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WO 2006/ 040334 PCT/ EP2005/ 055209 TI TLE Mal ari a
pri me/ boost vaccines FIELD OF THE | NVENTION 5 The

WO pwentizan relates to the field of nedicine. PCT/EP2005/055209

Specifically, the invention relates to novel

pri me/ boost vaccine stra@igigs usi ng reconbi nantly
produced adenoviral vect nd purified proteins in
the context ofaBdradjdviand /st Resgrawant i on of

fal ci parummal aria. 10 BACKGROUND OF THE | NVENTI ON
Mal aria currently represents one of the nost

preval ent infect|§¥§? r éﬁ¥& Gybtropical areas

t hr oughout the wor B%ﬁ'@@%?ﬁ&na aria infections

kil ITHS upvémtPor mldten peophe fiedévef apedicane.

energjn cou ies. The wi de read occurrence
S%%ng%%%llhcﬁb%njc%"%?th%? ary %?% & crb%‘é%Jqu%Wc‘Iéeg‘r’OOSt
vdheihdcseast i e HUIDERS Alclibithdfs] pterbapaedsi tes

and insecticide- resistant parasite vectors. Qher
aderevisal ree cider 2 et \pwohESd AP reaireiies | Fmt tlee chemigest

vl di S n t
of st 2 SO e e ISR ot B e et

hemat opr ot ozoan parasites belonglng to the genus
Pl asnodi um Four sEeC|es Pl asnodi um pr ot ozoa

(P. fal ci par um BpCH 5QQNDP05v3ﬁ5 SHVENE1PNmal ari ae) are
respenpi Pl £ E@Frdher i S€ASEsd N MBEhe HBNYLOLRSES cause

di sease in animals, such as P.yoelii and P.berghei.
pféV@d@mbaxmﬁeepb@mmtsnftwopi@almﬁmm|$qbtﬁ0pl¢ﬂecareﬁs
tﬂEBQ na@s e *or ge ﬁDSt éfrha é{fbns kill

par as HAVE A it e ey Y e tonsts |ng o? ?

u@etp@rme ﬁﬂsi@g%oﬁp@hlm@e@ém@m@ §Iﬁéﬂg@ﬁe]|:c§1r6@| e
to induce specific Inmune responses dlrected al nst

CORRE PR Bisi TRRE RHIESIEC RS rQ eSPporRR ¢yl 30 celr e
1§$§&§n§@e§ffﬁ§1afgg'éﬁ%‘ &gﬁséﬁﬁéﬁé%léf'f%%“&%%reasing

mal ari a does not pr ot ect
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 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. P.falciparum accounts for the majority of
infections in humans and is the most lethal type. Malaria
parasites have a life cycle consisting of four separate
stages. Each one of these stages is able to induce
specific immune responses directed against the parasite
and the correspondingly occurring stage-specific
antigens, yet naturally induced malaria does not protect

against reinfection.
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agai nst reinfection. W 2006/ 040334 2
PCT/ EP2005/ 055209 Mal aria parasites are transmtted
wo eooaes3by several species of femal e Anophel eSPCT/EP2005/055209
nosqui toes. Infected nobsquitoes inject the sporozoite
the malaria parasite into the mamal.i a

for o{ 1! s n 1

bl o Febn PERDT 078 tB° 5o TEREIh- T FRuW'd oY e¥°YH 2
spdei & Il drhOre beheb ke 1 Ay ath ©@n i hepat orytescedt this

stage the parasite is located In the extra-cellular
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a schizont. During this stage, the jnvadi arasite
hopT FOe? yd skl S AT | TT RATHM Lo BT 1 the
e:20r DO vRsoY eln PEF QZRi A ©SaReri d nd86d £l ced | an DU d ddg

this intra-cellular stage of the parasite, main
attagler snainthedsediord tomiie ¢espamsrorgzoite (CS)

- hocy e ' + _T- cyt e ro
o 4 TR TaRURY Shehe o BT VLSt AR
ondd etri i e I heesandse gba et Dzo| t@s] Beet¢ el @ad etk ve Nbes
. the bl oodstream and, enter red bl ood cel]s (RBC s), _
LIHeR i Tt A Yt SPOFL Rt FibbtlyS TR at €eF | TR e plte

wBDd 2dr &8l d s Seed etRch Cyb PR Deson AFg LS viagli g the
erythrocytes, the nerozoites undergo several stages of
20 ePh0 cdauntex regrsd v Hiey pert olnfoptedoielk, Ruwling this
. schi zo which rupture to produce a new generatio
e E LD ST Sl R T A hey Rt &, S hrghe
h@st elili®Cyd $ 80194 @ 0Lré ST-aBENshed et sy tdsyetdlly CD8+
clinical disease. A snmal]er nunber of trophozoites

TRV 6 (R HRI R Gl f ehtf D) gkt ythedut pheHieek
oRTEI L DAFASLISH S tPEXA IS APEne MILD: SUSCERL 1 Bl foased
nosqui t oes i ngest ganetocytes, the fertilization of
intesthgadnttedstesals dnd 3 zggoted flotomd | onl Bd(RBC’ s) ,
bSURSE e ”a”Sffr"HErj 0039 M 81 0K "BlSSne RSN E ana
BORYETE, CAREC T 3t 137 Y He Y P
T-cell secreted cytokines. After invading the
erythrocytes, the merozoites undergo several stages of
replication, transforming into trophozoites, and
schizonts, which rupture to produce a new generation of
merozoites that subsequently infect new RBC’s. The
erythrocytic stage is associated with overt clinical
disease. A smaller number of trophozoites may develop
into male or female gametocytes, which are the parasite’s
sexual stage. When susceptible mosquitoes ingest
gametocytes, the fertilization of these gametes leads to
zygote formation and subsequent transformation into
ookinetes, then into oocysts, and finally into
sporozoites, which migrate to the salivary gland to

complete the cycle.
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sporozoites, which mgrate to the salivary gland to
conpl ete the cycle. WD 2006/ 040334 3 PCT/ EP2005/ 055209
wabmews34aj or arnms of the pat hogen- speci fi ¢ | POTIAR2005/055209
response that occur upon entry of the parasite into
the _.body are cellular apnd .hunoral. The one, arm. the
col I TRGre"s dlplions i 7 Pe| G cdq PRIt 1° CHIT e
rdéfiddn e paidt ChPALL hpord hent PFPUHE 185 NeNSEs i €Yt DieXi ehd
| ynphocytes (CTL's) express CD8 and are able to
baweci e cattiular andrlugieirbel The tPRg &pr e cellular

r 9eni £o T@g@é IENSCO &rcﬁyff@cgel% T cells or

el per ce support the devel opnent of 's,
paor toderices tvar imushd Cinoyproki nespomsil. al wtootwekjpc ifiduce B

cells to diyjde and roduc nti bodi es specific for
e St Pt T A e r e e i e RS 8 el | o

spectfiL1fPrra pardf&etad cantd gens becoire astpyaiosbnic
replicate, differentiate and produce antigen-specific
anipt Yoo @s. thsl Bothr faess- FD4hel i eeubhe 9eshomskrar ecells
0 o) i nst i ' ction.
S st el S o R T B R B L “and
ceidleindhe amepal ocyieb, 1mduspad 0zellestdhetniede and

i ntracel | ul ar , pathogens, spending littfle tine outside
PEHIGHf TP D TeTRECL A C tH7 s Qg T eFeds T ReTH9 amee

hid¥all £8ihsndd & B eSPELd alhyci APOrE{ant, hecause 1hese T
cells and their cytokine products, such as
antpieed drorene (AEN-yatedcompl beatee t odiheekeéntiage ofnd

I nfected host he al oeyl es. .Ehﬁnination of the
proguce ?Iilt:i_%en-s cCl ¢ antibo 1e? . .
intracellTulrar |iver parasites in the 25 nurine nmalaria

nodedotls d:aundof oclne Tepensderd sppose GBs delewdht for
responses directed agai nst peptides expressed b ]
P#?%%ﬁt%?%g%g%%ﬂ%%i%é%a¥4{ﬁﬁikﬁﬁ%ﬁﬁF{%%idﬁﬂe@ ectious

S T oroe. hnd aOeptTAE Tanb G of Clpe T
h@teitetytses o Had vepand nal se € ond @omse piot sxté bhular
pathogens, spending little time outside the infected
cells. At this stage, CD8+ T cells and CD4+ T cells are
especially important because these T cells and their
cytokine products, such as interferon-y (IFN-y),
contribute to the killing of infected host hepatocytes.
Elimination of the intracellular liver parasites in the
murine malaria model is found to be dependent upon CD8+ T
cell responses directed against peptides expressed by
liver stage parasites (Hoffman and Doolan, 2000).
Depletion of CD8+ T cells abrogates protection against
sporozoite challenge, and adoptive transfer of CD8+ T
cells to naive animals confers protection.

When a malarial infection reaches the erythrocytic
stage in which merozoites replicate in RBC’s, the
merozoites are also found circulating freely in the

bloodstream. Because the erythrocyte does not express
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When a malarial infection reaches the erythrocytic
stage in which nerozoites replicate in RBC s, the

woreieneisses are al so found cfrcul at i ng freely POI/EP®05/055209

bl oodstream Because the erythrocyte does not express

) 2006/ 040334 4 / 2005/ 055209 ith |
PR AT Sebi e TENHG Al par o a S 15 oo agpate
intdFadt Lok lwith tTiSethouaht {hath Ak Hogat rEsPuNsSes

are nost relevant at_this stage. In conclusion, a
IR e Fed Aot vERES VRN appt odths Wt ER bel hroggnglusion,

a 0L 161 & md 1o 142 WL L AL 8o St [0 §8d U AL, | mune

response as we as a stro unor al T mmine response
bémefiaickl el f hiet diddiled eiidist@gess trowdi adil Tinka pairasite
occurs in the human body. 1}9 Current approaches to

TR ATA TR he HevRl Do PElprpl CITHELT fregponse to

L REEDS d&m_&pff@feﬁ&fét@a{%éﬁ ikleviel aprend gha sS4 A0€S S&fcurs
the parasite, as described above. Three types of

iposhe Dremamcdeddies can be di stinguished: -
Pre-erythrocytic vacci nes, which are directed 15
agai nst sporozoites and/or schizont-infected
hepatwcydes . appsdacheal gy, md i si 8 pps eatde hdsvdbegpment

dom nated by (CS)-based, strat et?g]ril es.. Since the pre-
C RNr oty T e PHARC WIS o F SISy batic, a
AP ET SN AW DLV Lg&/@cs Nnenshostds i deal dy sod£ipd above.

sterile imunity, medi ated by hunoral and cell ul ar
Threrineypes pohseos el onpt @ity prreventd] sit erguished:

mal aria infection., - Asexual bl ood stage yacci nes,

Whi OFF ST i ERT EHLC AR TRIC ™ MOt HETS B SePRBC or

the @4 7Ot t $o02S2d 11684 fan@) & deSH DNGE 1 Oh fa P g ze

clinical severity. These vaccines should reduce

mor brera 5o ayiee frorii b t eyl cahlly artd he arP 1A ¢h dventoedie

oo {0 P4 08 0, S5 081 1010 O, e
are alepilgnedytic phase of infection is asymptomatic, a
pre-erythrocytic vaccine should ideally confer
sterile immunity, mediated by humoral and cellular

immune response, and completely prevent latent
malaria infection.

- Asexual blood stage vaccines, which are directed
against either the infected RBC or the merozoite
itself, are designed to minimize clinical severity.
These vaccines should 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 wvaccine should favor the
reduction of population-wide malaria infection

rates.
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30 to hanper the parasite devel opnment in the nosquito
host. This type of vaccine should favor the reduction
w@boopopsBat i on-w de nal ari a Pnfection rates. REI/EP2005/055209

2006/ 040334 5 PCT/ EP2005/ 055209 Finally, the

f bilj f d | nmbi t |
ot LY, e e OT e S0 IO Y B &l e S RS

nEYVE £a | va B ilgs PthStiegh it de S anert 1 ©Tk Rt ddes cOMPERENt
and/or multi-stage vaccines. 5 Currently no

pomErei bl s qaab‘tebeﬂar&.mér%@%@lnlsm sorefakiedimulti-
cé}%{gﬁéﬂ@ﬂe @}5@%{%&% poent of  vacci nes

nst arl a was init m)re than 30 years ago.
| MMmuw zisdntohy afo rmdanmselmbhy t'amnlqjmlemtmom against
mans with ra]g |on ten t c? 0|tes coferred
Dot ag@f%ta - FTRIGRE i

vé’é@ﬂ@s ﬁ@{@g@lrﬁﬁaﬁﬂywzﬂﬁ@lﬂe@'moﬁ@%arﬂ 3/@1 &irs
al. 1973). However, so far the expense and the |ac

ags - almeysipiielon a@@ercz@%mescmwn@%@rstmm@te% hend
%&9&%&8{‘ ]%Id p?é@ TaL 28} @Pée@@&’ %{Bﬁed

esprea i on of suc vacci nes
p]ﬁbt@ttl(ﬁ@%@alﬂ_@t @t@b&\@qm M Shdg waltlei ieable
candi dates tested in hunmans. have been based on. a

S%%‘Ptoh%%effmb?s%‘b@‘%]z%l?t’e akyrkW®e dntygest arhe 53 -

HROIEE N 4S5 e o Yo lpd RLLT DA UM all digedr denpnsd 113t ed
to consi stently prevent mal ari a when 20 used as the

l@mesml@cq;ml/@mmwm i B i théuprerducigbdmset

L FRsgul L o5 borne Jafection, albsiteal Levelsalhfe.dre
Totten |nsu? P CTent - Theor €t ca anal ysSi's P

appiti €t Bsh thatsiidie WAEEimes Comekager asl yveZ(bo:a)s t he

vacci ne_efficiency shoul d be above 85% or otherw se

25 mR At Beet mrE i iRg efRC TR sstpEdqes tested

11?”1%@193 I‘H\?@S’oé&@%&toﬁl %959]@ n&{@el‘_’\’aé/f oépor0201te

I nduci ng an i nmune response in a manmal is
swdia e samrigegnan Ting €3 i pusteset oy, tMthlmanmécaoarum

antigen demonstrated to consistently prevent malaria when
used as the basis of active immunization in humans
against mosquito-borne infection, albeit at levels that
are often insufficient. Theoretical analysis has
indicated that the vaccine coverage as well as the
vaccine efficiency should be above 85%, or otherwise
mutants that are more virulent may escape in endemic
areas {(Gandon et al. 2001).

One way of inducing an immune response in a mammal
is by administering an infectious vector, which harbors a
nucleic acid encoding the antigen in its genome. One such
carrier is a recombinant adenovirus, which has been
rendered 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
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nucl eic acid encoding the antigen in its genone. One

such 30 carrier is a reconbi nant adenovi rus, which
whamehessd rendered replicati 8n- def ecti ve by r emOwEP200$/055209

regions within the genone that are nornally essenti a

| t th | f
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1 V¥R 2066/ D334 61 1T/ HR20054 06 528 o bt & Y ey @l ige kil OWN

in the art (WD 96/39178). For instance, H V-derived
d%[?ﬁ@@‘é?ﬁ@‘%o%oﬂe?&% HavEUHERR TN rif edetbvgred Y

R P o U B o1 W 0T Ssbor U BP0e0s us

6,62373,399:9)8) In makd ara A, re@mmﬂnaamtammsusbdm@d
vacgci ne ave been_devel oped. These vectors express

VIR QST NI B BT TT VR TR eehe

celf®] A% i & an SNdpl PESET ¥ECE QL Sohayvee RN S iy £ 05
be capabl e of inducing sterile imunity in mce in

medshonstnd othe 99 e eighes i maimi ey ozen (B Ube ek
t t + T
O§ Jff?és pr I%’Hr I?ﬁllggaﬂw@ﬁf&df%%%\alyfggél n %ﬁto a

SM@I@Cimmmj_ﬂmajC&Sé’ll mxp’eaemmea]g@ of andix@uel stit has
have re- exi stln&l (gal nst the generall used
rfaa%w%?trafse% ¥ sc%%thT e Lo VAT Le st Rt
t}(i“@@de%f%hﬂ%@&éc?spﬂ@t{@c@f&ﬂ oped in the art,

wherein reconbi nant replication-defective

adendii¢eisesh i eodagenitagn seridiesdudbs Iearce.)m@ ed
e {eteX| stln Jgrrmgléjynst 1%he éﬁéﬂﬁ; neut 2|n ral
ant i bodi €S Oanny WE Sl %ngerce %ge 0 IP?
vdacfltdmyak daaatls . a I hesen Sl ol y pesr &t goe gRNEAE@S ) y mee,fz err ed
to as. | owneutralized serotypes, or rare serotypes.
te¢hRRkoFbtmhd'e Fat IR horad 2in ?&b‘?eﬁr%’o"@erWS Ad48,

r &b A0 ARG e L DAL LdCtl @] Ve USEL v { Mo Q%JQ&@ased
VO 02/ 40665; SCoT DaT204 WS 2004] 083ATE:

or\/o&ﬁ]tcstmeal thm@com@@eiﬂ@e@-@ﬁmﬂt@ cnmuammmglra
tf Egkg é%uﬁeutralizing antibodies only in a small
percentage of healthy individuals. These serotypes are
generally referred to as low-neutralized serotypes, or
rare serotypes. It was found that Ad1l1l, Ad24, Ad26, Ad34,
Ad35, Ad48, Ad49 and Ad50 were particularly useful (WO
00/70071; WO 02/40665; WO 2004/037294; WO 2004/083418;
Vogels et al. 2003).

A DNA-based vaccine containing a plasmid that
expresses the P.falciparum CS protein was developed by
Vical, Inc. San Diego, CA, USA and the Naval Medical
Research Center (Horn et al. 1995). Studies in a mouse
model demonstrated induction of antigen-specific CTL and
antibody responses following immunization with plasmid
DNA (Doolan et al. 1998). However, thus far the sole use
of DNA vaccines have proved suboptimal for induction of

protective immune responses in humans. Using the DNA
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expresses the P.falciparum CS protein was devel oped by
Vical, Inc. San Diego, CA, USA and the Naval Medica

whRemeasshs Cent er (Horn et al 7 1995). Studi es | PCEHEPIOTES5209
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suboptimal for induction of protective inmune
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dg%‘é” ﬁ&@%ﬁ@ﬁ?@uﬁt%%é’s at evelf)op a}#@%odl e%d
syagaiaisic theptCqgs otamy aest aalses%@(m by altibugcttheir CTL
fluorescent antjbody. test (IFAT) against air- dried

CIRPETOF A E1H S HYai nst reconbi nant and 5
synthetdsnpepd i desnd ang, £t (@hri 2004 ) prtd ouahatdei 4

CTL responses were si gn|f| cant. In contrast, the
VIOSLS (Frpidady Fordem)e et br i BO9vades ner %\fb@'r@%@h WO

S T e R e T

tipt AT Ripricent e(Kedtat .e2000;, ROUL esteduead .c19V. BIGY
8%?%\1\#” le it | s also a potent inducer of Thl t

SRV e Wb ot ® | S yEOWBRE THBHT R yTT FhEe

c/BOE L depeatiRbly1 PIatect Sy anms oxi IRt el yahal §, Otfhii‘e
reci pients. However, the protection éelicited

vagcime ofemirabbmrzammpi(ﬂmplemem@telﬂg%yf of the
r{ATOLEAL L oML, R SLces, LR i padhess 5

S
T Ce pen responses

o £08o it chtatiependetdut £Tdt oil ) FN%)r esmmsmsza(thIvamth
et al, 1999). However, these m nipmal_ CD8+ res onses

Rt h@f@lﬁ%&r&w%@n%@ﬁw s+ hredce
dé;%’%xgc?ér% ML LG ON ik TWUBN EBEAIPE od PlluGlofent

Thus, a rational inprovement would focus on
CBlnhan cETemN Joéspdfresemdumlﬁoembfemk TL2%Y) . Hespomses

QSR PHEP LY, NS S Jhe Al | 5099 A F5KE ORI D &
demonstrated to correlate with protection in human trials
(Sun et al. 2003). Thus, a rational improvement would
focus on enhancement of the induction of CD8+ T cell
responses to CS induced by RTS,S.

The challenge of developing a falciparum malaria
vaccine that has a protective efficacy of at least 85%
has not yet been met. The task is particularly difficult
because, unlike with other often fatal diseases such as
measles or smallpox, prior malaria exposure and the
development of natural immunity is not protective against
subsequent malaria infection. Of all vaccine candidates
and vaccine delivery strategies tested to date, only
RTS,S has consistently provided some level of protection.
Other tested candidates have either been inadequately

immunogenic, or immunogenic but inadequately protective.
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25 vaccine that has a protective efficacy of at |east

85% has not yet been net. The task is particularly
waldobioesss because, unlike ®ith other often fBEEEP2005/05520

di seases such as neasles or smallpox, prior malaria
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delivery strategies tested to date, only RTS, S has
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a ?ﬁ%ﬁ?#d?%ﬁﬁ%ﬁ?ons desi gned to take advantage of the
opti mal serol ogi c i munogenicity of the
prot ei n/ adj uvant approach together with an excell ent
i nducti on oBPREEF| DEaFREPTESNoREeSHEr BRAHENGBY

in : . . . ¢
U DEQlH P O HE DHANNES B sty o 1EFtRts,
fdel @red agp use psureddpoiasd 'V acel hat ¢ o egi ensEN-\10
followed by neasuring the T cell response in | FNy
EIEEFW%%\Y%%SI?J& SR R h TR s b C TS,
REGSHONS 6 Y@ S IBASEE £ O f Y0, Mk sz Afd £1 £ MRl L hoost -
Hori zontal bars represent geonetric nmeans. Figure 2. T

Heel fonteshdrses messite seh i ro¢ e tyr B I18ROTs 15 anal yses

r el at to t C-term nus of CS. .Res e
EE e TGS B RN TR ot ch N £
afl pse s eps Estedd Qe oftes ¢t mmisus R YU E. Re HAdnDoOdyas
response neasured in ELISA related to the repeat
MBIt oS o eee RoRtRR kit oF tEINDbdRe0s B0 Horizomtat bars

r@@fésé@lpr(fé&ﬁgtlgle@rmégﬂg_ nmeans. Figure 4. Antibody
response neasured in ELISA, related to the repeat

Figgien of AIGS| bady eee I 513 mfasurddobt . ELHYR zontated to
tl‘?earrselgee {erseegn{orgeggeég,l Ctv%eav?ese'ks after boost.
Horizontal bars represent geometric means.

