
Triazole oxadiazoles derivatives The present invention relates to triazole
oxadiazoles derivatives, their use as medicament and their use for treating
multiple sclerosis and other diseases. In particular, the invention relates
to the use of compounds of formula I: wherein X is O or S; R1 denotes H,
Hal, CF3, OCF3, CN, or NO2; R2 is H, A or Hal; Ra is H, A, Ar, or Het; Rb
is A, Ar, Het, OA, NHA, or NA2, Ar-alkyl, or Het-alkyl; Hal is F, Cl, Br or
I; A is a branched or linear alkyl having 1 to 12 C-atoms, wherein one or
more, preferably 1 to 7 H-atoms may be replaced by Hal, OR3, CN, CO2R3,
cycloalkyl having 3 to 7 ring carbon atoms, or N(R3)2 and wherein one or
more, preferably 1 to 7 non-adjacent CH2- groups may be replaced by O, NR3
or S and/or by -CO-, -NR3CO-, -CONR3- , NR3CO2- , - NR3CONR3- , -CH=CH-,
-CC-, groups, or , or denotes cycloalkyl or cycloalkylalkylen having 3-7
ring C atoms; q is 1, 2, 3, or 4 Ar denotes a monocyclic or bicyclic,
unsaturated or aromatic carbocyclic ring having 6 to 14 carbon atoms which
may be unsubstituted or monosubstituted, disubstituted or trisubstituted by
a substitutent selected from R4 and/or R5;Ar-alkyl denotes an aryl group
linked to the rest of the molecule through a C1-C12 alkylen chain,
preferably d-C alkylen chain. Preferred Ar-alkyl are linked to the rest of
the molecule through a methylen or a ethylen group. Het denotes a
monocyclic or bicyclic, saturated, unsaturated or aromatic heterocyclic
ring having 1 to 4 N, O and/or S atoms which may be unsubstituted or
monosubstituted, disubstituted or trisubstituted by a substitutent selected
from R4 and/or R5; and wherein one or more CH2 groups may be replaced by
-COHet- alkyl denotes a group Het linked to the rest of the molecule
through a C1-C12 alkylen chain, preferably C1-C6 alkylen chain. Preferred
Het-alkyl are linked to the rest of the molecule through a methylen or a
ethylen group. R4 and R5 are each independently selected from A, Hal,
hydroxy, alkoxy, carboxy, carboxyalkyl, Perfluoro-alkyl, Perfluoro-alkoxy,
acyl, alkylsulfonyl, sulfonyl, -SO 2(R3)2l cyano, nitro, amino, amido,
alkyl optionally substituted by a carboxy, -N(R 3)2, -CO(NR 3)2, -OR 3,
(NR3)COR 3, -CO 2R3, -COR 3, or Ar-alkyl or Het-alkyl both optionally
substituted by A, Hal, an acyl, alkylsulfonyl, carboxy, -N(R 3)2, -CON(R
3)2, -OR 3, (NR3)COR 3, -CO 2R3, -COR 3, - O 1 SO2N(R3)2, -S0 2alkyl, NR3S0
2alkyl, NR3S0 2alkyl,  q , or C1-C6 alkyl; R3 is H or A; and
pharmaceutically acceptable derivatives, solvates, tautomers, salts and
stereo-isomers thereof, including mixtures thereof in all ratios as a
medicament, especially for treating multiple sclerosis and other diseases.
More Particularly, the invention relates to compounds of formula I: wherein
XX,, R1 , R:2 , Rb are as above defined and wherein Ra is H, A, Ar, or Het,
provided that Ra is not a benzo[1 ,3]dioxolyl group, or a phenyl 



group being unsubstituted or substituted by at least one Methyl, F, Cl OMe
and/or OEt, if Rb is a methyl group;and pharmaceutically acceptable
derivatives, solvates, tautomers, salts and stereoisomers thereof,
including mixtures thereof in all ratios and their use for treating
multiple sclerosis and other diseases. The compounds of formula I and
related formulae are preferably binding on receptors for sphingosine
1-phosphate (S1 P). S1P is a bioactive sphingolipid metabolite that is
secreted by hematopoietic cells and stored and released from activated
platelets. It acts as an agonist on a family of G protein-coupled receptors
(GPCR). Five sphingosine 1-phosphate receptors have been identified (S1Pi,
S 1P2, S 1P3, S 1P4, and S 1P5, also known as endothelial differentiation
genes, which are Edg1 , Edg5, Edg3, Edg6 and Edg8 respectively), that have
widespread cellular and tissue distribution and are well conserved in human
and rodent species. S 1P is involved in a number of cellular functions such
as survival, proliferation and immunological responses. The compounds of
the present invention are preferably acting as S 1P -i/Edg1 receptor
agonists and thus have immunosuppressive activities by modulating leukocyte
trafficking, sequestering lymphocytes in secondary lymphoid tissues, and
interfering with cell-cell interactions required for an efficient immune
response. The invention is also directed to pharmaceutical compositions
containing such compounds and methods of treatment or prevention. FTY720
orfingolimod, a non selective S 1P1 agonist, exerts immunosuppressive
activity and shows therapeutic effects in the treatment of
relapsing-remitting multiple sclerosis. Numerous publications have been
already published using this compound: Cyster JG Annu Rev Immunol
23:127-59, 2005, Rosen H Nat Rev Immunol 5:560-570, 2005, Rosen H Trends
Immunol 28:102-107, 2007, Yopp AC Clin Transplant 20:788-795, 2006, Kappos
L N Engl J Med 355:1 124-1 140, 2006, Massberg S N Engl J Med
355:1088-1089, 2006. The patent applications WO 2006/1 3 1336 and WO
2004/091 502 disclose other compounds active against immunological diseases
and rheumatoid arthritis. Immunosuppressive agents are further useful in a
wide variety of autoimmune and chronic inflammatory diseases, including
systemic lupus erythematosus, chronic rheumatoid arthritis, type I diabetes
mellitus, inflammatory bowel diseases, biliary cirrhosis, uveitis and other
disorders such as Crohn's diseases, ulcerative colitis, bullous pemphigoid,
sarcoidosis, psoriasis, autoimmune myositis, Wegener's granulomatosis,
ichthyosis, Gravesophthalmopathy, atopic dermatitis and asthma. They are
also useful as part of chemotherapeutic regimens for the treatment of
cancers, lymphomas and leukemias. It has been found that the compounds of
the present invention are selective S 1P1 agonists with improved
pharmacological and/ or other properties. Thus, the present invention
preferably comprises compounds which are agonists of the S 1P -i/Edg1
receptor, especially having selectivity over the S 1P3/Edg3 receptor. An S
1P -i/Edg1 receptor selective agonist has advantages over current therapies
and extends the therapeutic window of lymphocyte sequestration agents,
allowing better tolerability with higher dosing and thus improving
efficacy. The invention further relates to the manufacture of a medicament
for the improvement of vascular function, either alone or in combination
with other active compounds or therapies. The inventions further relates to
the use of compounds according to formula I in combination with
immunomodulating agents for example Fingolimod; cyclosporins, rapamycins or
ascomycins, or their immunosuppressive analogs, e.g. cyclosporin A,
cyclosporin G, FK-506, ABT-281 , ASM981, rapamycin,
40-O-(2-hydroxy)ethyl-rapamycin etc.; corticosteroids; 



cyclophosphamide; azathioprene; methotrexate; leflunomide; mizoribine;
mycophenolic add; mycophenolate mofetil; 15-deoxyspergualine;
diflucortolone valerate; difluprednate; Alclometasone dipropionate;
amcinonide; amsacrine; asparaginase; azathioprine; basiliximab;
beclometasone dipropionate; betamethasone; betamethasone acetate;
betamethasone dipropionate; betamethasone phosphate sodique; betamethasone
valerate; budesonide; captopril; chlormethine chlorhydrate; cladribine;
clobetasol propionate; cortisone acetate; cortivazol; cyclophosphamide;
cytarabine; daclizumab; dactinomycine; desonide; desoximetasone;
dexamethasone; dexamethasone acetate; dexamethasone isonicotinate;
dexamethasone metasulfobenzoate sodique; dexamethasone phosphate;
dexamethasone tebutate;dichlorisone acetate; doxorubicine chlorhydrate;
epirubicine chlorhydrate; fluclorolone acetonide; fludrocortisone acetate;
fludroxycortide; flumetasone pivalate; flunisolide; fluocinolone acetonide;
fluocinonide; fluocortolone; fluocortolone hexanoate; fluocortolone
pivalate; fluorometholone; fluprednidene acetate; fluticasone propionate;
gemcitabine chlorhydrate; halcinonide; hydrocortisone, hydrocortisone
acetate, hydrocortisone butyrate, hydrocortisone hemisuccinate; melphalan;
meprednisone; mercaptopurine; methylprednisolone; methylprednisolone
acetate; methylprednisolone hemisuccinate; misoprostol; muromonab-cd3;
mycophenolate mofetil; paramethasone acetate; prednazoline, prednisolone;
prednisolone acetate; prednisolone caproate;prednisolone metasulfobenzoate
sodique; prednisolone phosphate sodique; prednisone; prednylidene;
rifampicine; rifampicine sodique; tacrolimus; thalidomide; thiotepa;
tixocortol pivalate; triamcinolone; triamcinolone acetonide hemisuccinate;
triamcinolone benetonide; triamcinolone diacetate; triamcinolone
hexacetonide; immunosuppressive monoclonal antibodies, e.g., monoclonal
antibodies to leukocyte receptors, e.g., MHC, CD2, CD3, CD4, CD7, CD25,
CD28, B7, CD40, CD45 or CD58 or their ligands; or other immunomodulatory
compounds, e.g. CTLA41g, or other adhesion molecule inhibitors, e.g. mAbs
or low molecular weight inhibitors including Selectin antagonists and VLA-4
antagonists. A preferred composition is with Cyclosporin A , FK506,
rapamycin or 40-(2-hydroxy)ethyl-rapamycin and Fingolimod. The triazole
oxadiazole derivatives according to formula I and related formulae may be
prepared from readily available starting materials using the following
general methods and procedures. It will be appreciated that where typical
or preferred experimental conditions (i.e. reaction temperatures, time,
moles of reagents, solvents etc.) are given, other experimental conditions
can also be used unless otherwise stated. Optimum reaction conditions may
vary with the particular reactants or solvents used, but such conditions
can be determined by the person skilled in the art, using routine
optimisation procedures. The following abbreviations refer respectively to
the definitions below: aq (aqueous), h (hour), g (gram), L (liter), mg
(milligram), MHz (Megahertz), mM (micormolar) min. (minute), mm
(millimeter), rmrmol (millimole), rmM (millimolar), rm.p. (melting point),
eq (equivalent), ml_ (milliliter), ml_ (microliter), ACN (acetonitrile),
BINAP (2,2'- bis(disphenylphosphino)-1 ,1'-binaphthalene, BOC
(tert-butoxy-carbonyl), CBZ (carbobenzoxy), CDCI 3 (deuterated chloroform),
CD3OD (deuterated methanol), CH3CN (acetonitrile), c-hex (cyclohexane), DCC
(dicyclohexyl carbodiimide), DCM (dichloromethane), DIC (diisopropyl
carbodiimide), DIEA (diisopropylethyl-amine), DMF (dimethylformamide), DMSO
(dimethylsulfoxide), DMSO-d 6 (deuterated dimethylsulfoxide), EDC
(1-(3-dimethyl-amino-propyl)-3-ethylcarbodiimide), ESI (Electro-spray
ionization), EtOAc (ethyl acetate), Et2O (diethyl ether), EtOH (ethanol),
FMOC (fluorenylmethyloxycarbonyl), HATU (dimethylamino-([1
,2,3]triazolo[4,5-b]pyridin-3-yloxy)-methylene]-dimethyl-ammonium 



hexafluorophosphate), HPLC (High Performance Liquid Chromatography), i-PrOH
(2- propanol), K2CO (potassium carbonate), LC (Liquid Chromatography), MeCN
(Acetonitrile), MeOH (methanol), MgSO 4 (magnesium sulfate), MS (mass
spectrometry), MTBE (Methyl tert-butyl ether), Mtr. ( 4-Methoxy-2, 3,
6-trimethylbenzensulfonyl), MW(microwave), NaHCO 3 (sodium bicarbonate),
NaBH 4 (sodium borohydride), NMM (N-methyl morpholine), NMR (Nuclear
Magnetic Resonance), POA (phenoxyacetate), PyBOP (r)
(benzotriazole-1-yl-oxy-trispyrrolidino-phosphonium hexafluorophosphate),
RT (room temperature), Rt (retention time), SPE (solid phase extraction),
TBTU (2-(1-H-benzotriazole-1-yl)-1 ,1 ,3,3-tetramethyluromium tetrafluoro
borate), TEA (triethylamine), TFA (trifluoroacetic acid), THF
(tetrahydrofuran), TLC (Thin Layer Chromatography), UV (Ultraviolet). The
compounds of invention have been named according to the standards used in
the program ,,ACD/Name Batch" from Advanced Chemistry Development Inc.,
ACD/Labs (7.00 Release). Product version: 7.10, build: 15 Sep 2003.
Depending on the nature of X, Ra, Rb, R1 and R2, different synthetic
strategies may be selected for the synthesis of compounds of formula I and
related formulae. In the process illustrated in the following schemes, Ra,
Rb, R1 and R2 are as above defined in the description. Compounds of formula
I , wherein X is defined as O or S, can be obtained analogously. In
general, the triazole oxadiazole derivatives according to formula I and
related formulae of this invention may be prepared from readily available
starting materials. If such starting materials are not commercially
available they may be prepared by standard synthetic techniques. The
following general methods and procedures described hereinafter in the
examples may be employed to prepare compounds of formula I and related
formulae. The process for the preparation of compounds of formula I and
related formulae, wherein X, Ra, Rb, R1 and R2 are defined as above, and as
outlined in Scheme 1, is also object of the invention. Scheme 1 More
Preferably compounds of formula I and related formulae can be obtained in a
2-step protocol as outlined in Scheme 1a: Scheme 1aThe first step consists
in the coupling of an amidoxime of Formula (II) with a carboxylic acid of
Formula (III), wherein Rb, R1 and R2 are defined as above. General
protocols for such coupling are given below in the Examples, using
conditions and methods well known to those skilled in the art to prepare an
O-substituted amidoximes (IV). Standard coupling agents, such as but not
limited to EDC, HATU, TBTU, can be used or condensation agents, in the
presence or not of bases such as pyridine, TEA, DIEA, NMM in a suitable
solvent such as DCM, ACN, THF or DMF, at a temperature rising from 20C to
50C, preferably at room temperature, for a few hours, e.g. one hour to 24
h. Alternatively, a carboxylic acid derivative (e.g. acyl chloride Ilia)
can be coupled with the amidoxime (II), using conditions and methods well
known to those skilled in the art, in the presence of bases such as TEA,
DIEA, NMM in a suitable solvent such as MeCN, DCM, THF or DMF, at a
temperature rising from 20C to 50C, preferably at room temperature, for a
few hours, e.g. one hour to 24 h (Scheme 2). Scheme 2 The corresponding
salt (1Mb), such as but not limited to lithium, sodium or potassium salt,
of the carboxylic acid (III), can be alternatively used to prepare an
O-substituted amidoximes (IV). Salts can be activated with
isobutylchloroformate at low temperature, typically at -4OC, and then react
with an amidoxime (II), affording O-substituted amidoximes (IV) (Scheme 3).
Scheme 31 iBuOCOCI, MeCN, 40C 



Then the second step consists of the cyclization and dehydration of the
O-substituted amidoximes (IV) to form triazole oxadiazole derivatives of
formula I and related formulae. Protocols are given below in the Examples,
using conditions and methods well know to those skilled in the art to
prepare oxadiazole, such as thermolysis at temperature rising from RT to
15OC, typically 150C, using possibly a microwave reactor, for a time
comprised between 15 minutes and 24 hours, preferably for 30 min, in a
suitable solvent such as ACN, THF, Pyridine, DMF, or a mixture of two
solvents such as Pyridine/ACN, in the presence or not of a base such as
DIEA, TEA, or tetrabutyl ammonium fluoride. Alternatively, ester of formula
(V), wherein Rb, R1, R2 and R3 are as above defined in the description, can
be directly transformed into compound of formula I and related formulae by
thermolysis at temperature rising from RT to 180C, typically 18OC, using
possibly a microwave reactor, for a time comprised between 15 minutes and
24 hours, preferably for 30 min in a microwave, in a suitable solvent such
as ACN, THF, toluene, Pyridine, DMF or a mixture of two solvents such as
Pypdine/ACN, in the presence of a base, such as but not limited to K2CO3 or
NaH (Scheme 4) Scheme 4 Compounds of formula I and related formulae,
wherein X, Ra, Rb, R1 and R2 are defined as above, can be converted to
alternative compounds of formula I and related formulae, wherein X, Ra, Rb,
R1 and R2 are defined as above, employing suitable interconversion
techniques well known by a person skilled in the art. Typically, when Ra is
a benzyl alcohol, compound of Formula (Ia) can be further modified into
compound of Formula (Ib), wherein Ra is a benzyl amine, as illustrated on
Scheme 5. It can be first be transformed into the corresponding mesyl or
tosyl groups (Ic), which can then react with an amine HN(R3)2, affording
compounds of formula (Ib) wherein X, Ra, Rb, R1, R2and R3 are defined as
above (Scheme 5). Alcohol (Ia) can be oxidized into the corresponding
aldehyde (Id), using conditions well known to those skilled in the art,
such as but not limited to Swern oxydation conditions, or the use of MnC>2
as oxydative agent, as illustrated on Scheme 5. Then a reductive amination
of the compounds of formula (Id) with a suitable amine HN(R 3)2, affords
compounds of formula (Ib), wherein Ra is a benzyl amine and wherein X, Rb,
R1, R2 and R3 are defined as above. Scheme 5 Compounds of Formula (II),
wherein Ra is defined as above, are either commercially available or may be
prepared by standard synthetic techniques well known to those skilled in
the art. Typically, it can be prepared according to Scheme 6 by addition of
hydroxylamine into a solution of the corresponding substituted benzonitrile
of Formula (Vl) in a solvent or a mixture of solvents, such as EtOH, water,
at a temperature rising from 20C to 50C, preferably at room temperature,
for a few hours, e.g. one hour to 24 h. Scheme 6 The method for preparing
the compounds of Formula (II) selected below: Methyl
4-[amino(hydroxyimino)methyl]-2-fluorobenzoate; Methyl
4-[amino(hydroxyimino)methyl]-3-fluorobenzoate; Methyl
3-[amino(hydroxyimino)methyl]benzoate;
2-Fluoro-N-hydroxybenzenecarboximidamide;
2,6-Difluoro-N-hydroxybenzenecarboximidamide;
2-Fluoro-N,4-dihydroxybenzenecarboximidamide; tert-Butyl
3-{4-[amino(hydroxyimino)methyl]-3-methoxyphenyl}propanoate; tert-Butyl
3-{4-[amino(hydroxyimino)methyl]-3-methylphenyl}propanoate; N-Hydroxy-I
H-indole-5-carboxamidine; 



