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This appl i ¥RP8H38 ains priority pursuant to 35 U.S.C. 119 FF%YH
provi si onal application Serial No. 60/033,916, filed January 21, 1997, the
di scl osure of which is hereby incorporated herein by reference in its
entirety. Field of the Invention 20 This invention relates to
vaccines effective in eliciting protectlve i Mmunity against malaria, in
particul ar vaccines conprising universal T-cell epitopes that elicit T- -
cell responses in individuals of differing genetic backgrounds. Background
of the Invention 25 : The public health problens caused by

mal ari a, gvhich currently infects 400- 500 m|lion individuals world-w de,
have been exacerbated by the emergence of nulti- drug resistant parasite
strains and insecticide-resistant nosquito vectors. These devel opnents have
|l ed to increased efforts to provide an effective vaccine to prevent the
nortality and norbidity due to nalaria, in particular P. falciparum the
nost virulent of 30 the Plasnodial species. In a mammalian host, nalaria
infection is initiated by the .notile sporozoite stage of the organi sm
which is injected into the circulation by the bite of infected npsquitoes.
The spoQﬂ§0|te is targeted to the host's liver cells through interaction of
a maj or conponent of the sporozoite surface nmenbrane, the circunsporozoite
(CS) protein, WO 98/ 31382

PCT/ US98/ 01527. 2 with specific receptors on the hepatocyte surface.
Following intracellular nultiplication and rel ease from ruptured

hepat ocytes, the gRIVERSAL TACELE ERITOPED FORE ANTENMALARIARICATTINEY ari a
erythrocytic cycle; this phase of infection is responsible for clinical

di sease and, in the case of P. faleiparum may be | etha

' Breseht "in bot h spoPtlorpRicangt AR Srelt sl '8, .48 J iy
and nonocl onﬁovﬁianabaﬁpmmsﬁ&rm Nof 60/033,916)filed! Jurivary21 51994, | the dischissre of

within the re eat
ich is hereby incorporated herein by reference in its entirety.

Field of the Inventi

20 This invention relates to vaccines effective in eliciting protective xmmumty
against malaria, in parncular vaccines comprising universal T-cell epitopes that elicit T-
cell responses in individuals of differing genetic backgrounds.

Background of the Inventi
25 " The public health problems caused by malaria, which currently infects 400-

500 million individuals world-wide, have been exacerbated by the emergence of multi-

drug resistant parasite strains -and insecticide-resistant mosquito vectors. These

developments have led to increased efforts to provide an effective vaccine to prevent the

mortality and morbidity due to maiaria, in particular P. falciparum, the most virulent of
30 the Plasmodial species.

In a mammalian host, malaria infection is initiated by the motile sporozoite
stage of the organism, which is injected into the circulation by the bite of infected
mosquitoes. The sporozoite is targeted to the host’s liver cells through interaction of a
major component of the sporozoite surface membrane, the circumsporozoite (CS) protein,

a
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region of the CS protein, the (NANP)[err] peptide, neutralize the
infectivity of sporozoites of rodent, primate and human nal aria species,
(Nardi n et wabosisi3sExp. Med. 156: 20, 1982). 10 Use of the (NAWSYrh&osb1527.
peptide in a vaccine, however, resulted im only a l'imted i mune response,
nost probably due to | ow epitope density and/or |ack of a suitable T-cell

epi t ope (l_bﬁthgﬁéad;fi??e-d iomoﬁ'@ﬁé’%xiq#@%i@&frfa&?sﬁénoﬁh ifricefilar | dRYIBPlition

u
have defined p rived T- pi t opes usi ng + T-cell clonhes

derived fr candfreleasshfromrruptiredhepatocytesythe pazasitoy invagde sedcbllood peldsjand inftiate the
the bites of jrradiated.P. falci.pafum mal arj.a infecte gui t.oes.. \Wen
three of -t el e ey iR Bhatd, (nRehon i abie T titiPl et nd,
SpOr 0zoi t esin thERYsesX P. RilEp&R/RMEImaPdegthalT®l aria, as shown by the total
absence of bl ood stage 'l nf ectioné rrington et al., AmJ. Trop. I—%g .
tpFotein,

45:535, 9991). Using 6Dmajor-foeus of malasia vascingedevelopment bas: begmothe,

' i zed 20,. vol unt T-cel . _epi . denti f] ed

| ocat ea 1 n sk ibisie dn, AR s e i HREE SR, on 168 il Bofitordl B,
CS prot ei n. mbfi6cldnat @ntibedies §rRificd fredn Bimufoddiginiiid B=cell €pitope Wathin GieoRpeat
region, termed T1, consists of alternating NVDPNANP repeats (Nardin et al.,

Sci ence 246regsorof thedd§ pratpia, the ENANIDe peptideo mentgalizgsthe dnfeptivity of sprrazaitas| v

di stinct fr e ' ' . [ [ c [ te.. -
25" & cel | ERorbple PRIHES M B o Npel 8, Gl of B 228 P 88,20, VR
recogni £ PER of @ ATANPYfpéptide inod vadting; dioWevet, reBdtedf int Gifly a limited immune
NH err]-term nal repeat region and that contai n NVDPNANP, do not respond to

t he ( NANP) [ respqnseciest;prpbably due torlea epitope densityasd{arleck of a-syitable/E-geli gpitape
P. falcipar ' t sg\gyﬁg . and therefore its inclusion in a
vaccine is %@g@g et?csi‘l'i’n uce%ﬁ%%slrgfgz jonses reactive with parasites of
di verse 30 geographi Thé presghioiwentbs havecdsfthed-pagdsitecierived -celk opitdpes dising
spor 0zoi te-spme}ci fic_human CD4+ T-cell clones is contained in a peptide

spanni ng anfR4-adreeliclancs dedvert framrionr hymamvejunieersipapnizstiygppeaied exposuige
pCT) Usobor Sy s 8t il Bt Yoldehiofiored mifdiles Wien fhpee of thoso
151: 489, 196dihntedhsi weerewhaliengedavitisinfootive P. tfelciparmg spardoites, theyowere proteotid
T O O 5 s S B e AR o 65 o B WP et .,
Am.J.Trop.Hyg. 45:535, 1991).
Using CD4+ T-cell clones derived from these sporozoite immunized

20 volunteers, two T-cell epitopes have been identified, one located in the repeat region and
one in the C-terminus of the P. falciparum CS protein. The T-cell epitope contained in
the NH,-terminal repeat region, termed T1, consists of alternating NVDPNANP repeats
(Nardin et al., Science 246:1603, 1989). The T1 epitope is contiguous to, but
antigenically distinct from, the COOH-terminal rel;eat region which contains the (NANP),

25 B cell epitope. The human CD4+ T-cell clones that specifically recognize peptides
derived from various combinations of the NH,-terminal repeat region and that contain
NVDPNANP do not respond to the (NANP), repeat peptide. The T1 repeat epitope is
conserved in all P, falciparum isolates sequenced thus far and therefore its inclusion in
a vaccine is expected to induce immune responses reactive with parasites of diverse

30 geographical regions.

| The second T-cell epitope identified by sporozoite-specific human CD4+
T-cell clones is contained in &peptide spanning amino acid residues numbered 326-345,
EYLNKIQNSLSTEWSPCSVT, of the P. falciparum NF54 strain CS protein (Moreno et
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The 326-345 am no acid sequence is unique in that it overlaps both a 5

pol ymdr phi t | as a conserved region, RH (Dane et al., Science

225: 593, 19?@%{%% he CS protein. The conserved RII-plus conPGFy§98(01527
parasite ligand that interacts with hepato8yte receptors to initiate the
intracel lular stage of the malaria life cycle. The peptide-specific human
CD4+ T-cel | al.; &golymiurolad H97; £991gMerenoepak, Kilvimunol. k513488, 3993) e Fhischpitope |

of which overlap the, conserved RIJ found.in the CS otei,n of, al .
D) aemodi uen Fos ol 1€ 08 aREoErizel by, cPtolit ot Mo yBloRestRss M- atricted Jyman
T-cel | s der icysg+f T-Q81 RIGHRS an@!clis TREstrittededdChy., nul tipl e exposures to

the bites of malaria-infected nosquitoes suggests that this peptide '
sequence is efficient|TheBd26-348 cunihoracid sequenee iis unigueHinAthak 4t overlaps both a

nmol ecul es. fol | ow ng. exposure to the native ot ei n ¢ he SRILQAII 15

T s com epiRRRRic 8 WAILE: h o eyRLimgidn, K DRE Al sitief 225393, 4F5

epi tope can oflth€ids pRAETAE Th CohRIAARESpIuB cBataitsed pirakitd AEARMthaD Mt¥labisadith

and can provide for vaccine-induced imunity to be nai ntal ned §¥ conti nued
(3

exposur e t o hepatopyte areceptonsnideinitinte (the lintzanelitlar stage of thes malariaclife cycled Thel+
T-cells pl .cent le i ' t] f bath 20 . cell

nuror at | rpeptge-Ragefie.biipin Chd-PITRSl Eotllels e nf epitdbs mitih AL 576345
(Nardin et 3Feptidé)al dFVhichBVERIp thd toRsérved R Fdund fn the €Sprofdid of 8t PRRAfodium

cont ai ned vvitegin a synthetic malaria vaccine bind to only a limted range

of classlQ | spegiessul es, the vaccine may fail to elicit inmmune responses in

i ndi vi dual s of divers enet i,c ckarounds. Earld er, .studi,es hown .t hat
the (NANP)[err] repeat ?acnlgtgﬁe ﬁl?ﬁ ?W&f tb_ |ﬁﬂﬁﬁd£'%xﬁl%ﬂv%ﬁ°&
undet ect abl ehuhateblunReRC hifwnized 6y Wndtiplé- &xPoStres Ctol fhigi bitshuaf malaNA-Tfeétdd
mal aria endem c areas (Herri nat.on et al., Nature 328:257, 1987, Edinger et

al ., J.| nmmurfeesquitaes mizgests et detsequence ix efficiently precesseddor presgntation by
85: 1199, 19 ere | ed in th rt_for rasite-deriyed .

Fiait epit dhd M ARG FRofSg Exhditd o Bl paifle €5 pRSPITRH H Hiftozote.
i ncl usi ok i 1Tt igToatieBRted hanPRRines Cofitadiifly s pyAgite-detived T-dellepidpe can elicit

protective inmmunity against malaria in individuals of diverse genetic
backgr ounds .anamnggtioxesppngesin naturally-infected individuals and can provide for vaccine-induced

DT 951 013 it ARG X0l BB/ e ot oty b B ™

of the fluoresce i ncu

Class I-restricted CD4+ T-cells play a central role in the induction of both

20 cellular and humoral immunity to the pre-erythrocytic stages of the malaria parasite

(Nardin et al., Ann. Rev.fmmunol. 11:687, 1993). If the T-cell epitopes contained within

a synthetic malaria vaccine bind to only a limited range of class II molecules, the vaccine

may fail to elicit immune responses in individuals of diverse genetic backgrounds. Earlier

studies have shown that the (NANP), repeats of thc;, P. falciparum CS protein induced low

‘25  or undetectable T-cell responses in naturally-infected individuals living in malaria endemic

areas (Herrington et al., Nature 328:257, 1987; Etlinger et al., J.Jmmunol. 140:626,

* 1988; Good et al., Proc.Natl.Acad.Sci.USA 85:1199, 1988).