Figure 4. Antibody response measured in ELISA, related to
the repeat region of CS, three months after boost.
Horizontal bars represent geometric means.

Figure 5. T cell response, in experiments priming with a
recombinant Ad35-CS vector and boosting with RTS,S or
Ad35-CS, measured by IFN-y ELISpot after two weeks (left)
or after three months (right). The homologous
prime/boost/boost regimen RTS,S/RTS,S/RTS,S was used as a
reference.

Figure 6. Antibody response, in experiments priming with
a recombinant Ad35-CS vector and boosting with RTS,S or
Ad35-CS, measured by ELISA after two weeks (left) or

after three months (right). The homologous
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Figure 5. T cell response, in experiments primng wth

a 25 reconbi nant Ad35-CS vector and boosting with
WERIBsB1BB4 Ad35- CS, neasur ed? by | FN-y ELI Spot BET/EBP200555209

weeks (left) or after three nonths (right). The
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AdBRT D mmbxmecﬂn it@tel\tt’dfwdRTv‘Ee@c@r (ﬂ@f%ﬂ%ﬁ&ftmaswze@le
after two weeks (left) or after th months (rig
m%@%ohﬁ%@us e nk? Q‘?%o%?“? ?%%t /boost regl en

Rﬁ%ﬁﬁ%ﬁﬁ%%a@%é@&%@a%ﬁ%me Figure 9. T

response reasured in | FN-y ELI SPOT anal yses
Fx@uuee e¥. t’-b ¢kl Ne¢ spon $rI e s 18 d t W I/@ek\s BEISFOT 15
zon s [ epresent mean
e T 400 o P e Al 3T ke e eer
bcadsat ymrim:attaaﬂ bord heeiN-¢ et @@orﬁét@ xﬁémee nmont hs
after boost Hori zontal bars represent eonetric
Fimar . 1 F|5Lﬁ‘°e1]11reﬁp%fe?r€? PRAPHRD Fﬁ% W etk 3 Pls,

ahd PO SXRET 4 FEA LS, P &1 I@-gtéf\hﬁ{h@s rc?fiocf@' n@%eé\%@nt@%
vector and boosting wth RTS,'S or Ad35-CS, neasured

afafeerboawt wetksiz¢ntefl )bars af¢rre sdmieegemmt tisi € riegns .
FJ@&rhofP! qggll response to the N-terminus, in
experiments priming with a recombinant Ad35-CS vector and
boosting with RTS,S or Ad35-CS, measured after two weeks
(left) or after three months (right). The homologous
prime/boost/boost regimen RTS,S/RTS,S/RTS,S was used as a
reference.

Figure 12. T cell response to the N-terminus, in
experiments boosting with a recombinant Ad35-CS vector
and priming with RTS,S or Ad5-CS, measured after two
weeks (left) or after three months (right). The
homologous prime/boost/boost regimen RTS,S/RTS,S/RTS,S

was used as a reference.

SUMMARY OF THE INVENTION
The invention relates to a kit of parts comprising a

replication-defective recombinant adenovirus in a
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pri me/ boost/ boost regi men RTS, S/RTS, S/ RTS, S was used
as a reference. 25 Figure 12. T cell response to the
wokdensisaus, in experinmentslbhoosting with a PCT/EP2005/055209
reconbi nant Ad35-CS vector and primng with RTS, S or
measur ed a (left). or after
S%‘?aek?% %Jspj(‘?ri'@htialdrhgegerh%‘f:rb]f%sgo%%mpglsmg a

ht 181 heesd / DeOBd i ¢ egd 18 Ne IS A RTS, & FISnSp 0188z disSe
used as a reference. SUWARY OF THE | NVENTI ON The

(GRvembren ef m@Tes? R b2 ki3~ @AUpERY PTorprisi mp@ an

4007 Ga i U8 B Loty Dsbog ” S0t Lan L el o ek

maka 0 @elenoving spgonpt tsi nghare het €1 0d ogousunucd et ¢

cid encodjng a circ oro |te CS) antjgen from a
G SY TR ol gl Pt S0l LM o o Oy ot L 1ng SF uman
a0 R1 PAE eQitso B d 9D, ;paref@e:abizy aisso fgoma ar5d 50. A
mal ari a- causi ng parasite; wherein sai d reconbi nant

Prriegione d Lrgmiseﬂsreatmleﬂ 3ohg e TheC YRS @D MT St $ ngllet
pp% éiﬁﬂ) er r e %plg?%%%le%%sl%n?l;émogé ses”

I'gen conprrses
&S o rdhe preferred nalarla causing parasite is

Pl asmodi um 10 fal ci parum |.n apot her, enbodi ment_t he
i nvel? i P HISD sHEpedlrenty theclnenigon also relates to

th&PhdLal on-def eetd Veo £ esorbifapt AdenVi KMS. adenovirus

conprising a heterol ogous nucleic acid encoding a CS
cmrg@mq r@dr@temla@chmrwl@l@aa%dt@cm@ra o

uvated 15 RI Of £l haceous. ant i refer f
PSS M S PET RS 48 Bt S {60 Eeea

piet €imad s | dnﬁi‘@ennméwfamey Or‘fr@n @dna:ﬁnﬁﬁ dDlising
t he treatnent or _prevention of malaria, wherein said
PRERDHI nTHD 27IeRRTTRRI 8 fA LT iRaiimdedvites or a

Agenayt f&%@&é&ﬁ@wpﬁoé%h@%r@@um% e 48,

m
49 or 50. The invention discloses certain preferred
ppevemtion of malaria, wherein said recombinant

adenovirus 1s a simian adenovirus or a human adenovirus
serotype 11, 24, 26, 34, 35, 48, 49 or 50.

The invention discloses certain preferred prime-
boost regimens, wherein it is preferred that the
replication-defective recombinant adenovirus is used as a
priming composition and the adjuvated proteinaceous
antigen is used as a boosting composition.

The invention also relates to a method of
vaccinating a mammal for a malaria infection comprising
the steps of priming said mammal with a replication-
defective recombinant adenovirus in a suitable excipient,
said adenovirus comprising a heterologous nucleic acid
encoding a CS antigen from a malaria-causing parasite;
and boosting said mammal with an adjuvated proteinaceous

antigen, preferably RTS, S.
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boost reginmens, wherein it is preferred that the

replication-defective reconbi nant adenovirus is used
W@3008/040384 M ng composi tion ahd t he adj uvat ed PCT/EP2005/055209

pr ot ei naceous 25 antigen is used as a boosting

conposition. The inv i s to a nmethod of
vacci nating a na Twepfn%lrﬁg [%lﬁﬁs(%r]irpgfﬁ‘\fecti on
CONPrisipieesdiie BiwPst Won Pré M Higs Sted tGh NBIHED £ Whd Fr &
replication- defective reconbi nant adenovirus in a
CHWE BDIRI ek crep bHtat Bon wdg B dderR i e embmptt stdRpVirus
. he i I 1 .ng: A antigen from
R L STl b AR
aderndw B ad;omwert i g o ehaaeeousgoantngelei@radied abl y
RTS,S. WD 2006/ 040334 11 PCT/ EP2005/ 055209 DETAI LED
ERERPTE N HRE R L FRvER ) P T TSR €559 & htare-
ch Sy SOFPEE Ny rEP! d SRl Oredled et d Mes s oefTh @iden ;
adenovirus in a pharmaceutically acceptable
Whied Pi esrt1d sieg @PrE0 ieRihio A ARIBOCOIPT | 5% e ke dilee @r b @y oliiee
e cjid: _en 0 anj g
T o s e SO ERS DRl B L Tk 7%,
3praiel NneEeolSs ad i Yen; Praherab y Sadali d ecoddmmiiatdn t
adenovirus, is selected fromthe gr ouep consj sting of
AfRPRN EHR NV MU A GRTPEAUS  FALO R v FLsA5” 48,

p A9 aPEL 30 s P ef £r all Yo r 8L G F&COMDI NAM L AASNOVE & MSi 1 S
human adenovi rus serotype 35. Also preferred is a kit
sabd @b rrpinacedies i avehdecoerefes LY protel haceo usn

1RSI, COMPLI 568, @GR PLOE €1 fo 075 Al 1 ITHNOgEN] ¢
I]Fnl}ag AtT T hereor, ¥ riohta Pl ar i Ar cAus] ng 15 par asite.
paied ghi 2 01 B4 A CEOISe Bk ¢ FOs COMPT e Scief s @bl yreBerably
hybrid protein of CS protein or an inmmunogenic
a theyrehtPre R L U3 S Y r theP S 1A T abB i RR IR’ fFerament

ciieRadt thSs By Vb ruse (HsADe Am%fﬁéﬁ ofebd ORI Ot N

particles wth HbsAg. In a furt preferred
venmed{beshg) 1 hin 20her el nat ebisornt i gem ponpi¢bes with
HﬁQE%FQIAta'EhE%ﬁ%E preferred embodiment, the

proteinaceous antigen comprises RTS,S. It is also
preferred that said proteinaceous antigen is adjuvated
with QS21 and 3D-MPL, preferably in a formulation with
cholesterol-containing liposomes.

Although it is known in the art that different
parasites cause malaria in humans, one embodiment of the
present invention is a kit of parts according to the
invention, wherein said malaria-causing parasite is
Plasmodium falciparum.

For proper immune responses it is preferred that
said heterologous nucleic acid is codon-optimized for
increased production of the encoded protein in a mammal,
preferably a human. The recombinant adenovirus may be

present in a mixture with an adjuvant.
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preferred that said proteinaceous antigen is adjuvated

wth @21 and 3D-MPL, preferably in a fornulation with
W@ babestsas ol - containing i po]s?orres. Al t hough i t P FERIVOF055209

inthe art that different 25 parasites cause malaria

in mans ne odi ment of. t he %‘/esent i nvention is

e
2 ki Thorapt TRttt o THhide a9 AL TON, ° whet ef 7 n

he FBlariloe €apsi oY RaE@bhd® 1S wdl BSdPsiddated by
fal ci parum For proper inmune responses it is

tlt%e ¥ e dinary 3oksht dimethe otl@@oﬁewt%. t:hﬂa%n Phrer
%P%&%&&%Et%es 'é‘t‘}ét‘?aé@cﬂ%?é* %1[.

enc proteirn in a nmanmal unan The
aderonirunssd  achen oo und tmylrb‘eectprlesmrt ¢eﬂlbs Mxtwitero

a ant. WD 2006/ 0 2 PCT/ EP2005/ 055209
o A R ST 170 Al L A oS T JSHET GG st T
tHWHBNs Gerd NET Ye Of s VBSE | 1Y@ Shiirba Ve @ ecirai£d e
those of ordinary skill in the art. Besides this,

igteietiomonl 3 eehove raiskest s@f:rpc'aet%mmrwg a

t/é‘at?tlor"f‘dc?%%’é{ Hoe e dis én?bi o J‘Ee‘k}f JI‘Jf cells

ar e ore al'so applica or %urran
b@]\Sﬁlél&f@@lO\fi‘hﬁhsﬁ aera)msleanahm&icsalbyv a dcdypiranl e
sanp] es. Thus, the invention aJso relates to a kit of

€ ERlonpid G RASNOY RIS TR SR A | WG ek Want

né%I%f%Laéﬁﬂ”éﬁbéﬁlﬂé)5“%6d5hf55%5ﬁﬁié@ ¢ @imsporozoite
pharmaceutically acceptable excipient, said

(@®erovi Yasn conpr | 81 agmed hen efol ogousumn umcei n gedpuvated

o EOCORLIG. &, £OHAN OBL | T £od, £ (o umRDOr 02gi Le,

|gen rom Bl di um Cl'par uni and" an aa’guvat 5|

pmﬂémmcaws §enidl gero Conmd ¢ Sdug BNS, Fon wheraed;ruvatte@
15 preferred that said prote| naceous antigen js

whielh W3 PN i TR0 R SIRINPL, 1ibrr e EBHA F fm with

cﬁﬁé@%@fé%%é&nfﬁ@' SiQhssontaining |iposones. It
I's disclosed by the present Invention that certain

pri nkt bopsdiselp sehsoprow deresennekpest eoranthat
certain prime-boost regimens provide an unexpected and
striking result with respect to immune responses if the
different components of the kit of parts disclosed are
administered in a certain order. Thus, the invention also
relates to a kit of parts according to the invention,
wherein said replication-defective recombinant adenovirus
is a priming composition and said adjuvated proteinaceous
antigen is a boosting composition. The immune response
triggered by a single administration (prime) of a vaccine
is often not sufficiently potent and/or persistent to
provide effective protection. Repeated administration
(boost) can significantly enhance humoral and cellular
responses to vaccine antigens (e.g., see Estcourt et al.
2002) .

The invention also relates to the use of a

replication-defective recombinant adenovirus comprising a
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20 striking result with respect to i nmune responses if
the different conponents of the kit of parts disclosed
wae@e/oassi ni stered in a certhin order. Thus, tPEI/EP2005/055209
invention also relates to a kit of parts according to

the i ti wher ei id | i | on- def ect j
hG TSN EHOUT 11 Deot O | ftrty LOMEEET 1 dhd
mSBd € Bl Ay gl fu 0 £ hACEDUS arRMddDeratSd o Rvasind@ous
conposition. The inmmune response triggered by a
A HifR Hnthe SIFRFRC LR | de)a gredl GRIERI hefOF st t en
t%l%trﬁérﬁé | & %‘Eéx}’erﬁl@i&mof‘r}%%ﬂa@rSv'«}?éfé‘{n.tsoai BOV' de

ective protection. Repeated admni nistration
rédoasinacandemgwircants ya esdraiae, huna@inandc dedvinar

esponses to vacci ne antigens (e.qg., see court
2 ErEOD8ES) Sy il Ao s ert erite The the %4
34epds catg onaglefecin Ve K LeODi Nant s AgeNOVEFM$ that said

conprising a WD 2006/ 040334 13 PCT/ EP2005/ 055209
refel kel byoude fret Bre meenehevdi moencsi ang i feridedma a
or no. bar ALt e, . C v .
o PR PSR PO BRI AR S P AL AN e naceons
ametheanentuded ddea boeat mentcanpds Bviet | dc@rding to

mal ari a,. wherein said 5 reconbi nant adenovirus is a
Og n?%‘h‘?dﬂaln%%i e, tRE bRTEREL e nbyi FRS2 T &P rfunkse

2 @USNPML & USo Sﬁﬁé’t%ﬂ)@eﬂ-@io@ﬁ’w@re%&%hé%r%iﬁ@c@éuéo’

wherein it is preferred that sai _ _
antgpfer atompc defect | V@ peelorbinamt arlehowvinesensc used

as_a 1pri m ng,£0 ositian and. said adjuvated .
fra%wen ther n Lrom a malariga-causit ?KPaEa31te,
pr el haceous 0 &an Irgen I's used as a ost1 ng

pEOMPOSH 1y ORI a AGSAT G NGa 1 ©1 poHAem £ ot nend t ©f nd dous
invention, it relates to a use according to the
AR RN i RFE T il Y YT bt ot eF nadeotd P%ﬁﬁ@g%rpf CS

AP A A
spr&f er el iyl Remshoot ureat T parkinriSas d(ysAel nateouse
£GP BFTL BLELST R0l Y SoIblLoee AL WL, 0T AL o, B
ptderred adjuvated proteinaceous antigen, while a
preferred adjuvant is QS21 and 3D-MPL, preferably in a
formulation with cholesterol-containing liposomes.

For optimal expression followed by optimal immune
responses in mammals, preferably humans, the heterologous
nucleic acid used in the present invention is codon-
optimized for increased production of the encoded protein
in a mammal, preferably a human.

In yet another embodiment, the present invention
relates to a method of vaccinating a mammal for a malaria
infection comprising the steps of priming said mammal
with a replication-defective recombinant adenovirus in a
pharmaceutically acceptable excipient, said adenovirus
comprising a heterologous nucleic acid encoding a CS

antigen from a malaria-causing parasite; and boosting
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surface antigen fromhepatitis B virus (HbsAg), in the

formof |ipoprotein particles with HosAg. RTS, S is a
wQ@Roopneiss red adj uvated pr ot ¥ naceous ant i gen, PEEP®OR055209

preferred adjuvant is Q521 and 3D-MPL, preferably in a

Dt Pk prbbi 0, 01 TSR tr Ot PR PR Len

CHRSPDNSERS 4 Mm@l Srots Bf esabty htdedsn dhean
het erol ogous 25 nucleic acid used in the present

IMpReI$HHC | Sraguont optereolediyerd | Herideshdr plodues i barm
f in. l,

ob RIS LR AL, wik? MRNE, R B A APl dadeous

an vt | ore fedial e scdmpal sret RS of, waoer et | tige go rafemted

or a nml ar]j 30 infection conpri si I he steps of .
sy bt TS o et TP e ot JRa At ion
w1 €6 ORI it e ASIENQY FakSn i Ay a1 1 MBELUhEAd Y the

accept abl e exci pient, said adenovirus conprising a
Pl e e dgouka Pt @i ws Hed dearmddingl e B smedigen from

I a- causi ng parasite; and boosting WO
f%b%@%%%%@34 14 PCT/ EP2005/ 055209 said mammal with an
ad] umied Belr Prdt Sderaceinnss ant tigeh aconmuedithy prdytes d

rotein of CS profein or _an inmunogenic fragnment
reFHIMRY R iy TP HISAR N e 91d Forikhe d?eﬁﬁ%%’%r%? e

pRaEdh €1 S5y ¢ b AheAg - bd heuRd 0t &F NACROUSPn adHd PSP ruses
preferably conprises RTS, S, wherein the preferred

sd) Lvang IMBAGS2 IcamthSD-MRL beir eieradtyovireses, since

i ormulath 0 o v L chol esterols LONLAI NI NG, | POSORES, o
WHET eas pre‘? erfed mal aria: causi ng parasite is

et @siosht Uit e+ @k T4 il Mo mrhdh B e f o1 etk acemoan ¥ usest that
are used to produce reconbjinant adenovirus and_used .

WhiCh HeheretdrodRe et heV 1 e stht £¢ iR m B halye Hd hutrmi an

a@En N BN, Agenovi L US eSe SUCTLAS St Mdan LSRN AT s

bovi ne adenoviruses, since 11T is highly preferred to
atsehglehpvivised fdmattidos nots dbsehesemtlegrein.

pPLE XS NG TR Y s d e A VB DOSY £y the
methods, uses and kit-of parts according to the invention
are human adenovirus serotypes 11, 24, 26, 34, 35, 48, 49
and 50.

The invention also relates to a method of
vaccinating a mammal for a malaria infection using a kit
of parts according to the invention. If a kit of parts
according to the invention is used for vaccinating a
mammal for a malaria infection using a preferred prime-
boost regimen as disclosed herein, the boost is

preferably followed by one or more subsequent boosts.

The present invention relates to the use of
recombinant adenovirus as a carrier of at least one
malaria antigen and used in heterologous combination with

one adjuvated protein in a prime/boost regimen. It has
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whi ch the reconbinant virus is to be adm ni stered.

Siman adenoviruses and certain serotypes of human
w@od®aowizsases are highly suixed for this, as POCHEPIS®GS209

herein. Preferred human adenoviruses that are used

for the t hod use nd kit-of parts according t
S T MATEY ek, S e oy s B o R P
ve®toB4andban 48d) dhda t &l b Bz e el h Ny e i OFo BdSOu$ €l at es

to a method of vaccinating a manmmal for a nmalaria

PFHIRCRYQH UBTTNLD KOV LR Hia pARST HRE oHHIHE t e Fense
id ﬂ%}?ﬂﬁé@@s:{ﬁ e % <9E %E?af‘.cfoégifgrénﬁ%c?ﬁfes and
| entron Is use or vaccl nat| ng a na or a
lomedexritay | onf eclie cimmusnegresporedes r eth pranetcbbost it has
regi pmen as_di scl osed herein, the boost is referably
DI | GHERE By el b s & SUBERRhef Cbdbst &ral HFSHE:
cRF PB4 NYEeRtd 0P 48l At@scd@iddeasen©fgerk ecOMb ety a
adenovirus as a carrier of at Teast one nmlaria
spg e gernarkPeasengn tietenlRgotsnchre hatibrimie h  one

gl 4 br o . Ceqi

B B o Sl B Bl TEREe s (R T gt o v ©

stipemitbt had st hies ciorbievahs omf ofual Midtad ve vaed osr and an
adj uvated protein in a heterol ogous ri ne/ boost

ay ?Mtb‘f%v%%%n% STPRIT TS Feshonser} nvectors

aPd i O RSy 1M 1 P Of s | Nhd il pde 8L T £ SIPANSLSa @b Piral
| ongevity of the inmmne responses. In particular, it

véizor heemd civeh tiete @i ed eneplal yrelmwredn vieddnewiviall

YECARL EAL T 09,8 uC] & o acl £l encoding. an aptd gen
$or7one %y a su sequeﬁ? 00stl ng, either %y é?ngle

a®tivat ¢ i ph echd naetd Dhawfhes) uvatwth ¢ of i iaceous
antigen provides 10 superior results in terns_ of

a1 ERFSR JMABEY RiRtRTIed | SREPTRAR 3R pRRRRVirus
1Prejerres vigalsyeci®rsyqgarggasignoviral vectors, nore

preferably human adenoviral vectors, and even nore

pr ef Rcadtdihynen euenewfatred embodiment, the
proteinaceous antigen and the antigen encoded by the
viral vector are malaria antigens, more preferably the
Plasmodium falciparum circumsprorozoite (CS) protein, or
immunogenic derivatives and/or fragments thereof. As one
example of this concept, the polypeptide encoded by the
viral vector comprises the nucleic acid encoding the P.
falciparum CS protein, including the N-terminal part, the
central part repeat region, and the C-terminal part (with
a deletion of the 14 most C-terminal amino acids: the GPI
anchor sequence), while the proteinaceous antigen
comprises the construct RTS,S, which lacks the N-terminal
region.

The adjuvated proteinaceous antigen for use in any

or all aspects of the invention may comprise the CS
protein from P. falciparum, or an immunogenic fragment

thereof, which may be in the form of a fusion protein.
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vectors that encounter |low |l evels of neutralizing 15

activity in the mammalian host to which it is
wa@cowsnisser ed. Hi ghly pref erfd serot ypes are PCT/EP2005/055209

adenovirus 11, 24, 26, 34, 35, 48, 49 and 50.

