WD 2004/ 055187 PCT/ EP2003/ 051019 1 TI TLE Reconbi nant

viral -based mal aria vaccines FIELD OF THE | NVENTI ON 5
woheodiasysnt i on relates to the field of nedi ci neCcTMpPe@®3/051019

in particular, the invention relates to the use of a

reconbi nantly produced viral vector as a carrier of an

antigenic determ nant selected froma group of malaria

pat hogens for the devel opnment of a vacci ne agai nst 10

mal aria i nfections. BACKGROUND OF THE | NVENTI ON

Mal aria currently represents one of the nost

preval ent infections_in tropical and subtropical areas

15 t hroughout the wWerEE  Per year, nalaria infections

| ead Réec@mbiverevidalnessdsnilarirvdredssof mllion

individuals worldwi de, while it kills 1 to 3 mllion

people in developln and enewglng countries every

year. The widEERPEH TS NEEREe and el evat ed

| Mitiedémcatbén nelayasat@GharEeddcongedirnee Yoket he

in bDE8asiNgINREeLS 105 Akdss kESin! afd Ragasites and
I nsectici de-resist anﬁ_ ‘par asite vectors, G her factors

recpRRinGHEL R REPFHHfEHERL BT80T 1At T Eh8hgEs, civi l
antdgstior dstreeesnaands electeh Seon pobrdunt yf gfalapigpul at i ons.
patb/a}e%ﬂ fod $nEaltselnt NG FOSGUIIO=BOINE 25
emat opr ot ozoan parasites bel onging to the genus

malPFJa?sﬁBg?ct}l’r?nsFour speci es of Pl asnodi um protozoa

(P.fal ci parum P.vivax, P.ovale and P.nmal ari ae) are

r esponsi bl %AE]Q@R&;W dH §@@§mlﬁmﬁn ~many others cause

di sease inanina SUC ¥o‘§_‘|¢| d P. berghei in

30MaeEE2 OPrF%ﬂtc,lP’p’é‘?PﬁﬁfeJ‘c?éo‘ﬁﬁﬁ 8 T‘?ise maj ority of
preivafedt ioftstaord is trdeeicaisend euhatortiyple afeas opi cal
tnrBB Rk Bt Re wé@idar b& 9@5@8 h\gf‘asclgai/@fe@tidnfsel@ei@l e

consi sting several 'sta one of these
to §‘F‘éegr€sllr3§1e55?% ipohundpeic 8% 3’]5‘3&??? cmfl}ﬁﬁﬁlﬁgisf esponses

wordiiwiglet eehidgaindtilihe WO32004/1085%87P1¢ET/ EP2003/ 051019

developing and emerging countries every year. The

widespread occurrence and elevated incidence of malaria
are a consequence of the increasing numbers of drug-
resistant parasites and insecticide-resistant parasite
vectors. Other factors include environmental and climatic
changes, civil disturbances and increased mobility of
populations. Malaria is caused by the mosquito-borne
hematoprotozoan parasites belonging to the genus
Plasmodium. Four species of Plasmodium protozoa
(P.falciparum, P.vivax, P.ovale and P.malariae) are
responsible for the disease in man; many others cause
disease in animals, such as P.yoelii and P.berghei in
mice. P.falciparum accounts for the majority of
infections and is the most lethal type ("tropical
malaria™). Malaria parasites have a life cycle consisting
of several stages. Each one of these stages is able to

induce specific immune responses directed against the
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2 correspondi ng occurring stage-specific antigens.
Mal aria parasites are transmtted to man by severa

wepentiossisof femal e Anophel es npbsquit oes. | nf eeC&MP2003/051019

nosquitoes inject the “sporozoite' formof the

mal aria parasite into the 5 mammal i an bl oodstream

Sporozoites remain for few mnutes in the circulation

bef ore invadi ng hepatocytes. At this stage the

parasite is located imthe extra-cellular environnment

and is exposed to anti body attack, mainly directed to

rcuns orozo rotein, a major 10

corr%r%rs%rhden of the'% f)%ar z%&?ﬁ“)éfg%rarnﬁt%ens OfédarH t he
pargsjees arp h@apamaryecie@ ramp|bvce¢verahdspdeia op i nt o

feﬁdleCEﬂdpﬁales &65@ﬁﬁ@8&§ Inﬂéb%éé ﬁﬂ%th%%%Esldﬁ%EUr in a
o of . i nfected cell.” During this

the orozo Ful éf'r’rm O((Ila‘a? alrﬁé RRFPSEFS &7CHEPA pl ayers of
marmélm%owﬂwﬁ@n -1 5roxezpbiese remag nTEdry fph od yhiess,

in etsuee@i@hhatlemﬁefweylrma@w ﬁg»pate roa€tpnal . 1998).
ftghi about, i nfection, thousands of

stage pa a51te 1s o I%e%‘ %er t 1
St Fea* > merozoit i &he staassed Lo t he
enyjiropeRsttr extnig n%im@ﬁecé rtor akibbdo@dteadX, spaim@goni ng

dideargelts ofe aeumeyoxmaei@reqicsmgm%lae%oggf»@r and 20
After | nvadi ng

TceII eretedct .
comégf’n??}rc?%y% po’ioﬁél FBE%CFesonGﬁdje‘?éBes]é\‘/éfal st ages
th%ﬂoar“eqﬂt%aneapénceé;ﬁdanot devestopr intions@-cediedl | ed

‘séhﬁ&&ﬂ‘l&@Z OiHe@Ss' scﬁﬁgoﬂt@t Qccu%cm zopL s apd L&EEQZC” tes,
ch can_inf 1.,0e cells. This stage is

ass S at B h Sover urﬂq EI“%%IME? WELLESE A linited
Sta@ﬁo%tthéfpatrlaépfmzm:tneslmseczﬁorthe Host oimmuganet ocyt es'

restBh&d al-§ ih@mﬂ&fc@%ég ee&&@éﬂﬂ C§§-ﬁ@e~ly1m%9ytes
susceer%tl | & gpsayiLoes, i ngest erythrocytes,
netocyTes  are’FetedBBtr Promeehe H/‘feﬁr ocytes,

mfreé‘émftrl Repusande wér $d-cahidde ‘wEnveb bt esreand one f el e

rel@aﬂ&l Qayd Q:.heTﬂS]ﬁoaQtfe%fnt ddd é@iér‘)gec@fblgm%@lgsamt es
ads to subsequent

go
bQCO%l?%ft @[él o‘Lh alnﬁ 80?2?%3?%@ R s r??ﬁ"é‘se deysts, and
T-ceiLh aﬁelcye*ierﬂ syiscdqlne-a{ pEegrapavasiiog czothesytdar get i ng
theAfki X0t &S uagaias ke GRBIREYL L o3t AGR1 -SR0GI {iL surface

tra%n%érgnerl]rsltocgg ga!lch ttrr]lcagluozxgtl:ees,’wartl 1ntct> he
schizonts and merozoites, which can infect new red blood
cells. This stage is associated with overt clinical
disease. A limited amount of trophozoites may evolve into
‘gametocytes’, which is the parasite’s sexual stage. When
susceptible mosquitoes ingest erythrocytes, gametocytes
are released from the erythrocytes, resulting in several
male gametocytes and one female gametocyte. The
fertilization of these gametes leads to zygote formation
and subsequent transformation into ookinetes, then into
oocysts, and finally into salivary gland sporozoites.
Targeting antibodies against gametocyte stage-

specific surface antigens can block this cycle within the
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WD 2004/ 055187 PCT/ EP2003/ 051019 3 nosquito md gut.

Such antibodies will not protect the nmanmalian host,
wourbossis7r educe nmal aria transm ssion by decr eaSiERZ03/051019

the nunber of infected nosquitoes and their parasite

| oad. 5 Current approaches to nmalaria vaccine

devel opnent can be classified according to the

different stages in which the parasite can exist, as

descri bed above. Threg types of possible vaccines can

be di stinguished: - Pre-erythrocytic vaccines, which
are directed 10 a spor.ozoites an
mosgE it SPh SBER q‘é‘fé]f"?dts‘es “itd st HP Otecgf&\?acm nes are

mamnaisigh yhoBE, Uastedllalndedmmktrudetaiahwl@sm@erbyst erile
deckéggiﬂétﬁﬁe ﬁ“%%b@téﬁj19Yecd@5ﬂ$8§§h1€3%g &R kndar 1 mune

response, preventing nmalaria infection. 15 - Asexual
ParBTJ&'Gd cS‘i‘ldage vacci nes, which are designed to minimze
cldurrest apencechey . toT!helseiv aectires dsyrdwbdenty educe

canBY Rb Qi 45\ 80 ABEd Rl LY +BO @S MR AMagkE i event the
parasite from entering rl‘?or deveomghrlnthe

Whl‘é}? VORIRFPELES ©39 eXl‘T’Far?§ oPEh PRI ng Vacci nes,
typ\ahquhp@ersebd@snagnaubs tan ﬂvanqbl@rtlmchesp@d asi te devel opnent

OP% SIULLQ o DQStes, THELS iht ¥pe dqzeee@ec' ne shoul d

e re uctlon (0] opu ation-wde mal ari a
| rﬁ‘?@é{‘$’foﬁp°¥°&'t°é§es ZHAARK ECRIGOP el SEe TR FRES: t he
feﬁ'ﬁalsblﬂypby of vademek opiengosral ard-davatentes t hat

t%%%id% lg) CorttAYES ,1191; Mlﬁnf’c%f agldiacbd fg cycle is

bel ng pursued in so-ca ti- conponent and/ or
miwerat 258 rAdel e dmmeng F%?ﬂ"f’f/e'n%ir%‘(?n&ﬂ)ﬁ?rer cially
av;ﬁuﬂaaiﬂ an¥e@dione against nmalaria is avail able,

PLATOED 405, LRuSt QBN 0, MBR LR A0ALAY, M ari
has™ AT ea gen T nitiated nore 1 ears ago:
i PrRIANERR |Céhm§Ialr%ﬁi’@ﬁt~“‘5Y %?\S-ehﬁﬁ?a’ﬁnﬁ?l%ﬁt‘é% and

reduce morbidity and mortality and are meant to
prevent the parasite from entering and/or developing
in the erythrocytes.

- Transmission-blocking vaccines, which are designed
to hamper the parasite development in the mosquito
host. This type of vaccine should favor the
reduction of population-wide malaria infection

rates.

Next to these vaccines, the feasibility of
developing malaria vaccines that target multiple stages
of the parasite life cycle is being pursued in so-called
multi-component and/or multi-stage vaccines. Currently no
commercially available vaccine against malaria is
available, although the development of vaccines against
malaria has already been initiated more than 30 years
ago: immunization of rodents, non-human primates and

humans with radiation-attenuated sporozoites conferred
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humans wi th radi ati on-attenuated sporozoites conferred
WO 2004/ 055187 PCT/ EP2003/ 051019 4 protection agai nst
wea euseiguent chal |l enge with sporozoites (NusBemERI0g051019
et al. 1967; Cyde et al. 1973). However, the | ack of
a feasible |arge-scale culture systemfor the
production of sporozoites prevents the 5 w despread
appl i cation of such vaccines. To date the npst
prom sing vacci ne cangi dates tested in humans have
been based on a small nunber of sporozoite surface
antige rotenl the on P. fal ci parum
prOB‘?ﬁtﬁg‘ér?gaé%thgtF et 8%‘%&?%?%??’ %% prevent nal aria
spovdreites ONusedzasid kb dasi&67ef Chudei ¢ alamifiidzati on in

How-mmn&@qaw%tf gro&%im- borqaesédkestiane al beit it at
evel st hat ften i nsufficient. Theoretical

SYSE\‘??hIfﬁ’élté’eh%%oduf’E’o"f 8t es(?of‘ﬁza‘ilt?%é’r\?‘éecnécisn "%overage as
widegdread sapphecatiqu cdfhevdf vhedieney shoul d be above 85%

OrpOHRES Whs Gnok® M@Qirﬁ; 5M1n@rc%nm&e\é| fdbreat may
escape (Gandon nduci ng an

) 0
10 PYRARA P SSB%eﬁlsBaﬁ?aﬁnn%r‘?f“rﬁfl nPg]eb %ﬁoﬁ?zsci ering an
surfafecettiggss c dbei F prml@hlmahbm@y PHalafrdnyeni c

antnggneﬁgﬂ\&@m:aﬂe'a £ %oggmtlpﬁge@%hna&&u &he’d0 i s a
nmbi nant adenovi r us n m Feen replication-

useﬁe? E??\P@sbf/ eRDVAP b‘?mun%z "t he genone t hat
agadmnst mmqmltb*ybmsemfleatlcfn@ralﬂoeptlléa@t dievestich as the El

thab ©H QBreEXROIHFRS 1 O r@s&m%ﬁemtarﬁ%@whayses thﬁt

se _genes _enco ant i are known in the art
lndwgédz%ha%}i%f?gfmef 8?‘%%%? c& ?/Sqtl%rl ved antigenic
vaccorpeh&ittisnchaveulsbbn dore riSty atreetlmfwyﬁél d an i nmune

mthSSPRRSE akl ndel tMmeniesk Ry racepdi@andoradenavi ruses (WO
01/02607; WO 02/22080). Also for nmalaria, reconbinant
%4Yenovi rus- based vaccines have been devel oped. These
Vewteoray efpiebsitha@n3buent i reep@Sepioteimantil P. yoel i,
is Wa&anlmtarmw%ﬁ ﬁﬁ%@tidu@ cél&&élﬁl weiandathase vectors
have been sh a bl e oénel ndl{jc grsterl l e

hej HUAPEYF dﬁt?ﬁmé‘éam? r’f mr 8REECt o

is a recombinant adenovirus, whlch has been replication-

defective by removal of regions within the genome that
are normally essential for replication, such as the El
region. Examples of recombinant adenoviruses that
comprise genes encoding antigens are known in the art (WO
96/39178), for instance HIV-~derived antigenic components
have been demonstrated to yield an immune response if
delivered by recombinant adenoviruses (WO 01/02607; WO
02/22080) . Also for malaria, recombinant adenovirus-based
vaccines have been developed. These vectors express the
entire CS protein of P.ycelii, which is a mouse-specific
parasite and these vectors have been shown to be capable
of inducing sterile immunity in mice, in response to a
single immunizing dose (Brufia-Romero et al. 200la).

Furthermore, a similar vaccine vector using CS from
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single i mmuni zi ng dose (Bruna-Ronero et al. 2001a).

Furthernore, a sim/lar vaccine vector using CS from WD
waQo/0d53187 PCT/ EP2003/ 051019 5 P. berghei waBCT/EP2003/051019

recently shown to elicit long-lasting protection when

used in a prinme-boost reginmen, in conbination with a

reconbi nant vaccinia virus (Glbert et al. 2002) in

mce. It has been denonstrated that CD8+ T 5 cells

primarily nediate thegadenovirus-induced protection.

It is unlikely the P. yoelii- and P berghei  based

adenovi r al vecﬁors humans, since

P.beFRhenolS HFH YCShr?ﬁ’i‘atr 8l’rcélta%°é’8 1?.{%1 édses in humans
proggatiomothegaursddibye phioseboost peariasii €8. Moreover, it

comi:ﬁaal:@orp rw%e rd edcdn@ i Rave vacMACE i neuhicand,s pot ent

enou enerate | ong-1 asti ng pr.ote on after one
al'r%ﬁﬁ’ﬁg i ml%cgl ns Brs® %ﬁlgcin@ﬁﬁa Ji:ﬁﬁtt ?%% el%vacm nati on

celloprtisanidiynpdiete Hde mieediDNALIdwCeEt i ons and/ or

ro¥(§t§t(ibﬂ' arbases ;s VAGCENE D, 1990%@9 Bghdd Ming
ents. 15 Desglte al]  ef rti enenrat §.a.vaccine

bas? CSBPHIGE SCCERTS THE YPES IS %elna gainet Yhal ari a

theamdstgérdraticdetadamiarantateddilines et sn frupars |araesses

notCaH3EH A +hde t%'ﬂ&b&t@@r afirb&vedBNY 1¥acci nes do not
fulfill "all requirene as des‘%lbed a ove VWher eas

prefeiredy it e d ZGC‘F%’FI W?Jt?ggﬁ/é’oﬁe SPBEI V& effici ency
genefatevbend3386itimg yagerchamedtiardend daahd ofot hers perform

vace%tllxn,' Qngﬁéﬁ'ﬁof%ﬁblﬁ% 9£5@;H§Eﬂo@nr&fndgeiél\‘1§ry to the
correct cells of . the i mrune gxstdem 25

eitpeepked PER B STRECTE) @%E§ BeGUTE 1°%Hows the newl y

vacgymdshesitwedtgloone MAnidB ager@R- script. Pf), which is

baﬁc'e%ng@ a@lrmgtgftokMaPé aseReH1 Ha cHaal ci parum
geneS, and whi ch encodes he ngvel C|rcuanor020|te

mdﬁF?ﬁ SR iTTRRS (GERPTTS R@Jé‘)s DRI Re3 T 96 oN- opt i ni zed
deteucireht @ci draeguenven(Blln¢SEQ ¢DsKO M) the SEQ I D NO 2

mala$id lﬂ»@résrlﬁgshﬁgn?dvﬂc@ﬁ@é @Om&dg@ifltlﬂ. angl ated fromthe

COdI ng Sequence  of SEQ, 1l as enerat ed by
requirements as described a Whereas somg vaccines

fail to give a protective efficiency of over 85% in
vaccinated individuals, others perform poorly in areas
such as production or delivery to the correct cells of

the host immune system.

DESCRIPTION OF THE FIGURES

Figure 1 shows the newly synthesized clone 02-148 (pCR-
script.Pf), which is based on a range of known Plasmodium
falciparum genes, and which encodes the novel
circumsporozoite protein (A) (SEQ ID NO:3), plus the
codon-optimized nucleic acid sequence (B) (SEQ ID NO:1).
SEQ ID NO:2 is the translated protein product translated
from the Coding Sequence of SEQ ID NO:1 as generated by
PatentIn 3.1. SEQ ID NO:2 is identical to SEQ ID NO:3 in

content.
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Patentln 3.1. SEQID NO 2 is identical to SEQ ID NO 3
in content. WD 2004/055187 PCT/ EP2003/ 051019 6

woi2gurssid7shows the am no aci d sequence (A) ( SEQrEP2003/051019

NO 6) and nucleic acid sequence (B) (SEQ ID NO 4) of
synthetic clone naned 02-659 (pf-aa-sub), which is
the 5 circunsporozoite gene of the P.falciparumstrain
3D7, lacking the Ctermnal 14 amno acids. SEQ ID
NO 5 is the translatgd protein product translated
fromthe Coding Sequence of SEQ ID NO 4 as gener at ed
by Patentln 3.1. SEQ IDNOS5 is identical to SEQ ID
NO 6 in content. 10 Figure 3 shows the am no acid
Figgegdesices( e @BEQ kPidGe@encantPInE®ill ¥ied sequence

and(Re16REQch® smguzaceofmﬁ h(?EéF:)q(ﬁ)oﬂ? 4@p&fs 'é‘éﬁlﬁl%tﬁ% & i< th
ci rcuns oi ene o oel i is the
clopg aﬁg?%ggagﬁ gla% “BPRduER Py & tILnﬁt ed fromthe 15
cirGodbppBégaarce of tBEQ - IFBIN@a7umstyaimeBBled by
1acﬁ’ﬁ¢ge@ﬁ% R témélmaﬁEQ &deoa&ass $Ebelﬂb|1\fba:slisf3 +8EQ ID NO 9
i n conten cellul ar i nmune
tra?%]%SﬂspéfogﬁH’ tpﬁg‘yuc Bfraﬁ’ﬁ%\gegl bR 2 P&&Fbnse in nice
Sequepar PINPEAI HalPoh a@ngetrhteﬁdﬁy ‘%@mandGB bas8d vectors

10 Rk iRgnthaiPryeebl ip n6i4 QUNERRERZOI t e gene,
adm ni stered via two routes: intra nmuscul ar and

subcut aneous in different doses. Figure 5 shows the
Fighrsisbstdwenthe amive agid seRugroel i4) 2EEGFOr¥rGIt e

andcmllafa %21 h oldQUA Y (ByMighh @t N@n; )V\ME hn8d@sqoand
Ad35- based vectors harborin goel i i

°ptt’:‘|“rzc‘?ﬂn‘é’ﬁ&i”’ﬁ%‘%ﬂr{’émd:@n%eneaaﬁ P?iry 88 ere ™ Ti¥¥ &r ent
is doseésanslaepd areteim ppmemlagelaﬂedl fvirbik4 on (A), and

cOd!umg tsasuenageéﬁ@@s af wa: paeagengga&@esy fia€eYA ol ecul es

30 liver the cell ul ar
3- 1| rﬁﬁ?n%’) ﬁ@sﬁo’r?sédé’% iSah t%ySEq ﬁ‘R’Jﬂ% ?I:ﬁrf SREHFTHh an
Ad5- based vector harboring the full WD 2004/ 055187
FigE’g /4Eam34:19e5:l(gg-9celzular immune response and the

(B) humoral immune response in mice upon immunization
with Ad5- and Ad35-based vectors harboring the P.yoelii
circumsporozoite gene, administered via two routes: intra

muscular and subcutaneous in different doses.

Figure 5 shows the inhibition in mice of a P.yoelii
sporozoite challenge following immunization with Ad5- and
Ad35-based vectors harboring the P.yoelii
circumsporozoite gene, administered in different doses,
depicted in percentage of inhibition (A), and in the
presence of a parasite specific RNA molecules in the

liver (B).

Figure 6 shows the cellular immune response raised by

immunization with an Ad5-based vector harboring the full
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| ength P.fal ciparum circunsporozoite gene, and two
del etion nutants, adm nistered in different doses.

WORBEREABY ON OF THE | NVENTI ON 5 The present i nPemEP2m3/051019

relates to different kinds of replication-defective
reconmbi nant viral vectors conprising a heterol ogous
nucl ei ¢ acid encoding an antigenic determ nant of
several Plasnodi um protozoa. Preferably it relates to
viral vectors that cosprise 10 nucleic acids encoding
the circunmsporozoite (CS) protein of P. fal ci parum and
P.yoelii. More preferabl sai d vrr vector is an
len?iﬂ’eﬁofﬁlﬂﬁga“ﬁ’r ‘é’f’éﬁ“ﬂﬁ‘f"ﬂf"ﬁé’st@dg%??’ a er F82ype that is
del&fibhcimenahts n adeiniseerety it Fd fgermmtofosest erest, that
encounters | ow nunbers of neutralizing antibodies in
15 the host and that binds to the rel evant inmune
cells in RESCBERTIONOQR THEANKENTION 3 preferred
enedpreett tiweGS onpreiagen tosdffeeenit &dnduch that it

repﬂn‘laltl?l{ \ﬁ%fééﬁ%et Pec%mbﬂ&h@mlrhmeofﬁs ponse in
S, prefera ect, the

as
OB 8 A SREGO PRSP PUT B 140 orSTALE Hue 20 o
antE@AAA- dfernizati oh sanekalhBksabdam pgetcrea codon- usage

Pre)s;éjz:ca%lg hat réiatfe' t 8 tReaNQstr 2k tﬂgteﬁ&ﬁirlsghe novel CS
Erotelns of he pr.esent i nventi ?%5 dgguﬁhed in
nuci¢ify peidy ﬂ%@é@‘!r%‘%\@ “‘“WE(%‘%@ NE&'B)""and 3A (SEQ
of POrd¥CiSgrum il |Peyedieicabon-ropterabizd YéAesizehcodi ng
vecﬁ%ll %spérpta%legg‘vn.%gs efloRbed Qﬂsédﬂ ohi Qlﬁe@oﬂ-}%e( SEQ I D

2B (SE
thaFe’sspééf’r‘i}@P*i lnTﬂ%l’rVr‘?\‘?e%ﬂ tg?r %ar's oo(fr eQC esL\I’too vacci ne
tha€ OsMOShtdenNsow momprrissehgeat rdpinaeivpodédederi ve
ther ﬁ&@é‘@h&‘%%tvﬂmals toV%Eé %1&%@ e t&ltLBeid nvention,
phar maceut i cal I mgg%abl e éer furt her
an ééﬁ’rﬁllegr MG pFet ePaépr)’? e Fturt ernore, the
protBirenti gemeretat esci crhtahe-tursell gfvaa r§ee don@ conposition
ot@ﬁE%ﬁ;ﬂ@ JercSrPs% POVEREIQN pRreidif vt Rekaapeutd C,
actic or diagnagstic treat ment. of . malaria. WO

opn
one RS S8 SFRETPERID0% PB1BIG o 1+ eLevered

to codon-optimization and thus altering the codon-usage
such that it fits the host of interest. The novel CS

proteins of the present invention are depicted in figure
1A (SEQ ID NO:3), 2A (SEQ ID NO:6) and 3A (SEQ ID NO:9),
while the codon-optimized genes encoding said proteins
are depicted in figure 1B (SEQ ID NO:1), 2B (SEQ ID NO:4)
and 3B (SEQ ID NO:7) respectively.

