceramide adjuvant, and subsequently administering an
optional second unadjuvanted dose of the saccharide antigen conjugated to the carrier. The first dose of

the saccharide antigen conjugate and a-glycosylceramide adjuvant may be administered simultaneously,

sequentially or separately.

The invention also provide the use of a saccharide antigen conjugated to a carrier in the manufacture of a

medicament for raising an immune response in a patient, wherein the medicament is administered with

an o-glycosylceramide adjuvant.

The invention also provides the use of an a-glycosylceramide adjuvant in the manufacture of a

medicament for raising an immune response in a patient, wherein the medicament is administered with a

saccharide antigen conjugated to a carrier.

The invention also provides the use of a saccharide antigen conjugated to a carrier and an
a~glycosylceramide adjuvant in the manufacture of a2 medicament for raising an immune response in a

patient.

The invention also provides the use of a saccharide antigen conjugated to a carrier in the manufacture of
a medicament for raising an immune response in a patient, where the patient has been pre-treated with

an o~glycosylceramide adjuvant.

The invention further provides the use of a a-glycosylceramide adjuvant in the manufacture of a
medicament for raising an immune response in a patient, where the patient has been pre-treated with a

saccharide conjugated to a carrier.

The invention also provides the use of a saccharide antigen conjugated to a carrier in the manufacture of
a medicament for raising an immune response in a patient, wherein said patient has been pre-treated with

a saccharide antigen conjugated to a carrier and an a-glycosylceramide adjuvant.

The medicament is preferably an immunogenic composition (e.g. a vaccine). The medicament 1s
preferably for the prevention and/or treatment of a disease caused by a Neisseria (e.g. meningitis,

septicaemia, gonorrhoea efc.), by H.influenzae (e.g. otitis media, bronchitis, pneumonia, cellulitis,
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pericarditis, meningitis efc.) or by pneumococcus (e.g. meningitis, sepsis, pneumonia, efc). lhe

prevention and/or treatment of bacterial meningitis is thus preferred.

Vaccines can be tested in standard animal models (e.g. see ref. 186).

The invention further provides a kit comprising: a) a saccharide antigen conjugated to a carrier and b)

an a-glycosylceramide adjuvant.

Definitions

The term “comprising” encompasses “including” as well as “consisting” e.g. a composition

“comprising” X may consist exclusively of X or may include something additional e.g. X + Y.

The term “about” in relation to a numerical value x means, for example, x+10%.

The word “substantially” does not exclude “completely” e.g. a composition which is “substantially

free” from Y may be completely free from Y. Where necessary, the word “substantially” may be

omitted from the definifion of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1:

A) Immunisation schedule for mice with S. pneumoniae polysaccharides with or without

B)

a-GalCer. Four groups of six-week old female mice (C57L/6 WT, CD1d+/-, CD1d-/- or JA18-/-
were immunised with: 1) PBS, 2) 0.lug of a-GalCer, 3) 3.5pg-10pg of a mixture of
polysaccharides derived from 23 different serotypes of S. pneumoniae (Streptopur), or 4) 3.51g-

10pg of Streptopur (SP) and 0.1pg of a-GalCer. Immunisation was intramuscular in a volume of
50pl. The mice were bled 4, 8, and 12 days after priming (4dp1, 8dpl, 12dpl) and the level of
antibodies against S. prneumoniae in the blood was determined by ELISA. Ten or twelve weeks
after priming, all the mice were immunised with a booster dose of 3.5ng-10pug SP alone. The
mice were bled 4, 8, and 12 days after boosting (4dp2, 8dp2, 12dp2) and the level of antibodies
against S. pneumoniae in the blood was determined by ELISA. 18 to 22 weeks after priming, the

mice were sacrificed and the number of S. pneumoniae-specific B cells was determined by

Elispot.

Immunisation schedule for mice with S. prneumoniae polysaccharides with or without

o-GalCer. As for Figure 1A, but immunisations used 3.5ug of SP in 50pl.