Accordl t o_.one referred enbodi nment

P T Mo A GAC AR Y HEH | Gor? heoEkd BEP R of

CR20Mbtedn VEETHE BRRuiBSedi@ BRddBens, Fds @ 1 efies abl y
t he Pl asnodi um fal ci parum ci rcunsprorozoite (CS)

SWF AR ranlekIen R JeeRat Heks VAT 1iess afiBoRI Y r dgwemh s

%&Teyp ptl%'z enco%le%@@?ﬂgésé/@r Cf\gﬂgt%%y%orrprlrses t he

emﬂta:immcach@b‘emﬂlmgamcﬁreniy 125k d attlod pasmm &S pr ot ei n,
Jncludl t he hkternrn part, the central part
LHRpRER ?Jgrgr%%r LT he 8 t BT AP TRrE 1R Viid Yy ciprise

f&ﬁ'&ﬁéxﬁﬁ‘lé’fsﬁmc‘ﬂﬁti@ﬁiy %ierm@&t SR AL st L of

GPI  anchor sequence), while the proteinaceous antigen
tl@rﬁzﬁ iRestetey conat rQﬂéthRCFS Hnggm crererks ehethe
‘% ant3 9&9” r?%'l SyALed pé é%{&%@&%
I gen Uuse n any al |~ aspec

hepsartenti@rB nra-yrmnmﬂaezeg)t hchﬁE e b B ntlﬁeE dmy]&md protein
fal cj parum or an i nmunogeni c fragnment. thereof, which

CORRC R T P t FRAYRGR ofECH (oA POt 2t nleafs 2b | BEFB4
aé—ﬁdf@ﬂf@g%/m@%\tfﬁlﬁmf@géﬁ@ @Ot e MY rminal

conprise a hybrid protein of CS protein or an
p¢mm®ge1‘h| tthed r@ynentdusetnd onamebermef‘e@ed ant |1gle¢1 ¢rdm
ERatIA] § Bt us L MBsaa) s i chle fwbrid proteln
e expressed 1 n prokaryotic or el aryotlc 0S ce s
ezamblmytrt@kmsmem o an f axhirp@par@imn et thgbesd dhetein
fusion protein may conprise  for exanple substantially
mey |0¢ h? GRerifHa OhdPtieh bIPORFRIES! ri?%lf"e}‘hle?r oukCBr
ts of the inmmunodom nant region, and
the surface antigen from 10 hepatitis B virus (HBsAg).

For Bxagmt@@hleamytthelde pr Dt ov idetpr i sger Bd sequente as
dlSC ose nIaHﬁ? @§/i6¥gﬁ 5231gnated therein as "RTS*"

e

but referred to herein as "RTS", which may be in the form
of mixed lipoprotein particles with HBsAg, herein
designated RTS,S. The ratio of hybrid protein:S antigen
in these mixed particles is for example 1:4.

The hybrid protein designated "RTS" herein was
generated using the CS protein gene sequence from P.
falciparum NF54 (clone 3D7; Caspers et al. 1989) and
comprises substantially the entire region 207 to 395 of
the CS protein from P. falciparum NF54. The portion of
the NF54 (3D7) CS protein sequence that is included in
RTS is the following sequence of 189 amino acids:
DPNANPNANP NANPNANPNA NPNANPNANP NANPNANPNA NPNANPNANP
NANPNANPNA NPNANPNANP NANPNKNNQG NGQGHNMPND PNRNVDENAN
ANSAVKNNNN EEPSDKHIKE YLNKIQNSLS TEWSPCSVTC GNGIQVRIKP
GSANKPKDEL DYANDIEKKI CKMEKCSSVFEF NVVNSSIGL (SEQ ID NO:1).



acids which is substantially honol ogous to the

Ctermnal portion of the CS protein and nay be
waleweie3sf the end amino aci/ds from the C terPdTEP200$/055209

the CS protein, for 15 exanple the last 10 to 12 am no

acids. The hybrid protein nmay be in the formof m xed

i poprotein particles, for exanple with HBsSAg. In

Ipasdt€id@rat here is: provided a hybrid protein as
di scl osed in WO 93/10152, designated therein as "RTS*"
20 but Ar ek¢hriedine hesédneasntaasd bwhhoblﬁayiuesiﬂ059—

the fo of m, xe |pop | rticles wt

ner el 1 Ogde PRATE RTERG RS AFRPrGTGF o BeFg Vo ias TOH3
pr ot ei GeheaBbig@encel ﬂnhb&%@tﬁtié@d 1pantigchieas ths sf @eading
exanpl e 1:4. The hybrid protein designated "RTS"

her ei nfkage pskgenr 4hed TREPngroRetes pseditn -gdifgsti et

sequengg fg@@@? fal ci parum NF54 (cl one 3D7; Caspers
et 198 d conprises substantially the entire

reglonTa%et am39% aekidkhemet pnat erd,f HemiPed from a
fal ci parum NF54. The portion of the NF54 (3D7) CS
prot ei RUSdgeERce eratersei HédPgded 0i/R) 36 TRESSHs byhéhe

NANPNARBRA. KENRERAE RARB AN A BRI e
NANPNANENA) NPNANPNANP NANPNKNNQG NGQGHNVPND PNRNVDENAN

ANSAVKNNNN EEPSDKHI KE YLNKI QNSLS TEWSPCSVTC GNG QVRI KP
GSANKPRDE[E TBYARDPEKKP ICRIERCSS PR ARVVRISSEEL 2PSKer | BEQ 1D

NO 1). N&’ﬁoﬁogﬁfc%%%yll oR¢L /1%87%09%935;%9%111% ami
particular S: hi onine re ue enc deg By
nucl eoticdds 2039+0106% dér ithed Chr pmottkeé nSadc fr.onyces

cerevisiae ,TDH3 5 ne enc nu otides 1-1058

o thi o GARPRG™ PAe bl p (ENE TONS T8y GAGPEFS ST al.
itsel f)yogbWsti et al. 1983). Three am no acids: Met
Ala Pro, derived froma nucl eotide sequence

(1062- r07@nicreaced HElyhe entddeldobiyngupieoteddes 1688 to
to Coni%ﬁ%etcgggtg%bgy the cloning procedure used to

construct the hybrid gene.

®¢ Four amino acids, Pro Val Thr Asn, encoded by
nucleotides 1641 to 1652, and representing the
four carboxy terminal residues of the hepatitis B
virus (adw serotype) preS2 protein (Valenzuela et
al. 1979).
¢ A stretch of 226 amino acids, encoded by
nucleotides 1653 to 2330, and specifying the S
protein of hepatitis B virus (adw serotype)
(Valenzuela et al. 1979).
RTS may be in the form of mixed particles, RTS,S,
where the ratio of RTS:S is for example 1:4.
Although the invention is by no means limited to
malarial antigens, the invention will be explained in

great detail using viral vectors encoding a malarial
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gene). A stretch of 189 am no acids (given above, SEQ
ID NO 1) encoded by 1071-1637 representing am no
w@ei0ds4@87 to 395 of the CS Irotein of P. 15 frdTEPANHO§5209
strain NF54 (clone 3D7; Caspers et al. 1989). An
m no acid y)_.encoded by nucleotides 1638 to 1640,
a Je%‘?%dl%ycérﬁq%y%?%w%gwjpt}}bc% ‘ijlb‘éae‘be P Lo F e US
md Ner fwbri gk gene. 2osdapf S0 Beidse £FO Wall The able
Asn, encoded by nucleotides 1641 to 1652, and _
te gppdsnttirg) IRCTrIburcadt ok P IRF eI hee3iRiuRS wiing

hepatiti v r protein
djt(?fg? enzue%%ﬁ%%&la {ﬂ{%%??%z%& %%f%%?%&% 226 am no
paet atisn a @nows exh tyge e cf vot | cigse 1 658t hagRBRO, agemk s,
. Specifying the,S protein of hepatitis B virus (adw
ROk R PR AR st A ST A TEISS RIESTRYE et YR
sdprmofidaxed pxtigl gy, RIS vt Bhuivhed ecd hecwimdd o of
RTS: S is for exanple 1:4. Although the invention is by
ampl gRrahs (¢ i o £ R0 IPEd Gr | GFA ayGensiex hengwl emnd ohe
15%&; be explained in great detail using viral vectors
encodi ng a nmal arial WO 2006/ 040334 18
PCT/ EP2005/ 055209 antigen in conbination with an

adj uvated protei paceous malarial antigen. Those of
ski TR PEPRERY t1RVFPE LR AP P ERD ot F5ER heCyeht al

dd £ach Y PL gtk her fidhn byi H51 ngec b f f &8RN /14 geni ¢
inserts and correspondi ng 5 protei naceous antigens
hé tone berdrews pa hlbgeni ac besrauendacineidinparmsaniebgen of

acteria i ruses easts, or even ,self-antiaoens,.
PRISHOG dn Taleadrun T & R T e oedinet Baia

vhSA et €% GEAsn M¥Enoter2dé ndsnieed fhem dikedotype
selected from the group consisting of: Adl1l, Ad24, Ad26,
Ad34, Ad35, Ad48, Ad49 and Ad50. The reason for this
selection of human adenoviruses is because the use of
adenoviruses in general as vaccine vectors 1s typically
hampered by the fact that humans are infected regularly
with wild type adenoviruses, which cause mild or
inapparent diseases such as the common cold. The immune
responses raised during such an infection with a parental
wild-type serotype can negatively impact the efficacy of
the recombinant adenovirus serotype when used as a
subsequent recombinant vaccine vector, such as a vaccine
against malaria in which adenoviruses are applied. The
spread of the different adenovirus serotypes in the human
worldwide population differs from one geopgraphic area to
the other. Generally, the preferred serotypes encounter a
low neutralizing activity in hosts in most parts of the
world, as outlined in several reports in the art.

The inventors of the present invention have now made

a novel combination between a recombinant adenovirus and
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10 The present invention relates to a replication-

def ecti ve reconbi nant adenoviral vector conprising a
wedoenaizagous nucl ei ¢ aci d s]e9quence encodi ng aPCERPiI0g&055209

of Plasnodiumfalciparum In a preferred enbodi nent

sai d, 15 giral vector is an_adenovirus derived fﬁ9n1a
as%lﬂ]fﬁéjpeé REVEetBd  rdnt TR Y r vt EERSt A HY ot R A,
rd¥ére NIZH, as Al 3o t AESHo g A\ & r A Bo @il Ad@di cH hecheme

reason for this selection of hunan adenoviruses is

nPeRAIRE the e i TerrMoviTuses TesREMe Al irducee dine
C
e o HR R ST ATy g HIe T Fypas e
Clactermvo I ustes , redvnihi caus eveg tar ars im@hpanend oy seases
such as the conmmon col d, The ipmune . responses raised
LRI | O QUEE Al T ettt o Wi AR B pa¥ ehit & LW I RETSetage

oS et Vipgn LR Ve Yih Rasd dheced fiLacynofigs. the
reconbi nant adenovirus serotype when used as a

Swermskeiraty r eelontiemintnalabet rel vademryisuehvestered
c e s_are
B S e 0 B o A L P T
s Bt Of Ygeest | Tmp hev drharmin 1 ot rhrolh el er qoexporn st ¢ odw et ff1ed Se
fromone geopgraphic area to 30 the other. Generall
SRR P EIErF B SerRYpERe dhbtdtmt el 1THW S RPN TSR

1 8CH1 MidYrd e ASY Sid Ny DS R LS hn tde 1A r@Sponses
outlined in several reports in the art. The inventors

gipfen hien priesento i pivesits o dayee hows mibeclesedviedrein.

conmbj nat i on between.a reconbi hant adenovi.rus d _
20067 Dt 55 PERLPRTIS omoos N el featien

de fe @t 565 ueMin @l i Ma€ i f1ad | OIm Boheddenov Bfes f eshidlo &8 a
heterplqg;us pri me/ boost, which schene nakes use of

thore dhitbrer finfire PRRpARRs THRIlRERS byPtheare suited
111 &L Qs COIPOD O Gei0lad hﬁarﬁ”éﬁ%@"@ﬁé%’?ﬁ%g%@é Pan

Choi ce of the reconbinant vector is influence
5t hosend thatWeneder24eutral i zing activity in a | ow

per centage . of Lhe hunan popul ation |0, need, of f he
replication-defective recombinant viral vector comprises
a nucleic acid sequence coding for the CS protein, or an
immunogenic part or fragment thereof. Preferably, said
heterologous nucleic acid sequence 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 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. Methods of codon optimization for
mammalian hosts are well known to the skilled person and

can be found in several places in molecular biology

literature.
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Surprisingly, the conbination of adenovirus-vectored
antigen and adjuvated protein antigen provides a 10
WG e@niofdzsant | nprovenent in ne responses ORET/EPINOTE55209

seen using either vaccine al one. The i mune

enhancenent _is illustrated by in vitro detectipon of

| T detsretetd Eied R ot e PRt e A Sh ot
a kSEl DS heF @ fectt Ivaned dsHib Bidodi d@oviRel vector

reconmbi nant replication- 15 defective adenovirus is a

aceer AN adenovtie usDveiRfelPas Whewst S adeninrgmplus
\ s . . g
cfh IRE AR o AR £21d M ARSI hue MOl RY ae |
camaied 3 Q4612 49yt d s ronep pas tdwan ne aspeodntof ideless
I nventjon the 2 ep) i catjion-defective recopbi t
A i bach i Loy Chese A VS et dede i B e
tHPf 16 LR R €ighe AEr AN v | SERHDOEN LoPAdtiMitely 45%.

fragment thereof. Preferably, said heterologous
Theicleyen b Beeidc® | 5N cotorroprdeed 4 orep kbl eviat @
d%éé&@f&é opeé&nk?im%er%\? v ia é(c@op,u%{]%rg:?n the CS
on- opt’im zatrTon i s based on the required am no acid
protd ant i s tdvey generat opt | OR| pootoin 41sagedi $ic 1 dse dradareto
i nterest and a nunber_ of aspects that should be

2@5/%/. et 8T o ROl rRF P O L exh @ st dnroSih Hsct s may

PDEa 5P} hELUM APPOU 1 O I RCEEPI OE £id GFen STOR £QLONS,
Ctﬁl-siﬁt)es?mpol y(nA) I%IT&) stT et ches, %nand AT-rich

sequBre sy odut ek eral o T AT ook t erden @ bra Metdolds: of
hcqglon.o tinization for nannalianl?ggts are Il known
c"tl Q I]%WIZ[ 1n c

Ve SKIT TSP P Soh FHES can e T ound i i severattt <nd

t pbBELBl y Nimed Beald athdi dogyf 4 ipefleddimg M1 line,
2006/ 040334 20 PCT/ EP2005/ 055209 In a preferred
AEHDRIT e S ML § rAaht FOTMIRT ARd dletlon of at least a

SRt &R s def eetiye Fecad nant-adenoyifadnyect of

according to the invention, wherein the adenine plus
gemym: neseom bt balaai thhepasld oyouss ysicdres caati d, as

pg%éggggéqgeff f{gggy}osine pl us guani ne content, is

The invention also relates to kits comprising as
components on the one hand a recombinant adenoviral
vector that encounters low neutralizing activity in the
host and on the other hand a purified protein, wherein it
is preferred that the purified protein is provided in an
admixture with an adjuvant. A preferred adjuvant is QS21
and 3D-MPL, preferably in a formulation with cholesterol-
containing liposomes. The components are used in a
heterologous prime/boost vaccine delivery strategy in
which it is preferred to first administer the recombinant
adenoviral vector as a priming agent and then the
purified protein as a boosting agent, which boost may be
repeated more than once. The components are typically

held in pharmaceutically acceptable carriers.
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than 87% preferably less than 80% nore preferably

| ess than 59% and nost preferably equal to
wa@ppsoxissat el y 45%  The i nv&nt i on provi des, | PCDRE2005/055209

enbodi nent a replication- def ect [ ve reconmbi nant

adenovi r al any.

t
PR ey et EHSLE (5 (et SR Wit I AforYin

£ 1280 O 0 BB B 73 s D S x s e B &L Vi e v Pr ed g &£ om
P.fal ci parum or an i nmunogeni ¢ fragnent thereof. The

the pRe | bh Lblfocﬂlé%?muwe%ﬁom%ﬁrw @&e applied

t}gc-?]%q'%]gptypl ca J[}f;&]&%%? ves t%ﬁéﬁé% a pac é]ag\?g]n(gc%é%?

fhrtiesr acmkamlersnmglsam ued uraant ¢ oasdn wea gl abed etnaoim ofn

at | east a ncti onal art of the El on fromthe
Rietoli rQl Fuy %ﬁe“(‘“s]’e% 3 s Del BT Or T %%%

aSYBi&dsaditye Pl efies r Bt &8t ol | ES) - rDa ddie ﬁcS‘V@{ktl@éb of

also relates to kits conprising as conponents on the
a ot hapreP el e orbi emt Laideolen aln W tidrexdrgutic,

I Yo it ost and
pfﬁ&?ﬁﬁgﬁier&wa&]nld&iﬁ%ﬁr% pr O%IM N \r/\lﬁéefr]agrlni]l t 25 1is
pr ef B¢ golrd it t hreveuuridn ademioégltrb |es mtvodesiti n an

adm xture wth an adjuvant. A preferred adjuvant is

CREDALNG R BEIBL, COF ef Pt 14 LG R R T SESTHEIng @

m&NOF £51 81 0L ot LON B N N A POS RS e SO RIS $1 3 €(in
used in a heterol ogous prlne/boost vacci ne delivery

ekthert egpgden, 30r whinhl fang¢gupkef ethedsteprs i o6t
= nister,d he recombinant . adenovi(al cyectol, as, a
primmng age%t and” Ther The puri |edspro]er %s*
aoDSdn NGF agemlcmﬁzhnbtmsd dayi es t & epeat £l Mﬁ: t draan
once, The conponents are typical I% hel d in
r

Pkl ek elit f2 AP 152 BER pf Albt B aF3 1 @ rRE O WS 2 i baed i th
aﬁlac*f’ﬁﬂd%?@oo@@@é@@&y RhaL mBCesh £24 Ay @&&?&Jﬁhﬁ& is

carriers are wel known in the art and used
smmv@to}mltrh@ Y ¢hap r@mg%lﬂtlnqr@fa?pélm cAg? bd UAed3q ,

Ac%ff ei(??gy’Agfé’rlfél% aredaﬁg{)gé, while it is also

preferred that the recombinant adenovirus harbors the
gene encoding the CS protein, or an immunogenic fragment
thereof. The preferred purified protein that is used in
combination with the recombinant adenovirus is RTS, S,
while a preferred adjuvant is QS21 and 3D-MPL, preferably

in a formulation with cholesterol-containing liposomes.

The driving force behind the development of the
immune responses is cytokines, a number of identified
protein messengers that serve to help the cells of the
immune system and steer the eventual immune response to
either a Thl or Th2 response. Thus, high levels of Thl-
type cytokines tend to favor the induction of cell
mediated immune responses to the given antigen, while

high levels of Th2-type cytokines tend to favor the
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that work well in vaccines. More preferred are
vaccines 5 further conprising an adjuvant. Adjuvants
wae@cksoan in the art to fuwX her increase thePCTYEPINGS/055209
response to an appl i ed anti gen. The invention al so
es to use of it accordin
R A TRros PR hei A ey ractht Thticen. Tt
14l aghostdst tieatemitibof trRdartite disdhecpi@sest Thl and
invention relates to a method of treating a mannal
ThoTt ¥l BHRYRE | 1R RIS olfs el et s nbee - il af¢ality, an

l%ﬁﬁe@%d‘gﬁfor [ rrutft aneous y?%%é@?gé%:&%?t 18
dast ibvesd ex s noe Bang eeosdhorminmd n talhe MO rars ImaedqmitgaxatnlﬁS

tigen of P.falciparum and admnjisterin
TR ST o B O UL oS e fet o
AR Xed Nty Red Uvnte rifk ef erabdy aé\acﬁa@éwbmant

adenovirus is selected fromthe group consistin of
mpgine QRpu T feRbl clersas g 3% s, anrdi 490 Bifer ad 9) .
e
g S R ST @%%Oe&épé%{”lth e
P OSAEEE 1 GATLD gletnd CImragnam IIL-I"QEr@ptfokﬂ'ﬂi‘@s m;efy red

purlflet}%grotel n that is used_in conbination with the
AdeovF ¥Rk IR R en et by ppetertaed

w A umant 1 4 $u Q52dn ae BD: MBlpe PIEh e @b Vs Zondds @re not

formul ation with chol esterol -containing 1i posones.
pihduckd gl fer ks betiat ameIIdel/Zel oblrretmmo]fasthe Th2-type

|nnune lesponses i S cy ok1 a nunber of I
resp? e dssocT % ?re%%Pn el
Hot el i nessengers serve € ce Is o t

5,301L+T6T)JHEL-SM$ta‘-3rm atfldn@ﬁﬁ&ﬁedf‘tﬂsﬂweﬂ@tabr+ rmmne-ss
response to either a Thl or Th2 response. Thus, P
| evet &l leAl | 2d YN et ki Heze t¥hd-he ¥ENRRC1¢R include

aI'l Mir?fhrﬁ)fsé:ﬁj: | sué‘f?dA§t§ﬁu ﬁﬂo&gﬁ@é c_!; ot b§lum)

gi ven antigen, whil hi gh IeveI s of” Th2-type
o1 ya ok resunt avi@bﬂdlai‘a@/,orbmthenaw QD‘%/M%%E@ of
PCT/ EP2005/ 055209. i nduction .of hunpra

e A S %eZJth‘E. g&h. 19Y B§ 2 nbrb??]a?ﬁnim SRR
of hadyldwecdlisfideinoOn Of ddyllaed sugars, cationically or

anionically derivatised polysaccharides,
polyphosphazenes, or montanide liposomes.

In the formulation of vaccines for use in the
invention, in the context of the adenovirus vector, an
adjuvant may or may not be administered. In the case of
the protein component of the combination, the adjuvant
composition may be selected to induce a preferential Thl
response. Moreover, other responses, including other
humoral responses, may also be induced.