N'-hydroxy-1 H-indole-5-carboximidamide;
4-[amino(hydroxyimino)methyl]benzamide tert-butyl
{4-[amino(hydroxyimino)methyl]benzyl}carbamate
4-(aminosulfonyl)-N'-hydroxybenzenecarboximidamide N'-hydroxy-1
H-indazole-5-carboximidamide N'-hydroxyfuran-2-carboximidamid q
N'-hydroxy-4-(hydroxymethyl)benzenecarboximidamide
N'-hydroxy-3-(hydroxymethyl)benzenecarboximidamide
N',3-dihydroxybenzenecarboximidamide
2-bromo-5-fluoro-N'-hydroxybenzenecarboximidamide
i-acetyl-N'-hydroxyindoline-S-carboximidamide N'-hydroxy-1
,2,3,4-tetrahydroisoquinoline-7-carboximidamide 2-ethyl-N'-hydroxy-1
,2,3,4-tetrahydroisoquinoline-7-carboximidamide
1-acetyl-N'-hydroxyindoline-6-carboximidamide
N'-hydroxy-3-(methylsulfonyl)benzenecarboximidamide N'-hydroxy-3-(1 H-1
,2,4-triazol-1 -ylmethyl)benzenecarboximidamide
N'-hydroxyfuran-3-carboximidamide N'-hydroxy-1 H-indole-4-carboximidamide
3-(aminosulfonyl)-N'-hydroxybenzenecarboximidamide
N'-hydroxy-2-oxoindoline-5-carboximidamide
5-fluoro-N'-hydroxy-2-methoxybenzenecarboximidamide
N'-hydroxy-4-(2-hydroxyethyl)benzenecarboximidamide tert-butyl
{4-[amino(hydroxyimino)methyl]pyridin-2-yl}carbamate N'-hydroxy-4-(1
H-pyrazol-1-ylmethyl)benzenecarboximidamide N'-hydroxy-1
H-benzimidazole-5-carboximidamide Tert-butyl
4-[(hydroxyamino)(imino)methyl]-1-piperidinecarboxylate; tert-butyl
{3-[amino(hydroxyimino)methyl]benzyl}carbamate; is more particularly
described in the Examples. Compounds of Formula (Vl), wherein Ra is defined
as above, are either commercially available or may be prepared by standard
synthetic techniques well known to those skilled in the art.Compounds of
Formula (III), wherein Rb, R1 and R2 is defined as above, are either
commercially available or may be prepared by standard synthetic techniques
well known to those skilled in the art. Treatment of azide derivative of
Formula (VII) wherein R1 and R2 are as above defined with substituted alkyl
acetoacetate (VIII) wherein Rb and R3 are as above defined gives access to
functionalized [ 1 ,2,3]-triazole of Formula (V). This transformation take
place in the presence of a base, such as but not limited to DBU, TEA,
K2CO3, EtONa or MeONa, in a suitable solvent such as DMF, THF, methanol or
ethanol, at a temperature rising from 0C to 100C, preferably at 70C, for a
few hours, e.g. one hour to 24 h (Scheme 7). Scheme 7 The method for
preparing the compounds of Formula (V) selected below: Ethyl
1-(2-fluorophenyl)-5-pyridin-4-yl-1 H-1 ,2,3-triazole-4-carboxylate is more
particularly described in the Examples. [ 1 ,2,3]-Triazole of Formula (V)
can be saponified into carboxylic acid of Formula (III) using conditions
well known to those skilled in the art, such as but not limited to the use
of a metal hydroxide, e.g. lithium hydroxide, sodium hydroxide or potassium
hydroxide, in a suitable 



solvent such as THF, methanol, ethanol or water or mixtures thereof, at a
temperature rising from 2OC to 5OC, preferably at room temperature, for few
hours, e.g. one hour to 24 h. The method for preparing the compounds of
Formula (III) selected below: 1-(2-Fluorophenyl)-5-methyl-1
H-1,2,3-triazole-4-carboxylic acid; 5-Ethyl-1 -(2-fluorophenyl)- 1H-1
,2,3-triazole-4-carboxylic acid; 1-(2-Fluorophenyl)-5-(methoxymethyl)-1 H-1
,2,3-triazole-4-carboxylic acid; 5-Butyl-1 -(2-fluorophenyl)- 1H-1
,2,3-triazole-4-carboxylic acid; 5-Phenyl-1 -(2-fluorophenyl)- 1H-1
,2,3-triazole-4-carboxylic acid; 1-(2-Fluorophenyl)-5-pyridin-3-yl-1
H-1,2,3-triazole-4-carboxylic acid; 1-(2-Fluorophenyl)-5-pyridin-2-yl-1
H-1,2,3-triazole-4-carboxylic acid; 1-(2-Fluorophenyl)-5-pyridin-4-yl-1
H-1,2,3-triazole-4-carboxylic acid; Ethyl
1-(2-fluorophenyl)-5-pyridin-4-yl-1 H-1 ,2,3-triazole-4-carboxylate
1-(2-Fluorophenyl)-5-(2-methoxyethyl)-1 H-1,2,3-triazole^4-carboxylic acid;
1-(2-fluorophenyl)-5-(morpholin-4-ylmethyl)-1 H-1
,2,3-triazole-4-carboxylic acid 5-Cyclopentyl-1-(2-fluorophenyl)-1 H-1
,2,3-triazole-4-carboxylic acid; 5-Cyclopropyl-1 -(2-fluorophenyl)-! H-1
,2,3-triazole-4-carboxylic acid;
1-(2-Fluorophenyl)-5-(tetrahydrofuran-2-yl)-1 H-1
,2,3-triazole-4-carboxylic acid; 5-Benzyl-1 -(2-fluorophenyl)-1 H-1
,2,3-triazole-4-carboxylic acid;
1-(2-Fluorophenyl)-5-(tetrahydro-2H-pyran-4-yl)-1H-1
,2,3-triazole-4-carboxylic acid; 1-(2-Fluorophenyl)-5-isopropyl-1
H-1,2,3-triazole-4-carboxylic acid; Ethyl
1-(2-fluorophenyl)-5-(morpholinomethyl)-1 H-1 ,2,3-triazole-4-carboxylate
Ethyl 1-(2-fluorophenyl)-5-pyridin-2-yl-1 H-1 ,2,3-triazole-4-carboxylate;
is more particularly described in the Examples. Compounds of Formula
(VIII), wherein R3 and Rb are defined as above, are either commercially
available or may be prepared by standard synthetic techniques well known to
those skilled in the art. Compounds of Formula (V), wherein Rb, R1, R2 and
R3 are defined as above, can be converted to alternative compounds of
Formula (V), wherein Rb, R1, R2 and R3 are defined as above, employing
suitable interconversion techniques well known by a person skilled in the
art. For instance, [ 1 ,2,3]-triazole of Formula (Va), wherein Rb is Me,
may be halogenated into [ 1 ,2,3]-triazole of Formula (Vb), wherein Hal is
defined as above, which can be further transformed by addition of amines or
alcohols, affording [ 1 ,2,3]-triazole of Formula (Vc) or (Vd) respectively
wherein A is as above defined, as depicted in Scheme 8, following a
protocol reported in L'Abbe, G. etal Tetrahedron 1988, 44, 461 . Scheme 8
Alternatively, [ 1 ,2,3]-triazole of Formula (Vc) and (Vd) may be directly
obtained by the treatment of azide (VII) with a halogenated acetoacetate
(Villa), such as methyl 4- chloroacetoacetate, in the presence of an amine
or an alcohol. The reaction may be performed in a solvent, such as DMF or
ACN, or in the selected amine or alcohol, A2NH or AOH respectively, at a
temperature rising from RT to 10OC, preferably at 50C, for a few hours,
e.g. one hour to 24 h (Scheme 9). [ 1 ,2,3]-Triazole of Formula (Vc) or
(Vd) can besaponified into carboxylic acid of Formula (Ilia) or (IMb) using
conditions well known to those skilled in the art, such as but not limited
to the one described in the examples below. Scheme 9 The method for
preparing the compound of Formula (Ilia) selected below:
1-(2-fluorophenyl)-5-(morpholin-4-ylmethyl)-1 H-1
,2,3-triazole-4-carboxylic acid; Ethyl
1-(2-fluorophenyl)-5-(morpholinomethyl)-1 H-1 ,2,3-triazole-4-carboxylate;
is more particularly described in the Examples. 



Alternatively, [ 1 ,2,3]-triazole of Formula (Ve), wherein R1, R2 and R3
are as above defined and Rb is H, may be transformed into [ 1
,2,3]-triazole of Formula (Vf), wherein Rb is aromatic Ar or aromatic Het
as define above, and is introduced via a direct Pd-catalyzed C-5 arylation
as described in Scheme 10 and reported in Gevorgyan, V. et al. Org. Lett.
2007, 9, 2333. Different palladium catalysts may be used, such as but not
limited to Pd(PPh 3)2Cl2, Pd(OAc) or Pd2(dba)3 CHCI3. Scheme 10 Ar or Het
Azides of Formula (VII), wherein R1 and R2 are defined as above, are either
commercially available or may be prepared by standard synthetic techniques
well known to those skilled in the art. Typically an amine of Formula (IX),
where R1 and R2 are defined as above, is reacted with sodium nitrite in an
aqueous HCI solution at 0C. An aqueous solution of sodium azide is then
added, keeping the temperature at 0C, affording azides of Formula (VII)
(Scheme 11) .Scheme 1 1 (VH) Amines of Formula (IX), wherein R1 and R2 are
defined as above, are either commercially available or may be prepared by
standard synthetic techniques well known to those skilled in the art. If
the above set out general synthetic methods are not applicable for the
obtention of compounds of formula I and related formulae, suitable methods
of preparation known by a person skilled in the art should be used. The
pharmaceutically acceptable cationic salts of compounds of the present
invention are readily prepared by reacting the acid forms with an
appropriate base, usually one equivalent, in a co-solvent. Typical bases
are sodium hydroxide, sodium methoxide, sodium ethoxide, sodium hydride,
potassium hydroxide, potassium methoxide, magnesium hydroxide, calcium
hydroxide, benzathine, choline, diethanolamine, ethylenediamine, meglumine,
benethamine, diethylamine, piperazine and tromethamine. The salt is
isolated by concentration to dryness or by addition of a non-solvent. In
some cases, salts can be prepared by mixing a solution of the acid with a
solution of the cation (sodium ethylhexanoate, magnesium oleate), employing
a solvent in which the desired cationic salt precipitates, or can be
otherwise isolated by concentration and addition of a non-solvent.
According to a further general process, compounds of formula I and related
formulae, (II), and (V) can be converted to alternative compounds of
formula I and related formulae, (II), and (V), employing suitable
interconversion techniques well known by a person skilled in the art. In
general, the synthesis pathways for any individual compound of formula I
and related formulae will depend on the specific substitutents of each
molecule and upon the ready availability of intermediates necessary; again
such factors being appreciated by those of ordinary skill in the art. For
all the protection and deprotection methods, see Philip J. Kocienski, in
"Protecting Groups", Georg Thieme Verlag Stuttgart, New York, 1994 and,
Theodora W. Greene and Peter G. M. Wuts in "Protective Groups in Organic
Synthesis", Wiley Interscience, 3rd Edition 1999.Compounds of this
invention can be isolated in association with solvent molecules by
crystallization from evaporation of an appropriate solvent. The
pharmaceutically acceptable acid addition salts of the compounds of formula
I and related formulae, which contain a basic center, may be prepared in a
conventional manner. For example, a solution of the free base may be
treated with a suitable acid, either neat or in a suitable solution, and
the resulting salt isolated either by filtration or by evaporation under
vacuum of the reaction solvent. 



Pharmaceutically acceptable base addition salts may be obtained in an
analogous manner by treating a solution of compound of formula (I), which
contain an acid center, with a suitable base. Both types of salts may be
formed or interconverted using ion-exchange resin techniques. Depending on
the conditions used, the reaction times are generally between a few minutes
and 14 days, and the reaction temperature is between about -30C and 140C,
normally between - 10C and 90C, in particular between about 0C and about
70C. Compounds of the formula I and related formulae can furthermore be
obtained by liberating compounds of the formula I from one of their
functional derivatives by treatment with a solvolysing or hydrogenolysing
agent. Preferred starting materials for the solvolysis or hydrogenolysis
are those which conform to the formula I and related formulae, but contain
corresponding protected amino and/or hydroxyl groups instead of one or more
free amino and/or hydroxyl groups, preferably those which carry an
amino-protecting group instead of an H atom bonded to an N atom, in
particular those which carry an R'-N group, in which R' denotes an
amino-protecting group, instead of an HN group, and/or those which carry a
hydroxyl-protecting group instead of the H atom of a hydroxyl group, for
example those which conform to the formula I, but carry a - COOR" group, in
which R" denotes a hydroxyl-protecting group, instead of a -COOH group. It
is also possible for a plurality of- identical or different - protected
amino and/or hydroxyl groups to be present in the molecule of the starting
material. If the protecting groups present are different from one another,
they can in many cases be cleaved off selectively. The term
"amino-protecting group" is known in general terms and relates to groups
which are suitable for protecting (blocking) an amino group against
chemical reactions, but which are easy to remove after the desired chemical
reaction has been carried out elsewhere in the molecule. Typical of such
groups are, in particular, unsubstituted or substituted acyl,
aryl,aralkoxymethyl or aralkyl groups. Since the amino-protecting groups
are removed after the desired reaction (or reaction sequence), their type
and size are furthermore not crucial; however, preference is given to those
having 1-20, in particular 1-8, carbon atoms. The term "acyl group" is to
be understood in the broadest sense in connection with the present process.
It includes acyl groups derived from aliphatic, araliphatic, aromatic or
heterocyclic carboxylic acids or sulfonic acids, and, in particular,
alkoxycarbonyl, aryloxycarbonyl and especially aralkoxycarbonyl groups.
Examples of such acyl groups are alkanoyl, such as acetyl, propionyl and
butyryl; aralkanoyl, such as phenylacetyl; aroyl, such as benzoyl and
tolyl; aryloxyalkanoyl, such as POA; alkoxycarbonyl, such as
methoxycarbonyl, ethoxycarbonyl, 2,2,2-trichloroethoxycarbonyl, BOC
(tert-butoxycarbonyl) and 2- iodoethoxycarbonyl; aralkoxycarbonyl, such as
CBZ ("carbobenzoxy"), 4- methoxybenzyloxycarbonyl and FMOC; and
arylsulfonyl, such as Mtr. Preferred aminoprotecting groups are BOC and
Mtr, furthermore CBZ, Fmoc, benzyl and acetyl. The term
"hydroxyl-protecting group" is likewise known in general terms and relates
to groups which are suitable for protecting a hydroxyl group against
chemical reactions, but are easy to remove after the desired chemical
reaction has been carried out elsewhere in the molecule. Typical of such
groups are the above-mentioned unsubstituted or substituted aryl, aralkyl
or acyl groups, furthermore also alkyl groups. The nature and size of the
hydroxylprotecting groups are not crucial since they are removed again
after the desired chemical reaction or reaction sequence; preference is
given to groups having 1-20, in particular 1-10, carbon atoms. Examples of
hydroxyl-protecting groups are, inter alia, benzyl, 4- methoxybenzyl,
p-nitrobenzoyl, p-toluenesulfonyl, tert-butyl and acetyl, where benzyl and 