C) Immunisation schedule for mice with different polysaccharides, plain, conjugated or

admixed with protein carriers, with and without a-GalCer. Ten groups of wild-type C57BL/6
mice were primed on day 0 with: 1) PBS, 2) 0.lug with a-GalCer, 3) 10 pg MenC
polysaccharide, 4) 20 pg CRM protein carrier, 5) 30pg of a MenC-CRM conjugate, 6) 10 ug
MenC polysaccharide admixed with CRM protein carrier, or the compositions in 3)-6) and o-
GalCer (groups 7-10). Mice were boosted two and four weeks after they were primed with the

same composition with which they were primed. Mice were bled 2, 4 and 6 weeks after initial
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priming (2wpl, 2wp2 and 2wp3) and the levels of antibodies against both the MenC

polysaccharide and the CRM carrier were measured.

Figure 2: S. pneumoniae-specific antibody titers are lower in mice primed with Streptopur and
a-GalCer compared with mice primed with Streptopur alone. The S. preumoniae-specitic IgM
titre (geomean) in mice 4, 8 and 12 days after priming with 3.5pg of Streptopur (SP) alone (black
boxes) or with 3.5ug of Streptopur and 0.1pg of a-GalCer (clear boxes) is shown. (* denotes p<0.05

vs SP alone, ** denotes p<0.01 vs SP alone).

Figure 3: S. pneumoniae-specific antibody titers are lower in mice primed with Streptopur and
a-GalCer and boosted with Streptopur compared with mice primed and boosted with
Streptopur alone. A) The variation in S. pneumoniae-specific IgM titre (geomean) in mice 8 days
after priming with 3.5-11.5ug of Streptopur and PBS (black) or 8 days after priming with 3.5-11.5pg
of Streptopur and 0.1pg of a-GalCer (grey). (These data are pooled from four experiments). B) The
variation in S, pneumoniae-specific IgM titre (geomean) of the same mice 8 days after boosting with
3.5-11.5ug of Streptopur. (These data are pooled from experiments 18, 19 and 29 conducted.) Results
for mice primed with 3.5-11.5ug of Streptopur are shown in black and results for mice primed with

3.5ug of Streptopur and 0.1pg of a-GalCer are shown in grey.

Figure 4: Number of S. pneumoniae-specitic B cells per 10° splenocytes is lower in mice primed
with a-GalCer and boosted with Streptopur compared with mice primed with PBS and boosted
with Streptopur. Two groups of mice were primed on day 0 with 0.1ug or 1.0ug of a-GalCer (aGC)
and immunised with 11.5 pg of Streptopur (SP) 12 weeks later. A third group of mice was
immunised with PBS on day 0 and 11.5ug of SP 12 weeks later. A fourth group of mice was
immunised with PBS on both day 0 and 12 weeks later. Twenty-two weeks after initial priming, the
mice were sacrificed and the number of S. preumoniae-specific B cells per 10° splenocytes was

determined by Elispot.

Figure 5: a-GalCer enhances the specific antibody response against both the MenC
polysaccharide and the CRM protein carrier in a MenC-CRM conjugate. Wild-type mice were
primed with 10 pg MenC polysaccharide, 20 ng CRM protein carrier, 10 ug MenC polysaccharide
admixed with CRM protein carrier (MenC + CRM), or 30pug of a MenC-CRM conjugate, or the same
compositions with a-GalCer. Mice were boosted two and four weeks after they were primed with the
same composition with which they were primed. The top line of Figures shows the MenC-specific Ig
titre in mice immunised with MenC, CRM, MenC + CRM or MenC-CRM conjugate alone (black) or
MenC, CRM, MenC + CRM or MenC-CRM conjugate and o-GalCer (grey) one week post the
second immunisation (1wp2) and one week post the second immunisation (2wp2). The second line of
Figures shows the CRM-specific Ig titre in mice immunised with MenC, CRM, MenC + CRM or
MenC-CRM conjugate alone (black) or MenC, CRM, MenC + CRM or MenC-CRM conjugate and
0-GalCer (grey) two weeks post the second immunisation (2wp2) and two weeks post the third

immunisation (2wp3).
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Figure 6: o-GalCer enhances the immune response to a MenA-CRM conjugate. Mice were

immunised with 10ug MenA polysaccharide or MenA-CRM conjugate with or without a-GalCer.