The invention also relates to vaccine compositions
comprising a replication-defective recombinant viral
vector according to the invention, and a pharmaceutically
acceptable carrier, further comprising preferably an
adjuvant. Furthermore, the invention relates to the use
of a vaccine composition according to the invention in
the therapeutic, prophylactic or diagnostic treatment of

malaria.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
i nvention relates to the use of reconbi nant viruses

waomassiser s of certain specific 5 antigenic PCI/EP2003/051019

determ nants selected froma group of nmalaria
antigens. It is the goal of the present invention to
provide a solution to at |east a part of the probl ens
outl i ned above for existing vaccines agai nst nal ari a.
The present inventiongrelates to a replication- 10
def ective reconbi nant viral vector conprising a

het er ol ogous nucl ei ¢ acid encodi ng an anti genic

det er m nant of Plasnodlun1faIC|parun1 In a preferred
enbodi PETAIIE i B¥T @¥enovi rus, an

al ﬂ&amé&toxn@nw&p kBl e¥i w%he lftedofror e preferred 15
enbodi nent said viral vec an ade OV|rus wher ei n

recg’ﬁ}i”dlaﬁae‘ﬁﬁ\‘?is?%§s LIFHRFRP b‘ﬁfta’et} TS FFom a ser ot ype
antgegérdct dekdfrmpmarttisesejeotys doosiasurnyy of maddsia Adi |,

antAgehs . 1@@%4@&\@;%51 d%déﬁa pASS rand oAdRD: thn one

t | tl
Pror"’g‘fr}ﬁ : gg?f‘{}ﬁggetf%géflj\?gs? eaCBﬁ‘giveg Ehezar?r/]@ﬁr? af vector

outa¢ost dbong tfor tdyd stimgemadadnes coppritsaslagia. ant i geni ¢
deper Hhoank thahtlsy bheatelr €413BP4N1628t - ( CS)
ofein, or_ an art thereof. Preferably,
deéﬁ?’d’e ﬁ"e‘fcﬁ‘}béf‘%‘&ouérar}ug?%of ‘gérlpal?mgc%don optin zed for
hetelregbed nelptessidrencodiagnamantigepief erably a hunman.

det@s%ﬂmn% o O 1k Sh A Oﬁalbfpatmedcnogl grigesRgui red am no
I d content t he gene ral ti mpl codon usage in the

eml%‘?ﬁi‘r‘PFd’lt o ﬁf”éai']egfc ni:ls almn?l &Y+ pt'ovi si ons of
alpagpectssot kavashiodh dvilyes. dwod dede trredastade proper

DU PRER SOk v§%§ﬂ1v@§{5%cl§ dﬂaﬂdé%%v1ﬁﬁg | ferdonor or
-acceptor sites, %\g codagns, Chi - si tlgsﬁ 30 poly(A)
said pPEFONLE?S & Prfﬁar Af ecrﬁvg%(fﬁgﬂcege WF&rnal ~ TATA

selpokes frem ddkegeupl rorsiptiaberfeddenBddl m@des: t he
Aa3aNVENs], 0Rudee| RILS a4 ® adbo I eR! érféabéﬁlcdﬂle abpace

reconbi nant vijral ect or n the i nventi on,
R R I G i e e
viACTY P20 08/05d0%k0to Ehe invention, comprises an

antigenic determinant that is the circumsporozoite (CS)

protein, or an immunogenic part thereof. Preferably, said
heterologous nucleic acid is codon-optimized for elevated
expression in a mammal, preferably a human. Codon-
optimization is based on the required amino acid content,
the general optimal codon usage in the mammal of interest
and a number of provisions of aspects that should be
avoided to ensure proper expression. Such aspects may be
splice donor or —acceptor sites, stop codons, Chi-sites,
poly(A) stretches, GC- and AT-rich sequences, internal
TATA boxes, etcetera.

In a preferred embodiment, the invention relates to
a replication-defective recombinant viral vector

according to the invention, wherein the adenine plus
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thym ne content in said heterol ogous nucleic acid, as

conpared to the cytosine plus guanine content, is |ess
woOheny/0893y preferably | ess than 80% nore prefecamP03/051019

| ess than 59% and nost preferably equal to

approximately 45% 5 The invention provides in one

enbodi nent a replication- defective reconbinant vira

vector, wherein said circunmsporozoite protein is the

circunsporozoite protgin as depicted in figure I A and

i n anot her enbodi nent a codon- optinized het er ol ogous

nucl eic acid as, dep |ct§P|n 10l ? dlB The proteins
thyping 5e0EeRt a1 3RHE iIPFEESTUPAT  h At I s¥ X ptessed i n vi vo

compary Roicihei cy@eitk déls \oepyiney ebritsings iSuttrsas t he
thaFeé;ﬁsnbbﬂe%QEaﬁ/lyr adsgV @E:Irp@ﬁ% Ofnot b6 repE SRRt 1dsBVENE i ON.
urified %r%suc &hotelns car b 5%pplledln
thagt }Réy af‘?ﬁf%t AT eRA R A AP PAE S Y ot ein i s for
Thel DSteanten pnovigieedin nn¢ iepbsdimest ov rephieetietarri ers used

defe@tiJ%eré‘Jmelﬂ_Jh% Oﬂ%hebé”ct%@' dine@diPeatd oned into other
vectors than as discl ose erein SO, be applied

cirgunsporagP iR ebY Her t%@&Fﬁg‘sg%ﬁZFﬁ%es PR Ehot her
as eésbiodiedent fighe LN\eedtinanedieat empodiment 20

codoﬁggﬂﬂiﬁlié@ﬂh&%g}ggéédﬁg ﬁdﬁi@ﬂ@“d&@@ta§VHéﬁict&@Qﬁﬂ"
accordi ng to t.he 1 nvent, on, rt’l-g eci I';_‘]Ot he

figure é%s'&ber B5RF8S 7Bt BY i 2 it

e |nnuﬁogen|c par t
alsbhexebsed gnl wioki fipmanfickedtiamidl del@Perianchor sequence.

vel'fa‘gﬂi stEIQrQst bﬁe lfé@or@ﬁn&ﬁ:‘”v@ﬁe[ﬁ%e@w}s psot-eens that 25
can f or use Glfé hurmS htggtllrgl\éenatnl on al so

Preéle%l%‘é%tlﬁ’ﬁveﬁn gL EIstad ORly B FEFR Himns as

be wppliedasn iathet Hapesrafmedssinghe wbéxnia, thehe i nventi on

pro% $0 isf @!)Lat1§§t4&eaer[cqglsé@§tn| P.L@'og&f\e%cbt \&héﬁconbl nant
viral vector conprisSin het erg %ous cqu ic acid
cargd 8B iUTg 3G FHe 2CFr AUt PBT 820i%8% 0Pt 1 11 of - Pl asnmodi um

intpoetlhdr, veaves eflransasd diﬁ@]ctlsedcheae%@ Pyt cddenkopt i mi zed

app19kqg &ls }{é\ﬁé%ldm@)iaf&éé&%dc&n@—s@&ms In a nore
preferred enbodj nment $ id viral vegtor, |s an

adeRRACFRRE SBRCHPBRAY FPUs 87 a P ater it a Sifus, and it
re;\l\@cg%ﬁf-@%bgfv@@siiﬁngw @514)] ector according

to the invention, wherein the circumsporozoite protein,
or the immunogenic part thereof, is lacking a functional
GPI anchor sequence.

Apart from the use of new genes and proteins that
can be applied for use in humans, the invention also
discloses novel genes that may be used in humans as well
as in other mammals. Therefore, the invention also
relates to a replication-defective recombinant viral
vector comprising a heterologous nucleic acid encoding
the circumsporozoite protein of Plasmodium yoelii,
wherein said nucleic acid is codon-optimized for elevated
expression in a mammal.

In a more preferred embodiment said viral vector is

an adenovirus, an alphavirus or a vaccinia virus, and it
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10 is even nore preferred to use a reconbi nant
adenovirus, which is preferably selected fromthe

wgrodpsesnsi sting of: Ads, Adil, Ad26, Ad34, AdBEP2003/051019

Ad48, Ad49 and Ad50. As in P.falciparumit is also
for P.yoelii preferred to use 5 a codon-optim zed gene
for proper expression in the host of interest.
Therefore, in a preferred enbodi nent the adenine plus
thym ne content in saijg nucleic acid, as conpared to
the cytosi ne plus guani ne content, is less than 87%

6§_f en(oagl If%§sd$ Oo nor e, preferably | ess 10 than

et bret &P abiy? SFIaTP I8 b AFrBY THfel y 45%
Whrlql?el$ mréﬁ?lra@ﬁy p?Qi@F’d@s fmm the ®wbpdionenttiag

off @pbj cz@tlnprkddef el Y gk L Qs NARh o Wnkidd gshecLor
mhereln sal d

J.nalpc.i"'ofc agum 1% th% I mcfentlgon 1
CI'T EUTE porD26i 1 2PPOLEr n - Y8 h =i S e B ol ¥z 0i t e
a qoderwintinkzedepenst Edr ipgopemerperedAion Snwhid Bostn anot her

of amb@fgsﬁenf’heréf&%w icat p@&-&@é@gﬂwﬁmﬁ@%@bl nant viral
vect or ei n_sai nucleic acid is the

d
adeiier &i'¢ ac.ya‘l%% C&’élf)? tt éI&I PhorTgarte 258 PA a preferred
Cor@@ﬁe‘étto Eife cytomAspo ogwintige proot@itn, is deess he

thdnﬂmogeé‘f&aﬁﬁf tletsslecrhagfso%l, Smd ACKLM rBoifURELd Onal 20
i_nvention further relates to

thag, S sc?lnat e %nﬁ%ﬁ%rgblyag‘?‘ﬁleﬁ% GEPRY FtTrcbpor ozoi t e
pr 6b%|lﬁV®¢thhaBrrwdd€tm1lnfcaiecerplmdumretsadepl cted in

reﬂihléﬁﬂ%nlééféﬁ@ﬁﬁéﬂr@céﬁ%hﬁﬁﬂluGifaleeéﬂa daéé%rdln

don imz an isolated nucleic acid 25
to %e codi "eg a6 ‘?l%:elfﬁsrbdslaé‘go‘iltr%urﬁpﬁ%?%tﬁfprlgftﬁ%od| um

is ftaP cHiFsranospriits BPDTeimesdesricted innffgugarir, 2B,

wh1WIEEIrE|aﬁot1'$eQ*| EnbHaCh&lt; AGkd1i&tgodonRroptii gl zed. such
i spl ated . nucleic aplds can_ be Iled i n subcl oni ng

TP oS Er‘élsra VECtPR & S RAGTSE 'oﬁ’h?)"léJ fetd t ypes of
nuq}ﬁ%%lwbés@d tb%\@@lph@s; a@Q! apalepifiord thefibypes as

3s.discd @ﬁéﬁﬂi@&%éﬁec’&:u&h@eﬁ@ﬁn@s or%@.&%'pﬁ:@k@{rﬁd nuc' eic
or %ﬁe lsmmggg eggcuseg gor n A, vaccines_or
oring procedur }ieée%fgné? APERREE Rof Bt épnal; n VI tro
GPInpeeheet sevende t he encoded protein, which, in itself
camdenbantibersuisest £o1atvacd RatiLA. Al RASRS cand

acid encoding a circumsporozoite protein of Plasmodium
falciparum as depicted in figure 1B, wherein said nucleic
acid is codon-optimized, and to an isolated nucleic acid
encoding a circumsporozoite protein of Plasmodium
falciparum strain 3D7, as depicted in figure 2B, wherein
said nucleic acid is codon-optimized. Such isolated
nucleic acids can be applied in subcloning procedures for
the generation of other types of viral-based vaccines,
apart for the types as disclosed herein. Furthermore,
such isolated nucleic acids can be used for naked DNA
vaccines or in cloning procedures to generate vectors for
in vitro production of the encoded protein, which, in

itself can be further used for vaccination purposes and
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WD 2004/ 055187 PCT/ EP2003/ 051019 11 the Iike. The
production can be in all kinds of systenms, such as

woact@ssia; yeasts or manmalian cells known in POEEP2A0B/51019

I n anot her enbodi nent of the present invention, an 5

i sol ated nucleic acid encoding a circunsporozoite
protein of Plasnodiumyoelii as depicted in figure 3B
is provided, wherein said nucleic acid is
codon-optim zed. Furfghernore, a vacci ne conposition
conprising a replication-defective reconbinant vira

tor, accord 10 t the ventl 0
e R B PP ceb e a 81 ot o FERNSB0i ded.
sucIPraarhw@am,ca'lewtsaeeerpma@h@ncmlrl}sek@wnaxre thel | known
artl N the art and used extensively in a wde range of

t hera iC Pr ef er abl carriers are
appl ?;é)%%?ﬁ a?”l%\ﬂg “&e‘l’ﬁ F’% p\;gg%rp% S8VeNRPY SPeferred are
isolFedanrilags acfidrensedingo Aprirsimgpoanz ddp uveatein Adj uvant s

of ﬁfa%modfm\/\@oéﬁlt@daﬁictbe fnu&w@:fe Bﬁl%ease the i mune
res eterm nant. The

Pr°Yﬂr?\?§m°f°heﬁehﬁ 580 IRt T Ao (R SRR

urgenpoess it rovec@d e radinpepittdon chwpyigienta on in t he

repifa%&mtevf@mpé Qw&m&;ﬁab@ Aka?2Qedt &9 %@&&ﬁcﬁn& r eat ment
resent

ari.a. enbodi e of t
to ‘?1?‘?\/é’f’ft"?n(‘iﬁml1 elaﬁge‘%p %“aﬁeﬂ%ltcﬁg%y 5FETH 5‘5 fng a mammml
carfigr &s rmubaidea.| Hfevetonicglypreephiblegcaratgrar i a

are'v;glﬁciﬂd%ﬁ irp t‘ﬂe md uS&d @xt@i?stlb'@ ganprdigkng (in
her. or i mul tane 8%’?/‘% t.he steps of

ran%%lr?lfan%etr@P?LhtglcaPVgEETsﬁeP /i BAFEISER G Ging to the
applindentatomoriave ladm metiees nfore waetinred wnposi tion

vac&QIERY i @&ge@tcohsﬁ%tm@ra% Ruyuvbhed ArRkanht 8-axderi ved

qtej.n or ep . The inventiqn also relates to a
oo ot f et earFHgeA HEHRAS FiF JBmHS APFSRRt oot | on or
to 80 apphiahtniigeaieralebeimd npmf.e8h¢ dnvertignpelmenl , sai d

relgggéhﬁg tHéoﬁggwoﬁiiu}aé&iheeE&ﬂﬁ%?iﬂ%?ﬁeéccdgﬁlng to
S] nmu taneous eps o nistering a vacci ne
the HYSBET Y oh &%nﬁlﬁrgP%‘btlﬁ’ Prrf?BPE?lc?g%ll%r? “def ecti ve
diagrectibitranatmentr of madgtigr conpri sing

Another embodiment of the present invention relates

to a method of treating a mammal for a malaria infection
or preventing a malaria infection in a mammal, said
method comprising (in either order, or simultaneocusly)
the steps of administering a vaccine composition
according to the invention, and administering a wvaccine
composition comprising at least one purified malaria-
derived protein or peptide. The invention also relates to
a method of treating a mammal for a malaria infection or
preventing a malaria infection in a mammal, said method
comprising (in either order, or simultaneously) the steps

of administering a vaccine composition comprising a

replication—~defective recombinant viral vector comprising

a malaria circumsporozoite antigen according to the
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a malaria circunmsporozoite antigen according to the WO

2004/ 055187 PCT/ EP2003/ 051019 12 invention; and
wado4rissiser i ng a vacci ne conposition conpri si RGTAP2003/051019

replication-defective reconbinant viral vector

conpri sing anot her antigen, such as LSA-1 or LSA-3

according to the invention. 5 The advantages of the

present invention are nulti- fold. Next to the

know edge that reconmbipnant viruses, such as

reconbi nant adenoviruses can be produced to very high

titers usin | s.that are consi dered safe, and 10
inveHAP £ 797 nllﬁteéfﬂlg%éang?%cﬁn?ocvg?f/lﬁ%l gh vol umes,
comprsiisagy aveep Lirvat bat-ddbes inotreconitiapnt ayakni mal - or

M@emaq@axgec&noemgﬂﬁ%ﬁ, dubR 4 €S£NL of MeRRE ON
nbi nes these features wth a vector harboring the

acc‘&‘ﬂ‘é‘ﬁn?p&?%z’d’l"?%t’é’gne of Pl asrmodi um fal ci parum

P.falciparumis the parasite that 15 causes tropical
maﬂh%r L& anVRELOKE I bnet ﬁ&s@ﬁ@%n@@&ﬂ%ﬁe&e gEOQN-optim zed

ive an e e 0 i suitabl e for
fOlﬁi \ﬂ%ﬁb &P ﬁ?%é%?wf‘?#’?ﬁn? e5p Cgﬂgjenﬁnt if8RY.  The
sucprags eatonbhvErit peRQYi Dweedesra be areinesdagai ey nal ari a

hlgh na‘l%tcé QR3%ng NRNKL NG HHS & rQf ccfrgadémt 38£ aslenovi ruses
hat 20 do not encounter %2 tit rs ofuneut ralizing
thaﬁn‘ﬁnb%ﬁ‘?w 47 SYERERTICES b * &, il

a EnoviTrusesare
med$@r dhypaiots mardc@Baif AdylasinmglAdSS5hursse dgy3ved/ 70071

comﬁ&%n\é\@ q_%/e%é)lt J.-Ek}@nﬂlléﬁl &> 1 AES @hé:é%ntfeé}liuﬂé@t ween the

ari a- causi en, such P. fal ¢i parum and
w:.t{lhae VREERT Ftrk?od:ggg %F c1q: grhs?l?rﬁz01 e Spe Sgapl ens is very
PladinddigmefetlciFdvam. WéﬁﬂcwrMWSpthﬁ/Pdwlﬁes@aﬁtl on to

cau§9ﬁr@f:1$aﬁem£jla§§gv@let:&gz%§ Gfhe ¥RChiETeknOWN in the

oS SR SRR el 122 122

in~ the host of
suikattler ést dipied er abipgr himmuns . re8poiRec dmiivpamri- vi r al

Thevsfgsgﬁﬁ HRve hreprdisess |anvé/<§:(i§é %alﬁﬁi 'mdlD&rlaThl s has
r vac i ni a-based vactt:h nes and for

£ been ermnit ralt edQ/tf% ance a enov:.ruses
ST M BAdEs &f né' r dover,

do not encounter high titers of neutra11z1ng antlbodles
Examples of such adenoviruses are serotype 1l and 35
(Ad11l and Ad35, see WO 00/70071 and WO 02/40665).

The nucleic acid content between the malaria-causing
pathogen, such as P.falciparum and the host of interest,
such as Homo sapiens is very different. The invention now
provides a solution to some of the disadvantages of
vaccines known in the art, such as expression levels that
are too low to elicit a significant immune response in
the host of interest, preferably humans.

Recombinant wiral vectors have been used in vaccine
set-ups. This has been demonstrated for vaccinia-based
vaccines and for adenovirus-based vaccines. Moreover, a
platform based on alphaviruses is being developed for

vaccines as well. In a preferred embodiment, the
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pl at f orm based on al phaviruses is being devel oped for
vaccines as well. In a preferred enbodi nent, the WO
waQo/0d53187 PCT/ EP2003/ 051019 13 invention reCaERS008051019

t he use of reconbi nant adenoviruses that are

replication defective through renoval. of at |east

part of the El region in the adenoviral genone, since

the El region is required for replication-, 5

transcription- transligti on- and packagi ng processes
new y nmade adenoviruses. El deleted vectors are

d ed on cell lines that conpl enent for
lmgeﬁl@?étglég%(af%ﬁ Gnct o%s recgipags| 3d eP?Yfé%’S%\ﬁd t he use
thatharedferl bpatiipe defeotivet flovugf nescoiibphantt viruses

ledavpaicen ﬂ%SEI|&%@ozﬂ-(}_neﬁ(ﬂeea§édb%£¥ala%gnﬂee vel I known
Slljlcj’é %ll; rg{. ggefeggbl f C6TM tcel s, as

repr esent eoglb hESTH Fg FEpbRLEYtrtler ECACC no.
tryeeF4A9n at ch@sJEGF@p'eand @okkawing arrooéssetnpfral  Cel |

nevdyl hMeE&dérE@ﬁ\Q@esatEi raele@‘@at &0k a%ep&én%qau

and searc are belng used

hiol o)
prCMu%l_;[g br eventllrtl%s Broda® Q"C&'t\)@ofefﬂf S ¢atSt6R Tonpet ent
fungddemis Pugeselt cla)les Ianda’fﬁm hes theedodr fed teabodi ment ,

praz@kt Sorabe Jk&biglgl.n%ﬁ@'ﬁl@gséJWﬁBvé%QQ@rdes%%eggow h gf f
I.Nan aden I ruses, o ose erive 0

ex{eg\g%ggiyr %%& sa:é?o pe-BY &d‘s;cge REFerditerd™®Ymade to 20

PERGBT i i f oS mrgwr@@gzm WO G1A05RH55i 840 01/ 07571, WD

und}@/ €W Elno WO6021 AQ6HS5 tﬁ@@u\é@é%/ %ﬁ%gtlJnEEf ?Et hzgg and
o.ghtain ree oviral stocks for as

Anl%?néeltl For ot e(l%gaaé tl?“ﬁs LEFBtPpetpplied

Ml%aéml@r?wa@ndba%%@rv@cﬂcém UKht aravieibearsedsed in t he

pre?z‘én‘artﬂqenﬁtd&lhytith@f %Qéﬁ@%l&%%o%et@qg )’eCt ors.

wever escri be 00/ 03029, WO
B85S By 0 rret RoboI FOsER oA T ot her
celdgpang §eine eRRligdt that suhwont steagiomhoff Ad5 and
rec@fibiGin@nddetiel i MREY dtBet r@antﬁ{oggtdeciglréc§ oef interest,
d § onsi for |1 C |nnunogen|c responses,
2 eng ﬁm@, gro%yge 3 3% reser?é%n ‘? 1SR 9 tres of
Puh%emtrlaps zWOnQ7/éﬁﬂ3i2 bod\'ioe@l/@ﬁ%iﬂ HOi (g 0757 1t, heo
00/70071, WO 02/40665 and WO 99/55132, for methods and
means to obtain rca-free adenoviral stocks for Ad5 as
well as for other adenovirus serotypes.