tert-butyl are particularly preferred. The compounds of the formula I and
related formulae are liberated from their functional derivatives -
depending on the protecting group used - for example using strong acids,
advantageously using TFA or perchloric acid, but also using other strong
inorganic acids, such as hydrochloric acid or sulfuric acid, strong organic
carboxylic acids, such as trichloroacetic acid, or sulfonic acids, such as
benzene- or p-toluenesulfonic acid. The presence of an additional inert
solvent is possible, but is not always necessary. Suitable inert solvents
are preferably organic, for example carboxylic acids, such as acetic acid,
ethers, such as tetrahydrofuran or dioxane, amides, such as DMF,
halogenated hydrocarbons, such as dichloromethane, furthermore also
alcohols, such as methanol, ethanol or isopropanol, and water. Mixtures of
the above-mentioned solvents are furthermore suitable. TFA is preferably
used in excess without addition of a further solvent, and perchloric acid
is preferably used in the form of a mixture of acetic acid and 70%
perchloric acid in the ratio9:1 . The reaction temperatures for the
cleavage are advantageously between about 0 and about 5OC, preferably
between 15 and 30C (room temperature). The BOC, OBut and Mtr groups can,
for example, preferably be cleaved off using TFA in dichloromethane or
using approximately 3 to 5N HCI in dioxane at 15-30C, and the FMOC group
can be cleaved off using an approximately 5 to 50% solution of
dimethylamine, diethylamine or piperidine in DMF at 15-30C. Protecting
groups which can be removed hydrogenolytically (for example CBZ, benzyl or
the liberation of the amidino group from the oxadiazole derivative thereof)
can be cleaved off, for example, by treatment with hydrogen in the presence
of a catalyst (for example a noblemetal catalyst, such as palladium,
advantageously on a support, such as carbon). Suitable solvents here are
those indicated above, in particular, for example, alcohols, such as
methanol or ethanol, or amides, such as DMF. The hydrogenolysis is
generally carried out at temperatures between about 0 and 100C and
pressures between about 1 and 200 bar, preferably at 20-30C and 1-10 bar.
Hydrogenolysis of the CBZ group succeeds well, for example, on 5 to 10%
Pd/C in methanol or using ammonium formate (instead of hydrogen) on Pd/C in
methanol/DMF at 20-30C. Examples of suitable inert solvents are
hydrocarbons, such as hexane, petroleum ether, benzene, toluene or xylene;
chlorinated hydrocarbons, such as trichloroethylene, 1,2- dichloroethane,
tetrachloromethane, trifluoromethylbenzene, chloroform or dichloromethane;
alcohols, such as methanol, ethanol, isopropanol, n-propanol, n-butanol or
tert-butanol; ethers, such as diethyl ether, diisopropyl ether,
tetrahydrofuran (THF) or dioxane; glycol ethers, such as ethylene glycol
monomethyl or monoethyl ether or ethylene glycol dimethyl ether (diglyme);
ketones, such as acetone or butanone; amides, such as acetamide,
dimethylacetamide, N-methylpyrrolidone (NMP) or dimethylformamide (DMF);
nitriles, such as acetonitrile; sulfoxides, such as dimethyl sulfoxide
(DMSO); carbon disulfide; carboxylic acids, such as formic acid or acetic
acid; nitro compounds, such as nitromethane or nitrobenzene; esters, such
as ethyl acetate, or mixtures of the said solvents. Esters can be
saponified, for example, using acetic acid or using LiOH, NaOH or KOH in
water, water/THF, water/THF/ethanol or water/dioxane, at temperatures
between 0 and 100C. Free amino groups can furthermore be acylated in a
conventional manner using an acid chloride or anhydride or alkylated using
an unsubstituted or substituted alkyl halide orreacted with CH3-C(=NH)-OEt,
advantageously in an inert solvent, such as dichloromethane or THF and/or
in the presence of a base, such as triethylamine or pyridine, at
temperatures between -6OC and +30C. 



Throughout the specification, the term leaving group preferably denotes Cl,
Br, I or a reactively modified OH group, such as, for example, an activated
ester, an imidazolide or alkylsulfonyloxy having 1-6 carbon atoms
(preferably methylsulfonyloxy or trifluoromethylsulfonyloxy) or
arylsulfonyloxy having 6-10 carbon atoms (preferably phenyl- or
p-tolylsulfonyloxy). Radicals of this type for activation of the carboxyl
group in typical acylation reactions are described in the literature (for
example in the standard works, such as Houben-Weyl, Methoden der
organischen Chemie [Methods of Organic Chemistry], Georg-Thieme-Verlag,
Stuttgart). Activated esters are advantageously formed in situ, for example
through addition of HOBt or N-hydroxysuccinimide. The formula I and related
formulae also encompasses the optically active forms (stereoisomers), the
enantiomers, the racemates, the diastereomers and the hydrates and solvates
of these compounds. The term "solvates of the compounds" is taken to mean
adductions of inert solvent molecules onto the compounds which form owing
to their mutual attractive force. Solvates are, for example, mono- or
dihydrates or alcoholates. The term "pharmaceutically usable derivatives"
is taken to mean, for example, the salts of the compounds of the formula I
and so-called prodrug compounds. The term "prodrug derivatives" is taken to
mean compounds of the formula I which have been modified with, for example,
alkyl or acyl groups, sugars or oligopeptides and which are rapidly cleaved
in the organism to form the active compounds. These also include
biodegradable polymer derivatives of the compounds according to the
invention, as described, for example, in Int. J. Pharm. 115 , 61-67 (1995).
The formula I and related formulae also encompasses mixtures of the
compounds of the formula I , for example mixtures of two diastereomers, for
example in the ratio 1: 1 , 1:2, 1:3, 1:4, 1:5, 1:10, 1:100 or 1:1000.
These are particularly preferably mixtures of stereoisomeric compounds.
Very particularly, prefered embodiments of formula I are the compounds of
formula IA, IB, IC, ID, IE:Wherein X, R1, R2, Rb Het, Ar, A are defined as
above. Formula IA wherein R2 is H, is especially prefered. Preferably, R1
is selected from F or Br, and is especially F. Preference is given to the
compounds of the present invention selected from the following group 1 to
193:Vaccines for Malaria The present invention relates to a stabilized
lipoprotein particle for the treatment of malaria, methods for preparing
the same, its use in medicine, particularly in the prevention of malarial
infections, compositions/vaccines containing the particle and use of the
latter, particularly in therapy. Malaria, is one of the world's major
health problems with more than 2 to 4 million people dying from the disease
each year. One of the most prevalent forms of the disease is caused by the
protozoan parasite P. vivax, which is found in tropical and sub-tropical
regions. Interestingly the parasite can complete its mosquito cycle at
temperatures as low as 15 degrees Celsius, which has allowed the disease to
spread in temperate climates. One of the most acute forms of the disease is
caused by the protozoan parasite, Plasmodium falciparum (P.falciparum)
which is responsible for most of the mortality attributable to malaria. The
life cycle of Plasmodium is complex, requiring two hosts, man and mosquito
for completion. The infection of man is initiated by the innoculation of
sporozoites into the 



blood stream through the bite of an infected mosquito. The sporozoites
migrate to the liver and there infect hepatocytes where they differentiate,
via the exoerythrocytic intracellular stage, into the merozoite stage which
infects red blood cells (RBC) to initiate cyclical replication in the
asexual blood stage. The cycle is completed by the differentiation of a
number of merozoites in the RBC into sexual stage gametocytes, which are
ingested by the mosquito, where they develop through a series of stages in
the midgut to produce sporozoites which migrate to the salivary gland. Due
to the fact that the disease caused by P. vivax is rarely lethal, efforts
to prevent and treat malaria have been focused on the more deadly form of
the disease caused by Plasmodium falciparum (P.falciparum) . Although the
disease caused by P. vivax does not usually result in death of the patient,
due to the volume of cases, which seems to be increasing, the significant
impact on the quality of life of the patient, the increasing reports of the
severe incidences of the disease resulting in anemia and death, and the
economic impact, an effective vaccination for the disease is still
required. Furthermore, a single vaccine able to provide protection against
both causes of the disease would be advantageous. A feature of the P. vivax
is that some strains are capable of causing delayed infection by remaining
latent in the liver before emerging into the peripheral circulation to
manifest clinical symptoms. Thus individuals, for example when traveling
through an infected area, may be infected and yet may not exhibit symptoms
for several months. This has the potential to cause the spread of the
disease and for this reason persons traveling to infected areas are not
allowed to donate blood for transfusion for a defined period of time after
traveling to the infected region.P. vivax malaria infection remains latent
within the liver while the parasite is undergoing pre-erthrocytic
shizogony. If the parasite is controlled at this stage, before it escapes
the liver, no clinical symptoms of the disease, are observed in the
patient. The sporozoite stage of Plasmodium has been identified as a
potential target of a malaria vaccine. Vaccination with deactivated
(irradiated) sporozoite has been shown to induce protection against
experimental human malaria (Am. J, Trap. Med. Hyg 24: 297-402, 1975).
However, it is has not been possible practically and logistically to
manufacture a vaccine for malaria for the general population based on this
methodology, employing irradiated sporozoites. The major surface protein of
the sporozoite is known as circumsporozoite protein (CS protein). It is
thought to be involved in the motility and invasion of the sporozoite
during its passage from the initial site of inoculation by the mosquito
into the circulation, where it migrates to the liver. The CS protein of
Plasmodia species is characterized by a central repetitive domain (repeat
region) flanked by non-repetitive amino (N-terminus) and carboxy
(C-terminus) fragments. The central domain of P.vivax is composed of
several blocks of a repeat unit, generally of nine tandem amino acids. In
certain Asian strains, after the central repeat region, an additional
sequence of approximately 12 amino acids is present (see SEQ ID No 11). The
function of the latter is not known. However, it is hypothesized, by some,
that said amino acids may be linked to the delayed onset of clinical
symptoms of the disease, although this has not been investigated. It is
thought that the N-terminus is characterised by a sequence of 5 amino acids
known as region I (see SEQ ID No 1). It is also thought that the C-terminus
is characterised by comprising a sequence of 12 amino acids known as region
II. The latter 



contains a cell-adhesive motif, which is highly conserved among all malaria
CS protein (see SEQ ID No. 2). Several groups have proposed subunit
vaccines based on the circumsporozoite protein. Two of these vaccines based
exclusively on the central repeat region underwent clinical testing in the
early 1980's; one was a synthetic peptide, the other was a recombinant
protein (Ballou et al Lancet: June 6 (1987) page 1277 onwards and
Herrington et al Nature 328:257 (1987)). These vaccines were successful in
stimulating an anti-sporozoite response. Nonetheless, the magnitude of the
response was disappointing, with some vaccinees not making a response at
all. Furthermore, the absence of "boosting" of antibody levels after
subsequent injections and results of in vitro lymphocyte proliferation
assays suggested that T-cells of most of these volunteers did not recognise
the immuno-dominant repeat. Furthermore, the efficiency of these two
vaccines was marginal with only one vaccinated volunteer failing to develop
parasitemia. These vaccines were not pursued any further. WO 93/10152 and
WO 98/05355 describe a vaccine derived from the CS protein of P. falciparum
and it seems that there has been some progress made towards the
vaccinationagainst P.falciparum using the approach described therein, see
also Heppner et al. 2005, Vaccine 23, 2243-50. To date the most advanced
malaria vaccine in the clinic is based on a lipoprotein particle (also
known as a virus like particle) referred to as RTS,S. This particle
contains a portion of the CS protein of P.falciparum substantially as
corresponding to amino acids 207-395 of the CS protein of P.falciparum
(strain NF54/3D7) fused in frame via a linear linker to the N-terminal of
the S antigen from Hepatitis B. The linker may comprise a portion of preS2
from the S-antigen. See discussion below for further detail. The CS protein
in P.falciparum has a central repeat region that is conserved. In contrast
at least two forms (designated VK210 or type I and VK247 or type II) of the
CS protein for P. vivax are known. This renders it more difficult to
identify a construct of the CS protein with all the desired properties such
as immogenicity, which provides general protection against P. vivax
regardless of the specific type of CS protein because antibodies directed
the central repeating region of type I do not necessarily recognize
epitopes on the corresponding region of type II and vice versa. As far as
the inventors are aware a particle corresponding to RTS,S has not been
proposed based on a single strain of P. vivax. A hybrid P. vivax CS protein
is described in WO 2006/088597. A fusion protein (referred to herein as
CSV-S) comprising the hybrid protein of WO 2006/088597 and S antigen from
Hepatitis B and lipoprotein particles comprising same are described in
PCT/EP2007/057301. A lipoprotein particle comprising CSV-S, RTS and
optionally S units is described in PCT/EP2007/057296. At the present time
RTS,S malaria vaccines are provided as lyophilized antigen, which are
reconstituted with adjuvant shortly before delivery. This is because the
antigen is unstable when stored for substantial periods of time,
particularly in the presence of the adjuvant. The instability manifests
itself as agglomeration and/or degradation. There are estimates by the year
2018/2019 that 83 million doses of malaria vaccines will be required. The
current freeze-drying (lyophilization) process takes around 40 hours.
Therefore it is unlikely that the present process will be able to meet
future needs. It may be possible to reduce the cycle down to about 28 hours
but this is still unlikely to meet 



the need. Furthermore, reducing the cycle time further seems to lead to an
unsatisfactory product. Malaria vaccines are predominantly for delivery in
countries with poor infra-structure and facilities, therefore it is vitally
important that the form the vaccine is provided in, is stable until
administration, especially if a liquid formulation is provided.Preliminary
data generated by the inventors showed that RTS,S purified bulk prepared in
phosphate buffered saline and containing a residual amount of polysorbate
80 (0.0062% w/w) with no additional excipients at pH 6.1 showed significant
degradation and oxidative aggregation after accelerated stability testing,
namely storage for 7 days at 370C. Slight aggregation and degradation was
observed after 2 months storage at 40C. The following options were
investigated:  pH increased from 6.1 to 7.4 seemed to reduce S antigen
degradation but increase CS protein degradation;  an increase in
polysorbate 80 (also referred to as Tween 80) concentration to 0.05, 0.5
and 1.0% seemed to increase both aggregation and degradation, which is
surprising because normally Tween 80 decreases the aggregation of the
antigen (It is hypothesized by the inventors that this was due to the
presence of residual peroxide in the Tween which may catalyse oxidation of
thiol groups in the protein/antigen-using a reducing agent according to the
invention seems to prevent this effect); and  the addition of sucrose (6.2%
w/w) had no impact on aggregation or degradation. It is hypothesized that
the aggregation process occurs in a number of stages and that if one of
these stages can be successfully prevented then the aggregation and/or
degradation can be prevented (reference: "Minimizing protein inactivation"
by D.B. Volkin & A.M. Klibanov in "Protein function: a practical approach",
edited by T.E.Creighton - IRL Press at Oxford University Press). The first
stage is unfolding of the native protein, thereby exposing more hydrophobic
regions thereof. This exposure of hydrophobic regions results in grouping
of several proteins together. The final stage is irreversible denaturing of
the protein by the formation of disulphide bonds. It may also be that
polysorbate 80, which is added to solubilise the antigen contains residual
peroxide that catalyses aggregation and/or degradation. The inventors tried
a number of stabilizing agents/methods, for example sugars, polyalcohols,
co-solvents, polymers, ions, pH, buffers, antioxidants, chelating agents
and surfactants, which did not provide the desired effect. For example the
addition of ascorbic acid produced significant aggregation. The use of EDTA
alone or in the presence of an antioxidant did not prevent aggregation.
Furthermore, the addition of sulphite did not provide the required
stabilization. Some common stabilizing agents were not compatible with the
adjuvant formulation employed in the final malaria formulation. The
inventors now believe that the lipoprotein particles of Plasmodium CS
protein (be thatfalciparum and/or vivax) may be stabilized for storage
employing specific stabilizing agents, for example reducing agents which
contain at least one thiol (-SH) group, such as, thiosulfate, N-acetyl
cysteine, monothioglycerol, cysteine, reduced glutathione andsodium
thioglycolate or mixtures thereof, particularly N-acetyl cysteine,
monothioglycerol, cysteine, sodium thioglycolate and mixtures thereof,
especially monothioglycerol, cysteine, and mixtures thereof. Alternatively
or in combination with these reducing agents, which contain at least one 



thiol (-SH) group, the lipoproteins particles employed in the invention may
be stablised or further stabilized by removing oxygen from the the
container they are stored in and/or protecting the formulation from light
(for example by using amber glass containers) may protect/further protect
the antigen. Thus the invention provides a component for a malaria vaccine
comprising: a) an immunogenic particle RTS,S and/or b) an immunogenic
particle derived from the CS protein of one or more P. vivax strains and S
antigen from Hepatitis B and optionally unfused S antigen, and/or c) an
immunogenic particle comprising RTS, CSV-S and optionally unfused S
antigen, and d) a stabilizing agent comprising (or selected from the group
consisting of) a reducing agent with at least one thiol functional group,
for example as listed above such as monothioglycerol, cysteine, N-acetyl
cysteine or mixtures thereof. In one aspect the invention provides a
component for a malaria vaccine comprising a), b), c) and optionally d)
above and wherein protective measures are employed in the preparation of
same such as removing oxygen from the container and/or protecting the
formulation from light by, for example using amber glass containers.
Advantageously lipoprotein particle antigens comprising CS protein from
Plasmodium and S antigen from Hepatitis may be adequately stabilised
employing monothioglycerol, cysteine or mixtures thereof and/or protective
measures such as removing oxygen from the vials and/or protecting the
formulation against light by using, for example amber glass containers.
Sequence Listing SEQ. ID. No. 1 Region I in the N-terminus of P. Vivax SEQ.
ID. No. 2 Is a highly conserved portion of Region II in the C-terminus of
P. Vivax SEQ. ID. No. 3-9 Various repeat units of type I CS protein of P.
Vivax SEQ. ID. No. 10 Major repeat unit from type II CS protein of P. Vivax
SEQ. ID. No. 11 Additional amino acids found in Asian strains of P. Vivax
SEQ. ID. No. 12 Nucleotide sequence of the hybrid protein CSV of P. Vivax
(optimized for expression in E CoIi) SEQ. ID. No. 13 Amino acid sequence of
the hybrid protein CSV of P. Vivax SEQ. ID. No. 14 Minor repeat unit from
type II CS protein of P. Vivax SEQ. ID. No. 15 Nucleotide sequence for the
hybrid protein CSV of P. Vivax (optimized for expression in yeast)SEQ. ID.
No. 16 Nucleotide sequence for the hybrid fusion protein CSV-S SEQ. ID. No.
17 Amino acid sequence for the hybrid fusion protein CSV-S SEQ. ID No. 18
Nucleotide Sequence for an RTS expression cassette. SEQ. ID No. 19
Predicted RTS fusion protein from SEQ ID No. 18. SEQ ID Nos. 20 to 25
Examples of CpG containing oligonucleotides. Figures Fig 1 Plasmid map for
pRIT 15546 a yeast episomal vector. Fig 2 Plasmid map of pGFl-S2 a plasmid
prepared by GSK employed in "fusing" the desired antigen with the S antigen
from Hepatitis B. Cloning heterologous DNA sequences between Smal sites
(after excision of the 



