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i nterferon-ganma. These i nmune responses prevent the EEFs from maturing and
dividing rapidly to formthousands of-lrerozoites that reenter the bl ood and
i nfect




30eryt hrocytes causing the di sease we recognize as nmalaria. WO

2011/ 022522PCT/ US2010/ 045952 [ 0007] One CS-based nal arial vaccine that is
current | ywondarges2ag hunman trials is 3 axoSnmthKline' s RTCHUSH)10/0WEDN
protein of the Hepatitis B surface antigen and a portion of Plasnodi um
fal ci parum circunsporozoite protein (PFCSP) in a formof virus-Ilike
particle (International Patent Application No. PCT/EP1992/002591 to
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(CD8+) response (Kester et al. 2008), which mght be the reason for the
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as a ‘éﬁ’@é@cﬂﬁ? %@éduﬂbr@aﬂﬂﬂy?@aﬁdi@%dttﬁeré‘@tﬁﬁré RREP R olRyaotlgransgene
in spite of the presence of anti-Ad5 immnity nt er nati onal Patent

Appl i daigedhimbersrt BPBrEZOUSS 55183 therefaiecan art@ma@mua@wa vegtor dpt@anober

5, 2R s SR T S R R, 10 o0 1

serotypes has aI so been constructed in order to escape pre-existing
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dividing rapidly to form thousands of merozoites that reenter the blood and infect
30 erythrocytes causing the disease we recognize as malaria.
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20 The circunsporozoite protein may further conprise a codon-optim zed

Pl asnmodi um f al ci parum or Pl asnodi um yoel iicircunsporozoite protein, and in
sone aspewoO2o1wmys2le encoded by the nucl eoti de sequencePOT/USEQOIOEFRIBID: 2 or
SEQ ID NO 1, respectively. [0014] 1 n other enbodinents, the immnogenic
epitope further conprises a B cell epitope of Plasnodi um circunsporozoite
protein. The B cell epitope may be 25i ncorporated in a nodified capsid

e LT N
wher eiid RaRBrhiterirRfs HYRL DrustRSrosin @ﬂ’chéﬁ%é@&ié@ shead sRtideread ape. In

ot her aspects, the capsid protein may further conprise a C&g;l d Fi ber
pr ot eiperigrepkPasmasgi@ndelcipaspinaiise msporeraiiet rataim{Bf GHR) iR dormppfotigisn. 1 n
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B nor ik g ele OTerFafigd PR TRBo N ST R PA0TRI 028 B SRS 1 ¢ ne
B sel IBphbAPBidiSyieals PARAIENEeas®er il ol 183BNMRLE beNANBWA to2Rréd2dNC 60) ,
wherein the repeat sequence nmay be (NANP)4, NéNANP)G, (NANP) 8, (NANP) 10,
( NANP)M@iaria pp{reyamin ¢ligabyriads (%'IQARP)@i@!- m jorso qtRANEDOD Bgjor fia@lP) 28. I n

th , . . b . e -
or of 120 B o BT ShEERE af AR ICHE L cRal R [otBo e, UL IR AZR  ©
(CCPOAP) 3. [P OADL 1, (COPOAPY B[ CoPCAP 60 (PGP T CopeAm B
( CaPCAPR SN (EEpr ey ook QEpERBy T By 1 00151 IMCORYad: HEPOHBEAIRERt s, ¢ he
Pl Do ot vABL B Eah Mg a PRBENASEelfich InithTe Rigeg (hufifalofl CABRL DY e
i ncor pppdicetion Noa PROdEPREA3/Oaps1 9, fded cracenrart1d, R008nRedrigueseiealt $99T7)he

i i i h i,.abl i HVR) ., The, HVR
o h e, thelB b TpaREvib GBaRessREUI LIRS b ah lebVhs hsstt o
or CD8statforfPhs aerﬁalrSaﬂaQ/-acbiﬂe@t1hga%@%g.ﬁgh§ra%ig1{yﬁ>fm&i@g atRitent MIrh &

conprises a pVll 15 protein an _epitope is inserted into the
pVl | pespa&ise againgichisansgrns produet, @pa+«2Y peszpkistipg iropeinity teiapeagyits, um

falkci .Gl 0z0l + . it o L] + cel |
o3t opert bt pRUTEREl ek Rabbec i Ra RS M HBgE e AEfuailing.Con 1
cel | epist@pactimea Pl asnodi um yoel iicircunsporozoite CD4+ T cell epitope,
wherein the CD4+ T cell epitope is YNRNI VNRLLGDALNGKPEEK ( SEQ 201 D NG 61)
[0016] O her enbodi nents are directed to a pharmaceutical conposition or

mal ar i[80Q8kcci ne (MPRRICBCE NS IeSEREY RepR (iRl IRAT alRBRbIA fYdMaRkor di ng
to th WERQ [ tS Al - f freating,
pr eve%tdl%ﬁgw%$ [ asgg@mraﬁﬁsgp ﬁ%? %ﬂrﬂ?‘?@:&n% ng%hﬁg‘gqlgre{ﬁﬁéeg??'ﬁéréapeut: cg
anountbacteriaher 2Barepiiopes it adedovirosmapsid noteins satlaas ddaxanc FrieercBeptosi t i on

P hodndani pustonl et o SRR BIch S RaIReR AL 2a0bn T g5 oAl pos ORI on
wher eig_@oa)_su_bj ect is given a series of increasing dosages or sane dosages
at a given tinme interval. The tine interval may be any length sufficient to

WO 2011/ 022522PCT/ US2010/ 045952 generate a hunoral and/or cellular inmune
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is a schematic diagramillustrating the construction of the HVRL- Mdified
Adénowheus tonpdigge BHMHIRICSRATISE e @ V@%’iﬁﬂﬂedﬁrﬁp'tﬁdﬁrﬁfdﬁlm%ﬁ@nﬁ?ﬁ @E-At or .
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been constructed in order to escape pre-existing anti-Ad5 immunity (Wu et al. 2002,
30 Roberts et al. 2006).



[0022]Fig. 5 is a schematic diagramillustrating the construction of the
HVR1 and Fi ber-Modi fied Adenovirus DNA of an HVRL and Fi ber-nodified
reconbi nawo 2adeénei2er us plasm d vector. 15[ 0023]Fig. 6 i PCA/USCHONBINLE
diagramillustrating the construction of the Fiber and pVII-Mdified
Adenovi rus DNA of a Fiber and pVII-nodified reconbi nant adenovirus plasmd
vector. [0024]Fig. 7 is a schematic diagramillustrating the construction

f th 1 d ) Modi fi ed Ad R d
o Mot o™ e i HaweYRE i o 0S8 ST AT Bt SPo b Fe g i s a

schengvefedtha e fivd bbét%bre%tdt'ﬂlﬁle %Bﬁlectﬁﬁétirﬁ HB%I'yﬁh@ M a&@ﬁo%%ect%'rlﬁ?é and
pVI | - Modi fi ed Adenovirus DNA o er “and - nodi f

r econtialara vad@lnev*nerlmprmda@ﬁ\@ \Kéweoﬁhai{mgaqava@nce tDsAdEhlé h@mwetrtalaita d

(pyco GeBio B (PG 4. A Eabb A e 1 AR e R Gl "

Ncb30)\/acM@eZﬁétJ4h@@é’és?BﬁﬁTpérUfa%ﬁJ/@/WéQarﬁ@@é’WdIEﬂ ihmiAe resgomeeBskRiig acid

sequence of codon-optim zed Pl asmodi um fal ci parum circunsporozoite protein
( Pf Csihe BEesanoeNbPrg-exindti REnesiy lsasien@Viigs-ani no aci d sequence (SEQ ID
NO 43) [0028]Fig. 11 is the nucleic acid and am no aci d sequences of a

nodi fi ed H@{gﬂgﬁﬂﬁyl ng three repeats of the PyCS B cell epitope sequence
( QPGAP) n NGO 59; n=3) in HVRL(SEQ ID NO 3, nucleic acid; SEQID

NC: 31, [g(?gzl 1o a?'ﬁ{e rEQSn ASEbEER J(e‘g%?ﬁ? )/grlél?@éf& S Bfé‘ﬁ{‘tﬂ Ications |

[ 0029] 12 is e nuc erc aci am no acl se ue Cés o

Hexon to abgwiemg irhownerreppatise ff a tr’aas@ba@oBa cl:ectdmlelpaht)a@erscﬁmaena@cnﬁéE%‘ﬁAP) n,
(SEQ I D NO 59; 10n=4) in HVRL ID NO 4, nucleic acid; SEQ ID NO 32,
ar]rpnot%GIrB‘)'mV?ﬂboren%?tfr@daré WMSS'EHU%W% is underlined. [0030]Fig. 13

is the nucleic acid and am no aci d sequences of nodified Hexon having five

repeat[gom the Ry&ra %ééﬁldall?%ﬁ@@ﬁlb@@ﬁ#@rﬂ% d(r%i@%)&rec(v%ér@ NG. 59;
n=5) in Rl (SEQ I D NO 5, nucleic acid; SEQ I 33, amno acid). The

i nserta@@nmsl(wwcsfreméemblsaum@nqwrea plqsﬂfmlgil\aelat@“ whgreig thére nucl ei c

bycs ocuniPingl AfhioQER HACER Weithmhb et PR RBlie §Rabhted BRFRIIaD) Asta
I D NOF&asmuauluen gir@frh&horok&itd Erd‘t@n aﬁanﬁg@m@ pamdh)theiréftﬂ opsrablyelthkeQE@AP) 6

seguence is underlined. 20[0032]Fig. 15 is the nucleic acid and am no acid

sé ﬁ@é@rolﬁg%mrpm@waarﬁn @mqégleﬁew@@b@@trtespr@iem,hwhmas cel | epitope

SEQ) | B R Seliode XA Rp bR i fanbRattiches Pedalnd S uer i e

[ 0033]réplaced Gt lemist partvfial cipsichoi corengtotim.no aci d sequences of nodified
Hexon 25havi ng ei ght repeats of the PyCS B cell epitope sequence (QGPGAP)n,

i o 190155 > 7 Shes S BHOPSEREE FIgIRA FECmERs A Protge Turthd
20117 QeAmidRsH b%%%ﬂ/@lﬁ%%a{rgﬁﬁtﬁ] Pia8modifurh §obliirdHRls ?b%z%ﬂbcbré% am no

aci d sequences of nodified Hexon having nine’repeats o CS B cell
epDt opdeseitpuetspr¢ aErRGARI¢In NiEERriher RomgYise a codon-optimized Plasmod/um

falciparum or Plasmodium yoelii circumsporozoite protein, and in some aspects, may be
encoded by the nucleotide sequence of SEQ ID NO:2 or SEQ ID NO:1, respectively.

[0014] In other embodiments, the immunogenic epitope further comprises a B cell
epitope of Plasmodium circumsporozoite protein. The B cell epitope may be

25 incorporated in a modified capsid protein, and in some aspects, the capsid protein may
comprise a Hexon hypervariable region (HVR). The HVR may further comprise HVR1
or HVR5, wherein a portion of HVR1 or HVR5 is replaced with the B cell epitope. In
other aspects, the capsid protein may further comprise a capsid Fiber protein wherein

the B cell epitope is inserted into the Fiber protein. In some aspects, the B cell epitope
4-



n=9) in H/RL (SEQ ID NO 9, nucleic acid; SEQ ID NGO 37, amno acid). The
i nserted (QGPGAP)9 sequence is underlined. 5[0035]Fig. 18 is the nucleic
aci d and woizoo/@ei2d sequences of nodified Hexon havi ng eCeEuseomwmpar s of
the PyCS B cell epitope sequence (QGPGAP)n, (SEQ ID NGO 59; n=11) in HVRL
(SEQ I D NG 10, nucleic acid; SEQ 1D NG 38, amino acid). The inserted

(QGPGAP) i i sequence is underlined. [0036]Fig. 19 is the nucleic acid and

R T R
NO. 11,6586k ®4 § rageat se'ala@nb@ APl INANFAE (SO IENROLETe Rt Bbin GRPCAP) 12

nucl ei ¢ aci'd and am no acid

sequence 1s underlined. Né
sequeriepealafequeare ineay IB%*NA wi( R@\N%)w N/‘k!}b@)aat (BNANPt)he NeARBP2B(NANP)epi t ope

i SRRy RANER AR e BANSEES) (BNPES (RS 7 eERtse e B8 ©

ungder Iem@ﬂg id QO@ﬁ&rﬁbdiunthoelﬁ ctrb@m@p@ﬂo@bﬁe@%t@uraattearém@ écwdemmles of
nodi fi ed xon havi ng si x repeats of the PfCSP B e |tope seguence

( NANP)OR!! 6PHERP 1997 KEP@R; SORHETICe, ﬁowmmpea@ﬁfwmsﬁ%ﬁ)éi :58piwhersif | D
0(
NG sas 1998 Bl dhco T SORSEREAN MBI SC SRR A RSP,

Hexon (Q¥BR @APg, (QGR@ARH, $QGP GAR)P{QSPGAREL lord@iGRAAPSgquence ( NANP) n,
(SEQIDNOGO n=8) in HVYRL (SEQ ID NO 14, nucleic acid; SEQ ID NO 46,

' ' t ed P) 8 der | d25040F.23
s ThdORLS] o ¢ de et s SHARSRENY, Dk GUACERORIC RBUPPS BN IARS ¢ on
r qgeat@@i on @@iﬁf ﬁ%@ll %pﬁ@be o?P'Iés%’é‘dﬁﬁPéiRﬁu‘PﬁsddW@en ro@e‘?ﬁthPdﬁgﬁQr n=10)
in 5, 'nucleic acid; SEQ I 7, amino acid). The
i nser tQEBf mmem)emto:peqney]be ineorpaciied umadnodlfmi zaps.dmzszezp@emsﬂo&me45952

0041].FE | d. and d fied
Hoxon 4380 15g IS, EAR0 PRy b8y 26ln R 8RB nEPr el P TESER, VAL i) .
(SEQ IHYAGhSPuritet 2bmiphisENRIR( SHRrbA Aebikn dTUSVRH Gs AsplscedSinh 1R BD4.48,

am no acid). The mserted@& NANP) 12 sequence i s underlined. 5[0042 Fig. 25
is thér eTcalgritogad Ia hﬁfaeﬁ@leﬁtss&me(?f@egotﬁln rthericempasess BYUi ng

NG so P R a o R T SRR TEenEE L B STARRLER IR asbeline
aci d) .CO4e Ti cedlesgiphe(iNaNPadAosiam éacpargmeirdamsporszoitb @A) Fi gpll éifitope, t he
nucl ei ¢ acid and am no acid sequences of npdified Hexon 10haV|(R|%23| Xt een

r epeatdeINt e GPEsp @”c%tpliop@dﬁﬁaﬁé\'@&’ﬁ%h%EEv\wa Q%é?g'%‘ 60/N n=16)
In HVR}

msertedér(%@lélg) @Qégﬁéﬂgg&ﬁ%ﬁﬁ%&?ﬁ ﬁ’égrﬁc%%wg! OE"% cifty] 7 I's t cQQenCd?Pfgpl'I; acid
and amel@pioped, wheneemtesCOd+nbdell epﬂbp@»so\‘i\lﬁMVN@Le@AleNGNF&@ét(SEdf t he
Pf8:SP 5 SIrdj epi t ope sequence (NANP)n, (SEQ ID 15NO 60; n=18) in HVRL (SEQ
| BYNO! Qﬁ dleic aci d; SEQID NO 51, amino acid). The inserted (NANP)18
sequence i s underlined. [0045]Fig. 28 is the nucleic acid and am no acid

sequengeserf MO WtheedmdedRNeha\dra ire bR i égﬁ&@ﬁécéiftlchh&) &sitoBoeel |
epi tope sequence (NANP)n, (SEQ I D NO 60; 0) in HVRL (SEQ I D NO 20,

nucl einealata ¥acsae compaEiticBCOMaRTiSig @cre@pmbmmza@eﬁgélrwe‘eacqmme)tgahe equence

of modt'BE TRt I ol B PEBR® 87T Ry BN d5pPe R She "
Sequem@dd%MDbrﬁJar(a$E@rﬂdﬂsN@ &dminmstadng arthehdgbutiSla@d unt oL, nucl el c acid,
?Ol D NO 53, amino acid). The inserted (NANP) 22 sequence is underli ned.

oPPpENgCeiisal §0mpeswl96|%realaaadaaﬁlaeé}ﬁmﬂpsamwns@@@@m With i £ i ed

Hexon ight repeats of the PfCSP B cell epitope sequence
(MNP)MV%%%ESS%H%@SB n=28) in HYRL (SEQ ID NO 22, nucleic acid; SEQ ID

NO 54, am no acid). The i nsert ed (NANP) 28 sequence i s underlined.
[0017] In another embodiment, a method for treatment comprising administering

a prime-boost vaccination, wherein a subject is given a series of increasing dosages or

same dosages at a given time interval. The time interval may be any length sufficient to

-5-



-9- WD 2011/ 022522PCT/ US2010/ 045952 [0048]Fig. 31 is the nucleic acid and
am no aci d sequences of nodified Hexon having three repeats of the PyCS B
cell epitwpeosdgeeace (QGPGAP)n, (SEQ I D NO 59; n=3) i nPEVRS2(188G9D NO 23,
nucleic acid; SEQ ID NO 40, amno acid). The inserted (QGPGAP)3 sequence is
underlined. 5[0049]Fig. 32 is the nucleic acid and am no acid sequences of
nodi fied Fiber having three repeats of the PyCS B cel | epitope sequence

GA ID NO59; n=3) in Fib E NO 24 I id; SEQ ID
PR IR Rl TR S N A M A TR R
[ 0050]dai @y, tR8 |ht%r\ﬁa{?‘?néy-‘l§é9cbtﬁ i9RbaliRREY %“d?féeaé?\)e‘#y semeaces of nodified
Fi ber 10 havi ng four repeats of the PFCSP B cell” epitope sequence (NANP)n,

(SEQ ID NO 60; n=4) in Flber§<I IDN025 nucl ei ¢ acid; SEQ I D NGO 55,
ani no aci d)BRfﬁFeD SERIPIIONAKRH) DRAVANGS s under|ined. [0051]Fig. 34 is
the nucleic acid and am no acid sequences of the nodified pVil havi ng the

PyCs {018Jepi t offeg.skigueackenvakNdigRIT GHALsRGERIdI(ESbQCombisMD: 61) at the

er e I D NO 42, am no acid).
M %ﬁ?é@%@%@LMé@&u@@ﬁ%%ﬁgﬂ ined. [0052]Fig. 35 is
the nucleic acid and am no acid sequences of the nodified pVlI havi ng the
Pf CSP [0D#9] epi tCFFil@ 2%3@%&%&&@@4&@'@5\%!@%@conétﬁﬁ@dnllbﬂ‘ﬂﬁbfb-ﬂ\ma{ t he
C-term nys of pVi VI | 1 SEQIDI\%ﬁZ nuclelc acjd; SEQ |D NO 56, 20
i o Mediid AdREoVREPNASEaT REFaL PP leEeV 4= BlasenReler
[0053]Fig. 36 is the nucleic acid and am no aci d sequences of the nodified
pVI | t he L : i (SEQ ID
NO GZWGge ore thFEgf 1‘Ci§,r%st Nuerﬁgg(% 8%§c§rﬁﬁr;l§étﬁﬁlﬁg\sfb§rl§g| i NLIS§ oﬁ%mlq? pVvl I - 2;
SEQ | leQ@Adnuovleus:DakA df arsEY RIMacifEd resmeiminnaiti afienovines plasenid ergctor.
EYLNKI QNSLSTEWSPCSVT 25sequence is underlined. [0054]Fig. 37 is the nucl eic

it ogB02 T cnc d v e et Eaneislirs et Bl ol ddfe AT o nose

of pVINodifiddl IkdénowRéa DRANEX 2 Fibarunbeified a6¢shbifBRt Adendvirus pémid vector.