Thus, there is a need in the art for parasite-derived T-cell epitopes that bind

to most, if not all, class II molecules for inclusion in immunogenic compositions and

30 vaccines, to provide protective immunity against malaria in individuals of diverse genetic
backgrounds.
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EBV-B 9008 cells with biotinylated peptides. Figure IB is a histogram of
the 5 fluorescence obtained by incubation of EBV-B 9065 cells with
biotinylataqiﬁ,!ig' es. Figure 2Ais a graphic illustration o | '
conpetition ézﬁsi ng DR4(DRBI *0401) class Il nol'ecul es. \/é?&?'ﬁgd’&g”
concentrations of conpetitorpeptides 326- 845, T1 or NANP[err] were tested
for their ability to inhibit binding of a biotinylated indicator peptide
GFK(A)[err] to the soluble DR nol ecul es. The peptide/ VHC conpl exes 10 were
capt ured ongadkinLRidfibn SPHED pl ates and reveal ed by incubation with
HRP- avi di n . Figure 2B is a graphic illustration
of peptide conpetiti oFigure JA dsiankistoBrahd of MRB Fhibicsodncecottained bynincetsationsof
per f or med escrjbed for Ejgure 2A. Figure 3A [s a qraphic illustratjiaqn
D e AN oS whh bisind e i~ B SIS ebnly o
B1"0303) 5¢! ARSreldent® bBfaifledhnf fichbaifbrP ot EBY-H 3065 cBfié! wih bibtiylia S,égﬁ@sgur e
3B is a graphic illustratiorf of a peptide conpetitlion assay “usin ol ubl e
DQ 7 (DQ Al *Cs01/ DQ BFiga8®12A d$ asgraphicnillustrations of peptidedcampetitiondEEISA msihg

for Fi . Fi ' ic iJlustrati f anti-NMAP ELISA t]
moasur o nDRICRREA 400 cais ryHoRBRleS, Kaie e autios SR compoti peptides 336 °
[err]g (T1) 348 1 11 NEPNANDY weré Redted %‘oﬂftﬁéif“a_ﬁilit% |t Sinhfbit Bihditg Bftai biwﬂxﬁgngA

titers measured in mce that had been i nmuni ze Intraperitoneally wt

[err]g (T*)indicaror peiptide SSER(A)s ta the apluble PR molecules.oThef peptide/MMC mplexes
tit d i ' th ' ' | nt ' LI Lth 5
lorrlg L5 TP PiuRein 3580R e SGaet B Bt b Rl 0 inchihon mih

enconpassesSHRMIWIEHE Md pefiXiiist tsubstFatéd) 2 tRighreC2B iP a0k RphicVillubtidtith bfy peptide
agai nst malaria. The conpositions conprise a first nalaria-derived peptide
conpri si ng eompetitioarBLASA gsing:PR @@ﬁﬁwm elassllimolecnlesy pexderm seriibed
T-cell 30 nﬁésgl%g%ez%n mammal s of diverse genetic backgrounds. As used -
herein, ma | % lverse genetic backgrounds' include without |imtation
nmamal s° expressing a RigireBA ds aygaphivHOustrtioh of a-hﬁﬁtiaé YOmpetitich @8y using
enbodi ment, the universal T-cell e%tékg e conprises the sequence

t .
EYLNKI QUSL Syaviied20P MQAL02814PQ Ohysdass dT moelecgles carrigd ayg 2s desepibed for
PCT/ US98/ Olﬁ%re 2A. Figure 3B is a graphic illustration of a peptide competition assay using

soluble DQ 7 (DQ A1*0501/DQ B1*0301) class II molecules carried out as described for
Figure 2A.

Figure 4A is a graphic illustration of anti-MAP ELISA titers measured in
20 mice that had been immunized intraperitoneally with 50 ug (T1), MAP. Figure 4B is a
graphic illustration of anti-MAP ELISA titers measured in mice that had been immunized
intraperitoneally with 50 ug (T*), MAP. Figure 4C is a graphic illustration of anti-MAP
ELISA titers measured in mice that had been immunized intraperitoneally with 50 ug
(T*T1), MAP. '
25 _
Summary of the Invention
The present invention encompasses immunogenic compositions that elicit
protective immunity against malaria. The compositions comprise a first malaria-derived
peptide comprising a "universal" T-cell epitope, which elicits an anti-malarial T-cell
30 response in mammals of diverse genetic backgrounds. As used herein, mammals of
“diverse genetic backgrounds" include without limitation mammals expressing a
muitiplicity of MHC class II haplotypes. In one embodiment, the universal T-cell epitope -
comprises the sequence EYLNKIQNSLSTEWSPCSVT. Preferably, the compositions of
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5 the invention further conprise at |east a second nal ari a-derived peptide
conprising>a B-- cel | epitope, which stimulates the production_of

anti-mal ari MO WHP%odi es in mammal s. The conpositions may al s8CTORIPPLRT
addi tional T-cell epitopes.. The conpositioBs are preferably fornulated

i nto vaccines, which may al so conprise a pharmaceutically acceptable
carrier or dhe isventiom dyrthertdompaise \at least adqsmdnnalaﬂn—@nmﬁpep@qmpnﬂea B-

i nvention proyides net s for biti he p t ] Iarlal
organi sms i Fel SEOPERM q’é‘é’ﬁ?%%ﬁrp@?@&gﬂ?ff %gﬂgwﬁﬂgé ‘gﬂ
i muni ty ag amé&m@ﬁ@ thily bl38 GBRHRE adiﬂiﬁn&?l‘%ﬂ%p%oﬁes?arTh@@oﬂpbslﬂﬁnslﬁ'e
admnistering to S |1 nogenical ly effective amunts of
i nmunogeni c prefmdﬂj,'t i ons and vacci nes descri bed above. Detail ed Descrl ption
o oo b oSBT i B R b B A ehpa carier
reference i rbxtciiﬁiehtﬁm Wﬂ*%{tﬂl‘me of inconsistencies, the present

ef i ni

descrl ption, includi ng ions, will control. Definitions: 1. An
'i nunogeni ¢ conposi t i bm'anbthen aspeqtosthmmnentm peovides: sneshodsmbora inhibigingr the
cel lul ar i rmune res oné 2H&:@] host . orsganl sm_ 20

"B-cell ep| tRYFR e Hrgaéxfsgp e éuﬁcé’BFP]&e a{ﬂma& t?é?feﬁ?h% @beer“cbtmg

mol ecul e, Il)ﬁtécﬁag Rifurifyeiganist ndiiria o b nbnicha. PTRE Uhdtheds Qife cdisiell fdut by
anti bodi es ( , antibodres that recognize the parasite as well as the

i munogeh0 ¢ admigistarisg to mammaiaaummunng@ucauy effective amountspef thef immunegenic
peptide or inmuno n| C | ecul e &Faﬁment t hereof, that activates
T-cells in aS9RAY vagcngﬁ%g?sp Fiped gBO¥Bhe 25  parasite-derived peptide

as well as the i m‘runogem c nolecule. 3. A "universal"” T-cell epitope as
used herein refers to a peptlde or other inmunogenic nolecule, or a
fragnment th led ri licity of MHC class Il nolecules in

l
Moot ot od manner - Tl @%Mgﬁé@&%oﬁ% Plloflsy B3 et ipiBes g in this
and/or cyg Ot@ébificﬁﬁéﬂ%rémeiaﬁy Ihtorpdratedsby i refependeDin theif/ entirétyadn the case of

| -restricted CD8+). I n one enbodiment, the universal T-cell epitope

conpri ses t hincersisiencies, NMLMMWI“mﬁ dgfipitions, wilheemtrlnt | t he

uni ver sal .. TE%@#@@#J ope consi sts essentially of the sequence
EYLMKI QNSLS As used herein, an epitope "consisting essentially

of' a 1. An "immunogenic composition" is a composition that elicits a humoral

and/or cellular immune response in a host organism. _
20 2. A "B-cell epitope" as used herein refers to a peptide or other
immunogenic molecule, or a fragment thereof, that elicits the production of specific
antibodies (i.e., antibodies that recognize the parasite as well as the immunogenic
molecule) in a mammalian host. A "T-cell epitope" refers to a peptide or immunogenic
molecule, or fragment thereof, that activates T-célls in a manner that is specific for the

25 parasite-derived peptide as well as the immunogenic molecule.

3. A "universal" T-cell epiiope as used herein refers to a peptide or other
- immunogenic molecule, or a fragment thereof, that binds to a multiplicity of MHC class
II molecules in a manner that activates T-cell function in a class II- or class I-restricted
manner. The activated T-cells may be helper cells (CD4+) and/or cytotoxic cells (class
30 II-restricted CD4+ and/or class I-restricted CD8+). In one embodiment, the universal
T-cell epitope comprises the sequence EYLNKIQNSLSTEWSPCSVT. In another
embodiment, the universal - T-cell epitope consists essentially of the sequence
EYLNKIQNSLSTEWSPCSVT. As used herein, an epitope "consisting essentially of" a
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pepti de sequence enconpasses peptides in which one or nore am no aci ds may

be del et ed ituted while retaining the ability of the é)ﬁ#
bind to a rﬁ{)?@gﬁﬁclty of MHC Class Il nolecul es and/or to alc’te?)\;bg%e -‘fc)ell
function of cells carrying such nolecules.61t will be understood that

del etion or substitution of one or re, aryg,no acids may alter.the

ability of PREBHISSSANSRCSERCOMPRFSESPEPHIesin WhicR ORg er more amfro agids may é%d?}ﬁ'ﬁd
sti 1 al | owhisalficel ytfte Va1 BBIRY ofobB Pephld™id b 2o ol mikipSchy 6F MEHC

mal ari a-specific or parasite-specific univer T-cell epitope has the
potential t ClessIinsbleculesi andioretp aotivate T-celbfunctién of dellsatargyingsuch molecules. It
nat ural | y-i nfected and n i.ndi vi du respectivel

' ls, . im th
opul at 1 o il be understood that deterion o ibsirub B 56 bY ot atfind SLRRF pller the
particul & %gﬂ?g{??ghlerr?e&gwwﬁﬂd 6Hé BF nhdie MEIT iCisssC oleaisles bt &l allow

aci d sequen n ole or in part within the particul ar pol ypeptide
and encoded hinding e gemdtiplicity ofether YEIC Class| K m@leeulete under st ood t hat

changes may be effected in the seguence of. a pentid |

pol ypepti de from whi chgi ’Pglag'a'cfg e P Raal?s’%s%gcng'gg%égﬁtﬁe&gb%ﬁf‘{l’?elc‘ﬁs e
al tered pep?gg&.ﬁaﬂ& o@ihdy O Andifcel Patasité-sperific TH¢ele G i manaalipatedted and haive
elicit an i ne response that is specific for the polypeptide from which-
t he pepti de indiviilalsy eespedtivelyviinithe genesgh papulatioapt i de” (MAP) refers to

peptide multimer formegd forom ' QL L-NL00 o
scaf f ol d}r%g onto \/\hich&i‘p@pﬁl”pé@g%ﬁ c@ﬁ?g’g%ﬁ#?‘gﬁag{? en%%gfg. et h.
196: 17, 1996; piictiiap polypeptide Acmptises o amif)adidSseqdéhct Found if whale es dntpart
i nventi on provides inmunogeni ¢ conpositions and nmethods for eligiti ﬁ%’

protective iwithinithg paigniat polypeptide:and gncpdad by thegengms;of the preapism,

The conpositions. c ' r ot 240 !

| east one na‘f%g’r'%@w 3@%6%26?%%2& c%ﬁ%ﬁdsil?‘ntgﬂeaéé@g%%?gg rﬁ%ﬁgﬁ‘}:élg%ﬁ %opgie

capabl e of epdlgpeptide frvin shich s derived that doTnatadeigatecthe abitity ofithecalteredopeptide,

di verse genetic backgrounds; and (ii) ,at |eas{ one ari,a- derived L de

conpri siky awben-used asparhpban HBIWREEEHC CRMRBQMIAN, 18 eﬁ?’éaﬁr’ml %Woﬁfgﬁﬁ& i

mal arial (i.8. . | Al s ' I+ i jegst the sporozoite

st age of theﬁr?calﬁ%ﬁ&éw&gm%@%lgﬂgﬁ@,ﬁeﬁﬁgg?smggeni c conpositions of

the present invention §oMpultiple AntigensReptide’ QMA)Irefeps topeptideomultimes formethe

epi topes. pr oRomaBPpIAYiEs coerud, otipiatiec omchsd persfidine Fg Wien plfides e
conjugated (Tam, J. Jmmunol.Meth. 196:17, 1996; Nardin et al., Adv.Immunol. 60:105,

20 1995). | | '

The present invention provides immunogenic compositions and methods for
eliciting protective immunity against malaria, in particular against P. falciparum. The
compositions comprise one or more of the following components: (i) at least one malaria-
derived peptide comprising a universal T-cell epit.ope capable of eliciting an anti-malarial

25 T-cell response in vaccinees of diverse genetic backgrounds; and (ii) at least one malaria-
derived peptide comprising a B-cell epitope capable of stimulating the production of anti-
malarial (i.e., neutralizing) antibodies directed against the sporozoite stage of the malarial
organism. Pi'eferably, the immunogenic compositions of the present invention comprise
at Jeast one E—cell epitope and at least one T-cell epitope, most preferably a universal T-

30 cell epitope. The B-cell epitopes preferably elicit the production of antibodies that
specifically recognize and bind to the malarial circumsporozoite (CS) protein. The
compositions may also comprise B-cell and/or T—ceil epitopes derived from, and reactive
with, other malarial components, such as, for example, the P. falciparum sporozoite
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specifically recognize and bind to the nalarial circunsporozoite (CS)

prot ef n. Thﬁ,oc gss‘i tions may al so conprise B-cell and/or ngjgh,"g@%f)sgfs

derived from Qa Feactive with, other malarial conponents,

exanpl e, .the P. falciparum sporozoite WD 98/ 31382

PCT/ US98/ 01527 7 surface protein_designated Thronbospondi n Rel ated Adhesi on
( Anonynous) Swifesee proteinrdesignated Thrgmbespondin Helated Adhesion: (Angpwngus) protein