Adenoviral-based vectors that have been used in the
art mainly involved the use of Ad5 vectors. However, as
has been described (WO 00/03029, WO 02/24730, WO

00/70071, WO 02/40665 and in other reports in the art),

administration of Ad5 and efficient delivery to the
target cells of interest, responsible for sufficient
immunogenic responses, is hampered by the presence of
high titres of neutralizing antibodies circulating in the
bloodstream if a subject previously encountered an Ad5
infection. It has been investigated what serotypes are

better suited for therapeutic use, and it turned out that



10

15

20

25

30

bl oodstream if a subject previously encountered an Ad5

infection. It has been investigated what serotypes are
woebtd4msssai t ed for therapeutic use, and it tur ReTWEDA03/051019

t hat WD 2004/ 055187 PCT/ EP2003/ 051019 14 a limted

nunber of serotypes encountered neutrali zing

antibodies in only a snmall percentage of individuals

in the human popul ati on. These experinents have been

described in WO 00/ 7QQ71. Therefore, in a preferred 5

enbodi nent , the invention reIates to t he use of

adenOV|rus §lznd 50, and

s
a lirgs ?rerc’ vaﬁpeﬁd FPcouhae’?ft?Bgedtg PhtE Phese
antmeeglpesonlezneomlérmcmameuw ahftidgabntipbodi es in

the HGaY ap%&:ul&@]ogr 'ﬁkﬁés@fexbgﬂn%gt§ aﬁpé 8%enl0 Apart from

avoi di'ng neutrali zi nti bodi es
desefipgd 38y ggaé)/ﬁ Ce?lteéleﬁorseér Ot ypBE® {‘eg{e@ m ght al so be
embdpEmef cithe trgebbiqgetrelefies rt@pth%altsemﬁ defi ci ent

adeﬁ&ﬁ@ﬂ@'é&%%yp\é' &ﬂ' 2%ECIQr 55, Qg darebb AlaRaSkdaset of cells
volved in th rrg]éme respc?‘nse seSgch cells are for 15

Pref"?fé't’%\%cté’ ﬁ%]rtdlaf’?lAc?l elface 2URESt hat certain

encaderoyd mesnerreligies andieddigs diBe vA885 and Ad50,

ma3 G ?yof Gapsdd S%&tegl ns that specifically bind to
cerfain_ rece pdors resent an flend alllg Ig:el s (WD
0ZP3AT TP AFSIHE% T FEPBTRHe & hEinly homing to
antithrelikbs \ﬁBJreCWﬂ ebai2@t negrthin &emwevaﬁttawhrtf

als§LHé:bgﬁéylkléﬂqueEé%ggt ﬁﬁbrE@pll@éﬁﬂbhcééficﬁeﬂiu|d i nfect
el i Mmune syste that at

s
rec?’@%@fm? ﬁ’lfﬁl\VeFF%r )t(f)earlcﬁ’éfrﬁlg Ssuc?r?ﬁgo C? & serotypes,
invdlfedet e rithef nomwnAdisponded Suthectlligemelr ifPFc cells
ins P del adRrdebetbels t hanaAdboungugigfstéf@ibhat also in 25

vivo the deliver 0 _such_cel [ e efficient. It
adegQY TS [ RGTRFHRESy ogl’tﬁ%‘ g%éﬁ%\h%ﬁkgra‘n@ ?%’OI "n°¥itro to in
capwid/ @roteimsstimti epedidicll lypbingdntl idersainot ypes ot her

recgws%seﬂklén BeMRiEiSRel s t(h@ 02¢gu 3o d As0t ect i on
l'evel .al so, Qart of the n\ientl on 1o pr ovi de

is ?h%er%}’%"t fib%& ige IR HEMERT ] tl? T ELtTal i zi ng

mayald iabdtls mivanragec bhoeffledent numbers of viral
particles should infect cells of the immune system. It
was found that at least in in vitro experiments some of
the serotypes, different from Ad5 could infect dendritic
cells multi-fold better than AdS5, suggesting that also in
vivo the delivery to such cells is more efficient. It
still remains to be seen whether this in vitro to in vivo
translation holds up, and if serotypes other than AdS
will give rise to the required protection level. It is
also part of the invention to provide the serotypes of
choice, as far as neutralizing antibodies are concerned,
with capsid proteins, such as the fiber or a part thereof
from a serotype that is able to selectively recognize
dendritic cells. It must be noted here that in the
published documents WO 00/03029, WO 02/24730, WO 00/70071
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with capsid proteins, such as the fiber or a part
thereof froma serotype that is able to selectively

woecngssse dendritic cells. It nust be noted hermpRiwansi019

in the published docunments WO 00/03029, WD 02/24730,
WD 00/ 70071 WO 2004/ 055187 PCT/ EP2003/ 051019 15 and
WO 02/ 40665, Ad50 was m stakenly naned Ad51. The Ad51
serotype that was referred to in the nentioned
publications is the ggme as serotype Ad50 in a

publ i cation by De Jong et al. (1999), wherein it was 5

not d as a ro adenqQvi r us. t e of
and c?“iOaP% 665%&%603’ S g eé}(ig. prmed E‘%% @’ %lp Ad50
serggpetifpe ess reataviredned ibychBengungnet al . (1999) It is
pubTIQW: KRQWAS TR s el b4 %teréwpenwor ation with a specific
adenovi r al seroty e eli c ? »Qn grodgctl on of 10
publicatq ©¥i By Yand ifhot eél Wt HéeRott Hg%thst t hat
densipecad iacB-gmeb crdendiiusis . iHorj sheleske Ml elardtuse in a

Adsélé*gsmea&reﬁetig Rfe E2qtold AWsHIRBOQSE & in the
dm nistration of n(gtglg% ffnon rel ated vaccine) a
|

Wﬁﬁ@sqyt PoBLsEd 2bn erent adenovirus serotype,
whitchs irewniotownetitatad i fAgdt ESmbyi sgmeiipodvied rai sed in

spetglt}gcf ddeSbv AL Qé]%tﬁzﬁé 'e@ﬂcuts-rgﬁer %ﬁ:@(ﬁﬁ}tl&@%ﬂ nvention

further rel ates inat i il . mamal i an
neu*f”r?&?%’r%ﬁ?’%lqoﬁl%llﬁhthﬁ B??Wﬁ@l 5an: e nePESibosi ti on

vectONPTiEHSia isepesicableono dufeedi IaV@UbS’e@E@FﬁbI nant

setx?:ﬁ%n(?ylfrol_’f@ovp-fupabcjds‘:scgr $819fY RGnintbi 4R ibh & 20 boosting
vacci ne corrap05| tion a replicatjon-defective

anothsto AT AR SEde FRFF s 20 °“5’°§’e%’8ﬁdb%s§ otyfe are used.
difRyrieme/ Seostisiet senvgspchavieidheén rpaseuthabigded nore

py S8Lablied PaiddlveiNahionak RakeRis@RPIdacat i ons
PCT/NL02/ 00671 and  PCT/EPQ3/50748 ( tglgtg E#)m i shed);

Thef$f0s8: APl FEALF s TPETRE " D8 ED hil
vactiBeomy mantalddengdividaiecirorhipfh a #himgeg ser ot ype for

vactiiR Q&ﬁﬁ%@&é&dn@GofgklQeJ“%dkéﬁyIEQE1Jhoaeﬁé&€1vél‘eatnern or
prevention of isease in a hunman or. ani nal treated

recwﬁilﬂa%\t PEEBRETHAMT AdEiTEYi STEt RSt B 16f A Second
boosteimgt yaeinahemeoitdar b fepkicasmotiyfretive di f f er ent

recgﬁﬁyghnt adenovirus of a second serotype are used.
Prime/boost settings have been described in more detail
in international patent applications PCT/NL02/00671 and
PCT/EP03/50748 (not published); these applications relate
té the use of a recombinant adenovirus vector of a first
serotype for the preparation of a medicament for the
treatment or prevention of a disease in a human or animal
treated with a recombinant adenovirus vector of a second
serotype, wherein said first serotype is different from
said second serotype, and wherein said first serotype is
selected from the group consisting of: Adll, Ad26, Ad34,
Ad35, Ad46 and Ad49, and wherein said second serotype is
preferably adenovirus serotype 5. Thus, it relates to the

use of different adenoviral serotypes that encounter low
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30 said second serotype, and wherein said first
serotype is selected fromthe group consisting of:

wadddosAd26, Ad34, Ad35, Ad46 and Ad49, and whReT@Pm03/051019

said second serotype is preferably adenovirus
serotype 5. Thus, it relates to the wuse of different
adenoviral serotypes that encounter |ow WO 2004/ 055187
PCT/ EP2003/ 051019 16 pre-existing imunities in
subjects that are to fge treated. Preferred exanples
of such serotypes are the reconbi nant nentioned,
prel sgm AdSuI{l lgsgtlne%(u . ugled % a [ ntdl i dual s that have
er experi enced an dg 83t i%R. %% 7he settings
treﬁ@er?lt?éérmﬁdeémlﬁé@fl ﬁu‘tmgeﬂacppbe%:aireoﬁ@ ment i oned
recél@¥ent akat Rk, Wherdiseaed 1ad1%£0¥kélaideéteﬁr0r s
1nd$va1r;:l{1xjf_in%h{ ans fngegrsrselilccgr?e%ﬁ%%%sﬁg %?L% ?.?l?gf’ or gag
Thet%eéatmﬁeS%mée@méu g iped n@nmsyplipetm
men&@ﬁe&la{ﬂotré %l@&@%' @hé)fusél il b&@fob@ﬁbﬁlt vS&loxdp towards
ia is asettin next to different

carray&élﬂoi\:ﬁarn G2 s8r ?ﬁwh agt thaol (\%"?r s r?eaF ent’ dht9%Feni c
from il¥r fﬁ‘aﬂfahr%atmt l?é Wdﬁ OneSHorf$y riredtrmgnexanpl e of
andaﬁtudﬂﬂi iigeforitefd)er ent from CS i s the Liver Specific

en SA-1.. Kurtis 2001) . Such set-ups
at 1 E|(5as5°lg?[oerxau[c'f)l € P %as ﬁml‘JesefD are Se% y that the

tOW@S‘Sa%%Jiagéﬁ jissa @@ﬁ#@%gedwflmhnlvxautq ﬂgffehﬁ@nbl ood- st age

ade@a‘mm@ saasﬁgjeee,alswllfee'férﬁ £Xplgessd on goes down in
ver - s&gg this S|t9at| ni1s nore or

det?rmma?%s “Shposi ?ed &Ee rgr Zldh' LB 8Bt 49 8 | evel s
ant gigni fef fteﬁentb Ifoerl-CSt dgyehe Huitver sSpemg:m 9n*e1>q§ne% sed

(Lslur, | gt Beed iaYEVZOQQﬁg%ucK\'sfeho&&haQ@%t caided use both
antigens in u atl ons it may al so

for Fhe Qea&;o t“The sarre y ﬁ,@a mggl Séos\r/aa%lgﬁflolt %ction
eXPwa?ﬁS‘talﬂhe dyatemithe J%PO@ﬁéa@ﬁ oédthe ageasisevel | as at
whild1@t2 %ol ¥ ioh!t @@L ddvd anftuétﬁ%rem@elmt of the

resent nventlon both n ens_na Ilvered by
LSA%rﬁ §hlaisd§’ﬁj%)l\l/ﬁtr s “Sel'dts oraﬁ(eel tg'he © %sﬁ“gd' toget her in

expxeseed five low devers dmlr@eplair aleddrsipossepal dise vect ors of
higﬁﬂ}eeiﬁﬂﬁﬁsed during the liver-stage. Although one

could use both antigens in subsequent administrations, it
may also be used at the same time to provide protection
against the parasite at the blood-stage as well as at the
liver-stage. In a further embodiment of the present
invention both antigens may be delivered by one
adenovirus serotype (either cloned together in the same
vector, or separately in separate vectors of the same
serotype). In another embodiment both antigens are
delivered by different serotypes that may be delivered at
the same time or separately in time, for instance in a
prime-boost setting. The vaccines of the present
invention may also be used in settings in which prime-

boosts are being used in combination with naked DNA or
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serotype). In another enbodiment both antigens are 30
delivered by different serotypes that may be delivered

wanoo4isgissane time or separately in tinme, for POSERDDE051019

in a prinme-boost setting. The vaccines of the present
invention may al so be used in settings in which prine-
boosts are being used in conbination with naked DNA or
WO 2004/ 055187 PCT/ EP2003/ 051019 17 ot her delivery
means, unrelated to tjhe replication- defective vira
vectors of the present i nvention, such as purified

rotejns or pep es of . s ch roteins that
Othgh)?‘eb’e"elﬁelﬁeﬁnﬁ’p‘frir atbegx f,&befpﬁF% éLloﬁp protein/Ad; 5
defgridvei virAd/ Vadtora/ofr Bteepréshdt AdeAdiqwr otwibnasetc) are
purgf%ed vi:%elms le2Ppebt 1 MEP- ExanlPBs ok sudvbBrdkd ngsee

or the hepatitis arti.cl es- i.ni ng and
thaE@aHe § viegd ﬁcgf%_b%%o&dt/gﬁ% RROWF® gs“’F@% S S(;’see
proteimdady/ 2al; acﬁ/préi@l%AdiJsd/Bi/m@te&% errd B 98/ 10152)

LSAlP ﬁbmoug@pilhemﬂl\mt MOP-143 @X&BLidy)§doh@rgin with
use of adenovi ruses, be. under st ood t hat

hepi”ﬁ&lsll?‘]\?é‘ﬁf’r%lﬁs %orﬁ?”}f&gn%%gg ‘#tr SR AEE e 1imited
compasitioderkovir BseBTHEt (sHesBordohatte2lt o(U9RE; ¥Se of ot her

6,36 6£%2BDLNARE gg/rlglﬁ@s, as deI [ very vehi cl es. Exanpl es of
5'wrusestha al so aqujsterlngthe

arﬁﬁtﬁe’fﬁhc e rEy Fﬁ‘tﬁé’ﬁt ) f‘e‘?q'llé S fh%r?lnl FVention are
theposey pf Useso{MasesNila id roses unmme&h thiva)thand

mvrelka\smg 5385 %sns Q%téﬂdéaaé/d noesesmt&@ Rol i M ting
exanp Vi ru e applied for

adeﬂ%‘ﬁr\‘?é?? r’?@‘tt"f}esozf)e aﬁﬁi%(?g’é}he] &P asﬁ%lc? i"'um conponent s of
rectiiginpnesdmtises pvednlivervareiicldemexereles, ocBuggy Creek

v1r¥éésu§ha’é_"cghl A ped usWh I8, adr@histMREgaRNYI rus, Babanki

Vi rus, ach rus, Una.vir Aura virus,
antigeRisy 4o e\ﬂy“f E%fbﬁlf“ﬁ Pr§pefs 10 c#lf‘?}n RFFi can Arbovirus
poxibrusgs, (Myamxa virusss, 2B cBagi Si‘é?waavdr us, Getah virus,
£1aRPSS 0B Y &huck | d U811 AR s . E\Qarneﬁlml\thﬁ@%xa@nésungunya

ot ehSha ol S0 PO onSy RSt D SRS
immunogenic Plasmodium components of the present
invention are: Ndumu virus, Buggy Creek virus, Highland
J. virus, Fort Morgan virus, Babanki virus, Kyzylagach
virus, Una virus, Aura virus, Whataroa virus, Bebaru
virus, South African Arbovirus No. 86, Mayaro virus,
Sagiyama virus, Getah virus, Ross River virus, Barmah
Forest virus, Chikungunya virus, O’'nyong-nyong virus,
Western Equine Encephalitis virus (WEE), Middelburg
virus, Everglades virus, Eastern Encephalitis virus
(EEE), Mucambo virus and Pixuna virus. Preferably, when
an alphavirus is the virus of choice, Semliki Forest
Virus, Sindbis virus or Venezuelan Equine Encephalitis
virus are applied.

A sequence is ‘derived’ as used herein if a nucleic

acid can be cbtained through direct cloning from wild-
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virus, Everglades virus, Eastern Encephalitis virus
(EEE), Mucanbo virus and Pi xuna virus. Preferably,

wohen/03dsan al phavirus is the virus of choi ce, PE8EMPRI0B/051019

Forest Virus, Sindbis virus or Venezuel an Equi ne

Encephalitis virus are applied. A sequence is

"derived' as used herein if a nucleic acid can be

obt ai ned through direct cloning fromw ld WO

2004/ 055187 PCT/ EP20QGg/ 051019 18 type sequences

obt ai ned flromvvi | d-type viruses, while they can for

i nstance al so, be btaln throu h PCR by, usin
LYPYiSPATERE 8&%%‘1 fonbf@ SYRE BERF R e T s rregns
theylcsn fdrainshache sdgodrec ebtatayd bélrpmht RER WYl d- type form

us:Lr?gz ggfn?’%Jeht %iebas et @fAer fp rtgihpllém@t h@u&s qﬁﬁh@n for
sane re ugh conbinin

alsy hehety %E BT 1Y ?’8 lrbécgﬁ 8 od That™" gerl ved'
wvell@esimetltexs] @sxweﬁyowammloﬁlﬁoéctea@%?ﬂ fgeof the
samg\”exjegs\%at)’fig %thb\ d%%ﬁﬁﬁigséiﬁnlth@%cl %At h;s ﬁ:toWl 'l al so

re of Jbilities o r biolo
be yndegptagdn thik aﬁ?lplfvsa dOS? cert élis'lrfrqu Igcé %f nucl elg%:/
direeti dlorfilng ¢®rths WJﬂdnt:smeomi’l paparson g&kified iipe and/ or

the &1 Qmeaigl?ﬁoéoilwax@f@f Qe %sHmlaﬁsiéwdf as equi val ents
of the nucleic re. re Aate ed A person

a !
md%%lfif‘ REAY e %ﬁalw IT"I%X%&) &6Y are® tcﬁerg?l act that 15
piecerfanurldét etcidnstheswaps, “{upotFnpl nRAr&Y i ons,

der?x‘;ja,qlltré C%ﬂl%/or %tnﬁf&ﬁﬂaatﬂ@:)éo& lak-b Hoeﬁé”Jndéﬁs@oBUd eic
aci d cti on as Lch(g ongl nal
e

t hat
as ﬁ%"é?%ﬂtﬁc?ﬁ thlatmf%el‘f ﬁ@?%l{g‘% 5§ beainderstood that
persaic lskal Yegr &t itbrsatthatllderprestiaty Ghe fiacanttaf alter the

cer£é&%0héﬁabh$y s9bpd, hepau@l, amﬁaz_oor@c;l sissi@ienspi thin the
sScope of resen | nve

| f ert a| n
etc%eé“ﬁowlf éFI%ﬁﬁ?lH e (AR edL °f ?%lr% Eh%te?l aih
simalendvietdbon ser 6hy periginadhwideiciacifis T 38 to be

the?%?%ﬁsé@%_@ that-stha Eﬂ:&alsu@{ Qfustatidys Brawhicai ned

i ndi rect as dlr ct clpning and
n°ts§/’rﬂnﬁg’s‘?ai’itﬁ¥; JseEe ?L%P%%"encaéé bf° gglﬁeorrﬁu% NA, usi ng
acigetdredel gy Kreowrcdenof tile miresenCdrventiotel ¥t Pons,
cer@%@ﬂaghéﬁg%iégﬂ‘ﬁ%ﬁh@? is derived from a certain

adenoviral serotype of choice, it is also to be
understood that the final product may be obtained through
indirect ways, such as direct cloning and synthesizing
certain pieces of genomic DNA, using methodology known in
the art. Certain deletions, mutations and other
alterations of the genomic content that do not alter the
specific aspects of the invention are still considered to
be part of the invention. Examples of such alterations
are for instance deletions in the viral backbone to
enable the cloning of larger pieces of heterologous
nucleic acids. Examples of such mutations are for
instance E3 deletions or deletions and/or alterations in

the regions coding for the E2 and/or E4 proteins of
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alterations of the genom c content that do not alter
the specific aspects of the invention are still

woaonstiodeised to be part of the invention. ExanpCespPei03/051019

such alterations 30 are for instance deletions in the
viral backbone to enable the cloning of |arger pieces
of heterol ogous nucleic acids. Exanples of such

nmut ati ons are for instance E3 del etions or deletions
and/or alterations iRg the regions coding for the E2
and/or E4 proteins of WO 2004/055187 PCT/ EP2003/ 051019
19 adenogvirus. Such hangg plled to t he adenovira

adengy i RN 8 ERRIERNTHH B aFIE AATFOTFEh applied, since
bacidpae earieskepwni i tthagarftastdoiter aadbivdvi sirset o be

spa&%aggaegq_damltltn@ BadtSr %o@é@no@fﬁﬁoﬂo t]cfé gﬂk%tj@dcert ain
parts of the 5 adengpvira reasons for

thigifed |“ﬁé°’t" &g tESdelﬁﬁﬁlcﬁgtﬁZf‘ P%ﬂ? ﬁs c?fe t he genone
adenmeryrde geadrat.elttey redsabs [foryalrerim ¢heiddy BF t he

and/%@eﬁp\eeﬁ%nsV%@t@{e, g@®nb Ofay bOSlaRE& @6scribed in
i nt er nati onal at ent aggl i cat '1°Q.S N PCT/ NISOZ/ 00280,
StaﬁééTFErsﬁsf%%?ffs PETHL 82728, Y26 BT EPOS/ 50126 (non

insipubk | &tved}bedT hes@tappiticmtli en’seﬂtehm:tleca’%ﬂmﬁgst ot hers

chhﬁthﬁ)zléﬁe &E/ﬁﬁbs&é@ﬂsﬁ ﬂﬁOﬁLdzr/Qm@ serotype from one
roup 1 n the hackbgne_ of nov

g 2 e e ean ions réia%ron1
PCT/&FF?B A28 U PP e RBnsThE e PPtV *bet ween t he
amofkghar btheast tovithy waedof ke EOB%E{J@H&CJEITON gy 15 during

ser&%,gle' Al o %rag RAgkaginY Haﬁk@orﬁan(%' ng cell line.
further ?ate to

th
ade’?“lYl’rEF? ofr’ff’ﬂga“ﬁfc%lf:)lsliﬂ%’i"@?’ Qcé’r e%soutrgl ncf ﬂf ghEY pl X
betwodpr gissiEdorftewet srianchnd Py 818185l @C’Oriée*éwbl nant

durﬁg;eQQﬁ/ﬂl%@Ll&?%B@rpacg%lngeﬁl headdxapidetect i ve' as used
her ei'n neans t hat he viral ¥ectors do not replicate

1ing ) TREH- fd’&ﬁ?ﬁ’%ﬁﬁhﬁenbo 81 °f i E5MTenenti ng cel I s,
funtieniun Ik oprempeeuifpedbtainingepidheati®n, and t hus

exppés%‘_jLUEtleQQlé)fanti@ k& eytaﬂf&tr@!iomb:a_ﬁ&lt provi ded by the
conpl enenting cell. The replication 25 defective viral
adegeydEdt "°6F°%he present invention do not

‘Replication defective’ as used herein means that
the viral vectors do not replicate in non-complementing
cells. In complementing cells, the functions required for
replication, and thus production of the viral vector, are
provided by the complementing cell. The replication
defective viral vectors of the present invention do not
harbor all elements enabling replication in a host cell
other than a complementing cell.