2011/ 022522PCT/ US2010/ 045952 NO. 58, am no aci d) The inserted

EYLNKI SLSTEV\BPCSVT sequence i s under]ined. [0055]Fig.. 38 shows PY

pr ot eilf0%r essifdar 7 i$ RERREMBEE Q@Qé@mémUsctrraé'ﬁglt@ﬁlcons’[ru@t}%‘n%fft@@ﬁ\éﬁ weh

Py CS- SV P | otting using
muse%é@?pgﬁlghe%ntl E’y a'ﬁtl EEJWM’S%I%QJ%F% ﬁ%‘d@éd,\%géﬁ{ oalsfwii the results
of si ladenosiras plasqidndcieest ern bl otting (A) and ELI SA assay (B) of the
purified capsid-nodified reconbi nant PyCS- GFP adenoviruses to confirmthe

t rti t .
TSt elI0Z31 | d el &% Shelaresiede S hothe cabRuaE R b TS
pur| f ind|-RRHRRCKHEASAsINIALINIQ FiRELAAE \@I%b@@l@d'r@cé‘rﬂﬁﬂ%‘h& éHén@\ﬂFdé C' es
was detected with anti- PyCS anti body. [0057]Fig. 40 shows the results of

si | veplasgnaidriaegprand western blotting (A) and ELISA assay (B) of the
pur| fied capsid-nodified reconbi nant PyCS adenoviruses to confirmthe

i 5pr o B0R4F ) n°Fie S Al HasP e ikl fe BORRRY IR TEBH R s

esTwer e rec
pur i f ipadi-Mdelified Ad@&ﬁ!l@BCDNAGDfIalmslﬁVRQChr@kab-m%dlﬂe@mblhaﬁt aariovirles was

det ect ed W|th anti PyCS antibody. [0058]Fig. 41 illustrates a single
i ARUNIPRIMIEVESEY: men with capsi d- nodi fi ed
[0025] Fig. 8 is a schematic diagram illustrating the construction of the HVR1,
Fiber and pVII-Modified Adenovirus DNA of an HVR1, Fiber and pVII-modified

recombinant adenovirus plasmid vector.

[0026] Fig. 9 is the nucleic acid sequence of codon-optimized Plasmodium yoelii
25  circumsporozoite protein (PyCS, SEQ ID NO:1) and the corresponding amino acid

sequence (SEQ ID NO:30)
-6-



PyCS adenovi ruses having (QGPGAP)n repeats (SEQ ID NO 59, n=3, 4, 5, 6, 9,
12) (A) 20 and PyCS-specific CD8+ response two weeks after inmunization
(B). [0058DE0y/02222i | | ustrates a prine and boost i mMmuni raTiusR00EI9"EN Wit h
capsid- nodified PyCS adenoviruses having (QGPGAP)n repeats (SEQ I D NO 59,
n=3) (A), PyCS-specific hunoral responses at week 10 (B), and malaria
parasite burden in liver 42 hours after sporozoite challenge (C).

25[ 00 t t t ti body tit det db
ndi T 402 rrunof ot B Bﬁiﬂ%g&i‘%é\c@%%@ze%ks%ﬁadém%pif wpsaiie " ™
”eu”fr'blcﬂda‘?QmﬂﬁrchVrlépbrdz@it \Agirom@ymwry RS &ﬁrésrg@ﬁumgce gi ven
the reginen in Fig 2011/ 022522PCT/ USZO 10/ 045952 [0061]Fig. 44

i || ustanainescid @Q%@@r@%@ﬂ“@#ﬁﬁm zation regimen with capsid- nodified
PyCS adenow ruses having (QGPGAP)n repeats (SEQ | D NO 59, n 4, 6) in

VR Rboadly S iSg {1 & UTRE Rl EERRBIPRR A AuBRkofoh Bls o BRI PRERSAt ©

bur de |n | i ver ours a ter spor020|te c 1N Vi

Sper ozwivirgy thesd repoats ogth@cwwsta/céloépumpd mcemmlA@E)n BEQ M ce were
i mmuni zed with or wthout adjuvant. [0062 (ﬁEfgC:Pé% |IIustrates a El_rlrre and

boost N@®anzat inddVRd §p & BiNfR3 d%{ffé@'@-ac Y3, apEne @ridksddehavi ng
(QGEP E , 12) in HVR1(A), PyCS-specific
huno?grﬁaér}teegog Fe)gaﬁg:ﬁ %g%@%g%n@% speC| fic CD8+ T cell responses at
week 9 (O, and mal aria parasite burden in liver 42 hours after sporozoite
100hal[0@2@1]e (D) Flg.ll Risveeacteitiacideahdmincoacidiseuencesipia aradifigddBe sy g.

46 h Pf CSP AD293 | | i
Y an o PERirTa iy et pRBERIGS Y St sepidce el bBAE ASRED Migyse:
bligt t ima) Up HYR IMBER mm@d Qﬂu@|e|@3élt:i NERP| RN tad untiRdHRId). [ﬂ@ﬁﬂk@t@d a7

|IIustrat)es the results of 'silver staining and western bl ottlng (A, and
15ELI $RGREAY)( Fausncetie updeflinedd capsi d- nodi fi ed reconbi nant Pf CSP
adenoviruses to confirmthe (NANP)4 epitope (SEQ ID NO 60; n=4) insertion

t
o 0,108 U= AgPE & BeSh Bl acdind 456 I CUEML R ROBRGESRRAD,
In t hmaElrigSA/ea:mmts ﬁihé@yﬂ@iae@elvamlmpe(mwmder QGRGAR) T, ISEQ@ IDf NEXI59;
adenovi ruses, 00 Sbﬁw shows %e results of silver staining and
west er'f¥ l))l'rb{"tVFHg ﬁés ' é.l@ﬁ'%%@ﬁ'? B2 87 NQye3 @m'FP@&'q}aﬂ'&edn ®4i ed
QI@:IS’G l%gﬁ i f th NANP t SEQ I D
L@gon‘q ABBC%Dq 10, B%bh?%#ﬁfgo (1:gn I2(r)m 22)e i(nser% inoﬁp: n?gea((jen(?vi rus

capsid prot eins. In the ELISA assay, ELISA plates were coated directly with
puri f i[@@3Hdenovifigiskkisdhd nuskei¢ acidrarstampia agid sequadesmoi madifipdrHéxdres was

o1 e T s el oR ETVCR s caf Roar srdteils GHEREh A e e N ngh, | "°
Pf CSP rage o MVIRIS ESEQaRi NO € Mﬁulaéaé@EQEm Mc?cm Rrdiho Gid)aMthe inserted

Pf CSP- speci fic hunoral responses at week
2011/ (2B AETY eERBNOL025089er1iNed67] Fig. 50 illustrates the prinme and boast
i nmuni zation regi men with capsid- nodified reconbi nant Pf CSP adenovi ruses

nagor P03 ne BT h‘é’r@%;‘aé Ptiheirg At BefCier b ABEREL TR PEn €
boast havingnseehi repeatspfitbe RYGS Basglisepitopbraediubned (QEREAPHa(SECS IOSP

pr Csp QR T R ey e Bl B, outh o
Wi t hoyt s&f)y}djﬁ??ﬁp[eﬂg?‘%lé;@%ﬁ%% %qupéjgln e ‘ates the result of sliver staining

anal ysi d Fiber and pVil-1
((QGPGAP) 3-Fi b/ CD4-pVI | - 1/ PyCS- GFP) 10 adenovirus (A) and anti- QGPGAP
antl bdaQ33]i t er dtig.wekis tme nuclai¢ aeidi antLiaminedasif tskqyuOarEsAP) BoRifilBdPYERSNGFP or

vl A BnERER RS S e B BRt et ERor 106 0D (kg (TRA S5

nor el ﬁn PIVRY tSEQNP N®€E, 3iuchiié hbigd BEQ B ND:1 38, Briihb/aRyS-THeRnsemadni zed
group. Fig. 53 shows schematic diagrans of the structure of the
adenov %pd sequence is underlined.



15 proteins with the PfCSP CD4+ epitope sequence EYLNKI QNSLSTEWSPCSVT ( SEQ
I D NO 62) inserted at the before the first Nucl ear Localization Signal
(NLS) of wokbiy@eed4-pVil-2; SEQ I D NG 28, nucl eic aci dPCSEQRI1D0MNISS7,

am no acid) and between the two NLSs of pVII (PfCD4-pVII-3; SEQ ID NO 29,
nucl eic acid; SEQ 1D NO 58, amino acid) (A) and the results of silver
staining to confirmthe epitope insertion into pvil (B). 20[0071]Fig. 54

|1 h dDb R1 d
vt 1 BT ea 't 88t e o Stag?é”{%b%f?%bﬁé‘@%% Rt UpERT PP A a
" eSPOKBYMPRinBIShodis e ap@sﬂa@éw E@fsb (R8PS ST RS

SEQ I D NO'62) response at week g 55 illustrates in V|tro
neut r &=% & HYIR Tof E@daﬁﬂ)@r%mucmea@d;s hiframise agid)s el issertg293

cells i\pf e t. nant adenOV|ruses in the presence of
di | ut é@ﬁfﬁ%ﬁ%iﬁfﬁ”ﬁ“&'gw@%ﬁﬂgﬂt and OFF expression was neasured as a
mar ker of infection. WD 2011/022522PCT/ US2010/ 045952 [0073]Fig. 56

i | bust{0e353s t he Rif.f18is the ratdic adienmd amnd atidzsetivented dlembdifiedtHeonof
PyCS-specific T cell resg@r:lse by capsi d-nodified CS- GFP adengviruses in
Vi vo. frax)nq Qleyre rengals o Pv%@.%ﬁelbepttw 8eQUeRN GRGAM). (SESHAD

CS- SR8 Glof I h
PYCS, OB he O Trealed ORI hiGBIcCR TR et atidatuperro
Py CS- Gieriede(ePOARS: sQ@EM]eFFSgndér‘lineUl ustrates the effect of

anti - adenovi r us irmunity on the induction of PyCS-specific hurmral I mune

d d the brief

dosor 0P8 of e tpe fielafn o CRED #eeBaytleds & natibbaiFoialine -
t

R '8%@ %‘;9@%‘*’"’66?5% B o 758 VEANS FOR

SOLVI m@ﬂaEnPRZBIDEN)sRU ad6ES) ﬂés@h@eiCrﬂm%t%E@ IRN@: B8uaRInD Aeidpl The
reco capsid-nodi fied structure that is
deri ﬂw&gn@gﬁg;éd #@t nra&ge%(lj' ﬁ\'ln I asm d vector. The reconbi nant
adenovirus is capable of infecting nannalian cells, 15causing the cells to

expr e40037]P! asnurig.L20 s the tniefsie azioidrel amiriceacid séhaenespofomodifiedadexaevi r us
al so has. one or nore E pSIP §)rot eins that have been nodifjed b*{@aw ng a
eyt

desi r S@VINenOHOERRAAES 8 s&W'b%o@g?e?qqu@ﬁic?db'@NPﬂn’c@ﬁQéla 98; of
P'1§S ngfﬁ}ﬂymumﬁ BAGOI R, %gfe&; deTQEq ﬁgm@'m%.ﬁ@% .héer@éa ai ned

of ‘transfecting 't neari zed re onbl nant
adenO\(NNNEP plsaquence/isatraterlingsl. ng t he 20obt ai ned reconbi nant adenovirus, the
present inventors carried out extensive research on pharmaceutical s

t ai pj actj di ent nbi ngnt._ad ' ayi | ari
of ectDOH overigval fige rﬁgmé@fﬂ.aﬁﬁ%ﬁmm ReoERaR bl MBelBY T ors
found Halitg dikecpdntaionate P@@Ptae@ %\Ietmm&mwmﬁ E&EQNBNO:60;
phar maceutl cal effects  DETAI LED DESCRI PT] 0076] The fol [ow ng

descr ing6) hHYFol (SR 1BP¥R; 13, auglsiaacid; BEQ W Nﬁbr@@mm@étds)t dmegiingertdd and
2 lb: g@%hﬂﬂﬁﬁéhﬁéﬁ@&sf derl dinents of the disclosure. However, one
S i n

art understand that the disclosure nay be practl ced
wi t hout these details. In other instances, well-known structures and
f unct i[0@39]have rrg. 22/‘0@@@111/0@2@5&21%@'6’%2@1@@6%35%&&& mbdifiedexdescri bed

detai| t d t he d f t
emboaANESSIgh Feall JPBEILSF BB APTRBSRSHB0PRNONE Jud8aCt 5 NOEOam no
aci ds,nJgep HYep 9060 PERIei FREINSECEI[F NATI 465 'rrﬂné Beid)! §$@Nhserted

r
di scl osure are based on the abbreviations speC|f|e in 5tl?2 | UPAC- 1 UB
ComTur(NMR)@BequerBte)tshmdemlmed\lonencI ature, Eur. J. Biochem, 138:

25 [0040] Fig. 23 is the nucleic acid and amino acid sequences of modified Hexon
having ten repeats of the PICSP B cell epitope sequence (NANP),, (SEQ ID NO:60;
n=10) in HVR1 (SEQ ID NO:15, nucleic acid; SEQ ID NO: 47, amino acid). The

inserted (NANP)o sequence is underlined.
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9 (1984), "@uideline for Preparing Specifications |Including Base Sequences
and Am no Acid Sequences"” (United States Patent and Trademark O fice), and
t hose comwonby/aaged in this technical field. [0078] A "neclrastédpismsyuence, "
"pol ynucl eoti de” or "DNA nol ecul e as 10contenpl ated by the current

di scl osure, may include double strand DNA or single strand DNA (i.e., a
sense chain and an antisense chain constituting the double strand DNA), and

| rond0HTE. 7o eredribe "R At AELa i e SeORR i BORlR [ Ebirpass

doubl &gt R o twermczmﬂ%én éa%pesséwbﬁcét(mmb DNéE(@ﬁmro gbai n)
containing 15 c Si ngﬁé strand DNA (anti sense chain) rF1aV| ng a sequence

conpl ewda) i VRS (SRQ4BING: Iéhaualeicaeid hSECLIIDNA): 48 anfinageisht 3 heher eof |

unl es i [ | eoti de sequences, polynucl eotides or
nin E}i @@gpg‘ggghﬁ%ﬁ% i Lg} 'M;%%CI imted to the functional region, and
nay i nclude at | east one of an expression suppression region, a coding

regi 01j0042] eaderFigezpigtbe nualeieuoid, arthamar acit rs@t:ueaé&'wofc edificetdeRdres of
nucl eoti de sequences or polynucl eotides may include RNA or

DNA. A
pol y péiIGelOBBRERIAPFRIS £1 e LI PR FarehePiRiaiseUAnasc/ didna(PekyRucl eot i de
t
Gor AT e A= TREm AV BEG FORDR, [BMelei e PR TEr ¢ o gelL
nucl eotsefedsNANREe soquende/isugideoiingte (such as mutant DNA), include
naturally occurring allelic nutants; 25artificial nmutants; and rrutants

havi ti t d/ ti

P OB o i i i, B B eGR4 S agbraR IO 2o
sape g Sxteeh rbgéaﬂéQiﬂﬂﬁ)@Pﬂ‘CSP @@6@@?@0@’ sé&@erﬂfé GARP) NESE QUDAREE0;

pol ynucl eot i de. present disclosure relates to a reconbi nant

adenoVi=1@3in Hé{tmc(aﬁE@)lBH\é@swaﬁuémq gedi oEGetle N :ridhamino ace)admedi um

par asi. i e. WO 2011/ 022522PCT/ US2010/ 045952 nor e
nodi flri%er??@@%gﬁ F%ﬁa%@&e'sgin&ei&neg The reconbi nant adenovirus is derived
froma reconbl nant adenovirus plasmd vector, the generation of which is
descrijoe44] n t hﬁ@@]ﬂsl tee noeledgvacidrendis@inef acadeequences afsmadifiedtHaxdns

di scussed further bel ow. The régonbl nant . adenovi r us Fl asm d é &ors
descr iyt arRiebieenrepedis Qfdba FAsSE Bieall gRitare seevercoNANE mieklr it al