Antibodies titres against the MenA polysaccharide were measured 4, 8 and 12 days post priming. o.-

GalCer enhanced the immune response to the MenA polysaccharide.

Figure 7: Antibody response is enhanced in mice immunised with a-GalCer and MenC-CRM
conjugate. Mice were immunised with 30pg of a MenC-CRM conjugate mixed with PBS (black) or
a-GalCer. Each group of mice was immunised three times. The MenC-specific titre was measured

one week post the second immunisation (1wp2) and one week post third immunisation (1wp3).

Figure 8: a-GalCer-induced inhibition of the response to S. pneumoniae polysaccharides
requires invariant NKT cells. The levels of S. pneumoniae-specific antibodies 4, 8 and 12 days
after priming mice with 3.5pg SP alone (grey symbols) or 3.5ug SP and 0.1ng of a-GalCer (black
symbols) were compared in: A) wild-type mice, B) Ja18-/- mice, C) mCD1d-/- mice, and D)

mCD1d-/+ mice. No significant difference was seen in antibody titres In Jal8-/-, CD1d-/- and
CD1d-/+ mice immunised with Streptopur alone compared to Jal8-/-, CD1d-/- and CD1d-/+ mice

immunised with Streptopur in combination with a-GalCer.

Figure 9: Invariant NKT cells have a negative regulatory role on antibody responses to
S. pneumoniae polysaccharides. The levels of 5. pneumoniae-specific antibodies (IgM titer
seomean) 4, 8 and 12 days after priming mice solely with Streptopur according to the protocol 1n
Figure 1B were compared. Figure 9A compares antibody titres in C57 wild-type mice (squares) with
antibody titres in C57 mCD1d+/- mice (triangles). Figure 9B compares antibody titres in C57 wild-
type mice (squares) with antibody titres in C57 mCD1d-/- mice (triangles). Figure 9C compares
antibody titres in C57 wild-type mice (squares) with antibody titres in C57 Ja281-/- mice (circles).
Antibodies titers in wild-type mice were lower than in Ja18-/-, CD1-/- and CD1+/- mice.

Figure 10: o-GalCer suppresses immune response to Streptopur in 3-8 week-old mice. The
levels of S. prneumoniae specific IgM antibodies (geomean) were compared 8 days after priming
mice aged 2 weeks (2W), 3 weeks (3W), 4 weeks (4W), 5 weeks (SW) and 6-8 weeks (6-8W) with
3.5pug of Streptopur (SP) alone (clear) or with 3.5ug ot Streptopur and 0.1ug of a-GalCer (black).

Figure 11: Antibody response is enhanced in mice immunised with a-GalCer and Hib-HSA
conjugate. Mice were immunised with 15ug of a Hib-Human Serum Albumin (Hib-HSA) conjugate
mixed with PBS (results too low to be detected), a-GalCer (hatched) or MF59 (grey). Each group of
mice was immunised three times. The Hib-specific titre was measured 1 week post the second

immunisation (1wp2) and 1 week post the third immunisation (1wp3).

MODES FOR CARRYING OUT THE INVENTION

Example 1: a-GalCer suppresses the immune response to saccharide antigens

Four groups of five six-week old female mice (strain:C57BL/6) were immunized with: 1) PBS, 2)

0.lug of a-GalCer, 3) 3.5-10pg of a mixture of 23 polysaccharides derived from 23 different
-18-
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serotypes of S. pneumoniae (Streptopur) or 4) 3.5-10pg of Sireptopur and 0.1pg of o-GalCer.
Immunisation was intramuscular in a volume of 100pl. All four groups of mice were boosted twelve

weeks later with 3.5-10ug Streptopur. The immunisation schedule is shown in Figure 1A.

The mice were bled 4, 8 and 12 days after priming and 4, 8 and 12 days after boosting and the levels
of S. pnemoniae specific antibodies in the blood was determined by ELISA. Mice primed with
Streptopur and a-GalCer showed reduced S. preumoniae-specific antibody titres compared to mice
primed with Streptopur alone (Figures 2 and 3), particularly after the first dose (Figure 3A),

suggesting that a-GalCer suppresses the immune response {0 saccharide antigens.