Certain vaccine adjuvants are particularly suited to
the stimulation of either Thl or Th2-type cytokine
responses. Traditionally, the best indicators of the Thl:
Th?2 balance of the immune response after a vaccination or

infection includes direct measurement of the production
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Th2-type inmune responses is not absolute. In reality,

an individual wll support_an immune response that is
wa2alesensbed as being predomhantly Thl or PCT/EP2005/055209
predom nantly Th2 However, it is often convenient to
der Jles of cytokines in terms. of t
of ol [BE (MY cviftincol PRSP et B oSttt e

r&@tfixﬁ@l\at{ﬂ&ggl)ltﬁ r;ﬁdttiqém,al dyd/ IRl tHy pRed SSRANSES @f Eche
associated with the 10 production of the INF-y and

I9¢lp kgGeki rrislpyoT-antigrmcsrest L i mnt Hyedki freponses.
t
Tﬂﬁﬁg t: %ﬁf%ﬁe re po%iggl%&ﬁgnotmléﬁ%ed%@és

1§bl&ﬂé¢ Tfnmiﬂzpbpmldﬁhoﬂ$ltmnpr@dﬂqum@gmybevels of
responses are., associated with t e secretion of |L-4,

Thi~Y¥pe CYEO%H?SL“& %rfaet%%w Heed OBt rantyen 10
vidNE; ssdd iRukd&d| £hadjely s Sc f Of c Usmbdbd Ioh ivent i on

include an aluminiumsalt such as al um ni um hydr oxi de
refaPoriet Uy S sl al e i tm Phbsipiee el soufPerayf @ seraepke.
I | .ubl
Lo RIS oB0 B P50 LB ' ©
plSCb@.&fé a@;ajvaxmxadnhytmle a1 Nk €Al in td&'élpﬂ@ésk@retd

1{) sacchari des, L|§)ol ybﬁqﬂ%{?hazenes nont ani de
TS pO T R G H T - Vh ok S AoriThse i n
palf‘t.elcxhi‘é/ﬁnilc@éholébﬁ‘@t&@%%p}%s;%@r@ﬁeﬁﬂi&% (3D-

vector, an 25 adjuvant may or may not
MR n31%‘tl\éﬁ’1edls [an w@blﬂas@ﬂmfadmvmbtmmutmmwm

t.he conbi ng |on, t he adJ ant. ¢ osition
Rlbjr efc ed T 0 |n’dulvc1:oem_‘°—’l pr efer enjtl aﬂrﬁ'h}t resp%ﬁés/% Supplied

add anveturOther 3+ BSPONSEsl a tdit I ush dish @ ptesry hunps adl A
responses 'e%/ al so_be induced. 30 Certain vaccine . .
Lﬁﬂath}%%r at 'pa‘?lfi@Lﬂ‘%Y]r%/t%%i@é%i”f% thecar i bl REF bhied

r
ar%f% a% tﬁg%%?lr%? ot?h%n%%i}?&?sn AR in (G DINEPP04B,  unich

réfbt e oflshedlsoimees esiporsecpdtarien vat cdhetésphoryl
1 nf i on I dir ct asurenent, of th
WA T W So0h b Ese S S ST ok b ot e

purlfled and synthetic llpopolysaccharldes have been
described (US Pat. 6,005,099, EP 0729473 B1l, EP 0549074
Bl). In one embodiment, 3D-MPL is in the form of a
particulate formulation having a small particle size less
than 0.2 pm in diameter, and its method of manufacture is
disclosed in EP 0689454.

Saponins are another example of Thl immunostimulants
that may be used with the invention. Saponins are well
known adjuvants. For example, Quil A (derived from the
bark of the South American tree Quillaja Saponaria
Molina), and fractions thereof, are described in US Pat.
5,057,540, and EP 0362279 B1l. The haemolytic saponins
Q©S21 and QS17 (HPLC purified fractions of Quil A) have
been described as potent systemic adjuvants, and the

method of their production is disclosed in US Pat.
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of Thl or Th2 cytokines by T |ynphocytes in vitro

after restinmulation with antigen, and/or the
woreasmessent of the 1gQ: 14Ga ratio of antiBENEP2005/055209

speci fic anti body responses. Thus, a Thl-type

5 om0 G Y RUEE g ool A58 g g peieee
ré&fd R BeS Iherhd eusd | ol @ Bd(aM Adh -l d@ieTy & e #hdE®ion
and i nduces antigen specific i mmnq?% obul I n_ responses

ookl Aled Wit TRELS v 3 RAYPRL FhiuwEEhpfer systemic

Thl - e d ' i C dto
Val#%ﬁ%%hc% agj u%/%in(%?gbl ﬁts%%ﬂe %ﬂ%&?%@% S(%Jgsent
cy ek o megyre recl siolek o p oS pdf 0008 pi dPaticulate

articular 3-de-0-acyl at ed nophosphoryl |jpid A (3D
2 RBLAT ST et S Koy B TR it Lo 61 b7
oR Di addmapchesn adpnt anaa e cad f ¥3739 i sn@fiken

supplied 15 as a m xture of 3-de-0-acyl ated
9%f£bhbsphoryl lipid A with either 4,5, or 6 acylated

chali b i fi e

ot it iR TR e S50 B R RPAL B B s an
irthnsred Disiasu 1 dieo Py epbd @dhodl @f t Tl hasptwtylng | imetylated

and 3- 0O-deacyl ated variants thereof. Qher 20
CRiardFP el e St hetRe ) i ool 3 % R HRE HaleP beh

ceserdbed {48 Had - 3 6000 O904e ERo Q129403 Blnt B Dya.
549074 "Bl). In one enbodinment, 3D-MPL is in the form

Crpf Bbs lpaown cun atlee faormasitbheondaan redivenet [wipenticl e
ize. less .than 0.2 pm.in diameter, and its..meth of

2 ZhEE 4 E2ea MR bR PR EL AR Bl B0, LIS P O

oo &2 B her @xedid @ ofHidt ot dampgt | 1l wad Sobddekedrayhat
be used with the invention. Saponins are well known

Ehil INANE 2 C R exlarpael 1ot | Calneferd vt oniRie  driid
e Nen S N MRS S CAPEd e Y b AR SAPONMAS HWynenetic

Mol ina), and fractions thereof, are described in
oRegonud] @571 &A9, dewnivedP D3GR 2H0G Biend heednaemad ytwere

oS S TR ARG A LIS et
(B vantgit @ thiddiein vivo) . The authors of these studies
concluded that certain palindromic sequences, including a
central CG motif, carried this activity. Detailed
analysis has shown that the CG motif has to be in a
certain sequence context, and that such sequences are
common in bacterial DNA but are rare in vertebrate DNA.
The immunostimulatory sequence is often: Purine, Purine,
C, G, pyrimidine, pyrimidine; wherein the CG motif is not
methylated, but other unmethylated CpG sequences are
known to be immunostimulatory and may be used in the
present invention.

In certain combinations of the six nucleotides, a
palindromic sequence may be present. Several of these
motifs, either as repeats of one motif or a combination

of different motifs, can be present in the same
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nmet hod of their production is disclosed in US Pat. WO
2006/ 040334 24 PCT/ EP2005/ 055209 5, 057,540 and EP

WO382ATB381. Al so described #n these ref er encRGI/EB200$1655209

use of QS7 (a non-haenolytic fraction of Quil-A),

whi ch_act tent  adj f t eni
el ST et oneo BT GEBL. HIF ol yLorbete Bree
i1GEh Ostexhlil it G ¢ Hb G KEOW e R B9 HPOOB) goRad 1 St @ €

adj uvant systens conprising fractions of QuilA, such

Cay agHEMa g dvasOws el THEsRS | P& ¢ s WO U6 BB 7ED e vD

7 Ye ﬁ{]g? ' ty ant is
kjgﬁiél% (lgé[r%“rbshotsvtvl nu z?t%o?y oi i%ﬁ%?%%?é% co%t}lé% ng
cytroiey thid ad etdi viGpd damdichaot optesgd s CpEYer Goénétshyated

}?,ﬁgbr eviation for cytosine-guanpsine dinucl eotide
Chipt TIPSR STHIDECS 6 18V KW 1 TR T Ss
sdQL&-AMm Al UWBEE A badhin s sheres thy betibhSYSiEeM tory.
and nmucosal routes (WD 15 96/ 02555, EP 0468520).

Whent iprmalatediinyasvapstted Eh@atis tyenoNAL¥Y act i on

: ' I e- in ( I d. :
2T o ehes 1o Tt e, gy s Shtigen
(Wb | gOME ©ot | €es cherdonedl dritohy BEEH Dedet @ gitke e Samiet gen

shown té) be capabl e of_ i nduci ng i nmunosti nmul ator%%
(P £ 2456250 « hEPHNAR A a2 oy Le T Futdor s
aPimihese $udhesde conchaded 4 hat- £854 al i padindrom c
sequences, including a central CG notif, carried this
act i Micly . indetxd s ethakhan ysi s hdss shidved tdHaeve e Cde

e B 1o 088 {980 & oEetlaln. sequange context . and,)
That Juch sequences are conmon 1 hA bact erial S DR

1w s@ties f ad £l | 1h wed tebratiel N s ,Thend minestd md atsa vt s,
.sequence is often: Purine, Purine, = C G pyrimdine,
1Bk YA RE et Uik Eh ns3-hes Sl i3S i LRI pptydegstde)

Fdble QINET o UMRLNI, S KDG SEAVEICES W €h XN {q bE

I mmunosti nul atory and nmay be used in the 30 present
hydwentdon(EP n0c&942d n conbl hatn onstof amelsions (WO
9gwf%ff6;9%582fimay be advantageously formulated with
cholesterol containing liposomes (WO 96/33739), oil in
water emulsions (WO 95/17210) or alum (WO 98/15287); CpG
may be formulated with alum or with other cationic
carriers.

Combinations of immunostimulants may also be used,

such as a combination of a monophosphoryl lipid A and a
saponin derivative (WO 94/00153; WO 95/17210; WO
96/33739; WO 98/56414; WO 98/05355; WO 99/12565; WO
99/11241) or a combination of QS21 and 3D-MPL as
disclosed in WO 94/00153. Alternatively, a combination of
CpG plus a saponin such as QS21 may also be used in the
present invention. Thus, suitable adjuvant systems
include, for example, a combination of monophosphoryl
lipid A, such as 3D-MPL, together with an aluminium salt.

Another embodiment combines a monophosphoryl lipid A and
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pal i ndrom ¢ sequence may be present. Several of these

notifs, either as repeats of one notif or a
waowbiomssi on of different mMitifs, can be pr e SBECIL/EP2005/055209

the same WO 2006/ 040334 25 PCT/ EP2005/ 055209

onucl otide.. The sence _of one or nbre o
DT Tt H D T e i kS ool aaimngna CRST OF OS8P %ana
3@1M@9W|@D§¢ﬂ§§ed Cah RotIVA0®L YRS | OFSa | TR er SAISEESnic

including natural killer cells (which produce

coppeseton wherrl %&@kﬁ%l%%cwﬂm%o%mﬁterol
cdREL 0P %Q% ds U F yl ai 841 (PG CONtRD Nd 833739,

seguence aving t |s consensus sequence have
Yeﬁs&nmthebefmJGWENWIfmmmmﬂatummunmmbﬂvﬁmgstzhwﬁﬁrMPL
fornmul ated into VaCCI i'S eral
o e SR B | D 1L LD AL E SIT A T4 L1 (dereribed
1o gesy 1 100 B/ DsEne r 6ibSikdya) esdy conj ugat ed
to an antigen (WD 98/16247), or fornulated with a

oJeJa&‘@m@l%@QM%% arg uas e Lﬁﬁrmr@mi‘d@%%@atmﬂs an

C en Such i nmmunosti nmul ants as descri bed
af%%¢gu%%3£%ig f or mul at ed together with carriers, such

as, A osurxatpt eadjdvant posonkese il thd pwdesnt invention
enuIS|ons and or metal]ic salts, including alun1n|um

1g et (RGN s bl T rif bRl 039 Y1 UV astyr efpteample

t | EP
R R i R I

mmhm@eyhdhmég?émwwamwlw@d a% t3ID-APL, or an

hol est erol cont ai ni n ONEeS 96/ 33739 il _in
2\ e CO0LR D% (ABI00E%S S ot s dia=
w S clidyt deo I -oc st £d ieh g Iipcaé;cums)r M ddmieiketion of
catlonlc carriers. Conbinations of inmunostinulants

Oty LR kelh 2 250 EUEH BsOR Eoirbi AR RO

angd. t WO
COaTobtay Ve sriSa10" B0 Saraine . v oo beath o

9083 PE3%5; WO 99/12565 WO 99/11241) or a conbination
of 21 and 3D MP L %ﬁ di scl osed in WD 94/ 00153.
0

Al t et'Hatd %ﬁ%ﬁa%ﬁ ?&ﬁl%%? ?nt invention are multi-

fold. Recombinant viruses, such as recombinant
adenoviruses, can be produced to very high titers using
cells that are considered safe, and that can grow in
suspension to very high volumes, using medium that does
not contain any animal- or human derived components.
Also, it is known that recombinant adenoviruses elicit a
dramatic immune response against the protein encoded by
the heterologous nucleic acid sequence in the adenoviral
genome. The present invention combines these features in
a vector harboring the circumsporozoite gene of
P.falciparum with the use of adjuvated protein to boost
responses. Moreover, the gene has been codon-optimized to
give an expression level that is suitable for giving a
proper immune response in humans. The present invention

provides a vaccine against malaria infections, making use
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30 CpG plus a saponin such as QS21 nmay al so be used in

the present invention. Thus, suitable adjuvant
wWGeywbems34 i ncl ude, for exaane, a conbi nat i on BET/EP2005/055209

nonophosphoryl lipid A, such as 3D-MPL, together with

um ni um ot her enbodi nent. conbi nes a
o e R 2 A e A SRt e A DTSR For
nd&HF EP2H05) 0552050 d Be SAPONG N e+ &/8d + véd ﬁ@ﬁb\aﬁrﬁi@s
conbi nation of Q521 and 3D MPL as disclosed in

fom/ Oons RUROKE | 2ES ?r%%%z@%nl% ardnposiAibh Wférlédﬁe

7o D AT OB SR 85550 5 Vet “another

adj Uudtantndoreridt sciom conviodv rtget(ﬁén 3rdvRhalanik-causing

herol in an Qil in water e |s descri bed
o4 o TGS | B St eSSt et hese OF Intefest,
st 9PN UGHLOL & SheSe RS 61 4ISesh- @ @i@f@feﬁ@geﬁﬂ@rlwérﬁ‘t%}l
alum niumsalt. 10 A suitable adjuvant for use in the

PPesded ¢od@mtopipingsed prekeremeids rostding drigher
%Sjié%@{‘é { ef&&@'ﬁmﬂ‘lédlw t &‘%{{PFEJTI?% ng a

aponi n suc 1 or a 'nonophosphory ipid A
der i ¥ad | wee soie hd B8 SEPlentor t Bas Bl Lp/mmeﬂmqm:ti; si ng

bof h of these (gftlonally fogether 15 with
CRIIERT o1 S bt Y 1 IRSHNRCV I b YREF Uie drethed:

cid SR Mded Ned FOFERL AL BN he Shol &858 &8 Plboth

containing |iposonmes is described for exanple in WO
c Qb 3873 R Thehamviamt ayess of f tee pxreslerm $s/egnni oht ar e

1nvof %9b%9|g_ g?ﬁ?”Qhﬂﬁpt Vlr s an UCh%l odles

I nan enovir uses, can oduce 0o ver

Né‘\itgli‘efldﬁrﬁhe@e NgacEeohds 4 harie %@tﬂ@l\f&klﬁ@ieﬂ §@é@1me
that can grow in suspension to very high vol unes,

iMEIHGY FRUPMI Helta oot QRintah ke ki oval anbigen-
sERRR; degpyedr COIPONENtS+ 2b ALE0s Al Sn ko dhat

reconbi nant adenoviruses elicit a dramatic inmmune
Mo esporse ml owsdet hien privt @ ntlen cdtete hynt téwnponents are

et er ol o s nucl id se ence |n the adeno |raI
aéh nlste may af%eraghese 1 responses ang

give rise to different periods of possible protection
against future infections. The methods and kits of the
present invention enable one to elicit an immune response
that deals with all the different stages of the
parasite’s life cycle in humans, from free circulating
sporozoites and merozoites to infected hepatocytes and
RBC’s. Moreover, it provides a sustained protection
against malaria infections over a prolonged period of

time.

In a preferred embodiment, the invention relates to
the use of recombinant adenoviruses that are replication
defective through removal of at least part of the E1
region in the adenoviral genome, since the El1 region is

required for replication-, transcription-, translation-
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genone. The present invention conbines these features
in a vector harboring the circunmsporozoite gene of 30
wao2doaloeizpar um wi t h t he use A3 adj uvat ed pr ot ei PCT/BP2005/055209
boost responses. Moreover, the gene has been
gﬁdon- timzed to %jve an_e pregiion | evel that iﬁi
A RHEBTITE RETHSD Pr opeily diftife FELponse e -
dNLEBNS . vddigo P§ esent gd et 1 Porfdhayedlesn ac&/BLCl Nes that
agai nst mal aria infections, making use WO 2006/ 040334

camp e EP2005/ 055 b9l e o3 d Fefenfoin ¢ k@S « hedclicabt 1ines
: \ . LS : .
aﬁwgﬂﬁ Ele hmé%%sg gfér Ofhe gs;ag%@éﬁf D% ANEd Dol £5, ¢

preferr enoviru or this purpose are
viengdy peadd leawh e { Adilde dnek RekBh] ve spea MD £i0¢ AQAI71L

and WO 02/40665)._5 The cleic acig content between
KR e e s e T A oo PR e 6T RS AP Ei nar am
répeb dec oy ofnd Nt €I BStdepSsitthe @SudkEP BEAREENSO | S

very different. The invention provides

9 Ot ke wmereie Gelbzchiovief Mpingherell
. i T
CGRESERE PLAG SRS, SR TRt 30 Ty

arhl SR osetcihe( @ANR priov) desr adamaiea thieveet ttosredhadre being

rovides for proper inmune responses of both cellular
u T2 el e fPE PG kR %y%i%}ﬁ?q*ilown@m%%ent
addBsr Treedd s LA ﬂhQ&Aé@hé&“bf@%épﬁgﬂQéﬂbéé&ﬁ@%%ﬁef

of these vacci nes a]one est abli shes a sust ai nabl e
c¢ inere dapons eapmbied nitoklessugpdntal theverewigi of

reacntnil erga_nts pa?&i fciD\S‘:irC{leSe-l-s T%t eelll_' Stha%mﬁl}b%sececﬁ?lﬁi\faencg for
ant | bodi es feover, the order in ich e
adbid el e CONPONENtS KES) aAdKe fesdededi smyadd ties t hese

i.mmune responses and may 20 give rise to different
Pt @Rist @S pis st bl &0 3t ot Y i Gl Ot mstO 1Akt &7 1, WO
06 M @SH1 Ot L1 aBENOLs Al &6 155082 ! Neor EESEMs and
I nvention enable one to elicit an I nmmune response
medat deadistann hredtftdre diddereml sstagelss ofot dS as
circul ating

BB S B A AT B et T YT Bt B hebat ocy!t es
ré@fshbinant replication-defective Ad35 which may be
produced on HER cells immortalized with E1 from Ad35, or
on PER.C6° cells that further comprises El genes from Ad35
to provide proper complementation of B-type adenoviruses.

It must be noted here that in the published
documents WO 00/03029, WO 02/24730, WO 00/70071 and WO
02/40665, Ad50 was mistakenly named Ad51. The Ad51
serotype that was referred to in the mentioned
publications is the same as serotype Ad50 in a
publication by De Jong et al. (1999), wherein it was
denoted as a B-group adenovirus. For the sake of clarity,
Ad50 as used herein, is the B-group Ad50 serotype as
mentioned by De Jong et al. (1999).