(SSP2); LSA pZeL. y ; . Y.L .n .
embod rent, (FRAZY alip, Sto sparbee WEBLS. pifih Jjisska) LSAE ppd, (s RPRA;
are i ncor poSTARP, Hepl 7MSAR IRAPYT iagd RAP{2L i des (MAPs), forming a synthetic
macr onol ecul ar pol ypepti de cont aj,ni ng a high _density of the e itopeﬁ. ]

Met hods for MAP synt hd®i enerembodiment cthe; B-¢eth epitppé candaiy .,Vﬁéétlj.g‘(?ﬁ epsjope

85: 5409, 1988 I Egﬁfﬁ% : 16 e],‘ﬁﬁ%é r [ I,0, :
encorrpas?es%gt-"g§ﬁ§nt%n if’-c epll?tégggﬁalerl Y niprzﬁﬁnd%oﬁﬁgérﬁoﬁl a% % eglxegg,
i ncl udi ng winideesholetuiat polypsptitle dontainipg aurigh Gensityf théepitapess Methodd foo MAP,
P. reichenowi, P. know esi, P. cynonol g}la‘ P. Erasi i anum _P. el I&éﬁ P,

ber ghei , an@gywthesisapegudlisclessd; ipeClam,, RrariNatb desd. SeieUsd L-éa%%s 24095 1988;0 Tam, ¢
resi dues, p r t S resi dues, and nost preferably at |east 10
resi dues, dé&%@é%%%‘é’%ﬁ%?atslrgr%% al protein. B-cell epitopes may be

i dentified by nmethods The preseminiventioh lercampassesB-cel and Mocelllépitopenderived foom
(i) preparing synthetic peptides whose sequences, are derived fromthe CS
prot ei n18f Plasmodial spegies, jaelnding Vé‘#@?“(ihﬂ)mﬁ'egtﬂ-fg&ﬂ@"@bﬂivf%xo . ae, P.

synthetic p } d 4t ' | g1} . ' -] 2+S ;
Mal ari a- speci {eC?SB-'I(e:ie% avgld PT?%théEgplﬁ't %?gJé’s 'é%i(ygg'ﬁlégﬁe)ﬁﬁﬂ goﬂgérhé’l ﬁsgg ;Bgf l.’,
Ann. Rev. | nmaadl P. 1cHaBdudi] 98pitopes tyysically edmprissdatcloinedi amito, acid eesidues, peforably
conposition of the 20 invention conprises a Pe&tide conprising the ]
mal ari al B- @&1¢ask i resigdues, Nadppast pratesably 3¢ ilepst & rﬁﬂﬂg%ggf%d dromy @ plagmodial

T-cell epit ,' e ddfifibd RS 226 245

EvLNKI QNSLS -%@@ﬁe‘?ﬁ%ﬁ?’ﬁ?ﬂﬁ%ﬁ%. par G ?’g?ﬁ&&g%plﬁ?"é?ﬁ’, s as, for
[ hrrrru_nogars’ C exaiiply)tty c&_;ep:rapadinfgrwzﬂfe_ﬁo rpeptidesawhosecsequendes Kla;ecﬂeﬂnbd)ﬁm; élﬁa CS
t he i munogeni ¢, copposi tiQn_ of the ipygntion conmpr.ise errl, . .
EYLNKI QNSLS pl spepiescand éﬁé@%l‘ﬁ? %{I%ﬁﬁé%éié@&# ps to elicit
i sol at es and, Qfapigf ' Sl a!ifa]i‘fi‘a-'kﬂ&‘ﬁ‘i' f .

al i phatic a%é'hgrporra |%@gglié53%g lEy%te?ﬁ‘. ¢ BRI ToEAN éﬁltopesare

disclosed in Nardin et al._, Ann.Rev.Immunol. 11:687, 1993.

In one preferred embodiment, the immunogenic composition of the

20 invention comprises a peptide comprising the malarial B-cell epitope (NANP), and a
peptide comprising the universal T-cell epitope represented by amino acid residues
numbered 326-345, EYLNKIQNSLSTEWSPCSVT, of the P. falciparum NF54 strain CS
protein, or immunogenic variants derived therefrom. In another preferred embodiment,
the imniunogenic composition of the " invention comprises (NANP),,

'25 EBYLNKIQNSLSTEWSPCSVT, and the T1 epitope. Related sequences in other isolates
and in other malarial species share an identical pattern of aliphatic and aromatic residues
at positions 327, 328, 331, 335, and 339. These residues are thought to represent critical
anchors for binding of the peptide within the peptide-binding cleft of class II or class I
molecules. Accordingly, sequences related to EYLNKIQNSLSTEWSPCSVT that share

777730 these structural features and/or bind efficiently to different class II or class I molecules

may be used in the invention.
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at positions 327, 328, 331, 335, and 339. These residues are thought to
represent critical anchors for binding of the peptide within the

pepti de- bi ¢ syos18deft of class Il or class | nolecules. Accogdi '
sequences rel ated to EYLNKI ONSLSTEWSPCSVT t hat shar'e 30 thgééeif@?#syuaclt%"r al
features.and/or bind efficiently to diffefent class Il or class | nolecul es
may be used in the ig&%ntio.

n. WD, 98/,3138 . . .
PCT/ US98/ 01527 8 Ot hePthehspiveesal Tﬁ‘é’zf’?‘?‘@ﬁﬁt?f%@? i, the, PEesent inyentign, may, be
i nvention Wnﬁﬁeklde'ﬁts{/rﬁrg edthéS| kpeffmBHRAT | WRithalds "eHBSEibe@s Chelsel bedow
for EYLNKI LSTEWSPCSVT. 5 Ildentification of Universal T-cell WMalarial
Epi t opes | QNSRSTENSPESYEnt i nvention, mal ari a-specific universal
T-cell epitopes are identified using one or nore of the foll ow ng nethods:
(i) experimentally measuring the interaction of different malaria-derived
pepti dess Wizintificaition f Thivesal T-defll Makidal Byfitopes Vi tro; and (ii)
conputationally analyzing different peptide sequences to identify high- 10
affinity class |11 al lapsactisingthe presant inventiqmnalagia-specificiniversaliT-eall epitopes

measured i | I ' ' | VO, | et .
meacur od by HebfiRfiang 558 of GidrE 0P i tollob/ing Peliol, ((TEABARRBIEN trealiine
when i munitiethtayattionof different anilariededad pepeide] Whh)isclated 2lass Mopdlippeptidés del |
epitopes. Simlarly, a peptide derived fromP. falcjiparwn TRAP/SS 15 2
that was prvéeicard) (W cewppationally apalyzing different peptids; segyenaes o

experi t A ' ' S | | m%ds
for t hﬁ.'dgdhﬁlﬁ glg%yl g%&@ﬁ%@r@éﬁﬁT t%eT ﬁ%@%ﬁ‘?%mﬁ%%ﬁ%‘sg‘n e ?ﬁr; nor e
detai | bel dave beerl corvélited wittsinyvive GniRoEinidify, AblithdubureDBy. th€dmhiutie Fesponse
Synthesis of nultiple antigen peptides (MAPs) was carried out as originally
descri bed (ofmice pf diffatent gengtiit qyicgmlmsﬁ\“é@nmm@g%}h maglprple aptigencpeptides

T ool opi {OAErbonualiE R 100 BRIkl SRR, o YerlfDp ATEY bl KB TG

epsi | on amTRABISSups of |ysine. Two nono-epitope MAPs were constructed to

contain only the Tl epitope ( DPNANP err], . ]
! 15 2ythat was p. cltedtg co&xprise a'u'x\1|1>0e£‘sal ‘I]-cell epitope has been shown experimentally -

to bind multiple class II molecules in vitro. These methods for the identification of
universal T cell receptors are described in more detail below.

I._In vitro assay:
20 MATERIALS AND METHODS:
Peptides: .
Synthesis of multiple antigen peptides (MAPs) was carried out as originally
described (Tam, Proc.Natl.Acad.Sci. USA 85:5409, 1988). Solid-phase stepwise synthesis
based on Boc peptide chemistry was used to. synthesis the T-cell epitopes on a
25 tetrabranched core constructed using the alpha and epsilon amino groups of lysine. Two
mono-epitope MAPs were constructed to contain only the T1 epitope (DPNANPNV),,
abbreviated (T1),, or only the 326-345 T-cell epitope of the CS protein of P. falciparum
NF54 strain, EYLNKIQNSLSTEWSPCSVT, abbreviated (T*),. A tetrabranched di-
epitope MAP containing both the T* and the T1 epitope [T*T1],, synthesized as a 36-mer
30 sequence with the T* epitope distal to the lysine core, was also constructed.
| NH, terminal biotinylated T1, 326-345 and (NANP), peptides were
purchased from AnaSpect (Anaheim, CA). The peptides were over 90% pure by HPLC
and biotinylation of the peptides was confirmed by mass spectrometry.
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abbreviated (T1)[err], or only the 326-345 T-cell epitope of the CS protein
of P. «fal cikparum NF54 strain, EYLNKONSLSTEWSPCSVT, abbreviated (T*)4. A

t et r abranch®40 #/3138%i t ope MAP containing both the T* and the FCTAISha/mns27
[T*T1][err], synthesized as a 36-ner 30 sequence with the T* epitope distal
to the lysine core, was also constructed. NH2 termnal biotinylated T1,

326- 345 and ( NANPMBegdepti des were purchased from AnaSpect (Anahei m CA)

The peptides were over 90 % pure by HPLC and biotinylation of the peptides
was confirmed by mass &3ecweelopld myice of fapr Jabred surains were obtained from Jackson

obt ai ned 1 aRUPRRiE BedfatlBE BT Ghaibe B 3- RV bl BE A BEY MY @2,
A3 (2 of BALEERERNAnICR GH2) sl b ity hesintrhedl ufecions

strains vvere I mmuni zed by three intraperitoneal injections of 50 r]
mono or  d - efi Mope menps ordinepitopr AP emulsified i Erepnd/s adjuvants Senevere collected

Serol og) cal e GBF efiribh TRGL AU KOFlerdRele Bl a8 8HE ' 250" LT S v

carried out using nono- or di-epitope MAPs as antigens (Minesingh et al.,
Eur.J. |l mmunol 12: 3015, 1991).. The bl ocked MAP-coated ELI SA wells were
I ncubated with two-fold dilutions of 15 sera in PBS/0.05 % Tweenl 2.5 %

BSA. Aft vvashl oh%q %gg%ganti body was detected using
per oxi da@% | abel | G PAR e ADUSE | gG ([err] chai n speci fi c) (Kirkegaard and
Perry, Gaithersburg, B 2! ; Asi no- 3 eth t.hi azol | n
squonate)/H[err]Qer% §§Y MWB B, agsp éﬁﬁg out
determ ned fag4, %ﬁhéﬂ%&‘ﬁs%% %\11 h%ﬁ%tﬁﬁ%uﬂj'ﬂh&ﬁ%ﬂﬁ%ﬁl@i
an O D. greater t anthe - e sera. 2
| FA: | Nnd199431 Therblockéd MAR<oaad é!I(ISRAyeﬂsawemancqudmith uwb+fold dilutions of
gl ut aral dehyde-{i ro nd FEl C-I .=d anti -.nous
PG to bt octorn RS DS Bonyettg b HA o Afes Feastite afibodvas e

| ands of Al u
g 'Eb?ﬁt OC% oriRRE AN Ad%f—ﬁn%hf‘éjoé% %fgﬂég{igﬂﬁ&fe Cu d@%l&g%ﬁ md Werd,

strain) gane derlve romin itr tures.