After 18-22 weeks, the mice were sacrificed and the number of S. preumoniae —specific B cells n
their spleens was determined by Elispot. The spleens of mice primed with a-GalCer and boosted with
Streptopur also contained lower numbers of S. pneumoniae-specific B cells compared to the spleens
of mice primed with PBS and boosted with Sireptopur (Figure 4). These results support the

suggestion that a-GalCer suppresses the immune response to saccharide antigens.

A further experiment was conducted to assess whether the lower antibody response to S.preumoniae

polysaccharides observed in mice immunized with Streptopur and a-GalCer requires invariant
Natural Killer T cells. Four groups of six-week old female mice (C57L/6 WT, CD1d+/-, CD1d-/- or
JA18-/-) were immunised with: 1) PBS, 2) 0.1pg of a-GalCer, 3) 3.5ug of Streptopur (SP) or
4) 3.5ug of Streptopur and 0.1pg of a-GalCer. Immunisation was intramuscular in a volume of 50pl.
The mice were bled 4, 8 and 12 days after priming and the levels of S. pneumoniae specific

antibodies in the blood was determined by ELISA. The immunisation schedule is shown in Figure
1B.

C57L/6 wild type mice primed with Streptopur and o-GalCer showed reduced S. preumoniae-
specific antibody titres compared to CD57L/6 wild type mice primed with Streptopur alone (Figure
8A), confirming that a-GalCer suppresses the immune response to 5. pneumoniae saccharide

antigens.

In contrast, there was no significant difference in S. pneumoniae-specific antibody titres in JA18-/-,
CD1d-/- and CD1d-/+ mice primed with Streptopur and a-GalCer compared to JA18-/-, CD1d-/- and

CD1d-/+ primed with Streptopur alone (Figure 8B-D). These results suggest that a-GalCer-induced

inhibition of the response to S. pneumoniae saccharides requires invariant NKT cells.

S. pneumoniae-specific antibody titres were lower C57L/6 wild type mice primed with Streptopur
alone in the absence of 0-GalCer compared to antibody titres in JA218-/-, CD1d-/- and CD1d-/+
primed with Streptopur alone (Figure 9). These results suggest that invariant NKT cells may have a
negative effect on antibody responses to S. ppeumoniae saccharides even in the absence of a-GalCer,

a negative effect that is further strengthened in the presence of a-GalCer.

Further experiments have demonstrated that the suppression of the immune response to saccharide

antigens by 0-GalCer is also seen in mice that are between 6 and 8 weeks of age (Figure 10).
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Example 2: a-GalCer enhances the immune response to saccharide antigen conjugates

In contrast to the reduction in antibody titres observed when a-GalCer was administered with
saccharide antigens from S. pnewmoniae (Streptopur), administration of a-GalCer enhanced the

antibody response to saccharide antigens conjugated to a carrier protein.

Mice immunised with a Hib-human serum albumin conjugate (Hib-HSA) and a-GalCer displayed
considerably higher Hib-specific Ig titres than mice immunised with Hib-HSA conjugate and PBS
(Figure 11). Similarly, immunisation with a MenC-CRM conjugate and o-GalCer displayed a
significant increase in MenC-specific Ig titres compared with mice immunised with a MenC-CRM

conjugate and PBS (Figure 7, immunised according to the Figure 1C schedule).

As shown in Figure 5, while no antibody response to MenC was ever observed in mice immunized
with MenC alone, mice immunised with a MenC-CRM conjugate and o-GalCer displayed a
significant increase in MenC-specific antibody titers compared with mice immunised with a
MenC-CRM conjugate and PBS. Admixing a-GalCer with the conjugated enhanced the antibody
response against both the saccharide and the conjugates.

Immunisation with a MenA-CRM conjugate and o-GalCer also resulted in an increase in
MenA-specific Ig titres (Figure 6). In experiments performed at the same time, however, a strong
inhibitory action of 0~GalCer on unconjugated MenA saccharides was not observed.

In summary, although a-GalCer can inhibit the immune response to saccharide antigens, this effect
can be reversed, and the immune response to saccharide antigens can be enhanced by a-GalCer, if

the sacchanide antigen is conjugated to a catrier.