‘Heterologous’ as used herein in conjunction with
nucleic acids means that the nucleic acid is not found in
wild type versions of the viral vectors in which the
heterologous nucleic acid is cloned. For instance in the
case of adenoviruses, the heterologous nucleic acid that
is cloned in the replication defective adenoviral vector,

is not an adenoviral nucleic acid.
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harbor all elenents enabling replication in a host
cell other than a conplenenting cell. " Heterol ogous'

wagougssisherein in conjunction with nucleic aeCcdaP2003/051019

nmeans that the nucleic acid is not found in 30 wild
type versions of the viral vectors in which the
het erol ogous nucleic acid is cloned. For instance in
the case of adenoviruses, the heterol ogous nucleic
acid that 1is cloned hyp the replication defective
adenoviral vector, 1is not an adenoviral nucl ei ¢ aci d.
wo_%gp4/055% 7 PCT/EP2003/051019 20 " Antigenic

198 EEHEEY 'hat 5RO nerRin JR9nS &1 gen deri ved

det ef Hionant '
antfigem derpueh dgenia redwgerid batrel toatt slivitsi amune

i @S PANBndd) 18 m%tst LWards wmhp bnd RR dRLGLM Nant  is
Lver red npl es of antigenic 5

is dieklcle‘f'erﬁeﬁamdg"lﬂi‘ qﬁ ‘g’rmﬁ %?ﬁzﬁf 8YN-9BRIYel i vered by
detpsiigpntshef Pdpsnadatn chatafechd veliwredttynantnovi r uses

thdfrep R at PEELBBL 1 Y exrycbmn%@ M@sé‘g LEWHRPOr 0zoi t e

prJJsen%eJ!nr‘]re th?1 e%gﬁ ) fY‘r‘F‘?é de,  the nerezoite surface
BB it ST K B ter PEYRI B FOE S ( MESP- 119) ,

SEJ@EPolypeBRiel 4Phe npyemoit® sBrége Anttegeniid epa 3 (LSA-1

c- &&mil%)l’ pO&lyRpt{RIRH-106) aRyp-10f vdd18 4 8f QuOENt i Oned.
eferred asgect the invéntion rel at es to the

st Fr%ﬁ Boro25i 1 €1ES) °protei ¥ 2 PRI & cdBar um
of tBeduivrepntiPrell’ Ias psetirhed eispestreans that the 15

1nx)'ébl€l&i CeBficd £ORNEN: rBARIBESI, RLE s(?dl?}ocgeggach _
from %f}acll entl hi gh expression | eve of the protein of

erest a host of interest to which the gene
ené@lﬁongopts'taiide%r o4 eispd ilerdid imgensedhaSufrki ci ently hi gh

nucﬁ_épé %%&ii%ntlax@é’%le@ dddnthitgr&onbLexd aeans that the
& QIevIsZOshouIdbehl h enough to elicit an
sudbi Senely 2

TRy o e 4 L s h%rpdfélte’tno"ﬁl ve
lntprei’feetll oriosd & mategeba-tonduicihnghe ganasintedinyat my

sa:@nﬁ)ﬁfteﬁ.ﬂelst El@ﬂv%ge&m%tzfﬁ%ﬁgﬁﬁyoﬁl&f Effreskigpt ment. 1t
art th sone VaCC|ne§6§|Ve an i mrune

e R R S o S

should be high enough to elicit an immune response in the
host in order to give protection to a malaria-inducing
parasite that may enter the treated host before or after
treatment. It is known in the art that some vaccines give
an immune response in humans, through which approximately
60% of the vaccinated individuals is protected against
illnesses induced by subsequent challenges with the
pathogen (e.g., sporozoites). Therefore the expression
levels are considered to be sufficient if 60% or more of
the treated individuals is protected against subsequent
infections. It is believed that with the combinations of
adenoviral aspects that can be applied and the choice of
antigen as disclosed herein, such percentages may be
reached. Preferably, 85% of the individuals are

protected, while it is most preferred to have protection
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25 60% of the vaccinated individuals is protected
against illnesses induced by subsequent chall enges

wonod¥/oshe7 pat hogen (e.g., sporozoites). Ther ePOTEPRW8/051019

expression |evels are considered to be sufficient if
60% or nore of the treated individuals is protected
agai nst subsequent 30 infections. It is believed that
with the conbinations of adenoviral aspects that can
be applied and the chnice of antigen as disclosed
herein such percent ages may be reached. Preferably,

50/ i vi dual s ar rtec while it is
to § %’ ?“ee £ sRgiese *hEv&BT o o T %/%%004/ 055187
VacP@PFEF’Z%B? 093}911‘910121.10 tael%ﬁ dipslogeernim thml | enge in
preﬁmﬁ:e1ﬁmlﬁ1c91o%r9fcofdbﬁ—op\£@ﬁ§zle@ai:&d eﬁ&.sgs%loﬁr hg nucleic

cid closed_in the _pr vent on ar.e
hum%l do%cop?“rlﬁ zeSIJ[N of €x a%es§%§{]) i ﬁge KORERE °Accor di ng
adepigengiiumitbymige. (A+2)04 DN%hPé dom eapians 5’5 adeni ne pl us

appfdmmhfay( 8ol ab rbo@w:éu‘ et §%eﬁ£%§;e' SytsaRRpE oxi mat el y

plus %oanlnse (i%[% @hmtag rtl ﬁleu C II;]t aigﬁ (fn ngglcgﬁt eﬁlt ulsn
P. fﬁFinlanéqﬂpaF LﬁﬂPPfSXJa}QE¢szX|8ﬁa{ é’hy @@%nél' méuadeni ne pl us
thyhihgntéieaONre e i08 iR 65 Penecb-ia figl ci parumis 10

870 To obtai.n uff CI ent protection it
apprcp}g_m% eIlyeg%]‘scf éé:aﬁrécsélgé%\crlﬁn L ove pr 6duct i on

beljeved| & g netqsésmrsw J@weowayr@@maem deeelshils is to

the qws'rcm@s c;@me adh3aee thys alst esidpgihR Bsnei ¢ acid
enlc determn in the

{e
usa?/e %gl nlk;caeéﬂé%g \1/:ectmm:¥Le REt oS 5 grqhﬁg the anino acid
antigegierdeserpicrabfin Feg thhﬁﬂs-bals% veekqyl, i etithoon- def ecti ve

altéQ@gnidnaminovhéad sa@@neé&@%@f dgBg tnk o, ttlﬂe i nvention
n .adeni.ne plu m ne_content in

rep’?:lecta g% 0 _geg%cg-‘ “Nuc eézlongblélgxﬁs"'lcr)?f REEHTS g‘é‘ﬁ’crdllﬁ?/ent i on

to gfe Lesptipmiha8yoRn picfice apiug thogdng lrentd0%4nand nore

the %tﬁfcﬁlfo@b&b|n)ﬁci.ﬁ§33a&fb&noﬂrth8qlb@seﬁ@ 1@9@1{&7&1”&11 el é 59%
odon-u e an € am no aci
of %e%%t \gl'h ﬁrefeéég& less 0 o{]

Nes o aI'C| par%rﬁ and yoelii,
Preﬁq#ébb‘erl@éﬁttélgesoroﬁquqméomgwmte-’m 28Y- Geped were
on E@EBN-kAYBI in MERGNLAP the amino acid content of the

CS genes of P.falciparum and yoelii, the percentages of
the codon-optimized genes were even lower, reaching
approximately 45% for the amino acid content as disclosed
by the present invention. Therefore, as far as the CS
genes are concerned it is preferred to have an adenine
plus thymine content of approximately 45%. It is to be
understood, that if anocther species than humans is to be
treated, which may have a different adenine plus thymine
concentration (less or more than 59%), and/or a different
codon usage, that the genes encoding the CS proteins of
the present invention may be adjusted to fit the required
content and give rise to suitable expression levels for

that particular host. Of course, it cannot be excluded
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approximately 45% for the amino acid content as
di scl osed 25 by the present invention. Therefore, as

wobaoo4assishe CS genes are concerned it is prefeCcrTa#206/051019

have an adenine plus thym ne content of approxi mately
45% It is to be wunderstood, that if another species
than humans is to be treated, which may have a

di fferent adeni ne plus thym ne 30 concentration (I|ess
or nore than 59%, ang/or a different codon usage,
that the genes encoding the CS proteins of the

r esent vention may, stedtoflt the required
et Bt ﬁgb‘ﬁ‘& FRAngrE &y SC’%LTJI“%J SBFesion | evel s
sliflor expreasigalevellchandggstin d@ffeemut s@ogmpraﬂhot be
are£X Gl-BERA tN@v%QQé” Q%@@Zl?ﬂéﬁ?@@g&&%%%m& ei t her,

t.hat slight chan in_conte sIt sli ght
Sll%?ﬁ%‘gﬁeg n*t @%I’g‘@ﬁﬁﬁé’&r‘?pﬁagf f’fng’é%et b%oté‘Faphl cal
amigr easd arequentbet he therpwpteins,i Shadl percegthgesumder st ood

dlffélagccéﬂdlggiy CRENGaSsd Ral e AURREN DS ak&RRats incl uded
M no,_aci d sequence of the proteins, that

t he
of Bﬁg’é‘?ﬁeﬁeje’snvr‘?%mndl ffer accordingly. Al these

adj usted contents are part of the present invention.

EXAMPLES 10 Exanpkgavburdlssenbly of the Pl asmodi um

fal ci parum circunsporozoite synthetic gene.

Conpar ative studi es conducted with DNA vacci nes based
Exawglendt iAsgenbly obdde- Birspadizedfgisieasencodi ng 15
cugﬁ,rsgggégog_gegym;géﬁg ggneP fal ci parum have indicated a

direct caqrrelation w gég%l%n | evel S and

i FPTROTEAT R TR rt u&te%lm VaK A& sequence of
bas¢hen gerige errsodpdry -vhiE rREed memmnn@ail@imar um

mer&iJlQHErEﬂ}@EQgr@ Le p. &Q@lpazm @hie Wag i Rshoned. Studies
ul.ations of 20 nml ari.a raS|tes obt ai ned from

dlr?\‘itdéf’ esléﬁh?rhtwéah eﬁBﬁegﬁséB?nl@X? % 88fons have reveal ed
immtirgepieiganiamof GSalsd@ldencé pel paowqueesei tThe new

gen&- Jn@lagirg,aleyén@smuﬁ%@cmmma&&emp@gomtal i gnent

of th fferent %v
(CS) protein was e51gne

-

aété%les on populations of
malaria parasites obtained from widely separated
geographical regions have revealed the presence of CS
sequence polymorphism. The new P.falciparum CS sequence
was assembled by alignment of the different available
protein sequences present in the GeneBank database
(listed in Table I). First, all the different sequences
were placed in order of subgroups based on global
location or by lab-strain where the isolates originated.
All CS complete or partial sequences were used in order
to identify variation between the different geographical
areas and identified lab-strains. The final amino acid
consensus sequence determined was thoroughly examined.
The inventors of the present invention subsequently
adjusted this consensus sequence and to have a new CS

gene synthesized (Fig. 1). The novel amino acid sequence
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protein sequences present in the GeneBank database 25
(listed in Table 1). First, all the different

gl obal location or by |ab-strain where the isolates
originated. All CS conplete or partial sequences were
used in order to identify variation between the

di fferent geographical 30 areas and identified

| ab-strains. The finagh am no acid consensus sequence
deternined was thoroughly exanined The inventors of

he present I.nv ntlon ubs usted this
is %}tﬁ’ﬁge’r{éﬁé sedue n%"h %g r%er\ﬁ %ée gene
aspeghst hisiedelek 10Ri gfrom)N-chmwgv’e# Cah¢mrdnaeli:d sequence WO

2004/ 055187 PCT/ EP2003/ 051019 23 Is showmn in Fig. 1A
The new CS protein_harbors the gect s.listed bel ow
(FPSWﬁ%%ﬂﬁlnﬁ%grta& P NBEYCE ¥R NSCEr ni nal
Sitpraprgeduencehe whigiiamoid dediqudon, i§ idfE protein to
the g lasmc reticulum is left unchanged. - The
HLA bi ndi ng peptide amno acid (31-40), as well as
-r &GRoRLA PEpHadopRTAfe aBirRlacidpl oﬂ)‘é’)' af ¢1Lonser ved,
t%r eégilor 1 h@sedsdquenGeselar epitebt) Eeunchanged. - A
r (SEQ I D

Q;?Ag% repe%%gé%%et %&%(r:eﬂ rgé?% %é%ll\%?gs and 4 NvVDP
(SESPeeNO 11) repeats. It was chosen to incorporate
27 NANR Y epeaissatsk €hdiSl 8Fe QE -8 NP (sepeat ssagd one
1 ar ate NVDP rep T EQID
N%IS? fShuEnCca” |hreeca€fere ovv%os re%ﬁgﬁyﬁﬁeer epeat s
rre@ﬁﬂpoﬁ%@c’akﬂdv ESPSRES - fIGuﬂ%F ches4e tp daserRATIEFS conser ved
bei?“’ﬁﬁﬂﬂ? &Eﬁé"d‘d&$ a -clibeerTh2R [\TQQH& &Bpf’cd; the oncle

epltope 20 (Lockyer et a 1989;

eg?f%cgenw elg:%g a single consensus sequence

-t Wate EMI@@N-SVKNn(%EﬂTéD Noeéb)e@te@@cen\ﬂitm&tllof t he known,

angbuhE eaaNE# ¥ nt SRGhBD nsh i idhBd 3BEvs L GHENERNNAS

rmn
de&?be ré%gon;gly conserved between strains.

The Th2R region and the immunodominant CD8 epitope
(Lockyer et al. 1989; Zevering et al. 1994): a
single consensus sequence that differs in some
respects from that of the known, and frequently used
lab-strain 3D7 sequence was determined. This
sequence is sometimes referred to as the ‘universal
epitope’ in literature (Nardin et al. 2001).

- The region 2, overlapping with the Th2R region,
remained conserved.

- The TH3R region, which is considered to be a less
important CD8 epitope, is used in the form of a
consensus Sequence, since only point mutations were
found.

- The C-terminal 28 amino acids, which constitute a

GPI signal anchor sequence, that is inefficient in

mammalian cells (Moran and Caras, 1994), and not

were placed in order of subgroups basE#218/051019
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sequence is sonmetines referred to as the " universal
25 epitope' in literature (Nardin et al. 2001). - The

woegi4misid7; overl apping with the Th2R regi on, prem@iP®d 051019

conserved. - The TH3R region, which is considered to
be a less inportant CD8 epitope, is used in the form
of a 30 consensus sequence, since only point nutations
were found. - The C-term nal 28 am no acids, which
constitute a GPl sigmal anchor sequence, that is
inefficient in manmalian cells (Mran and Caras,
1%9@d a d not 190 §004/ 055187 PCI/ ElPZOO /051019 24

rve as a
I S tO serve as a S ﬁenbrane

ar@@h]@ﬁr. Tih% ggeﬁevanasor@ﬁﬁmtleéﬁ@@ Ellﬁiihtbﬁalﬂﬁotﬁe whol e

SeQyee &8 bberdiRBY,edut RUko aleionﬁrge@ﬁwlgclhepen tge
pPOSs remai nin is allows a
cc?os%\l?)l%%)%yo% theantd 6%%%&% 36/]!?%? Hd&W3i rus vectors
caaommmgora dfykhe [sghgganicEwef sﬂﬁ@n@”\l’m@e wairessi ng the

prcat:@mlgdslﬁtmdléﬂ@tﬁr@ GE’ﬂsusig{&le arhgsingsequence. |In
fs%ét |rtotggnsd%§ ddesctrlbgg hgr}a am?lval of the GPI

SEq uence F O & vacc 10 enhanced
i rigeresnicen -Bnfﬁﬁhm’qeha*se@p@n@lesa‘g@eﬁstthatMH@wh

| Rfregtd epr isﬁgﬁ@ﬂ%@tﬁex{cscmmbgr@f efia taacé‘ine 2001) .
Sub}slt it létigd?lc%lon oA 03| tion 373 is amno acid

qs e sponse alns
Su %I ut1on wWas |ntro UCG (0] eI| nate a potentla

13agpsicosyfertion igi redanse oFaheiddhpieararmdl-i an cel | s.
Sizrocg, the malaria parasite residue usage (87% A and
i S Si gnlf cantl d| fferen%1 fromthat of the Homo

séﬁ?% tte Sg‘é?]é’* hESa g™ HIE nEhtSy 2B gt cs
prscubewtuﬁoon/vags Codorduyeti ti zéthinateradeptdngishprove its

Fé‘&s%'l%dnnsﬁ@i%@édn%e&%&'1§amm5§i<alnn9eﬁ%f e of the
foI OW ng aspects to avoid cis-acting sequences: no

premature poly(A) sites and internal TATA boxes
stvoote the plesbentrarghitesrdsdgye usage (87% A and

T) is significantly different from that of the Homo
sapiens, the gene encoding the newly designed CS protein
was codon-optimized in order to improve its expression in
mammalian cells, taking care of the following aspects to
avoid cis—-acting sequences: no premature poly(A) sites
and internal TATA boxes should be present; Chi-sites,
ribosomal entry sites and AT-rich sequence clusters
should be avoided; no (cryptic) splice acceptor and -
donor sites should be present; repetitive sequence
stretches should be avoided as much as possible; and GC-
rich sequences should also be avoided. The final codon-
optimized gene is shown in Fig. 1B.

The newly designed CS consensus sequence was
synthesized and cloned into pCR-script (Stratagene) by
GeneArt (Regensburg, Germany), using methodology known to

persons skilled in the art of synthetic DNA generation,
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ri bosomal entry sites and AT-rich sequence clusters 25
shoul d be avoided; no (cryptic) splice acceptor and -
wdaomossist es shoul d be present; repetitive seqRETER2003/051019
stretches shoul d be avoi ded as nmuch as possible; and
GC- rich sequences should al so be avoided. The fina
codon- optim zed gene is shown in Fig. 1B. 30 The
new y desi gned CS consensus sequence was synthesized
and cloned into pCR-sgript (Stratagene) by GeneArt
(Regensburg, Germany), using methodol ogy known to
. rspons skilled in th synt het |
siviig 1R (B PerooORFOLRTHE RS RIS FELTORS 25
ID ¥A:wdng rise to a clone naned 02-148 (pCR-script. Pf)
(Rl fJthh\Q Js)yntﬂ\&&t: d19nt h'a%o@ﬁé'}.t bgitner &4 QBe anot her

ﬁ%‘t“t hetic Igraanerg . wherein a nunber of

was (Jenar3tsits §l’% "’} At e d™ ?1 R& ¥ °end, to obtain

intznivaed o tite @’ sehuencdtehmeni gvipdertidcal to the

squerIc@l Gl RAKE S MR AT €1 Rne 0F. 7hD&1 3B %{Srﬁiﬁelﬂ\hl chis
deleted in, the | ast 14 g%g ﬂ% g K 1 2% Thi s

of HishdP s Tai Yo "BbdbA® ot tHT: &8 3 ﬁe Same

acigy OVisi Gns We sdeser wbedala@wéoramtwbséthmvl y 10

thesyamehﬁﬁdvégﬂor@ gs cae%egﬁoeuné&va%os Qﬁlbs@quél&l@at agene) by
Art. The cl one was %t %ﬁ_ 3a- sub) (SEQ
SYHFE&SWSM?)“ EORFDI S, P‘"éoa%"r%PB S4ER5ATEh ot he

Geneutc UNBp Gl ozoivke nalkedwﬁ&%f(pfm soedeBE@ Fdci i c

No:#pl ari a parasite Plasnodium yoelii. Mlaria species
that have been adapted to robust rodent nbdels, such
as P. berghei and P.yoelii, have been powerful tools

Exafipke 2daivdphiartinbrmtaon ofeths siromspedozeite 20 candi date

gen¥ A kRS Sodoh leBebi¥ieChd 1wkl y pabaddkOpldsmod HROT 0Z0i t €S
resenbles that of P.falciparum it was decided to

e use of the P.yoelii nodel for exenplification of
t healeapabpbcles bhatAd8%e beet adsptegake yiohgst

rodSR0RORL | BLEL a6Sp @b iNSnd @. PsOME fenaSt eddehne

powerful tools for identification and testing of malaria

yoe

candidate vaccines. Since infectivity of P.yoelii
sporozoites resembles that of P.falciparum, it was
decided to make use of the P.yoelii model for
exemplification of the capability of Ad35 vectors
carrying codon-optimize CS proteins to provide sterile
immunity and therefore protection against malaria
infection. The P.yoelii CS gene, encoding for residues 1l-
356 as previously described (Rodrigues et al. 1997), was
codon-optimized using the same provisions as described
above and synthesized by GeneArt (GmbH-Regensburg,
Germany) . The sequence of the codon-optimized P.yoelii CS

gene (plasmid 02~149) is depicted in Fig. 3.

Example 3. Generation of recombinant adenoviral vectors
based on AdS.
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25 imunity and therefore protection against malaria

infection. The P.yoelii CS gene, encoding for residues
wa2085851@3% previously described (Rodrigues et &aCI/EP2003/051019

1997), was codon-optim zed using the sane provisions

as descri bed above and synthesized by GeneArt

(GoH Regensburg, 30 Gernmany). The sequence of the

codon-optim zed P.yoelii CS gene (plasmd 02-149) is

depicted in Fig. 3. Bganple 3. Generation of

reconbi nant adenoviral vectors based on Ad5. WO

%g4/pre%1reco AaEEZOQ%/ongrloség ca%G RCA-free reconbi nant
€novi r uses can generared “VePy %PFTEe8nt Iy usi ng

very@&pt eenplaswiies, adsatmr nkagyAdexpisuch asdradienovi r us
and [Hd@ﬁmld:ub aﬁi&@ﬁﬂ@ Sackbtilds ASuBNE A dgl A1 itL TRsp.

nd to v een desc ed _extensively 5
ST d%?gs 8%5160%2 %‘g X YgPEUss2, WO
elsw,emow, 9V®0©€ﬁvOﬂQZ%/55t§@neW<al9l9y64&8ﬁe wdapt er pl asm d

00/ @A AW 0g/dFoeos @eﬁg@m@y,ofth'é HRpesSt phfstilke desired

con al?u stlhon r%%gsette IS I} 3 %h h su%t abl e enzynes
%o 1F &8t HE SnBf nan? endviFuE &g liences fromthe

exprmsmrawelet\recmrdlbatﬂe@o‘n@h Siifrpbie lepzyndse tadenovi r al

fre&QﬂE'ﬁEBiﬁEﬂiainQnalenaﬁmuG @QEAMSAHAIA +hd TRsp i s
plasml est Mth s ggmla %{rgs grgofref t he adenovirus

nces fom the Veet The cloning of
comnlwéeg@teomw@awg P’f"ﬁ@d@sflérlot@mﬁpfxsomgqs&e@ yoelii

wmp@aa@abtle émyelepld%swwehé A8BSoReh WaBthas fol | ows.
(@H see above) containing the

fron tge veCt?r gene was digested with Hindill and
B&ﬁﬂl ClIOGSIPQ‘ |°ét Flon geny presdinThghe]1 C4 ddotéiragremt

P.y&1E %@@aﬂwgnw pirbsoRayoekhs feorgoe yas isol ated

from Oa S dlla dto Hndjll and
o igrdl AgeR IR 95 adlTbedilin o8\ Arsl THBeRTPEad i n VIO
the ggHen S@2}miZEdeCS 9@ | wais ndf gpk beshivdlt wdid ndEife dnd
Bam;aA@Iamm@&d?yeﬁkyn@@d mniaﬂ Rﬁ fﬂalaﬁexﬁzs gene under the

coréersaé‘ns “p“%‘: IPbsof Lull. ;l&ngly human
i e=earfy” (Vf’ég ?cﬂ"re ‘fc?wsfche% %I\%f
agarose gel and ligated to HlndIII and BamHI-digested
pIPspAdaptl vector (described in WO 99/64582). The
resulting plasmid was named pAdapt.CS.Pyoel and contains
the CS gene under the transcriptional control of full
length human immediate-early (IE) cytomegalovirus (CMV)
promoter and a downstream SV40 poly(A) signal.

The cloning of the gene encoding the full length CS
protein from P.falciparum parasite into pIPspAdaptl was
performed as follows. Plasmid 02-148 pCR-script.Pf (see
above) containing the codon optimized CS gene was
digested with HindIII and BamHI restriction enzymes. The
1.2 kb fragment corresponding to the CS gene was isolated
from agarose gel and ligated to HindIII and BamHI-
digested pIPspAdaptl vector. The resulting plasmid was
named pAdapt.CS.Pfalc and contains the CS gene under the
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25 pronmoter and a downstream SV40 pol y(A) signal. The
cl oning of the gene encoding the full length CS

wonoeta@ssmsi rom P. f al ci parum parasite into pl PspAdamPk003/051019

was perfornmed as follows. Plasm d 02-148
pCR-script.Pf (see above) containing the codon
optim zed CS gene was 30 digested with Hndlll and
BanH restriction enzynes. The 1.2 kb fragnent
corresponding to the 43S gene was isolated from
agarose gel and Iigat ed to Hindlil and BanH di gested

cralacriBr iR e Rins 0 Arnent RERCS ERA der 1 he v
earQI)MFDB%’ISWem?FFE@@OW‘OSHMQteQ?Hd rfemscrl pti onal

dowE&d¥eb@l svab $dilyla) enghdn human i medi ate- early (1E)

cyt.onegal.ovi r onpt e downst r eam
\;ﬁ.ﬁ &1 WHA)© ésjl h%%m'l%g"dﬁngng%eg%gf t‘ﬁlcbqeaﬁgmencodl ng
Prof¢ie @:81143 tht EPparnaier Sseghetasi ntivsnwkth ke GPI anchor
delsﬁweaf:e;hetm& 9 thhibbacids) @hé@@x@épﬁdlasti aak 28 arri no

| PspAd er or ol,l ows
peryo ab ﬁ:’%ﬁ? +$agn§ﬁt ilv\%ID ngrrpﬁra aﬁﬁf’pﬁflggm d
usigy P3':48“1i§18 02elf8l as ecempiatie, tvrﬂéhp’rhefmrsnersor w. Fal ¢
Fork Fa1CCAACEa RES fHACECACL RnTeh 6&9)) (biFE@nl D 10

13 nd_Rev c. CS- - CAG ATC
R R T B PSS TBONGT LS CF e 8 e
TTCSTAfREs| (FBE WYy NOIIWi- t Prigers wPee syheheR@Red thye enzyne
1nvmgah\lA melfwltm»@@,e thé | dW2gmd rpaig oA ﬁ&fﬁé%&e@l WasI useg c
0 n ragr appl.ie cycle o
‘Inn° tra%n g’iégn?t 3Ph ap fstegig the E‘%%’ec at 72C, 5
promym ess copligu:nl atyc34Qf § mimi at M4°GOC, nih pkn 50 sec at
ycI es t_ 94 at 54C, 2 mn
%O m:\_n 3 to;zdél C%C?Lg T g:mln g]:nM @4

seca 1°mn at 1 mn at
min5C50fco| Bomdsmse]:Oatmwa%atzcm&clesThe amphufu ed PCR

duct este W|th O.r Stl‘l ct enzynmes
erfulnl aand4 g’a% 8 tTef Eﬁo%eém |nt8 gpAdaptI
1 mM|a¢h94/?/as aimdo aH ge‘gzt,eﬁblmrotréu by i ki &rtd72°Bam—ll The
Theraﬁ%lﬂﬂe%gr& %%%Qc MR2s %‘iéé étv‘?‘iﬁ pidapt . CS. Pfal c(-28)

contal ns 't he gene
restriction enzymes HlndIII and BamHI and then cloned

into pIPspAdaptl which was also digested with HindIITI and
BamHI. The resulting plasmid was designated
pAdapt.CS.Pfalc(-28) and contains the CS gene under the
transcriptional control of full length human immediate-
early (IE) cytomegalovirus (CMV) promoter and the
downstream SV40 poly(A) signal.