Pept i de Bi ndGagletsthg,s MD) amhg\BTS (2 2¢ 1 Acbinso- db(kﬂhybewbaaﬂmmlﬁaaﬂe){mog as

class I1 ol e%gtlra?tg Geometric mean titers (GMT) were determined for each group using as endpoint

the last sera dilution having an O.D. greater than the mean +3 S.D. of pre-immune sera.
20 . IFA:  Indirect immunofluorescence (IFA) was carried out using
glutaraldehyde-fixed P. falciparum sporozoites and FITC-labeled anti-mouse IgG to detect
bound antibody. Sporozoites were dissected from the salivary glands of Anopheles
mosquitoes infected by feeding on P. falciparum (NF54 strain) gametocytes derived from
in vitro blood stage cultures.
25 - Peptide Binding Assays:

Binding of peptides to cells .expressing defined class II molecules:
Binding of biotinylated peptides to EBV-B cells of defined haplotypes, or
L cells transfected with DR molecules, was assessed by flow cytometry (Busch et al.,
30 J.Immunol.Meth. 134:1, 1990). EBV-B cell lines 9065 and 9008, which present peptides
to T1 specific CD4+ T-cell clones, were tested for the capacity to bind biotinylated T1,
(NANP), or 326-345 peptides.
For flow cytometry, EBV-B cells or L cells (2 X 10° cells), were incubated
with an equal volume (100 uI) of biotinylated peptide (200 ug/ml) in each well of a U-
35 bottomed 96-well plate. Following a 4-hour inc;ubation on ice with gentle agitation, the
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Bi ndi ng of biotinylated peptides to EBV-B cells of defined hapl otypes, or L
cells transfected with DR nol ecul es, was assessed by flow cytonetry (Busch
et al., 30 9 ol . Meth. 134:1, 1990). EBV-B cell lines 90€3{I§nd 9008;

whi ch present péptides to Tl specific CD4+ T-cell clones, SY8M5%70

the capacity to bind biotinylated T1, (NAND)S or 326-345 peptides. For row
cytonetry, EBV-B cells or L cells gz X 10[err] cellsz.A were .incubated with
an equal vol‘li}h@“\dmnfiﬁ?‘?’ﬂe)feﬂp"%‘? Yy Washing o Fojrcrensedhe sensitivity, qfishe:{lyorescent

each wel | o i

I
on ice wt h ent I e ag %gt I on, %@m %ﬁ%\%}@ﬁ@ﬁl% E&l@bﬁﬁﬁﬂﬁnﬁé‘ﬁ?ﬁa&i&ﬁ)”
PCT/ US98/ mmcammmannﬂoumm blyebmtmyhtecbantvmnm m/anﬂlaggm FITCAvidhs DCSe

o Tabel 1 heTePRoBHYnEAEL A et JPdde | F& b espidded) PUcp BACS

bi otinyl ate § |G Avidin DCS (Vector, Burlingane
CA) . Propi d?ﬂ%gllkéégn%r%ﬂngug/ﬁ) V\r%gkadded prior to FACS 5 analysis to

allow gating on viable cells. Peptide binding ELI SA: Peptide interactions
wi th soluble DR or DQ l,e asured using a peptide bindi ng ELUSA
(Hanmer et al., J.Exp. %ﬁ%%%) The class Il 10 nolecules were
obtai ned from appr oxi ’Fe?ﬁ u&%@ﬁéﬂsvEﬂVs&uﬂ@bl@gplb%iﬁ&e‘éuﬁQWe?é(h%ﬁ&ﬁé&ﬁkm

using 1 % NP-40 (v/v) a cocktail of proteas I bitors. The class |1 .
mol ecul es i pd:padedimdmgtEIdSAs(Hmmepwtlal A ddEtyMedrrdﬂﬂ%BnﬂB%)onThe class I

Seph - - - d .
SoPet VY motpeuiog were, Bblaiied OB pmeyemataly 1P 1B el B e 3" Garaction
Homozygous GEigR o -4 oman&ra%umﬂoﬁnéte@seqmﬁbﬁsmofméi § T ‘mdBh& ke

for each of the DR peptlde conpetition assays: 2 (DRB1*0101), DR
3 - W49 ( Drell‘exgaats  weyrpurifigd\byn mmnwfmmma&p BR- Pl'OlEKRA anti-class IT

ke ( Dra1+ Mo POl Gl by Nk speity tor B WTCGHIR 0 B REATERG b

transf ect amor@?V-Lé}ﬁm’iecules The DQ peptide conpetition assays used sol uble
DQ 7 nol ecules (DQA *0501/ DBl *0301) derived from SVWEIG EBV-B cel | s. D\?hg
[err] di%fers (DQA1*02GHomopyEcusFBY lines weee-usedras ithessonrcecefidlass fkmalec

bacul ovi rus s£xpf§S6¥ @B DR peptide competition assays: DR 1 - HOM-2 (DRB1*0101), DR 3 -
WT49 (DRB1*0301), DR4 - BSM or PREISS (DRB1*0401), DR 7 - EKR (DRB1*0701),
DR 8 - BM9 (DRB1*0801), DR 11 - SWEIG (DRB1*1101) and DR 13 - HHKB
(DRB1*1301). DR 2a (DRB5*0101) molecules were isolated from L cells transfectant
20 1416.3. The DQ- peptide competition assays used soluble DQ 7 molecules
(DQA1*0501/DQB1*0301) derived from SWEIG EBV-B cells. DQ 9 of dimers
(DQA1*0201/DQB1*0303) were produced in insect cells using the baculovirus expression
system. '

In the peptide binding assay, an oi:timal concentration of purified DR or
25 DQ molecules, was added to each well of a 96 well plate along with biotinylated indicator
peptide in citrate-phosphate buffer containing 2% n-octyl-glucoside, PMSF, EDTA and
protease inhibitors. A binding buffer at pH 7 was used for all the DQ and DR assays,
with the exception of the DRB1*0701 binding buffer which was pH 5. Following
incubation overnight at room temperature (RT) or 37°C, the peptide/class II complexes

30 were transferred to wells coated with anti-DR Mab 1234 antibody (15 ug/ml) or anti-DQ |
Mab HB144 (3.5 ug/ml). Following a two hour incubation, the wells were washed with
PBS + 1% Tween, and the capture of the biotinylated peptide/class II molecule complexes
was revealed by addition of alkaline phosphatase- labelled strepavidin and substrate, p-
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system In the peptide binding assay, an optimal concentration of purified
DR or¢ 25 = mol ecul es, was added to each well of a 96 well plate al on
with biotinyP2PR¥8ndi cator peptide in citrate-phosphate buf iREVESWOSH ng
2 % n-octyl -glucosi de, PMSF, BDTA-and proftgase inhibitors. A binding buffer
at pH 7 was used for all the DQ and DR assays, with the exception of the

DRB1*0701 bhitrtiphgnyiplidsphateiiKisnkegaardandPerey, Gaithershurg) 3B Qptical.densitigh wess
t ture (RT) qr 37 th ti de/icl I | 30
{Tanst or 1 cadgntise ot o Sitestk HiC NS A 205 e a0 VR A D iy i
or anti-DQ Mab HB144 (1% $ncrédsBl Qensiﬁvit&,mnﬁdtﬂ:ymédvqném@%ri%@ﬂaa& kpBwn! i bind

wel ls were washed with PBS + 1 % Tweenh, and’t he capture t he biotinyl ated

pept i de/ cl aoptimallyrtn theudifferaat PR allelesvwere wsedqih dhe peptideicompstition assays) i Pely-

hosphat gse-, | abel | £d st repayi di.n. and subst r . = 31382 . ..
e/ Usas Po1 8 UenEprpfiEeY bk uinie s M iaRipe, motiB.phly s s indicaor
Gal t her Sbur Bepihfah, sib¥e 3 pepEiat ANed A1 AT COnRHitdrd vAUTIORAALE fndises or
Mul tiscan ELI'SA reader (Flow Labs) using a 405 nmfilter. To increase

sensi ti vi t ydedseases inybinding affinity.a Biotinylated GlsPherdys-(Ada)hi desigapted GFK (A owahe

al ani ne des Py el et i DRI X L KBRRSY shi B8 Sy, Hhelpe'
used as i ndagsayaised Hibtifiddted IAYINA)Dan8 DR asys altliReed Bitiaglted GYR(A)L
conpetitors with 100-fol'd_i ncreases_or decreases in binding affinity,

Bi ot i nyR§t edndizagorrpeptides- DR 4 pompetifiom agsays ®erg Ajgoecaryied @i wging bigtin

ylated
s aseay usoRERd TR ARGV RCay it Ae Msikned o Brsiotl] bubdlaf 1 38 TH ¥ atlotfocs’
bi oti nyl at e@irkdifg A0 [BR 2 (DRB5*0101) GAdIeEuleE Riak Ciﬁeas@l%d‘luﬁﬁ%ﬁ%lféd 646 of

were al so carried out using biotinylated peptide UD4, YP
desi gned f omysehinibasic psotein MBR.o all DR 4 all otypes. Binding to DR 2

(DRB5*0101) nol ecul es g@as d usi.ne: i atd.oy! ate i | j

basi c protein MBP. Forp@hggggﬁq%ec@hp%ﬂ %%gﬁgg’sgéyg?ﬂg‘éﬁ opﬁ ?é}rr%ﬂz%ﬁ of' the
concent nst i bivtiyldtébindiratoripeptide/(0al pM - SMpwas ifcubatedowith tenfoldrdilubions (0.01.
-5[err]M was incubated with tenfold dilutions (0.01 [eryr

M- 100
o Ehe. Unt AEB 1-CPOckMS @ the unlsbelled:campettor eptules. 15 28326 M NANER I

conpetition 35> . an. I ' 'fﬂgag AP aY ggg%:-

specificity vvas@clymﬁgi u éggsgggghpom | veq’ggtg%ergf&%n t%%ﬁyvlé‘ggé m nalfyi gﬁs

of rel ati ve indlfded dsya pdsitiveadontrol und to allow determination of relative affinity. The ability
- of the unlabelled competitor peptide to compete with biotinylated indicator peptide for

20 binding to the class II molecule was revealed by measuring optical density (O.D.).
Inhibition was calculated as percentage using the formula: 100 X 1- (A O.D. in presence
of competitor peptide/ A O.D. in absence of competitor). The concentration of competitor
peptide required to inhibit 50% of binding of the biotinylated indicator peptide (ICso) was
determined and IC,, <100 uM were taken as indfcation of peptide binding to the class II

'25 molecule. T |

RESULTS:
Binding of CS T-cell epitopes to cell-associated class II molecules:
Human CD4+ T-cell clones derived from sporozoite-immunized volunteers
30 recognize T-cell epitopes of the P. falciparum CS protein in the context of DR or DQ
| class II molecules. Clones specific for the 326-345 T-cell epitope (T*) of the P.
Jalciparum CS protein are restricted by multiple DR alleles, including DR 1, DR 4, DR
- 7, or DR 9. The genetic restriction of the T1 epitope, located in the repeat region of the
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of the unlabelled conpetitor peptide to conpete with biotinylated indicator
peptide for 20 binding to the class Il nolecule was reveal ed by neasuring
optical dengigog345s2D.- ). I nhibition was cal cul ated as percent alg_el. | he
formula: 100 X 1- ([err] O D. in presence_qf conpetitor pepti eﬂ%s%.g‘ﬁ% in
absence of conpetitor). The concentrat i onY&f conpetitor peptide required to

0 bl P A AL s 2

bi nding to rdemoflodsitic |detetmindits o BQ, Bublot DRBnIHcHks Kigificant e inhitifidt @ees

to cell-associated class Il nol ecul es: Human CD4+ T-cell cl ones derived

f r om spor ozpraliferatine mesponse ¢if Uihe Tl peptide-specsfit i T-eellr clanes. e WhenpEBVoB ¢alls

G ones. spec PR hi, "DRIDE CneitEE | o . SpoiBraiia Bfubized? 166 “Boner
protein sre(DRBI*iS027#1301, TDOB1POE02DRG) chere, ussdc bsiJAPC, DRyl ceBR ekprddiing.

or DR 9. The genetic restriction of the Tl epitope, located in the repeat
regi on of t m?mw@'; sgnldipresent the T1 peptide to the T-cell clones.