12bp Smal DNA fragment) creates in-frame fusion with the S gene. Fig 3
Plasmid map of pRIT15582 Digestion with Xhol liberates a 8.5 kb linear DNA
fragment carrying the CSV-S expression cassette plus the LEU2 selective
marker, being used for insertion into the yeast chromosome. Fig 4
Restriction map of the linear Xhol fragment used to integrate CSV-S
cassette Fig 5 Electron micrograph of CSV-S S mixed particles produced in
strain Y1835 CSV-S S particles were purified from soluble cell extracts (
based on RTS,S purification process) and submitted to electron microscopy
analysis. Particles were visualized after negative staining with
phosphotungstic acid. The scale is equivalent to lOOnm. Fig 6 Shows SDS
page analysis after storage for 7 days at 37 0C +/-AOT - Novex gels in
non-reducing (left) and reducing (right) conditions, before (above) or 24h
25C after (below) mixing with ASOl, where: 1. Mw 2. PB TO 3. PB 7d 37C 4.
NaCl PO4 7d 37C 5. NaCl PO4 7d 37C + AOT amber glass 6. NaCl PO4 7d 37C +
AOT white glass 7. MTG 0.01% 7d 37C 8. MTG 0.01% 7d 37C + AOT amber glass
9. MTG 0.01% 7d 37C + AOT white glass 10. MTG 0.04% 7d 37C 11. MTG 0.04% 7d
37C + AOT amber glass 12. MTG 0.04% 7d 37C + AOT white glass Fig 7 Shows
SDS page analysis after storage for 14 days at 37 0C - Novex gel in
reducing (left) and non-reducing (right) conditions, before or 24h 25C
after mixing with ASO1.Fig 8 Shows SDS page analysis after storage for 5
weeks at 37 0C - Novex gel in reducing (left) and non-reducing (right)
conditions, before or 24h 25C after mixing with ASOl For figures 7 and 8 :
2 PBTOred a RTSS Nad PO4 5weeks37C red 4 . RTS,SMTG001%5weeks37"'Cred 5
RTS,SMrG0M%5weeks37Cred 6. (RTSSNaQ PO45weeks37C)/AS01E2 4 h25Cred 7.
(RTS,SMTG001%5w8el<s37C)/r01E2 4h25 oCred 8. (RTS,SMTG0M%5w8el<s37C)/r01E2
4h25 oCred 9. PBTOnon-red 10. RTSSNaO PO4 5 weeks 37C non-red II.
RTS,SMTG0CH%5weete37CnorHed 12. RTS,SMTG0M%5weeks37Cnon-red 



13. (RTSSNaQ PC4 5 weeks 37C)/ ASOIE 24 h 250C non-red 14.
(RTS,SMrG001%5weeks37C)/AS01E24h25 oCnomed 15.
(RTS,SMrG0M%5weeks37C)/AS01E24h25 oCnomed Fig 9 Shows RTS,S antigenicity in
liquid formulations with or without monothioglycerol by mixed ELISA
aCSP-a-S Fig 10 Shows anti-CS serology results Fig 11 Shows anti-HBS
serology results Fig 12 Shows CS specific CD4 T cell responses Fig 13 Shows
HBs specific CD4 T cell responses Fig 14 Shows CS specific CD8 T cell
responses Fig 15 Shows HBs specific CD8 T cell responses Detailed
Description of the Invention The aspects of the invention that employ
N-acetyl cysteine, monothioglycerol, cysteine, reduced glutathione and
sodium thioglycolate or mixtures thereof have a further advantage in that
this embodiment provides a viable manufacturing alternative to sodium
sulfate, (use of which it may be desirable to avoid). Whilst not wishing to
be bound by theory it is hypothesised by the inventors that a thiol
function in the stabilizing agent/reducing agent binds to a thiol function
in the antigen thereby blocking the site and preventing bonding/interaction
of same with a thiol function on different antigen molecule. Furthermore as
the stabilizing agent/reducing agent is relatively small it also thought
that the epitopes and particularly conformation epitopes in the antigen are
not disrupted and thus the immunogenicity of the antigen is retained and
aggregation is prevented. Alternatively or in addition peroxide in the
tween is quenched. In one aspect of the invention the stabilizing agent is
monothioglycerol. In one aspect of the invention the stabilizing agent is
cysteine. In one aspect of the invention the stabilizing agent is N-acetyl
cysteine.The stabilizing agent may for example be employed in amounts in
the range 0.01 to 10% w/v, such as 1 to 5%, 2 to 6%, 4 to 7%, 3 to 8%, such
as 0.01 to 1%, 0.2 to 0.4%, 0.1% to 0.5%, 0.3 to 0.8%, 0.6 to 0.9%, for
example substantially 0.2, 0.4, 0.5 and 0.8 %, or such as 0.01 to 0.1%,
0.01 to 0.02%, 0.01 to 0.05%, 0.01 to 0.08%, 0.02 to 0.05%, 0.02 to 0.08%
or 0.05 to 0.08% w/v. Alternatively, the stabilizing agent may be employed
in amounts in the range 0. 0 1 to 10% w/w, such as 1 to 5%, 2 to 6%, 4 to
7%, 3 to 8%, such as 0.01 to 1%, 0.2 to 0.4%, 0.1% to 0.5%, 0.3 to 0.8%,
0.6 to 0.9%, for example substantially 0.2, 0.4, 0.5 and 0.8 %, or such as
0.01 to 0.1%, 0.01 to 0.02%, 0.01 to 0.05%, 0.01 to 0.08%, 0.02 to 0.05%,
0.02 to 0.08% or 0.05 to 0.08% w/w. Suitable amounts of cysteine are in the
range 0.1 to 1.0% by weight of the overall formulation. So for example in
one human dose of 500 ml the amount of cysteine is in the range 100 mg to
5000 mg such as 500 mg. In one aspect the invention provides a component
for a malaria vaccine comprising: a) an immunogenic particle RTS,S and/or
b) an immunogenic particle derived from the CS protein of one or more P.
vivax strains and S antigen from Hepatitis B and optionally unfused S
antigen, and c) a stabilising agent comprising monothioglycerol. This
aspect of the invention may further employ further protective measures such
as removing oxygen from the container/vials and/or protecting the
formulation against light 



by for example using amber glass containers. Monothioglycerol has the
formula HSCH CH(OH)CH OH and is also known as 3- mercapto-l,2-propanediol
or 1-thioglycerol. Suitable amounts for use in the present invention
include, but are not limited to, the range 0.01 to 10% such as 0.01 to 1%
or 0.01 to 0.1%, 0.01 to 0.02%, 0.01 to 0.05%, 0.01 to 0.08%, 0.02 to
0.05%, 0.02 to 0.08% or 0.05 to 0.08% w/v, for example 0.01 1, 0.012,
0.013, 0.014, 0.015, 0.016, 0.017, 0.018, 0.019, 0.02, 0.025, 0.04, 0.05 or
0.08% w/v. A single human dose of 250 ml may for example contain 10 to 2500
mg such as 25 to 250 mg of monothioglycerol, for example 50, 125 or 200 mg.
Alternatively, suitable amounts for use in the present invention include,
but are not limited to, the range 0.01 to 10% such as 0.01 to 1%, 0.01 to
0.1%, 0.01 to 0.02%, 0.01 to 0.05%, 0.01 to 0.08%, 0.02 to 0.05%, 0.02 to
0.08% or 0.05 to 0.08% w/w, for example 0.01 1, 0.012, 0.013, 0.014, 0.015,
0.016, 0.017, 0.018, 0.019, 0.02, 0.025, 0.04, 0.05 or 0.08% w/w.
Advantageously, monothioglycerol when used according to the invention seems
to be compatible with adjuvant formulations, for example oil in water
emulsions or liposomal formulations containing MPL and/or QS21.Furthermore,
monothioglycerol reduces lipoprotein particle aggregation induced by
liposomal adjuvant formulations of MPL and QS21, thereby providing a liquid
formulation similar to that of purified bulk shortly after preparation.
Purified bulk in the context of this specification refers to purified
antigen in bulk quantity, which is more than two doses. Final bulk in the
context of this specification refers to more than one or two doses of
purified antigen and excipients, such as phosphate buffered saline,
excluding adjuvant components. RTS,S when formulated at 50 mg/ml with 0.01%
monothioglycerol in the absence of adjuvant had a profile after storage at
370C for 7 days identical to fresh bulk. 0.01% Monothioglycerol was also
sufficient to protect RTS, S from aggregation catalyzed by light.
Nevertheless is it expected to obtain a shelf life of about 2 or 3 years
for a liquid formulation of a lipoprotein particle of a Plasmodium CS
protein, for example at 100 mg/ml of antigen and for example up to 1.0% w/v
such as 0.02, 0.05 or 0.08% of monothioglycerol. In one aspect of the
invention the reducing agent is not dithiotreitol. Liquid components of the
vaccine, including adjuvant components thereof, may require storage at
about 40C. The formulations of the invention have a pH and osmolality
suitable for injection. Suitably, the pH of the liquid formulation is about
6.5 to 7.2 such as about 6.6, 6.7, 6.8, 6.9, 7.0 or 7.1. The formulations
of the invention may further comprise a preservative such as thiomersal,
for example when more than 10 doses are provided together. However, in at
least one embodiment the formulations described herein are thiomersal free.
Studies indicated that RTS,S, for example at 50 mg/ml stored with 0.01 or
0.04% monothioglycerol after 5 weeks at 40C or 370C had no detectable
antigen loss by non specific adsorption. Furthermore, no modification of
RTS, S particle size distribution was observed after accelerated stability
ie storage for 7 days at 370C, followed by the exposure to intense 



light for about 15 hours (referred to herein as accelerated oxidation
testing AOT). In one aspect the invention is provided as a component for a
malaria vaccine as a separate liquid formulation and an adjuvant suitable
for addition to same, optionally as a kit comprising separate vials of the
each element. In one aspect of this embodiment each vial is visually
distinct, for example the crimped cap on one vial is coloured to
distinguishit from the other vial and/or one vial is amber (such as the
antigen containing vial) and one vial is clear (such as the adjuvant
containing vial). Suitable vials include for example 3mL glass vials. In
one aspect the invention provides lyophilized component containing the
antigen and the stabilizing agent (or reducing agent as herein described),
which may then be reconstituted with liquid adjuvant. The lyophilized
component and the liquid adjuvant (such as an oil in water or liposomal
formulation of MPL and QS21) may be provided as a kit. This aspect of the
invention has the advantage that it does not need to be used immediately
after reconstitution but is stable for storage for at least 24 hours, for
example antigenicity of the antigen is maintained for at least 24 hours
when stored at 250C post mixing. Adjuvants are discussed in detail below.
In one aspect of the invention there is provided a final liquid
formulation. Final liquid formulation refers a liquid formulation
containing up to 10 doses such as 1 or 2 doses and containing all
excipients other than adjuvant components. In one aspect the component or
final vaccine is provided as a single dose. Vaccine in the context of this
specification is the immunogenic formulation containing all the components
including adjuvant components suitable for injection into a human. In one
aspect the component or final vaccine is provided as a bidose. This can be
beneficial (for example when the quantities for one dose are small) because
providing two doses can minimize losses of vital components when
reconstituting and/or administering the final formulation. Thus a vaccine
is, for example provided as 2-vial formulation in a bidose presentation
comprising:  vial 1: 500ml (2 doses) of RTS, S 2x concentrated (lOOmg/ml) +
monothioglycerol (0.02, 0.05 or 0.08%)  vial 2 : 500ml (2 doses) of
adjuvant 2x concentrated (ASOl) After reconstitution the formulation
provides ImI (2 doses) of RTS, S in ASOl, + monothioglycerol 0.01, 0.025 or
0.04%. P. Vivax antigens CSV-S protein employed in the invention may
comprise: a portion derived from the CS protein of P. vivax (CSV). This CSV
antigen may a native protein such as found in type I CS proteins of P.vivax
and/or as found in type II proteins of P.vivax. Alternatively the CSV
protein may be a hybrid protein or chimeric protein comprising elements
from said type I and II CS proteins. When the latter is fused to the S
antigen this will be referred to herein as a hybrid fusion protein. CSV-S
is used herein as a generic term to cover fusion proteins comprising a
sequence/fragment from the CS protein of P. vivax and a sequence from the
S-antigen of Hepatitis B.The hybrid/chimeric protein will generally
comprise: at least one repeat unit derived from the central repeat section
of a type I circumsporozoite protein of P. vivax, and at least one repeat
unit derived from the central repeating section of a type II
circumsporozoite protein of P. vivax. 



Generally the hybrid protein will also contain an N-terminus fragment from
CS protein of Plasmodium such as P. vivax, for example a fragment
comprising region I such as the amino acids shown in SEQ ID No. 1. Usually
the hybrid protein will contain a C-terminus fragment from CS protein of
Plasmodium such as P. vivax, for example a fragment comprising region II
such as the motif shown in SEQ ID No 2. Whilst not wishing to be bound by
theory it is thought that the N and C terminal fragments include several T
and B cell epitopes. Any suitable strain of P. vivax may be employed in the
invention including: Latina, America (ie Sal 1, Belem), Korean, China,
Thailand, Indonesia, India, and Vietnam. The construct in SEQ ID No 13 is
based on a Korean strain (more specifically a South Korean strain). P.
vivax with type I CS proteins is more prevalent than P. vivax with type II
CS proteins. Therefore in one aspect the invention employs a CS protein
from type I . In an alternative aspect the invention provides a hybrid
protein comprising a repeat unit from type I and a repeat unit from type
II, for example wherein more repeat units from type I are included in the
hybrid than repeat units of type II. More specifically the hybrid protein
of the invention may include 1 to 15 repeat units such as 9 repeat units
from type I . Examples of suitable repeat units from type I CS proteins are
given in SEQ ID No.s 3 to 9. In one embodiment the invention provides a
hybrid with a mixture of different repeat units of type I, such as one of
each of those listed in SEQ ID No.s 3 to 9. One or more repeat units may be
duplicated in the hybrid, for example two repeat units of SEQ ID No 3
and/or 4 may be incorporated into the construct. a) In one aspect the CS
protein comprises a unit of SEQ ID No 3. b) In one aspect the CS protein
comprises a unit of SEQ ID No 4, optionally in combination with units as
described in paragraph a) directly above.c) In one aspect the CS protein
comprises a unit of SEQ ID No 5, optionally in combination with units as
described in paragraph a) or b) directly above. d) In one aspect the CS
protein comprises a unit of SEQ ID No 6, optionally in combination with one
or more units as described in paragraphs a) to c) directly above. f) In one
aspect the CS protein comprises a unit of SEQ ID No 7, optionally in
combination with one or more units as described in paragraph a) to d)
directly above. g) In one aspect the CS protein comprises a unit of SEQ ID
No 8, optionally in combination with one or more units as described in
paragraph a) to f) directly above. h) In one aspect the CS protein
comprises a unit of SEQ ID No 9, optionally in combination with one or more
units as described in paragraph a) to g) directly above. Examples of
suitable component repeat units from type II CS proteins are given in SEQ
ID No.s 10 and 14, such as 10. In one aspect of the invention there is
provided a hybrid protein with 5 or less repeat units derived from type II
such as one repeat unit, for example as shown in SEQ ID No. 10. The hybrid
may also include the 12 amino acid insertion found at the end of the repeat
region found in certain Asian strains of P. vivax, for example as shown in
SEQ ID No. 11. In one embodiment the hybrid protein comprises about 257
amino-acids derived from P. vivax CS protein. 