The vaccines of the present invention are typically

used in prime/boost settings, for example Ad/protein;
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RBC s. Mdreover, it provides a sustained protection

against malaria infections gver a prol onged period of
WO 2008004884 | n a preferred enddi ment, the i nveneCDRP2005/055209

relates to the use of reconbinant adenovi ruses t hat

catlon v | east
oafe PR PrfleufT A i Ryl AR e M o R,
Adr@r&eiﬁmméﬁn/ﬁﬁﬂwmﬂ zﬁ@fpf@lﬁéi:@,&&iﬁll
transcription-, translation WO 2006/ 040334 28

VR EO0E? D55 29050 silel pabk 4t N Prorebsaned Hewl 2
t I
R Y e

nalet@tENR BEbr faincdconsinSuchviedl Vveoesr @Ghifdhentuserom
hereof for th rod n, of conmbi nant 5 vi ruses
2 dERE DT (L DA R Rt FYSE S et T SHoun | n
pﬁﬂﬁeméosﬂ@é@fﬁ@@l ¥5 HER LB £dncel hfen@son I eI@SENS 05
ﬁ@éhe cell s deposited under ECACC no. 96022940 at
Bk oprlakg et | @et (el vfPeeliiaes @y alze the essed.
(ECACC) at the Centre for Applied Mcrobiology 10 and
Research (CAMR, UK), or derivatives thereof are being
used t=quievent i $ hedgr Dekttdt | i wied epbiehi i DA a nucleic
conpet ent adenOV|ruse rca I n anot her preferred

%oﬁm bl 120 o o BT Lpptt et MR stipbrt e
OV by 0fn o8 £COTDL A AUSAOYI TUSESLO PEE, s haN fibose

erived for 15 adenovirus serotype 5 (Ad5). ﬁéference
they neae for pubtinet i dhso i 9 00BE] mmqm% by\O

u P 3 dec Y O LIS Yo e YR SO0 DL MO I o 132
rreans ta rnr ca r ee adenovira

aBé@ClktSaff udtSsaguenedd msy flog i hgie ageNOvE ytS form as
serotypes, such as 20 reconbi nant

We bl 3T ath Ghl Rt R 1§ YT AR Wi & 1P RiehP el O briRRISeP Hrithe
SR 6oLk b | Ao Abigie o it i Fhg F S AMAGIBE, 9. Oft is to

PER. C6(c) cells that further conprlses El genes from
bAd3tdet ot prdviltet ptdpervednpleremalt | encbis Breypenecan a

d%%en$;| %ﬁ?ﬁh o% {%E wfﬁdn8§ed 5“% &h eréékts illed in
the art will also be aware of the possibilities of
molecular biology to obtain mutant forms of a certain
piece of nucleic acid. The terms ‘functional part,
derivative and/or analogue thereof’ are to be understood
as equivalents of the nucleic acid sequence they are
related to. A person skilled in the art will appreciate
the fact that certain deletions, swaps, {(point)
mutations, additions, etcetera may still result in a
nucleic acid sequence that has a similar function as the
original nucleic acid sequence, and should produce a
similar or even identical polypeptide once translated. It
is therefore to be understood that such alterations that
do not significantly alter the functionality of the
nucleic acid sequences are within the scope of the

present invention. If a certain adenoviral vector is
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25 docunments WO 00/ 03029, WO 02/ 24730, WO 00/ 70071 and
WO 02/40665, Ad50 was m st akenly naned Ad51. The Ad51
waenehypss t hat was referred 3b in the nenti oneRCT/EP2005/055209

publications is the sane as serotype Ad50 in a

bli i by De J t al. 999 wh i it. )
S T & R P R AT (P erhs et e i it
iglardd Yoo HE5h@Srsisesh heret Nnthd sfidel B asupr ASDP b

e
serpt%ge as nentioned by De Jong et al. (1999). The
Rttt stibfoudie PrELerrt | vRem | YrCaraes 19t eal | §Lonksed

23 B b ARSI S R e o) SRS onr Tl £ ke Mas M
mqgtrm@mgyl/}ﬁdowmdrprm@i qut‘aAd;Ce!hdbidkdzi _pﬂ@l;ett'mns ,
gt oD ot L G ea Tty e A DR Y HAR

ctiQidatdOadh el anathefc kddwkof s vaecime {Seeht Bsn
5 naked DNA or a reconbinant viral vector different
afe ot 1 b erovs kdssyedralo bee dpptt e@df | the ohbyenition- wit h

i e/ t . t p e ' ti .
EAdlR L PO SRR Lo PAR B Pl e PESS O LMD e ons
il soe bel sk hadkbdnsetpiednitabls titerde @i n@asofisedirger

herein if. a nucleic acid can be, obtained through
Pb‘?‘?%%t"%llb%?ﬂ@o]f?%‘?ﬁ%vi W%Ql?%fbea%%%%en%}é%m%]o?%i?ﬂgoﬁlﬁ}bm
md\té@iéﬂé’eaﬂé I E$£Ss n WA & Eﬁ‘ed’efélt{‘iéﬁé éPS&@I@@i&@O

be obtai ned through PCR by wusing different pieces of
amiroasa bteenplene. iMhile neegisons eddong héer stleh E2

seque S be in.the wild-type.form.as_ _wel|l c
2RO a (R WD Mer S T B H DT Tat N e SRaheed to
tHesaddnd-si tdr avgbkicomdi 4k & gkrsywnd hiet | €hdONAt ldnd Soften

be understood that “derived  does not exclusively nean
a%Plb‘?ﬁiecstl%‘F%rﬁW%fl% e ]v&mjdt%%ef@@?r A?%r%%‘?f‘o"lrus

tSkbd lﬁéjckébe ,O thes lai'é gmlllé%(?‘llf SR P& avWas e90fetdeertain

possibilities of nolecular biology to obtain nutant

pd ot reo Of tlee cetemd i rpl exenafe nuetletc aedsonTheot er ms
apfnctional party, degjyatiye andlor analogue thereol,
be related to stability or integrity of the adenoviral
vector, as for instance described in WO 03/104467 and WO
2004/001032) . These applications relate amongst others to
the use of an E4orfé6 gene from a serotype from one
subgroup in the backbone of an adenovirus from another
subgroup, to ensure compatibility between the Ed4orf6
activity and the E1B-55K activity during replication and
packaging in a packaging cell line. They further relate
to the use of a proper functioning pIX promoter for
obtaining higher pIX expression levels and a more stable
recombinant adenoviral vector.

‘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
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as equi valents of the nucleic acid sequence they are

25 related to. A person skilled in the art w |
wappseeisat e the fact that cdrtain del etions, BOEPB2005/055209

(point) nutations, additions, etcetera may still

result in nucl ei £ aci d. sequence that has. a simlar
DI h et e IO e b e Soarre hng
dSTeut Dy Prottce we o84 B afh®rp Vet 0B¥dé®@ on do not

pol ypeptide once translated. It is therefore to be
h st bbbk temRnscna t Brat TRkl ¢haton dot ety host cell

i gni fi I jonality of the nucleic
Ogtlcl:e?% é}lé%ﬁg}c%%ﬁg%ﬁ%s%% t J{éi'scope of the present
i nvelietomroldgauerd A s adiénone Tral ivectojunst M with
2006/ 040334 30 PCT/15£>200 / 055209 |, deri .vc?d froma
N ELE P Addndif et SetbtyHe BICtHLT 1T 1SS T 0 to

dbei whgler sdpod dhatetder fdpali produsirp@ycbhe, ©ht afned

through indirect ways, such as direct cloning and
LRt RIS Yoy @lerthe nvibraekescotogenoni whDNA thesing 5

. t ai e i .
ndELIPHQEY AR Bd D8 A ler o] SR AELELL A0S, 1o the
cddatoflcadwioal tesed hetlspeod fd o bspacs snwfldhe acid that
~invention are still, considered to, be part of the

1§ bR BanftRS At At ¢ e b gricReet fat vector,
id ned@nce debetions Widneibevid aée?s)&k&@,neoﬁ@ Eapbl e

the cloning of |arger pieces of heterol ogous nucleic
f e dsomdExeinpt esPafheirrhic mgent ons Brteefesti nst ance E3
del et} ons, Of del et i ns, . andjor. al teratd.ong, i Lhe s cp
regi ons codi n% Tor the d7 ot pr07{ el ns of
p BIRAEG S S . vatiein € hangese appd imshi® titat hewadenavéral
backbone are known in the art and often applied,
SPHEELR p%%P?%e%t?r'i rﬁﬁ”’i‘ﬁl*%ﬁ%rbﬂ’ o‘?n%d%‘?ﬁﬂiﬁl%%a?t% o Pre”
ré’@ff@&@ﬁv’ e tdhSn i A1 B O S LSO S d&ﬁje&\?a@@di t%@tein

parts of the adenoviral genone. O her reasons f
used et nde t Hee B e Epmntiari¢d, regiloms Wian hengerwmeonent

LR Zﬁjq]]beisrelat dsé\s_)rst bii_lit or integrit o.fig_he
SR AT VeSS TR b THRY it Hesttibba VD
1 4B SO4A 6t7h @ df O

‘Antigen’ as used herein means any antigen derived
from a source that elicits an immune response in a host
to which the determinant i1s delivered (administered). The
antigen may be from an external source, e.g. a pathogen,
a parasite, or even be a self-antigen. Examples of
antigens of Plasmodium that can be delivered by using the
replication defective recombinant viruses of the present
invention are the circumsporozoite protein (CS), the SE36
polypeptide, the merezoite surface protein-1 19 kDa C-
terminal polypeptide (MSP-1pl19), MSP-1, MSP-1p42, Apical
Merozoite Antigen-1 (AMA-1), Liver Stage Antigen 1 (LSA-
1) or Liver Stage Antigen-3 (LSA-3), or a fragment of any

of the aforementioned. In a preferred aspect the
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2004/ 001032). These applications rel ate anongst others

to the use of an Edorf6 gene froma serotype from one
wGeavgnasps i n t he backbone of32an adenovi rus fr oPCEEP20N®055200

25 subgroup, to ensure conpatibility between the
. Edorf6 actjvity and the EIB-55K activity rin .
SFERT L AR PAckiD: Sy TS By (€8 | P rin
fidheypf ps1besar@hate to the use of a proper

functioning pl X pronoter for obtaining higher plX

expr &s2dom PRVETSZMd & MpId shpt e WA ecomd: ndit

[ Vv "Repl i i ti ve

e R e R I
suppoon - ol event 1 nohighel ¢sprd ss tonpl enehd i o ched | s,

the functions required for repljcation, and thus
PIAGRI LS Dr BT HEE vi7 A VRt oTT WV 2006/ 00984 A
g | SREOPD PO5209 pRsvi dlets bye 1 e £00P! et & noh €8y | -

The replication efective viral vectors of the
higlesefre nverm i bavelbs nor thbs beend+t ererment shahable ng

n e : :
pESP e A A5 R SRR LB Rir 1ap e
regpnet ionti thosthuch ebedaci s piss@insct haga et nucl ei ¢
.acid sequence derives froma different original
Vv

TRRFCEOT Hah 39 RE T ISR velsi bhsHWR hit iRg art that

sc&&ﬁ&t@a[éciﬂbé’\’_f&% t4e i_xﬁlﬁ&:?é Oﬁé’&%ﬁsé‘uﬂﬁ efil&neﬁ?é: ,d E}%:ough
cloned. For instance in the 10 case of adenoviruses,
whieh haper ot bypusl nued ei ef adiel tdetindted| prdviduahe is

re@I i cactii on def ecti've adenoyvi r al et():tor i S not an
protecte ?galn?t.l lne%Fes induce U¥ subsequ?nt
adenovi T al” nuct ei'¢c acid sequence, b cones fom sone

cld hesngad hepeni thagenthefen Nnterest . spdied es vt @goOUS' as
used herein in conjunction with 15 prine-boost
TRevweet e sthat @He’S fredihs Tt S t° FFOMDIELTep? dte

s _ [S; ¢ €@IRb I FhSL byr ONG recombl daiaNPiinals is
replicative adenovirus vector and one adjuvated
Pprinteied agethstn sidhsderaente toinktnon, It athdvelimred

wne component, el ng. adn ni st ered several Lines. A5 is,,
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 to a subsequent challenge in more than
90% of the vaccinated hosts. The nucleic acids disclosed
in the present invention are codon-optimized for
expression in humans. According to Narum et al. (2001),
the content of adenine plus thymine (A+T) in DNA of Homo
sapiens 1is approximately 59%, as compared to the
percentage cytosine plus guanine (C+G). The adenine plus
thymine content in P.falciparum overall is approximately
80%. The adenine plus thymine content in the CS gene of
P.falciparum is approximately 87%. To obtain sufficient
protection it is believed to be necessary to improve

production levels in the host. One way to achieve this is
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20 industry thus far. “Antigen' as used herein neans
any antigen derived froma source that elicits an
WO vane3sLsponse i n a host 3% which the det er PETIEP00$/855209
del i ver ed (adm' nistered). The anti gen may be from an

ite

AT ST asfidurd BELISPED o Sfeaneiie® anino
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replication defective reconbinant viruses of the

MIPFBHEFAD ¢HRVENET BN arEOX Heh e r Cite perRk b el R lefeetive
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VBRI i MBRS T 2t h yipi ol corMBs oz oih etlﬁmth@mu:dloég%ﬂﬁs 1),
L| ver Stag en 1 (LSA- or Liver
Fol s ten ety o 90 prdsitt yiioron e 1895 ian 673

@é%ﬁ i pned. i dn a8 Bt efeid atbasneed rd MWD 1ess than
2006/ 040334 32 PCT/ EP2005/ 055209 invention relates to

oX heded ¥ cuersiier oroinat §106) 5 Py otRased f@@rﬁ@omaﬁ%&l%rw

nucrﬁlgél}% SEC}#%”%@Q? a$ ?e(gogg%ﬁiénce % aé] %?ered to

Paofslppos tus dd cyeat iy, hilgh pmpds@ssacms | @ etlse ofoddre-
OEgroteln of interest in a host of interest to whjch the

B SR HY ST BRI YR el S/ RE IRPFETRNES HY

434 Ofb £XPEESSH O | Qved scdicd i sa & &xXiodansy that the
protein |l evels should be high enough to elicit an

rrevrme doversponseliierefherdosas i feoraerthe Cbﬁ‘fc;r@rms are

agai nst Jnfectlon or qgatnsﬁ di sease, It is
c ern?d % referr ave an adenlne éwnlne
t ONE Vvacci nes gi vé an i nnune respons

cdniremis, o £ i‘dlﬁpng&mmmtt@hy 2% oxI tred €l tyo 6890 widdfecood,
vaccj nated individuals is protected agai nst |IInesses

ERad e AR sRRCHS 18 EhAIIEARR s i th Rhe-FRa Fden

wh £o1d- ma P PAPZ 0L t 889 Fe r INET SHOK £0d NS EXPEEGRI 00 | evel s
are considered to be sufficient if 60% or nore of the

conea ekt hoh vi bemd sof snope otlern ewdBgai arsd/ subs edueferent

5gﬁcﬁé§§§, éﬁa%stﬁgllgyég 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
either, that slight changes in content may result in
slight expression level changes in different geographical
areas around the world. It is also to be understood that
slight changes in the number of repeats included in the
amino acid sequence of the proteins, that percentages may
differ accordingly. Other antigens of interest may be
similarly modified. All these adjusted contents are part
of the present invention.

The protein designated RTS,S is a fusion protein

consisting of the C-terminal half of the P. falciparum CS
protein (17 of the central 41 NANP-repeats plus most of
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that with the conbi nati ons of adenoviral aspects that
can 20 be applied and the choice of antigen as
waelc@ehasaed herein, such per%‘ent ages nay be remChBP2005/055209
Preferably, 85%of the individuals are protected,
tWhiéé_e it is ﬂDSt tgref)erred to have protection to a
SuBserueht " Ehat P e PRt e THAS goos B - PheProteLn
wiae ctatieshost 8s B heuned i £nergals, di scl osed 25 in

the present invention are codon-optim zed for
expr ioh e ihansnchAceranmpes Nefeif@tbwl the
Y ¢ ; | . +T). |
i Rt R S e R R R R G
pdtthddeen i@t enf ages qydosnteel prisugpmmme (IerGocuiented

adeni pe plus_30 thym ne content in P.falciparum )
1T e P D et R e e A i S i ers in
ad Py e, LM ENtihd dden £ 188 o £rd Al mhPds P iSssed.

approximately 87% To obtain sufficient rotection it
Work bl | e dnews hanedeessfarya tariampr By evopr bauctndicated

e N1 0 e y Leve IS, |
OB S B P B0 R e S keSS e O
psSEgen troo tredml vi ¢nddredsaneu s t 4 mad reg add Nbul s&ci Thmune

sequence, but use codon sequences nore tj}lgi cal of
TERIMRTG SN BXPY REBHIC Fofcehi Nt (petection against

ik eRhi £ | ofdel gotd vei n recabESant L i {Rbr JERE TS
according to the invention have 5 an adeni ne pl us
intsyms Hey cohtdm T ncebhe hetreniogoud theicl@iaeatiyisobfthe

t he esent invention of |ess t.han, 87% referably
oyat ] RET US4 SR NER o BreY or BB v TSRS YT of e qual
pit@sapprixxwarat Bbry SO dIRASES OFMICDOO Na i SE@en o rdluman

and the am no acid content of the CS genes of 10
ARPFACH pakitn HHY FREPTPiNdNe RE? R ARRIQACH hen cddrel
OB £ 51 F85L IEPLEMNES £ £V el L oMBLy . T eachi ng

approximately 45%for the ammno acid content as

di scinsedtbyatdky, prlesemusavention. tiherddal enodsl fzor

asdt he. CS genes are . concer ned '%t. [ S, pr eferre‘%gto ha,é/e
P L het PR THY mhe I bont BhtS of ° dppr okt Wit ety tTue
0% dddodBri® P& undes st otk stdhadatd 269t hest shpeci es

than humans is to be treated,

incompetent vector is Adenovirus 5 (Ad5), which has
demonstrated some problems with optimizing its wvector
capabilities due to the widespread endemnicity of this
virus and the fact that a substantial proportion of most
global human populations have pre-existing immunity to
the parental virus. Ad35 has the potential to demonstrate
enhanced utility as a vaccine vector. The availability of
both Ad5 and Ad35 CSP-bearing constructs allowed
evaluation of two sequential heterologous adenoviral
immunizations with differing constructs specifically for
the question of CS immunity.

Dendritic cells (DC) are the most potent antigen-
presenting cells in the body, and the fact that both AdS5

and Ad35 target to human and rhesus DC is one of the
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whi ch may have a different adenine plus thym ne
concentration (less or nore than 59%, and/or a
waledobmimsd  codon usage, t hatd t he genes encodi Pgr/EPmoDB5209
proteins of 20 the present invention nmay be adjusted
to fit the regglre cont.ent and %IVE rise . to SUIffg%€

AP on 1 eVel T THIIY tHIE T gLt TP uHERT KOst e

vEOI 58, vé dt SN HorevEXC| siipg A tdeficidatl plighdcts
changes in content may result in slight expression

myeind Rbarkfedd i onhy frel ekl yebyfephs carimstari¥as Thus,

t r i o)
R i fretar Dty A e
cdmeoe aan 0= Bed diss esjuehl earofmd hengdal i nsctudht
. percentages may differ accoydjngl her antigens of
R Crn? GRS T e T 1 N 158 by B8 *adked
imdisistipehLontentscag e part 30 of the present
invention. The protein designated RTS,Sis a fusion

protBie inwriers rdeoidetet C-¢xamitl thel Briohe theoFt

' tei.n. 7 4 ..
CLPELUN &5 REOLE1f: (7Bl e eIl od] concaining
L IRCTE ERPAS/ 055209 rivhee G f et nad t pand 1 on)a Bxes EBsElr

as a fusion protein with the Hepatitjs B Surface
a%@r{?]@e*h?m@%fo’?e%R%“%‘?%tW%d aké‘gaai‘ﬁ aERT OF§RT R WP hehe

r& SR SRS 1 Qs NCONPLRS ent; Aslenovif alqyeci O S 4 SrdPfinen for
m'nor 5 pathogenicity of the parental viruses and the
twio cdmes el |addnofivigivd¢cam dlceases s opetnbied hese
vectors in any individual, including those who are
i mmunosupressed. Wrk in the nouse nodel of malaria,
P. yoelii, indicated thakametanbi nant adenovirus
constructs expressing the CS 10 protein not only
engender outstanding cellular inmune responses, they

H@E@f&ﬁ@g&ﬁ %iﬁ%/%&é@%&@é‘iﬁ&@iéﬁtusiﬂl} eFddSifbinant
Therefore, i'n an effort to inprove the Tntensity of

adérovinal | veckpomsandrpuritied mijuvated preteiveiml |
rﬁrn%nm%ggﬁggnse to CS, the inventors of the 15 present
'V EhtTOR- 06l ded to conbine an adenovira

The objectives of the experiment were to evaluate
RTS,S followed by Ad35, and Ad35 followed by RTS,S, in a
direct comparison with a standard three-dose RTS,S
immunization regimen and a standard two-dose Ad35
regimen. A secondary objective was to optimize the two-
dose adenovirus regimen. The serologic and cellular
immune responses during and after several different

regimens of these constructs in combination were studied.

The rhesus monkey (Macaca mulatta) makes an
excellent model for the human immune response because of
its much closer phylogenetic relationship. MHC Class II
alleles are particularly well conserved; the generation
of some shared alleles is estimated at 25 million years

ago, predating the speciation of human and rhesus. Thus,
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approach with the reconbi nant protein approach in a
novel heterol ogous prine-boost strategy.
waedfoentwsaat el y, the nouse i Shot the ideal npdBCT/EPI005/055209
predicting responses in hunans This is particularly
Adenoyvi rus 35 35). The standard

t}i"%]fﬁ* | Jc%t?%ﬁ”r%o%&%‘? Ve %r“i‘ PUGRHYA T 501 iy ioen

tavhrie hediBBs, c]ry@éﬁdl}sm&wé& effbe \épﬁéuwﬁim zweng;e
its vector capabilities due to the w despread

oferidanitedey- doxdi ¥Pertarthnd e FRRIUS Heenkey model

popﬁltl at i o;rj}g %\?ngép% e&éb\?és? Fﬁ%t}?g%ﬂ%@t 0 lve of

thparlemtah mmwsoge!kdﬂslmsrei;eorMQrb@w far dﬁmbamsiat ate

enhanced u it a vaccin vecto The avail abjl.it
LS eR P o o B o T T e ok ok the

dSYal SisHhéd On @f éV\@a&?ﬂ‘r@mésﬂ'bé@ﬁ emh@eg@é@ Blenyiral
30 imuni zations with differing constructs

caprEdfilenl oy e lnmenguesiremof CS immunity.

or ocsrt L ifRT SR Rt A% ¢ PR R, S e
iAdbi cane Bd 3bdé asgiet a 1 -eC $ urmts ande t hestist X meuone of

the WO 2006/ 040334 35 PCT/ EP2005/ 055209 _ aspects of
M3}t ¥2 pf ol 695 hat"Hakdemepeir deh exceti®Mt  vaccine

1iBEA QY Sn i HOVEVELA YedD e E L]ty Y HN&P&S R | 1o
DC; %35 only rellIg%ILyelnfects prlna§t1 Thu J

hit t oy ght bassec pot shely q@@@ﬁpmst@meﬁd&s @ethsap@l:atse

frorgatrhgemgnsm%a c_Ml_,n snrlmél ni ﬁr?um nodel s, . .act ual

i mruhogeni city QUESTT ons vl Vi ng Ad35’ can o%llles% for

dexsKEsbmé it NON - PaBin ¢ | st esalc'mmrmeﬁﬁmsladeﬁaxdwté@
exam ne the prinme-boost conbinations of RTS S with
a%dje‘hwm%qll%ie%t%?%? cbhtai IH?IhghU“lan tm%llﬂ%t%é}‘fed@o The

riied &8 e Lﬁetf@p%‘éénﬁ@lﬂé abe S€l Lt ke a0E/ 95 DT al

responses mou d ‘be an inprovenent upon the responses
beezamse RN S exktoems ive dadhbddn, ofh pegrnemformatiwn on
10583, o - Adenov] rys; yagel e, &l ane. was, opt i zed.
phylogenetic proximity to humans, because their size
permits blood samples of sufficient volume to ensure
adequate assessment of immune responses, and because
reagents and assays exist that are already optimized for
this species and thus do not require ancillary protocols
and many years to develop. Additionally, the adenovirus
35 constructs can only be appropriately tested in non-

human primates, because of the inability of this wvirus to

efficiently invade the dendritic cells of other mammals.