C o] @ lyga S a t the
P o o D 3 o B A S E T SRR Ao e
sel ecUreﬂerfecb(rN:‘Wﬁ)@fseqhendmmvundelrlamd)d| um (P.) species, for exanple, P.
falciparum P. malariae, P. ovale, P. vivax, P. know esi ; P. ber ghei , P.

ki (s T el mﬁg S B SERE) sy L SeH pdfdaterpant 1o
Pl as rr%wmg b e R4 bﬂ@\%zﬂ’ﬂGBF@'@ceﬁl’%@d@%@queﬁcéQNSZ\NP)PG(@E@@W*GOUS

capsid I asm d vector (also scri bed as reconbi nant adenovi rus

pl asming20e 8t bV Fﬁeﬁ'ﬁ(ﬁ)mlNO£OpInH§iﬁICda@IHaSEQ1@JBI&, XEn@npre agisks Thecapsi d
ang/ or. e ovirus (al so 15described as a
rggonbl%ﬁlet%r@ﬂ%% éﬁ%@#@éésmehﬂ%%ﬂas a stgucture conpri sing one or nore

nodi fied capsid and/ or core proteins. In accordance with the enbodi nents of
t he di[eM@]sure Fti@ezsmsdhéirmeteu@acudfartdw@rncrmpamd seqdéncesoi modifietidiexonmay be

acconpli shed by insertion a t ope | nmunogeni c i pe

PI 10 wierbuhp srRaadr b st BIGSEE gl arikard seatipnog  RANBR 5@ TBr ¢ he
capsi yoR@, HLzéan%tht E’Q BNG21IpLEERBEISES IDeraQQdaﬁhYn@écubga‘?heO”e

i mmunogeni ¢ epit ope of Pl asnodi um ci rcunspor ozoite protein onme
enbodiimsartes] (NAP)msequerte s wlerlopes.i s a B-cell and/or T-cell epitope of a
Pl asnodi um ci rcunsporozoite protein. The addition of a B cell or T cell
epLto se ance the efficacy of .gn _adenovir used as a
ey RGOAE o e Fig T BB LR 4 Se R At h e e BB p nmiifRl Heltibnse "t o
t he ChaRimef @idhty-dRjhiecpals bf et PRSP B adlfefitde SSRIRICBINANP Y, NGEEQ ID

significance with respect to their use in the_ reconbi nant adenovirus

descr N@@OheFthmdﬁ&Rd. (SE4 He NG grt Reeleiseacitl. SEQIBINPh&4oaming adigh-e The
nodi fllre r%?ﬁ@\'lﬂ\l gu&%eelsgfr?:t may be a nodified Hexon protein, a
I ber pr nodi fie p'II

nodi fie protein or a conbination thereof.
I n one enbodi nent, a portion of a Hexéh hypervariable region (HVR) and/or a



WO 2011/ 022522PCT/ US2010/ 045952 portion of Fiber protein is replaced by at
| east one B-cell and/or T-cell epitope of a Plasnbdi um circunsporozoite
prot ei n. wbtermaeizeel y, one or nore B-cell and/or T cel pCEfiiSt@pm43962 a

Pl asnodi um ci rcunmsporozoite protein may be inserted in the Fiber protein or
Hexon HVR. | n sone aspects, the nodified H/R may be HVRl, HVR2, HVR3, 5
HVR4, HVR5, HVR6 or HVR7. In other aspects, the nodified HYR may be HVRL or

HVR5. ' , the HVR-rmodified F h nucl ei id
CoaueAR0a8E SO S MshBiausla Bo0 AR i SERHE Cass! TeBRRHIRaTs ki g
13), i i | ig. 16),
SE0 1 DR Porepgor B Py O 8 pel Bt S dentR QGTESAEMASER ' 95 kg
| D NONQ:5@Fng3) o VREASER 1D NW@283nueleis. acid) SESHD NO A aminprad). 2Bhe  SEQ

| D NO. 15 (Fi SEQ | 1 16 (Fig 24), SEQ ID NO 17 (Fig. 25), SEQ ID
NO: 18 "é[?ﬁr&d @%?3@5% qu‘r{%‘%gs(tﬁl‘%.r“%, SEQ ID NO 20 (Fig. 28), SEQ ID
NO 21 (Fig. 29), SEQID NGO 22 (Fig. 30), or SEQID NO23 (Fig. 31). In

ot ber [0029)di mentRig. 32 thedhulcletel abidteatd amiiceadid Beyubaves of mudifieddibed d
sequence, of SEQ I D NO 24 (Fig. 32) or SEQ I D NO 25 (Fi %,P 3%. 15[0084] I n
anot héRVElbieaEareaty ofithedrYCaf solheriarasequanesdQiah e u oite

prot ei be\ s t : LGS ART i a of the
ol | onRoeare oL FRet B LN ARERRL s, SEFIPNG 4P A dadh S e o

Si gnalingextes) (G PobXRye saqtidrecd isaurdeBined.t ernati vely, a T-cell epitope of a
Pl asnodi um ci rcunsporozoite protein may replace a portion of the pVil

tei . di t .t he dj fied 2QpVll t ei Y.
ol eilfosl 4 ° Sodinio She S LARE TS Ty, 340 ScqBn s REmaaeRidoas)  seo
| Do NOR2SirigHodr P8ed®s oSt PIENOBE2EL I &pitbpe/dequsP@8INIAN F)h & JERT PN O B0t
adenovi rus may express a transgenic protein or recombi'nant transgenic

pr ot einF4) IMFbentSBROIGHINREAD shudeie acickihfe hP N@5S: eMine Aciddc dhpiinsarted

trans [N*2els L0 I di um circunsporozoite protein or an
25ant R@g‘rll\fpchag{q@%ﬁ?én%nlﬁjcfeﬁ@fé&s encoded by a reconbi nant adenovirus plasmd
vector as described herein, and is expressed by a reconbi nant adenovirus

produdedstly sai dFig.epizithe anicleic avidvdidismirceseitl degaehcas aff thermodified oivoin  of
one or npre host 0086] Thus, in sone enbodi nen t he reconbi nant

ells, S

SenoNEnS PaRieS Ut 8bEOR AR e NN KNI WAL KL RSk g
" §5OMNORY of FRIRUERMBIAHUIMNSE® 19760:X0nEBA 83dSEENT NE2R3 Uriied52
enbodi nent, the reconbi nant transgenic protein nay conprise an antigenic
det er rcintT hef inBertga &INRNI VAN Rlolde DAL NI P EEK paquesicees untderiaed. t he anti geni ¢
determ nant conprises a P. yoelii circunsporozoite (CS) protein gene or an
ant i ] ortiqn thereof. |n.another, enbodi nent, the reconbi nant
£ anod0052 or or &or a5 Bl E A8 e SRR C8 Gebubifes f RBBAPd Y b ar um
a humizviRedelf PIC IR CER A Spitopee sehlled REERDNKIQNSE STR\WSFARWT | ¢oRDY iDses a P.
fal ci parum ci rcunspor ozoite gene (CS% %;ot ein or an antigenic ISOI"[I on
t her eBO:6Bh &t the EdrBnipaisHhpdd (VL &i PERAD Nerdhstuckrie acisk SEEAD NO S,

arig . US i I i I i K gai nst
ralaui el OESie Ther Do BN NS B R AR Bk s ARG omr  se
an i nmunogeni ¢ 10epitope, such as a B cell and/or T cell epitope. [0087]1n
sone efogMi nment §ig.t3eeisGhe piuctets aci:dsargmmmmmw sezaendey ofalhbanceide@?p(rs;’ﬂlessi on
in a subject. -optimzation is t he
cont eRBVErbegahaTa i Sripecobie e Ao Ve S EEPLePESV T HREG D as vl
as an i i r r (pr i h
spoct SORT SpRorb IRt IRIA B RURLARD DEPAI LS TURBFInALE! SE AINCYS,
pol yadewidiaacion SEAD NQ@hZ) amire@CacidhdThgingerich E¥IgNKHINS| STRVEBREASVITATA
bgxes, or any. other aspects known in the art. In sone enbodi nents, the DNA
s%uerﬁ‘?@u@f‘c Weu%‘%‘d%e- ptim zed CS transgene is shown in Fig. 9 (SEQ ID
NO 1, P. yoelii) and Fig. 10 (SEQID NO 2, P. falciparun). [0088]1n sone

enbodijges4]s. t heFig exoiEthBiclc¢ abiovddamN P&ETH Sevaehds dRe2RbEfieag\Wwf t he
followi ng nodified P. fal ci parum reconbi nant adenovirus plasm d vectors:

HVR1- M6 16 %@&Poﬁ%emmeo&ewmp-mrﬁ@mﬁb?TEw&W TedSES! Khown in
Fig. ' i ' : . (. 1 60) ;
i ber NQ8 Beyfech A v RLSERE oA IR S R RPN 24, JRE b B SE D v

Fig. 4, using a B cell epitope codi ngl8equence of (NANP)n (SEQ I D NG 60);
HVR1 and Fi ber-nodi fi ed 25adenovi rus vector (NANP-HVRL/ B- Fi b/ Pf CSP)
constructed as shown in Fig. 5 using a B cell epitope coding sequence of
(NANP)n (SEQ I D NG 60); HVRL and pVII-nodified adenovirus vector

( NANP- HVR1/ CD4- pVI | / Pf CSP) constructed as shown in Fig.7, using a B cell
epitope of (NANP)n (SEQ I D NGO 60) and a CD4 epitope codi ng sequence of
EYLNKI QNSLSTEWSPCSVT (SEQ I D NO 62); Fiber and pVII-nodified adenovirus



30vect or (NANP-Fi b/ CD4-pVI1/PfCSP) constructed as showmn in Fig. 6, using a
B cell WD 2011/022522PCT/ US2010/ 045952 epitope of (NANP)n (SEQ I D NG 60)
and a CDawvepntigpes2eodi ng sequence of EYLNKI QNSLSTEWSPCSYTT(USEQIEFIBIO: 62) ;
and HVRL, Fiber and pVII-nodified adenovirus vector

( NANP- HVR1/ Fi b/ CD4- pVI I / Pf CSP) constructed as shown in Fig. 8 wusing a B
cell epitope of (NANP)n (SEQ I D NO 60) and a CD4 epitope codi ng sequence 5

of EYLNKI ONSLSTEWSP (SEQ | r_enbodi nents, the
econtlnt STIER0R ol NBISSEHSH LN B e GV T eSS ng. o 11 ed
P. yoglnderlifagonbi nant adenovirus plasm d vectors: HVRL- nodified adenovirus
vector (QGPGAP-HVR1/ PyCS) constructed as shown in Fig. 2, using a B cell

epi t ope codi ng sequence of (%EPGAP) n (SEQ I D NO 595;@ Fi ber-nodi fi ed

10ader809%lus vedi®r3g SPEAPYRHIPRYERE DRI 28288 cehdater amsignt 4, using

Fi ber 0T N EHERRG It PIARARe PSRl ey Boliein M Rna e

shewn pidttifg Gising, moas&enanddlarell bngH entiiosiyn@Rguence of (QGPGAP) n ( SEQ
I D NO 59); HVRL and pVIInodified adenovirus vector

GAP- HVR1/ -pVl 1/ PyCS t ed Sh in 15 Fig.7, [ B
el 1 43P88be of F IR DSty S g Ssvesire b im Ar B quence
f O YNRN i . 1 reEhRe; i WEi
denout T U SV Eel 0F s DT e G e S Ae 58 i g,
6, usitagoafin thed (QEPIGARe epitopQGPEAPChNCSER) nE3)NICs& 8N amtd asleCDYirepi t ope

di f YNRNL VNRLL GDAL E SEQ I D 1); HVE Fi b
oo pePSREReS IR R0, BEICE b8 honk st ™
cqQpst rHdehedir@sessiviMhd iRsEitad eBitopd iMadéndRie!darfdbs are Ritetevi Am-( SEQ | D
NG 59) and a CD4 epitope codi ng sequence of YNRN VNRLLGDALNGKPEEK, (SEQ ID

NO: 61)PYGDentpedy.ot her enmbodi ments, a reconbi nant adenovirus may be
produced by one of the follow ng nodified P. falciparumor P. yoelili

r econty t ade [ 1 o P-

el PRL by LA S e, fostits 7 b A g B e Bl i an))
NANP- HVRS ABrdsialp/(Bf 65 eopuriied@ipsid/Ribdiidd tcByBin4ritiRy.C S adenoviruses to
NANP- HVR1/ CD4- pVLI / Pf CSP or QGPGAP- HVR1/ CD4- pVI I / PyCS (Fig.7), .
NANP- RPN (R AR qnitoperhakl Hy D) [RSEItoniate agenpVviigs CaRaidp-

I B - / P QEP(@HPs ' 2 I Wﬁﬁ ' 8). The 30
rHt\a{c?(l) |r§{§ﬁﬁ4al gh%v%'% ansgéybe proaﬁgé}éwighég%ﬁj%ﬁgg Wit Hddt:rE%dmet hods
descr idgedovini3ex0drid 022G22ReT £pHER04 07 ad&tBA userasiicie$ wraspaidciedvgthaanti-
recogjg_.g Egﬂt fgenovi rus plasmd vector with the ability to express a
r econifan iP5 geni ¢ protein (e.g., Plasnmodium CS protein) in mammlian
host cells. [0091] Purification of a reconbi nant adenovirus nmay be perforned
by USI[ooszg]known Fid rsilnstrates Gasingle irrhiidatiorRigimsammattecapdid imddigéd on of
0.5to 1.0 nL of a stock virus obtained by the nethod of producing a
r econthian adageyisises avitotQER GAP ) riereatat PEE IChNEED9 cetd, <, B1 6x9182) (A)

cal) odt B LG aPRbris 20 Poedorerdnd rades 18 HAMEGIFURT,of ) &1 obr i ned by

centrifugation is suspended in a buffer, such as PBS (Phosphate Buffered
Sal i ngP059)0The rHg.42 illogirates Repidmerandsbaashjirmatumizdtionaeginesrosith@apdident  of
10 to 60%.an en centrifuged (2 romfor 6 ] nut at 4 o col |l ect
a vi ru@o‘gﬁ%gy%a‘é?ﬂqvé@ts@a NW&@@%MWW@&%&%@@ 'ﬁ&&%@?%tﬁééequent |y
centri ) f bt ) DOVE i i Refi fied
ecom e G U AR PoR S HNEER 1 935 Pl PN Sh Blded iRer

15[ 0092 owwos ladter spbiadoite chailengt (@ct ed to a phar maceut i cal conposi tion
essentially conprising at |east one active ingredient. In one enbodi nent,

an_actj i ngredi.en f the pharnaceut.jcal..co siti.on nay conprise a
FasonipHEm "Saetedi e Bbs R RNEPEEL I Araage: B lelet 5 ERGkREer i ng
t echniigwemolieseddcend deeapi(IvA) YAy &nd pevitid sidrb¥oitd Reutedlizingeadtivay €B) ent  may
be a reconbi nant adenovirus conprising nodified 20capsid and/ or core

pr ot eiReoledprivE FAAPIESRIERArest fremuBicsUiYspEe/£gimaen é Fisgden (HVR), a
portion of Fiber protein, a portion of pVII protein or a conbination
thereof is replaced by at | east one i munogeni c epitope of Pl asnodi um
circunsporozoite protein. Alternativellyy one or nore B-cell and/or T cell
epi tope of a Pl asnodi um circunsporozoite protein nay be inserted in the
Fi ber protein, Hexon HVR or pVII



25protein. The reconbi nant adenovirus plasm d vector further conprises a
transgeni c protein or reconbinant transgenic protein that is expressed by
t he recormvprranvo2as*enovi rus after infecting one or nore raStUSe@los395The
transgenic protein or reconbinant transgenic protein may be a Pl asnodi um
ci rcunsporozoite protein or a malaria antigen of a PlasnDdlum
circunsporozoite protein, wherein the malaria antigen

2011/ 2PCT/ US2010/ 045952 i |
(.o W0G6E coi | "o 4 UEFVaRsia of “agﬁswaég,@%ﬁ%g.%pg%%%@h Bt orei n.
[ 0093]h s y ORI Ses HaingAAIPGIARYL RS (SEQ!IDeNDASS TR e al

conposition i s a reconbi nant adénovi r us er| ved froma reconbi nan
adenov YR( A?pP&@ﬁ}%peﬁmftq lwmorméemqnaeﬁeatNaakrﬂ)(&)amala@@ﬁamatedotpda@rﬁ d

¢ cconirhie PEHE Al ans el O GBBe dE Srigue MbaPBLE hs vaBdctien oy cs

(F59. of ool‘éﬁl\!férﬁnbéeﬁﬁg? cég . NGBS rh UG ddwigh of with éSbMBﬂI/ B- Fi b/ Pf CSP
or QGPGAP- HVR1/ B- Fi b/ F| g. 5), NANP-HVR1/ CD4- pVI |/ PfCSP or

QGPGAP- LVRL/ CDA-pVI |/ PYCS (Fig. 7), NANP- TOFi b/ CD4- pvI | | Pf CSP or
GAROSE) CD4- Mﬁng@gtr%teﬁg'ﬂ piENe aushNRRQSyEMLNiZation-regNnen wthsapsid-