The CSV derived antigen component of the invention is generally fused to
the amino terminal end of the S protein. It is believed that the presence
of the surface antigen from Hepatitis B boosts the immunogenicity of the CS
protein portion, aids stability, and/or assists reproducible manufacturing
of the protein. In one embodiment the hybrid fusion protein comprises about
494 amino acids, for example about 257 of which are derived from P. vivax
CS protein. The hybrid fusion protein may also include further antigens
derived from P.falciparium and/or P. vivax, for example wherein the antigen
is selected from DBP, PvTRAP, PvMSP2, PvMSP4, PvMSP5, PvMSPb, PvMSP7,
PvMSP8, PvMSP9, PvAMAl and RBP or fragment thereof. Other example, antigens
derived from Pfalciparum include ,PfEMP-I, Pfs 16 antigen, MSP-I, MSP-3,
LSA-I, LSA-3, AMA-I and TRAP. Other Plasmodium antigens include
P.falciparum EBA, GLURP, RAPl, RAP2, Sequestrin, PO32, STARP, SALSA,PfEXPl,
Pfs25, Pfs28, PFS27/25, Pfs48/45, Pfs230 and their analogues in other
Plasmodium spp. In an embodiment the hybrid fusion protein (CSV-S) has the
amino acid sequence shown in SEQ ID No. 17. In the sequence amino acids 6
to 262 are derived from CSV and 269 to 494 are derived from S. The
remaining amino acids are introduced by genetic construction (which, in
particular may be varied as appropriate). These four amino acids, Met, Met
Ala Pro, are derived specifically from plasmid pGFl-S2 (see Fig. 4) The
nucleotide sequence for protein of SEQ ID No 17 is given in SEQ ID No 16.
The polynucleotide sequences which encode immunogenic CS polypeptides may
be codon optimised for mammalian cells. Such codon-optimisation is
described in detail in WO 05/025614. RTS S The component of the protein
particles of the invention termed RTS (ie derived from P.falciparum) can be
prepared as described in WO 93/10152, which includes a description of the
RTS* (from P.falciparum NF54/3D7 strain- referred to herein as RTS). In one
or more embodiments of the invention the antigen derived from P.falciparum
employed in the fusion protein may be the substantially the whole CS
protein thereof. In one embodiment of the invention full-length S-antigen
is employed. In another embodiment a fragment of said S-antigen is
employed. In one embodiment the antigen derived from of P'. falciparum
comprises at least 4 repeat units the central repeat region. More
specifically this antigen comprises a sequence which contains at least 160
amino acids, which is substantially homologous to the Cterminal portion of
the CS protein. The CS protein may be devoid of the last 12 to 14 (such as
12) amino-acids from the C terminal. More specifically the fusion protein
derived from P.falciparium employed is that encoded for by the nucleotide
sequence for the RTS expression cassette, provide in SEQ ID No 18.
S-Antigen from Hepatitis B Suitable S antigens may comprise a preS2 region.
An example of a suitable serotype is adw (Nature 280:815-819, 1979).
Usually the sequence from Hepatitis B will be full length S-antigen.
Generally the preS2 region will not be included. 



In one aspect the hybrid fusion proteins of the invention comprise a
portion derived from a mutant S protein, for example as described in
published US application No.2006/194196 (also published as WO 2004/1
13369). This document describes a mutant labeled HDB05. In particular it
describes comparisons of the mutant and wild type proteins in Figures 1 and
6 and genes for the mutant in figures 4 and 5. Sequence 12 to 22 therein
describe particular polypeptides of the mutant S protein. Each of the above
is incorporated herein by reference. The fusion protein CSV-S may for
example be prepared employing the plasmid pGFl-S2 (see Fig. 2 and the
examples for further details), which when the appropriate sequence
corresponding to CSV is inserted at the Saml cloning site can under
suitable conditions produce the fusion protein CSV-S. The DNA sequences
encoding the proteins of the present invention may be flanked by
transcriptional control elements, preferably derived from yeast genes and
incorporated into an expression vector. An expression cassette for hybrid
proteins employed in the invention may, for example, be constructed
comprising the following features:  A promoter sequence, derived, for
example, from the S.cerevisiae TDH3 gene.  A sequences encoding for an
appropriate fusion protein.  A transcription termination sequence contained
within the sequence, derived, for example, from the S. cerevisiae ARG3
gene. An example of a specific promoter is the promoter from the S.
cerevisiae TDH3 gene Musti et al. A suitable plasmid can then be employed
to insert the sequence encoding for the hybrid fusion protein into a
suitable host for synthesis. An example of a suitable plasmid is pRIT 15546
a 2 micron-based vector for carrying a suitable expression cassette, see
Fig 1 and Examples for further details. The plasmid will generally contain
an in-built marker to assist selection, for example a gene encoding for
antibiotic resistance or LEU2 or HIS auxotrophy. Generally the host will
have an expression cassette for each fusion protein in the particle and may
also have one or more expression cassettes for the S antigen integrated in
its genome. The invention also relates to a host cell transformed with a
vector according to the invention. Host cells can be prokaryotic or
eukaryotic but preferably, are yeast, for example Saccharomyces (for
example Saccharomyces cerevisiae such as DC5 in ATCC data base (accession
number 20820), under the name RIT DC5 cir(o). Depositor: Smith Kline-RITj
and non- Saccharomyces yeasts. These include Schizosaccharomyces (eg
Schizosaccharomyces pombe) Kluyveromyces (eg Kluyveromyces lactis), Pichia
(eg Pichia pastoris) , Hansenula (eg Hansenula polymorpha), Yarrowia (eg
Yarrowia lipolytica) and Schwanniomyces (eg Schwanniomyces occidentalis).A
suitable recombinant yeast strain is Yl 834 (and use thereof forms part of
the invention) for expressing the fusion protein, see Examples for
preparation of the same. The nucleotide sequences or part thereof (such as
the portion encoding the CS/hybrid protein but optionally not the portion
encoding protein S) employed herein may be codon-optimized for expression
in a host, such as yeast. The host cell may comprise an expression cassette
for a fusion protein derived from P. vivax and an expression cassette for
the fusion protein derived from P.falciparum and optionally S antigen. In
certain hosts, such as yeast cells, once expressed the fusion protein
(comprising the S 



antigen) is spontaneously assembled into a protein structure/particle
composed of numerous monomers of said fusion proteins. When the yeast
expresses two different fusion proteins (or a fusion(s) protein and S
antigen) these are believed to be coassembled in particles. When the chosen
recipient yeast strain already carries in its genome several integrated
copies of Hepatitis B S expression cassettes then the particles assembled
may also include monomers of unfused S antigen. These particles may also be
referred to a Virus Like Particles (VLP). The particles may also be
described as multimeric lipoprotein particles, or simply as immunogenic
particles. Thus there is provided an immunogenic protein particle
comprising the following monomers: a . a fusion protein comprising
sequences derived from a CS protein of P.vivax, (such as CSV-S) and/or b. a
fusion protein comprising sequences derived from CS protein of P.
falciparum (such as RTS), and c . optionally unfused S antigen wherein said
particle(s) is/are in association with a stabilizing agent for example as
defined above such as monothioglycerol, cysteine or mixtures thereof, In
one aspect the invention provides an immunogenic protein particle
comprising the monomers a) and/or b) and c) as defined above and protective
wherein the oxygen has been removed from a container or vial holding the
particles and/or wherein the particle(s) is/are protect from light, for
example by amber glass containers. In a further aspect the invention
provides use of a fusion protein comprising: a) a sequence derived from a
CS protein of P vivax (such as a sequence from the repeat region of type I
and/or type II) b) a sequence derived from the CS protein of P.falciparum
(such as a sequence from the repeat region thereof), and c) a sequence from
the S-antigen of Hepatitis Bwhich when expressed in a suitable host
provides virus like particles comprising the fusion protein and optionally
unfused S antigen to produce particle(s) in association with a reducing
agent as defined herein, for example selected from monothioglycerol,
cysteine or mixtures thereof. In a further aspect the invention provides
use of a fusion protein comprising: a) a sequence derived from a CS protein
of P vivax (such as a sequence from the repeat region of type I and/or type
II) b) a sequence derived from the CS protein of P'. falciparum (such as a
sequence from the repeat region thereof), and c) a sequence from the
S-antigen of Hepatitis B which when expressed in a suitable host provides
virus like particles comprising the fusion protein and optionally unfused S
antigen to produce particle(s) in an environment wherein the oxygen has
been removed and/or the protein/particle(s) is/are protected from light by,
for example using amber glass containers. Thus the invention extends to use
of a reducing agent with at least one thiol functional group, for example
as described herein such as monothioglycerol, cysteine or mixtures thereof
and particularly monothioglycerol to stabilize a protein particle
comprising a fusion protein derived from CS protein of P.vivax and/or a
fusion protein derived from CS protein of P.falciparium (such as RTS) in
the form of immunogenic lipoprotein 



particles. Thus the invention provides use of a reducing agent with at
least one thiol functional group, for example as described herein such as
monothioglycerol to stabilize a VLP comprising CSV-S and/or RTS units. In
one aspect the invention provides a particle consisting essentially of
CSV-S and/or RTS units. In an alternative aspect the particles produced
comprise or consist of essentially of CSV-S and/or RTS and S units. It is
hypothesized that the lipoprotein particles employed in the invention may
contribute to further stimulating in vivo the immune response to the
antigenic protein(s). It is further hypothesized that the addition
stabilizing agent with at least one thiol functional group, for example as
described herein such as monothioglycerol, cysteine and mixtures provide
internal stabilization to each particle and thus the agent may become
associated or internalized within a given particle. The present invention
also relates to vaccines comprising an immunoprotective amount of a
stabilized protein particle according to the invention in admixture with a
suitable excipient for example a diluent. Vaccine in the context of the
present specification refers to a formulation containing all the components
including adjuvant components and suitable for injection into a human
patient.Stabilized in the context of the present invention is intended to
mean by reference to a corresponding formulation wherein a stabilizing
agent (also referred to herein as a reducing agent) with at least one thiol
functional group, for example as described herein such as monothioglycerol,
cysteine and mixtures thereof, are omitted, for example when stored for 7
or 14 days at 370C and/or when stored under accelerated stability
conditions such as 7 days a 370C followed by treatment for about 15 hours
in the presence of intense light. Stability may be with reference to
particle size (as for example measure by light scattering techniques, Size
Exclusion Chromatography or Field Flow Fractionation) and/or
aggregation/degradation (as for example measure by SDS-page and Western
Blot) and/or antigenicity (as for example measured by ELISA) and/or
immunogenicity (as for example measured in vivo). In one aspect stability
refers to the absence of aggregation and degradation. Compositions In the
context of this specification excipient, refers to a component in a
pharmaceutical formulation with no therapeutic effect in its own right.
Adjuvant is an excipient because although there may be a physiological
effect produced by the adjuvant in the absence of the therapeutic component
such as antigen this physiological effect is non-specific and is not
therapeutic in its own right. A diluent or liquid carrier falls within the
definition of an excipient. Immunogenic in the context of this
specification is intended to refer to the ability to elicit a specific
immune response to the CS portion and/or the S antigen portion of the
fusion protein employed. This response may, for example be when the
lipoprotein particle is administered in an appropriate formulation which
may include/require a suitable adjuvant. A booster comprising a dose
similar or less than the original dose may be required to obtain the
required immunogenic response. The composition/pharmaceutical formulations
according to the invention may also include in admixture one or more
further antigens such as those derived from P. falciparium and/or P. vivax,
for example wherein the antigen is selected from DBP, 



PvTRAP, PvMSP2, PvMSP4, PvMSP5, PvMSPb, PvMSP7, PvMSP8, PvMSP9, PvAMAl and
RBP or fragment thereof. Other example, antigens derived from Pfalciparum
include ,PfEMP-I, Pfs 16 antigen, MSP-I, MSP-3, LSA-I, LSA-3, AMA-I and
TRAP. Other Plasmodium antigens include P.falciparum EBA, GLURP, RAPl,
RAP2, Sequestrin, PO32, STARP, SALSA, PfEXPl, Pfs25, Pfs28, PFS27/25,
Pfs48/45, Pfs230 and their analogues in other Plasmodium spp. The
compositions/pharmaceutical formulations according to the invention may
also comprise particles of RTS, S (as described in WO 93/10152) in
admixture with the particles comprising CSV-S.In the vaccine of the
invention, an aqueous solution of the particle may be used directly.
Alternatively, the protein with or without prior lyophilization can be
mixed or absorbed with an adjuvant. Adjuvants Suitable adjuvants are those
selected from the group of metal salts, oil in water emulsions, Toll like
receptors agonist, (in particular Toll like receptor 2 agonist, Toll like
receptor 3 agonist, Toll like receptor 4 agonist, Toll like receptor 7
agonist, Toll like receptor 8 agonist and Toll like receptor 9 agonist),
saponins or combinations thereof with the proviso that metal salts are only
used in combination with another adjuvant and not alone unless they are
formulated in such a way that not more than about 60% of the antigen is
adsorbed onto the metal salt. In one embodiment the adjuvant does not
include a metal salt as sole adjuvant. In one embodiment the adjuvant does
not include a metal salt. In an embodiment the adjuvant is a Toll like
receptor (TLR) 4 ligand, for example an agonist such as a lipid A
derivative particularly monophosphoryl lipid A or more particularly
3-deacylated monophoshoryl lipid A (3D - MPL). 3-Deacylated monophosphoryl
lipid A is known from US patent No. 4,912,094 and UK patent application No.
2,220,21 1 (Ribi) and is available from Ribi Immunochem, Montana, USA.
3D-MPL is sold under the trademark MPL(r) by Corixa corporation and
primarily promotes CD4+ T cell responses with an IFN-g (ThI) phenotype. It
can be produced according to the methods disclosed in GB 2 220 2 11A.
Chemically it is a mixture of 3- deacylated monophosphoryl lipid A with 3,
4, 5 or 6 acylated chains. Preferably in the compositions of the present
invention small particle 3D- MPL is used. Small particle 3D -MPL has a
particle size such that it may be sterile-filtered through a 0.22mm filter.
Such preparations are described in WO 94/21292. Synthetic derivatives of
lipid A are known and thought to be TLR 4 agonists including, but not
limited to: OM174
(2-deoxy-6-O-[2-deoxy-2-[(R)-3-dodecanoyloxytetra-decanoylamino]-4-ophospho
no- b-D-glucopyranosyl]-2-[(R)-3-hydroxytetradecanoylamino]-
a-Dglucopyranosyldihydrogenphosphate), (WO 95/14026); OM 294 DP (3S, 9 R)
-3-[(R)-dodecanoyloxytetradecanoylamino]-4-oxo-5-aza-9(R)-
[(R)-3-hydroxytetradecanoyl amino]decan- 1,10-diol,
1,10-bis(dihydrogenophosphate) (WO99 /64301 and WO 00/0462 ); OM 197 MP-Ac
DP ( 3S-, 9R) -3-[(R) -dodecanoyloxytetradecanoylamino]-4-oxo-5-aza-
9-[(R)-3-hydroxytetradecanoyl amino]decan-1,10-diol, 1
-dihydrogenophosphate 10-(6- aminohexanoate) (WO 01/46127).Typically when
3D-MPL is used the antigen and 3D-MPL are delivered with alum or presented
in an oil in water emulsion or multiple oil in water emulsions. The 



incorporation of 3D-MPL is advantageous since it is a stimulator of
effector T-cells responses. Other TLR4 ligands which may be used are alkyl
Glucosaminide phosphates (AGPs) such as those disclosed in WO 9850399 or US
6303347 (processes for preparation of AGPs are also disclosed), or
pharmaceutically acceptable salts of AGPs as disclosed in US 6764840. Some
AGPs are TLR4 agonists, and some are TLR4 antagonists. Both are thought to
be useful as adjuvants. Another immunostimulant for use in the present
invention is Quil A and its derivatives. Quil A is a saponin preparation
isolated from the South American tree Quilaja Saponaria Molina and was
first described as having adjuvant activity by Dalsgaard et al. in 1974
("Saponin adjuvants", Archiv. fur die gesamte Virusforschung, Vol. 44,
Springer Verlag, Berlin, p243-254). Purified fragments of Quil A have been
isolated by HPLC which retain adjuvant activity without the toxicity
associated with Quil A (EP 0 362 278), for example QS7 and QS21 (also known
as QA7 and QA21). QS21 is a natural saponin derived from the bark of
Quillaja saponaria Molina which induces CD8+ cytotoxic T cells (CTLs), ThI
cells and a predominant IgG2a antibody response. Particular formulations of
QS21 have been described which further comprise a sterol (WO 96/33739). The
ratio of QS21: sterol will typically be in the order of 1:100 to 1 : 1
weight to weight. Generally an excess of sterol is present, the ratio of
QS21 : sterol being at least 1 : 2 w/w. Typically for human administration
QS21 and sterol will be present in a vaccine in the range of about 1 mg to
about 100 mg, such as about 10 mg to about 50 mg per dose. The liposomes
generally contain a neutral lipid, for example phosphatidylcholine, which
is usually non-crystalline at room temperature, for example eggyolk
phosphatidylcholine, dioleoyl phosphatidylcholine or dilauryl
phosphatidylcholine. The liposomes may also contain a charged lipid which
increases the stability of the lipsome-QS21 structure for liposomes
composed of saturated lipids. In these cases the amount of charged lipid is
often 1-20% w/w, such as 5-10%. The ratio of sterol to phospholipid is
1-50% (mol/mol), such as 20-25%. These compositions may contain MPL
(3-deacylated mono-phosphoryl lipid A, also known as 3D-MPL). 3D-MPL is
known from GB 2 220 2 11 (Ribi) as a mixture of 3 types of De-O-acylated
monophosphoryl lipid A with 4, 5 or 6 acylated chains and is manufactured
by Ribi Immunochem, Montana. The saponins may be separate in the form of
micelles, mixed micelles (generally, but not exclusively with bile salts)
or may be in the form of ISCOM matrices (EP 0 109 942), liposomes or
related colloidal structures such as worm-like or ring-like multimeric
complexes or lipidic/layered structures and lamellae when formulated with
cholesterol and lipid, or in the form of an oil in water emulsion (for
example as in WO 95/17210).Usually, the saponin is presented in the form of
a liposomal formulation, ISCOM or an oil in water emulsion.
Immunostimulatory oligonucleotides may also be used. Examples
oligonucleotides for use in adjuvants or vaccines of the present invention
include CpG containing oligonucleotides, generally containing two or more
dinucleotide CpG motifs separated by at least three, more preferably at
least six or more nucleotides. A CpG motif is a Cytosine nucleotide
followed by a Guanine nucleotide. The CpG oligonucleotides are typically
deoxynucleotides. In one embodiment the internucleotide in the
oligonucleotide is phosphorodithioate, or more preferably a
phosphorothioate bond, although 