The constructs and the production of the
recombinant, replication-defective adenoviruses harboring
the P.falciparum CS encoding gene (Ad5CS and Ad35CS) used
in this study have been described in great detail in the

examples of WO 2004/055187 (clone 02-659; see fig. 2
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15 EXAMPLE Het erol ogous prinme/ boost vacci nation using

reconbi nant adenoviral vectors and purified adjuvated
WEe@beia33i N rhesus m)nkeys.3720 The obj ecti vesPOI/EP1965/055209

experinment were to eval uate RTS, S foll owed by Ad35,

and Ad35 ol I direct co arl son

in
ERFETHY st ]dy‘t hr eésedo% érﬁ?ﬁé‘?%“ﬁwﬁﬁﬁ%ﬁ i r egi nen
h@i@r@l&é@ﬁ@ajéhé VEn ERSEnPABSr 1891 OB Mo r St SEE ORI Yan

obj ective was to optimze the two 25 dose adenovirus
an-ee mEpl d TIRABR R ogi et ahdl TEMaarto i MrineS respensesot

ilUNhRg, and. af & ernlgfvﬁ@ﬁed'ﬁi@{r‘? ta &‘?@é{;ﬁé‘éh%s,th&?elﬂ—

constructs In CO nation were s € rnesus

t emomikesy/1 (Maa:h sedati@), NAKasANR J&Ep@a(tcf,l |&ntlupicket of 3
for the human | nmune response \?ecause of its

MU SEABEAT GRS Tttt IR St methe T Versal

el tSbEs (BsEkpaF tdCW R | Yoouw] | zopnseiyesks 4he 1994;
generation of sone shared alleles is estinmated at 25
Nagdin ogic y@]ar £0Gho, Predatdeketien s@@ctlmubaﬁibflﬁmmo

(?-’T:ere 'S Sl mT u@er%@&%/ﬂf@%ﬁ&@ggé ﬁ{}? 5209

ope’ usage I'n presentatio
padite gernof tRrJhs ced | shatRTh, Yreadhy Enhancesrmiveal

redjctive value of the nodel. Mre inportantly, the
S+t S%?%‘iﬁm%‘éqi a hAr 9% R%tb%%to% e pf “to be
rUohh Yy Pregictiye Ao éﬁ%ﬁwméwlmé%ed GPI

responses both for malaria antigens and
argit hesidnabrselisease loicwhithrlise akiksmt obpmemhe of a

accine has been hlndered by the conplexity of the
a enov1ra constr u$;
i rrune res onse.” Prelimnary experinments have already

been performsd 10 in mce with adenoviral -CS

constructs of the nouse nmalaria P. yoelii that
denohist R HIRRY | et 3 | FRRAIYEFR S YL e brit ety vand

1A CRCY: - HOPRVELdy LhE LRG0, di SERE ¥ £f 1 SIS UL SSTl ng
attenpts to dlrectYy extrapolate fromthe nouse
sted e@ g e srotet ¢t huhzaisiom ehepuestbdost strategies of
RTS,S with Ad5 and Ad35 CS-bearing constructs (Ad5CS and
Ad35CS) and for optimization of Ad5CS and Ad35CS alone.
The previous best regimen against which the new
strategies were compared were three intramuscular doses
of 50 ng of RTS,S with adjuvant given at 0, 1, and 3
months. This was Group 1, the Positive Control group. All
groups are outlined in Table 1A. In all cases the
adjuvant was made up of 50 ug of 3D-MPL, 50 pg Q©S21, in a

formulation with cholesterol-containing liposomes as

described in WO 96/33739.

Group 2 received two doses of RTS,S/Adjuvant at 0 and 1
month followed by one dose of Ad35CS at 3 months. Group 3
received one dose of Ad35CS at month 0 followed by two
doses of RTS,S/Adjuvant at 1 and 3 months.
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15 devel opnment of vaccines for falciparummal aria
mandates an internediate step in a non-human prinmate

woreael4033he rhesus nmacaque 3rSepr esents the besPCT/RP1008055209
of species Dbecause of the extensive database of prior

CHEBTAY of (HE 20 Y oHETet T AR A o TGSt -
PPESAUSErd MR cS i WELh PEId dSsdd 09l SRdbEesred 5

sufficient volune to ensure adequate assessnent of

CoOMHREC FesHbraEsieent iksrates raycdlerirdssais
]g[?tﬁirﬁéltg@fo 5 @l 482 0Ye PRI A0 268 {24 lfé‘éﬁ%%?é& dﬁé and
us 0 an man

do not quire ancillary protoc
olytemised o/vldavetﬂosp iddelrta briad tween hinadeihowt Torss 35 at
lconst(gucts can onI be a pro riatel test ed in non-

AP He B, BHeUAR € of “Rh T FaBT 1 7Y yEr Yt W (A3
cé:ostﬁjéwl B0t md Ky ashe ﬁ&@m l;&fﬁn&@éé s ©le WpeImal

manmmal s. 30 The constructs and the product| on of the
tireg driiween ,doeps | Lt | Inlefeciov avaRianoviYeises

PRy Ty SR R R PSR SRS,
ogreal, detrmvhth nsdiedubXxapdesa QilN@iQQ@éhﬂtOﬁ@ﬂSﬂo (theone

02-659; see fig. 2 VIO 2006/040334 37, PCT/ Epzoos(gosgzog
PEHe? B iIEOERT lef 13019 { HEREP atlHoy e OrdO S h s

mdBLIer 2L I00QuE: Jene SREOHi g X1 de C@lé’rcﬁﬁ@é@l&%t@f an

am no acid sequence that is simlar tot CS protein
wlmthelhetwaﬂosew avh, tlB@?S@h@n@dema\mngs aPONYSTUOTE Heess

N(DSIt'l:er ] a?ﬁ;stﬁlﬂgl IanaIll @] uenSCte]fUCtS NP re rfg%l:proateln,

er ) repeats and one sep ara

Gf@ﬂﬁi&”ﬁ watéweccbmpa/ﬁ@ahtlepfsf@m e{,Loxa}kaycaﬁ Jeéc@ived%@scs
Zeverin al. 1994; Nardin et al. 2001) and a
E O DL EIATHACT R e a1 MRty ss thedilre-

Fﬁméﬂg&“ NUSA e rJNEG Ab S €F ense Wb haddies 1ch RS P4 £ nfr?é

is that RTS,S1acks the N-termnal ~ signa
nabgrencesnanthsetar gedporat oh Euﬁdthencpretpieatto r@@lrv:m as
as. wel l. as nost of tth C-termnal ] ocat ed
2T B BT Yriat” sEYtiehiee Hhi'Eh n?f%r a%%‘&u%%%%%“r t he

assessments.

Injection sites were clipped and clearly marked to
facilitate observation of vaccine reactogenicity.
Additionally, the animals were sedated and the injection
site was directly examined for signs of induration,
swelling, heat, redness, or other abnormality at 24, 48,
and 72 h and at 7 and 14 days post injection. Although
signs of systemic toxicity were not expected, the animals
were also sedated and examined at these time points for
lymphadenopathy, cellulitis, abscessation, arthritis,
anorexia, and weight loss, and their hematologic and
clinical chemistry values were monitored for alterations.
Blood was drawn at the time of injection and at 24, 48,

72 h and 7 and 14 days after each injection for complete
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adenoviral constructs. 15 The experinent was a
random zed, blinded safety and i nmmunogenicity study

wobiosasiseus conbi nations andtim ng strat egi eBCT/BP2005/055209

opti m zati on of prinme-boost strategi es of RTS, Swth

oS TED Gt ri AT o 1L ABCS, SR AIaEea oty

aﬁ@f@ thJ@&mﬁyd@&S(mtné@%é@ébw@imtlmmtﬂf@
new strategies were conpared were three intranuscul ar

d%l‘b%@%ln%ﬁlw Rt AUIRTS a4k dmieel e Z@@T/erﬁ(é’-?r Oanci CK.
.%)Pg T e i
gr oup St%r%%lgfsy\%?e%édt |§n%%éél]n ﬁq‘ggfﬁ ]{%B{)
veases $lineddady uvard m@]slemt:md unadfsdeegpgatof- WCNF?M; &fch
21, ] for ion Wth chol esterol -containing
of Pt il G For ctet LTI Vs D6r 395t a0 & oup 2
stlesSnY&tk tyge osesu of t &S Adj uvant at 0 and 1 nonth
foll owed by one dose of Ad35CS at 3 nonths. G oup 3

recei ved one dose of Ad35CS at nonth O followed by two

dos f TS, .S/

Sooe oadER U et Ednt éé?gﬂ%gg4tM% Shfd 1
2 pordyd recetdlesl atienovevraty conpddticds, afiliof Bxper | @nee

w th two doses of adenovirus 5 constructs in_different

M seb% 'S WA T T e P WAL "D pt et d St ol P eyl tude

oﬁ%ﬂ&'ﬁti%@@%é@ﬁ&%% e @?bit%é‘eﬁeﬁ!@@@ E&?lon of
i nterval between inmuni zations is at |east 6 nonths.

t@c@%smr@ifelmeuMemld@vebomv@ma‘ﬂeam@@failmsﬁl}%h
24 G P01 DN SUIRY, PLLIBLER | NSy WLILR! oL

bses” f 'S’ VETT or mas not
s &b bdd 1 vedresl. s Jdrtksd ﬁoupo‘zlc rlﬁﬁ:teil/eﬁsé)l\loardﬁ)S‘QSe ofamples
Ad35CS 10 on a O, nont h schedul e (for a direct
welghtrdfch dOJf?]%essp*?%tIé?%r grltip)d hd-i® PSRN E wieP

mOPERE, 0N A Ls - &sﬁm&%@y&dﬁ Yo GRer o £ O SMah uat e

t he question of ether two doses of the sane
qukﬂmmedLMEIENEﬁ¢qmﬂtQES@ that for each adenovirus

injection, 0.5-1.0 ml of serum from Day 0, 1, 7 and 14,
and at least every 4 weeks thereafter can be used for
anti-adenovirus antibody titer determination. Large
volumes (20-40 ml) of EDTA- or heparin-anti-coagulated
blood was collected for cell harvests prior to the first
immunization, 4 weeks after the second immunization (if
volume demands permit), 4 weeks after the third
immunization, and 6 months after the third immunization.
Peripheral blood mononuclear cells (PBMC) were
concentrated from these samples using standard methods of
density centrifugation separation. Although cell yields
can be highly variable from one individual animal to
another, in general the larger the volume of the sample,
the greater the number of recovered cells. Because it is
impossible to predict the exact cell recovery, it is

preferred to take a larger sample where possible so that
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inferior to alternation of constructs for the CS

protein, 15 Goup 5 was conpared wwth G oup 6, which
WO emeiovsas Ad5CS  fol | owed by*9Ad35CS on the 0, BCTYBR0hS/055209

schedule. Finally, control Goup 7 got two doses of

| ai.n mal ari ene insert) Ad35 at 0 and 3 nonths
ol A L Wit | ST Se | B R o 21 Tor PUEPOSSs
of NIENODESI €4 1 Vw201 BBISES STENL $. wd 14 €€t d£dh St d §Se MBT €
clipped and clearly marked to facilitate observation
bafcly e FRS I e tDgehi L1EL CLIRRIRG bhalayd ERRrAY mal s
e nj s s: di
L50e S S0l N Plene SHEG RS L8 dgous
sergdnesisth ok 0DtINSO adbtncr nedbn t yo Ate @4t end@ ratamce 72=duanibn

at 7 and 14 days post injection, A though sigpns of
r E/%t%%‘i?cs%&? 1y W e ot e ‘il‘éJaﬁs Pher Qe ST Her e
1 s sedadedars-£exadd ned at these tine points for 30
| ynphadenopat hy, cellulitis, abscessation, arthritis,

anorigsem, thedl aegeghtanoazsls antP 3hGRC ndata ol gl cated it
i pical ] ue . [ tpr
SR R BETIRE IR R S35 xtihn
hante st 2ds dBlledZed afie? tnd ddimkaysowf tiesf@eehthe

injection for conplete WO 2006/ 040334 39
b@éﬁ EP2057 O Dot CHRMECY TBG AT Sa el

r&e thddi GR) GHEME SLF RTASSANS) tdvat A el tegh (buys notat

necessarily limted to) et erm nati ons of BUN,-
reteiedinesinge doge GGRAIFE G ioFeral thanpl eweel, it

confirm.the absence of_non-repl.icative,5 vector . .
o TG o & O TRT i aneh Caviat art o SR dpp i gpain
s tRayss 0 4 f of grebEicatdenovies s hafesdt Onyodbd occur no

subsequent adenovirus testing. 1-3 ms of serum was
SN ect A at WK idELDF AMAIAICCHPD: JRCA WRRKSIOUPS

gé%éfﬁgqyﬁfy é&@ﬁg%ifﬁb égﬁgégué@§sfeégE¥%dI6HﬁFlﬂWo
thereafter  to determ ne the nature and nagnitude of

injecinibodnd esponseete TR detmdbpeatleedion of
s&8aSTe PLOLS! (haSRShE S, SeYELOR 1 Sl AN dl zed; BH SA
cell harvest intermediate between the two injections was
expected to pose no hardship.

Analyses of cellular immune responses included
short-term ELISPOT assays for quantitation of antigen-
specific IFN-y producing cells. Flow cytometric analysis
of antigen-stimulated cells cannot only confirm data
gathered in ELISPOT analyses, but provides additional
information about the phenotype of the antigen-specific
cells that are responding. Thus, determination of the
antigen-specific CD8+ IFN-y secreting subset by
intracellular staining and flow cytometry is also
investigated.

Additional assays that are performed include bulk

ELISpot analyses for additional cytokines, intracellular

staining for T cell subset enumeration of additional
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assay to the CS protein, see below) by ELISA. Serum 15
sanples were stored at -70C until use, and the sanples
WOoRMe/0lBsL£h processed near t4He end of the eXx pePCTEP100$/055209
mnimze intra-assay variability. Volunmes of serum
col | ect ed re a uat e so that for each adenovirus
YR oh, OGS 1 1 O B Ur TR0 P BV, T and
qudnt 20s osh ad £ | @asigevesye di ieeks ¢4Er eafd &8t Capt dgine
used for anti-adenovirus antibody titer

PrRiet i o | . Teael tolh ienddT (2XR 4601 jorre FpTien grith

tePAE 0 apt iy s@agul ated bl ood was col l ected for cell
arvesis prior to the first inmmunization, 4 weeks

after the second i nmunization (if 25 vol une demands

ermt), 4 weeks afte he third inmmunization, .an

Pl e v te T TIEd Rl o Bh B T e o ooRr
ad®@nosie] eadi get ) SadPBMIg M58l c£PNeeg 1t eshd reredhese

sanpl es using standard nethods of density
et Fhdn gean @ segdr Al brelim ¢l ghs 28 $mepes gendosakeity
' ahl ) _ A : :
et ot ERAR G TN FES B AL [fhovledge
oBatipd egrovea g Bairent hef ntdetomiteyecovatiehcey) sall
., Because jt is inpossible to C?r edi ct, the exact cell

IR YL CR Y FSSHYF B Fe Pl Y RET e
km@dg@séf biiee s@rdiidd MO A0064 040334, 40sidual samples
PCT/ EP2005/ 05520

enough cells were obtained to
belkpent Brsagscdntipurposdsis dflndinstpeblcyares tihe

Cells were frozen.to permit batch Eg)ré)cesgié]qnat a
animals rece1v1nq 1m%P§45at%Pns.on an onth
er  tinme pornt an ereby ~inprove quality control.

séleddslavese dppzesd ito aut ol 0gous 35 1sefene vy thl 1094 AR s
at a controlled tenperature reduction rate and stored
m3 v d phaskR | Hhfti PPt bgen Tt ian | Rkt Fhneek-
bef Of Gyisgp 100N d heod Al gedn A IR 5o Mhase. BGER! fana
indicated 1t would be well tolerated, an additional
foanmple flior cettroll Oytheumests wedezbl teoctbdinaizergtduep

sﬁ%%ﬂ§§%b%%m%@%f£33%$§{$§$f§'dé%égg éi%%é&gﬁgégjégtween
groups, based on prior data from similar, but only
distantly related, experiments.

The geometric means of results of ELISA assays were
compared parametrically using standard analyses such as
Student’s t-test, assuming equal variance and two tails,
and ANOVA. Results of ELISPOT assays, expressed in spots
per 200,000 cells, were treated similarly and were also
examined using non-parametric analyses such as the
Kruskal-Wallis test. Where intergroup comparisons are
required, the Student’s t-test, on raw or log-transformed
data, is used to determine differences between any pair

of groups.

Prior to injection, the hair was clipped and the

skin cleaned with 70% rubbing alcohol, and a 2.5-3 cm
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recei ved two doses of RTS, S/ Adj uant and 14 nonkeys

that received a single dose of Ad35CS prior to the
w@tdvoomBsB4s it was expected 1% sanpl e at | eastPdEEP20851055209

t hereby maintain 15 statistical significance. Cell

harvests woul d occur. no . sopner. than 4 weeks_after an
AR Srh B Hc P TR TR T aein oAl
1601 kI Ct1%e I BERE METbONd ¥t d Wor | SSEd dngdist @dlbd thuSn and

have a | ess demandi ng bl eeding schedule than the
repmikedRn F ety V3 s e iRt | nfetetorens LDRERI$ Wrire astxed

. ! ni ecti _ Cod
o R e A L P B T I Bl ©
morelsep ns@sr idet udBde Shoal -iejeetld SR assayss fOr5 ml
antjtation of antigen-_specific | FN roduci
2l Tl L ERE YOI (% it §iaies npedid fnto Cite
ardid + O8N -8 1 JR | Al 60 Lot Se C AU o RIHYs COM 4 My @Ead gere
gat hered i n ELI SPOT anal yses, but provides additional

prevaretitd driapoutbete (FhehR 45 oF8 thein buffered saline
o mat S | _ |
oRLLAEED SBRELT Lfor g8 1 LIBL A LRpBA 0o Tcaeton

isecreinay wwbssd df B0 imtracel lul ar staining and fl ow

cytonmetry is also investigated. Additional assays
that are perforned include bul k ELISpot anal yses for

addiﬁ@r@iﬁ/ﬁykﬁ%@m r@&@lﬂ,%@&l wh & PG d O sdrum
cell subset enuneration of additional WO 2006/ 040334

o 1cP0 EFR005¢ 95520 clegdwkd nes, owt hiered in Table 1B.
Tﬁl OV cytpnet ric-based. assays._for uant i tatéon. 0
e animals”™ 'h £

TR T R S0 B Y ML B et n
tlen dedppeadt it § ab i veen RIndPGR dwe 1 cos red Bt in Whdbea tdre

ot her nethods. 5 Monkeys were divided into groups. .
bR e Peds FHH TR WAL Wt ghtanngl) Risopuphi gl
s&d@ife BOG-QIQURS. MREL, LhER rafuiom ¢ed. c fldn cld ni cal

assessnments and safety ‘endpoint determ nations were
catep bz te netbad t et keRE edges performed with a Coulter
automated blood cell counter (requiring <50 pl un-
coagulated blood). The manufacturer’s recommended GLP-
like guidelines for maintenance and upkeep were
performed. Hematocrit, hemoglobin, mean corpuscular
volume (MCV), red blood cell (RBC) count, and
reticulocyte percentage were followed closely to assure
that the animals did not become anemic.