PCT/ US98/ 01527 12 P. f [ par i I fel

Monocl onal anti bodi es I-gl%)&ééc‘{%?’l @%@bgo%%%?pgéﬁﬁﬁéﬁ)@ﬂ%&%gﬁ turc]l t
DR nol ecul esf gepetid resaridtions ikabibeeh dinitddebyp ithe isinall adumibser refssponsmitefimnhimized
pepti de-specific T-cell c]ones, Wen EBV-B cells expressi ﬁ t he gsR/ DQ :
hapl ot ype oNVolRteess Fraobspinadd 8/9n the rgepf molngyles thag could

5p Fiamal 3
1*06Q2/ * : I | .
present he ity AmHEE h fSseiiion T i X3 and 37HRUS IS gty 4 Vir Rlting
pepti de speasshys were edrried stukiagl cellflines off defihedihapiétypeshest DR trarsfectants. ons

has been limted by the small nunber of sporozoite-immuiized volunteers. To
obtain additional information on the range of class Il nolecules that could

10 potentially functigp bﬂ,ﬂfﬁﬂ&}@hkﬁg Eﬁﬁﬁ‘geﬁaloﬁgﬁr%?%%fiﬁlr%&%efv

epitopes, in vitro binding assays were-carried out
defined hapl ot ypes or ToRidterminé sihether EBVEB dfikndivndhaplotypes coudidbg us&itoscoeeh| s

O e 1R B4 bl 2 BF By T 5 Ao A8 B o i g o
oo hub pep A 1T it emiahs; gt ANDY paes, Koo b
poorly recognized by human T-cells, was also tested. Two EBV-B cell lines, one
expressing DR 4 (BSM) and one expressing DR 7 (EKR), were known to function as APC
for the presentation of the 326-345 peptide to DR4 and DR 7 restricted T-cell clones. As
20 measured by flow cytometry, the biotinylated 326-345 peptide bound to the BSM and EKR
cell lines with mean fluorescent channels (MFC) of 251 and 142, respectively. However,
no detectable binding of the T1 epitope or the biotinylated (NANP), peptide to these cells
was obtained (MFC < 35).
In the converse assays, EBV-B cell Tines known to function as APC for the
25 TI1 peptide-specific T-cell clones were tested for their ability to bind detectable levels of
the biotinylated CS peptides. Binding of the biotinylated Tl. peptide to EBV-B cell lines
9008 and 9065, which express DRB1*1501/DQB1*0602/0603 and the
DRB1*1301/DQB1*0603 haplotypes, could not be detected (Figures 1A and 1B). In
contrast, the 326-345 peptide bound to both of these EBV-B cells (9008 or 9065) with a
30 MEC of 403 and 758, respectively. | I
b. Peptide binding to DR-transfected L cells
Since EBV-B cells express multiple class II isotypes, positive fluorescence
obtained with the 326-345 peptide could reflect binding to either DR and/or DQ, or other
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poorly recogni zed by human T-cells, was also tested. Two EBV-B cell Iines,
one expressing DR 4 (BSM and one expressing DR 7 (EKR), were known to
function asWBP8RH2 the presentation of the 326-345 peptide tBCDRSSPIGDR 7
restricted T-cell clones. As 20 neasuredaBy flow cytonetry, the

bi oti nyl at ed 326-345 peptide bound to the BSM and EKR cell lines with nmean
f | uor escent HEiAa malbculed/Theaflast I specificity f peptide binding was detesmised by measuring

LS 1 i o B o A AL L, 7,

lines known to functi qhedsyeldE ekplessiGf of DR b thE BIE: 'éﬂQﬁéidiff&eItﬁﬂLskectants

clones were tested for their ability to bind detectable |levels of the
bi ot i nyl at ewasCSompatabléeto that wbseryed bntERVB celis;ywith MFClrapgingi fitom: 443096}

cell lines 8 .and 9065, .which DRB1* 1501/ *0 0803 and the
REL* 1303 CoRine Saiins et DR (43 sodosiohal augdiesriiglecd: 1n and 15)
In contrast, the 326-345 peptide bound to both of these EBV-B cells (9008
or 9065) with a 30 MC of 403 and 758, respectively. b. Peptide binding to
DR-transfected L cells Since EBV-B cells express nultiple class |

i sotypes, positive fluorescence obtained with the 326-345 peptide could
reflect binding to either DR and/or DQ or other WO 98/ 31382

PCT/ US98/ 01527 13 HLA nol ecul es. The class Il specificity of peptide

bi ndi ng was determ ned by nmeasuring interaction of the biotinylated CS
peptides with DR-transfected L cells. The | evel of expression of DR on the
surface of the different transfectants was conparable to that observed on
EBV-B cells, with MFC ranging from443 to 964 5 following staining with
anti-DR (1243) nonocl onal antibodies (Table 1). WD 98/ 31382

PCT/ US98/ 01527 14 TABLE 1: Binding of biotinylated malaria peptides to DR
transfected nurine L cells
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5 Biotinyl ated DR TRANSFECTANTS Pepti de
(MC[ err]) DRB1* 0401 DRB1* 0701 DRB1*1501 10 Bioti nyl - 326- 345

217.1 8 167.7 Biotinyl- T1 18. 35.7
12.7 Biot]i r@???%) [err] 12.9 22.8 ° 1?9"/""}3%%’?‘-5&
Mab[err] . 911. 4 443.5 14 964.4 15 Control Mab
18.5 23.8 19.3 a. Binding of biotinylated CS peptides
(100 [err]g/mM) to murine L cells transfected with DRA1*0101 and DRB1*0401,
*0701 or *1501 gere R S T S T e e R e S T R P eSS SOt e =N

fluorescence channel (MEQ). 20 b, Oass Il expression on each of the
transfectants was de r:Binding of biotinylated malaxia peptides to P&  hunan
class Il nol ecul es (Mab L234) ortransfegtedimurined: eells Mab (3D11) (50 ug/ ).
No signiSicant fluorescence was obtained when the biotinylated Tl pepti de,
25 or the (NANPFFerTI—peptruc, was rhecopated v o tie o trearsrected cel |
lines. The biotigylated 326-345 peptide boun : nsf ect ed
wi t h DRB1*0401 an%‘"@;‘?ﬁ&“’%th' MPC of 217 and %H&@g@ﬁd%@g consi st ent
with the allele skeptiflecity of the DR4- and DR7-rest ?d CD4+ T-cel |

cl ones specific for the 326-345 peptide. In addition, the 326-345 peptide

was al so shown to bind to DR BL*DRBi*t0400sf c ODRB1#0T0L | s DEEI* 861, 30
consi stggt with the positive binding observed with the DRL5 positive 9008

EBV-B cell line (K.qgur W0,28/,31382

PCT/ US98/ 01527 15%‘%{‘!&’?#%@&4505 ! epi t opes2P3sol ubl e AL ||

mol ecul es I n or deBietinykeddure pepti ¥e9binding adihity and t8-7ul e out
non-speci fic int eRBictiny«{NANP)Y) non-1248 cel | surf22c® nol ecul e$2.gxpressed on
t he human and nuri ﬁgMab‘ nes, p@m.i‘tde conpet h&ign bi ndi NGheaspays usi ng

1=
sol ubl elscl ass |1 Em?ro Nﬁ: wer e car{é.gd out. 5 23.8 1. DR Tg.rsecul es

a. Binding of biotinylated CS peptides (100 xg/ml) to murine L cells transfected
with DRA1*0101 and DRB1*0401, *0701 or *1501 genes was measured by FACS.
Results expressed as mean fluorescence channel (MFC).

b. Class II expression on each of the transfectants was demonstrated by staining
with Mab specific for human class IT molecules (Mab L234) or a negative control Mab
(3D11) (50 ug/mi). '

20

No significant fluorescence was obtained when the biotinylated T1 peptide,

25 or the (NANP)a peptide, was incubated with the DR transfected cell lines. The

biotinylated 326-345 peptide bound to the cells transfected with DRB1*0401 and *0701

with MFC of 217 and 203, respectively, consistent with the allele specificity of the DR4-

and DR7-restricted CD4+ T-cell clones specific for the 326-345 peptide. In addition, the

326-345 peptide was also shown to bind to DR B1*1501 transfected L cells (MFC 167),

- 30 consistent with the positive binding observed with the DR15 positive 9008 EBV-B cell line
(Figure 1A).
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To increase the sensitivity and specificity of the peptide binding assays,
conpetiition ass were carried out using a biotinylated indicator peptide
GFK(A) 7 , a"YﬁPVé"’%l ne peptide that binds to DR nol ecul e wit RCIMUSSMHINATL Y
permtting conpetition by peptides w-th 13 fold range of affinities. As
shown by the dose response curve for 10 various concentrations of cold
conpetitor [Biftingeef CBeT-2¢lk epitopactl solebleltliss Tmdéleeulés or (NANP) 3 pepti de,
could effectively inhibit the b| ndi ng of the biotinylated GFK(A)? i ndi cator
peptide, to sol ubl e DA® Qﬂp’éé%l“@@s?rﬁlm@éeb indingspfirity andot rule oji pan-specific

bt ai ned wh

o0t i med. Wi HReA Tk Sop B 49 o 5k b AR TR b e
326- 345 peptlinds, de b&dpétﬁnmﬂhnmng absays adindsolabls ¢lass Iitthelebiles woie cabiet out.
GFK(A) [err] peptl C[err]) was conparable in both the DR 4 (Ierr] 0.2

[err]M &nd the olgqules; 0. 33 [err]M pepti de corrpetltlon assays.

Neither the T1 pept I d mﬁ&@ I\f*}g : ¢ cf,

inhibition at the hi gﬁgs'?ﬂéconcen% SE!“ %Fye p%&%er i k’? TS
results of aohfpetition mapemerd&ahimomgxmeﬁMnyMe@Wor qutidee@Fn(lA)72,0a
usi ng di fferent bi oti ny| at ed i.ndi cat or pept | des sel ected for optinal

bi nding to dedyplaninepeptide thaf binds o, BR; melgcyly withyan affinity pemtysg sompetition by
PCT/ US98/ Olift%ti&& ngﬁm RaRgd 8¢ 5@9&&9 Q’iggi}%%q by e H0SE Yespoh I ek Yok ©

DR nol ecul e

Conpeti txy Rapious eondenfrations ofaquid dempﬂht{mp&ﬂndaZﬂ]e%MS pe“f)hde but not the T1 or
(NANP)[err] DR.1  DRB1*0101 >100

>100 10 (®ANP); peptadss ¢ould e &ﬂveilsmhlblt the bmé‘ﬂﬁsof the geptwylated GrFR @Y,
100 DR 4 niSRBE peqide, b S{ghfy Bre méfelily Figure 24700 7000 T

DR 7 DRB1*0701  GFSimijar results wereobidined whed the 326-345 péﬂﬁﬂe was testeﬂOiﬁ th&x
8 DRB1* 0801 GYR A 15

DR 11 (5) Dcrrsruéaea &t%qqrb#fy vsmg soluble BRYR molecules GFiguro 21 Fhe concentiztion
Resul
3n| agzrljga% corrpet | tor pti de requi r’g&h{?to | nhsﬂm%(t)’]&hts%&%yrﬁad GFI?( a)7

bi ot i nyl at edpeptide (flsg)rwascqonaphrable e both the DR 4 (IC;, 0.2 pM ) and the DR 13 (IC,o 0.33
uM) peptide competition assays. Neither the T1 peptide, nor the (NANP), peptide, gave
detectable inhibition at the highest concentration tested (ICs, > 100uM).

The results of a series of peptide binding competition assays, carried out
20 using different biotinylated indicator peptides selected for optimal binding to each DR
allele, are summarized in Table 2,
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20 percent inhibition was cal cul ated based on O.D. obtained in the
presence of different concentrations of conpetitor peptide (100 - 0.001
[err]M. ARydbdsisgd < 100 [err]Mindicates positive peptide @ﬂ?ﬁ%ﬁ :
known positive conpetitor peptide derived frominfluenza hemaggl uti ni n 25
HA [err],was included in each assay in orkfer to determ ne the relative
affinity of.lind g al le B2

assays, the 326- 345 pepti de coul d be shown to bi nd to DRBl* gene products
encodi ng DR 1, Table!,2 DR Peptite Bindihiy Contpetition Assay wsisg solublé DR husleculésgur e
2, Table 2). The 326 345 peptlde was a weak corrpetltor for bindi ng 30 to
DR 3 nol ec ° ‘ .
B5*0101(1C err 80 [errb Sl gnlflcant b| nd| ng of the T1 pept*rde or the
(NANP) [ € 1] pdim de, wa * detBigtingl-vi t h any of CempetitarPeptise ¥6i ocul es
tested in the peptide-binding aspeptédg | Clerr] > 100[err]M WO 98/ 31382
PCT/ US98/ 01527 17 The affinity of binding of the 326-345 peptide was
different for each DR allele as determ negaby the 3 ] angqgthe r m)g/
affinity when conpared with the HA[ err] pept%/”d’é Inzaf-%escase@%f DR@

al l el es, binttmg~of I 320- 945 TS pPEpt | drwas-conpa'r-a'b're'ro-nw urversal
HApeptlde wth ICe & berr]/CS{err] rati os of 1. 0. 25 and 0.5
respecti vel y. DBleveDRBROI0E| ot GER(AX | nit 0-1 b n%‘? Hg of PH@OSZG 32300
peptide to DR 1 and DR 11 was lower, with IC[err] ratios of .005 and .025.