phosphodiester and other internucleotide bonds are within the scope of the
invention. Also included within the scope of the invention are
oligonucleotides with mixed internucleotide linkages. Methods for producing
phosphorothioate oligonucleotides or phosphorodithioate are described in US
5,666,153, US 5,278,302 and WO 95/26204. Examples of oligonucleotides are
as follows: TCC ATG ACG TTC CTG ACG T T (CpG 1826) - SEQ ID No. 20 TCT CCC
AGC GTG CGC CAT (CpG 1758) - SEQ ID No. 2 1 ACC GAT GAC GTC GCC GGT GAC GGC
ACC ACG - SEQ ID No. 22 TCG TCG TTT TGT CGT TTT GTC GTT (CpG 2006) - SEQ ID
No. 23 TCC ATG ACG TTC CTG ATG C T (CpG 1668) - SEQ ID No. 24 TCG ACG TTT
TCG GCG CGC GCC G (CpG 5456) - SEQ ID No. 25 the sequences may contain
phosphorothioate modified internucleotide linkages. Alternative CpG
oligonucleotides may comprise one or more sequences above in that they have
inconsequential deletions or additions thereto. The CpG oligonucleotides
may be synthesized by any method known in the art (for example see EP
468520). Conveniently, such oligonucleotides may be synthesized utilising
an automated synthesizer. Examples of a TLR 2 agonist include peptidoglycan
or lipoprotein. Imidazoquinolines, such as Imiquimod and Resiquimod are
known TLR7 agonists. Single stranded RNA is also a known TLR agonist (TLR8
in humans and TLR7 in mice), whereas double stranded RNA and poly IC
(polyinosinic-polycytidylic acid - a commercial synthetic mimetic of viral
RNA) are exemplary of TLR 3 agonists. 3D-MPL is an example of a TLR4
agonist whilst CpG is an example of a TLR9 agonist. An immunostimulant may
alternatively or in addition be included. In a one embodiment this
immunostimulant will be 3-deacylated monophosphoryl lipid A (3D-MPL). In
one aspect the adjuvant comprises 3D-MPL. In one aspect the adjuvant
comprises QS21.In one aspect the adjuvant comprises CpG. In one aspect the
adjuvant is formulated as an oil in water emulsion. In one aspect the
adjuvant is formulated as liposomes. Adjuvants combinations include 3D-MPL
and QS21 (EP 0 671 948 Bl), oil in water emulsions comprising 3D-MPL and
QS21 (WO 95/17210, WO 98/56414), 3D-MPL and QS21 in a liposomal
formulation, or 3D-MPL formulated with other carriers (EP 0 689 454 Bl).
Other adjuvant systems comprise a combination of 3D-MPL, QS21 and a CpG
oligonucleotide as described in US 6558670 and US 6544518. In one
embodiment of the present invention provides a vaccine comprising a
stabilized particle as herein described, in combination with 3D-MPL and a
diluent. Typically the diluent will be an oil in water emulsion or alum.
Vaccine preparation is generally described in New Trends and Developments
in Vaccines, edited by Voller et al., University Park Press, Baltimore,
Maryland, U.S.A., 1978. Encapsulation within liposomes is described, for
example, by Fullerton, U.S. Patent 4,235,877. The amount of the protein
particles of the present invention present in each vaccine dose is selected
as an amount which induces an immunoprotective response without
significant, adverse side effects in typical vaccines. Such amount will
vary depending upon which specific immunogen is employed and whether or not
the vaccine is adjuvanted. Generally, it is expected that each does will
comprise l-1000 mg of protein, 



preferably 1-200 mg most preferably 10-100mg. An optimal amount for a
particular vaccine can be ascertained by standard studies involving
observation of antibody titres and other responses in subjects. Following
an initial vaccination, subjects will preferably receive a boost in about 4
weeks, followed by repeated boosts every six months for as long as a risk
of infection exists. The immune response to the protein of this invention
is enhanced by the use of adjuvant and or an immunostimulant. The amount of
3D-MPL used is generally small, but depending on the vaccine formulation
may be in the region of l-1000 mg per dose, for example l-500 mg per dose,
or between 1 to lOOmg per dose, such as 50 or 25mg per dose. The amount of
CpG or immunostimulatory oligonucleotides in the adjuvants or vaccines of
the present invention is generally small, but depending on the vaccine
formulation may be in the region of l-1000 mg per dose, for example l-500
mg per dose, such as between 1 to lOOmg per dose. The amount of saponin for
use in the adjuvants of the present invention may be in the region of
l-1000 mg per dose, for example l-500 mg per dose, such as l-250 mg per
dose, particularly between 1 to lOOmg per dose especially 50 or 25mg per
dose.Formulations The formulations of the present invention may be used for
both prophylactic and therapeutic purposes. Accordingly the invention
provides a vaccine composition as described herein for use in medicine, for
example, for the treatment (or phrophylaxis) of malaria (or in the
manufacture of a medicament for the treatment/prevention of malaria). A
further aspect of the present invention is to provide a process for the
preparation of vaccine components and vaccines and kits comprising elements
of the invention, which process comprises expressing DNA sequence encoding
the protein, in a suitable host, for example a yeast, and recovering the
product as a lipoprotein particle and mixing the latter with at least a
stabilizing agent as defined herein, in particular monothioglycerol,
cysteine and mixtures thereof, such as monothioglycerol. The final bulk is
usually distributed aseptically in 3 ml glass vials which are then loosely
stoppered and transferred to the lyophilizer to undergo a freeze-drying
cycle of about 4Oh. In processes for preparing the antigen component the
excipients will generally be added and mixed and as the final step the
antigen/lipoprotein particle will be added. For this preparation protective
measures such as removing oxygen from the vials or protecting the vaccine
against light by using amber glass containers may eventually be applied
too, in combination with use of a stabilizing agent or as an alternative.
In aspects of the invention wherein the oxygen has removed, the
formulation/components/particles etc may be stored under nitrogen. The
adjuvant will often be added to a liquid formulation of the antigen (or a
lyophilized formulation of the antigen) to form a vaccine. A further aspect
of the invention lies in a method of treating a patient susceptible to
Plasmodium infections by administering an effective amount of a vaccine as
hereinbefore described. In a further aspect there is provided an antigenic
component for a vaccine or vaccine according to the invention for treatment
(or use of same for the manufacture of a medicament for the
treatment/prevention of malaria). The invention also includes prime boost
regimes comprising one or more of the various components described herein. 



In the context of this specification comprising is to be interpreted as
including. In one aspect the invention provides a stabilized malaria
antigen as herein described in a 3mL glass vial, for example an amber vial,
which optionally has been flushed with nitrogen before filling to eliminate
oxygen species in vial.A vial employed may be siliconised or unsiliconised.
The invention also to extends to separate embodiments consisting or
consisting essentially of aspects of the invention herein described
comprising certain elements, as appropriate. The examples below are shown
to illustrate the methodology, which may be employed to prepare particles
of the invention. EXAMPLES Example 1 Recipe for component for a single
pediatric dose of RTS, S malaria vaccine (2 vial formulation) Component
Amount RTS,S 25mg NaCl 2.25mg Phosphate buffer (NaZK2) 1OmM
Monothioglycerol 125mg Water for Injection Make volume to 250 mL The above
is prepared by adding RTS, S antigen to a mix of Water for Injection, NaCl
150OmM, phosphate buffer (NaZK2) 50OmM (pH 6.8 when diluted x 50) and an
aqueous solution of monothioglycerol at 10%. Finally pH is adjusted to 7.0
0.1. This may be provided as a vial together with a separate vial of
adjuvant, for example a liposomal formulation of MPL and QS21 Component
Amount l,2-di-oleoyl-5/?-glycero-3-phosphocholine (DOPC) 500 mg Cholesterol
125 mg MPL 25 mg QS21 25 mg NaCl 2.25mgPhosphate buffer (NaZK2) 1OmM Water
for Injection Make volume to 250 mL For administration the adjuvant
formulation is added to the component formulation, for example using a
syringe, and then shaken. Then the dose is administered in the usual way.
The pH of the final liquid formulation is about 6.6 +/- 0.1. Example IA A
final pediatric liquid formulation ( 1 vial) according to the invention may
be prepared according to the following recipe. Component Amount RTS,S 25mg
NaCl 4.5mg Phosphate buffer (NaZK2) 1OmM Monothioglycerol 125mg
1,2-di-oleoyl-5/?-glycero-3-phosphocholine (DOPC) 500 mg 



Cholesterol 125 mg MPL 25 mg QS21 25 mg Water for Injection Make volume to
500 mL The pH of the above liquid formulation is either adjusted to 7.0 +/-
0.1 (which is favorable for antigen stability, but not favorable at all for
the MPL stability), or to 6.1 +/- 0.1 (which is favorable for MPL
stability, but not favorable at all for RTS,S stability). Therefore this
formulation is intended for rapid use after preparation. The above is
prepared by adding RTS, S antigen to a mix of Water for Injection, NaCl
150OmM, phosphate buffer (NaZK2) 50OmM (pH 6.8 when diluted x 50) and an
aqueous solution of monothioglycerol at 10%. Then a premix of liposomes
containing MPL with QS21 is added, and finally pH is adjusted.Example IB A
final adult dose ( 1 vial formulation) for the RTS, S according to the
invention may be prepared as follows: Component Amount RTS,S 50mg NaCl
4.5mg Phosphate buffer (NaZK2) 1OmM Monothioglycerol 250mg
1,2-di-oleoyl-5/?-glycero-3-phosphocholine (DOPC) 1000 mg Cholesterol 250
mg MPL 50 mg QS21 50 mg Water for Injection Make volume to 500 mL Example
1C Example 1C may prepared by putting Example 1, IA or IB in an amber vial,
for example flushed with nitrogen before filing. Example 2 The component
according to the invention may also be provided as a bi dose for use in
pediatric population (2 vial formulation). Component Amount RTS,S 50mg NaCl
4.5mg Phosphate buffer (NaZK2) 1OmM Monothioglycerol 250mg Water for
Injection Make volume to 500 mL The above is prepared by adding RTS, S
antigen to a mix of Water for Injection, NaCl 150OmM, phosphate buffer
(NaZK2) 50OmM (pH 6.8when diluted x 50) and an aqueous solution of
monothioglycerol at 10%. Finally pH is adjusted to 7.0  0.1. This may be
provided a vial together with a separate vial of adjuvant, for example a
liposomal formulation of MPL and QS21 Component Amount 



1,2-di-oleoyl-5/?-glycero-3-phosphocholine (DOPC) 1000 mg Cholesterol 250
mg MPL 50 mg QS21 50 mg NaCl 4.5mg Phosphate buffer (NaZK2) 1OmM Water for
Injection Make volume to 500 mL For administration the adjuvant formulation
is added to the component formulation, for example using a syringe, and
then shaken. Then a single dose is withdrawn (500 mL) and is administered
in the usual way. The pH of the final liquid formulation is about 6.6 +/-
0.1. Example 2A A final pediatric liquid formulation ( 1 vial) according to
the invention may be prepared as a bidose according to the following
recipe. Component Amount RTS,S 50 mg NaCl 9 mg Phosphate buffer (NaZK2)
1OmM Monothioglycerol 250 mg l,2-di-oleoyl-5/?-glycero-3-phosphocholine
(DOPC) 1000 mg Cholesterol 250 mgMPL 50 mg QS21 50 mg Water for Injection
Make volume to 1000 mL The pH of the above liquid formulation is either
adjusted to 7.0 +/- 0.1 (which is favorable for antigen stability, but not
favorable at all for the MPL stability), or to 6.1 +/- 0.1 (which is
favorable for MPL stability, but not favorable at all for RTS,S stability).
Therefore this formulation is intended for rapid use after preparation. The
above is prepared by adding RTS, S antigen to a mix of Water for Injection,
NaCl 150OmM, phosphate buffer (NaZK2) 50OmM (pH 6.8 when diluted x50) and
an aqueous solution of monothioglycerol at 10%. Then a premix of liposomes
containing MPL with QS21 is added, and finally pH is adjusted. Example 2B A
final adult dose ( 1 vial formulation) for the RTS, S according to the
invention may be prepared as a bidose as follows: Component Amount RTS,S
100 mg NaCl 9 mg Phosphate buffer (NaZK2) 1OmM Monothioglycerol 500 mg
1,2-di-oleoyl-5/?-glycero-3-phosphocholine (DOPC) 2000 mg Cholesterol 500
mg MPL 100 mg 



QS21 100 mg Water for Injection Make volume to 1000 mL Example 2C Example
2C may prepared by putting Example 2, 2A or 2B in an amber vial, for
example flushed with nitrogen before filling.Example 3 Recipe for component
for a single pediatric dose of RTS, S malaria vaccine (2 vial formulation)
with a filling volume of 500ml Component Amount RTS,S 25mg NaCl 4.5mg
Phosphate buffer (NaZK2) 1OmM Monothioglycerol 50mg or 200mg Water for
Injection Make volume to 500 mL The above is prepared by adding RTS, S
antigen to a mix of Water for Injection, NaCl 150OmM, phosphate buffer
(NaZK2) 50OmM (pH 6.8 when diluted x 50) and an aqueous solution of
monothioglycerol at 10%. Finally pH is adjusted to 7.0  0.1. This may be
provided as a vial together with a separate vial of adjuvant, for example a
liposomal formulation of MPL and QS21 with a filling volume of 500ml .
Component Amount 1,2-di-oleoyl-5/?-glycero-3-phosphocholine (DOPC) 500 mg
Cholesterol 125 mg MPL 25 mg QS21 25 mg NaCl 4.5mg Phosphate buffer (NaZK2)
1OmM Water for Injection Make volume to 500 mL For administration the
adjuvant formulation is added to the component formulation, for example
using a syringe, and then shaken. Then the dose is administered in the
usual way.The pH of the final liquid formulation is about 6.6 +/- 0.1 and
the injection volume is ImI. Example 4 Accelerated stability results
indicate the following:  pH and osmolality are compatible with injection;
in terms of RTS,S content: after 5 weeks at 4C or 37C, there is no antigen
loss by non-specific adsorption;  with respect to antigen integrity (see
Figure 6, 7 and 8):  no significant degradation after accelerated stability
(7days 37C  AOT, 14days 37C);  without inerting, an antioxidant
(monothioglycerol) is required to avoid oxidative aggregation after
accelerated stability (7d 37C  AOT, 14d 37C): o 0.01% sufficient to avoid
aggregation at 37C; 



o 0.04% required for stability at 37C + AOT;  amber glass ensures antigen
protection against light (as seen after AOT);  no modification of RTS,S
particle size distribution after accelerated stability (7 days at 37C);
with respect to antigenicity (see Figure 9):  without inerting ,an
antioxidant (monothioglycerol) is required to avoid oxidative aggregation
and antigenicity increase after accelerated stability (7 days at 37C  AOT):
o 0.01 % allows a very stable antigenicity (80-120%); o 0.04 % induces a
slight antigenicity decrease (-10%) after accelerated stability;  upon
mixing with ASOl (liposomal adjuvant formulation with MPL and QS21):  RTS,S
integrity and antigenicity are maintained for at least 24 hours at 25C
post-mixing. SDS-Page analyses have been performed after storage of these
RTS,S liquid formulations with or without monothioglycerol, for 7 days, 14
days, Figure 8or even 5 weeks at 37C. Figure 6 shows  in absence of
monothioglycerol: slight RTS,S aggregation after 7days storage at 37C
(wells 3 and 4) ; complete aggregation and slight degradation in white
vials stored for 7days at 37C before exposure to AOT (well 6), while amber
glass protects RTS,S against degradation and oxidative aggregation induced
by light (well 5);  in presence of monothioglycerol 0.01%: this
concentration is sufficient to stabilize RTS,S for 7days storage at 37C
(well 7), but not when an Accelerated OxidationTest (AOT) is cumulated
(well 9), excepted when combined with amber glass (well 8);  in presence of
monothioglycerol 0.04%: this concentration is sufficient to stabilize RTS,S
for 7days storage at 37C (well 10), also when cumulated with an Accelerated
Oxidation Test (well 12); in this case filling in amber glass vials (well
11) is not required;  that mixing with ASOl has no impact on RTS,S profile,
even after 24h storage at 25C. Figure 7 shows that monothioglycerol is
required to avoid RTS,S aggregation, but both concentrations are able to
stabilize RTS,S for at least 14days storage at 37C (wells 11 and 12 vs.
well 10). Figure 8 shows that after 5 weeks at 37C RTS,S is aggregated and
degraded in all formulations; ASOl worsens aggregation in all formulations.
Example 5 RTS,S antigenicity was determined by mixed ELISA aCSP-aS on
formulations containing 0, 0.01 or 0.04% monothioglycerol, at TO( AOT) or
after 7d ( AOT) or 5w storage at 37C; it has been measured before, just
after and 24h 25C post-reconstitution with ASOl. Figure 9 shows  in absence
of monothioglycerol: o exposure to 675W for 15h (AOT) provokes an increase
in antigenicity of 50-60% (this may be linked to oxidative aggregation
observed in SDSPage), 