Venous blood was collected from the femoral,
saphenous, or cephalic veins using 20-24 gauge needles
and either syringes or vacuum tubes. In general, the
saphenous or cephalic veins were preferred for blood
draws of less than 10 ml, and the femoral veins were
preferred to avoid hemolysis and shorten total

venipuncture time when volumes of greater than 10 ml were

removed.
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10 of the group assignnent of the nonkeys. Simlarly,

all inmmunol ogi cal assays were perforned w thout prior
whoméhedge of the groups to 4hi ch the indivi duBCT/EP2005/055200

sanpl es belong. The exception to this blinding policy

were_the . ani r iving Jj nmuni zafio ,a 0 and 6
moncrea e eTR i Bood ool ot oo4EEE O Roedis
hdbv o @ asm el N @i iels ase t@rd ManGperi {t Lo Nj ©6d i wdeks

bei ng given. A group size of seven animals per test
agrduptiantlnd burmmun t Frt kot rand gfligs Tentlgeafer the

1 4 3 . Sl Z . I C ely t ect
= S A o o g B Y o
sépamisedrnbars tdudaodlyetldvds anf | Jenel taf eckntrifugation,

experinents. Th eo ric ans of resul of | SA
S SR S T C o ShF pef el 9 | SR nbf &1 sk and

1@hahYSEs. Shete ,S#W%‘%ﬁoéd%@a%d%ﬁ@@%%h ®
vari aﬁ)_z and tﬁgytai I's, 25 and ANOVA." Results o oPEeP
(B S ekday®s 1 ex fessxy) | Al epblshyprqueoebbo cel | s,

: o | _ o . i ng

s S M ) PO B e S R L9 e

céEbtlaWerwas ntem@vyad paednpadhadnsn atveo washe s eol, dPmes
Student's t-test, on raw or |og-transforped 30 data,

(BIOWRE 355 e t B3 T PeS Wit F ¥ er e 2 bet Yt Ayl DD - of

VEOUPSce PId Qfetd doSELd Asiddes habdl s dtPPed and
the skin cleaned wth 70% rubbi ng al cohol, and a

hema: Bt eme WY 20061 DA0S3de 7 RETY ER0D51 055 2091 0 ¢imlcliem 50%

g @ QN Lhe; SKi rbl\%[ébiv?gseléc?c:ieedicﬁ]lg fgidacilitat ) 104
ocating THe" nj ection site tor subSequent pal pa?l on
véhghe | €a€l DYend £ t §r &sSeSEMeni55 Imj el ipnst ofo RI&detly

were mxed wth the adjuvant imediately prior to

S amt bl ¢Rkls fRFikRY dota¢ e . 1o $¢Matot i dcti on
t AR IBL YRS e R 1 0N IR b Y85 £ 4 by olghe 18 257 @8- gauge

needl e into the anterior thigh nuscul ature.

felenevi owsrcogist r urnd siereed prephi ol dsn teseydhed oD
pgggg/@;&lﬁ?&sép buf fered sal i ne

After the last vaccination, interferon gamma (IFN-y)
secreting T cells in blood samples from the different
monkeys were identified with the enzyme-linked immunospot
(ELISpot) assay after stimulation with whole antigens and
C- and N-terminal specific peptide pools (as described in
detail below). Results are plotted in figure 1 (2 weeks
after the last vaccination) and figure 2 (3 months after
the last vaccination), and expressed in table 2 and 4,
respectively, as median spot forming units per million
cells (SFU); statistical comparison was done using
analysis of variance (ANOVA) on log-transformed data. All
groups were compared. In case statistical significance

was determined a post-hoc analysis can be done for a

group-by-group comparison (results not shown).
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and al so adm nistered in the same intranuscul ar

| ocation 10 in a final volupne of 0.5 m. The primary
whrmsansse was bl ood, whet het* for serum or cePCHEPM05/055200

bleeding schedule is outlined in Table 1B. The

anl c status I ndi cating

It
TR catieirs Fofsae At e S IR F el b o o
tﬁ&@tﬁﬁé@&l@@rﬁe@i@ﬂ f¥Atiod het dde i anned: bt ©saspd | ng

schedul e be reduced. Every time bl ood was taken, a

cebriplated bf o ds eI I TR 1 AP fat el g threatment.
<50
Ir@&&{é% O@%’%ﬁ%ﬁ%}f@ &%?gfged@? &Hh%’#”é alf&AYL{ L9

acturer' s
tr@a:tammdeﬁtlﬁjpﬂs,l $ kelonue det nes 2 0r3 medmtlenances atrmken
upke wer e erformed, _Hematocrit obi n
2 LSRRGSt U UHIT VAT TR I certo (reicse abihe
sBithaFBf) CHAOLYS ardes CENE 08 Welk Ba f &l | ey ds € Dsed ve § O
assure 25 that the aninals did not become anenic.

wieh A3 bl dd st clor¢aienent f (ot Temdad, and table
fﬁphenous, or cephalic veins using 20-24 gauge needl es
and either syringes or vacuumtubes. In general, the
saphemmikaoracehfed s cwvanes ndoner o prieierreshfos dof aod
30 draws of |ess than 10 m, and the fenoral veins

CHEP N UHT ReT bl t%tja{\‘zlb]r"i‘j Jr%[hoT YT 5! diidl YT erRe DT HES

aﬁ/@%m‘t{‘@é&rﬁmtfi\% es, ofn@redtedpidam 10 i 14,
were renoved 2006/ 040334 43" PCT/ EP2005/ 055209

réepe pheral y Bl ot Monontet ses wel¢ sc RBMRis9d v@m@

harvest ed. from t he | before I nuni.zat i o0y
oRaet TG e P BT PR i 2 P TUE R 20 s
fafies 1he(Ad3dhabod g Zsﬁttié)tfégi@s)thléncﬂ)rﬁlﬁm@é 16 and

PBMC s are 5 separated by standard nethods of density
1_6'en1f‘?5"r1?%%w%1‘1y and cryopreserved i n 45% aut ol ogous

serum (45% saline and 10% DVSO). Briefly, whole bl ood

was | ayered on Lynphoprep(r) (Axis-Shield, Gslo,

Nor vialy) Sho te| we hy peepuiec vetd on thawed cryopreserved

PBMC’s in PVDF-bottomed MultiScreen-IP ELISpot plates
(Millipore, Bedford, MA) using standard methodology.
Sterile technique was strictly adhered to until the cells
were removed on Day 2 for final spot development.

Media used: Complete media (cRPMI) was freshly
prepared from RPMI-1640 (BioWhittaker, Walkersvile, MD)
with the addition of 1:100 penicillin/streptomycin, 1:100
IL-glutamine, 1:200 NaHCOs; (Sigma, St. Louis, MO), 1:100
Non-Essential Amino Acids, 1:100 Pyruvate, and 1:300 2-ME
(Gibco) . Fetal Calf Serum (FCS, HyClone, Logan, UT), of a
lot previously characterized by nonspecific proliferation
assay to support good monkey cell growth yet provide
little stimulatory background, was added at 10% final
volume for cRPMI-10, 20% for cRPMI-20, etc. Media-Plus

(M+) was additionally supplemented with anti-monkey CD28
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separation nmedi um and centrifuged at 650g for 20 mn.
The 10 cell layer was renoved and washed in two

wormbew3sf dPBS (B oWittakky, Wal kersville, MOI/ER1005/055209

400g for 15 min. Viable cells were counted using a

LAt RO T S% e >Yood &l T RS

savasyegidedcdy opwi se to a final 10% 15 volune. Cells
were frozen in 0.55 m aliquots of exactly 5 mllion
cells each by placing in a controlled tenperature

Cod . . _ . '
Cver i ol B ARRNA L RE I & hdfe i pald@iiisn 2t e
twinte | tlusein2dhddd ef inde ¢@stewtacat et | om, M+ ntBrieuton

(IFN-y) secreting T cells in blood sanples from
aéﬁ%ﬁf%??%ﬂent monkeys were identified with the

CENZY e b bl 4 TTRINOS POt gmd ELA SPoL 9 @saay afiedl 1.25
—stinulation with whole antigens and C and N-term na

ngpekl fat peprsidel pootenteel deserabedvial 95 detai l

e e L e S
amfi@racidie, | astenwaegi tiad | O e rradth EXps ested oh tlabl BEES

and 4 respectively, as median spot formng units per
mod¢Fulm (2 E@?%M;G%Watﬁﬁ?wlp%on%%]r%‘ﬁ% Vs %Ioﬁe

ndah NG B A0l yshsi @  varsance/ A ANGMAN1 pn
og-transfornmed data. All ‘groups were conpared. In
Cade atatmblacabost gnf f1 e ecemiabdelet e netPring by

ost - hoc. anal.ysi.s can be done f.or r oup- by- group
L orpar e (IR I e oo £ e S ar ot a4
REGTE ER2005f 055 202 1 d o £otgad ecdhp SpotRT SRS 415t hpdveen
different treatnent stratggies, rati os of %fo qg
S

syt ke wete Chl R BE e f HrSKk ralk egi E/ W t

FPEdNe. treatment. In these ratios the geo mean titer
obtained with 5 treatment with RTS, S alone (at 0, 2, 3
HE@ntisy i vesd t et 1 ks ref swefres tawatgent (S gurleobe

plgcgt?%ﬁr? a?‘%nl?d]e g‘o b gcfcg'r@%@?rgér%% a££+§;8)r,at£1fsso V\:lselgfta%lseo for
cell culture (GSK) at 23.2 pg/ml (11.6 pg/ml final).
HbS-P: a pool of HbS 15mer peptides (GSK) at 2.5 ng/ml
each peptide (1.25 pg/ml final).

The negative control was M+ without further

supplementation.

Plates were prepared as follows. Plates were coated
with 50 pl/well of a 1:100 dilution in sterile dPBS of
the primary mmonoclonal anti-monkey IFN-y antibody
(UcyTech #21-43-09, Utrecht, the Netherlands), and
incubated in a plastic bag at 4°C for 5-6 h. 1 h prior to
use, the coating antibody was removed and the plate were
blocked with cRPMI-10 in a 37°C, 5% CO; humidity-
controlled cell culture incubator. Immediately prior to

use, the blocking media was removed.
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wi th Ad35 as boost treatnent (figure 7 and 8, and
table 11). 10 Simlar anal yses were done for the
wo e®alo¥s3of N term nus-spe Gic stimulation TPCBEP2005/055200
ELI Spots. Results are plotted in fi gures 9 and 10,

and j.n tables 12 and 14 dIE q? |ve Fifall >

rati 08 WEre B Gt ed h ‘ﬁg es lﬁ% ifid sgu“?% 91
swAEBSI pr Mg std@tegt €8) (nda S f4@en end2i  Ask3Sely

boosting strategies), and tables 16 and 17,

th@@%cécta%wle 1 Epoek @@F@@@f%ﬁ%@@?ﬁ%%a@wsferred

%/%Hmeﬁg\ﬁ at'es’ P(%E(%Avi’% pore, 1?%& W%%%lﬁ?%%ﬂ P

arsd audar;delmémmmylly Stesudpendednigue. Wasl stRPMI+30 .
the cells re reno onDa 2for

A PSP 00 Gl A TRt wa S Vi et

vi&EEM de VBShEHISSH Y adl epad e f i M stdlé40as necessary
(Bi oWii ttaker, Walkersvile, MD) 25 with the addition

t@fyqell@oa pEELe | Gl bt yegRemsidm, ofi : 2:000° I_C-edﬂ@t/aﬂq -ne,

Non- Bt Aral Pl ettt wepssen 10

CEPNLZE-ZQ Gt ogtimetant Cald Bervwsmd FrﬁB;edHyﬁh ahel yihog@aynl ene
UT?O, of a |ot previousl char acterized, by nonspecific
cot bl FHEr &S orP AR Yo Shppbiralyddes ey cell

c & QM P Yl o T OF 1 SE1 ﬁéééér@t@ | FaH B OFdr Hacks OuShe e SR80
added at 10% final volunme for cRPM-10, 20% for

thRPMc@ga t @t cfonveali aldisis 5 (M) winels bele e | o land in a
su ement.ed with ntJ nkey CD28 WO 2006/ 040334 45
CERI00, GREo00 TR AT Ky U380 ant t bod: es at

1: 5065 fBD ﬂwﬂmmentgﬂm Bated 056 ICAc)f Theuot 1w nghe
stimul ants were pr (garedfresh at 5 twce the
ceht it IRt lontedd rr T ok |WWWth%tsu%Hé%tants

df@é%e@o%é&llwaﬁ/}%ﬂ nlnﬁnéél&{@y a& &1 1P Pegéﬁ'épended

(final 1.25 m) as a positive control for all
iwvildf cRPMI- 20 and half stimulant. They were returned

to the incubator for 10-20 min to allow pH stabilization.
Then, cells were briefly mixed and 200 pl (200,000 cells)
carefully pipetted into the appropriate wells on the
blocked and emptied plates. Care was taken at all steps
to ensure that the wells did not dry out. The plates were
then incubated undisturbed overnight (> 16 h).

Spot development: A 1:100 dilution of secondary
polyclonal anti-monkey-IFN-y antibody (UCyTech) was made
in dPBS with 2% FCS. Cells and media were flicked out of
the plate; the wells were washed 8 times with dPBS-0.5%
Tween 20 (Sigma), and loaded with 50 upl of the diluted
secondary antibody. Plates were incubated on a rocking
panel for 3 h at room temperature in a plastic bag.
Plates were washed again 8 times with dPBS-0.5% Tween 20
and loaded with 50 pl/well of a 1:1000 dilution of

Streptavidin-Alkaline Phosphatase conjugate (Southern
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10 am no acids, covering the CGtermnal portion of the
W@ 040384 ecul e (suppli ed by4 GSK, Ri xensart, BedTQEP20)5/055209

at 2.5 pg/m of each peptide (1.35 pg/m flnal)
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Plates were coated wth 50 pl/well of a 00
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dpyeastoee bapgtat ]défdm J5e£ding1 h prior to use the
coat i ng anti body was_ renoved and the Iate vvere
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SEh St Co T ST M R g T £
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RPM -20. Cells were washed at 350g for 13 mn, 5 and

We kS gt Fta varaget AR stk bR M Bk Tel Loty b to
g Bherid er A Pl - 8l T guol MRS thesy dempysd ¢o £onfirm

Quality control: Average viable cell recovery after
freeze/thaw exceeded 95%. Runs were repeated if the media
control wells averaged more than 20 spots/million, or if
the ConA wells were less than 500 spots/million. Also,
overall, CD4+ and CD8+ wviability, as assessed using flow
cytometry with 7-AAD dye exclusion and surface staining,
all had to exceed 90% or the run was repeated (data not

included) .
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column indicates only CBC perfdrmed on those days. *

indicates not all monkeys bled at this time point.

Week-Day CBC/chem | ELISA’s | Cells TOTAL Whole blood
(ml)

Week -4 1-3 2.5-5 25-35 28-43

(approx)

Week —-1%* 1-3 2.5-5 3.5-8

Week0-Day0 1-3 2.5-5 3.5-8

0-1 1-3 2.5 3.5-5.5

0-2 1-3 1-3

0-3 1-3 1-3

1 1-3 2.5-5 3.5-8

2 1-3 2.5-5 3.5-8

4-0 1-3 2.5-5 3.5-8

4-1 1-3 2.5 3.5-5

4-2 1-3 1-3
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RTS, S RTS, S| 4 Ad35-|ICS Ad354CS 5 Ad35-CS Ad35-CS
25-3¢ 1-5 1-5
26 2.5-7.5 1-5
27 0.5 2.5-5 25-35 28-43
28 2.5 2.5
29 0.5 5 5.5
31 0.5 5 5.5
33 0.5 5 5.5
35 0.5 5 5.5
38 0.5 5 25-35% | 5.5-43
39 0.5 7 7.5
40% 5-10~% 20-35% | 25-43%
41* 0.5% T 7.5%
44% 0.5% 2.5-5% 3-5.5%
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6 Ad5-CS Ad35-CS 7 Ad35-enpty Ad35-enpty Table 1B.

Bl ood col |l ection schedule. CBC and cell 10 harvests
wo awaﬁomes%ol e bl ood; chenisthy and ELISA's rBQUEP®05/055200
serum i s assumed that 1 n1 of serum represents 2

m _whol | oad I
I%%H%Stiai%f DR Lt oL AT LT PSSP 3y be
vwegt ected from |l arger nonkeys. "0.5" in the CBC Chem

15 colum indicates only CBC perforned on those days.
i ndicates not all nonkeys bled at this tinme point.

R SRR i, T g apd g
wébEbEhfkék&bo&%@kﬁhéﬁw&hlaﬁngéoﬂbﬁkibEhedh]lﬂN%vZ 5
3. 5- 0-2.1-3 3 1- 1-3 2.5-5, -8
E%Igl?%t 2(%1 BngU/é“JSﬁJZPIb ‘ie%fsz %g’f*%mé”‘ Qloﬁpair%’s%“ 5
oSt o VO BB ok 5,7 50008 oo

0.5 2.5-5 15-35* 18-40 10 0.5 2.5-5 3-5.5 12-0 1-3

N |l |l n |l (@] 1.0 1 1 n N |l n |l |l |l 1.0 N 1 n 1 n

L. I I V. I 0 17 L 170 4.9 9. JI” QW‘éeké’ a' ei'_b)oo‘éjc‘)

Median geo mean

RTS, RTS, RTS 20 31
RTS,RTS,Ad35 233 166
Ad35,RTS,RTS 571 553
Ad35,Ad35 (3 months) 85 78
Ad35,Ad35 (6 months) 47 42
Ad5,Ad35 (6 months) 110 89
Ad35 empty 2 2
ANOVA P<0.0001

Table 3. Student’s T-test. p-values for PfCS C-terminal-
specific IFN-y ELISpot comparison, as shown in Table 2,

two weeks after boost (last wvaccination).

RTS, RTS,

RTS, RTS,
Ad35

Ad35,RTS, Ad35,Ad35 | Ad35,Ad35

RTS

RTS 3 months 6 months

RTS, RTS, RTS

RTS, RTS, Ad35

Ad35, RTS, RTS

Ad35,Ad35

3 months

Ad35,Ad35

<0.0001

6 months

Ad5,Ad35 0.16 0.24 0.0004




12-3 1-3 1-3 13 1-3 2.5-5 3.5-8 14 1-3 2.5-5 3.5-8
15 2.5 2.5 16 1-3 2.5-5 25-35 28-43 18 0.5 2.5-5
W@26540320 0.5 2.5-5 3-5.5 P2 0.5 2.5-5 3-5. SpPCEEPB05/055209
1-3 2.5-5 3-7.5 25-1 1-5 1-5 25-2 1-5 1-5 25-3 1-5
1 5 25 25 75 1E 9270065 2505 92525 9343 29 2§
6 3oBths9 0.5/ 5 5.5 |31 0.5 5/5.5 33 b|5 5 5.5 |35 0.5
5505 38 0.55 25-35* 5.5-43 39 0.5 7 7.5 40* 5-10*
20-35% 25-43* 41* 0.5%* 7* 7.5% A44* 0.5% 2. 5-5*

3-5.5* 48* 0.
52* 0.5* 5* 5.

In the tables
"RTS". Table
immunity two

5* b* 5 ,5* 51* 0.5* 5-10* 25-35* 28-43*
5* WD 2006/ 040334 50 PCT/ EP2005/ 055209
below, RTS,S is referred to sinply as

2. PfCS C-termnal -specific T cell

5 weeks after boost: nedian and

geonetric nean |FN-y ELISpot (in SFUmIllion cells)
and ANOVA conpari son.
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Different prinme/boost reginens are given (left). 2
weeks after boost Median geo nean RTS, RTS, RTS 20

W@ 2006BIB3RTS, Ad35 233 166 AF35, RTS, RTS 571 55BCT/EP2005/055209
Ad35, Ad35 (3 nonths) 85 78 Ad35, Ad35 (6 nonths) 47 42

e

mdH G Céﬁt%fn]d%’ést spredfdc didNyedihd SpRE wOiPari Bt abin
shown in Table 2, two weeks after boost (| ast

SKiAart hetemnge 1 s, s, AT Ryase agisn kT P 1 s e 35

éﬁ%@ﬁ%ﬁ%@@@rﬁé@ AR 006 0 05

Ad35, Ad35 0.24 0.20 0.001 3 nonths Ad35, Ad35 0.70
0. 015 <0 0001 019 6 months Ad5 Ad35 016 024 0. 0004

oo =

0.80 0.07 WD 2006/ 040334 51 "BCFrHl 5%8?‘6%5209 6

mont hs WD 2006/ 040834 5YePET/ EP2005/ 655269 Tapl e 4.

RTE,RTEFATS NAl - Specl fi¢e TEN-ysT cell [ITmmuniey threp

RTgLﬁTglmg,gl ter boost] mediagz and geonet iz mean ELI Spot

n SELY m | | | oh—=¢ ! ! S) anrl ANOA connari [<YaVal

5, T U TP TS
AdE’)lflt?srent prine/boost réginens are given (left). 5 3

nont hs after boost

Ad35,Ad35 (3 months) 25 25
Ad35,Ad35 (6 months) 15 15
Ad5,Ad35 (6 months) 77 81
Ad35 empty 2 2
ANOVA P<0.0001

Table 5. Student’s T-test. p-values for ELISpot
comparison, as shown in Table 4, three months after boost

(last wvaccination).

RTS,RTS, | RTS,RTS, ’ ’ Ad35,Ad35 | Ad35,Ad35

RTS Ad35 3 months 6 months

RTS,RTS,RTS

RTS,RTS,Ad35

Ad35,RTS,RTS

Ad35,Ad35

3 months

Ad35,Ad35

6 months

Ad5,Ad35

6 months




Medi an geo nean RTS RTS, RTS 8 9 RTS, RTS, Ad35 35 49
Ad35, RTS, RTS 128 156 Ad35, Ad35 (3 months) 25 25

WRARS/0A335 (6 nonths) 15 15 23ad5, Ad35 (6 nont hB()T/EF20851055209
Ad35 empty 2 2 ANOVA P<0.0001 Table 5. Student's

f ELI h i
rat & 5 oLt it PP ot e S iy 0

wé/@}e@anﬂié@nﬁmiﬂsb&;& RIS RIS, a il 3pe FlISE r A 3B AU IBLISA
Ad35, Ad35 RTS Ad35 RTS 3 nonths 6 nonths RTS, RTS, RTS
t ey sl ANEVA . o3P g Rse IRT P RIS T o P 0L/ boess . Ad35

0 ths Ad35, Ad35 0.48 0.07 0.0009
%g%ge %%ﬁr{)%t(g %&5 ) 0.006 0.38 0.12 0.04 0.009 6

two

5 nmont hs WO 2006/ 040334 53 PCT/ EP2005/ 055209 Table 6. B
Ce!! |Wﬂﬂn|fu /nnfl repeat nnfﬁhng% &;f%;) wo meeks
after final boost: |nmedian and geomst e nean Bl I SA
titer and ANOVA cofpari ¥&Har Di ffer entepFP¥e/ bopst

RTSERFSIAENS are given (I eft)313 5 2 \weeks mBter bopst

RTymisouag,geu mean RIS, RTS;RES 3313338535 0iRTS, RIS, Ad35

2705 3340

Ad?S‘RTs‘ﬁT§" 1737 2059

Ad35,Ad35 (3 months) 295 336

Ad35,Ad35 (6 months) 161 171

2d5,Ad35 (6 months) 339 347

Ad35 empty 1 1

ANOVA P<0.0001

Table 7. Student’s T-test. p-values for Antibody

comparison, as shown in Table 6, two weeks after final
10 boost (last wvaccination).

RTS,RTS, | RTS,RTS,

Ad35

Ad35,Ad35 | Ad35,Ad35

3 months months

RTS

RTS,RTS,RTS

RTS,RTS,Ad35

Ad35,RTS,RTS

Ad35,Ad35 < 0.0001

3 months

Ad35,Ad35 < 0.0001 < 0.0001 < 0.0001
6 months

Ad5,Ad35 < 0.0001 < 0.0001 0.0002
6 months




Ad35, RTS, RTS 1737 2059 Ad35, Ad35 (3 nonths) 295 336
Ad35, Ad35 (6 nmonths) 161 171 Ad5, Ad35 (6 nonths) 339
W@4006/04336 enpty 1 1 ANOVA P<0. 0001 Tabl e 7.PCT/EP2005/055209
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Student's T-test.

TS BVt By

p val ues for Ant i body

ter. fin 10

conparison

boost

/ RTS;© Bis g, moRhs

a A6, SSE Aﬁ&faw@&o RFS Mﬁ&ﬁﬁlﬁ CONthSd TNt dred
RTS, RTS, RTS RTS, RTS, Ad35 0.99 Ad35, RTS, RTS 0, 07 0. 10

IoRIEE: MH3ENea® . HIhIA <(n o) <@nd HHAVA CompR Risson -

P 0 2050012 o G001 b 006a B 69 o' v

pnnths

6 nont hs

WD 2006/ 040334 54 PCT/ EP2005/ 055209 Table 8. B cel

heods

1+ o

HYAHAHE Y \anti Doty Tttt glrh()%slléf@éthoos(el tef O_OSt

related to P falrlnarun1Fq nmedi_an _and geonefric

mean ELISA (in SFU] and“&N&VA conparﬁ%bﬁ&m Di fferent
RTGrHTREIT00St regi mens aresgiven (left). 5B 3 nonf hs
RTaIFtTerAdBS)OSt Vedial geo mean RIS, RIS, BES 528 b2l

Drc prc ad2C AQ7 DL —7 AN DTC Drc 200 N7 I\nl35 Ad35
Ad \ﬁTg\R‘f I-\U\)\J O N | IY I —\U N\Iro, \fo 200 I J —\U y

nont Q\ 67 78

A\d35 _Ad35 (6 m

\

DNt hq) 70 65

Ad35,Ad35 (3 months) 67 78

Ad35,Ad35 (6 months) 70 65

Ad5,Ad35 (6 months) 92 141

Ad35 empty 0 1

ANOVA P<0.0001

Table 9. Student’s T-test. p-values for Antibody
comparison, as shown in Table 8, three months after boost

(last wvaccination).