The cloning of the gene encoding the CS P.falciparum
protein minus the GPI anchor, thus with the deletion of
the last 14 aminoc acids, into pIPspAdaptl was performed
as follows. A 1.1 kb PCR fragment was amplified using
plasmid 02-148 as template, with the primers Forw.Falc
(SEQ ID N0:13) and Rev.Falc.CS-14 (5/~CCG GAT CCT CAG CTG
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transcriptional control of full length human i nmedi ate

25 early (IE) cytonegal ovirus (CW) pronoter and the
wdawgisssam SV40 pol y(A) signal. The cl oni ng oPCTmE®2003/051019

gene encoding the CS P.falciparum protein mnus the

GPl anchor, thus with the deletion of 30 the |ast 14

am no acids, into pl PspAdaptl was perforned as

follows. A 1.1 kb PCR fragnent was anplified using

pI asm d 02-148 as template, with the priners Forw. Falc

SEQID NG 13) and Rev. Falc. CS-14 (5' - CCG GAT CCT CAG

5 0Q3/051019 28 TTC ACC ACG
e %% 21'(OrgE%q %&%} E%H ngl (rzr’er & Relf e synt hesi zed by
synthpsiigedFoninflgrogdre PEREthe RERertgnenAme PWONA
DNAQQJ]X{H@JEf ]ales%e_(fﬂnﬁnerélmabﬁg%w@@swasc)Jsams whsed, fwlgi l e
t o] | owi n rogr am.wa 0 m n at
theSPCgL&a"mf %r??grﬁg PR gh(’J}'jgycsléec Ogtjs ?‘% cycl es of
94°, 1mmim at 593403, 2l mfm 130asecS8€, 7220;mSncﬁElese@f at 72C, 20

._cycl 0 t,9 mn 50 sec at
mm7%(:;9(3?1crﬁd!‘L lély% ﬁ %rPﬁnnsgntse&% 5Z%Cérh %Oat 54C,

cycied Ioﬁ\/\edubyaﬂ@zlm n1ahn7é.‘l£354"|’d1e2a|rﬁpml bbised PCR product
oWas gest wi.th .t restrict.i nzymes Hindlil

72 a{namégL gd]t AeR 8 g%é:d fn%lo B ggpcidaptl al so

folﬂdav@@sbyedm/\mim atHra7d| iThe aangh1 Bédddl PCH Ipeodesulvas ng

dlggét%%%&rw@ﬁ d%%lcgmasy e Qﬁye%phin%%m?fﬂdcgan&ﬁ) and

cont al ns ene un he transcriptional
andciipny glonse $4Hol P ??Ptﬁuﬁ%ﬁ? PHARSAPATETE5 early (I E)
Hmammaﬁgadamui I 0%e (ﬁE{W}tmOﬁlﬁs&[d aad ddagngl@anstr ea[jn
4 | cl.an e encodi n
BB 3, A8 e TN LRl - age Bniod no

traﬂ%’fﬁl’*aiﬁnﬁé %Of’@r?Jer% F\‘alil %@%@q@@ﬁ&eﬂ'ﬁ@d%#erhe 3D7
earSy I @EN, cyitbhe@ygabPaAd apiv) bomopet haane@d as f ol | ows.

dowﬂ g}"ds‘%n?"iz’égcsﬂg zsub (see above) containing the

on-opti ene is digested with Hindlil and
BanHI restriction enzynes. The 1.1 kb fragnent
COrhees iy NEf the tdete Ghcoeny tise Icsgat@dcimr2b Hi ndli |

pro@&qi ﬁ?ﬂ’iﬂé‘ Egé st grgchQL,PS&QQ}g?aQIELg Ve Et-Pé’ml;[Q_l.e
sequence as in the 3D7 strain, into pIPspAdaptl is
performed as follows. Plasmid 02-659 pf-aa-sub (see
above) containing the codon-optimized CS gene is digested
with HindITII and BamHI restriction enzymes. The 1.1 kb
fragment corresponding to the CS gene is ligated to
HindIITI and BamHI-digested pIPspAdaptl vector. The
resulting plasmid is designated pAdapt.CS.Pfalc (pf-aa-
sub) and contains the CS gene under the transcriptional
control of full length human immediate-early (IE)
cytomegalovirus (CMV) promoter and the dgwnstream sSv40

poly(A) signal.

The generation of the recombinant wvirus named

Ad5BAE3.CS.Pyoel was performed as follows. pAdapt.CS.Pyoel
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resulting plasmd is designated pAdapt.CS. Pfal c
(pf-aa- sub) and contains the CS gene under the

wonrengssispt i onal  control of full |ength humanPCT/EP2003/051019

i medi ate-early (1E) cytonegal ovirus (CW) pronoter
and the downstream SV40 30 poly(A) signal. The
generation of the reconbi nant virus naned

Ad5AE3. CS. Pyoel was perforned as fol |l ows.

pAdapt . CS. Pyoel WD 20f4/ 055187 PCT/ EP2003/ 051019 29
vvas di gested by Pacl restriction enzynme to rel ease the

f t - end ortlon f .the Ad genqne. | asni.d
vas BEPHEOPY | T Tathes o, Srarn LS releBRie

leftegidt Pceqtd09a:ﬁ tbﬁ Achgentle . g’éﬁmﬁél RUWE/2d . B8 I&ti on of
rITAEY 8ot inind NBe Ez?eﬂagﬂir%nr:(g?ﬁQaéncﬁ pgﬁi Ql'fl o agThis

t t t
gen%ia% Hagge%@P ?/é&gzggagr%ﬁ é:}/‘my P{%r a%%Jfoect( S¥ Wi th Pacl
deleﬂilgeést dihipWenadrwfd Wis riFRsPopsiied PER Ea®G5K producer

lcf§ ﬁ}{b%U@ashQ&%IQ?SI% desrbbad wntﬁ/\@a@tﬁ/ 4066)5) usi ng
O eclta eclti o e VI 1rogen usi ng
dlgi er‘?e’f’% gllkﬁ&\t?gmaﬁ%s?hlé’tgr%g E% Ig}l[ec’s%cznrbed in WO
celD9/ (FODIA] havéideph olpsgsiredc onioned /i 4@ A6PetpkEn
lpof’&Itlaﬁ:pﬂé‘ @garﬁ.ﬁgé'@i&e§eade6€j axavg@ragelaﬁ wemef the
metﬁ?ﬂjse |nant 'rg%d%% Sseaes% d TR v%’%%/]ooﬁ Is to be

g™t Tors Ctan S0 be
Homplcrmgb: e@cembﬁERl@s Petessn| sver\mmsﬂlmm%ﬁ@ew%s are

ledrﬁprg@§&fgtggnt&f the resbirdngapesidedanider ECACC no.
960 2940el(lsee above;sia The adenoviral vector, in crude

AdSPEGL AP e’y est NP PPOMEHT 'S Of reiiss 821 PBReher e pl aque

vecpaifd thech14si g predured ok RERMTEH ccql@s somdclski | [ ed in the
celi‘% areséeg%l %gpée%qﬂy schléeée%.lgrh%&bx%ﬁgdf %detchﬁcﬁ?kes ence

nsgene and fied for | arge-scale
no.npefRdetq disee rPove) p|TBe|a§‘9%?VlFPbs‘1€§t?%xi?5°WE/ f1 ask).
ysbpay) asqiiihg arborthisetdagstrceibameestgdaat ful |l CPE

purtﬁf[jedt H%le\éjj( lésg% a8 ]8-}6(,,}:1]:{0 ?eré%sasﬁl\ﬁ@eétﬁptrges' um

uriticatl on groce ure as routi nel Yy
arte oHaahy Ftlﬁﬁ’é%s S’RF? |2ealyzsdt Frr AP ProsengRdofefiEral |y as
cs geatibie Gnl D 62AB66 5 ardhrecgenetradicatonfint he

r:Lp?e Ci'&?épaf'igsﬂ r(§§lﬁagmflask) Upon amplification
cells are harvested at full CPE and the virus is purified
by a two-step Cesium Chloride (CsCl) purification
procedure as routinely done by those skilled in the art
and generally as described in WO 02/40665.

The generation of the recombinant virus named
Ad5AE3.CS.Pfalc was performed as follows. pAdapt.CS.Pfalc
was digested by PacI restriction enzyme to release the
left-end portion of the Ad genome. Plasmid pWE/Ad.Af1II-
rITRsp containing the remaining right-end part of the Ad
genome has a deletion of 1878 bp in the E3 region (Xbal
deletion). This construct was also digested with PacI.
pAdapt.CS.Pfalc was transfected with Pacl digested
pWE.Ad.Af1IT-rITRsp into PER-E1B55K producer cells using
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Ad5i E3. CS. Pfal c was perforned as fol |l ows.
pAdapt. CS. Pfalc was digested by Pacl restriction
wenaywssiso rel ease the |eft-end portion of thechdP2003/051019

genone. Plasmd pWE/ Ad. Af1l1l 30 rl TRsp contai ning the

remaining right-end part of the Ad genone has a

del etion of 1878 bp in the E3 region (Xbal deletion).

This construct was al so digested with Pacl.

pAdapt . CS. Pfal c was typansfected with Pacl digested

PVE. Ad. AfI 1 1-r1 TRsp into PER E1B55K producer cells

usi ng WO 2004/ 055187 PCT/ EP2003/ 051019 30
llp?ﬁeﬁﬁ?’%‘élﬁaﬁ’fﬁ?éf??%ﬁgf BP0 FREYEHPY Honol ogous
recénddoationabétorehetvwaedtiprdverdegppiaeg betences led to

gen&%@@&@to'foghé)fret:mlﬁgﬁp@hﬁaﬁgmé& rus namned
CS. Pfalc. The adenoviral vector, in crude

Ad54“§/335§e%fa15 ReURIRE L FloMRERF s i SR e dYIBRSnas pl aque
res@lﬂlhﬁlﬁ@m ﬂ&lsngrdf&Eb@ﬁ&nkmwld@epﬁfﬁ(ﬂESd skilled in

us:Ln me@hod's v%hgo C%lr ?Aje%kmr g{'lgza leng&?

7 8SENCE of Fransgene an T fie
pla@mSgéelsecan@lymeédﬁcrt tem Pirﬁsentclal?ﬁ &be é%?er flasks (3xl75

traﬁé%hélaa@k}mpﬁehé@ fb’@rﬁrlgg—dtﬁll&@&b&dctabnfiﬂ| CPE and
tri {]'eflg}'gr Ug) W8S, POt eCL/P]YaS%Z)UtC\AQl

t
|on proce ure'as r I'ne W%SOne by those
hargsdteBeat Al KEEaznd AR Vgé‘FﬁelwaFII%Pra@etﬂie%rﬁ bed in WO

twoO0le$066H. pﬂ'ﬂ&lgﬁfbﬁfnaﬁtdb@d@ée BEIQ:dhEQﬁIin aant byi ruses

C .
thoﬂ%%%fi‘él%s“ﬁ’fd% c?rtlffdvgae ner(al% Ffor %gtsjcralé) o1 Os.
02/pPefapt . CS. Pfal c(-28) and pAdapt .CS. Pfalc(-14) were

emr @ét@rﬁt&ﬂrgest’ﬁié bycoaacﬂantre&tueéstﬂaaad enzyme to
rel ease the ft-end_porti Ad genone.

As b CRr 2, 209 PSR B PR T ¢ b 20

perfFedfelnangol igist. - paakppatd. PEdlct(h28)Adngenone has a
paa@fl 861 AL 0Ly ASZ&ebee,;g&awfy Eﬁgé&ga% @z@@l del etion).

is construct was ested with
resEINFAHPD C8ZPFA e (Teleate 4R PAGapS eTErR ‘&f((: ) were
ad §epmeatBlagmid msfRCREUII-niTHspPagitadh yasted

remQ%ng fi%fhltl LLzd LIBSR¢ EﬁeoAE%%ngx@%gg L3cpeoducer cells

of 1878 bp in thSCEBame;J.%nt r()?br;?’[ c?ecltek:(l)onn)r eTa 1esnt
construct was also digested with PacI. pAdapt.CS.Pfalc(-
28) and pAdapt.CS.Pfalc(-14) were separately transfected
with PacI digested pWE.Ad.Af1II-rITRsp into PER-E1B55K
producer cells using lipofectamine transfection reagent.
Homologous recombination between overlapping sequences
led to generation of recombinant viruses named
respectively AJSAE3.CS.Pfalc(-28) and AdSAE3.CS.Pfalc(-
14) . Adenoviral vectors in crude lysates resulting from
these transfections are plaque purified using methods
known to persons skilled in the art. Single plaques are
analyzed for the presence of the CS transgene and
amplified for large-scale production in triple-layer
flasks (3x175 cm’/flask). Cells are harvested at full CPE
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Honol ogous reconbi nati on between overl appi ng sequences

| ed to generation of reconbinant viruses naned
woespassisvel y AJ5AE3. CS. Pfal c(-28) and PCT/EP2003/051019

Ad5AE3. CS. Pfal c(- 14). Adenoviral vectors in crude

| ysates resulting from 30 these transfections are

pl aque purified using nethods known to persons

skilled in the art. Single plaques are analyzed for

the presence of the C3itransgene and anplified for

| ar ge- scal e production in triple Iayer flasks (3x175

n fl re harves full
2 %g%%/%%é% g7 g@’ﬁ%ﬁadﬁ%ﬁo “Toig P §i r‘l’b‘rffrféaﬁ?rus is
PrOfighrrs @8 IRPtaneWbdsrepyCe@se pakiilleéd dni tre apt ocedure as

and @ehéaly amaeswbbﬁlqslew&@iz/h(%%si n the art and
geggﬁ%lehgr des ged in WO 02/ 40665. The generation
er

econdI nant V|rreﬁ§ HARRY Vigus named

AJYES AFB PESL Fiod ey -plubhsi-ss pdp)forsedpes f mimesks .as f ol | ows.
padapdady. pES Phal L{Rlppa-:s Q;Pes‘céd gk é'scged by Pacl

restrlct|on enzynme to release t eft-end portlon of

TS RE YEBRetS BrLRaTed AR H eAf IROFEEMTRE pthsont ai ni ng
Ad tolspomer. e Bbd smid goWeE/ghtAfanT-Iarép ebnidiaiAgl tgenone i s al so

ren;a@nmgg eshiRd el tgarea&é th%@agéng@vg %&% p}‘ - aa- Is"lil'tF)\’)spIOSé .

nsfected with Pacl di
dlqeﬁ?%gﬂﬁﬁ CBRL - PRRRS El%%ék(&ﬁ"éﬂﬁ’éﬁ tells using
trdnks pofreat @ithnBady angdach i giR. ALAGENt-r 1@ AY30t her neans
aSU ™€ lon,or other trans ection nethods
mt% g\%\/n Atos%%%ggégﬁ PTYeEE § Ef HE1aP ¢ . Horml ogous
11W§%Wﬂ?mtﬁreﬁ5%§twmemm appbnptbeguences | eads to
sucgeﬁnéreaéd:tﬂd’d)psfaﬂlbﬁ 6@%@1‘1@ Rafs FYEF S RATRES

n E B al G LR 2a The adenoviral vector,
. O;%ﬁs%r é%% 91%‘:11 § resu f‘gg BPPYIRCHT s transfection is
recﬁi‘“%\’d@élifuﬂoie??@ﬂl aﬁrﬂgpmgne@%dgesmem to per sons
gen8lkddiloachd Bnd NecBfibinadt NGy ngln@m%gA@g %saﬁéafl yzed for

|

f g‘gesence of the CS transgene ed for
(P 3? GERErdPE VAU oReG Rt anpF’élqeaiﬁé?ateN asks (3x175
resghging| figh) thiGeltransfeet har vestieguabuf i ledGREngand t he

met¥bdUKnbwh RY rﬂ)écxjsggs Ry ; 81 W05 S48 P, Céirpglirei fication
plaques are analyzed for the presence of the CS transgene
and amplified for large-scale production in triple-layer
flasks (3x175 cm?/flask). Cells are harvested at full CPE
and the virus is purified by a two-step CsCl purification
procedure as routinely done by those skilled in the art
and generally as described in WO 02/40665.

Next to these procedures, generation of the control
recombinant adenovirus named AJ5AE3.empty was carried out
as described above, using as adapter the plasmid pAdapt,

lacking a transgene.
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25 procedure as routinely done by those skilled in the

art and generally as described in WD 02/ 40665. Next
woOaQod4vss7 pr ocedur es, generation of the contr oPCT/EP2003/051019

reconbi nant adenovi rus nanmed AJ5AE3. enpty was carri ed

out as described above, using as adapter the plasmd

pAdapt, 30 lacking a transgene. WO 2004/ 055187

PCT/ EP2003/ 051019 32 Exanple 4. GCeneration of

reconbi nant adenovirah vaccine vectors based on Ad35.

A first 101 bp PCR fragnment containing the Ad5 pl X

rronpt er (nycl eotj des 1509-1610) wa enerated with
18P Bonb il of & Socemb it e b S BERS581 20 W2 0
vecigrg' Yasedrop B3RO 16) and pl X5Rnfe (5' - CTC TCT CAA TTG

%GfﬁTs% 16Mp AR FRACgRAA %ﬁ»ﬁap%né' dhe BEQJR NO 17) .

e reacil an (0] 0 rase
pronglgr, fiREheflcehameP ool g SHrrhey PORL TBhe wi th 3%
primRvBCG V4 fohelSf @A TED AFCXTTAAPATEI VIR Gs¥d as a
(SEég 3@131&%3%9 Jrltaepmsf@&&gmsw@rcsebw c%ﬁ ﬁgﬂob@@@;m? gnzg at |

: cl es_ of. e . : sec a an
can ot A SR o b ot HR M H e RedRoR
was rdegg| viithgPRCRNR rrd resrase rscardisgt e 3' end of the
mansP¥OuRsY { A r8EARAL F0M 1A AGADBMsaNth tthe Adar pl X 15

, pr% t.or rreﬁ%i qn_as Pére eg%l 'r{.] Genbargnk Aé:ce si on nunber
T MP PR3 RacT eS8t rFa& 3511 "1 PAGET Bl T d€ 5586 and an
as ffldbwss Remit ath¥d 8 ¥hdyclkssefodd RCRatr¥Jfent was

30 SRNGE &Rl A% €6SLll bedabovs1 iHeqVhy B RId BRr'S
GIC_TTG_CAG CTG TCA

Pl X35Fnfe. (5'- TCT CAA TTG T
72 éI)‘G ®\TEEED OP%%Kﬁfnfgf ?ﬁaa%%?fore?%foéfr ence to
the 13Vd 0 sejurdhk esighal Heom 33RMppRRdrahe ABerWD 00/ 70071) .
proMALAPE3R bR as( d8ssank baH cbibanWQ QAL L0 L)meas used as a

7 R Rl T EA T oL he RO BT att SUE g at 72C for
MfeD@Bitedt The S$’'PER.-pRotwdud eCanplaohems was Ad35 sequences
gend #2004 NYC et ided %égeo ;bg‘é %&%beﬂﬂnggz Z};ﬁﬁ@SFH(f%eﬁ Uen_cte .
o 1lE B S e P e b Ner ia Dot with -
ID NO:18) and 35R4 (for reference to the sequence of the

35R4 primer, see WO 00/70071). pAdApt35IP1 (described in

WO 00/70071) was used as a template, the annealing was set

at 58°C for 30 sec and the elongation of the PCR program

was set at 72°C for 90 sec. This PCR procedure amplifies

Ad35 sequences from nucleotide 3467 to nucleotide 4669

(sequence numbering as in WO 00/70071) and adds an Mfel

site to the 5’ end. Both PCR fragments were digested with

MfeI and purified using the Qiagen PCR purification kit

(Qiagen) . Approximate equimolar amounts of the two

fragments were used in a ligation reaction. Following an

incubation of two hours with ligase enzyme in the correct

buffers, at room temperature, the mixture was loaded on

an agarose gel and the DNA fragments of 1.4 kb length

were isolated with the Geneclean II kit (BIO10l, Inc).
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Mel and purified using the Q agen PCR purification
kit (Q agen). Approximte equinolar anmounts of the
woOwrw4BBs518r agnent s were used in a |ligation reacPCOMP2003/051019
Fol l owi ng an incubation of two hours with |igase
enzyme in the correct buffers, at roomtenperature,
the m xture was | oaded on an agarose gel and the DNA
fragnents of 1.4 kb length were isolated with the
Geneclean Il kit (BIG30O1, Inc). WO 2004/ 055187
PCT/ EP2003/ 051019 33 The purified DNA was used in a
cation react i imers V40for and
The ﬁﬁig%b& RPwas “dohé ggy slcg}cg{?n %a%/cg Wth an
with mpréadisn§VEGiepernt 94 -ofhS2CR A delre @€Fongation tinme
des&flbg@ SRGe WiRE £SHhidingg m&ﬁ@ﬁw»@%ﬁsé?@%ﬁ& ed from
L aSI ngtlnpeeog ﬁ_:;egcg%e extr citni on ttand di gest ed
°tﬂ and F° The® rest |ﬁgp]ff 3 f ragnent
lSOlrﬁttﬁtiafWimngeJt Weiedripe Riegqo@eh rtasttige Pitxangr onot er
dlgéélrem WS, adie aM edg1si ! @ha%sbh@ngl K gRko (fragment

I, includin Gstar it from 10 Ad35,
fra%"etnt c‘%ﬁai? - h“r (D%feécg uen?:lécj‘e&lg ? ated from gel

prom@qeﬁgfqmeA@néb¢ é’z‘fﬁllﬂltkl and FE@APﬂKeQBFr econbl nant
(fr@ﬂ%ﬁ@%&fﬁemsﬁ‘@elbaﬁrﬁﬂuaihgb\@ﬁé A@@ﬂstaQe gereraioed very

iently. usi ter asm ds ch as pAdApt 535
Ad3%’d%§§r"flf§ aé/tbé’l 8‘\?\% ﬂag) %%ngfaussli%l gs’?ﬁ °d backbones,
gel supdhg adhep WEIsAd 88 FEXk¥H.-TRAE3 (descrl bed in WO

02:[(;&0%@) red@bISNRT 8i&RALARE SRed &Aﬁ&@g Janluc
b desc 'cf?rdr' n 01enJ7 usnz was dig atseglds\/vlth Bgl I |
¢ AHE" ée gh SFAE RS (PHY 8¢ %ptkeﬁ or-'was i sol at ed
such r@npwmtSJﬁn@eWra@ﬁ@melvws ah@gfeﬂléé@ikuﬁh the 20

plaérﬁgll 9&(9@0?&@6 skb, Bdl +VIIE.'/'£@@ pk-aG9RRk3 contai ning the

- Ad35 chineric r onot or descrlbed above, to

(de?%”s}BF? dinn WO aozpﬂ‘*%*?ﬁ)d ?Paﬁ‘é’berﬁmﬁff%%@ Puc, which was
pAdBSpH3SETjUe (tegeritded eat Bl 0¥ 1¢007BY|wals aig:és;emlw_ltﬂ' he

t o qver gel
Bglff%ﬂlﬂ Ag%% %ndz 40 ﬂleféggle é!"asskﬂ’qf cfcéélleﬁvl Qand %pal and

ls°f?Fé’d3f16°mkﬁere&"Pb‘f FRGRATE n‘(asv\éﬁgatiego"l"&the’bheover gel .
isoldtgat 0 &% ®b HoheTdagR1kiraBaddtl edpalining the Ad5-

Ad35 chimeric pIX promotor described above, to result in
a plasmid named pAdApt535.Luc, which was subsequently
digested with BglII and Apal. The resulting 1.2 kb insert
was purified over gel. pAdApt35IP1 was digested with
BglIT and Apal and the 3.6-kb vector fragment was
isolated over gel. Ligation of the 1.2 kb BglII-Apal
insert from pAdApt535.1uc and the 3.6 kb BglII-Apal
digested vector resulted in pAdApt535.