but filling in amber glass vials limits this antigenicity increase to -20%;
o storage for 7days at 37C provokes an increase in antigenicity of -30- 40%
(this also may be linked to oxidative aggregation observed in SDSPage); o
antigenicity decrease of -30% between 7days and 5weeks 37C; o after 24h at
25C ASOl provokes an increase in antigenicity of -20% (this also may be
linked to increase in aggregation observed in SDSPage);  in presence of 0.0
1% monothioglycerol: o monothioglycerol protects RTS,S against antigenicity
increase induced by storage for 7days at 37C, AOT (rendering amber glass
useless) or mixing with ASOl (but increase of -20% when storage for 24h at
25C in ASOl is cumulated to 7d storage at 37C); o antigenicity decrease of
-20% between 7d and 5w 37C (-> out of spec); in presence of 0.04%
monothioglycerol: o monothioglycerol protects RTS,S against antigenicity
increase induced by AOT, rendering amber glass useless; o storage for 7days
at 37C provokes a decrease in antigenicity of -20%; o no antigenicity
decrease between 7d and 5w 37C; o after 24h at 25C ASOl provokes an
increase in antigenicity of ~30- 40%. Example 6 To investigate the impact
of monothioglycerol fixation to RTS,S on recognition of RFlepitope (S) by
monoclonal antibodies, the reactivity of RTS,S for RFl ascitic fluid by
ELISA inhibition assay has been determined in RTS,S liquid formulations,
stabilized or not by monothioglycerol (MTG), at TO(time 0) or after 7d (7
days) storage at 37C (see Table 1). Table 1 Reactivity of RTS S lots for
RF1 ascitic fluid by Elisa inhibition assay. RTSS Iyo (100mg/ml) 561 2 7975
6794 Purified bulk (ERTSAPA00 1) TO 7890 6783 7337 Purified bulk
(ERTSAPA001) 7d 37CC 1393 993 1193 RTS S in NaCI PO4 TO 4 117 3528 3823 RTS
S in NaCI PO4 7d 37C 524 544 534 RTS S + MTG 0.02% TO 5732 5099 5416 RTS S
+ MTG 0.02% 7d 37C 431 0 4379 4345 RTS S + MTG 0.08% TO 5285 6438 5862 RTS
S + MTG 0.08% 7d 37C 4401 4268 4335 Monclonal antibodies to epitope RFl
were employed in the assay shown in Table 1. In Table 1 only 2 samples have
RFl -epitopes that are significantly better recognized than the others:
RTS,S Purified Bulk stored for 7days at 37C;  RTS,S in liquid formulation
containing no monothioglycerol and stored for 7days at 37C. This means that
a conformational change occurs in these samples, increasing RFl -epitope
accessibility. These results have to be considered in parallel with results
of mixed ELISA 



aCPS-aS (increase in RTS,S antigenicity in formulation without
monothioglycerol after storage for 7days at 37C). Therefore we may
concludethat monothioglycerol seems to have no negative impact on
recognition/ accessibility of RFl -epitope at TO (same level as in "fresh"
purified bulk); that level of recognition remains stable in RTS,S liquid
formulations containing monothioglycerol and stored for 7d at 37C,
indicating that RTS,S conformation is stabilized by monothioglycerol.
Immunogenicity Data Example 7 The immunogenicity of several RTS,S
formulations was evaluated and compared in mice. In these experiments, the
RTS,S, ASOl, 50 mM PO4, NaCl 100 mM, pH 6.1 vaccine formulation was used as
a benchmark for the evaluation of 3 other RTS,S formulations, i.e. 1) the
mannitol-sucrose lyophilized RTS,S (to be reconstituted with adjuvant), 2)
the liquid formulation containing 0.02 % monothioglycerol and 3) the liquid
formulation containing 0.08 % monothioglycerol (each to be mixed with ASOl
before injection). Of note, after mixing of liquid RTS,S formulations with
ASOl, the final concentrations of monothioglycerol were 0.01 % and 0.04 %.
The humoral and cellular immune responses elicited by the different RTS,S
formulations were determined in two different types of immunogenicity
experiments described below and in Example 8 respectively. Mouse humoral
immune response experiments a . Introduction The anti-CS and anti-HBs
antibody responses (total immunoglobulins) elicited in mice immunized with
the different RTS,S formulations were evaluated and compared. b.
Experimental design The experimental design followed the one from the
current in vivo potency assay of the RTS,S/AS01 vaccine, i.e. the Balb/C
mouse strain, a single intra-peritoneal injection of the dose release from
the in vivo potency assay (0.25mg RTS,S) and the measurement by ELISA of
the anti-CS & anti-HBs antibody responses (total immunoglobulins) in the
sera at 28 days post-immunization. In order to define the sample size of
the experiment, the variability of the anti-CS and anti-HBs antibody
responses estimated from the in vivo potency assay performed with RTS, S
formulated with ASOl adjuvant, was used. Based on this, the statisticians
determined that a sample size of 25 mice per group (in 2 different
experiments) wouldallow the detection of a 2-fold difference between the
group means in a two-way ANOVA with a power of 90.9 %. c . Results The
anti-CS serology (total Ig) was performed using the sera collected 28 days
postimmunization. The titres from the 50 mice/group were expressed in Log
and are presented in Figure 10. The statistical analysis (Dunnett)
associated with the anti-CS serology results is summarized in Table 4.
Table 4 Statistical comparisons of anti-CS GMTs between various RTS S
formulations These results indicate that the anti-CS total Ig response
elicited by the mannitol-sucrose 



lyo or the liquid RTS,S formulations were not statistically different from
the one induced by RTS,S when formulated in a liposomal adjuvant
formulation of MPL and QS21 (statistical power of 92.7 % to detect a 2 fold
difference in Ab titres). The anti-HBs serology (total Ig) was performed
using the sera collected 28 days postimmunization. The titres from the 50
mice/group were expressed in Log and are presented in Figure 11. The
statistical analysis (Dunnett) associated with the anti-HBs serology
results is summarized in Table 5 . Table 5 Statistical comparisons of
anti-HBs GMTs between individual alternative RTS S formulations and the
current RTS9S formulationThese results indicate that the anti-HBs total Ig
response elicited b y the mannitol-sucrose lyo or the liquid RTS, S
formulations were not statistically different from the one induced b y RTS,
S when formulated in a liposomal formulation o f MPL and QS21 (statistical
power o f 91.4 % to detect a 2 fold difference in Ab titres). d .
Conclusions All three alternatives RTS, S formulations tested elicited
anti-CS and anti-HBs antibody responses in mice. In addition, the
statistical analysis indicated that the anti-CS and anti- HBs antibody
responses elicited b y either the mannitol-sucrose RTS, S lyo, liquid RTS,
S 0.02 % monothioglycerol or liquid RTS, S 0.08 % monothioglycerol
reconstituted extemporaneously in a liposomal formulation o f MPL and QS21,
were not statistically significantly different from the ones induced b y
the current RTS, S lyophilized formulation reconstituted in ASOl. The power
associated to the analysis o f anti-CS and anti-HBs antibody responses were
respectively at least 92.7 % and 91.4 % to show ratio of 2 (original scale,
i.e. antibody titres) or differences o f 0.301 (log scale). Example 8 Mouse
cellular immune response experiments: a . Introduction In this second type
o f experiment, cell mediated immune (CMI) responses to HBs and C S
antigens were measured using flow cytometry-based detection o f cytokine
expressing T cells following short term ex vivo stimulation with pools o f
peptides covering the HBs and C S sequences. b . Experimental design The
groups tested are the same as the groups from the experiments described
above in Example 7 . However, the experimental design was different, i.e.
C57BL/6 mice were immunized 3 times intramuscularly with a dose range (5mg
and 2.5 mg) o f RTS, S antigen in ASOl, in accordance with protocols from
previous mouse immunogenicity studies aimed at assessing antigen-specific
cellular immune responses. The experiment was performed twice and the
sample size was determined in order to collect enough cells to perform the
flow cytometry-based assay. Indeed, in each group, CMI analysis was
performed on blood cells pooled from 4 mice (i.e. 3 pools/group). This
read-out is considered as exploratory because n o statistical conclusion
can b e drawn with only three values (pools) available per group per
experiment and because o f the well known variability o f such cell-based
assays. c . Results The C S5--ssppeecciiffiicc aannid HBs-specif  c CD4 and
CD8 T cell responses at 7 days post 3rd immunization are presented in
Figure 12, 13, 14 and 15. 



Each triangle within each graph (i) represents the response from a pool o f
4 mice after in vitro restimulation o f the peripheral blood lymphocytes
with peptide pools covering the C S or HBs sequences and (ii) represents
the percentage o f CD4 or CD8 T cells producingIL-2 and/or IFN-gamma in
response to the peptide pools used in the in vitro restimulation. These
results indicate that CS- and HBs-specific CD4 T cell responses are
elicited by all RTS,S formulations tested. These antigen-specific CD4 T
cell responses are comparable whether RTS,S & ASOl (current lyophilized
formulation), RTS,S mannitol-sucrose lyo, liquid RTS,S containing 0.02 % or
0.08 % monothioglycerol (MTG) are used for the immunization (responses
comparable at all dose tested). These results indicate that CS- and
HBs-specific CD8 T cell responses are elicited by all RTS,S formulations
tested. These antigen-specific CD8 T cell responses are comparable whether
RTS,S & ASOl (current lyophilized formulation), RTS,S mannitol-sucrose lyo,
liquid RTS,S containing 0.02 % or 0.08 % monothioglycerol (MTG) are used
for the immunization (responses comparable at all dose tested). Of note,
there is a tendency for liquid RTS,S formulations to induce higher
percentages of Ag-specif c CD8 T cells at both doses tested (2.5 & 5mg).
However, as mentioned above, this read-out was considered as exploratory
because no statistical conclusion can be drawn with only three values
(pools) available per group per experiment and because of the well known
variability of such cell-based assays. d. Conclusions The CS- and
HBs-specific CD4 and CD8 T cell responses elicited by RTS,S mannitolsucrose
lyo, liquid RTS,S 0.02 % monothioglycerol and liquid RTS,S 0.08 %
monothioglycerol are comparable to the ones elicited by the current RTS,S
lyophilized formulation when reconstituted in ASOl . Reference (1) Harford
N, Cabezon T, Colau B, et al., "Construction and Characterization of a
Saccharomyces Cerevisiae Strain (RIT4376) Expressing Hepatitis B Surface
Antigen", Postgrad Med J 63, Supp. 2 : 65-70, 1987. (2) Jacobs E, Rutgers
T, Voet P, et al., "Simultaneous Synthesis and Assembly of Various
Hepatitis B Surface Proteins in Saccharomyces cerevisiae", Gene 80:
279-291, 1989. (3) Vieira J and Messing J, "The pUC plasmids, an
M13mp7-Derived System for Insertion Mutagenesis and Sequencing with
Synthetic Universal Primers", Gene 19: 259-268, 1982. (4) Hinnen A, Hicks
JB, and Fink GR, "Transformation of Yeast", Proc Natl Acad Sci USA 75:
1929-1933, 1980. (5) Broach JR, Strathern JN, and Hicks JB, "Transformation
in Yeast Development of a Hybrid Cloning Vector and Isolation of the CAN 1
Gene", Gene 8 : 121-133, 1979. (6) Zhang H, et al., "Double Stranded SDNA
Sequencing as a Choice for DNA Sequencing", Nucleic Acids Research 16:
1220, 1988.(7) Dame JB, Williams JL. Mc Cutchan TF, et al., "Structure of
the Gene Encoding the Immunodominant Surface Antigen on the Sporozoites of
the Human Malaria Parasite Plasmodium falciparum", Science 225: 593-599,
1984. (8) Valenzuela P, Gray P, Quiroga M, et al., "Nucleotide Sequences of
the Gene Coding for the Major Protein of Hepatitis B Virus Surface
Antigen", Nature 280: 815-819, 1979. 



(9) In SS, Kee-Hoyung L, Young RK, et al., " comparison of Immunological
Responses to Various Types of Circumsporozoite Proteins of Plasmodium vivax
in Malaria Patients of Korea", Microbiol. Immunol. 48(2): 119-123, 2004;
Microbiol. Immunol. 2004; 48(2): 119-123. (10) Rathore D, Sacci JB, de Ia
Vega P, et al., "Binding and Invasion of Liver Cells by Plasmodium
falciparum Sporozoites", J . Biol. Chem. 277(9): 7092-7098, 2002.Rathore et
al., 2002, J . Biol. Chem. 277, 7092-8. SEQUENCE LISTING SEQ ID NO: 1
REGION 1 KLKQP SEQ ID NO: 2 REGION II PLUS CSVTCG SEQ ID NO: 3 VK210 repeat
GDRAAGQPA SEQ ID NO: 4 VK210 repeat GDRADGQPA SEQ ID NO: 5 VK210 repeat
GDRADGQAA SEQ ID NO: 6 VK210 repeat GNGAGGQPA SEQ ID NO: 7 VK210 repeat
GDGAAGQPA SEQ ID NO: 8 VK210 repeat GDRAA GQAA SEQ ID NO: 9 VK210
repeatGNGAGGQAA SEQ ID NO: 1 0 Major VK247 repeat ANGAGNQPG SEQ ID NO: 1 1
12 amino acid insert GGNAANKKAEDA SEQ ID NO: 1 2 Pv-CS nucleotide sequence
Acacattgcggacataatgtagatttatctaaagctataaatttaaatggtgtaaacttc
aataacgtagacgctagttcactcggggctgcg
cacgtaggtcagtctgctagcagggggcgcggtctcggggaaaacccagacgacgaagaa
ggtgatgctaaaaagaaaaaggacg 



gtaaaaaagcggaaccaaaaaatccaagggaaaataaattaaaacagcccggggatcgcg
cggatggtcaagcggcgggtaatggg
gcggggggtcaaccagcgggggatcgcgcggctggtcagccagcgggggatcgcgcggct
ggtcagccagcgggggatggtgc
ggctggccaaccagcgggggatcgcgcggatggtcagccagcgggggatcgcgcggatgg
tcaaccagccggtgatcgcgcggct
ggccaagcggccggtaatggggcggggggtcaagcggccgcgaacggagcggggaaccag
ccaggcggcggtaacgctgcga
ataaaaaagcggaagatgcgggtggtaacgcgggcggtaatgcgggcggccaaggtcaga
acaacgaaggggctaatgcaccaaa
cgaaaaatctgtcaaagaatatctcgataaagtccgcgctacagtagggacagaatggac
gccatgctctgtaacatgtggtgtcggggt
acgcgtgcgccgccgtgtcaatgcggctaacaaaaaaccagaagatctcacgttaaatga
tctcgaaacggatgtctgcaca SEQ ID NO: 1 3 AAmmiinnoo aacciidd sseeqquueennccee
oofi PPvv--CCSS pprrootteeiinn
THCGHNVDLSKAINLNGVNFNNVDASSLGAAHVGQSASRGRGLGEN
PDDEEGDAKKKKDGKKAEPKNPRENKLKQPGDRADGQAAGNGAGG
QPAGDRAAGQPAGDRAAGQPAGDGAAGQPAGDRADGQPAGDRADG
QPAGDRAAGQAAGNGAGGQAAANGAGNQPGGGNAANKKAEDAGG
NAGGNAGGQGQNNEGANAPNEKSVKEYLDKVRATVGTEWTPCSVT
CGVGVRVRRRVNAANKKPEDLTLNDLETDVCT SEQ ID NO: 1 4 Minor Type 2 repeat
ANGAGDQPG SEQ ID N O 15 :SV HYBRID GENE
ACCCATTGTGGTCACAATGTCGATTTGTCTAAGGCCATTAACTTGAACGGTGTTAATTTC 6 0
AACAACGTCGATGCTTCTTCTTTAGGTGCCGCTCATGTTGGTCAATCTGCTTCAAGAGGT 1 2 0
AGAGGTTTAGGTGAAAACCCAGACGACGAAGAAGGTGACGCTAAGAAGAAGAAGGACGGT 1 8 0
AAGAAGGCCGAACCAAAGAACCCAAGAGAAAACAAGTTGAAACAACCAGGTGACAGAGCC 2 4
0GACGGACAAGCAGCTGGTAATGGTGCTGGAGGTCAACCAGCTGGTGACAGAGCTGCCGGT 3 0 0
CAGCCTGCTGGTGATAGAGCTGCTGGACAACCTGCTGGAGACGGTGCCGCCGGTCAACCT 3 6 0
GCTGGTGATAGAGCAGACGGACAACCAGCTGGTGACCGTGCTGACGGACAGCCAGCCGGC 4 2 0
GATAGGGCTGCAGGTCAAGCCGCTGGTAACGGTGCCGGTGGTCAAGCTGCTGCTAACGGT 4 8 0
GCTGGTAACCAACCAGGTGGTGGTAACGCTGCCAACAAGAAAGCTGAAGACGCTGGTGGT 5 4 0
AATGCTGGAGGTAATGCAGGTGGTCAGGGTCAAAACAACGAAGGTGCTAACGCTCCAAAC 6 0 0
GAAAAGTCTGTTAAGGAATACTTAGATAAGGTTAGAGCTACTGTCGGTACTGAATGGACT 6 6 0
CCATGTTCTGTTACTTGTGGTGTCGGTGTTAGAGTTAGAAGAAGAGTTAACGCCGCTAAC 7 2 0
AAGAAGCCAGAAGACTTGACTCTAAACGACTTGGAAACTGACGTTTGTACT 7 7 1 SEQ ID No 16
CSV-S fusion Nucleotide sequence
ATGATGGCTCCCGGGACCCATTGTGGTCACAATGTCGATTTGTCTAAGGCCATTAACTTG 60
AACGGTGTTAATTTCAACAACGTCGATGCTTCTTCTTTAGGTGCCGCTCATGTTGGTCAA 120
TCTGCTTCAAGAGGTAGAGGTTTAGGTGAAAACCCAGACGACGAAGAAGGTGACGCTAAG 180
AAGAAGAAGGACGGTAAGAAGGCCGAACCAAAGAACCCAAGAGAAAACAAGTTGAAACAA 240 