RTS,RTS, | RTS,RTS, Ad35,Ad35 | Ad35,Ad35
RTS Ad35
RTS,RTS, RTS
RTS,RTS,Ad35
Ad35,RTS,RTS
Ad35,Ad35 < 0.0001
3 months
Ad35,Ad35 < 0.0001 0.003 0.002
6 months
Ad5,Ad35 0.01 0.088 0.17
6 months
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Ad5, Ad35 (6 nonths) 92 141 Ad35 enpty 0 1 ANOVA

P<0. 0001 Table 9. Student's T-test.
compari son,
10 (last vaccinati on)
Ad35, Ad35 Ad35, A

%ﬁ?‘l{&%% B 474y 35" RT%‘
rd¥§S5n MB35 xd s Q%dOaQ% ];Qrﬂﬁ)ﬁn

0. 0001 0.003 0.002 0.32 ?1
0.17 0.15

W06 0 Q3F4
nont hs af

TS BE HE e

V= ol Bl el Vo Wa W

ter boost

[l el a VW aV¥al

as s

non

p- Vv
in Tabl e

t

al ues for
8,
RTS RTS,

3]%2 0.

t hP@BEP2005/055209

59

Svaedt ks, Ad35, Ad35 <
s Ad5, Ad35 0.01 0.088
O 067 6 nonths V\D 2006/ 040334 55
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. 987> "33
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Gty

2950550, 14
(3( 0@ 0. 2

(62nbnt hs
2)(0.51%. 9RTS

) (0., 7.9
S(or. ef-er Bnc

) (0903-0. 1
e (Tadsle.22il.

£
Ul

AdRS. Ak 85
(6 months)

geofpef ¢
(0.3-6.0)

nmeEas 5
(0.4-7.9)

antBret
(0.03-0.10)

0.12
(0.07-0.22)

* RTS,RTS,RTS

as reference

Table 11. Ratio* of geometric means. T- and B cell
responses. Ad35 used as a boosting vaccine.
T cell response B cell response
Ratio* Ratio* Ratio* Ratio*
(95% conf (95% conf (95% conf (95% conf
int) int) int) int)
2 weeks 3 months 2 weeks 3 months
RTS,RTS,Ad35 5.3 5.6 1.00 0.69
(1.0-29.0) (1.2-26.1) (0.54-1.87) (0.27-1.77)
Ad5,Ad35 2.8 9.2 0.10 0.27
(6 months) (0.6-13.2) (2.2-39.0) (0.05-0.22) (0.11-0.68)

* RTS,RTS,RTS

as reference



responses. Ad35 used as a boosting vaccine. 10 T cell
response B cell response Ratio* Ratio* Ratio* Ratio*

w@ 9B%essf (95% conf (95% cotff (95% conf int) PEIX/EPioN$)55209
int) 2 weeks 3 nonths 2 vveeks 3 nmont hs RTS, RTS, Ad35

69 0- . 0 54-1. 87
T%%P%ﬂg %?@083\& 9&&%35 5212 %1.?101?58‘?‘2\7 (& bt HEyrity
tud® . wedids e Zfﬁ%ﬂ)vi@cﬂ%&&g) héd {dn 0aé8)gedmetric
RTS, RTS, RTS as reference WO 2006/ 040334 56
mqr@r/@@mv 06520%F U/ /mabl blap cek sy Nr@raNOg - %‘ﬂ‘é‘@ﬂ%on-
1. @@g gy e
D%ﬁ%%%/%%% F%#mé I an a%%éﬂg%ﬁt%lis%a&%r\g%% %pot (in
5 SFUmllion cells) and AI\IO\/A conparison. Different
nrlnn/hnoef rnnlnn s—are alvaen (1l oft) [ 9 weeks after
boost  Median aeo fean  RIS'BTE HFE 2°%° RIS RTS, Ad35
17 11 Ad35, RTS, RT§ 130M4¥8™ Ad3%, AdIS° **ont hs) 68
RTERTSATF35, Ad35 (6 npnths) 108 69 [Ad5, AdB5 (6 npnths)
RTOERTE Zaq3 0035 enpty ] ANGVA PO 0001 —Tabte18.

fndnnf s—TF-test nh-valiiac far Fll Shnat ﬁnnﬁar son as

d:")l ‘RTg R.‘I' N * ool ““_[3/ —OT T OPot ,
is_%mm_l_snia.b_l_e_'l.z,__tm wee?<s after fi naf 10 bpost

(last vaccination)| RTS RTS, RTS|RTS, Ad35, RTS
adABl3B3Ad3moAd3b, Ad3b RTS &d35 RTH 3 norshs 6 npnt hs

N

Ad35,Ad35 (6 months) 108 69
Ad5,Ad35 (6 months) 68 72
Ad35 empty 1 2
ANOVA P<0.0001

Table 13. Student’s T-test. p-values for ELISpot
comparison, as shown in Table 12, two weeks after final

10 boost (last wvaccination).

RTS,RTS, RTS,RTS, ’ ’ Ad35,Ad35 | Ad35,Ad35

RTS Ad35 3 months 6 months

RTS,RTS,RTS

RTS,RTS,Ad35

Ad35,RTS,RTS

Ad35,Ad35
3 months

Ad35,Ad35

6 months

Ad5,Ad35

6 months




RTS, RTS, RTS RTS, RTS, Ad35 0.12 Ad35, RTS, RTS < 0. 0001

0. 002 Ad35, Ad35 0.0002 0.012 0.39 3 nonths Ad35, Ad35
WGe2@600014 0. 011 0.23 0.84 @ honths Ad5, Ad35 <POI/@PDNS/055209

0.007 0.22 0.88 0.94 6 nonths WD 2006/ 040334 57

TR v o TS T L FRSC TR M of Gobormua Lty
Rk afb@is georet rh&o Seame &l d Spoid (deborRbtd 16 | the £m

cells) and ANOVA conparison. Different prine/boost
ErbipeiensiareF g vehl 19efeg1l1ls) AV Af¢@RPobsen -

' TLS' T TS, 3 T T 12 10
D .
g e L AN
5  Ad35 Ad35 (6 nonths) 30 17 Ad5, Ad35 (6 nonths) 63 55
Ad35 onpty-3 2 ANOVA_P<0. 0001 Table 15 Student’ s
T-test. p-values for ELI Spot™ " cOnparison, as shown in
Table 14, three nopths #f4ét 10| boogt° ("Past

rRgaTCIATat | on) . RTS, RTS, RTS, RTS, Ad35, RTS, Ad35] Ad35
RIAUES, S5 RTS AU3% RTS 3Jznmonttis[6 momtigs — RT§, RTS, RTS

RIS-RESAd35—0-035—AR3-FFSRFS-0-0005-0-066
Ad35, RT3, RTS : ’ ’ : 40"
Ad35,Ad35 (3 months) 25 32
Ad35,Ad35 (6 months) 30 17
Ad5,Ad35 (6 months) 63 55
Ad35 empty 3 2
ANOVA P<0.0001

Table 15. Student’s T-test. p-values for ELISpot
comparison, as shown in Table 14, three months after

10 boost (last wvaccination).

RTS,RTS, | RTS,RTS, Ad35,Ad35 | Ad35,Ad35

RTS Ad35 3 months 6 months

RTS,RTS,RTS

RTS,RTS,Ad35

Ad35,RTS,RTS

Ad35,Ad35
3 months

Ad35,Ad35

6 months

Ad5,Ad35

6 months




Ad35, Ad35 0.0005 0.10 0.73 3 nonths Ad35, Ad35 0.011
0.48 0.27 0.39 6 nonths Ad5, Ad35 < 0.0001 0.01 0.58
WO2800388 6 nonths WO 200679040334 58 PCT/EP2005/055209
PCT/ EP2005/ 055209 Tabl e 16. Rati o* of geonetric nean
T cel] r onsg against the N-termnus. of PfCS. Ad35CS
rirfe 16T B (6 N ere e T ek e e
ad 2D €otte iMteRined 4OBECONTAdIEYS Bsdeks 3 pPnhhsg
Ad35, RTS, RTS 32.4 (12.1-87.2) 16.5 (4.7-58.3)
VEUITIAd35 (3 nmonths) 20.0 (6.1-66.0) 13.2 (4.1-42.3)
Ad35, Ad35 (6 nmonths) 17.9 (6.5-49.4) 7.1 (1.7-29.3) 5
* RTS, RTS, RTS as reference 10 Table 17. Ratio* of
geonetric nean [T cell resfordd regepmseist t he N-terninus
Oof CS. AU35CS USEHIAS (%308 [in00 | RYGGE! (0685 cdnfC End) |
response Ratio*l (95% ¢quf,d nt) Ratio* ¢9a%conf int)
2 weeks 3 mppths RTS RTS Ad35 218 (ﬂ 7-10.9) 4 1
APY RIS FES 2)  AdS, AdES: (‘82 onrAs) 18.5°%%.4:78°3) 24 4
AdEH 283K 13 Mpnthyh * RAGOIRTSIRFY)as | ef dlehdé- WF-3)
AdZ00Ei V40 I34 5P |PCTLIERZUUS/ 055209 REFERENCES . 3)
Brufta=Rotrero et—al— (2001) CUlT'pi ete—1 ui"lg-= ast ng
> . g'{‘SOtReSCt'iI‘SOQ agai nst mal aria of mice prined and 5
00sted WTH tWwo distinct viral vectors expressing
the sane plasnodi al antigen. Proc Natl Acad Sci USA

10 Table 17. Ratio* of geometric mean T cell response

against the N-terminus of CS. Ad35CS used as a boosting

vaccine.
T cell response
Ratio* (95% conf int) [ Ratio* (95% conf int)
2 weeks 3 months
RTS, RTS,Ad35 2.8 (0.7-10.9) 4.1 (1.1-15.2)
AdS5,Ad35 (6 months) 18.5 (7.4-46.2) 22.4 (9.8-51.1)

15 * RTS,RTS,RTS as reference
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CLAIMS 1. A kit of parts sing: -
replication-defective reconbi nant adenovirus in a 5
phar maceuti cal |y acceptabl e excipient, said
aden?bvﬂ@soﬁmﬁ%lwnwm@?ol ogous nucl ei c acid
encodi n Ci rcums ozoite ]g

ol o | AR B PR PRV B Mg eV Prus i a

pr otﬂh@ﬂﬁ@@él@tmﬁlgﬁlhcdébmﬂ@I@I ékéﬂbﬁerﬁ‘@ﬁ%‘@idlant
adenovirus is selected fromthe group consisting of
humeARRADAF USORRF Bt e a hetarobggousmugteiggmcyd

and éﬁho&&nf‘%'élf%u %géfbf@%%%d t&hﬁ&&%ﬂ”éﬁom a

wherein sard 15 reconbi nant adenOV|rus I'S human
adernwvlausa sexwt ype BhrasBre A &ad of parts according
toclaiml or 2, wherejn said proteinaceous antigen

conpt? s%@lévﬁsecﬂar%]f%??ﬁn%?e%%s IMMARYeni ¢ fragnent

wi &L £9F 5.2 { & 0P EoiBd AL 1h 8- LRS- NOr 29 P@@élé@te& £ Ao the
of parts according to claim3, wherein said

gmlm etpraecevusnane f d@m@@r@d@@@gllauﬁymwtm@tbln ot 3,

in,or | genic fragnent thereof fused to
3{) §'5 Zfcfgrface E??@en fromhepatitis B virus (HBsAQ),

inthe formof |ipoprotein particles wwth HBsAg. 5. A
klt of parts according to claim4 wherein the

2 pr otk Fhe et PERE T RICVBHRT see RIEIS, 1 g0 iser ik $a
- DE5H51 ALEOT hdlo ! 0801 ONPdn CA My o0 SHRSEGHD 35

sal d proteinaceous antigen is adjuvated wth an

3. A kit of parts according to claim 1 or 2, wherein
said proteinaceous antigen comprises a CS protein, or an
immunogenic fragment thereof, from a malaria-causing

parasite.

4. A kit of parts according to claim 3, wherein said
proteinaceous antigen comprises a hybrid protein of CS
protein or an immunogenic fragment thereof fused to the
surface antigen from hepatitis B wvirus (HBsAg), in the

form of lipoprotein particles with HBsAg.

5. A kit of parts according to claim 4 wherein the

proteinaceous antigen comprises RTS, S.

6. A kit of parts according to any one of claims 1-5,
wherein said proteinaceous antigen is adjuvated with an

adjuvant comprising 0S21 and 3D-MPL.
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adj uvant conprising Q@21 and 3D-MPL. WD 2006/ 040334 63

PCT/ EP2005/ 055209 7. A kit _of parts according to
we@b@smB34 wherei n the adj uv@ht further conpriBEFEP2005/055209

chol esterol -containing 1|iposones. 5 8. A kit of parts

acco n one of lal 1-7,. erein said
ol Y AR A el i S e o,

ﬁ Irdn©f FPAFi Sr aE6RS £H $ks t@@mswueopic@ﬂl@mlﬂg 8, 10
erein said heterol ogous nucleic acid is

LipRRedpti m zed for increased production of the
encoded protein in a mamual, preferably a human. 10.
A kit of parts according to any one of clains 1-9, 15

8 wherkikitsard pacmbeim:ralsttdja@nmiamgs orse preseding &7,

n1xture W uvant, 11. A kjt of ts ,
i S ma e BRI RN Bttty ol SEbHETAdHE
féﬂ&ﬂﬁgku@anlne 20 or bovine adenovirus in a

pharmaceutically acceptable excipient, said
adenovirus conprising a heterol ogous nucleic acid

o ENCOMI g, &, £ Qp%éé%c%f gﬁ'é a&@]@ﬁ@d&gt&él@@ 1-8,

ant i gen 1rrom asnodl um

wlash elrat €t riod et natepiiss amiic Detc caddd | 53 Ngo dRIS; dptidized
A kltiﬁ%%%%%ts according to claim11l, wherein said
‘&&%F §%HW&%W§&WW£%@%QW%W%£&%@

m&RNPL | ShAgr Q8Ak @nd 3BMPL. 30 13. A kit of parts
accordlng to claim 12, wherein the adjuvant further

conprises chol esterol -containing |iposones.

¢006{ 040334, 64 PCT/ EP2005{ 055209, 14, A kit

160k dig 1h Gy D ot TR e 2%, OGS ecfn)alsfﬁ? il
whepdicadd M- ﬂeé@ﬁmrvaenw eLdsibianls atkenove $&rst in a

mixture with an adjuvant.

11. A kit of parts comprising:

- a replication-defective recombinant simian, canine
or bovine adenovirus in a pharmaceutically
acceptable excipient, said adenovirus comprising a
heterologous nucleic acid encoding a codon-optimized
circumsporozoite (CS) antigen from Plasmodium
falciparum; and

- an adjuvated proteinaceous antigen comprising RTS, S.

12. A kit of parts according to claim 11, wherein said
proteinaceous antigen is adjuvated with an adjuvant

comprising 0S21 and 3D-MPL.

13. A kit of parts according to claim 12, wherein the
adjuvant further comprises cholesterol-containing

liposomes.
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IS a primng conposition and said adjuvated

prot ei naceous antigen is a boosting conposition. 5
wda sossB3nf a replication-deétective recombi nankCT/EP2005/055209

adenovirus conprising a heterol ogous nucleic acid

ncodi ng a antigen froma mal aria-causing, parasjt
LG B e o bt FAmS 5 ity i IGE TRt s,
wiiere acdal @ Ao Df c 8t 186 garedt 1 F O rd dend 1 et rede @bvirus
prevention of malaria, wherein said reconbi nant

1aderdring | PR i ken ard ot e dH e P Briehibvi RS
. j I US 11, 24, 26, 34, 35,
g e e R Y BRI g o el ai m 1
wherein said replication- defective reconbi nant
denovirus is used as. a primng. conpositjon and said
150i] U056 6o i F R MHEA DL R T TS ZORUBP AN boost | ng
adONPRSHE S OFomEi dilng UsehECRS TP Oned Bd 1@ 1 16,
wherein said  proteinaceous antigen conprises a CS
eredEid,a dvS amntigmrunogeni € Ma bypest caherediRarF oht e
olR A1 21 FANS 09 o PAEBILE. 025 s Je ACCOL NG o Ao
one of al s =17, erein said nalaria-causing
oPpad asedcamset assmwdi e fadLipattimr @S vdidsel @ cof di ng
to any one of clains 15-18, wherein sajd ) .
may} %%na“@é%ﬁ%l%rﬁ?b‘énr%m%%%%t LT H T ot i DIOBI

a CRRIA il D 198y Al | AERINOGENLS & F agnietad hesead ftsed to
the surface antigen fromhepatitis B virus (HBsAg), in

sehet¥re Mbf 24 povot@n Part4@l e vt SHBsAg. WO
2006/ 040334 65 PCT/ EP2005/ 055209 20. Use according to
claim19, wherein said adjuvated proteinaceous

1@ant i gen Lormprdoes RIS S iRl 5 Usehacenn déapd t oemycHiton -
of clains 15-20, wherein 5 said protei naceous antjgen

de e Gld} Uv At e, PR s A Rl BENS ML, Usd 3k e e Hi%hg

céﬁb5§5%5653éﬁdﬁ%éﬁJﬁbé;ﬁégﬁeawﬁ¥é%éﬁnaceous antigen is

used as a boosting composition.

17. Use according to claim 15 or 16, wherein said
proteinaceous antigen comprises a CS protein, or an
immunogenic fragment thereof, from a malaria-causing

parasite.

18. Use according to any one of claims 15-17, wherein

said malaria-causing parasite is Plasmodium falciparum.

19. Use according to any one of claims 15-18, wherein
said proteinaceous antigen comprises a hybrid protein of
CS protein or an immunogenic fragment thereof fused to
the surface antigen from hepatitis B virus (HBsAg), in

the form of lipoprotein particles with HBsAg.
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sai d heterol ogous nucleic acid is codon-optim zed for

10 increased production of the encoded protein in a
woreowrakosss pref erably a humarfd 23. A method of PCT/EP2005/055209

vaccinating a manmal for a malaria infection

t .15 - ai d | ith
2G0TI kG OB AT o B ot TR e
p e TRERE 1 € 3d th Y1 g€ CofhaPl e £xeTPj @nt, sai d

adenovirus conprising a heterol ogous nucleic acid
encodi ng a CS antigen from a mal ari a-causi ng

2Parasid e, HOAS 1 Ok SGF o

adjuvated protei%aceous anti gen conpr|S|nd?a %fe%P

spidiprot@indSquotantnigsn B adiuvetgsdhiwl i a(mﬁehtand 3D-
hereof fused to the surface antigen fromhepatitis B
ifrus (HBsAg), in the form of |ipoprotein particles
with HBsAg. 25 24. A nethod according to claim 23,
wherein said proteinaceous antigen conprises RTS, S
225. Psered b Gerdrid Y oore & in @B Brs 2L - herdierehi d

204 NECOIDL NN, RABOONLT S, § 80 & DUTRR., 2 Si 1Ak 8o, g

cani ne or ovine a enOV|rus

id@red sddn 2o dudiet @ oS atlte ¢receddd namd t atkeniovi & usarsa B,
hupan adenovi rus sel ected WO 2006/ 040334 66

P EB2b05? 058590 from the group consisting of human
adenovirus serotype 11, 24, 26, 34, 35, 48, 49 and 50.
27. A nethod according to any one of clains 23-26, 5

23herkimegaed ¢f otadereousy antiayemel sfedjaveredrivd t h

1n ectlgndCSD]i\/st 28théA et hod accor ding to any one of

s 23= 27 whe il sAr P el ar i a- causi ng parasite

Pﬁﬁf{ﬁﬁ_}% Ukl i d Cudrdh£1 PR N a 28:p A ot 1O RELEEH g
to any one of clainms 23-28
récombinant adenovirus in a pharmaceutically

acceptable excipient, said adenovirus comprising a
heterologous nucleic acid encoding a CS antigen from
a malaria-causing parasite; and

- boosting said mammal with an adjuvated proteinaceous
antigen comprising a hybrid protein of CS protein or
an immunogenic fragment thereof fused to the surface
antigen from hepatitis B virus (HBsAg), in the form

of lipoprotein particles with HBsAg.

24. A method according to claim 23, wherein said

proteinaceous antigen comprises RTS, S.

25. A method according to claim 23 or 24, wherein said
recombinant adenovirus is a human, a simian, a canine or

a bovine adenovirus.

26. A method according to claim 25, wherein said

recombinant adenovirus is a human adenovirus selected
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codon-optimzed for increased production of the
weewetedsprotein in a 15 marffal,, preferably a POIEP2005/055209

30. A nethod of vaccinating a mammal for a malaria

I nf ect |on usi ng_a kit, of ﬁgrts acco to any one of

ragih e o0 DS i e RE T S FIAR hl Ml

1fprom mebarie, 39fecdj oo usndgs@, kit of parts
according to claim14, wherein the boost is followed
by one or nore subsequent boosts. 25

27. A method according to any one of claims 23-26¢,
wherein said proteinaceous antigen is adjuvated with QS21

and 3D-MPL.

28. A method according to any one of claims 23-27,
wherein said malaria-causing parasite is Plasmodium

falciparum.

29. A method according to any one of claims 23-28,
wherein said heterologous nucleic acid i1s codon-optimized
for increased production of the encoded protein in a

mammal, preferably a human.

30. A method of vaccinating a mammal for a malaria
infection using a kit of parts according to any one of

claims 1-14.

31. A method of vaccinating a mammal for a malaria
infection using a kit of parts according to claim 14,
wherein the boost is followed by one or more subsequent

boosts.