2. DQ mpp ecul PR Zhe myRES*H ORI thmmR bi ndi gpgzassaygg.ondi cabq@gt hat. 1>l1go
326- 345 peptide 10 could bind to multiple DR nolecules, whil e the T1

pepti de and t NANP £ ept | L\d no nd w hi gh n| ty ny
of the DR nol Zﬁﬁﬁes ﬂ%}éﬁ%cﬂa(ﬁo m&he V\ﬁig er thz(lil |ct edgﬁﬁ?a
epitope could bind to other DQ alleles, peptide conpetit | ons u5| ng sol ubl e
DQ nol ecul es MR ¢ caPRBL*M401. PepPiDdle conpdtddi on &&ZFays uPddOsol ubPd00Q 7

(DQA1*0501/ Bl *0301) and 15 DQ 9 (DA *0201/ Bl *0303) nol ecul es were
establ i shed. fykpown rigs Pkt N9 Herr]l . olgri vedsfigam aa 839401

of the Invariant chain, was 1ncl ugeykl n each assay to determne the
| at ff t f b f ti.d t | ubl
relative a |n| e |nii¢0r§%lo ﬁ(AiSLpep I 0eos 0] f(? ubl e D?OO >100.

15 DR11(5) DRBI*1101  TT gees 1.00 40.0 >100 >100

a. Results are expressed as IC,, , the concentration (uM) of unlabelled competitor
peptide required to inhibit S0% of the binding of a biotinylated indicator peptide. The
20  percent inhibition was caiculated based on O.D. obtained in the presence of different
concentrations of competitor peptide (10() 0. 001 pM). An IC;, < 100 pM indicates
positive peptide binding.
A known positive competitor peptide derived from influenza hemagglutinin,
25 HA .19, Was included in each assay in order to determine the relative affinity of binding
of the CS peptides to each DR allele.
Based on these assays, the 326-345 peptide could be shown to bind to
DRB1* gene products encoding DR 1, DR 4, DR 7, DR 8, DR 11 and DR 13 class I
molecules (Figure 2, Table 2). The 326-345 peptide was a weak competitor for binding
30 to DR 3 molecules (ICs, 70 M) and to DR 2a molecules, encoded by DR B5*0101(AC,,
80 xM). Significant binding of the T1 peptide, or the (NANP), peptide, was not detected
with any of the soluble DR molecules tested in the peptide binding assays (ICs, >

100xM).
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mol ecul es. The T1 peptide, which was known to bind to DQ 6 nol ecul es, did
not binhd 20 _to_ either the DQ 7 or DQ 9 nolecules (Figure 3). Simlarly,
the (NANP) 3B did not conpete with the CLIP[err] pepti dBCTHIS#PISAT ng
to either DQ allele. In contrast, the 3261345 peptide, could conpete with

CLI P peptide for binding to DQ nolecules. In the conpetition assay usi n%
sol ubl e DQ 9 nol ecul esThe affinity of hinding of ithe-320r345 peptidy was diffgrent foseaph DR

bi ndi ity i i ¢ . . )
pept i do (1 cpplpias ikt iife 1 i e iy Singity wilh Cobblnel il BelblA sy
det ect ed Wi fplptidd. Ul thePehsé oPDR W, ¢s 8( hlléley, " bindihg| 6f thé)326s345h OSypeptide was
affinity of the pei)tl de/DQ i nteraction was weak _conmpared with the | P

pep; i de 5 | Ccompprablesto thy upivegal Hﬁsfmpﬁdyownh It FBABABH/CS 325545 Tatios of 1.4, 0.25
PCT/ US98/.0152 | LCl i e i i ni
T T1 opi Fopdod 05, teRRRTT Holelel i KAAVE definhd B RARIASE U 260 flokidRo

epi t opes TheDR qsad BPROI1 was 1ower, iwith ICHdathg ¢fS. 003 ande0Rfistrated that the
326- 345 peptide could bind to a broad range of class Il nolecules, while

the Tl peptide showed 5 detectable binding only to the DQ 6 nolecule in
the T-cell assays. In pr rm ne whet her the broad versus |imted
genetic restrictions 0#1 gﬁé'ﬁ‘gg&@% and the T1 peptides-correlated with
i mmunogenci ty in vivo,Thegesulisrofiehe ER bhriing assays indicated diat ghe) 306:345eptide
(MAPs) containing either the 326-345, or the Tl, epjtope was determned in

di f f er et0 stconldibindto multipledR molecules, whilethe I'lipaptideaad the, RIANE) peptide did

326- 345 epi tope. i . | ] it one
Cher of or o t 0% i O A8 ptfinish o BY of oS DAEIoIAMEL 166d, 8 WbiBhfie Phlhor the
functional qb@s6-restridted i qiie?eEobRi bind toadther DQ alleledpeptidsLovmpettions asing

Consi stent with the binding of the, 326-345 peptide to nultiple class Il

mol ecul es i rfolnble PQ maleenles; werscamigd 8¥nt ai ni ng only t he 326-345 sequence
(abbreviated 15 T*) | L4 ' ' |al1 % ' f
oo tested (Figure agoPEomBBhoaRhyiiel SSRART60 1 QA1 DS/ and
restrictysl, DOINDQOAI*02016BE*0303mblecplep werkcestabilishexd]y AdimoainiBQ bindiRg pBptide,

(HE-Terr]) and Bl (H2[err]) and J late levels.,in AlJ, ( [err])

mce. Al the isan1 SR rom a2 ﬁiﬁrgg?hﬁ tﬂ"@é’éﬂhﬁ%’é% SVasy I‘E;ﬁéd

simlar assay to determine the relative affinity of binding of the CS peptides to soluble DQ
molecules.

The T1 peptide, which was known to bind to DQ 6 molecules, did not bind
20 to either the DQ 7 or DQ 9 molecules (Figure 3). Similarly, the (NANP); peptide did not
compete with the CLIP;, o, peptide for binding to either DQ allele.

In contrast, the 326-345 peptide, could compete with CLIP peptide for
binding to DQ molecules. In the competition assay using soluble DQ 9 molecules, the
326-345 peptide gave an ICs, of 2 uM, a binding affinity in the range of that obtained

25 with the CLIP -, peptide (ICs, 0.5 M) (Figure 3A). Binding of 326-345 peptide was

also detected with soluble DQ 7 molecules (ICs, 20 uM), although the affinity of the

- peptide/DQ interaction was weak compared with the CLIP peptide (IC;, 0.5 uM) (Figure
3B).

30

SUBSTITUTE SHEET (RULE 26)



| evel s of anti-peptide antibody follow ng i munization wth the 326-345 MAP
(SEM < 20 10% . However, |lower, nore variable antibody responses were

obtainedima,bﬁbg (H 2[err]) in which only 2/5 MAP i nmuni %% ’

responded w't Ic?e ctable antibody levels. In contrast, to ttz1€ gﬂ?@ to

the (T*)4 MAP containing the 326-345 epitd®e, nonoepitope MAP cont ai ni ng

the Tl epitgpe elicifed ti-peptide, anti body responses. in only a single

strain of unggepicity) o (ﬂP&Eﬁt E%@‘?%W@Pé‘ﬁ?wgﬂ %’?@PBE%P?‘ 25

publ i shed resultg ( | ANy : [ eto
a. af}ﬁ)nun%ﬁ SO forloSeplitopt MAP &kt&ﬂﬁxg@S Fieell Wt §

the NHerr]-termn repeat T1 eprtope”is therefore t sanme as
observed for the COOHTherresuitd of theepeptidd/bimilingrasiayscdpmeonstratedithit the 3268345

Whethor t nGPERHGE FR Fi B beoth gee oF clse. mplovmled. wBHEdhe 17 Aerjos Aapwed
repeat Tk,  Q@etebiaBleHihliing Dnl§ (tthe G- Gholscat ke ’T-Eﬂpﬁéia#?%m&EtO (determine

protein on the P. falciparum sporozoite, indirect immunofluorescence assays
(1 FA) wer e hetlies theobroad |versuadimites, genetic yessrictiorisnfritic 8264345 rand the Tilipsptiddést h

Drotein i1 elotmiae with BRfacese 4 e e Eatng feapdisp 0 ufipls fptidiotucs”
PCT/ US98/ 01 gifA By &hﬁhﬁgﬁh& fle 0E-34 e iﬂéerﬁnﬁi@@i@zﬁs 8dtefmihad lif diffétent

react with sporozoites. nsistent with these earliér findings, onl

y .
ant i - MAP anstraiog o sice: Rreliminagy studiesthiad detepmined thatithe 326-345 epicpenontained B-

wth tnat Th B yeRas e sPRomsh B e Be S PAD ety Triuhd P
(EUSA GMT' 5 as afR Indiciidr of fanétiial EMis W ridtéiCted T HelpericBHS i the MAP idiniud$zed nfice.
<80) was detected. In contrast, the single nouse strain, C57B1, that

responded to inmunization with the nono- epitope (T1)4 MAP containing the

NH err]-term nal repe Tx I i EL gure 34), : af ad | 111
peptide ELISA titers '?(aﬂ‘mg%g,%@g)tﬁ%ﬁ?@g’? [ %%?bv%“? ﬁf/%nﬁ?gp c pi(?jlplfjémEfagg II-
sporozoites rx(dlé&l&éb'ﬂ)vitrd,(in@m-épmgeim coftaniag ofity the 326345 blfiendd@abbreviateds
of the peptide binding assays and the inmunogeniCi tg studies in the
di ffered® stli*)ielisited annrp@paéqrmmmsemtﬂhtfowmn e dosted (Figure 4R). The
recogni zed | ' 8S . . [
Whether 1 he*?%(a i ithééf, %ﬁ? ‘f?ﬁién?é“ Gal Y enBficaily feltricted O Rl HhiSIF 1evbls OF Wifi Pephide
antibody obtained in BALB/c (H-27) and C57BI (H-2") and intermediate levels in A/Y (H-
2*) mice. All the mice in the high and intermediate responder strains developed similar

levels of anti-peptide antibody following immunization with the 326-345 MAP (SEM <

20 10%). However, lower; more variable antibody responses were obtained in the C3H (H-
2¥) in which only 2/5 MAP immunized mice responded with detectable antibody levels.

In contrast, to the response to the (T*), MAP containing the 326-345

epitope, monoepitope MAP containing the T1 epitope elicited anti-peptide antibody
responses in only a single strain of mice, H-2° (i?igure 4A), consistent with previously

25 published results (36). The genetic restriction of the murine response to the NH,-terminal
repeat T1 epitope is therefore the same as that observed for the COOH-terminal repeat
(NANP), sequence, with T helper cell epitopes recognized only by the C57BI (H-2°) mice.

To determine whether the anti-peptide antibodies elicited by MAPs
30 containing the repeat T1, or the COOH-terminal 326-345 sequence, could recognize CS
protein on the P. falciparum sporozoite, indirect immunofluorescence assays (IFA) were
carried out. It had previously been found that immunization with MAPs constructs
containing COOH-terminal sequences of the P. falciparum CS protein frequently elicited
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15 326-345 T-cell epitope in a synthetic vaccine could overcone the
genetic res%rgi fog of the immne response to the repeat region of the P.
fal ki parum 9323 in, a di-epitope (T*TI)[err] MAP was synt hECTAS§s01527
containing the 326-345 epitope in tandem Wdth the Tl epitope. The anti- VAP
anti body response in the mce imunized with the (T*T1)[err] 20 MNAP
denonst r at chigh fexels ofsantiapetitisierantippdigs tha failed do apact ovith spprozoitep-Congistertt ovith

ant - pept | e Ao BanER Y AR, ol BACECSReal A fopE eh of s
MAP ant i bodgs peseRi Wware réadtive with Sur62dites. TheRFordS W tha BAYLE/ thisdiimunized

hierarchy as _that obtained in mce inmmunized with the nono-epi toEe sT* 4 -
MAP, i.e. Bwith/the (@5)pdevelppesl theChigheststiters of anti-326-34% antibodies At

anti - MAP_ anj response. wer rg.rapid in the diz.epi e i | zed

M ce (P Bur LB, i R Vil P Bl et (EE S 81wl BgE”
fol | ow ng aceritRGt, thél Singledmolst” stdaim, eC5TBIVERL iréspo@ed Ry #dmihization With| the\Rfono-
antibody titers were noted with the C3H m ce; "however, in contrast to mce

i mruni zed wepitopeHF 1MAP containieg theNHaitermingl nepeas T-oell epitene (Higwretdf, gave
di -epit T*T1 . MAP I Li- L bodi . . '
i Irrpglrolt agPFy,o‘PWé%‘étﬁ%@'ib‘@ 8?&\?/ o it ‘e\a%elé(éi WJMeggin??ﬁo%érgegangés
denonstr at eﬁléi gﬂorgiéiﬁjsr(;_sgjgmjoce i muni zed with the (T*T1)[err] MAP

devel oped antibody reactive with P. fal ci parum sporozoites (Table 3). As
noted wit@h WO 98/ 31382

PCT/ US98/ 01527 2Q pgevi ous .NAP tracts fai ning repeats of P.

fal ci parum CS prgt JW"PW@"\KH@)Q'S i%orrel ation between the |evel

of anti-repeat anti bodigsresnlts OPaR-PpHAD bR heayl and/Mi BhinGhogaiely studies
reactivity with P. falciparum sporozoites in the Sera of the di-epitope NMAP

i muni zed nincthe differeat grainsphmicelemanstnieythatithe 3261349ipeptide ran petecognized by
I mruni zati o ' | - eni e. (TAT P10 * I rr
ELISA (T1) F‘é‘%’}lg Eﬁ*"éi%ﬁ% ?@%@%‘}%&%ﬁ@ #J“Jﬁ’%’w é’é‘g&?%%" df the
48, 710 15 1326-38% T-celllépitopéin a synthetic vaccine could overcome the genetic restriction of the .
immune response to the repeat region of the P. falciparum CS protein, a di-epitope
(T*T1), MAP was synthesized containing the 326-345 epitope in tandem with the T1
epitope. |

~

The anti-MAP antibody response in the mice immunized with the (T*T1),
20 MAP demonstrates that, as was found with the mono-epitope (T*); MAP, all four strains
* of mice responded to immunization and produced high levels of anti-peptide antibodies
(Figure 4C). The magnitude of the anti-(T*T1), MAP antibody response in the different
strains demonstrated fhe same hierarchy as that obtained in mice immunized with the
mono-epitope (T*), MAP, i.e. BALB/c, CS7Bl > A/J > C3H.