It will understood that the invention has been described by way of example only and modification of

detail may be made without departing from the :scope of the invention.
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CLAIMS:

1. A composition comprising: (a) a bacterial capsular saccharide antigen conjugated to a

carrier; and (b) an a-galactosylceramide adjuvant.

2. The composition of claim 1, wherein the a-galactosylceramide 1s (2S,3S,4R)-1-O-(a-

D-galactopyranosyl)-2-(N-hexacosanoylamino)-1,3,4-octadecanetriol.

3. The composition of claim 1 or claim 2, wherein the bacterial capsular saccharide 1s

from Neisseria meningitidis, Haemophilus influenzae or Streptococcus pneumoniae.

4. The composition of any one of claims 1 to 3 comprising more than one bacterial

capsular saccharide conjugate.

J. The composition of any one of claims 1 to 4, wherein the carrier is a protein.

6. The composition of claim 5, wherein the carrier is a bacterial toxin.

7. The composition of claim 6, wherein the bacterial toxin is diphtheria toxoid or tetanus
toxoid.

8. A bacterial capsular saccharide antigen conjugated to a carrier and an a-

galactosylceramide adjuvant for use in medicine.

9. Use of a bacterial capsular saccharide antigen conjugated to a carrier and an o-

galactosylceramide adjuvant for raising an immune response in a patient.

10.  The use according to claim 9, wherein the bacterial capsular saccharide antigen
conjugate and a-galactosylceramide adjuvant are in simultaneously, sequentially or separately

administrable form.
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11.  The use according to claim 9 or claim 10, wherein the immune response 1s for the
prevention or treatment of a disease caused by a Neisseria, by H. influenzae or by

pPNeumococcus.

12.  The use according to claim 11, wherein said disease caused by Neisseria 1s meningitis,

septicacmia or gonorrhoea.

13.  The use according to claim 11, wherein said disease caused by H. influenzae 1s otitis

media, bronchitis, pneumonia, cellulitis, pericarditis or meningitis.

14.  The use according to claim 11, wherein said disease caused by pneumococcus 1s

meningitis, sepsis or pneumomna.

15.  The use according to claim 11, wherein the medicament is for the prevention or

treatment of bacterial meningitis.

16.  Use of a bacterial capsular saccharide antigen conjugated to a carrier in the manufacture
of a medicament for raising an immune response in a patient, wherein the medicament 1s

administrable with an a-galactosylceramide adjuvant.

17.  Use of an a-galactosylceramide adjuvant in the manufacture of a medicament for raising
an immune response in a patient, wherein the medicament is administrable with a bacterial

capsular saccharide antigen conjugated to a carrier.

18.  Use of a bacterial capsular saccharide antigen conjugated to a carrier and an -

galactosylceramide adjuvant in the manufacture of a medicament for raising an immune response

In a patient.
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19.  Use of a bacterial capsular saccharide antigen conjugated to a carrier in the manufacture
of a medicament for raising an immune response in a patient, where the patient has been pre-

treated with an a-galactosylceramide adjuvant.

20.  Use of an a-galactosylceramide adjuvant in the manutfacture of a medicament for raising
an immune response in a patient, where the patient has been pre-treated with a bacterial capsular

saccharide conjugated to a carrier.

21.  Use according to any one of claims 16 to 20, wherein the medicament 1s for the
prevention or treatment of a disease caused by a Neisseria, by H.influenzae or by

pNncumocoCCus.

22.  The use according to claim 21, wherein said disease caused by Neisseria is meningitis,

septicacmia or gonorrhoea.

23.  The use according to claim 21, wherein said disease caused by H. influenzae 1s otitis

media, bronchitis, pneumonia, cellulitis, pericarditis or meningitis.

24.  The use according to claim 21, wherein said disease caused by pneumococcus 1s

meningitis, Sepsis or pneumonia,

25.  Use according to claim 21, wherein the medicament is for the prevention or treatment

of bacterial meningitis.

26. A kit comprising: (a) a bacterial capsular saccharide antigen conjugated to a carrier;

and (b) an a-galactosylceramide adjuvant.

-2 8-
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