CCAGGTGACAGAGCCGACGGACAAGCAGCTGGTAATGGTGCTGGAGGTCAACCAGCTGGT 300
GACAGAGCTGCCGGTCAGCCTGCTGGTGATAGAGCTGCTGGACAACCTGCTGGAGACGGT 360
GCCGCCGGTCAACCTGCTGGTGATAGAGCAGACGGACAACCAGCTGGTGACCGTGCTGAC 420
GGACAGCCAGCCGGCGATAGGGCTGCAGGTCAAGCCGCTGGTAACGGTGCCGGTGGTCAA 480
GCTGCTGCTAACGGTGCTGGTAACCAACCAGGTGGTGGTAACGCTGCCAACAAGAAAGCT 540
GAAGACGCTGGTGGTAATGCTGGAGGTAATGCAGGTGGTCAGGGTCAAAACAACGAAGGT 600
GCTAACGCTCCAAACGAAAAGTCTGTTAAGGAATACTTAGATAAGGTTAGAGCTACTGTC 660
GGTACTGAATGGACTCCATGTTCTGTTACTTGTGGTGTCGGTGTTAGAGTTAGAAGAAGA 720
GTTAACGCCGCTAACAAGAAGCCAGAAGACTTGACTCTAAACGACTTGGAAACTGACGTT 780
TGTACTCCCGGGCCTGTGACGAACATGGAGAACATCACATCAGGATTCCTAGGACCCCTG 840
CTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAATACCGCAGAGTCTA 900
GACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGATCACCCGTGTGTCTTGGCCAAAAT 960
TCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCAATTTGTCCTGGTTAT 102 0
CGCTGGATGTGTCTGCGGCGTTTTATCATATTCCTCTTCATCCTGCTGCTATGCCTCATC 10 80
TTCTTATTGGTTCTTCTGGATTATCAAGGTATGTTGCCCGTTTGTCCTCTAATTCCAGGA 1140
TCAACAACAACCAATACGGGACCATGCAAAACCTGCACGACTCCTGCTCAAGGCAACTCT 1200
ATGTTTCCCTCATGTTGCTGTACAAAACCTACGGATGGAAATTGCACCTGTATTCCCATC 12 60
CCATCGTCCTGGGCTTTCGCAAAATACCTATGGGAGTGGGCCTCAGTCCGTTTCTCTTGG 132 0
CTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCTT 1380
TCAGCTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAGCATCGTGAGTCCCTTT 1440
ATACCGCTGTTACCAATTTTCTTTTGTCTCTGGGTATACATTTAA 14 85 SEQ ID No 17 Amino
-Acid sequence IMMAPGITHCGHNVDLSKAINLNGVNFNNVDAS
SLGAAHVGQSASRGRGLGENPDDEEGDAK 60
KKKDGKKAEPKNPRENKLKQPGDRADGQAAGNGAGGQPAGDRAAGQPAGDRAAGQPAGDG 120
AAGQPAGDRADGQPAGDRADGQPAGDRAAGQAAGNGAGGQAAANGAGNQPGGGNAANKKA 180
EDAGGNAGGNAGGQGQNNEGANAPNEKSVKEYLDKVRATVGTEWTPCSVTCGVGVRVRRR 240
VNAANKKPEDLTLNDLETDVCT IPGPVTN[MENITSGFLGPLLVLQAGFFLLTRILTIPQSL 300
DSWWTSLNFLGGSPVCLGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFIIFLFILLLCLI 360
FLLVLLDYQGMLPVCPLIPGSTTTNTGPCKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPI 420
PSSWAFAKYLWEWASVRFSWLSLLVPFVQWFVGLSPTVWLSAIWMMWYWGPSLYSIVSPF 480
IPLLPIFFCLWVYI 494 SEQ ID NOs. 18 and 19 Nucelotide sequence of the RTS
expression cassette and predicted translation product of the RTS-HBsAg
hybrid protein. The translation product initiated from the TDH3 ATG codon
is shown below the DNA
sequence.AAGCTTACCAGTTCTCACACGGAACACCACTAATGGACACAAATTCGAAATACTTTGACC
CTATTTTCGAGGACCTTGTCACCTTGAGCCCAAGAGAGCCAAGATTTAAATTTTCCTATG
ACTTGATGCAAATTCCCAAAGCTAATAACATGCAAGACACGTACGGTCAAGAAGACATAT
TTGACCTCTTAACTGGTTCAGACGCGACTGCCTCATCAGTAAGACCCGTTGAAAAGAACT
TACCTGAAAAAAACGAATATATACTAGCGTTGAATGTTAGCGTCAACAACAAGAAGTTTA
ATGACGCGGAGGCCAAGGCAAAAAGATTCCTTGATTACGTAAGGGAGTTAGAATCATTTT
GAATAAAAAACACGCTTTTTCAGTTCGAGTTTATCATTATCAATACTGCCATTTCAAAGA
ATACGTAAATAATTAATAGTAGTGATTTTCCTAACTTTATTTAGTCAAAAATTAGCCTTT
TAATTCTGCTGTAACCCGTACATGCCCAAAATAGGGGGCGGGTTACACAGAATATATAAC
ATCGTAGGTGTCTGGGTGAACAGTTTATCCCTGGCATCCACTAAATATAATGGAGCTCGC 



TTTTAAGCTGGCATCCAGAAAAAAAAAGAATCCCAGCACCAAAATATTGTTTTCTTCACC
AACCATCAGTTCATAGGTCCATTCTCTTAGCGCAACTACAGAGAACAGGGGCACAAACAG
GCAAAAAACGGGCACAACCTCAATGGAGTGATGCAACCTGCCTGGAGTAAATGATGACAC
AAGGCAATTGACCCACGCATGTATCTATCTCATTTTCTTACACCTTCTATTACCTTCTGC
TCTCTCTGATTTGGAAAAAGCTGAAAAAAAAGGTTGAAACCAGTTCCCTGAAATTATTCC
TTCTTAAACTTCTTAAATTCTACTTTTATAGTTAGTCTTTTTTTTAGTTTTAAAACACCA
AGAACTTAGTTTCGAATAAACACACATAAACAAACAAAATGATGGCTCCCGATCCTAATG
MetMetAlaProAspProAsnA
CAAATCCAAATGCAAACCCAAATGCAAACCCAAACGCAAACCCCAATGCAAATCCTAATG
LaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnA
CAAACCCCAATGCAAATCCTAATGCAAATCCTAATGCCAATCCAAATGCAAATCCAAATG
LaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnA
CAAACCCAAACGCAAACCCCAATGCAAATCCTAATGCCAATCCAAATGCAAATCCAAATG
LaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsna
CAAACCCAAATGCAAACCCAAATGCAAACCCCAATGCAAATCCTAATAAAAACAATCAAG
LaAsnProAsnAlaAsnProAsnAlaAsnProAsnAlaAsnProAsnLysAsnAsnGlnG
GTAATGGACAAGGTCACAATATGCCAAATGACCCAAACCGAAATGTAGATGAAAATGCTA
LyAsnGlyGlnGlyHisAsnMetProAsnAspProAsnAspProAsnArgAsnValAspGluAsnAlaA
ATGCCAACAATGCTGTAAAAAATAATAATAACGAAGAACCAAGTGATAAGCACATAGAAC
snAlaAsnAsnAlaValLysAsnAsnAsnAsnGluGluProSerAspLysHis IIeGIuG
AATATTTAAAGAAAATAAAAAATTCTATTTCAACTGAATGGTCCCCATGTAGTGTAACTT
LnTyrLeuLysLysIleLysAsnSerlleSerThrGluTrpSerProCysSerValThrC
GTGGAAATGGTATTCAAGTTAGAATAAAGCCTGGCTCTGCTAATAAACCTAAAGACGAAT
YsGlyAsnGlylleGlnValArglleLysProGlySerAlaAsnLysProLysAspGluLTAGATTATGAAAATG
ATATTGAAAAAAAAATTTGTAAAATGGAAAAGTGCTCGAGTGTGT
euAspTyrGluAsnAspIleGluLysLysIleCysLysMetGluLysCysSerSerValP
TTAATGTCGTAAATAGTCGACCTGTGACGAACATGGAGAACATCACATCAGGATTCCTAG
HeAsnValValAsnSerArgProValThrAsnMetGluAsnlleThrSerGlyPheLeuG
GACCCCTGCTCGTGTTACAGGCGGGGTTTTTCTTGTTGACAAGAATCCTCACAATACCGC
LyProLeuLeuValLeuGlnAlaGlyPhePheLeuLeuThrArglleLeuThrlleProG
AGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTCTAGGGGGATCACCCGTGTGTCTTG
LnSerLeuAspSerTrpTrpThrSerLeuAsnPheLeuGlyGlySerProValCysLeuG
GCCAAAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCCTCCAATTTGTC
LyGlnAsnSerGlnSerProThrSerAsnHisSerProThrSerCysProProIleCysP
CTGGTTATCGCTGGATGTGTCTGCGCGTTTTATCATATTCCTCTTCATCCTGCTGCTAT
RoGlyTyrArgTrpMetCysLeuArgArgPhellellePheLeuPhelleLeuLeuLeuC
GCCTCATCTTCTTATTGGTTCTTCTGGATTATCAAGGTATGTTGCCCGTTTGTCCTCTAA
YsLeuIlePheLeuLeuValLeuLeuAspTyrGlnGlyMetLeuProValCysProLeuI
TTCCAGGATCAACAACAACCAATACGGGACCATGCAAAACCTGCACGACTCCTGCTCAAG
LeProGlySerThrThrThrAsnThrGlyProCysLysThrCysThrThrProAlaGlnG
GCAACTCTATGTTTCCCTCATGTTGCTGTACAAAACCTACGGATGGAAATTGCACCTGTA
LyAsnSerMetPheProSerCysCysCysThrLysProThrAspGlyAsnCysThrCysI
TTCCCATCCCATCGTCCTGGGCTTTCGCAAAATACCTATGGGAGTGGGCCTCAGTCCGTT
LeProIleProSerSerTrpAlaPheAlaLysTryLeuTrpGluTrpAlaSerValArgP
TCTCTTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTG
HeSerTrpLeuSerLeuLeuValProPheValGlnTrpPheValGlyLeuSerProThrV
TTTGGCTTTCAGCTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAGCATCGTGA 



AlTrpLeuSerAlalleTrpMetMetTrpTyrTrpGlyProSerLeuTyrSerlleValS
GTCCCTTTATACCGCTGTTACCAATTTTCTTTTGTCTCTGGGTATACATTTAACGAATTC
ErProPhelleProLeuLeuProIlePhePheCysLeuTrpValTyrlleEnd
CAAGCTGAAACAATTCAAAGGTTTTCAAATCAATCAAGAACTTGTCTCTGTGGCTGATCC
AAACTACAAATTTATGCATTGTCTGCCAAGACATCAAGAAGAAGTTAGTGATGATGTCTT
TTATGGAGAGCATTCCATAGTCTTTGAAGAAGCAGAAAACAGATTATATGCAGCTATGTC
TGCCATTGATATCTTTGTTAATAATAAAGGTAATTTCAAGGACTTGAAATAATCCTTCTT
TCGTGTTCTTAATAACTAATATATAAATACAGATATAGATGCATGAATAATGATATACAT
TGATTATTTTGCAATGTCAATTAAAAAAAAAAAATGTTAGTAAAACTATGTTACATTCCA
AGCAAATAAAGCACTTGGTTAAACGAAATTAACGTTTTTAAGACAGCCAGACCGCGGTCT
AAAAATTTAAATATACACTGCCAACAAATTCCTTCGAGTTGTCCAATTTCACCACTTTTA
TATTTTCATCAACTTCAGCAGATTCAACCTTCTCACATAGAACATTGGAATAAACAGCCT
TAACACCACTTTCAAGTTTGCACAGCGTAATATGAGGAATTTTGTTTTGACAACACAACC
CTTTAATTTTCTCATTGTTTTCATCAATTATGCATCCATCTTTATCTTTAGACAGTTCCACTACAATAGCAATAG
TTTTTTCATCCCAACATAGTTTTTCGAGCCTAAAATTCAGTTTGT
CGGTCGTTTTACCTGCGTATTTTGGTTATTACCAGAGCCTTGTGCATTTTCTATGCGGT
TGTTATTGTACTCCGTTATCTGGTCAGTGTATCTGTTACAATATGATTCCACAACTTTTT
TGCCTCTTTTTCACGGGACGACATGACATGACCTAATGTTATATGAAGTTCCTTCTGAAC
TTTTCCACTAGCTAGTAAATGCTTGAATTTCTCAGTCAGCTCTGCATCGCTAGCAATACA
CCTCTTGACCAATCAATAATTTCATCGTAGTTTTCTATTTAGCTGAGATATATGTAGGT
TTAATTAACTTAGCGTTTTTTGTTGATTATTGTTGCCTTTACCAACTATTTTTCTCACAG
TAGGTTTGTAATCTAAGCTCCTTCTGAACGCTGTCTCAATTTCATCATCTTTCGGGATCT
CTGGTACCAAAATTGGATAAGCTTClaims 1. A component for a malaria vaccine
comprising: a) an immunogenic particle RTS,S and/or b) an immunogenic
particle derived from the CS protein of one or more P. vivax strains and S
antigen from Hepatitis B and optionally unfused S antigen, or c) an
immunogenic particle comprising RTS, CSV-S and optionally unfused S
antigen, and d) a stabilizing agent comprising a stabilizing agent with at
least one thiol functional group, or mixtures thereof. 2. A component as
claimed in claim 1 where in the stabilizing agent is N-acetyl cysteine,
monothioglycerol, cysteine, reduced glutathione and sodium thioglycolate or
mixtures thereof. 3. A component as claimed in claim 2, wherein the
stabilizing agent is monothioglycerol, cysteine or a mixture thereof. 4. A
component according to any one of claims 1 to 3, wherein the component is a
liquid formulation. 5. A component according to claim 4, wherein the pH of
the liquid formulation is about 6.5 to 7.2. 6. A component according to any
one of claims 1 to 3, wherein the formulation is lyophilized. 7. A
component according to any one of claims 1 to 6, wherein the stabilising
agent is cysteine and is present in the range 0.1 and 1.0% w/w. 8. A
component according to any one of claims 1 to 7, wherein the stabilising
agent is monothioglycerol, which is present in the formulation in the range
0.01 to l% w/w. 



9. A component according to any one of claims 1 to 8, wherein the component
is stored in a glass vial. 10. A component according to claim 9, wherein
the glass vial is amber. 11. A component according to claim 9 or 10,
wherein the glass vial is siliconised. 12. A component according to claims
9 or 10, wherein the glass vial is unsiliconised.13. A component according
to any one of claims 1 to 12, wherein said component contains the elements
for one dose for injection excluding adjuvant components. 14. A component
according to claim 13, wherein the one dose comprises 25mg of RTS,S. 15. A
component according to claim 14, which further comprises 2.25mg of sodium
chloride. 16. A component according to claim 14 or 15, which further
comprises 125 mg of monothioglycerol. 17. A component according to any one
of claims 13 to 16, which further comrprises 250mL of water for injection.
18. A component according to any one of claims 1 to 12, wherein said
component contains the elements for 2 doses for injection excluding
adjuvant components. 19. A component according to claim 1 to 12 and 18,
wherein the one dose comprises 50mg of RTS,S. 20. A component according to
claim 19, which further comprises 4.5mg of sodium chloride. 21. A component
according to claim 19 or 20, which further comprises 250mg of
monothioglycerol. 22. A component according to any one of claims 1 to 12 or
19 to 21, which further comprises 500 mL of water for injection. 23. A
component according to any one of claims 1 to 23, which further comprises a
further malaria antigen. 24. A component according to claim 23, wherein the
further malaria antigen is derived from P.falciparium and/or P. vivax
wherein the antigen is selected from DBP such as Pv RII the receptor
binding domain of DBP, PvTRAP, PvMSP2, PvMSP4, PvMSP5, PvMSP6, PvMSP7,
PvMSP8, PvMSP9, PvAMA, RBP or fragment thereof, PfEMP-I, Pfs 16 antigen,
MSP-I, MSP-3, LSA-I, LSA-3, AMA-I and TRAP, EBA, GLURP, RAPl, RAP2,
Sequestrin, PO32, STARP, SALSA, PfEXPl, Pfs25, Pfs28, PFS27/25, Pfs48/45,
Pfs230 and their analogues in other Plasmodium spp. 25. A vaccine for
malaria comprising a component as defined in any one of claims 1 to 23 and
an adjuvant selected from:a . an oil in water formulation comprising QS21
and 3D-MPL, or b. a liposomal formulation comprising QS21 and 3D-MPL. 26. A
process for the preparation of a component as defined in any one of claims
1 to 24 comprising expressing a DNA sequence encoding the protein in a
suitable host, recovering the product and mixing the recovered product with
a stabilizing agent. 27. A components for a malaria vaccine as defined in
any one of claims 1 to 24 or a vaccine as defined in claim 25 for
prevention or treatment of malaria. 28. Use of a component as defined in
any one of claims 1 to 24 or a vaccine as 



defined in claim 25 in the manufacture of a medicament for the prevention
or treatment of malaria. 29. A method of treating a patient susceptible to
Plasmodium infections by administering an effective amount of a vaccine as
defined in claim 25. 