The cloning of the gene encoding the CS protein from
P.ycelii parasite into pAdapt535 was performed as
follows. Plasmid 02-149 containing the codon optimized
P.yoelii CS gene (see above) was digested with the
restriction enzymes HindIITI and BamHI. The 1.1 kb

fragment corresponding to the CS gene was isolated over
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insert from pAdApt 535. Luc and the 3.6 kb Bgl I - Apal
di gested vector resulted in pAdApt 535. The cl oni ng of

woOhevsgsse7 encodi ng the CS protein from 30 P.y®eriEr2003/051019

parasite into pAdapt 535 was perfornmed as foll ows.
Plasm d 02-149 containing the codon optim zed
P.yoelii CS gene (see above) was digested with the
restriction enzynes Hindill and BamH . The 1.1 kb
fragment correspondinggto the CS gene was i sol ated
over V\D 2004/ 055187 PCT/ EP2003/ 051019 34 agarose gel

toteHi dl d BanHl di gested
: aga@%\ vec ateg egr edslﬁfiﬁ:} RS ﬁﬂ%%teﬁ’arred

pA A 5%‘51068 %éﬁswdnm@ﬁ@mMSwaSheaﬁ@ gene under the
pAdAPEBBSECS .piyiogﬂaiﬁdcé’cfﬂtﬁﬁ)ﬁs Qhe td%?ﬂg‘r%r@ lunJie%:_nAQLQ hurr:an '(l?ll'\{v 5
er_and the si gna e
traBFgrnE)tﬁggna? t %ntroene ?ﬂ]glef‘ﬁ%h ﬂﬂ“% C&'ﬁgt h Cs
PrOﬁP'EﬁrePﬁdftrhemi@mﬁé?%qffpﬁ‘ﬂmpw(amalenahto pAdapt 535 was
peTFfeOE:l]&ﬁ.ngfof Q'hlaoé'&e g’rlc%amgd th flﬁg _'(e%;?ﬁ-;d\s;' Pt Pf)
e, codon o ene 0 al ci parum
pro% m\/\ggsr%lr%gg BET R2F Slt?eﬂ%Pl%ﬁ‘%agﬁs%sni’?ﬁes Hi ndi | |
Peréﬁ’a“edB%mﬁPlque RlaBnkd F2-aefrEnERcoripspondi ng to the

con€&i 1j@H cheWasddrs eb @ de O\ Bl g RBALOSE L i @PA | 1 gated to
w&ll Ldilaz:}lnd B%rpjclyhl%lngest ed pAda t 35 vector. The

{1 ng BATH SB35 Ca P al ¢ and

Ba‘“%nt'l’éﬁn]s 2t Wé fzgomgs: gerresperddng tive the @ssgerept i onal

wasgﬂd’&léeéd @fveirsr%aib@é géﬁ%ﬁhllgl&@@&_?_%ﬁ‘é Fﬁx@&fﬁtlerf anﬁ the
t e cloning of the

andg]gér%ﬁﬁeé}l rq: é/ 2 ﬁgpqi%g Fgefcg?’g'i Eg‘? diRSUS88r ot ei n i nus

plapmic wpg n&ﬁe%dﬁd@é’@ﬁ?én@%ﬁﬂmsﬂwqont@m te¢ &si on of the

genb a&ideﬂ&fﬁﬁtfkﬁlséﬁiﬁﬁonéﬁtc@nﬂ%‘ia@f 380 H81 P&fgftﬁr med as

%é)léMg O]g . ang[ tl%e fc nment obt ai ned as
escr i bed Eboat (g B F%a\%% Y& ReEEE and

sigmels Fal c. CS- 28, is digested with the restriction

wa St Ql g[Jels

enzymes Hindlil and 25 BanH and then cloned into
DABPLRAY S Ote B30 LBEl e W' A DALL

protein minus the GPI anchor sequence, thus with the
deletion of the last 28 amino acids, into pAdapt535 is
performed as follows. The 1.1 kb PCR fragment obtained as
described above using primers Forw.Falc and Rev.Falc.CS—
28, is digested with the restriction enzymes HindIII and
BamHI and then cloned into pAdapt535 vector also digested
with HindIIT and BamHI. The resulting plasmid is
designated pAdapt535.CS.Pfalc(-28) and contains the CS
gene under the transcriptional control of the full length
human CMV promoter and the downstream SV40 poly(R)

signal.

The cloning of the gene encoding the CS P.falciparum
protein minus the GPI anchor sequence, now with the

deletion of the last 14 amino acids, into pAdapt535 is
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desi gnat ed pAdapt 535. CS. Pfal c(-28) and contains the CS

gene under the transcriptional control of the full
woeongissishunan CW pronoter and t he downstr eanr8v4®02003/051019

poly(A) 30 signal. The cloning of the gene encodi ng

the CS P.falciparum protein mnus the GPl anchor

sequence, now with the deletion of the [ast 14 am no

acids, into pAdapt535 is WD 2004/ 055187

PCT/ EP2003/ 051019 3%sperfornmed as follows. The 1.1 kb

PCR fragnment obtained as described above using

rimers Forw. Fal¢ a v, Falc. CS- 14, js digested
PeTHITRC (e TP BT c@eoﬂq]er%yprés%ﬁgﬁaﬁIObE?fbnedB% | and
des¢idrd clrone dising PiAdpFEBE Fade tagrd dwdati-Gésted 5
14,\(;!4 Biﬂs{&@gl&ixgnggﬁggﬂégcﬁml ewllzgsimal@iﬁ%ahd i's e oo
esi ghat e p . CS. c(- nd contai ns the
asnff ol 1Re8 PR AR oR BT Bndf o EEne T S5 RRS T ul
with ¢igthlI hodreRan@WV The orestetingnelashéd dewnst r eam SV40

des?ﬁla%%)pé@ﬂfaﬂ%ll J5..Cs .JanlT@ealt@J %ﬁﬁ%n@gir%JTQhQQilﬁe enﬁodi ng
e .falciparum protein.m chor
geng dfidghdde H’faélﬁgﬁjﬁtﬁﬁn% e fg%ge spélglljgiﬁe@é‘%gs in the
hun@DTME tpr@mpter phd YhaddpngBeeanssvilepbbr@d as fol | ows.
sigilil@sm d 02-659 pf-aa-sub (see above) containing the

codon optim zed CS gene is, digest w th Hindlll
and S BEAE PP &t ?P%tglegﬁ B2 sghe‘rﬁgd?l'.]f%lﬁlr}’arf] Fagment
proteimr espontdhe P oandher G8agenme, | dispilggingdat® Hindl i |
rerftfhsBadidendd 3851 £ nRASRDED3R Y efhtt@rpAd-gF€535r esul ting
lasm d is._desi gPat ed E’Ag%ﬁgt 5?_5. Cs. Pf al c(pf-aa- sub)
PerieE ot APhE " the” CE G2 P& UtdBF ~PhE™® r'8R%cri pti onal 20
aboreintcrutaiofing Haef eddon| eridgnizdiuah ve@M sphogastced and t he

witHOWRSE ek DA PQIY £ i8h dadimesNenganenal i on of the

reconbi nant vj rus named  Ad350E3..CS el was
fra%’%?nftoF%&sﬁ%ndleFI‘iﬂ/\gggfé HAFapt ga@g@oel was

Hindi est@ dBapiI Iﬂagéstreelsplda@tﬁﬁlve@@yﬁ‘éhet o rel ease the

resh it sQQ&tﬂsoﬁeéﬂbnStﬁﬁ ﬁﬁhé@%@ﬁﬁﬂ@s.Pﬁgl@$§34$a-
subPV;En'd cosn?:'ar:gllqg( _trhleTéRIS %ghe %?1 <tara Itﬂ!a n{g:aglggrirp%riroar{aql ng
control of the full length human CMV promoter and the

downstream SV40 poly(d) signal.

The generation of the recombinant virus named
Ad35AE3.CS.Pyoel was performed as follows.
pAdapt535.CS.Pyoel was digested by Pacl restriction
enzyme to release the left-end portion of the Ad genome.
Plasmid pWE.Ad35.pIX~rITRAE3, containing the remaining
right-end part of the Ad gencme with a deletion of 2673
bp in the E3 region is digested with NotI.
pAdapt535.CS.Pyoel was transfected with NotI digested
PWE.Ad35.pIX-rITRAE3 into PER-E1B55K producer cells using
lipofectamine transfection reagent. The generation of the
cell line PER-E1B55K has been described in detail in WO
02/40665. In short, this publication describes that
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right-end part of the Ad genone with a deletion of

2673 bp in the E3 region is digested with Notl. 30
woAMdRE535. CS. Pyoel was transfected with Notl ®COEPR®AE051019

PWE. Ad35. pl X-r I TRAE3 i nto PER- E1B55K producer cells

using |ipofectam ne transfection reagent. The

generation of the <cell |ine PER ELB55K has been

described in detail in WO 02/40665. In short, this

publ i cati on descri bes sghat WD 2004/ 055187

PCT/ EP2003/ 051019 36 PER C61 cells were stably

pef [RRSI8SL tqﬂer\é/l E%‘gbgg%rans %ec%a“ sgg | G35- 55K DNA,

carrying efe"of rus serotype 35,
1l%ﬁatré?e°\/\m@15‘§5§éméet¢€(mymgoewl§lﬂé-55ﬂ tén<G4£8 yi el ded
adéribviﬂfs Béﬁk@ﬁe%ﬂ Oafiﬁa& wlFththsreléc&lélnt Hfdc@gufg a

colonies resulted in
Wl]J'sﬂt a JI[egj7c:e | ngls ctke céjn %‘?Er%li% Be¥ bcul tures
culduzing oéxpridasiss Ph@beﬁsd% vB1B-f5Kigenelards support ed
restdl&ecgrlaV\&thabee &ﬁqoﬂﬁ{e@aMatAggtﬁl Hhrﬁé:l:%ﬁ§ while the

I R..Co14d ce nefficient in 10
sm%lhg%ﬂ%? i snig%fl Bi SPEBTRD the gg? éggn%gl%g??eoﬁnﬁet ween
suR?\?ég 3% 5p¢ rﬁjowéleqlfeh%@@biwtt@i@emmommie t he

the eeDfiaharHR . g6+ We11 NRWE G AY35AES: GInPYnel . The f
I L vector, in crude |ysates, resulting from
50 %?\[é]lq}\ér a%sf ection was plaque 15 puri fied usi ng net hods
k nBeRPLEgOYFe rs e iskt doncbitivaen lveerlappingi ngl e pl aques
seqtfefieesanad toegeddtt 1L oBr@ReRLe B ndiey1,G8 transgene
Ed}bq%gg f| ed for |arge-scale production in
nans FayEr FYIsds k5P 3RamPyivaip PPk 1n (9sBPe
lysatpsi fregdition frosl ’ﬂ:l&sV\Efaelshai’t\iGStv&@ pladudl | CPE and
PUItlee&“uEPr% m@‘l?ho%lg MVJ epyon% Eﬂléédlongé%

pur j ficatlon proced ure a y those
ar k?ﬂgéa RIFWRL VEFE aélﬁaY@é’né?rawrl? Pr3§emef|@@d in WO
CS Q24665 .andhenenbsdAEbD rla@@e-tshelé’ @@eaﬁmtﬁamtmw rus

" . foll 25
t quY ég—%%é@ (%% %i:/ 3i ge ?géopog‘ya@ac?%aetg?r?\gtsl on

Celéﬁz‘&fﬁﬁ WVP%Y%@E ft‘-’r’ré FRE o rilie pomup oresof t he Ad

purgéqﬁmnby a two-step CsCl purification procedure as
routinely done by those skilled in the art and generally
as described in WO 02/40665.

The generation of the recombinant virus named
Ad35AE3.CS.Pfalc was performed as follows.
PAdapt535.Cs.Pfalc was digested by PacI restriction
enzyme to release the left-end portion of the Ad genome.
Plasmid pWE.Ad35.pIX-rITRAE3, containing the remaining
right-end part of the Ad genome with a deletion of 2673
bp in the E3 region was digested with NotT.
pAdapt535.CS.Pfalc was transfected with NotI digested
PWE.Ad35.pIX-rITRAE3 into PER-E1B55K producer cells using
lipofectamine transfection reagent. Homologous
recombination between overlapping sequences led to

generation of the recombinant virus named
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Pl asm d pVWE. Ad35. pl X-r|1 TRAE3, containing the remaining
right-end part of the Ad genone with a deletion of
w@aaia/oshg7i n the E3 regi on was digested with NeCI/EP3®3/051019

pAdapt 535. CS. Pfal c was transfected with Notl digested

PVE. Ad35. pl X-rI TR, E3 i nto PER- E1IB55K producer cells

using |ipofectam ne transfection reagent. Honol ogous

reconbi nati on between overl appi ng sequences led to

generation of the recgnbi nant virus named WO

2004/ 055187 PCT/ EP2003/ 051019 37 Ad35AE3. CS. Pf al c.
adenoviral vector, in crude, |lysates, resulting

Ad3?4E8n?st HFEalE r FHE FASEPPBIT2haS B PR e SP3RI fi ed usi ng
lysateshogsuktiown fton pefsarsnsiccticaadwaan pihgue art. Singl e

purfglgg L{?s%nmeeth@&@lklxg‘?p goéertsggs %ﬁc??fé&c Feoghet he 5 CS

transgené and | arge-scal e production in
arty Sipylie PAyStest V%\‘Sﬁ(gnilﬂ’%ﬁe}@"e rﬁf?ef PERISCe (Jfofine
Cs arapbgdrieCc atd @mplnﬁJelisfdmemagbameest pebaattian in CPE and

. t-he u hEf
trigile 1%3}4: F14493 (%75 PPN A b néﬁnﬁi’ﬁ be t hose

urification procedure as rou
cel WF?%&aFﬁesttﬁé & Fukh $PGerer &9 3}’11‘6? #¥&sdescribed in WO

pur{2ed(565. tWdietge mecatgueifiehtide presanbe nant vi ruses

Pfalc(-14
rouﬁ%@?geroﬁ%ﬁé%ﬁg%;?ﬁﬁg&&@%%%i%%@@%% q?%( 28) (and)
as qascpRednts3® 8/ 4965Fc(- 14) were separately digested by

Pacl restriction enzyne to release the left-end

[ i he
B%EA%%gg%ﬁJ}?Q r ffréﬂﬁgg%gﬁ%ﬂaﬁ% ﬁéﬁthges " rg?%al ni ng

Ad3FAEGRES .@fdlpa8) ofndt MESSAE3 FEnbfrd ci(s14)i gested with
perfinbd a%ég@ﬂto%% dasa Pl RsCEs. 2>§311c9(ﬂds)t2(21|nd t oot ed

ar e ar at e ransfecte
enaBPEPI 08 G Dk G e RS Y AP T ARS TBAE o
reSQERtEIBQSMqotgdw@ease Ebﬁdle@‘gm ragdabigfatheon bet ween
ad QBRL 2RRLOG s SROYRRESSxL 3 %og%?&&‘%ﬁf}&'&% of

reconbi nant viruses named respective
renaiA3 BAET SIS PPaP(E 28)thgnts PSR EARE SESE 4l c(-14) .
witiAdRBDY iphahpBsa6l @y . ST (ew)dandl ysates resulting from

pAdapQ%%? ('.ISr 99&1“&‘354)0 %%e as %apat%gy e1:ransfected with
NotI digested pWE.Ad35.pIX-rITRAE3 into PER-~ELIB55K
producer. Homologous recombination between overlapping
sequences leads to generation of recombinant wviruses
named respectively Ad35AE3.CS.Pfalc(-28) and
Ad35AE3.CS.Pfalc(-14) . Adenoviral wvectors in crude
lysates resulting from these transfections are plaque
purified using methods known to persons skilled in the
art. Single plaques are analyzed for the presence of the
CS transgene and amplified for large-scale production in
triple-layer flasks (3x175 cm?/flask). Cells are harvested
at full CPE and the virus is purified by a two-step CsCl
purification procedure as routinely done by those skilled
in the art and generally as described in WO 02/40665.
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purified using nmethods known to persons skilled in the
art. Single plagues are analyzed for the presence of

woOhen4/06888t r ansgene and anplified for | arge-scabPer/EP2003/051019

production in 30 triple-layer flasks (3x175
cn2/flask). Cells are harvested at full CPE and the
virus is purified by a two-step CsC purification
procedure as routinely done by those skilled in the
art and generally. as ggescri bed in WD 02/40665. WD
2004/ 055187 PCT/ EP2003/ 051019 38 The generati on of
recorrb nant VI rus n d
AEI%? JF—""fnalD (tp])"fe 8550 anFSVlﬁréIFf%armr?gd as follows.
Adsm@apsmlci&ﬂ?bww@pfuaae sfdrred sisdigeswwved by Pacl

LE YIE o 56l I end portion of
B R e, piaoi T oSy of X | TReks

E—b‘rﬁté‘i’%eﬁgy‘ﬁéc’ ’feelﬁﬁF‘?ntH@ Jﬁfgh?ndeﬁarfﬁaﬁtofofch? he Ad
Ad @ﬁg&ﬁ'ﬁsﬂgl%sﬂicgmlﬁ(h%}(\pixhrm%E3 contalnlnfg the g o
apt al Cc aa- Su Is.trans e W t
remEAD ) Isz%teea‘ipfﬁ 53 3 epi‘igre%“i’?ﬁ &5 F19EsBER. E1B55K
withNedlc errdeptiss. 9%4Prfgl¢ﬁpy§o¢6e@tlh)mlﬁettmﬁs¢w i on
mtﬁ%%n&lgwtéd %tid%ge% PSig s MR BOsis: kmoywy i n the art

and as ‘described in 00/ 70071 or by el ectroporation
progicegt s PiRgs HRATREIATRS HEARSTaTE WP F629918se skil | ed
(Intitroben)alibing hietmddegvhtsmr &€ anbi aat bod abet ween

des?éé;ﬁa haﬂ%egoo%ﬁ%ﬁﬂ%@sby e?@cdc%{;&a%‘&? AtbaRrof the

nbl nant virus na
trapgfeoafon msthsgdg) krgyp- 5%1 @aiﬁ skihedayeribei #3- vector, in
Hom6Idddas | apsahieihat i &6 betiwdrg Svaatubpding sdcmnsdeacti on i s

1ea8%<§|%u e e%';chA ¢ Y Q%O%f&%qsvmgwaéee Persons
skilled in the art. pl agues are anal yzed for
Ad3PARS - 68 fene plohathid) - C,Islstet planoybrrd weeroanpld fied for

cruh@rlgga@&al %mewgtflr@fm thBs &Qaagfe@ltear{ @)ﬁeﬁlafqlués ks
75 cmZ/fIa |ls are ]wgicgz t fuII CPE
Stép

pur%lfﬂ](fdt R ?‘%*éwd% 'ﬁi??’f‘ f‘i Be’b%?né 1
art p L&unﬁle@ atlegueproe edal predsfaothe rekyemenef bghet hose

cs § gsﬁe ah@ Qlﬁetd 95@19@&@%@&3!%@@@@%&[ isged in WO
02/ 406 duci eﬁégr ot ecti on adgal nst

Py darTT AT (L PREEI B Gat rREoT AR

at &dEnORE raab- Pasetruwsadeipresfian byia/pwo-step CsCl
purification procedure as routinely done by those skilled

in the art and generally as described in WO 02/40665.

Example 5. Inducing protection against P.yoelii malaria
infection using recombinant adenoviral-based vaccines in
vivo.

Adenovirus serotype 5 (Ad5)-based vectors
genetically engineered to express the CS antigen of the
rodent malaria P.yoelii have been shown capable to induce
complete protection against P.yoelii infection (Rodrigues
et al. 1997). A side-by-side comparison between Ad5 and
Ad35 vectors carrying the codon-optimized P.ycelii CS

gene was designed to investigate the immune response that
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Adenovi rus serotype 5 (Ad5)-based vectors genetically

engi neered to express the CS antigen of the 30 rodent
worb@rossisP. yoel i i have been shown capabl e to | RAUER2003/051019

conpl ete protection against P.yoelii infection

(Rodrigues et al. 1997). A side-by-side conparison

bet ween Ad5 and Ad35 vectors carrying the

codon-optim zed P.yoelii CS gene was designed to

i nvestigate the i mung response that WO 2004/ 055187

PCT/ EP2003/ 051019 39 is induced, and to investigate

their ability . in ragisjin C|onaa|nsthoeI||
is padugefs é‘nfin‘F%éPV%erlgﬁt‘?th%io {Pﬁl&gt udy ésnlr Gl | ed Bal b/ C
protédgot hapiner &. yoeiidi pedsbie lrlfﬁqtaowslcmi%ﬁ or

TheS%%tyt SNeoUSy isRL AL hoke Qﬁatl%réQmuNizreal pp particles
of  AdS5AE3- or Ad35AE3- based 58abol\.5ecto&s (as

p)
lntH%é‘E‘FF‘b]@rT b BT EEPPYA ﬁﬁjeeq T ﬁrérOft yoel i CS gene
par(;ﬂﬂ%éﬁ&p@&‘oﬂ:’y&aemaandr Ad35E3p88dPyoell) vertome transgene

(as desclrf'.zg’eanE %eg x? gepé%%hmkg)l? ygle.gﬂr s %e%QOV\B t he

resu nts wherein the adm ni stration
(Adi@EBr—oatHMSa@bﬁp%ﬁr@é Preellofh NPeETBSESThe nunber

(Adg&isi em%fy\%/ a%gcz{c@-shl?- ?J‘.&)S fi‘:ﬂ;u@eptpgﬂl)@g 'tQQ of 106

es was (%14A as well as the
resahts l@éd*yhet ErRSTEMPRES f’h%‘feéérﬂ}‘h tEgEs 1E%t.lm"r he

rou@¥ PRy &ﬁ'tﬁfaie&\ﬁfs&n@&foﬁ:ﬁrmﬁoﬁl ) (rmmbchrabfV\Bﬂ\E
sacrificed two vveeks fter Dhect t he

T-SPEEGIT (FENS dﬂ‘eﬁcR?pPu%elgn h ?nﬁcm%%r gcllr epresents

dettehmmmexla@e of) Bsnwegdd. as fthen E@éleeth‘%ﬁrssa%rl ficed

the Pg%m WBi{f l&'ﬁ)ed TBQrex@eQﬁ@n‘:.@%ﬁe Viietrhofnhédeoﬁ por 0zoi t es,
whi ch t he r%te of aef% cti onec lsondvevz{ rm ned
micepFRpt B, act s ceE4R e

s represents t he
thea!‘ecfcﬁgénaﬂft Sdenaye rufG . Tiehexp ahe rimwsrenﬂreh%nﬁ?r al and

enC QLA BT o d B | $ERABS Gore AR pesfi@r s@d tuég h

I mmunol ogl cal assa known t o, ger%ns skilled in
weehEsaly Eourn CHELAB0R T BT SRoet Sl e
wh:Bhu{HearEbe”rmmpﬁtteatwn( 289 Ba)ernthed i (FAaniRaaidn,

CF?&! gfség&e%%dbéx%age AL raehedlpdoEns Tabke |11 and

Ant i bodi es ters agai nst sporozmtes can be
The) SFRITHIAREP OBy ‘ﬁ‘}?rf‘htﬁnfle%elll Htu 8T Sof €€C8Rte assay or

aré/Mpbhfcﬁ:ﬁleEMﬁA immunological assays well known to
persons skilled in the art and as described for instance
by Brufia-Romero et al. (200la). The immunization,
challenge and read out are scheduled in Table II and IIT.
Antibodies titers against sporozoites can be determined
by an indirect immunofluorescence assay or with an ELISA.
Figure 4B shows the results as calculated with an ELISA.
Cellular immune responses were determined by ex-vivo
ELISPOT assay measuring the relative number of CS-
specific, IFN-y-secreting, CD8+ and CD4+ T cells.
Protection against malaria infection was monitored by

determining the levels of parasite inhibition in the
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Fi gure 4B shows the results as calculated with an
ELI SA. Cellular i nmune responses were determ ned by
weoexemidsIsELl SPOT assay neasuring the rel ati ve RaWE®2008/051019

CS- 30 specific, IFN-'"y-secreting, CD8+ and CD4+ T

cells. Protection against malaria infection was

nmonitored by determning the |evels of parasite

inhibition in the WD 2004/ 055187 PCT/ EP2003/ 051019 40

livers of inmunized moce through reverse transcriptase

PCR quantification of P. yoelii ri bosomal RNA copi es.
Lsoffie of TR §Leahrn il ng EEsDasEd roct o
PCRaH@mD#h@@S%%!pﬁafl%@#élg%@ﬁ@mahﬁmlﬁa@lﬂEre gradual |l y

t hawed on ice and diluted to 100 pl in the desired

concentration in P t-| actjvat ed Nor mal

NOUS e BP0 AR 180 hE ue‘#t 1§ %éepsgg’as? \‘K}rLé? & soni cat ed
wasfrarfognesl gectolSows . cﬁ}mb@@famﬁqmbga’fﬁt ion was
adewlfrggéee@haé Waet Nsrostdas ofoobh»eexteagfadaa§§y with a

une, of at eac sj de. ntra. scul ar

tha‘é%‘*‘noﬁ e 3?‘19 E’\‘A}éesd %r]frbgr‘ﬁfé&ni 8eH-"*Fhi ghs with a
congeyltyrppiayf 15(PHS| whith é&dwatfﬁngthtlvﬁltedImeect
Mouémegﬁl @QB@@@@&% Aﬁé%xmﬁleEA)zeﬂes sori‘-:&:a?@(i fearmed N

accordi ng irs
S SPhy gg?e ﬁﬁ%odﬁl f‘ §‘l§?rga% é’?ﬁtpe& féf/meldn?% oS Fy havi ng
sidas rpdt Five tablidase mnébtedfowmeh cfrb( plext edchpsquito by
st awnlega tnmgcm:ais QdMnt.LE%t%n thak g rdbffRr entposht es.