QGPGAP CI¥4 ﬁ@@@ r

pl asmi d&\}/{ggé s@/ar eer(@);of)rjeblll Er(g) ulg?ar'?\g-g? ?ezf?er%g ant Qﬁ‘é@o@?%?\é’? \T\E)

t r ansfre¢ReE)i ﬁyGScmdcxflc( Iwrgoralmseeldtw\)eemﬁj Bm@ryﬁsqspémﬂm O DT caht
trans enl C ot ein %/ resse in rrg ég i nc ud| hupman
cells. n@ GhR Q'aé'ﬁtﬁaée?'te un Qr'ﬂé{(\f@ QPrSC%ﬁ?fcfsq Pethavi ng
aﬁOaCtdh‘éﬁehgri;EQ L@)dlrﬂme Wéream’frﬁﬁt‘ﬂﬁ@dj DA oragiENt i dcklfvape. described herein
enhances ari‘a infection-preventing effects against a nmalaria infectious

antigen and reduces the infectivity titer, as described further in the
Exanpl[@@6Hel ow. FigwaAS shows PECSRiratain cxpmssianrinADRY3 bellaafier transienie

and. 20 S ue LT eSS B8 Hadtblio ) BB FESERple. 1 o
i ncl ugeoldeomdnoelohal ameNANR anBbody (2l cell's, brain cells, lung cells,

epithelial cells, and nuscul ar cells. Exanples of tissues conpr|5|ng such
celI's include the Iunﬂ | iver, kidney, brain, arteries and veins,
H

st orradﬂ?s‘?']_nt est if@st/ Ulpatrales, the K‘?W'tsaﬁfcf”ﬁ%%tﬁ@'”q 809 ¥asierEdelting éébt%qd t he
T eoraion ey (BTBERIE b Ticla ki AR SOt FIRER S8endUiEkestd 1o as
spor ozontiem she {MaNPnepitmres(SER1DUNG KE); 024) tnseriwmt istm ad@sR)irusnhpsid

Thr onbos ondi Rel ate ive. Prot T of .mal aria parasites
mor 02 G168 ﬁﬂﬁ@%@f@ﬂ&pgme SEB TN Sratie GeleLERh bidiser ¢ om
erythrrﬁ@dé&éndl'ﬁnﬂ%ﬁﬂ%ﬁtfb l(aAh8). RRefELIBAl 44929 BMIA Y9 xr€ chbigar ane
Protein-1 (PfEMPI) WD 2011/ 022522PCT/ U82010/ 045952 protein present in the
knobs CtUTeCtéywthrmtfgfrBésidameU%QB with nalaria. The pharnmaceutical conposition
may enhance nal aria infection-preventing effects against a Plasnodi um

[ | ectee P j P i , P
P3pasiihist> .o rig 14 SIBASHhA RS RE SRR UM AP RESIES bidifig AR © |

chabaﬂlsarutsay (Bpef the purifichr exhsd-nodiffed] igebatiinanttBiCISH @dener@@es to
adm ni st ered to a subject, a reduction of the i nfchwtg titer b t he
v

phar n&®8{m &k Nﬁh‘ﬁé@?ﬁ"mﬁ? QI BNPi60; A=4n6; Bct@dged 4stiPvi &0, 2
di Sea%ﬁs%rﬁ@ﬁrﬁ& YN8 wu@&abﬁtﬁ @F(%tb% Ir{ 82 BUA ¥ aW@L‘I@Wgs ¥ 'C\%{ed
en_conp to

di sea ree survival, or in ron-free survival ‘fate are
subj e@r&acﬁpﬁvltactmrrﬁledta@eadvinhn&qoam treciesertedlepdtopp as ademkuﬁmmtlclea WaEe

aspect har na al. c jtion is 10useful as a preventive or
%g ﬁéﬁ‘?qt@ é{‘g@rﬁntféféj%laéﬁ'faag%éﬁ)ions caused by pathogens such as
PI asnodium In further aspects, the pharmaceutical conmposition is useful as

a preyeoééle or Fﬁ@%@ﬂl@b‘ﬁrét‘ésﬂﬂ@'b?lrrfé)én&%ﬁét'|ﬁﬁ*ﬁurﬂ2§tldrﬁﬁé§jlﬁr1bHQV|fH@é’ﬁsﬁ’d
mal aria i nfection caused %a@at ogens such as Pl asnodi um é0096 ] The

i nf ectmedified eacomabingneP iR ﬁnowwae@daﬁvmgwd%NBdif(rﬁﬁﬁgﬁad\é 605 Re4 L $hr eSﬁnt
har a0 RICS BYRE T Tl SRBARA A5erk SLBEs i 11 ed reconbi nant

adenovirus of the present invention and additives for pharnaceuti cal

adm nistration to vertebrates, particllarly manmmal s, includi ng humans, by
intranuscular (i.m), subcutaneous (s.c.), intracutaneous (i.c.),
intradermal (i.d.), intraperitoneal (i.p.), nasal, or respiratory route,
20and then i muni zing the vertebrates with the pharmaceutical conposition
cont ai ni ng



t he reconbi nant adenovirus described herein as an active ingredi ent several
tinmes. To evaluate the infection-preventing effect, the survival rate,

di sease- fweeosumei2gal , or infection-free survival of sulpCeaisgonomwisa: zed

wi th the pharnmaceutical conposition several tines followed by infection by

a target pathogen (such as a sel ected 25PI asnodi um speci es) nay be conpared
Wi th the survi vaI rate, disease-free survival, or infection-free survival

f ' th t t 0097] 1 n
e DA e e R A R
phar ”&ﬁ&&lﬁé@?‘éddfnlﬁﬁfaﬁppfO@P %@BHB\t/lr@esqmgj M’NNP% SEN epNdido; ad4, 6, 8,
reconbi nant adenovi rus as descri bed herein and ap arnaceutlcally

accepti@lire HY&R r (ArandBBES Bispesifigdsamorabesponsee at week . (B)WO
2011/ 022522PCT/ US2010/ 045952 [ 0098] Anot her enbodinent is directed to a
vace! GgB8ITR oS! o LREERMEh FRIPEAT bBAS A GRS AR Y] S8 ot

In on odi ments” an active | n vaccCl ne I'T'pOSI

CoBRpr irsedified esqmbinant PHEBP adenogiruderhavety (NANP, nDiN@IBO; aekeowasr us
plasm d vector as described herein. Mre specificall % the 5 active

i ngr edie it HY&! B and REowisR&AticAwenal quoeé%ﬁt weRl i Mies WesBsi d or
core of a Hexon hypervariable region (HVR), a
porti g@ﬂﬁ)ﬁ }l—'bﬁ%wm(%r g\h@loﬁt aafuﬁn’%ﬁﬁ on of pVIl protein or a conbination

t hereof are repl aced by at | east one i mmunogeni c epitope of Pl asnodi um

ci rcui@P69ozoi t igpraft dustratasttee nesulivef sliveastaireag analysis ofrmuritigdni ¢ epi t ope

ot ot cilROTRRBE)> BB ET B RBd BTG CAPI T AL U THRIGSTOF P Some

errbodldaéﬂbewué baa aed ame—cs@vgeﬁqh Sbdely tttéleatvvaéék A8 i1§ AT FrhnuPLcaBwith e
derived froma reconbi nant adenovi ru&g asmd vector illustrated in Figs

2-8, fQGRGAMN- Elb/M@W/@ﬂ@QP@AP CAPD Nl -PRYS 3G RS ag)described in

QoPoal A T sy BRCES P deel Boft et ArE e @&?ﬁﬁr%fw

QGDGAHdrMaﬁéa@%\p‘vﬁ tMéDM@ale(rFa@htYdd tNeNRRi B/ FEy 8L GFPHGRUGIzed group
QGPGAP- Fi b/ CD4- pVI | / PyCS (Fi g. 6) NANP-H\/Rl/Fl b/ CD4- pVI I/ Pf CSP or

QGPGAP- HVR1/ Fi b/ CD4 aﬁﬁi\! | / PyCS % (% In some aspects, the vaccine
compodP97Qn, whdio oW 8¢ Q'@u%m & 1§ sirdgturg, mese&er@vrr He Y nant

ageno I fg
ot e potEms alh B PRESPIC e %Bﬁﬁﬁérgéﬁv‘%ﬂ%ﬁﬁ%ﬁ?% ST STTRLASERS, o
r epl adbriyOH?2) lirsestechatghe teddreahe dipsti MU adearclorcalipatdre Signal (LS hafch Vil

conpo r econbj r eni ¢ rot wherein the
FecontPIGit- ks Seh B RRERS fhd S 2R BB b PR Briedhifany ading o &
cel | eRdtWONLSE SV Gﬂ‘GDIPBVﬂfS bt )| D TN® : AN ugRIE SciBOSECPITS Ne$:58 Ngmino

Pl asnmodi um CS protein are found in the reconbi nant 25transgenic protein and
t he madid)i( é&iaadrbbe tesiitsqrsdverr gaising topeanfismetherepitopariasertien inte g1y | hidor al

i mmunity, cellular inmmnity, or bot h as described in the Exanpl es bel ow.

Thys. l[bd??ﬂ"”E a @?f@u&ﬁ&te@%ﬁ&@ﬁ M ahd o %rﬁbﬁzé‘ﬁoﬁj ﬁnleH‘?/ﬂ r{‘ﬁWﬁ” s

uSeful*"as ‘a vacci onot e ance unor al ul"ar

i Munigng, p\oil-mvedified {e@@mmm Fﬁf@smaaem:»Mewm SDfGSFesp@@m hamanposu tion
may enhance infection-_ 30preventing effects against infectious antigens,

for eX@PRANSESAVRSkS 4k ir§erfd CaaleaPagfic (B 4otRY deENI BT Bidal 6AYA5052
sporozSE(t)qD%f@(j%%Eg e%gﬁé‘ks%?gd TRAP) of malaria parasites, nerozoite
eln

surface nenbrane’pr ria S antigen secreted fron1erythrocytes
infected with malaria, PfEMPI protein present in the knobs of erythrocytes
i nfect[@A72§ t h mﬂi@.rSEaLlluSJeaﬁeaein Ritehnuttaligatiod SERYoNinaet agerbyirosibye- Ri ch
Acidic Matrix Protein (T .. and 5 ic | ,Mepbrane Antigep-1 (ANAl.

b5t exnmae 5wt Sablbsy ARR0P Reliivens ySes it iacg motarh: AFRARM N SD i vi 1y
t i ter)khs ﬁﬁé’detricégaffd |08l Bh SkFdh Mo WiryhY aA8 IGIEP eRPRR2SIdN Was ARsEuF&ed
herein may result in an increased survival, disease-free survival or

i nf ectésohrfarker ¢fupfectian. peri od and surV|vaI di sease-free survival or

i nfection-free survival rate when conpared to subj ects not adm nistered the
vacci ne conposition. Thus, in sone 10aspects, the vaccine conposition is
al so useful as a preventive or therapeutic agent for malaria infections
caused by pat hogens such as Pl asnodi uf3- I n further aspects, the vaccine
conposition is also useful as a preventive or therapeutic agent for
conplications resulting froma nmalaria infection by pathogens such as

Pl asnmodi um [ 00101] A vacci ne conposition as described herein may conprise a
15t herapeutically effective anpbunt of a reconbi nant adenovirus as descri bed
herein, and



further conprising a pharmaceutically acceptable carrier according to a
standard net hod. Exanpl es of acceptable carriers include physiologically
accept ablwo=olwmpsas, such as sterile saline and steril eChafSb@omdsosal i ne.

[ 00102] I n sone enbodi nents, the vaccine or pharmaceutical conposition may
be 20used in conmbination with a pharmaceutically effective amount of an

adj uvant to enhance the anti-malaria effects. Any imunol ogi ¢ adj uvant that

may st ate t ne_syst nd increa e t he response tQ a vaccine
Y hodbOTI: n' A’ TSR RERT ERRR o SHEAT o e gy D thedadBEiamsr
adj uvaRiGS-Npayific m@m%egbﬁs@sy ¥ BEHSMBHINEE PGB - HHPBaEhbVIrUE@BSE IR (A)
nol ecul’'es known as pat hogen-associ at ed nol ecul ar patterns 25(PAM Ps) and

are résthbrieidasgripticeof tie stoetydesigacdpi 6h@WR -gpeqitic ICO8+k & cRécept or s

emboa e Enn e R i MR EB kB RE shoPEEE AR IO b e <

I ns onpiriging adinyIYd- NI EPSCBaaRPhdINDY(rgsdd.R3 | i gand), LPS, LPS anal ogs
such as nonophosphoryl lipid A (ML) (a TLR4 ligand), flagellin (a TLRS

i gand?w | i poprateins, 30li poReptl des, single stranded RNA, si n%I e st randed
il &Hz oqui Addi %Y %!Hé"lr%t&§t @\éffﬁethf/%fﬁﬁ USSP 6 BDEE ipFuEoNeld

TLR8 I T i fﬁjm ;

(rmonop osp%g%g;/I (-“C}Pilﬁpl d r%—ﬁ@?eésd q%/r yd? yco at gdwg%c%rfpa}dﬁé‘ok’%@%%ﬁ Cer
anal ogs yivour{Agihihieatresd c@salptxjraom;e shudly demglsj oB) shmmﬁ’g@é&speﬂlfn@sorres,
saponl ns (aﬁtl ve fractions of. sir[r)]onl n s ch SS rrurarry e tide,

al um "MMAFPHITATHYSrSSEUEE 18 MGG ANEHIIZ hé‘f}‘@' PR&WDE RRLY 29 and

! Holzitw@éqﬁﬂ&h@@%ft%mo%‘ésw Rapsid- rﬂﬁﬁlf@ﬁm GFP adenoviruses.

N-acet yl muram ne- L- al anyl - D-i sogl ut am ne , thynosin al and MF59. The
anount of adéuvant used can be suitably sel ect ed according to the degree of
synpt ons, JMEANSSFOGR SOMIYCoTHERROBLEMBai n, erythema, fever, headache,
and ruscul ar pain, which mght be expressed as part of the inmune response
in huf@@&slor 1odrenpreseat ingentorehavrfavnsta aovejrreo@mbma@taszpeowfua/mrngme
[00103] Il n sone e t he, vaccine harma tic osjtion
descri %%ti’e(faﬁshd%'fbeg %}Elécd enthégﬁb(?‘?{hte% rr?%ﬁbé?“ﬁﬁﬁ%ﬁgﬁ% maceut i cal
pr OdUCEﬂéSsm@u}féEt@rS THEERE nTHsRanRRNBVPIDIY (ﬂﬂ)dﬂﬁ@bf iheSctimgtnamnalrpet dlisal
gents (synthetic antibacterial agents). The vaccine or pharmaceutical

AposeLUEHE thawelleta pepress coRfgsmasiyn WEUG‘ﬁQQ@Z@HG pseigin.i V8e reeomabippet of

drugs i fa

phar micepris SB s e GPheRg cHPRd Bl Undr oy G Reth mibdridd by i a

i nt r ac@isirad dmmupiogleaicdntigen, secmablaweeitepndmwﬂ‘ a:allsemtopeem‘d?#bkmadnm
transgeni ¢ protein of the_l_ﬁresent i nvention, nd ot her dr ugs

[

and/ oCI"aHASPPIRAIE AP B ?{%QQJ“P'%HE?%%QQVHHS |§@%beune Py dhe Bt

I
T oUBERIEIBIEHL S ehe IR S oM IRRERRRIEL S AR a0 g e
agbuntobtdined eecarnbivent aderexliireis theopreaenbdvetmtomeamadmu’lextﬁnswmrrersaamht i cal
ConconT TR BIRGE U AS SoPGIRNG 48 hAENEBGE BT REOR ARG T g eyng

wei ghtmélarld%fé%m?F%Hﬁlvé whi tﬁ@r)atp@Utl@bﬁéétsqu@é réali v i’ﬁ‘%@ﬁtﬁr@fcﬂfncﬁﬁ rve
i ngredi ent 25anoun long as it is a therapeuti cal l'y or pharmaceutically

ef f ectthatdharabigined Tﬁ@orﬂb@agtea@enqwels\}rwdhﬁeie@rreﬁmamaeewﬁczaéleffeotﬁpos| tion
may be appropriately selected froma w de range according to the desired

t her apeuti tration nethod (adm nistration route), the
D ﬁfé 1 R’ |?d I
e

t her apeuti c peri o pat i e 's age, gender, and other conditions, etc.

R S e N Y Sl

the vageienstandingdr Ame bbby déwi’fpﬂﬁnE@roémdddﬂnéﬁl%agﬁh@fjlédt%ufr@corfbl nant
adenovirus may be adm nistered in unt approximately corresponding to

10 2 tPweVEL, @'FQJSK'H%%H‘@Q@@?M'an@Qfsmthﬁtme diselofvicems) osf RIAaktsA 106 t o
101 PEL 1o Cal t f v

{00108} 1EE (kL E¥tats, CF) SHERrEtarkes BBIIRIA s TR EERARMAENnR e Rt o ¢4
a subject as an actlve i ngredi ent of the vaccine or pharnaceuti cal
conposition, the dosage may be selected froma wide range in terns of the
amount of expressible DNA i ntroduced -il#t 0 the vacci ne host or the anount of
transcri bed RNA. The dosage al so 10depends on the strength of the
transcription and translation pronoters used in any transfer vectors used.
[ 00107] I n sone enbodi nents, the vacci ne conposition or pharnaceuti cal
conposition described herein may be administered by directly injecting a
reconbi nant adenovi rus suspensi on prepared by suspendi ng the reconbi nant
adenovirus in PBS



15( phosphate buffered saline) or saline into a local site (e.g., into the

| ung tissue, liver, nmuscle or brain), by nasal or respiratory inhalation,
or by intwevasioub®e (i.v.) (e.g., intra- arterial, intr®@Censes/0a3vd2 port al
venous), subcutaneous (s.c.), intracutaneous (i.c.), intradermal (i.d.), or
intraperitoneal (i.p.) admnistration. The vacci ne or pharnmaceuti cal

conposi tion of the present i nvention may be adm ni stered nore than once.