25 The kinetics of the anti-MAP antibody response were more rapid in the di-
epitope immunized mice (Figure 4C). Anti-MAP titers exceeding 10° could be detected
following a single dose of (T*T1), MAP in the C57BI mice. The lowest antibody titers
were noted with the C3H mice; however, in contrast to mice immunized with the mono-
epitope MAP, all the mice immunized with the di-epitope (T*T1), MAP developed anti-

30 MAP antibodies.

More importantly, the analysis of the fine specificity of the antibody
responses demonstrated that all strains of mice immunized with the (T*T1), MAP
developed antibody reactive with P. falciparum sporozoites (Table 3). As noted with
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C57BL 702, 398 31, 042 100, 855 133,079 15 A/J
327, 680 1,810 40, 960 27,024 C3H 94, 101

452 1,v46@s/31382 3, 225 Results are shown as GMT for sera ' +28
days post third i.p. injection of (T*T1)[err] MAP in Freund' ?%@%@gﬁ?;
ELI SA were carried 20 out using the di-&% tope or nono-epitope MAPs as

antigen. |FA were ut aral dehyde-fi xe JgJal ci parum (NF54)

spor 0zoi t es prq\ﬂgusn& W‘%Fs }/qp@?n‘éé{} Igng ggrﬂ'?@ﬁ ere was a
anti bodi es kiﬁb&%rie[hﬂ%ﬁ b&%exptﬁef RVENGS HhtirdRa o r%&"ﬁ'&ﬁ -
pattern of ?bnetlc restriction of the 326-345 ep‘istope she h %&TD‘
BALB/ c, A/ JMARGELISA,(apdMeactivityowith R felsipdmen spoxozoitést injthe (s&’ra)af thid\idi-epitape
al so high a aw responders in the production of anti-sporozoite

ant i bodi es Mﬁk’ [%“Mﬁ'ﬁﬁewtion with di-epitole MAP. 30 Vaccines The
CONPOSi t i ONF=FF=FHE—PrESeHt T TVt T O THy — Pe S ee oS TTHITOg e 5=t 0 elicit

I muni ty5 I ncludi ng protective_i nmuni i.n a susceptl bI e host | mruni ty
may i ncl ude elfable %ng tﬁé‘eﬁl’%ﬁm&ﬂ “6‘%1’8 B (or in
another host or in vitro, a¥ithndisepito 'H*an) that will recognize
and bind to plasnodial cells. Imunity may 35 also indude the activation
of mal ari a- - conpri si ng
uni versal_ T-cell epitopes nay be used in vaccine preparations to confer

pr ophyl ic or ther apwl t Wi ve al | partially)
VO 98/ 31382 1k chERigA * C Sl —@&/—Usgslowz? 21
pr opagati on STRAIN (i sease in the host, such as, e; g., by inhibiting

devel opnent BALBIE pre- ery,ﬁﬁs,ddﬂtm std&ﬁiOof llt&,SﬁZganl $63,840 shoul d be
noted that 1@@%gynhibition efp 30% st age 1 Iaﬁogb & nf ec133)07 r
propagatlon an i mmnogen 05|t|o r by ci ne ning it, or
by an 5 13nt g‘cg)dy) I S not né&a&ggpy for Is téc}g@%useful Any
substanti al @3 ease in the 8410kt of inf é&ﬁl on {AF0neasurdh@25e.g. by the

extent of parasitem a) would substantially attenuate the cl.inical synptons
and substanfTallTy increase tne probabiTity 1or survivalr and recovery of the

host. There fGHPAY sbAhUSBRIT Rir &l otafiBA"234 BysYPost Bfd 55 known 11 the
' injection of (T*T1), MAP in Freund’s adjuvant. ELISA were carried
20  out using the di-epitope or mono-epitope MAPs as antigen. IFA were
based on glutaraldehyde-fixed P. falciparum (NF54) sporozoites.

The magnitude of the anti-repeat and anti-sporozoite antibodies elicited in

25 the different murine strains reflected the pattern of genetic restriction of the 326-345

epitope. The high (C57Bl, BALB/c, A/]) and low (C3H) responders to the mono-epitope

(T*); MAP were also high and low responders in the production of anti-sporozoite
antibodies following immunization with di-epitope MAP.

30 Vaccine
The compositions of the present invention may be used as immunogens to
elicit immunity, including protective immunity, in a susceptible host. Immunity may
include eliciting the production of antibodies in the host (or in another host or in vitro, as
in passive immunization) that will recognize and bind to plasmodial cells. Immunity may -
35 also include the activation of malaria-specific T-cells. Thus, the immunogenic
compositions comprising universal T-cell epitopes may be used in vaccine preparations to
confer prophylactic or therapeutic immunity by preventing (totaily or partially)
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10 Typically, vaccines are prepared as injectables, either as |iquid

sol utions er sus ensions. Solid fornms suitable for dissolving or suspending
inliquid pr¥ (%6 382nj ection may al so be prepared. The prepar REHHSIBDISA so
be emul S|f|ed or the protein encapsul ated2in |iposonmes. The active

i mrunogeni ¢ |ngred| ents may be m xed with-*excipients, such as, for exanple,
wat er, sal i npropagationafehe disgaserinkhe kastamch as,@rgr,lbglhmbnmgaiedebpnmnanhmpse-
15 thereof. In addj tion, LR,ff desired, the vaccine nay contain mnor anmounts
of auxiliar yemrﬁg?m&s@ Hhg OTEDIM g or emul si fyi ng agents pH buffer| ng

agents, and/or adjuvan ¥
g ) i§sﬂoﬁ1 B@%Bféﬁ tgﬁkeltgf% slibitfon Vé‘bﬁa@x’\ | ncorporat fon_

i munogeni ¢ conposi tions cou al'so m ni stere
i nto | i posones propagatier bynamrmlmunogzmc coRgmsitioni ombryi zmx:mrmnmpmget or by an

t | .t he host t 20 i Bot h t
OF T Bena o0y his, AT AECRATY, Fa5, Dt BateAls 8 RACHRERTh HARY SHpRARItAL ApaRss in
as is el ' - Kt Gxtdl of Hftechich (a8 leRSuref B! by the Gxteft b 1teﬁﬁ%§ulﬁ%b§%ﬂﬁt§’alﬁy

clinical tes I'ng 1 n hunmans ormati’on-orf vacci ne conmposltions and

i Muni zat i onaﬁmudmhe ichinital symptammahé substdiitislly Bareast théoprobabidity 6@2supvival and
Ri stic (August Ji.g‘%?% U. S. Patent No. 4,735,799 of Patarroyo (April 5,
1988) and PafeéPPY ox OSt.25 ot al., Nature 2:158, 1988: and published

Eur opean Application ATh%@ax%@ﬂm( {dcﬁﬁeﬁlr% tisof vateinks Khowhgn the att.

Wel | cone Foundati on. The vacci nesyptr&#g be adm ni st er ed b subcut aneous,
i nt ranuszal a'ﬁ‘ypmah}',,vacnineadwpmparedrasmmctablas,amthenas éqmd}m&ms Qresyspeasiges.

gl mon ey BeA RS, iR for AHBTEE o0spendiry il Bri ﬁw%o’ miy o B
admi ni strati ﬁ ared!d ’H?é‘??éeﬂa&tﬂfn Ay ﬂk@tﬁea .ﬂnﬁ&ﬁi&ﬁ”o@ﬂléjﬁhﬁéﬁ‘ sulated m

enpirically, ch as, xanple, Dby estab Ishing a matrix of dosgges and
frequenci es Hp&maﬂmgptwegmmoaemechdlmunay beimixedowith eixcipients, tsuck as,h

D Usofy 04 CBF Sialile, WalkD, Ritiven HERIPY, Elyessol, etangheon the ik 3K pombisations,

the propagat itRfedt! #n mﬁbhahf aésirRal %ma ViccineSHhag Sdintdth SnilBF ARlount¥ 6 Buxiliary.
conprises adm nistering to the mammal an i nmunogeni cal ly effective anmount

of an i nmunogéstancesnsyehsas: wetHng @ﬁm\éﬁlﬂgﬂbm pﬁrbb@ffgmng hgents;| angégr-agjuvants

o ope capa s AR SRR i o ol S

be administered following incorporation into hposomes or other microcarriers.

Repeat immunizations may be necessary to enable the host to mount an
20 immune response. Both amounts of ixnmunogen and immunization protocols can be
determined experimentally, as is well-known in the art, using animal (e.g. primate)
models followed by clinical testing in humans. Information on vaccine compositions and
1mmumzat10n is described for example in U.S. Patent No. 4,767,622 of Ristic (August

30, 1988), U.S. Patent No. 4,735,799 of Patarroyo (April 5, 1988) and Patarroyo, M.E.,
25 etal., Nature 332:158, 1988; and published European Application A; 250,261 (published

December 23, 1987) of the Wellcome Foundation.

The vaccines may be administered by subcutaneous, intramuscular, oral,
intradermal, or intranasal routes. Dosages may range from about 5 ug to about S mg per
dose, and a single or multiple dosage regimen may be utilized. The amounts

30 administered, number of administrations, and schedule of administrations can be

" determined empirically, such as, for example, by establishing a matrix of dosages and

frequencies and comparing a group of experimental units or subjects to each point in the
matrix.
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neutralizing) antibodies directed against the sporozoite stage of the
organism and (ii) at |east one malaria-derived peptide that enconpasses a

uni versal Tyes) itope capable of eliciting an anti-nal ari

response in Vanlﬂl’?gt es of diverse genetic backgr ounds. An i nﬁtﬁ%&%ﬂl&aﬁ y
effect amount is an anount effective to ePfcit protective immunity 10

agai nst the nal ari al S a_furt
aapect. the compos ti AlSHpRR MYk 858 PR30S etndikof HitiFinkiing pifapiiton
previously gkaaafigriiloorghRisiinod sedceptilile mhaiinal, which tcohlprises hi@iniStefing to theée

pol ypeptide may be admnistered to a mammal prior to exposure of the nmamal
to the nal amamm@ﬁganmﬁpm@lw esww@xaﬁgmmn@gqm@mpﬂtwm a