is re u fter 8 days when 20
thlﬁl%ﬁ’ é’éﬁ ém' ‘1‘“? ﬂf 8{9 g%cftd?el‘r%t g}b‘l o 1% Then, other
ndiheeIndiireet dmaungfleetesdencepAssant HITHeidi | ut ed bl ood

perwmheaccoé&irﬁj ts Elaxs-ddherdleeogh | s26@kgn which serves
bl meal for star vedtérygrgz1 UI toes.. These are fed

Flrf"bfr lﬁf%‘iﬁ?g MOSERERPSS1 ALY FFecTB! i 1MS38Fb%0i tes are
havigpkatatd ver BmsEhin 25 tél obth fRedinssged toesu ity

py BAAeStHA! hehdObh AfLChedn-E0quEd Q88 HtekCE and
subsequently_ saturating themin 70%. et hanol. Then,

Blo?‘?wels SRPE oBEMar PR sf‘gﬁ‘rea ISPBEH 7.4 and the
parggi temas \isgh-afftdsndrd ldtss ectidd. ThEne setl@renaive

mice are injected i.p. with the diluted blood sample.
After 3 days the blood is taken which serves as a blood
meal for starved mosquitoes. These are fed for 2 days.
After 14 days P.yoelii sporozcites are isolated from the
blood-fed mosquitoes by anaesthetizing infected
mosquitoes on ice and subsequently saturating them in 70%
ethanol. Then, the mosquitoes are transferred to PBS pH
7.4 and the salivary glands are dissected. These are
subsequently grinded on ice and the sporozoites are
separated from the debris by centrifugation. Using this
method, approximately 35,000 P.yoelii sporozoites can be
obtained from 1 mosquito. Then, glass-slides in a 12-
multi-well plate are coated with approximately 10,000

P.yoelii sporozoites each in Dulbecco’s Modified Eagle’s
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subsequently grinded on ice and the sporozoites are 30

separated fromthe debris by centrifugation. Using
woOhom/0smst hod, approxi mately 35,000 P.yoelii  PCI/EP2003/051019

sporozoites can be obtained from 1l nosquito. Then,

glass-slides in a 12- nmulti-well plate are coated wth

approxi mately 10,000 P.yoelii sporozoites each in

Dul becco's Mdified Eagle' s WO 2004/ 055187

PCT/ EP2003/ 051019 414Medi um (DMEM) pl us 10% Fet al

Bovi ne Serun1by air-drying. A range of dilutions of

ser i t m, ce vol yne, of 10 ul in
mea Bt i Bfsy a8F' 0L hoRuEs skt By A4P R i Lhe
A rgige- df i@d%msozblaees cffotheswamwaaed rg.ce oGm a
volarﬁémerﬁ Wieid Bea ;tmgsssw@@ 3@;@&@@&@1{% ghgn fj hio .
S asplLr washe W . ce an P
lnc’él?ateg ‘ﬁ%glf Bt a&lfl‘%ﬁ"@ﬁ FLTERERT f§at %Hd m&%aﬁ% anti - Mbuse
room riteinpercAE uEKi ik 8 iU g sPerviFoneEsG aftemi ethe USA,

s1i8& %L:Q%%J.rﬂged Oash8a4 08 cé suaﬂok@é and 1ongubat ed for 38
erat.ur.e _were again aspirate

a 3g]n(§’l§/a%lh gn%ljp%é ¢ n%?atfguncia\gf% YATNTHS, a sol ution of

antiiggly} (KigkavadZchi dfaymy Brordtdei¢s Ubkulsatakbatier 10 mi n,

no. a(fi—@é o ¢b afoial@d a’:}@phﬁ&ﬁoh% %ﬁ‘l@ol ﬁlr[ apeadqqd and the
are_nounted using

compSRarE ey bt RERT 5o 15 WRETER TS AT Ae BHCE | ade. The
For gerunt YRORDIY, e 2 aFrtliubbdy of t100ers/mdrBctddiwr i ned as t he

Brom(ﬁh%tm%@ﬁmddkwtlb%n pLAaduckingnf {nior escence. For
determ pati on of ant | bod iters, _one can al so

t he
aslEigh TEPSIS BOTCH €0 BT SKLH AFE<sPAmItAn ||
wat®yn & bdds) avereugioat eding pérmdupf g#ontanamlggen 20 in PBS

phepyle%ggia{ﬁgng%t}i 1% ad%e I re Ia}xtlo-frﬁéﬁlzgl't?@ laWt iyayand
| eaving it overn%% ht at, 4C e antjgen that was used
[

CitpEs age HEECHMNTE ATitde rHgEatt & ?W“h&l 88lii CS
proprdingi fluor&EREAPQERGARECCREGARN( SEQoh @ﬂ\l@nﬂigjodyThe

tthLsat BSe \@%ﬁeals%ubgqueﬁﬂﬂsx %&h@oist hEe@at piRssW t h
05% Tween and 200 }il

buf f er
(B g DB () ("% BEo ik R & %Hﬂ% ®on) was
in aRRibE Piingeld0. uPIp&tre@ehAev@ thimcuwbatied ot 1-2 h at
leal DML ESRER BJHE 8 4FRENIMePhALiG8n that was used is

a 3x6 amino acid repeat of the P.yoelii CS protein:
QGPGAPQGPGAPQGPGAP (SEQ ID NO:19). The plates were
subsequently washed three times with washing buffer (1x
PBS, 0.05% Tween), and 200 pl blocking buffer (10% FCS in
washing solution) was added per well. Plates were
incubated for 1-2 h at room temperature. Then, plates
were washed three times again with washing buffer
including 5% FCS. Dilutions of the sera were made as
follows: 50 nl washing buffer plus 5% FCS was added to
wells 2-12. Then 100 pl washing buffer plus 5% FCS is
added to the first well and 1:2 serial dilutions are made
by transferring 50 pl from well 1 to 2, then from 2 to 3,

etc. Plates are incubated for 1 h at room temperature.
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were washed three tinmes again wth washi ng buffer
including 5% FCS. Dilutions of the sera were nade as
wOQod4ssens: 50 pil washing buffer plus 5% FCSP@@aP2003/051019
added to wells 2-12. Then 100 pl washing buffer plus
50 FCS is added to the first well and 1:2 seri al
dilutions are made by transferring 50 pl fromwell 1
to 2, then from2 to 3, etc. Plates are incubated for
1 h at roomtenperatufe. W 2004/ 055187
PCT/ EP2003/ 051019 42 Then the plates are washed three
u and 100 }il of a 1:2000
Thea.‘i t%Wtﬁ'gr%&el Hgés]fgedl glf) eéo%’t]tg’aﬁ%ﬁh-l%use | gG (ant i
buf i epd A 11 gt achr&ion? chﬂmmd petpxdddredlakélekdegaard &
GoaPealntY -lafaer gécor(a@&, tHEé\Fyalaﬁ)cglngm cthéuommaa%%) hi 3 ad?ﬁd
and i ncubate | ates . are washed wi
absgrebeﬁi IJ(lrb P f‘# CEY L ’éescéfr’]i" HnE3 A BS and t hen
07441R96) i 15 ABCF@i @Gbs‘fteﬂét @ndseah@{blabw { ABA’S Plat@snponent,
areKiJa[slé@@ i\iélﬁ:ﬂ v?aslﬁ%é ynulf@&o rta;.ég it@ﬁes aak 3Jned Lk?l_thnunberl 0
ctionis
PBS{ aenrdm%rl}%\ )é ?% 0?1 er[ J@f(? Pﬁ%ﬂrf SDS, and
Comppraping s Klaﬂiegafaeféd& aﬁernﬂﬁxahmatnrm, EE@’@AOE@%der . The
numbdd SE’Ca's«ans;sasys aedazettsréa'tcﬁewetlhe TRl @&éd(ﬁoﬁ‘ui@?_er | Iof
sec [ . + T cells in
terf‘hneélscggfb e £ g¥ & Pe ergg 1§ Sc?n%tpngeSPCR and real
are]sad] pip 4P@Rhm drRafLLy rtem,ﬁranount of parasite

Spﬂfél £1. 5 oBNA s sRy eseabtdrhiddienki Mkt Ofe h&%é}hal | enged
mce were all erfornmed as descri bed Br una- Roner o

of Bi-=RPCiiiSobTE YatRf o2 b WX eRp O bt Fﬁ % 48t that the
thensptieen, @hdcyed esvénse Haasds:e&@}taﬁe wer RGR was 45. 20

tm;gsﬂéﬁet@tc}ugaaagy Ofk Ru¥@f! bk Sgaggg&tee eal@aé\g%A dri gues et

vacci'ne recl pi ent
Preé?nt 199Pe, 1v‘§€cPﬁatthieo?PW?WeAcF8’£ec)’?33 €5l Pyoel is
perexfirdt £0 dek@rilped P BELI-Raficrat el @ASt (20qUA|dny

20 o?faf %ﬁ&%“c‘f g:t:rl.z o5crr]1'§' ,fgékff(e)bﬁﬁ sOVerEdat s W 8N
the real-time PCR was 45.

While attenuation P.yoelii infection in AJ5AE3-
CS.Pyoel vaccine recipients is predicted (Rodriques et
al. 1997), vaccination with Ad35AE3-CS.Pyoel is expected

to be superior or at least equally effective.

Figure 4A shows that with an administration of 10°
and 10 viral particles per mouse the Ad35-based vector
ig at least as effective in inducing a cellular immune
response as the Ad5-based vector, if not superior. It can
be concluded that with this set-up that there is no
dramatic difference in cellular response as indicated by
the number of IFN-Yy-secreting cells after intra muscular

and subcutanecus delivery.
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and 1010 viral particles per nouse the Ad35-based

vector is at least as effective in inducing a
woebd4ssis7i nmune  response as t he Ad5- based veeCoOmEP2008/051019

not superior. It can 30 be concluded that with this

set-up that there is no dramatic difference in

cellular response as indicated by the nunber of

| FN-y-secreting cells after intra nmuscular and

subcut aneous del i very43 WO 2004/ 055187

PCT/ EP2003/ 051019 43 Fi gure 4B shows the anti body

titers |ﬁ nt _and _performed on the

s
ane sera us?"ﬁg%?%ean% (ﬁllyre P oS f1209r escence
expeRpEnk Mt pexfdring@ pnableyy game [spre gped ddet o t he results

md%maﬂrlmnlsl-gwo%eé&dcg é:é:eﬁin%@[: Suthhada abpae dose of 109
vira $ cl es

cror, | uces a
If SPRFP h%eﬁefﬂ#tzf'r ﬁ?ﬁmﬁ%aﬁﬁ spongeﬂbuts &s not
thagiavcearqi@@ pd WAryirhl gierticless ofe AT baprst 020| te
vec@m iiRegksSa £GRL B cdnRCEL 11Bar QfmheS kg@'oﬁlg@ ate
4 ffer ence, b%tovvgern kh% gc 0 I ou esto < %g:@ nll stration.
°ef0n°,&n?ﬁ%e] EPhat YeeMVBY tr TPl et toEeE 8 "Rd5- and
antAd@E-ebasadivedhors i@xp@e@sqsmgufmn@o@lmﬂfewtqem zed
betweﬁ%lll% gtw@&a&@ggiemadmﬁﬁ_@?%wgugnt Iy ghgl I gnged iT-hV-
Wi orozoites ified as SC ed._above e
r SUFELS &?‘gf' h%?@“é%gpgfg?ﬁﬁ?%%ﬁﬁs §%o§\# i A"%i gure 5A
Ad3§riohst8 B:ctThe grerewrinageeoodonhemiimized was cal cul at ed

P. y@gmc @m&ggert 0Bad \Lgnid snﬁlf}ashmesgmtl {hmuni zed.
recejved s. 09 or 1010

Wlt%?ljr IS%?éP??’cﬁeésm(n%)wéﬁa ‘i’ﬁesl‘:él%ﬁ’flaﬁlf’ovr?ge Qfter 14 days
resuilt< of highesposaroitessame thon sadlichicdd afd er 48 h.

B. 20 I}J%Q@édt\ége@tlmbitw Ga€MRLYuMREEOLsS W t hout
non-i muni zed m ce. zﬁgarl y, a high

antigen an
°°“B%’Feé”gﬁf’af§'év8fm nhiA5i FPon P 18BEHI%R8d when using the
Ad%ideasisrt wert Grmarsizedetdcesiednsid AL oAdBB? based

VJ.r\é:.e.CgtaQEJ.cJ@%pl(Vﬂ)ngn& %rgvx@lalﬂ&@%&aﬂ@akl £ agypr ot ection
f ound ative 250 ntrols (g . BA).

Wltf“nﬁﬁ' F%‘?ﬁqzﬁltetfhlaﬁ}d K Bﬁaﬁﬁh{)’@le otttepatéadi t e- speci fi c
Negd88rer chuoswoial weRRAtwtyodatobe Wdeltlmrram@@en and

non-immunized mice. Clearly, a high percentage of
inhibition is obtained when using the Ad5-based vector as
well as with the Ad35-based vector, applying the two
doses, while no protection was found in the negative
controls (Fig. 5A). Importantly, only a low number of
parasite-specific 18S ribosomal RNA’s could be determined
in the liver of the immunized mice, while the mice that
received no adenoviral vector or empty vectors contained
large numbers of these RNA’s (Fig. 5B). This strongly
indicates that the Ad35-based vector, like the Ad5-based
vector can give rise to significant protection against
the malaria parasite, even after a single round of

immunization.
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in the liver of the inmunized mce, while the mce

that received no adenoviral vector or enpty vectors
woaoni4assed | arge nunbers of these RNA' s (Fi g. PEB)EP2003/051019

This strongly 30 indicates that the Ad35-based vector,

i ke the Ad5-based vector can give rise to

significant protection against the malaria parasite,

even after a single round of inmunization. WO

2004/ 055187 PCT/ EP2004&/ 051019 44 Exanple 6. | nducing

i mmuni ty agai nst P. falciparun1nalaria i nfection using

reconbi_nant, adenovi.r al - bas Py§50|nes [ Vi.vo. A

Examplfe © hy-"SPHPT SHEHEFE APHRY RARRIR Priass

fovi rus 5 serotype
1nféct(1Ad5)31agdreN¢ehmn|tu@egevma9¢p@%9 (ame¢d89s ipectors is
vivgesigned to investigate the ability to induce hunoral
and cel [ .ul ar i nmune _reszonses g(geal nst the CS antigen
of® SREPYFalds FAFRAT Pt 8F1SE™ HPHHEE™ I n  addi ti on,
serbmmnbg@tdisciaridesd@fovmewme VE@c &) 10 cont ai ni ng

vectdild 1L‘. %ﬁgnéwQO@veQ{iHéﬁe (P8 1609PR efliuceThi s st udy
enr ol

mce. Aninmals are i |5§db
humpgaly én‘i’nf§c‘:b‘1”aﬁ'r e feosﬁ%?esl@%alfﬁgmi“vp of Ad5LE3 or
antAGBEAE3hei Patalvépimspoastys ng miicehetn the full | ength
add%on%eﬂ@nu(ié\gééggtg 515 Q\ld@n@&ﬂ‘iuﬁd@ﬁs CS.Pfalc) or the

anchor sequence gS 4.
contmgﬂgsftéé b?rgte nd2 gy]/' (mln\is4)c ?]1% compare
ThiASHAERIECE1P§ #16, 1@3 28p¢ { Atalerareo HPEnised iy |
1nt§:Agm5u'g‘g§Jhat§rnE£%isggn %(}3]"_363E§016R;Pté@ Z—\déSAE3t wo weeks and six

post - vaccl nation, cellular and hunoral
Ad3|5@$21:)wmsels vareonsprdtyded aikthér ithenivdl ofingsh @ssays wel |

geng &Algggﬁ\glﬁoppelrsggé A§55Aﬂ3eg 'P‘} Lﬂe Qr*@h;aéPﬂ-eSC“ bed

nmmuni zati on, enge and read out is
ancsohes@qbecba nindEap$ ereny @nldAEﬁ CB mRfizoger#te/ ty of the

14)Ad3§ Rgsed_ ¥§gr{f%5§0 —%g?)‘(ggﬂ ed .4 Q.bequperior or at

| 855 compara nmunogeni city triggered by
(AcAdEzeapeyl and cAIBSAE3 femgty)e Bt twhoweskshand esxiltos t hat

ei&ﬁ%rﬁ%egptﬁngesgéxinQéﬂdﬂg éé1§uf¥15and humoral

responses are monitored with immunological assays well
known to persons skilled in the art as described above.
The immunization, challenge and read out is scheduled in
Table IV and V.

Immunogenicity of the Ad35-based vectors is expected
to be superior or at least comparable to the
immunogenicity triggered by Ad5-based vectors. Figure 6
shows the results that were obtained by using the Ad5-
based vector containing the full length gene encoding the
P.falciparum CS protein, the gene encoding the protein
with the 14 amino acid deletion and the gene encoding the
protein with the 28 amino acid deletion. The results
indicate that all three (AdS5-based) vectors are able to

induce a cellular immune response as measured by the

number of CS-specific IFN-Y-secreting cells in a
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based vector containing the full |ength gene encodi ng

the P.falciparum CS protein, the gene encoding the
wonoi@sms7wi th the 14 amino acid del etion and POEERew8/051019

encoding the 30 protein wth the 28 am no acid

deletion. The results indicate that all three

(Ad5- based) vectors are able to induce a cellular

i mmune response as neasured by the nunber of

CS-specific FN-y-secqgseting cells in a WO 2004/ 055187

PCT/ EP2003/ 051019 45 popul ati on of spl enocytes,

et er m ned t he S assay descri bed
pOP‘glr?r}\}S? °§napgév€ﬁ8¥%?ﬁ' d%icer]imhnegl_]ﬁl’fl ST ‘?i%)mer¥ et al.
ELIfZJ0dsay Bedordhpd @bdve,| add dengrad 1l org-ihatuting

rRomPfPLecdi ono@aah nst  P.yoelii malaria infection by
pri me- boost reginens with different adenovirus

serot ype- based vacci nes. Reconbi nant Adenovi rus
Examplieof y JadScing) rebonianlpati®s pratrdtden askimsyoel ii was

P.yS&0WNmA 13 reh | iGick oAl B lphrOfe MBS rLGints8 ki th
ost eglnen In_.CO |nat|on with a reconbi nant

avefrent adencyiume” RORRYPIFPRS YEATERnt | gen
( Bregbilsi-nRohedpnetink. s€200RE) 5 Aprespeni A to

antié@ﬁeéf i Q%@l.ut Res GABAPItol L14c0F JHokOBY RAORHenr €gi NMENS
adenovi Irus VeCt rs carr qg codon- Optlﬂlzed
useR Qe RE R SRRl CHB R T T B 2o ot ypen t &

recomdaert [venginieasirusgecprytectthersaagaimisbet he P. yoel i

(Br%—@@ﬁé&e@tvﬁs 2@’@1%')9%dex£111§e1§:t WdyiRRELIdaseBal b/ C
m ce_djstributed erl groups of 12 mce

Ehe o CRPRPL Y BT §ré’in%)11°|°rﬁjﬁ| Sb?sIWr%P muscul ar
adenqyigos i wetofs aarupmlgnmdwmmmdoﬁs AGBAE3 or Ad35AE3

derYd Bl r HEELOT Hi r@8F I Bk Ribdle ko t HBucd. 1)69&“ i CS gene
{:Ad AE3- CS, Pyoel , and AAd35AE3- CS Eyoel or
Las 55

1o BERRE T MU S AR SRS FankPeAd n%?ﬁ?ﬁas One group
despfnegini Trelss stglypenrrdds shalib@ nibe wiishrikdSaE3nCS. Pyoel
exp@%em@ﬁb%gu&st oPREK nBcdehbh Aﬂ§§é§§ ;Q% F’yoel Anot her

roup of mce is prined at week
snogh G é%tﬁ/S‘EFCUI&ﬁd”H&BEJtOé‘d%ta“\AB%T&“‘glvﬁbcsﬁ
of ACEMB3CCadPyARs mﬁlheéctga&@mryﬂfg gi@eratiee pri ned at
P. yoelllfi C(:)S ge‘i-qlg %&%EEQE%SCPSyoPX and Ad35AE3 CS.Pyoel)
or no transgene (Ad5AE3-empty and Ad35AE3-empty). O
group of animals is primed at week 0 with Ad5AE3-CS.Pyocel
and boosted at week 8 with Ad35AE3-CS.Pyoel. Another
group of mice is primed at week 0 with Ad35AE3-CS.Pyoel
and boosted at week 8 with Ad5AE3-CS.Pyoel; Other groups
of mice are primed at week O with Ad35AE3-CS.Pyoel or
AdS5AE3~CS.Pyoel and boosted at week 8 with the same
vector. Finally, a control group of mice is primed at
week 0 with Ad5AE3-empty and boosted at week 8 with
Ad35AE3-empty. At week 2 post-boost, 6 mice of each group
are sacrificed to allow evaluation and characterization

of humoral and cellular immune responses with
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Ad5AE3- CS. Pyoel and boosted at week 8 with the sane

vector. Finally, a control group of mce is prined at
wOQomwmskis® wi t h AJS5AE3-enpty and boosted at weekTEPM0BA51019

Ad35AE3-enpty. At week 2 post-boost, 6 mce of each

group are sacrificed to allow eval uation and

characterization of hunoral and cellular immune

responses with WO 2004/ 055187 PCT/ EP2003/ 051019 46

i mrunol ogi cal assays xgell known to persons skilled in

t he art the rerrai ni ng 6 mce from each group are

, 0031 a S Jal\{‘ ro%glstes Jdll [ i zation,
LR OF% 5?1"‘87 F&ad 8?,1‘{ 15§k ratfe .
artPrtmeechaenlwéf i m&te 5r¢mlea¢1v evrpm eEe| mlﬂwrhqedbe
witmvlte%;%%me@eaﬁﬁ] @ﬂnmkangonas;aay&bﬂ@gl $nd<nomvt 0

eopl e n, the ¢ri bed,above. Vaccine
reageﬁfcn%ﬁes Sﬁgicg"gegrﬁnAaé%l I"%h%rSFeC%Aaglaﬂaé%s conbi nat i ons
malari@ éxfraxtied widlbee gopdrret aof wesutehssizmnparable in
ass%st 'w@@f)kn@ﬁn m@aﬁ@ &ﬁlnsallqeage 40: hased solely on
4 b% an 3, InducerFg) aIF g%* aqolmnl ty
e5§ eﬂls"l’ faﬁ CRRr GRS AP 158 |?ﬁ‘ & BY Pri me- boost
Ad5v’@cgi5new®lnatidm8dalfa° eﬁmﬂteédmwbmsw@srm ot yg¥e- based

1ea¥@%m9§§ab1351ﬁ@f@m%glﬁesmgageambesz&éﬁ@h@ the ability
rime/ bo regi nens based on adenovirus vectors

basa%rSP %hy Prd tvvo di fferent serotypes to induce
| ong-lasting imunity against the P.falciparum CS

Exaﬁﬂié @emms_mgd%sw@wasﬂh@ Sty B§DINse B10. BR i ce
stributed i eri_nment.al rogps Qf 24 m ce each.
algLfﬁﬁ

.45 THRrE" IF “‘r%ﬁﬁ?ﬁ‘?g‘a“ﬁ PP cift%f*Thj ecti on of
withrdigfererd! adeywirusf sad@hmerh‘aaled\ﬁ@@nm@ carrying either

t he, fe&! érllmgﬁltgttt& Evesd e(%éﬁ.{?’ll@ & alc and

%]'5 %ﬁor t GPl - anchor seguence m nus CS
prig °E‘Ad*§AE%eft§sb A 8- aé’@)‘?‘(”ﬂ!i)"ef%mésn& rived
EroAd3BAEBE SR dec(t@BF/ (o 14gyceotonwlesEimggene ( ADSAES-
mm@ﬁrpctyyaemsedééAESfﬁrm Ydum @gng{g%pwg aninmals is

d T week r 15A m g? a% 8 n
eSA‘Ei“fﬁEs I&SF‘F%’{ &Pt ‘?@)s/% %) lﬁﬁ BEEETEE at™ week 8 with
expAO3EAESL GSoBfalo DY mice each. Animals are

immunized by intra-muscular injection of an optimal dose
of adenoviral vectors carrying either the full length CS
gene (Ad5AE3-CS.Pfalc and Ad35AE3-CS.Pfalc) or the GPI-
anchor sequence minus CS gene (AASAE3-CS.Pfalc(-28)/(-14)
and Ad35AE3-CS.Pfalc(-28)/(-14)) or no transgene (AdS5AE3-
empty and Ad35AE3-empty). One group of animals is primed
at week 0 with AJdSAE3-CS.Pfalc or AASAE3-CS.Pfalc(-28)/ (-
14) and boosted at week 8 with AJd35AE3-CS.Pfalc or
Ad35AE3-CS.Pfalc(-28)/(-14) . Another group of mice is
primed at week O with AJ35AE3-CS.Pfalc or Ad35AE3-
CS.Pfalc(~28)/(-14) and boosted at week 8 with AdS5AE3-
CS.Pfalc or Ad5AE3-CS.Pfalc(-28)/(-14). Another group of
mice is primed at week 0 with Ad35AE3-CS.Pfalc or
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Ad35AE3-CS. Pfal c(-28)/(-14). Another group of mce is