More 20s flcal ter t i niti adm ni s tio
o t e SHourtendddcaRetin el oo Lo Etasaa b becdfino 6 At Tishater
adm niygd @ﬁr{bmeﬁ@rbﬁﬁ@@%édﬂg desired effect. After the adm nistration of
t he vacci ne or pharmaceutical conposition, booster imunization with a
phar maceutical conposition containing the reconbi nant adenovirus as
descr i[B@@ her ei rThea@btrrewgﬁameuﬁe@forzgra@mmoe]arcrdsr veplides, HASE HEMANESS,use of
vari Olé?rdqji&?élc%, ﬁ%é pr:%selrﬁﬁls%fos%qg Pé BSE?QQ% rfhé E\Bb?’e@?&ﬁlo’?@ s?)e Q\% |ﬂ
scu e f i eved

i nvent’i on ance theér apeutic e

by st heh@diﬂPACSItUBiOomenlctah@n vsacaiomemrcapmmmmrMecEIurcomﬁmﬁemn 138he
pharnaceutrcally acceptable carrier may contain a trace anmount of

addi t i4d$§8 bu@rﬂ“%'%dﬁéf’é@ﬁ?ég‘gt%%C'w@ﬁéén@'H@'nrgs%ﬁ‘%?@ﬂlﬂ%ﬁ%oﬁ%ém"&%l

S a1 idd o8BS YUUE S0 ALY GRS RARTANBHEY Q0RTAGsS kB
non-toxic to a or ot ian sub osage an
concentsedtin s tisefthicafidlcexanpl es t her eof |nclude buffers such as phosphoric
acid, citric acid, succinic acid, acetic acid, and other organic acids, and

| t f; t h b | ecyl ht
PN [ LR AR TN N L
t rlt)pel%hfb?hplaféli sy rrre &@rr@nt d.%émahrawhaudgebablenstr@erwamgbebérrarra)

am no acids (e.g., glycine, glutamc acid, aspartic acid, and i ni ne)
monos &N¥A4k ¢ dasenae chatrhand aBantisease ehain qearsbf@lrrpgrtm deuple. sjrandc NAYI ose

(o g, gt dyibd 50 En it Rfeo ™ 0ARBoF Senisienoo W adunt ar one.
(e.g. mﬁﬂﬁdé;@hrc fbpsignigenecsseh haeiauet Gis¢lesed he@hb@ﬁfvb&ir%o&rpés@@idmwmr)
and PEG 109] The vacci ne or_pharmaceuti cal conposition containing a

r econﬁtrﬁﬁﬁtDﬁﬁéﬁ’Gﬁ'ﬂ'ﬁg GERAOENIE A h%ﬂ@'ierﬁtw BYASEeReR Cﬁg'nbﬁo'&@{m%s

utr \V I QH% nffpaer such
as a se dsﬁﬁgéﬁgghé?ﬂﬁqéﬁg dﬂ%@@?%not ggbqgghgégéﬁgm$ﬁ§?§€¥ pJ@Vrdes a
met hodeobe ghairesynihgtiodl Nk | andlbagieats therealr ualess blitewide teatibned) mal ari a
conprising adm nistering an effective amount of the reconbi nant adenoviral

vacci or rmul har naceut,i cal osr The resent nvention
{ o haBOTSIo e N RS ARl SR Rl R e R i e b &g an
ef f ectyrd @oRIMHBY t@fh@fdn%ﬁ@ﬁil'r@@i&)h aﬁen%/y Tn%|udé3§tqeé]§ oS ékrﬂ@ssron

formul ati on, pharmaceuti cal conposition or a conbination thereof to a
subj ewppmum Wi, Pagoding regien hateade! saguerdes ansensm, asdréaanintids, bi rds,

A G P L

Pl as rrcm\w mﬁppdil?\ﬁerﬁtﬂje @@itgmﬁregiafsroea'ru@@ymﬁé alerwwnpﬂr@erm@ algb(yﬂhcﬁa@ﬂge es, for

exanp P. aru P. malariae, P. ovale Vi vax . W esi,

ber ghéiont@n'n@ r?aﬁﬁﬁfdﬁc BhA sequeseri may mmfmnnﬁne@ﬁ@w.dw%ve% and
reco e d may be
toget R fE R IR o S EE s S PSR A g SRR SR
corrposjoﬂyrmtcledtrdertebaﬁ asmutant PN&) Nackile nmdrramgormoerrmoauehermmtadm ni st er ed
to the subject. The adm nistration route f oy  exanpl

i eVl oM 3PS B BH G Bav B Gietonn SUBHF D IR, wd?&rd@i%a%n

carri e NSNS tion
can b?hg&ﬁb%?@d%@[{@gg@ﬁ sggﬁm%cua%ﬂﬂser S c%%@égﬁapn this te F@%r

fi el dsaasxtundiiog asdhe Ipelyfpeptidefencheeqbbwtlnmoegmatad)nmmrtﬁtm [ pmucleotine.
produced. For exanple when t he pharmacol ogi cal conposition is fornmed into

put LGN on 1rapreBUbaERe s by oCofBi bl albpfuliviBale T

CONMPOixpiedy ar ahWjeriel dettrmitdM e aaPREAIYIFh Pafadilel bAd TonPrieBigheast er s
capabl e of being 1njected, such as glycol, glycerol and olive oil may be

used as the carrier. The conposition-iky contain stabilizers, excipients
and ot her conmmonly used substances in this technical field, and
particularly in the field of vaccine fornul ations.



10[ 00112] I n further enbodi nents, the amount of reconbi nant adenovirus used
in a vaccine conposition, formulation, or pharnaceutical conposition may be
sui t abl y welz2ectees2tr om a wi de range of concentrations, YPUOUSPHO04382 ght to
vol une percent (wv /0) or other quantitative neasure of active ingredient
anount. In sonme aspects, a suitable range of reconbi nant adenovirus in the
conposition is preferably about 0. 0002 15to about 0.2 (wv /0), and nore
preferably 1 ni,stration

r econﬁ?W&dPOQ@Qa&\?PF@sar@ RcrHE QIBF%%%FT f‘ ﬁeCQrBP'HﬁHL’E“F"%ﬂPV"HF '?)HSF'H%%eutl cal

conpOSidnh @ted6FBIHN AdbRoWATEpIASRAN VEEBE, ThER¥nBRatRM diatHi¥h SIS RRd in
according to the dosage form the patient's age, gender and ot her

condi ttherxaguies belowhel Reeuse of gdemovilus afl s&askor | @gmm fartheshgew.ormis a

o ops e AeP TR e GRS bREM NaBers MR oo BuBRmals S0% acti on o

dr eps,malBRa ivaceinkio? phadnabsutidil b@m@@m@hywadr@mlb@treh@moam@na odiar th a
repl acenent fluid such as a glucose solution or an am no aC| d solution as

appr oPTIMHNE resposes %@a'aéfrﬁhﬁl s’@é’?@d’qfﬂpﬁéﬁfﬁ}?&f?afﬁcﬂljﬁqq

intracutaneously (i.c.), subcutaneously (s.c.) i ntradermal I y (i.d.), or

| nt 1 apgagioneal he2Bliom A0 iy O Rlo BRI TERY B dIRnslgh| v dosage
of a recorbi nant adenovi rus vaccl ne cONposi I"at'i on,

phar netlesmodaim tRppsecies dor srgmpds, \P. cfejzr@azlunmgPomalaveaes LFbjCBGVé sP omraja iA. on,

adenon e s SRoRPL  LeOADR R AL RO TR o SO STTRATBRI D LD B ieETR
203 1/ QRASFAREH LSRAYSH G4RITR HORAGDBSIIc FlagHhoBDy 88 OPinedRimAsooTe

vacci ne, formulation, or conposition of the invention may be adm ni stered
in onePlasmadiuen faleipaismr at i ons per day. [00114]In further enbodi nents, when
a reconbi nant adenovirus is adm nistered to a human subj ect as an acti ve

i ngre of t o) i : r i . . | cal

comodD 822" IR SHREHOGITRIR Y Hechibinatt ABRiRYL0R BksPERGATBA Ry 1 an

armuntve@wr(ézpso Rdselived as raﬁ%l@@ﬁdjlrﬁwwtta@jeh@?lrﬁm B8 id PEbtor peediey sl platRfdt o

1012 PFU, and nore preferably 106 to 101 PFU per patient, calculated as the

PFU ofth@br@qo@@mmdr%rﬁﬂug%a@apﬁ@sa%@& ¢prén0¢ﬁ§dﬁa%ﬂh@aﬁbﬁ9%¢\f'r®r(a&ﬂo t he
Lese

Dot egrten et At eEBtiiar G RABUIIS hEIeRD RACRAS bR ERBRIME R o 1 o

to be rmrevrandmdd@apsrdmwdr) cak mratéms)am adordaree with ithvee eynbeidireenis df hiee

vacci ne osjtion contai n t he. reconbi nant adenovirus, the target

P LR a e e SRl o LB abeid R Bb AT ET gy 8 acti Rl N s

known ifQurfibi98Paplsabt 6 IimuiBdhit-cpliBBE Sl & Alashibeinh eReimdpsrasiel ! he

vacci ne conposition herein is m ned in consideration of the above.

15[ 0010161]e¥et A&emtaheelyeaﬂﬂedshmrt obfhetctmosa:ti auodlios ooee prsitein gsay be@lenh&ted@ndof

at|n nting a malaria.inf ctlo a s ect, the net

cofor reagta Bal s Aag i Ridefic PoliRe S it ndd i G umt SH & e ar i o
VaCC' 'ﬂﬁol‘éﬂ{m%'sbh@brﬁﬁﬁwm&ﬂ@%é |ﬁ1ﬁﬂ91’6?je'ﬁﬂﬁé |ﬁ§b§1|§\é Bleall aﬂ@j%r’f'ﬁ-@:@rl'b' nant
adenovirus of the nmalaria vacci ne onprise an antigenic determ nant of

a Pl a@ﬁi@p@mfQa‘?lé§moé/lUfﬁﬁtﬂCl#m§p@ﬁ9rZ@ﬁ@lper@errT@%addk’fjﬁ@ @ Breet ordcefli ed

amouncriiRpe iSRG P Rl nTTHACAREbErn RARRBREA Rl e B BN <
gener ataedinadsyi estbblirngor smii@ncing trgehiumopg iminure elspbhse (He @Sqirete‘h (i.

the transgene, B cell epitope, or CD4+ T cell epitope) such that nalarlm
|ﬁﬁecﬂTEH“PQmﬁﬂé@@ﬁKB@“ﬁpoﬁﬁaﬁgﬁﬂsﬁﬂd§@ﬁé§@ﬁﬁw325?M@Tﬂ@FPﬁ@Hoéh@ﬁHF@@i i's
first tﬁé‘P@&)‘?ﬁblﬂ%nt é’cﬁéﬁH%/f‘rusto%géﬁbéaiﬂBFé{h %@H‘éﬁﬁéé’éd nm%r'b@mwe system
produces neutrall zing ant bodies agal nst at specitic vector. The inmune
response to the adenovirus is generally directed against the capsid

pr ot ei[ﬁ@83Irher efTdveeoneas absege emidifochcapsie and/drvers amiem@ernaybewsmelcftedr or
"boost can. reduce flca of transge ession. Therefore,

sone. SO MBS & (aTeaes 1061 B Ses RaNERpY I SHIS2S SHeITIRSHIN ¢ r oat | ng
or preN&ff.Nth @nérﬁhﬁiddﬁnéﬁlf agidrien Gﬁéﬂé%ﬁ%yﬁé‘?\yﬁldmé/r@&ﬁ”(w@’ﬂ anBfdrE ng
step using a first reconbinant adenovirus vector followed by one or nore
boosting steps using one or nore different reconbi nant adenovirus vectors.
This method may be used in subjects t-h@t have not yet been exposed to a

wi | d-type 5adenovirus, or in a subject that has been previously exposed to
a Wl d-type adenovirus vector, wherein the primng step reconbi nant
adenovirus vector is used to circunmvent existing adenovirus imunity.

Furt her enbodi ments and exanpl es are descri bed bel ow.



Adenovirus as a vector 10[00117] Adenovi ruses are non-envel oped DNA viruses
conprising a set of viral capsid proteins (described below) and a viral
genone, tweatohiznzes2Pbeen wi dely used to deliver one or noPETIUSR¢1a0&I95E C OF
antigenic transgene to a variety of cells in vitro and in vivo. Mny
adenovirus serotypes exist. O the known adenovirus serotypes, serotype 5
(Ad5) is preferably used as a vector for foreign gene transduction because

of its stron 15i nf ct|V|t in vo, (Abbin al |on of the
ont| oo PErBELRistaR) S pedlabi Pyiat A oniy ol Bt “ea! et ol enent
known F’l@sﬁvb@uﬁﬁ EircUTh Op®oe6ite Whitein. rmrerhenmye%ri@oﬁmeré BlcdiediRy/6xPicegsi on
include, but are not limted to, cytomegal ovirus imedi ate early pronoter

(CW) epiibpe & avPiragiosiun svagyspaiozgite pestsiremay dst inaered jrolhepiaper peoteinai n

2001 ot aror Py I DL Rpncets U BRGNS FyFF Rt ERVFR UG LR ot on

(pA) $H\oRal HeREeHURE of PR PestHeNasHaRny, tAE SRodiRedl SRR hﬂiyl@éf—l\ﬁﬂ‘eﬁt
transcrwgtl on and translation. The reconbi nant adenovirus vector described

her ei AR e speygl sBbedlimenisftbe t\R;medijed flexopanay have amnudkieacid the E
¥

ol | eeflishd pPSREOIR NO2GRROTT) SEAD NB%, Fig 18} A D IRISER 18 < orve

25asp&EQ,| DIN@-6EEig. E&)as&/@m HO: 7€{Elg)r15) reaoaosmow kgl €6)eSEQ ID N her

£ ansi(Bia 37 (Rond P NGRS (Fg ot SEEn Nartout zadet Aéﬁgéﬁgl{@ﬂezf Figr2d),
241 AEAIDRSL (P2t hsEtéﬁrgNreggggggoﬁz e tpagisgssker 8 nurber

reasons. One r ason’i s |nan adenow ral ect nost
manmmalNQ@Qn 6cElid 24 y [S=Q (BN 17elig.2f)) SECatNQHS (Bigr 26),iISERiIVEYO: 1|9n<ﬂlg1d| ng,

2011/ 673555RcH Neben B Hade S (T a0 o, i R el IrEnc 7478 R o sse

nmodel $paNa: WG F)i Mh BertdrhBddinntk ehe Wlh&i Flb%@%)%temsmfa?@{avérby

transferred genetlc i nformation renmai ns E?IC ronosonal , avoi di ng

i nser tusless apidtsegrease of Sird2 HD NS 24 (big. 82) ohSECID MQBSQEWS@M (Crystal
1995). Yet another reason is that the transgene remains unaltered after
sygce roun i i of using
adanop088 | nol A aRbyizt erosiERhk i vl onbPEer A ARNRRR M Vi o

st abi Idlrbums@bromltequbteﬁmhvayabeem,seﬂbdrimp abﬁa(mrmwruetcoi’e oNlitprotein attang ah
accommodat e | arge transgenes, %ﬁ?orre t hat has been extensjively

st udi dae fAlovHiRgyiigEdhe lﬁfﬁ"'ﬂ%tbequétbﬁ LYl QCaY ZRIRE SN as EY e hor

ser ot C i40
r econ%q% ﬁgﬁ%ﬁgﬁl te’eI h%?q%le%h%@)\m%%mgcm |thrle g%fgcplfggnég : i @gig@]@pgﬁboz@ge
enbodipretein rrtaiyereabheeca/pmnnenmme pvllmrate‘imr n semeasabedments, tia¢ moetifient f or

d | t t t t | ite,
anl peBUFetslh ek B A ot abfLakcivnde BLEE D RS (i SrHB: nant
viral nget éBp@E@tﬂlw@tzaadF.g 3898 SBUMENRIEBPiged7jal . 2001, Ander son et

al. 2004, Tao et al. 152005), adenovirus has been Shown to be a suitable
viral vector for a malaria vaCC|ne because it can induce a strong
pr ot edO082] cel | Un dhe reﬂmrmwna@tsqﬂﬁmylrue kaemr?sﬁad@nsg@nmr@tele Opar asi t es

Croct B 373 0, B AR BRI TR, D ABEPRISR ™S,

yoel i Ire@mm&nahatren@@émﬁprc&@mderwmarsmdlmto@*cane?sprmﬁermoleyrcsr as a
transgene elicits a malaria- specific CD8+ T ce response

[ 661261 ABERISIateRN nanbiak % sneadefb & EsMPIBRN FRRASWIYS PRITHIN YackrAS co+ T
|1 1997,
e R e R R e e

expr esecogbinaat Bdeymatusi plésmicodesior aftdranfeatipahsneey niSeprast eels, AdPyCS,
was determ ned using a rodent rral aria nodel. The |nocul ation of mce with
AdPy uces lete i nmu in a,si nlflcant ortlon of. . m

or eveX00El T he I FusrradarindmeisD 47, Aiesui R vihs Blasdip Vesfirs

pr ot eGomstisel 4 RGEIebBdPEeqBENdeer®RiRg 8 FebdmbiAdnt kafhdric phsteRY i IH&IHeed by
depletion 30of the T cell population and is corroborated by the fact that
AdPyCS was unable to induce high titers of antibody response agai nst

mal aria parasites. WD 2011/022522PCFATS2010/ 045952 [ 00121] To
guantitatively nmeasure the infectivity of capsid-nodified adenovirus, the
shuttle vector may contain a OFF expression cassette and cloning sites for
a transgene. The resulting shuttle vector (GFP/pShuttle-CW) has dual pCwW
pronoters and SV40pA5 for a transgene and OFF from pmaxGFP ( Amaxa,
Germany). The



50ptimzed PyCS fragnment was inserted into Kpnl and Hndl Il sites of

GFP/ pShuttl e- CW. [00122] The i nmunogenicity of Ad(PyCS+GFP) was determ ned
by neasurwogotime2sragni t ude of the CS-specific CD8+ T celPCTrisspons®sand t he
| evel of protective imunity against the plasnodial |iver stages.