I t h {
At - Vel ar § 998 S5 SbRELE e KoNGyink" b, (0" lead ond HARLE dbrived pepiige
backgr ousds chmaiainghe Bicélh apitapeptapadble élﬂsthmﬂeﬂng(aw:prtﬂacﬁmbﬁlanungalhﬁﬂ (E*e >

epi tope (see ab v=) are en i.,n the absence of agdjuvant
admi ni st er eBe‘i WE‘F%F"A&W the, EROTOZIte, $tAgS) b‘er%ﬂﬁ‘ﬁ@e P}:a‘

glrjt %'sgid(g ri ge e} ec%ﬁle@b |dge ﬁx@ﬁb&@?‘pl ca antl%ﬁ%??tlog?%ﬁ%)

ccﬁrrpri si ng Wﬁnggntmmnmm{)@pmsaﬁnmmmwfvdwemd@&ném backprbifiis.
Thi [ t

' o tat | on g iraRpebically chrs HBONEs a1 ARioHIK SeRkve B PO REPtoRtOHe, lnmualty
performgg tg ﬁﬁ%@‘i‘n&lﬁk‘?ﬂe&gﬁﬁkmo&&ﬁﬁﬂﬂéﬁ 281deQRibil Ldbove. U Nin V£ Fiddher as%@ét' the

epi t ope- cont I ng vacci ne humans diverse genetic 30 backgrou
Met hods: A puhposiﬁmemyrheradtmmsmthtu aamamnwal wehich hasMn(p‘r‘&ﬁGusly expdse3cthe

th Th t th T-.cel | ' T*
doscr ] bed aBUALial AENn AN b S BHbe a@%pﬁ” ¢ obpeplin By S HABEstRR
fromthe P. pfsdifial Hﬁi&%@posur%f?ﬁé%ﬁﬁ@a] malarial o
PCT/ US9B/ 01527 23 repeats ( DPNANPNV) [ err ] (NANP)[err] r%termed T1B). The

vaccine al so cont ai nedhe followingraxamplesrare dntendeditotservesasi amemlimiting illustration

tri-pal Této&. cyst ei neéﬁ3 ngc,ys) linked to the |ysine core. Methods for
synt hesi “§ yoxi me conpositions in general are disclosed in

I nternational Patent Application WO 94/25071. Methods for synthesis of
T*- cont ai ni I’]l‘g
ample 1: ti-Malarial Vaccines Comprising MAPs

Studies in mice of different genetic backgrounds have shown that peptide-
20 based vaccines containing the T* epitope (see above) are immunogenic in the absence of
adjuvant, i.e., when adfninistered in phosphate buffer alone.
Enhanced antibody responses were obtained by the addition of adjuvants,
such as alum (Rehydragel, Reheis NJ) or QS21 (Cambridge Biotech, Cambridge MA).
A typical anti-malarial vaccine comprising MAPs contains 1 mg (T*T1B),
25 MAP mixed with 100 ug QS21. This vaccine is administered by subcutaneous injection.

Example 2: Elicitation of CS-Specific Antibodies in Humans
The following study was performed to examine the effect of immunization
with a universal T-cell epitope-containing vaccine on humans of diverse genetic
30 backgrounds. o
Methods: A polyoxime synthetic malaria vaccine, termed (T1BT*),-P3C,
was synthesized. The vaccine contains the universal T-cell epitope (T*) described above
in combination with a 28-residue repeated sequence derived from the P. falciparum CS
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5 polyoxines are disclosed in co-pending application serial no. , based
on provisional application serial no. 60/034,506, filed Decenber 24, 1996.
The vacci ne WR /31382 ni st ered subcut aneously, without additi onRCTHEBOERE or
emul sifiers, to ten human vol unteers who @8press a broad range of Cass Il
hapl ot ypes (Table 4). Vaccination was on day 0O and day 28. Sera were

obt ai ned pr irepeatsy (DENANRNW)AHAND); (termethF1B)Y , The stacnineialso gontainad alvonglently

Ui mo pl at o B Bt ety RGB! chitEin ERRCS, Atea R Lpsins cbre.

(T1BT*) [ err IMéthods fir-s9RtheSiB Of MhMm@BEME Polydxint ¥omp8sifions BiPgstesal (akd Ristiosdde

pl ates were incubated™wth two-fold serial dilutions of sera (be%l nni ng

with 1:80 diinIntexpatipnal Patent ApplicationIVOt9442174t ddethodsforsyntbasia of THegotaiming
wi t h peraoxi dase-label | ed,.anti-human | The.presence of bound anti hody was
Feveal od Sy PRARERG 251 cistiotd, i B0oeBiing HREREFEE AR neasurigbRid o8
optical dengrévisiohhd applictich semal B6I60/0R4,506! filed Dedknte? 24, 11996 | nal

dilution of i mnmune sera in which the O D. was greater than the nean O D. +

3 standard devi ati ons Bhs vacsing wastadministered suticutaneously,| withayadditional adjwvant

vacci nation. 20 .. Resul.ts: As.shown in . Table 4 at..14 S, after
2 Singl e o5 s e, fauten A ldrbeers Bubrhbress A brfd Fanes of Giass fighimnS

coul d be detgghied4y.n GAGkRtionh®ay i idaF S -andN@ayr P Ni Serk alvérRN obfairdSpE6N do

dose of pol yoxi ne vaccine on day 28 increased t'he anti-peptide antibody

r esponsdd arimnpmizationeon day tldoand @adaydidi ected in the sera of the majority

of the vacci nees. Furtjex e nii bodi.es were detec h

specifically 25 with t‘ﬂgn@yr@ﬁéaﬁg‘,% g@%&?&tﬁh&@“ﬁwﬁé‘ﬁgﬁoﬁﬁt
using the (Ths@y4@HIRA)Théng qiMetad coRed avitipfeithbe tid tﬁw o5Ene liftinfidbges
t he target ofﬁgﬁlot ect i)ve agnti bodices whi éhecl:an neutralize ?gpectivi ty of 8s

spor ozoi t es BYBEMhc s di-epitapsiMAPgonining anliy thecCS aepeatt (5 By e Eherpfates were
initiation iy e ' I_an.h astkRaly| . Of
the indivi dﬁé?&sbg a?‘%’g@ ?F‘%/l&elfs%@gggﬁogr})sﬁesgsf cbv"ﬁgw‘f‘hie)‘%?é‘éiéz‘%‘gﬂic}oé%eﬁ*i“°ﬁ
vacci ne.1530 the plffed Swerd 3Bashed and reacted with peroxidase-labelled anti-human IgG. The.
PCT/ US98/ 01527 24 Tabl e 4 | mmunogeni city_ of polyoxi e vaccine contalnin

the T+ P. fJresepes gfnbownd antibodywaseravealsd bynddition, of a perwidasgrsubstiate éé&%@)\

hapl ot ypes. ;nd measuring the optical density (OD) at 410 nm. Endpoint titers represent the final
dilution of immune sera in which the O.D. was greater than the mean O.D. + 3 standard

deviations obtained with sera of the ten volunteers prior to vaccination.

20 Results: -As shown in Table 4, at 14 days after a single dose of vaccine,
antibodies specific for the polyoxime immunogen could be detected in 50% of the
vaccinees. The administration of a second dose of polyoxime vaccine on day 28 increased
the anti-peptide antibody responses and positive reactions were detected in the sera of the
majority of the vaccinees. Furthermore, antibodies were detected that reacted specifically

25  with the CS repeats, as demonstrated by ELISA carried out using the (T1B)4 MAP. The
repeat region of the P. faMpMm CS protein is the target of protective antibodies which
can neutralize infectivity of sporozoites by blocking invasion of host hepatocytes and
preventing initiation of the malaria life cycle in the mammalian host. Finally, all of the
individuals had positive IgM responses following the second dose of vaccine.

30
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a. Primary IgG antibody responses were measured in sera collected +14 days after
subcutaneous injection of 1 mg (TIBT*M4 polyoxime vaccine. Secondary IgG antibody
responses were measured in sera collected 14 days after a second injection of vaccine
administered on day 28.

20

These results indicate that a vaccine containing the universal T cell epitope
25 is capable of eliciting IgG or IgM anti-repeat antibodies specific for the P. falciparum CS
protein in all of the vaccinees. Thus the inclusion of this universal epitope overcomes the
genetic restriction of the immune response to the CS repeats and provides a synthetic

peptide vaccine that is immunogenic in individuals of diverse genetic backgrounds.
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3 of antl-malarlal antibodies in manmmals. 1 3. An
I mmunegeni € conposition as defined in claim1, wherein said first 2 peptide
i's incorpor3¥e@sR1sd a nultiple antigen peptide. 1 PCH/US98/01582V
i mrunogeni ¢ conposition as defined in claim2, wherein said first 2 and
second peptides are incorporated into a nulti pI e anti gen—peptitde—t
5. An i mmunogeni ¢ conposition as defined Rf claim1, st
2 peptide conprises the sequence EYLNKI QNSLSTEWSPCSVT.: m llf‘n“m ﬂ“l!‘%
An i munogeniGlaissposi tion as defined in claiml, wher
pept| de consists essentially of the sequence EYLNKI Q\ISLSTEV\SPCSVT 1
. A vacci ne conprising an i munogeni ¢ conposition as defined in claim2
1 and a phgrmaceutically, accmtﬁ@ hic' @mpdsititn whith- coinpnses a first malang-denved
A vaccine as defined in claim?7, rt er conprising a pharmaceutically 2
accept abl € acpepndmtcompnsu@ ﬁ&llﬁ!&&ﬂ T-cell epitope, wherein said conR©FitioBoGiGK5AY anti-

26 1 A t hod f hi.bj. t th ti f
mal ari al of gdRpiara) 'H—cgllgegﬁ:&go i nm Irgﬁgw%eﬂﬁgﬁga@ggasggmpm 2t ering

to said nannal an |nnunogen|cally 3 effectlve anount of a vaccine as

defined in claim7. 1 10. A nmethod for eliciting protective
i muni ty abai nst mal ar iZin An?immmnmnic omnpnlsitimmsrdeﬁasi cklaim k,tﬁmhngcmnprising
said ma an i eni cal | ctive.3 a

in claim72 1asecon matArA-deriv pepl ?]cqmﬂgégﬁf -gell Sﬂ‘b% \anc chne aiaﬁ qht B& producnon

conprises g fi 5 MBlafia) Sniifidiesh Mampild. de conprising the sequence
EYLNKI QONSLSTEWSPCSVT, wherein said conposition 3 elicits an anti-malarial

T-ceII response in manmal s of di verse genetic backgrounds 1

An i nogeni ¢ CORpOSi t,i o.n as defined in.cl her, ¢
2 a second{mul ari a- deri ved pé& QFFDIS SQRPSiHgs 'i‘?en%q]tl ﬂllPG Otﬁq%emsax trst
stimul atespt %ﬂﬂ@@%b%r&ed%m@hhﬂﬁﬁ&%ﬁhéén paptideodi es in mamral S.
13. A vacciné conprising an i munogeni ¢ conmposition as defined in cI aim?2
11 and a pharnaceutical ly accept abI e carrl er or diluent. 1
14. A vagcine as defiped in_cl het

F'

uwg e’mc 0, posm&nogsp&étfﬁea%%laim 2, wherein said- first

phar maceutfcal ly 2 acceptabl
2 and second peptides are. incorporated into a multiple antigen peptide.

5. An immunogenic compositibn as defined in claim 1, wherein said first
2 peptide comprises the sequence EYLNKIQNSLSTEWSPCSVT.

1 6. An immunogenic composition as defined in claim 1, wherein said first
2 peptide consists essentially of the sequence EYLNKIQNSLSTEWSPCSVT.

1 7. A vaccine comprising an immunogenic composition as defined in claim

2 1 and a pharmaceutically acceptable carrier or diluent.

1 8. A vaccine as defined in claim 7, further comprising a pharmaceutically
2 acceptable adjuvant.
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1 :
organismin

claim13. 1

15. A nmethod for inhibiting the propagation of a mal ari al

P:

el “an aggagan oo 1.2 ef cool IHMIRMIMILNE. <'re"as G ein o
ty

16. A ret*hod for ®Blititing protecti

against malaria in a 2 manmmal, which conprises admnistering to- said
manmmal an i munogenically effective 3 am)un56of a vaccine as defined in

claim 13.

9. A method for inhibiting the propagation of a malarial organism in a
susceptible mammal, which comprises administering to said mammal an immunogenically

effective amount of a vaccine as defined in claim 7.

10. A method for eliciting protective immunity against malaria in a
mammal, which comprises administering to said mammal an immunogenically effective

amount of a vaccine as defined in claim 7.

11.  An immunogenic composition which comprises a first malaria-derived
peptide comprising the sequence EYLNKIQNSLSTEWSPCSVT, wherein said composition

elicits an anti-malarial T-cell response in mammals of diverse genetic backgrounds.

12.  Animmunogenic composition as defined in claim 11, further comprising -
a second malaria-derived peptide comprising a B-cell epitope which stimulates the production

of anti-malarial antibodies in mammals.

13. A vaccine comprising an immunogenic composition as defined in claim

11 and a pharmaceutically acceptable carrier or diluent.

14. A vaccine as defined in claim 13, further comprising a pharmaceutically
acceptable adjuvant.

15. A method for inhibiting the propagation of a malarial organism in a
susceptible mammal, which comprises administering to said mammal an immunogenically

effective amount of a vaccine as defined in claim 13.
16. A method for eliciting protective immunity against malaria in a

mammal, which comprises administering to said mammal an immunogenically effective

amount of a vaccine as defined in claim 13.
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