30 prinmed at week O with Ad35i 5E3-CS. Pfal ¢ or Ad35AE3-
WGC30HEass(- 28) / (- 14) and boosted at week 8 wi t RCARPAEIH51019

CS. Pfalc or Ad5i E3-CS. Pfalc(-28)/(-14). Another group

of mce is prinmed at week O with Ad35LE3-CS. Pfalc or

WD 2004/ 055187 PCT/ EP2003/ 051019 47

Ad35AE3- CS. Pfal c(-28)/(-14) and boosted at week 8 with

the same vector. Finajdy, a control group of mice is

primed at week O vvith Ad50E3 enpty and boosted at week

8 _w th AJ35AE3-e week and 6 or 10 or 16
Ad3%F§t—C% Haoet 28é/f"n1t§é a‘ﬂ”éi %céfé?:?‘illaﬁei‘]eed‘t 8% time point

the agethe vmitloul emnamﬁy henesrakoX @spmseswa:reelmm tored with

prixiin?r]ggé{go‘be?e J.tgs%%%%B ebmgg gV\Qo .»Qrﬁ&)ersonfh ;kl l led in

€SCT | ove. ation,
w1tnhaiBB@EﬁgempmdAt emdakomtanar@ ogchedul B4 poat-Tabl e VI I .

boo @C%' Recel 661 'E%Eﬁiglgegaa%ega&” ﬁgegio%toﬁﬁdor AdS/ Ad35

nbi nati ons are expecte superior or at |east
cel%@ﬁﬁa?%ﬂjém?%lef?ﬁﬂ?ﬁﬁ‘iﬁ &&e "OBMPEPE Y r egi mens based
1mmsmdlebyca1n adetys Eeaanmh@m%o IpradseisngkBYledNTAIRBe I €SPONSE

art 304 0StacsPEi kR EbcIv@ ChRag 39%&'35' 9831 by, Jur 1 me/ boost

regi mens ”S'srf% fferent enovi rus serotype-based
andv’?fé“& P o ﬁd‘l’ﬂtﬁi’aﬁn T5bisretes Vaprine apHITEnSf an
baseX per AdEsntlasebul AdsgadIty esibigat dnst He espaitieli ty of

to BE IAELAASL: LROLIRRS Hasethian 2Q aflanguly us vectors

derived from two ferent serotypes to elicit
compaRent¢ feﬁb‘“ﬁnﬁs?as’t%s‘?ﬂleﬂél%ﬁ Aa?um CS antigen in

non- human prinmates i s descri bed. Mreover, the effect

Exa&gle BWQEng{:éI gﬂt:urﬁnghg q.%s cg-nsg@ |_-LH§1; %g'l ni stration,

I'ntra- nuscul’ar and 1 ntra-derna IS eval uated. 25
P IRiEAE IR KIS IeR YV BETRRROSY TRAARSFRT ral  vectors
diffareny i Aignevitar séfeypeHbaséE RgEdineS e non{bAmaAE3-
pridavebl @l ¢ or Ad35AE3-CS.Pfalc) or the GPI-anchor
sequence m hus CS gene (AdS5AE3-CS. Pfal c(pf-aa-sub) or
AGSSRETPLEDE PR HrepiTeRi- S . LoOPLRTRSBEDSt regi nens
the (Aapivltlyose prime/boost regimens based on

adenovirus vectors derived from two different serotypes
to elicit immunity against the P.falciparum CS antigen in
non-human primates is described. Moreover, the effect of
two different routes of vaccine administration, intra-
muscular and intra-dermal, is evaluated.
Rhesus monkeys are vaccinated with adenoviral

vectors carrying either the full-length CS gene (AJdS5AE3-
CS.Pfalc or Ad35AE3-CS.Pfalc) or the GPI-anchor sequence

minus CS gene (Ad5AE3-CS.Pfalc{pf-aa-sub) or Ad35AE3-
CS.Pfalc(pf-aa-sub)). Prime/boost regimens (Ad5 followed
by Ad35 or Ad35 followed by Ad5) are compared to
generally applied prime/boost regimens (Ad5 followed by
AdS5 or Ad35 followed by Ad35). Humoral and cellular

immune responses are monitored using immunological assays



30 by Ad35 or Ad35 followed by Ad5) are conpared to
generally applied prine/boost regi nens (Ad5 fol |l owed
woyoo4Adsisor Ad35 foll owed by Ad35). Hunoral an#@CT/EP2003/051019
cellular inmmune responses are nonitored using
I mmunol ogi cal assays WO 2004/ 055187 PCT/ EP2003/ 051019
48 wel | known to persons skilled in the art. Serum of
i mruni zed nonkeys is tested by ELISA assay to
determi ne the naturesggand magni tude of the anti body
response against the repeat region of CS. Cellul ar
i nmune resgonse IS .5 neasured Qy SELI SPOT assay to
well HOF i e PERE  Endtimr 31" Bt Pgen-"Specitic | FNy
immgeiczedt horgkege| 4ss LeMRA200 FLOHS 2872 PCT/ E=RROBB051019 49
the |8 8e | and\REBS +888 Sephanke dalabaseced hyaiHrbers of
the P.falciparumcjrcunspprozoite am ng acid
thesERRT8h a8 ec’gfr ‘Yo cﬁéﬁ%ﬁét "PRe 15°Ra°Cofisensus
rmeagexpdehe ELIPPOT asye thstitareineEhs popentbefs Lab strains
L I Spg 0, 137 CAA33421 Thail and
ant%%%ﬂjf%&%gs%%%%%f%% gsegl%i_AFo AAA29542 - AAA29552
NP 473175 AAA29555 - AAA29576 7G8 SP PLAFA Brazil
AB64167 60657 AB64190 - CAB64197 AAA29524 Senegal
AB64180 - CAB64189 NF54 AAA29521 Myamar AB64237 -
CAB64243 AAA29527 | ndia AB64169 S05428 Tanzani a
AB64168 SPPLAFL AB64170 LLCOVE 54529 AB64172 AAA29554
Ganbi a FO3134 - AAF03136 SP_PLAFW 38869 D60657 860657
LE5 SP PLAFL



38869 AAA57043 H60657 329765 Uganda AA27599 AB64177

Li beria AB64176 Hondouras AB64174 South East Asia
WOANRAASIB7 - AAA29519 AB64175 AB64178 || CAB64RTYEP2003051019

5 WD 2004/ 055187 PCT/ EP2003/ 051019 50 Table I1I.

| mmuni zation, challenge and read-out schedule for

m ce vaccinations with Ad5. CS. Pyoel (Ad5-PyCS), vp =

viral particles per nouse. |nmunization Viral vector

vp # ELI SPOT/ serum Chgl | enge schedul e mice

Prime/chal | enge Ad5- PyCS 10 12 2 weeks (6 mce) 2

weeks 6 nmice ri /ch Ien Ad5- 2 weeks
Tab%%%lé%‘jesz végﬁg ‘rbLe se ﬁéﬁé’ﬂb?/ﬁseﬁéghﬁ% PyCS 10
P. f&ECl@amelcsr(@snpw)Olﬂe mékcs a_(=Gd reiege§ncePr isrsY chal | enge
to éTA@lé-rgx% tenk Binf1 ondBeks (4githee) 2 weeks (4 mice) 5

a

ble I'll. Immunization, challenge and read- out
schedule for nmice vaccinations w CS. Pyoel
= viral agarti cl er Joyse.
LIk  d T um Chal | enge
°§Ae Prl ms/cwa?q"enge "§8 CSs ﬁO 12 2 weeks
d seeks (6 mged) Pri shaldoenggd Ad35-P S
107-12 P-- SakBsai ce) 2 weeks|npGrsiyse)

Pri me/ dhrabdseng@aisids- B [idB 12 2jcseakara(6 1fi ce) 2 weeks
Braz{ 6 M cq@aBedBd ne/ chal | epde AM enpeegssT u- 8|2 weeks (4

mce) 2 AB@GRIS-C(A&Mﬂﬁ?ce) 10 Tabl ¢ 224| nmrungi zat i on,
Sencgdhal | enfepBoHRR; sﬁﬂ'ﬁ"édul eAA'ﬁ?éf’”m ce |vacci nat i ons
[ ¢ h Ad .B%?h%P?f‘z”(aAds Af CS, wi Q1292

India 505428
Tanzania CSP_PLAFL
WELLCOME [A54529
AAA29554
Gambia AAF03134 - AAF03136 CSP_PLAFW
i D60657
LES ICSP_PLAFL
IAAA57043
B29765
Uganda
Liberia
Hondouras

South East Asia [|AAA29516 - AAA29519
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vp = viral

particles per
vector vp # ELI SPOT/ serum

nouse.

wabkb@rRER18ger um schedul e mce Prine Ad5-PfCS 10CTZP203/051019

weeks (6 mce) 6-8 weeks (6 mice)
12 2 weeks (6 mice) 6-8 weeks (6 mce)
10 12 2 weeks (6 mce) 6-8 weeks (6 mce)

Prine Ad5-PfCS 10
Pri ne Ad5-PfCS
Prine

Ad5-enpty 10 8 2 weeks (4 mice) 6-8 weeks (4 mce)
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£o mib€ erade ked ) on £Nii BB -2dA8 %ﬂ@lAdﬁdﬁLﬁ%SW % WKS post
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Talilgniivi Zanirdmatodnal Esrigengnednd erddoui: sahadud e
for mice vaccinations with Ad5.CS.Pfalc (Ad5-PfCS, with

or without anchor), vp = viral particles per mouse.

5 Table VII.

Immunization Viral vector vp # ELISPOT/serum ELISPOT/serum
schedule mice

Prime Ad5-PfCS 10° [ 12 2 weeks (6 mice) 6-8 weeks (6 mice)
Prime Ad5-PiCS 10° [ 12 2 weeks (6 mice) 6-8 weeks (6 mice)
Prime Ad5-PICS 10" 112 2 weeks (6 mice) 6-8 weeks (6 mice)
Prime Ad5-empty 10" |8 2 weeks (4 mice) 6-8 weeks (4 mice)

Table V. Immunization, challenge- and read-out schedules
for mice vaccinations with Ad35.CS.Pfalc (Ad35-P£CS, with

or without anchor), vp = viral particles per mouse.

Immunization Viral vector vp # ELISPOT/serum ELISPOT/serum
schedule mice

Prime Ad35-PICS 10° 112 2 weeks (6 mice) 6-8 weeks (6 mice)
Prime Ad35-PICS 10° [12 2 weeks (6 mice) 6-8 weeks (6 mice)
Prime Ad35-PfCS 10V |12 2 weeks (6 mice) 6-8 weeks (6 mice)
Prime Ad35-empty 10" [ 8 2 weeks (4 mice) 6-8 weeks (4 mice)
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Immunization Viral vector- | Viral vector- # ELISPOT/serum | ELISPOT/ser
schedule prime boost (after 8 mice um

weeks)
Prime- Ad5-PICS Ad5-PfCS 12 2 wks post boost | 6/10/16 wks
boost/challenge (6 mice) post boost (6

mice)

Prime- Ad35-PICS Ad35-PICS 12 2 wks post boost | 2 wks post
boost/challenge (6 mice) boost (6 mice)
Prime- Ad5-PiCS Ad35-PICS 12 2 wks post boost | 2 wks post
boost/challenge {6 mice) _ boost (6 mice)
Prime- Ad35-PICS Ad5-PfCS 12 2 wks post boost | 2 wks post
boost/challenge (6 mice) boost (6 mice)
Prime- Ad5- empty Ad35- empty 12 2 wks post boost | 2 wks post
boost/challenge (6 mice) boost (6 mice)
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PCT/ EP2003/ 051019 72 CGRAIMS 1. A
replication-defective reconbi nant viral vector

conpri sing a heterol ogous nucleic acid encoding an 5
antigenic determ nant of Plasnodiumfalciparum 2. A
replication-defective reconbinant viral vector
according to cIa|n11L wherein said viral vector is an
adenovi rus, an alphgvgﬁ S or a vaccinia virus. 10 3. A
replication def ecti ve reconbi nant viral vector

1a.CC0[Z\dkétg.lﬁgtﬁnalié'@e%tlw%é@dnﬁlﬁﬂtdefa[lakreé/&g or is an
adenovi r l.i cat.ion-defective reconbi nant

)
com rls"llrlgvaeg’[eéﬁ?roislﬁggﬁ' BT P Tlaf Mo "MiBr ei n sai d
anthgricviehesmizandert \Rldsnddiom falsivasuype sel ected from
the group consisting of: Ads, Adll, Ad26, Ad34, Ad35,
d48 _and .Ad50. 2 .. Areplication defectlve
jﬁecomleﬁﬁﬁfaﬁopage‘%g‘éfv@r rg‘é"d’%&??ﬂtn&“fac} gr¥-%Bne of
accetdiingstd cleim 1, wiereim ssad drirahtvegeon dsdet er ni nant i s
adeh&\B rGh | GABOH-0ZAIL 8 P Qh&EihiaOfiru@N | MMunogeni c part
thereof. 25 6. A replication-defective reconbi nant
viral vector according to any one of clains 1 to 5,
Irher i yerdafatiohedefieot bouscanbdhaitc viacild veéstor
acc6RA98- *}H)tc'lganQq 1R 84 @%aL 8 ra BXREESSIIQN N a mammal .
adeggur replication-defective reconbi nant viral vector
ccoPdlng to claim®6, wherein said mammal is a hunan.
8. Areplication-defective reconbinant viral vector

4, A replication~defective recombinant viral vector

)

according to claim 3, wherein said adenovirus is derived
from a serotype selected from the group consisting of:
Ad5, Adll, Ad26, Ad34, Ad35, Ad48 and Ad50.

5. A replication-defective recombinant viral wvector
according to any one of claims 1 to 4, wherein said
antigenic determinant is the circumsporozoite protein, or

an immunogenic part thereof.

6. A replication-defective recombinant viral vector
according to any one of claims 1 to 5, wherein said
heterologous nucleic acid is codon-optimized for elevated

expression in a mammal.

7. A replication-defective recombinant viral vector

according to claim 6, wherein said mammal is a human.

8. A replication~defective recombinant viral vector

according to claim 6 or 7, wherein the adenine plus
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according to claim6 or 7, wherein the adenine plus WO
2004/ 055187 PCT/ EP2003/ 051019 73 thymi ne content in
weanm/oagiser ol ogous nucl eic acid, as conpared POTER2003/051019
cytosi ne plus guanine content, is less than 87%
preferably | ess than 8098 nore preferably less than
59% and nost preferably equal to approxinmately 45% 5
9. Areplication-defective reconbi nant viral vector
according to claimb5, wherein said circunsporozoite
protein is t he circunsporozoite protein as depicted in
fg.L urce A (SE 31
YREDT iCRRIT BN Yé ectl é’g?)%lnﬁ%etl vt fRct or
compgxsst 8P righet eyir,dsammp@us wiver&ien ceatied t e oidohespt | m zed

thahemr,%w@uam@u@é@ ‘Eh&@ igds ] snot_»!@%é@@sia@lg %%isdAaS

nafl B B3 msf qupRRiaRe SHabs ARRC P AL AR o
according to any one of claims 5 to 10, wherein the

i 1 cm@@gaea@m&led@fre@m@ re@ubl Agnd malogséﬂ& part
% a fun§t| .onal anchor sequence.

r €0
accﬁf)s LCA gJDTI éa‘f’l?e REG R tcf’\fguri’s‘é’c?’é%cilﬁﬁnt vi ral
progeit ds theoaprduwmspayogohiet praedgoars dapigiteicimaci d

figepReadi pekd BB NoGky cunsporozoite protein of Plasnodi um
yoelii, wherein said nucleic acid is codon-optim zed

for elevated 25 expression in a mammal . 13. A
epl Acegrlonattoheddfeceivee cordribhamtt virall vesoiror

accaﬁ&%dwgzlagnfd Ay Brd 2n s%&r&'dgn-stﬁytgmmml is a human.
|icat]on-defective recaomnmbi nant viral

hete’é%]togi’usaél%f Cnécﬁdolﬁliﬁ’ienﬁ“i"}eb? aP3d hearetsredai d viral

in Gegrer 1B (SEQEDal@idvi rus, an al phavirus or a vaccinia
virus. WO 2004/ 055187 PCT/ EP2003/ 051019 74

11. A replication-defective recombinant viral vector
according to any cne of claims 5 to 10, wherein the
circumsporozoite protein, or the immunogenic part

thereof, is lacking a functional GPI anchor sequence.

12. A replication-defective recombinant viral vector
comprising a heterologous nucleic acid enceding the
circumsporozoite protein of Plasmodium yoelii, wherein
said nucleic acid is codon-optimized for elevated

expression in a mammal.

13. A replication-defective recombinant viral vector

according to claim 12, wherein said mammal is a human.

14, A replication-defective recombinant viral vector
according to claim 12 or 13, wherein said viral vector is

an adenovirus, an alphavirus or a vaccinia virus.
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15. A replication-defective reconbinant viral vector
according to claim 14, wherein said viral vector is an

weadenmsssas. 5 16. A replication-defective receabiErant/ 051019

viral vector accordi ng to claim15, wherein said
adenovirus is derived7froma serotype selected from
the group consisting of: Ads, Adil, Ad26, Ad34, Ad35,
Ad48, Ad49 and Ad50. 10 17. A replication-defective
reconmbi nant viral vector according to any one of
clainms 12 or 16, wherein the adenine plus thym ne
content in c acid, .as ared to the
£ o hePTleatL Gudrere  fo AeaAio o OBkl "EREHT 870k
acqoréfrar ablolalivsid, t Waare80%pidorigaprefcgrablsyat ess 15 t han
adend%.ad nost preferably equal to approximately 45%
18. A replication-defective reconbinant viral vector
according to claim12, wherein said circunsporozoite
pi.ot & pepldcaheoncietamiporezonticamr gtiea vastadepi cted in
acé%QdqugHBEhl%em(ngCLﬂégeEE)éghd aRnofirus is derived

i cation-defective reconbinant viral vector

210 AR G5 L1SFoF5m SRR BTH GoSSHI B acid i s
AdS, hadllpuadds, cAGHd, dAGES, depiset &t 9 and iAgB0e 3B (SEQ I D
NO 7). 25 20. A repl i cation-defective reconbi nant

ral. vect.or one of clains 12 to 19,
Uhrer & HoTnge Py ere o1 FGF IR0t anhel GPetthe
acdomimogersiny par bf ¢lzémedf2, or slol adlerain ahktuncti onal GPI

ade%ﬁ]ﬁ@%rlu§ e&%ﬂﬁ@ coz?‘l%n%lln éaﬁ@@ub?@d ledjeggc;t Ive
reconmbi nant viral vector accord to an one of

COMPAEGGE© 1540 CHEOSHRAR R TRAYRe é‘rﬂ’f’? ni & &8 ®rmnant is
thagef@ot poeflarepiyt Resgyrtbap SO, 2004/ HEFeBbly less

a —EP s ra i approxima % LSA- 3,
£ BCQ'QS P-1, g%/lsqg gi%&ggd bl\a/gP%gl, & Iongccg{frr‘m 1JF_;ea%?l %?13 t her eof .

22 A replication-defective reconbi nant viral vector
B.ac@orebligatwnadyfegnévefrechrdiingnt] vipaR2@ecwdrer ei n sai d

according to claim 12, wherein said circumsporoczoite
protein is the circumsporozoite protein as depicted in
figure 3A (SEQ ID NO:9).

19. A replication-defective recombinant viral vector
according to claim 12, wherein said nucleic acid is the

nucleic acid as depicted in figure 3B (SEQ ID NO:7).

20. A replication-defective recombinant viral vector
according to any one of claims 12 to 19, wherein the
circumsporozoite protein, or the immunogenic part

thereof, is lacking a functional GPI anchor sequence.

21. A replication-defective recombinant viral vector
according to any one of claims 1 to 4, wherein said

antigenic determinant is selected from the group



10

15

20

25

30

viral vector further conprises a gene encoding a liver
specific antigen for Plasnodi um fal ci parum as

wanvo4gsnisc det erm nant, or an i mmunogeni ¢ par PCT/EP2003/051019

thereof. 10 23. A replication-defective reconbi nant

viral vector accordi®g to claim 22, wherein said

liver specific antigen is LSA-1. 24. An isolated

nucl eic acid encoding a 15 circunmsporozoite protein of

Pl asnodi um fal ci parum as depicted in figure 1A (SEQ

ID NO 3), wherein said nucleic acid is

codon- o %i m.zed. 25. An_isolated nucleic acid encoding
con’c?l?bm@i? DO 021 e %?PGE:[eibﬁPﬁiugPlaﬁngﬁarh‘}ﬁ'f al ci parum
or sprixinati@d7theygoflepi cted in figure 2A (SEQ I D NO 6),

wherein said nucleic acid is codon-optim zed. 26. An

ol ated nucl ei c .acid,encoding a 25, circunsporozoite
% ‘ot &} ﬁe%ﬁcﬁ‘é’§ﬁ8ﬁﬁ?ﬁf%§FF?mbg§a‘bteﬁfil‘ézl‘]eéfec’fcﬁ figure 3A
accpSEDal B NOyRne wherleims daitd dhuchBreiaciaddi s
vire@ 0 OP AL K& cokfrisé o g@:ll@teﬁgocﬂ'ﬂ | girg aci d

coppri s%% tFe sﬁgquer&ce f9 of SEQID NO 1, SEQID
Speﬁé% BPTSED 115 RO*FodE" tALPREETRES cHHPEST S on
deteonjpransi my an rigphigehiompartefheectsfice reconbi nant viral

vector according to any one WO 2004/ 055187

CT/ EP20Q3/ 05101 76, 0f clainse 1 to 23, and a

% ar CREIY CREEEPTRBPEC™ AR &1 T2 gecO acci ne
accopdpwsie idrimcordiargit gadl aiine? &pechtifeur t her
antG98PnkSidag1an adjuvant. 30. Method of treating a

mamal for a malaria infection or preventing a

mal aria infection in a mammal, said nmethod conpri sing

44-n ért helatedenclagc dé@idspmddiameousl y) the steps of:

circuféPBrBi S8l bRBe B \WRCHI MGG AP 251 dib@RmAGEOr di Ng to any
one of clains 28 or 29, and - administering a vaccine
depég*\:ﬁsioéptﬁlgﬁr%&ﬁpﬁﬁg ﬁa %:3), wherein said nucleic

acid is codon-optimized.

25. An isolated nucleic acid encoding a
circumsporozoite protein of Plasmodium falciparum strain
3D7, as depicted in figure 2A (SEQ ID NO:6), wherein said

nucleic acid is codon-optimized.

26. An isolated nucleic acid encoding a
circumsporozoite protein of Plasmodium yoelii as depicted
in figure 3A (SEQ ID NO:9), wherein said nucleic acid is

codon-optimized.

27. An isolated nucleic acid comprising the seguence
of SEQ ID NO:1, SEQ ID NO:4 or SEQ ID NO:7.

28. A vaccine composition comprising a replication-

defective recombinant viral vector according to any one
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peptide. 31. Method of treating a mammal for a malaria
wonb@assen or preventing a malaria infection i RCWEP2003/051019

manmal ,  said method conprising (in either order, or

20 sinultaneously) th® steps of: - administering a

vacci ne conposition conprising a

replication-defective reconbi nant viral vector

according to any one of claims 1 to 20; and -

adm ni stering a vacci ne conposition conprising a 25

repllcat|on defective rec

ot GaBEt &y H 280 TS eI T s sacopg et '

carrier.

29. A vaccine composition according to claim 28,

further comprising an adjuvant.

30. Method of treating a mammal for a malaria
infection or preventing a malaria infection in a mammal,
said method comprising (in either order, or ‘
simultaneously) the steps of:

- administering a vaccine composition according to any

one of claims 28 or 29, and

- administering a vaccine composition comprising at

least one purified malaria-derived protein or

peptide.

31. Method of treating a mammal for a malaria
infection or preventing a malaria infection in a mammal,
said method comprising (in either order, or
simultaneously) the steps of:

- administering a vaccine composition comprising a
replication-defective recombinant viral vector
according to any one of claims 1 to 20; and

- administering a vaccine composition comprising a
replication-defective recombinant viral vector

according to any one of claims 21 to 23.