Adm ni stration of Ad(PyCS+GFP) via different 10 routes, at an optinmal dose,
101 viral particle (v p ) elicited the sane pattern of antinalarial

protectlve resgﬁases @. Afg%cs was EOBown to elicit, with the s.c. and
.m FOREMERE (B feCqmRINgNt BRI REPENJBaY SOIAISE aNARtgeMR ghest degr ee

of Il\ce&e@ﬁuﬁa@t df i, @robBnithSécifid phlaane efhdtdih tHd MStidenid 88ldrminant

sporozoites. This illustrates that as a vaccine, Ad(PyCS+GFP) behaves

equi vmmrlethAuwwr@mamr@ae@e $EShpratemyenespidan antigenip pogian al | y

o odhe®l ol aiEhet BBtetC e ket A A R Bhic R Gl En 2P @

adsnO\dnltlgen%Qiét@ﬁrﬁlnaﬁpéf%sﬂaﬂﬁo@uﬁﬁ aprﬁmhemfoebm@lptar@s@t Whiegeinehé @ndgenigmune
response by CD8+ T cells, but no appreciab hunoral response. Therefore,

bec auéj@tféﬂ"fénﬁrdltrﬁﬁrﬁﬂ)”?r%sﬁ)@néﬂcpéf Wi cHcy sBomFeHe BenerGs>) iptedt pean be

attri t ified

capsi e sRERET RS P iEBRRh CE b RURIRL dhol SERUPrtbertali,

vi a Bm@lbruaameLaaseobas th) bwhahaetnkmumnahuzanmm hlymane a@ahrslt pegscuiéb!

activation, .and 3)_circunmvent existin adg“nﬁmr al i pmunit

[0012310 HEWME% The gniiganie AT BIRANARRYE: B HIRH S0B R SEABEHMBRAIEAIF us i t h

a 25| e of equilateral triangles. The
genowr @QC%E)C?! dss%ﬁge”s?@ﬁ!/'gfqzc%ﬁ éc@%?%ners of which 240 are Hexon trinmers

and 12 are penton pentanmers. A Fiber protein, which projects from each

pent of088&k, nedhspare embadinmenis, the GBprotedd llsmbipnrcmtemlaed n‘@*renhiatnnedhe

e KBk poBeRE AR Yl A SHEE L RS S AT b BS
2011/ @RARAR Hﬁ@lg&%@éw&ﬁ*@@%dam GagBin shablisiect ottie@réstas Walshbiaghgt i ng
subsequent internalization of adenovirus into the cell (Mathias et al.
1994, agperisdhrbshalld begymjdedviesensyire PrRP&IRMESSSIUS Gyeh arpects may be

STS° T 5Bl BHRBCY. Aotk SBE SroptRon e pByifenye BloiPO S le S5 ARG Far e,
are shighrsdqueneds, dhierdat TATA eRes, ardrgndthyr adpduds kaéhn irthedrt. 208dmetHong et

al. 1997). Foll ow ng entry via endocytosis, the AdS5 rapidly escapes from

endocﬁm@@@ﬁﬁéﬁ fhe ﬁﬂ@lldﬁrior?eOféD?@QPn(%'ﬂéFe%&? @W%é@@o%néﬁd:dg d and
Cryst e t opt us using

mcro?u S’ﬁaep) ﬁg Ié:ly oleP eh? {@(g%@g@as tEe egé? '?%'?tn%capm d protein in
the process (Nakano et aI 2000 Hong et al 2003). Adenoviruses of

di f f e{@088ser ot )hpesrrmbodb;merets ethdireCembimant adem\dKISr@apmﬁd eecior (Melyyazawa

.. 1999, . My t h b t
cah”i meiete ot el PERHRg Thagfiien Frdgbinarya e epiar] S rpd AR A e deR a 1o
ant i genyR1 QEGHED AdBRSi RIS RINANIP- Fﬁ‘@hh%‘&ﬂl’g'dbﬁ@ﬁbbl@ﬂ & soWin BeRig.
presenting cells (APC). [00125] The adenovirus ber is a trinmer divided

into & bengab cellﬁmmpemlngwemmegt@@r@ﬁ NANRe B8z CekD BIO:6@) Fiberrmgedisad f
B I
e Rl SREPRSASE Phites ek R ARy RS pahe B Yl ce ©

st udi eeutabé@wtrigee@fmeeldﬁ\(mmn ($E©AB Nmm)aeNMnamﬁubdnmedmé@tl on to be
visualized (Kir The Fi ber shaft projects

f 2ém tﬁ‘i’@nw'ﬂﬂ%ﬁe%{ﬁﬂ NA@PFHMBH /ww%%ﬁ?épﬁ@stwfée@eﬁssa@wnénam@ A Rr us
| .
oge) el Gffflod MAHAChBBAOIRRANE( NP IO N Gio0f] AT 3o B

r esi daeenbviouns t/daetoAB\IANE’pHdﬁid/mlmdﬁP&E@P)aEd)mtdmte@aersdammluyf Rign7t beingO and

To00; Faialgptbe s MERBae SERLEEMD 8 S XS eafbpe Roanbseiont ok por

knob | .
2003, %&%@QE%?EW%‘*%V e P R P e sl

2601) vegaiod (NAGGT- ﬁcb/@ﬂ%mVWPf@BPéponeqﬂectedtas ghoavrHn Figo®, Ysiegaddieelb43 and
544) resulted in potent anti-epitope imunity (Krause et al. 2006).

Theref ore, an i nmunodom nant CS-derivé8 B cell epitope was initially
inserted into the H |oop of the Fiber protein. [00126] Hexon is the nost
abundant protein of the adenovirus capsid with 720 30copi es per virion. In
the mature virus, Hexon exists as honotrineric capsoneres which WO

2011/ 022522PCT/ US2010/ 045952 nake up the facets of the icosahedral virion
(Rux and Burnett 2004). The crystal structures of adenovirus serotypes 2
and 5 (Ad2 and Ad5) Hexons have been solved, reveallng a conplex nDIecuIar

A NN



S5barrel notifs that are present in the capsid proteins of many icosahedral
viruses. Three long | oops (DEl, FGl, and F02) extend out fromthe base

st ruct ur ewoaofioeps2ehe t ower regi on of each nol ecul e ( RupCan$2B00m52 2004) .
Sequences within these | oop donmains protrude to the surface of the capsid
to formthe exterior of the virion. Alignnents fromdifferent adenovirus
serotypes show that the sequences |ocated on the capsid exterior 10 are

I d d d-M k
g R P S
| ocat @(LNK@NSESWEWQ;B‘CSQ/TS?SE@I[P'N@B@F anHEHVR@' P%B?éﬁérd\ﬁph@dffﬁe@i' ons
(HVRs), contain the determ nants gal nst’ whi ch serotype-specific antibodies

are pﬁ@@ﬂ@éwf( V@@iOEL(NBNPFldVRaHﬂb oM 1/RISER) qustrercted as skgwh in Fig. 8,

i oudii @ Eneelt BB RS Bk AN Aol eod R BMRa RS Sasefl < o

al SZO%EYLWI@N%SLS;FEW@FFGSVWG (PRQrIDyNCogmer ved bet ween serotypes and do
not appear to be involved in maintaining the structural integrity of Hexon,

smal | changes could be made to these domains w thout affecting the

vi abi IPP§Okof t hdn PEQILTIRRAIMANES. Be ARREAMRIGADLAYSNOVEYS REXSTISH eCtior may be

hexah
XA 8 IR R B PS8l b o R act T A RSN
of t en misdiiediadeangrissvaatorefQGEGAR- I-WR‘nIEPuGS ) @onaintictbd g s’rmpnmsléga@,al nst

Pre  oanad BT erhas i Roue 18 R G BTN (Sendn Mo S8 B endited on
e i on

ot h%o‘éHanﬁ@%cteH(@@%@ﬁ%b@g@@}@%ﬂ@#ué@a A dvbh (rﬂ”ig @nlﬁ'sﬁg%@TCTell 2000,
Crawf ord- M ksza and Schnurr Hexon HVR5 was Initially chosen as a

site fepitoppicoding satence oh. QQR@AB% (SHee 12 N15Q); HYRacangr kibef-maskied

that - Aokl weHEroBERARER) Ber B G b R SRR i ST
t he StarB@b“re@ﬁtopé‘b@@fﬂgtsecfgjbnbé%f@@GF'@AP qisEd $D NO30): HPRS)and pVII-

Hexon-specific CD4+ and CD8+ epitopes have recently been identified (Leen

et al mq@betj adaﬂ@IVIEH‘ﬁeVE{QIﬂMQGB@AP oPy- nwquoetm@dcﬁﬁsgwrﬂ #sponse

o3t or 101 nURDREE ePaRP R (PCr A RRn IR R T 2l 4 EEBL S PR Shene

adenO\s&equenc@bEYNﬂMG)’mitRis_&BlDALNGHDEEKa SEenoneO:61d; Fiber apdrp Iprdifiess. The
termnal protein is covalently linked to the 5 end of each | i near

viral aSIORAVIEYS a%roaf BRGARFIRE P VIR o, Cqmﬁtrestﬁﬂ ahehgwa iy Fig. 6, using

[ hr o0 b el epitknd BHILCFBALE, SECNDROH) PP dldie cddiiy BRGLe %S ©

core NMRN:ViLIBthIDAmNGK&EEquBIE@ M OKE60); cryi féVRpeFlberralndraVIarrd)ctsf&}fd/es as

ePucesRBovigadnt (el AP SVRLE R EevERISS SraRBERd B R Edumor al
| munigt lﬁs[r@%l%gdéllrbpﬁfb'ﬁi@ SIoesh QR PY S(SEUIWM)% e Lepitgskepsdingal

vectors t hat have an i munodom nant CS protei'n B epitope I n an adenovirus
capsi seguenes af Y NFNIMNRLLGDARNGHRBEKo (SEQHErNO1. descri bed. The
transgene nay be under a pronoter 15 such as CW to augnent cell-nedi ated

ot ndOB8TL o ved B RREATE R TRl s BT R BN Bloch B8 Do
ant i beshe gfahé felfoviihg mdcﬁfﬁmﬁP sﬁapemm oha?s ybekinesdranimaho abienevirpgsiazmid e
neutrali zi n%actl vi t a rgf) eat sequence in Plasnodi um CS

pFEét eiVRCHI'E NNﬁe)*NF%éB%P @PQGBGAPpH /P EED (F9- KO MONP-RdAGRPCr 1 epeat
20 (P. NG

whi E:h (%:an el nseﬂ/{:'@d(lﬁgngﬁ) guﬂ@ﬂbow rus/Bgﬁ[B)g:ff @a%@bﬂGﬂFnH@’ﬁQ/é Pntgpﬁl Fent S,
four ¢Figrd), ENANRNRY R 1Y@Pdgi\sl |/ PEERP |dp Q@P AP -61V APf /CEH - p’dWFQéDS (Sigrtyed i nto

ei ont NATRTTBGd BRI Be ROREAR-ablo BRI VER Bt Do erﬁ? L four,

t went L7500 0; )"he 4 O 8,
10, BH\;BRWF'@/C[MAQWMH,@@;& QWAP HVR??@/CK&EQV{I&I?; mse@t gd |nto HVR1 of

adénovecasbimanbagerodrusenan bemed(lcbmm) acoospirte Wit tlem oetiheds described
additionally inserted in the in the H |oop of Fiber. [00131]In sone

enbodi nents, i mmunodomn nant neutralizitg B cell epitopes to CS were mapped
to devel op inproved CS protein adenovirus vaccines. Mce -35- WO

2011/ 022522PCT/ US2010/ 045952 i nmmuni zed wi th reconbi nant P. yoelii CS
protein (PyCS) generated high titers against the two maj or i mmunodom nant B
epi topes, QGPGAP (SEQ ID NO 59) and QQPP (SEQ ID NO 65), but the in vitro
neutralization assay indicated that the hunoral imune response to QGPGAP
ep| tope (SEQ I D NO 59) | tsel f may account for neut raI | ZI ng 5Sacti vi ty

NN N A PN SN



(SEQ ID NGO 59; n=3) to the nedium In sone enbodi nents, three or nore
(QGPGAP)n repeats (SEQ I D NO 59) of PyCS are inserted into HVRL of

adenovi r \BsOerigRyi2ze 5 Hexon. I n sone enbodi nents, threepPCrase)10/0i3962 si X,
seven, eight, nine, ten, eleven, or twelve (QGPGAP)n repeats (SEQ I D NG 59;
n=3, 4, 5, 6, 7, 8, 9, 10 ,11, 12) of PyCS 10 nmay be inserted into HVRL of
adenovi rus serotype 5 Hexon. The (QGPGAP)n repeat sequence may be
additionally inserted in the in the H The B cel |

epi t o’ %‘865? BOWHEG R0 'Bé%tr&‘%%qocyﬁ ug wia”%wpfvgeﬁowti%@n%w?'w 39 SPrESns so
t hat 'dﬂ@éﬂﬁﬁd@it@f&r@g@m&%@% 1&gt 'EasPobiRpe CSf hrotiRNin MamPph&ifan host
insertion sites could be HVRs of Hexon and Loop structures in Fiber, and

di f f ercéHs. 15i nsertion sites can be conbi ned. Mdification of adeno virus
capsid and core proteins to enhance T hel per cell actl vation [00133]1In
anot h odi et I in an
adenoap(r)gﬂbvect or r%gt'wr%%&p@pg} Zﬁgg:d\%rﬁde)\ﬁru%enog s&%r?g]? Q?Dr})gégﬁ%h as

PVl , kp¥wandrudQideiieatido nestbo@ant Fonsxdragenpatitigatoh cbfhlas aslemLr ¢fl a bieskd
vacci ne. Professional anti gen presenting cells (APC) such as dendritic

cells V(rEb@)Obéﬁ‘iBe@bé’éW <ihA @E)PEQ@JC&Q%V%QR@P'@&%&@W% Rrelen BV r us

parti %&% ﬁ@?&%’éﬂ@ﬁﬁ X Pdece‘Pl c?ﬁ gsncénFe TR AfgRE to CDa+
T cell s as hel per ce l's Tor hora or cell ul'ar 1 mmine

r esporssipsrngiaftlis dimeh Eellenbedragvaerabdays afdaenmednfestlami,eanm/a virgs pafigiedbtpinetdei ns

(700- BOCAIL RO RAABROHCR 750 tLler oy 5 BHS (I BRe PR PERT BR of

a‘i@“OVFHeUr%sﬁﬁi%'éﬂstéﬁéléh“§su19je6!e60t6faf§ur6ro§é P?ﬁdl@ﬂt SRS S0 FUind tHBHNI Y
134] I n sone~enbodi nents, adenovirus Fib Hexon capsi d proteins may

30be eedirifuged (25 D0Q epm far mmnme@rammn@eollmlal vieeysi hasse The oolaqtedre

exi stin to -367. 1/ 022522PCT/[ LUS2010/ 92 adenow

onds ot BRTaHL eSS ReRdE i FES S TR CaRnar HadeBE S AR e
80% ofgsysneve, aﬁlu |tfﬁ§ régultHgBiYifRRPEco bt awes Pelletisaitbriag terrtrinld Bimar,

anti bodi es to_adenovi rus (Dougl as 2007), especially to serotype 5 (Ad5) In

st udi sschtasiFBPng adenovirus as a gene therapy vector, it was found that
the presence of 5neutralizing antibodies in animals |imts the expression

| bR o PP PR Y e A o G RN Do o

r econmssanmalbyeawnmmm@asle@lst bivaagtied ingredi2AB5IN ofengmebdamheritd@6 actiBich

pre- eX|st|n nity to ade oVi rus has revi ously been re ort d to inhibit
the efifgreds) te%w BIASERRE SRRV ST G RIS PAGRP BRINAN! AdERRYTUS

al so C cal
1 a1 e B o R P e MG

capsi épenificaky, rtlee potn\@mg(r@djgmfelmaalbe ammtw;amh‘Metnowaspprrmmm@mlodl{@hy

responsi bJ for the potent adjuvant f novi r us t he
| Ploc e Pandors dolatas B E padissdia Fora PUPEE S Ra Lt R ha
has b%’f‘tlcﬂ’f@ﬂ PYe pidleipl BPHMNENDF PVE PRt b cBMbinaRANAEIddIFs IdPRkEd yy i s to
replace all or part of the Hexon with a different protein, for exanple

rare S4IQAS)PAS I@Wﬂwnw@mtﬁﬂ&QfsplﬁmozfdlmQGC@WQDQI@ZOB@%@’@@ Hexon is a

maj or il et al. 2002,
Sum dé&l%ﬁ%ve‘ﬂé&%%)dr ﬁe en ”;%CQQ’L% ﬁgh Pﬁ‘_@%&% Fﬁéﬁ%}/]ﬂ&% be swapped vmth
the raireusepotomotie drikiremayl be RRBAed 20 RaDEibks peiterml, HeXBAGIVRIPGLBE] | n

anot her strategy as described in one enbodi nent herein, an adenoviral Hexon

nﬁ? b®retsHl-f 1 6 TesPPRIPRAERARIAVINGS AIREICLeaRIRG ALt ORI 8RS AdemnsgepEpt i de to
et r A TG S bon O 44 1s Gk My (A8 oo HERaNL L P

vect oradehnvmmmaftéﬁlnMoglcmmsmowhasttoegen|T¢1ermmsgéelcrmxotém o&n i mMunogeni c
epi tope of Pl aspodi um.CS roteln gln rtaln aspects,. the e |tope may
conpr |r§%°r8b@é‘ﬂf FVQFSQ%B%Qf @lé‘qmébﬁ&? a fopey EReQUERrOESHB O7 @i t ope

gg?gte{;\g%alné(&%égﬁ BeaeaksABMIUM e E@hseHrosbid p%ler?\d WHeEEIRTth® mdIB8a 2A0en
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prevented due to anti-Ad immunity follow ng i muni zation. Therefore, many
Ad WD 2011/ 022522PCT/ US2010/ 045952 vacci nes i npede boosting of the vaccine
by prevernwOnglenpi2essi on and presentati on of the anti gerCEruseaea43sy2t he
transgene (Yang 1995, Hackett et al. 2000, Harvey et al. 1999, Mastrangeli
et al. 1996). The addition of a specific epitope to the Ad capsid, such as
those described in the exanples bel ow, may reduce or elimnate th| S

i mpedi ment rding.to sone enmbodi ments. | 8] IThe foIIo exarrpl es
e picGiRisas el TR CBP T TR bSO g 4 PIRATLOLR FeU D HEE) 6 be

i nt er rigs@BdRm birdlrhiperokbite pEAER. of any clai ned enbodi ment . The ext ent
that specific nmaterials are nentioned, it is nerely for purposes of

illustration and is not intended to Ilmt the invention. One skilled in the
art rrdQOQﬁ:]vel op Ie@gmﬂaqereh@dImmgnt@e(ﬂctwemreﬂteetwf theopharmasesfiedici se of

| nventy e GARAOLL YRR Mol AERAC LbAt 18 4 REdifeREnPhadlizd gvent i on.

1t wi I BENGE many vari ati ons can € procedures

hesei plakeaicinideast, Whietain shé kécameipani agendviros plddmidbmenstss ehetdiehgr esent
invention. It is the intention of the inventors that such variations are

i ncl udeiPwing moditied Fs &lppaptmoné . veelirerembingst pdanoyieis plagmid ve¢iets on of
capsi gyAQel ﬁVRQ/ﬁb@@PO@?GAbCHVﬁHﬂW@ é@ g&ﬁhﬂ ﬁeﬁﬂ@w HﬁQ@F"éde
vectors an r econbi nant enovi rus par S |1 tope I\/B.

[ 0013FHilPYES (Fig. 4)mMisdiRIeH R FibeRQSP br D@DBA@eHVFﬁ;ﬁB{Foweyos HESWas

it ﬁehﬁhﬁ%ﬁ@ﬁ@ﬁ Ve SR 3h e R DD Vo M i iFfas. used

t qodetrgp Mo pi/NEPIEIH bealG FEGAPOH%/@MWF/P%SZ(F@Q er')innAh@dMVFWﬁM@ﬂ)Er iefly,

in the neutraI|2|n assay, human CD81 expressing l's were used as
t ar getp\VOEPIGSP oD§IGPSAR- HMFeHEIbéCBéqwﬁay@Sf (dnig. rEe)l érmasegaﬁembtre@tt o form

25par asj t ophor ous cuoles in he where t and evelop
oo B L HRMIE FHOFS at e 8 Bt EE R hTHite LA e whEY T o

i nf ectifaristected irideens @b §eADIIIAN) bAdihsrershatectinbmapy MaRsgesicpept i des
were added to the wells to bl ock peptide speC|f|c anti body. The results of

epi to;@éoﬁﬁf’ﬁbmaryd)q gxpreasedin mammalkarrsals, nehiding huepeatellsequence, QGPGAP
(SEQ ID NO 59), is a nore potent neutralizing WO

2041/ 2PCT/

THar e O0RR | PrE N SRR e By R cel BB g T el S
nmodi f yngradizow is asecapksindnpadérovirsls ddedastripad/hereiRidmdvanc€s nsdlane tnfectioni-
capsid-nodifie lasm d vectars 5 014 Adenovi rus, shuttle _vector

pShut tHr%VQﬂWg(%f&Aﬁrﬂ@ﬂEB arr‘r%bﬂ taeaanq irglugeeiiie @%@te@w'@ﬁ
casseldsudiafiba ik &l AMAE Erichos E@bw THRETB RRGIMinaorEIn RGN ITRe and
Sacl -BsnBl fragnment (5V40 poly A signal) of pmaxG-P (Lonza, Col ogne€,

CGer mamgpdvier e]ebtreatMt ahmalar@rnn‘emlqnntassohlateﬁ wnh m:‘e@‘azbn ohimjge(mellls sindes of

p 9 .respective fra nt resultln

e dEB Skt \Ereed Feli e g e bebipdBfesti S8 e blogecstiso
createh ﬂ@l@éﬁéJGWal%ﬂsf brREedls, IJrﬁ?célfsa Fﬁﬁéll%&ll@'&ﬁﬁmﬁs%dr tagerted into
the Eco site of pShuttIe CW. The resulting shuttle vector

( GFP/ i plee oClaguasaepraREsing sieh setbsmcw ARdusy4ugndidngy, Hrainaddgées and

pshut - Ik SEn g3 e udlbre Nk bR egi on wi th cws
pronoter from p@Bl-AJCWS5 (Bl Ogene). The Sgr Al - Kpnl fragment of

pShut t{0@95IW wasn seplcaassbots, tthe lpharmae@muat compbaition mgay eeh&idémataviant er
se guence and the upstream seguenc romCM\/R fm)ter in pShuttle-CW to
st IMEFIYSIRIEY PRINGWRECGIE @08INSt [MSALASTBIHIOBNS (98 LrAMEE. (Plets ada_NSas

codon ARhigE sé%gofd?feeéﬁrfafc%raﬁt@%ngc(drgﬁ@?g cﬁko‘it@ﬂfﬁe‘?ng ggllanjNo 59) by

overlappln reaction b on J optimz gorithm
(http Vwrmmmbo;spcamdldﬁe)latepO‘&dh&]NEwErd?emSFFFﬁ!rﬁ mof ml@rlaeqmnee roerdzoite

f al 3D7 st t t
o don oA TR PR RolER HREN, Mafih S Ryl SR Ethmenss humans was
done Webt@dagmh@amnﬁeph%/pﬂ*u%Er;it%c?{evmlehﬂ)rahé\Plr%)n -QRPrEAPAL i on 25

sof t war e. fragnents that encode whol e Pf CSP except for the GPI'-anchored
notif at the Ctermnus (Fig. 10; SEQ I D NG 2) were synthesi zed by
| nt egrated DNA Technol ogi es WO 2011/-022522PCT/ US2010/ 045952



[ 00146] Codon-optim zed PyCS gene (Fig. 9; SEQ ID NO 1) or PfCSP gene (Fig.
10; SEQ ID NO 2) was inserted into Kpnl and Hindl Il sites of pShuttle-CW,
pShut t | e-wQlWE/020822 GFP/ pShutt | e- CW. The resul ting Pl asmroaiusae10/045952

ci rcunsporozoite protein coding adenovirus shuttle vectors were used for
honol ogous reconbi nation with 5 AdEasy-1 to construct adenovirus genone
whi ch has Pl asnodi um circunsporozoite antigenic gene and intact adenovirus

Codi nralRhBEAL TR eSS s e M B et by eticilana &
col i Bpidpaitsel ﬂn&y%’h@né@ﬂdléﬂéfrﬁé@% Wév@nﬁr'ﬁ? elfbBRaldaled aSPishiiymct or

and pAdEasy-1 vector (Bruna-Ronero et al for honol ogous
10r ec PEAGRSitEL |selectqd)fmm7e}mmlsncfwr¢ &lagmodumudd ispeciess far gxeimpler Bt iayeanug,

denovi 7 1RO WK PuPpt 2ot Bt B Bblghes P BBl A P e i e |
di gestreduathg heSiiféctratyl titdre Whéh@l@irﬁlh@mmcm Czh essttiontd? tis ORI and
Pstl sites of pUCL9 using EcoRI-Sfil and Pstl - | i nker olé(gomars

15r epI'%f@é“WFiﬂeK/\PY Hheapiraraareutioa Q,qu@Qﬁ’i’é%Wd’leﬁé t |!ﬂ ap éngieas ﬁWVé’@i st ope
h
(he 1 SBLERLCRS 2,808 9FIcc ML, o kPRt AL ASRE IR GLSREER |

PCR propdhfettioaéredisgedvaldate WheAg:ernp:aneld WSbbjeamatmmmswedmheepl ace the
il fragnment in Sfil/pUCL9 vector. After

Ndel f Sf
Conf | PAHG2E AU GREEBIOP N 1 FGASAE Y AP RIETSPLGA CHUMRARITNA was
991 SRS pRGeRT of FRFERACAN A A Ao BHERARLATE) LHRRIcHPe

sequence to proauce an xon. n sone e
HVR- nesdichiasdPHesodiumay Imbwthes aspetisi theaatiatmesguticaleconi pSHQN B LN@J‘LB a(sFa g

11 5 13 )

Sth | DRy RvERr dnbapRUigabEn R eI BT IR B AV B BN ectign) Seh | b

NO'10 568 0y iog QIR ALPLeidiag, 19) _SEQ 10 W0 12 (g, 20), SQ

NO 13 (Eig. 3 (D N0 14 (Fig. 22), SEQ D NO15 (Fig. 23), SEQID

NG 16 (Fig 24), SEQIDNOl?(Fl . 25), SEQID NQ 18 (Fig. 26), SEQID

NO. 19 27) QCBON@IOCETITE oA AdERYiS 0} thesEq | D
[069 Thegafactio triogeffers pf thepgcomblmntad j th

oy B o R s o BB A 0 (=0

codonphptieteeitdPtoBiposhivnamptaihingcthbcapsia- MSdlﬂIdeeC@mbmalﬂl@-‘adBQOVIM@ of
2011/ 022522PCT/ US2010/ 045952 hexon-speci fi c sequence at 5'
NANP- §*b%@f9ﬁe@t Hu@nEAe angradglitivegigr ph@rmwt@ﬁh@dwt@t@@ﬁemerk%zgatpﬁser t ed

t
11 us P e e AR B R ey R TR b et oo o
Hexon mtrao%dﬁmsl (Landintiaclermghti.dgs intragperitmespigr. ) Inaseall of despiatorytroated
d Pl t t t
" ber FEd AR SBAIS FPESOIS VRGN PoR T IRLSLEBA s TERS DY SREUNEI ng (i g
31, SR lr&;d}ﬁalﬁﬁht a&&%@k@sc%@&hef@?ﬁh@'a‘?ﬁéét% ingediert4eledl 9thdsh Fd 9. 4,

t he Spel -Pacl fragnment of AdEas was subcl oned inhto EcoRl and Pstl sites
of puceyalumﬂgee&monmrevelama ttheamrvnvai i@ rdiggasgoiree survivalj oisert a

Fi bor RRORoF1TRE SRETARARy haeaﬁ?%Fﬁ@'UEggﬁfv%kweﬁﬁa@r?ﬂ%%ﬁﬂﬁﬁ&%ﬁéq”%@%s' oo o

anpl i f9e@grdpYinfefoldwed BEifestiow bpra a htdden eflebiie sequence.
The PCR product was digested with Eco ) and Mel, and then used

t 851 eftla8/BOEIE HRRGIQR) RaYRE C(QBFIONIQQIV)””‘- meesfurwégt iGe. disgagsetree gurvival, or

o 24 MEPUETE T8 SRR s habIUph I B e AEHESGFrAT o™ s '

replaced with the Spel -Pacl fragment containing the epitope sequence. The
resul {0097]Fi ber Insdirfe edbadiemntsthe didAmarsutica dofrposhiomhaygadsitionally

reconbi natj on clircuns or oite tein cod adenovi rus
B S A e R g SRt g
20 i : T

R A A G L T Gl

Fi3Der -which fd @escaidbeddvithersbeiX. was repl aced with Sfil-Sfil fragnment having
the circunsporozoite protein epitope in H/RL as illustrated in Fig. 5.
22-




25[ 00152] To nodify the C-term nus of pVIl, the region containing Sfi | and
Sal | sites was anplified by two-step PCR using priners which have the

Ci rcunspowozoitte2y2eot ei n epi t ope sequence. The PCR prodmct/usaslodiuiyest ed
with Sfil and Sall, and then used to replace the native Sfil-Sall region of
Sfil/pUCl9 vector (Fig. 6, 7 and 8). After confirm ng the sequence (Fig.
34, SEQ ID NO 26; Fig. 35, SEQID NO 27), the Sfil-Sfil WO

2011/ 2PCT/ 10/ 045952 f f HVR1 d/ Fi -

R 115 i @@3%%% T LA e e A

f r agmegindtR 8t (bAS: Shd SHITEPRERINEHE IR RbE@iicMRCah B ihgrdISAER] To
insert the circumsporozoite protein CD4+ epitope sequence

EYLNKILGHSaRSTE\SPTH@HIOBETAY DONQIiER)a fatomenantatienosirup \dariveddtam a7. 7kb 5

 he” Edrg ana o £ TagEP AT o¥ BRSehies RN Bbrd Poefalpt et "

(Rsrl |dcﬂhl§lﬂr£b)red|’éherrfa@g@epa r@@fmaulnahﬂgdé\wlru@mbrﬁgiélhg fidaed Caddd bt £ordC19

was anplified by two-step PCR usmg prinmers which have the ep |toF
sequerﬂf@te'nmwrﬁdﬁnrﬁr partien akasHexeeByrervaiiapessgiondhty Bgpinortiemal theh used

tore t \45,51&, I I After
confi 518%81 %éo@gél?\éﬁce obtﬁe rggéqng%é Qérgg]lé(gﬁoﬁb rleb%gga%g%ﬁqﬁgn%s Fig.
37, SE&@M@d@@nQﬂe}putdﬂwaB/ahhvoﬂmgmunmeporld‘iﬁne pectefn. edliterdatioslyr atde A was
replaced with the Rsr]]l theeltope sequence.

nt caontai.nin
[001549]”?H€‘W@&Q9ﬁ51'91§ﬂ¥0%9d%fa%w?Sd% UM JERATSROTTEPI%POIgIp My QPu'W%er%”Tabl e
2 16P- tﬁéh\’/‘llﬁﬁ?gﬂ ﬁSéP@fc‘f&ﬁ%rm%%qﬁ?gRt Br ﬁ‘é%'nﬁﬁﬁénérhﬁe‘?ééfe% s8meepi tope
insertion o I nfecti |ty, I Mmunogeni Ci ty and sensiti vl ty 0O pre- exi sti ng,
ant i - adetoiineots, itheraaiiveyingRediento fribe tvaaderwonmpasiticecmay Deuderiveddrem a
repllcatlo defective, El and E3-del ete ROVI LU ser ot
(STraTReRBERLAGeNd s Rl e e e BTF HEA% P8 P BB AN o
Pl as iy 9 MR CEPUGBQAFE APV R A&l S &F@CQ)WNAI@PIF@MOSW SrQGPXP-
2011/ 022522PCT/ US2010/ 045952 Tabl e Reconbi nant adenovi ruses (Pl asnmodi um

yoel i iFi/Py&mterdz DIANS HGR BBl ibANG 3 ar RESEHIPENR 148y Css (g oot er  Tr

LRo R RIS BERIG PRV VEpkey Yl o 71 RRRRH Seduence

Fib/CD4-pVII/PFCSP or QGPGAP-Fib/CD4-pVII/PyCS (Fig. 6), NANP-HVR1/Fib/CD4-
pVII/PfCSP or QGPGAP-HVR1/Fib/CD4-pVII/PyCS (Fig. 8).

[0099] In some aspects, the vaccine composition, when administered to a
subject, first comprises a recombinant adenovirus having one or more antigenic portions

20 of a Plasmodium CS protein (i.e., a B cell epitope, T cell epitope or both) inserted into or
replacing at least a part of a capsid or core protein. The vaccine composition may then
express a recombinant transgenic protein, wherein the recombinant transgenic protein
is a Plasmodium CS protein comprising a B cell epitope, T cell epitope or both. The
antigenic portions of the Plasmodium CS protein are found in the recombinant

25  transgenic protein and the modified capsid or core proteins promote or enhance
acquired humoral immunity, cellular immunity, or both as described in the Examples
below. Thus, in some aspects, the recombinant adenovirus as described herein is

useful as a vaccine to promote or enhance humoral immunity, cellular immunity, or both.

[00100] In further embodiments, the vaccine composition may enhance infection-
30 preventing effects against infectious antigens, for example, malaria antigens such as
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sporozoite surface antigens (CSP and TRAP) of malaria parasites, merozoite surface
membrane protein MSPI, malaria S antigen secreted from erythrocytes infected with
malaria, PfEMPI protein present in the knobs of erythrocytes infected with malaria,
Serine-Rich Antigen (SERA) protein, Tyrosine-Rich Acidic Matrix Protein (TRAMP), and
Apical Membrane Antigen-1 (AMAI) protein. Further, a reduced infectivity titer (e.g., the
viral infectivity titer) resulting from administration of a vaccine composition described
herein may result in an increased survival, disease-free survival or infection-free
survival period and survival, disease-free survival or infection-free survival rate when
compared to subjects not administered the vaccine composition. Thus, in some
aspects, the vaccine composition is also useful as a preventive or therapeutic agent for
malaria infections caused by pathogens such as Plasmodium. In further aspects, the
vaccine composition is also useful as a preventive or therapeutic agent for

complications resulting from a malaria infection by pathogens such as Plasmodium.

[00101] A vaccine composition as described herein may comprise a
therapeutically effective amount of a recombinant adenovirus as described herein, and
further comprising a pharmaceutically acceptable carrier according to a standard
method. Examples of acceptable carriers include physiologically acceptable solutions,
such as sterile saline and sterile buffered saline.

[00102] In some embodiments, the vaccine or pharmaceutical composition may be
used in combination with a pharmaceutically effective amount of an adjuvant to enhance
the anti-malaria effects. Any immunologic adjuvant that may stimulate the immune
system and increase the response to a vaccine, without having any specific antigenic
effect itself may be used as the adjuvant. Many immunologic adjuvants mimic
evolutionarily conserved molecules known as pathogen-associated molecular patterns
(PAMPs) and are recognized by a set of immune receptors known as Toll-like
Receptors (TLRs). Examples of adjuvants that may be used in accordance with the
embodiments described herein include Freund's complete adjuvant, Freund's
incomplete adjuvant, double stranded RNA (a TLR3 ligand), LPS, LPS analogs such as
monophosphoryl lipid A (MPL) (a TLR4 ligand), flagellin (a TLRS ligand), lipoproteins,
lipopeptides, single stranded RNA, single stranded DNA, imidazoquinolin analogs
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(TLR7 and TLR8 ligands), CpG DNA (a TLR9 ligand), Ribi’s adjuvant
(monophosphoryl-lipid A/trehalose dicorynoycolate), glycolipids (a-GalCer analogs),
unmethylated CpG islands, oil emulsion, liposomes, virosomes, saponins (active
fractions of saponin such as QS21), muramyl dipeptide, alum, aluminum hydroxide,
squalene, BCG, cytokines such as GM-CSF and IL-12, chemokines such as MIP 1-a
and RANTES, N-acetylmuramine-L-alanyl-D-isoglutamine (MDP), thymosin al and
MF59. The amount of adjuvant used can be suitably selected according to the degree
of symptoms, such as softening of the skin, pain, erythema, fever, headache, and
muscular pain, which might be expressed as part of the immune response in humans or

animals after the administration of this type of vaccine.

[00103] In some embodiments, the vaccine or pharmaceutical composition
described herein may be used in combination with other known pharmaceutical
products, such as immune response-promoting peptides and antibacterial agents
(synthetic antibacterial agents). The vaccine or pharmaceutical composition may further
comprise other drugs and additives. Examples of drugs or additives that may be used
in conjunction with a vaccine or pharmaceutical composition described herein include
drugs that aid intracellular uptake of the recombinant adenovirus or recombinant
transgenic protein of the present invention, liposome and other drugs and/or additives
that facilitate transfection, (e.g., fluorocarbon emulsifiers, cochleates, tubules, golden
particles, biodegradable microspheres, and cationic polymers).

[00104] In some embodiments, the amount of the active ingredient contained in
the vaccine or pharmaceutical composition described herein may be selected from a
wide range of concentrations, Virus Particle Unit (VPU), Plaque Forming Unit (PFU),
weight to volume percent (w/v %) or other quantitative measure of active ingredient
amount, as long as it is a therapeutically or pharmaceutically effective amount. The
dosage of the vaccine or pharmaceutical composition may be appropriately selected
from a wide range according to the desired therapeutic effect, the administration method
(administration route), the therapeutic period, the patient's age, gender, and other

conditions, etc.
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[00105] In some aspects, when a recombinant adenovirus is administered to a
human subject as an active ingredient of the vaccine or pharmaceutical composition,
the dosage of the recombinant adenovirus may be administered in an amount
approximately corresponding to 10 to 10'* PFU, preferably 10° to 10" PFU, and more

preferably 10° to 10'° PFU per patient, calculated as the PFU of the recombinant virus.

[00106] In further aspects, when a recombinant adenovirus is administered to a
subject as an active ingredient of the vaccine or pharmaceutical composition, the
dosage may be selected from a wide range in terms of the amount of expressible DNA
introduced into the vaccine host or the amount of transcribed RNA. The dosage also
depends on the strength of the transcription and translation promoters used in any

transfer vectors used.

[00107] In some embodiments, the vaccine composition or pharmaceutical
composition described herein may be administered by directly injecting a recombinant
adenovirus suspension prepared by suspending the recombinant adenovirus in PBS
(phosphate buffered saline) or saline into a local site (e.g., into the lung tissue, liver,
muscle or brain), by nasal or respiratory inhalation, or by intravascular (i.v.) (e.g., intra-
arterial, intravenous, and portal venous), subcutaneous (s.c.), intracutaneous (i.c.),
intradermal (i.d.), or intraperitoneal (i.p.) administration. The vaccine or pharmaceutical
composition of the present invention may be administered more than once. More
specifically, after the initial administration, one or more additional vaccinations may be
given as a booster. One or more booster administrations can enhance the desired
effect. After the administration of the vaccine or pharmaceutical composition, booster
immunization with a pharmaceutical composition containing the recombinant adenovirus

as described herein may be performed.

[00108] In further embodiments, use of various other adjuvants, drugs or additives
with the vaccine of the invention, as discussed above, may enhance the therapeutic
effect achieved by the administration of the vaccine or pharmaceutical composition.
The pharmaceutically acceptable carrier may contain a trace amount of additives, such

as substances that enhance the isotonicity and chemical stability. Such additives
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should be non-toxic to a human or other mammalian subject in the dosage and
concentration used, and examples thereof include buffers such as phosphoric acid,
citric acid, succinic acid, acetic acid, and other organic acids, and salts thereof;
antioxidants such as ascorbic acid; low molecular weight (e.g., less than about 10
residues) polypeptides (e.g., polyarginine and tripeptide) proteins (e.g., serum albumin,
gelatin, and immunoglobulin); amino acids (e.g., glycine, glutamic acid, aspartic acid,
and arginine); monosaccharides, disaccharides, and other carbohydrates (e.qg.,
cellulose and derivatives thereof, glucose, mannose, and dextrin), chelating agents
(e.g., EDTA); sugar alcohols (e.g., mannitol and sorbitol); counterions (e.g., sodium);
nonionic surfactants (e.g., polysorbate and poloxamer); and PEG.

[00109] The vaccine or pharmaceutical composition containing a recombinant
adenovirus described herein may be stored as an aqueous solution or a lyophilized

product in a unit or multiple dose container such as a sealed ampoule or a vial.

[00110] Another embodiment further provides a method of preventing malaria
infection, or a method of treating malaria comprising administering an effective amount
of the recombinant adenoviral vaccine, formulation, or pharmaceutical composition.
The present invention further provides a method of immunostimulation comprising
administering an effective amount of a recombinant adenoviral vaccine composition,
formulation, pharmaceutical composition or a combination thereof to a subject.
Subjects may include humans, animals (such as mammals, birds, reptiles, fish, and
amphibians), or any other subjects that may become infected with a malaria parasite.
Malaria parasites may include a Plasmodium parasite, selected from any of known
Plasmodium (P) species, for example, P. falciparum, P. malariae, P. ovale, P. vivax, P.
knowlesi, P. berghei, P. chabaudi and P. yoelii.

[00111] In some embodiments, a recombinant adenovirus as described herein
may be formed alone or may be together with a pharmaceutically acceptable carrier into
a vaccine composition, formulation, or pharmaceutical composition, and administered to
the subject. The administration route may be, for example, any administration route

mentioned above. The pharmaceutically acceptable carrier for use in the present
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invention can be suitably selected from carriers commonly used in this technical field,
according to the form of the pharmaceutical composition to be produced. For example,
when the pharmacological composition is formed into an aqueous solution, purified
water (sterile water) or a physiological buffer solution can be used as the carrier. When

5 the pharmaceutical composition is formed into other appropriate solutions, organic
esters capable of being injected, such as glycol, glycerol and olive oil may be used as
the carrier. The composition may contain stabilizers, excipients and other commonly
used substances in this technical field, and particularly in the field of vaccine

formulations.

10 [00112] In further embodiments, the amount of recombinant adenovirus used in a
vaccine composition, formulation, or pharmaceutical composition may be suitably
selected from a wide range of concentrations, VPU, PFU, weight to volume percent (w/v
%) or other quantitative measure of active ingredient amount. In some aspects, a
suitable range of recombinant adenovirus in the composition is preferably about 0.0002

15 to about 0.2 (w/v %), and more preferably 0.001 to 0.1 (w/v %). The method of
administration of a recombinant adenovirus vaccine composition, formulation, or
pharmaceutical composition according to some embodiments may be suitably selected
according to the dosage form, the patient's age, gender and other conditions such as
the severity of the disease. A suitable dosage form is a form for parenteral

20  administration, such as injections, drops, nasal drops, and inhalants. When the
composition is formed into an injection or drops, the injection can be intravenously
administered and mixed with a replacement fluid such as a glucose solution or an amino
acid solution as appropriate, or can be administered intramuscularly (i.m.),
intracutaneously (i.c.), subcutaneously (s.c.) intradermally (i.d.), or intraperitoneally

25 (i.p.).

[00113] In other embodiments, the daily dosage of a recombinant adenovirus
vaccine composition, formulation, or pharmaceutical composition may vary depending
on the subject's condition, body weight, age, gender, etc. In some aspects, the dosage

of a recombinant adenovirus is administered in an amount of approximately 0.001 to
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100 mg per kg of body weight per day. The vaccine, formulation, or composition of the

invention may be administered in one or more administrations per day.

[00114] In further embodiments, when a recombinant adenovirus is administered
to a human subject as an active ingredient of the vaccine composition, formulation or
5 pharmaceutical composition, the dosage of the recombinant adenovirus is administered

in an amount approximately corresponding to 102 to 10™ PFU, preferably 10° to 102
PFU, and more preferably 10° to 10'° PFU per patient, calculated as the PFU of the
recombinant adenovirus particle. The vaccine composition of the present invention
should be administered according to Good Medical Practice, considering the clinical

10  condition (for example, the condition to be prevented or treated) of each patient, the
delivery site of the vaccine composition containing the recombinant adenovirus, the
target tissue, the administration method, the dosage regimen, and other factors known
to those skilled in the art. Therefore, the proper dosage of the vaccine composition

herein is determined in consideration of the above.

15 [00115] Yet another embodiment of the disclosure relates to a method of treating
or preventing a malaria infection in a subject, the method comprising administering an
immunologic or therapeutic amount of a malaria vaccine composition comprising a
recombinant adenovirus. The recombinant adenovirus of the malaria vaccine may
comprise an antigenic determinant of a Plasmodium parasite, and may further comprise

20  one or more modified capsid or core proteins. An immunologic, pharmacologic or
therapeutic amount may be any suitable amount wherein a potent immune response is
generated against one or more antigenic portions of the (CS) protein (i.e., the
transgene, B cell epitope, or CD4+ T cell epitope) such that malarial infection is

prevented or reduced in severity.

25 [00116] When a subject is first exposed or "primed" to an adenovirus vector, the
immune system produces neutralizing antibodies against that specific vector. The
immune response to the adenovirus is generally directed against the capsid proteins.
Therefore, subsequent exposure to the same adenovirus vector, or "boosts," can

reduce the efficacy of transgene expression. Therefore, in some embodiments, the
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method of treating or preventing a malaria infection described above may comprise a
priming step using a first recombinant adenovirus vector followed by one or more
boosting steps using one or more different recombinant adenovirus vectors. This
method may be used in subjects that have not yet been exposed to a wild-type
adenovirus, or in a subject that has been previously exposed to a wild-type adenovirus
vector, wherein the priming step recombinant adenovirus vector is used to circumvent
existing adenovirus immunity. Further embodiments and examples are described

below.

Adenovirus as a vector

[00117] Adenoviruses are non-enveloped DNA viruses comprising a set of viral
capsid proteins (described below) and a viral genome, that have been widely used to
deliver one or more therapeutic or antigenic transgene to a variety of cells in vitro and in
vivo. Many adenovirus serotypes exist. Of the known adenovirus serotypes, serotype 5
(Adb) is preferably used as a vector for foreign gene transduction because of its strong
infectivity in vivo (Abbink et al. 2007). Expression of the antigenic transgene may be
controlled by any promoter or enhancer element known in the art. Promoters which
may be used to control gene expression include, but are not limited to, cytomegalovirus
immediate early promoter (CMV), simian virus 40 (SV40) early promoter, cellular
polypeptide chain elongation factor 1 alpha (EF1) promoter, Rous sarcoma virus (RSV)
promoter, and tetracycline-regulated (TR) promoter. A polyadenylation (pA) signal after
the coding sequence may also be used for efficient transcription and translation. The
recombinant adenovirus vector described herein may be replication-defective, having a
deletion at least in the E1 region of the adenoviral genome, since the E1 region is
required for replication, transcription, translation and packaging processes. In some
aspects, the E2, E3 and/or E4 regions may also be deleted. In further aspects, a Kozak
consensus sequence may be used for a more efficient translation (Kozak 1987).

[00118] The adenovirus (Ad) system is an attractive vector for the development of

recombinant vaccines for a number of reasons. One reason is that recombinant

adenoviral vectors infect most mammalian cell types (both replicative and non-

replicative), including, but not limited to, mouse and human cell types. Thus, the same
-30-



Fi ber pVI | (QGPGAP) , -HVR1/ cmv5-PyCS CW5 PyCS Hexon HVRL 1
roml38 10164 (QGPGAP) 4 24 Fi ber
WO 2011/022522 PCT/US2010/045952

vector may be used successfully in mouse models and human clinical trials alike.
Another reason is that any transferred genetic information remains epichromosomal,
avoiding insertional mutagenesis and alteration of the cellular genotype (Crystal 1995).
Yet another reason is that the transgene remains unaltered after successive rounds of

5 viral replication. Other advantages of using adenovirus include that recombinant
adenovirus: 1) has a high virion stability, 2) is well tolerated, 3) may be grown at high
titer, 4) can accommodate large transgenes, 5) has a genome that has been extensively
studied for many years such that the complete DNA sequence of several serotypes is
known, facilitating the manipulation of the Ad genome by recombinant DNA techniques

10  (Graham and Prevec 1992).

[00119] In one embodiment, the adenovirus vaccine platform is used as a viral
vector for development of a vaccine that targets a pre-erythrocytic malaria parasite, and
provides protection from malaria infection. Among known recombinant viral vectors
(Rodrigues et al. 1997, Bruna-Romero et al. 2001, Anderson et al. 2004, Tao et al.

15 2005), adenovirus has been shown to be a suitable viral vector for a malaria vaccine
because it can induce a strong protective cellular immune response to pre-erythrocytic
malaria parasites (Rodrigues et al. 1997). The malaria parasite may be any one of the
Plasmodium family. In some embodiments, the targeted parasite may be P. yoelii or P.

falciparum.

20 Adenovirus vectors expressing PyCS as a transgene elicits a malaria-
specific CD8+ T cell response

[00120] Adenovirus is an attractive vector for inducing a significant CD8+ T cell-
mediated protective immunity against malaria (Rodrigues et al. 1997, Rodrigues et al.

25 1998). The immunogenicity of a recombinant adenovirus expressing the P. yoelii (a
rodent malaria parasite) CS protein, AdPyCS, was determined using a rodent malaria
model. The inoculation of mice with AdPyCS induces complete immunity in a significant
proportion of mice, preventing the occurrence of parasitemia (Rodrigues et al. 1997).
This protective effect is primarily mediated by CD8+ T cells, as evidenced by depletion

30 ofthe T cell population and is corroborated by the fact that AAPyCS was unable to
induce high titers of antibody response against malaria parasites.
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[00121] To quantitatively measure the infectivity of capsid-modified adenovirus,

the shuttle vector may contain a GFP expression cassette and cloning sites for a
transgene. The resulting shuttle vector (GFP/pShuttle-CMV) has dual pCMV promoters
and SV40pAs for a transgene and GFP from pmaxGFP (Amaxa, Germany). The

5 optimized PyCS fragment was inserted into Kpnl and Hindlll sites of GFP/pShuttle-
CMV.

[00122] The immunogenicity of Ad(PyCS+GFP) was determined by measuring the
magnitude of the CS-specific CD8+ T cell response and the level of protective immunity
against the plasmodial liver stages. Administration of Ad(PyCS+GFP) via different

10  routes, at an optimal dose, 10 viral particle (v.p.) elicited the same pattern of anti-
malarial protective responses that AdPyCS was shown to elicit, with the s.c. and i.m.
routes inducing the strongest response resulted in the highest degree of liver stage
inhibition in mice challenged with live P. yoelii sporozoites. This illustrates that as a
vaccine, Ad(PyCS+GFP) behaves equivalently to AAPyCS (Rodrigues et al 1997), and

15 is a potentially useful tool in determining the in vivo tropism of AdPyCS.

Adenovirus capsid and core proteins

[00123] The studies above confirm that recombinant adenoviral vectors expressing
a CS protein elicit a strong cellular immune response by CD8+ T cells, but no
appreciable humoral response. Therefore, because the humoral response to wild-type
20  adenovirus can often be attributed to capsid proteins, recombinant adenoviral vectors
with modified capsid and core proteins were constructed to 1) enhance humoral
immunity via B cell activation, 2) enhance humoral immunity via T helper cell activation,

and 3) circumvent existing adenoviral immunity.

[00124] Adenovirus is a non-enveloped naked double stranded DNA virus with an
25 icosahedral shape, having 20 faces of equilateral triangles. The adenovirus capsid
consists of 252 capsomers, of which 240 are Hexon trimers and 12 are penton
pentamers. A Fiber protein, which projects from each penton base, mediates
attachment to host cells by interaction with the cellular receptor. A secondary
interaction occurs between the RGD (Asp-Arg-Gly) motif in the penton base with av33,
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avB5 and similar integrins, facilitating subsequent internalization of adenovirus into the
cell (Mathias et al. 1994, Wickham et al. 1993). Most of the adenovirus use the
coxsackie-adenovirus receptor, CAR, as a cellular receptor (Bergelson et al. 1997). In
addition, MHC class | molecules, VCAM, and heparan sulfate, are shown to mediate
attachment and entry of Ad5 (Chu et al. 2001, Hong et al. 1997). Following entry via
endocytosis, the Ad5 rapidly escapes from endocytic compartments into the cytosol
(Meier and Greber 2003, Leopold and Crystal 2007). The virion then translocates to the
nucleus using microtubules. The Fiber protein is shed as the earliest capsid protein in
the process (Nakano et al. 2000, Hong et al 2003). Adenoviruses of different serotypes
demonstrate different trafficking patterns (Miyazawa et al. 1999, Miyazawa et al. 2001).
Changing or modifying the Fiber protein can impact trafficking, which may be
particularly important with regard to antigen processing and presentation, following

infection of antigen presenting cells (APC).

[00125] The adenovirus Fiber is a trimer divided into Fiber tail, shaft and knob
domains (Henry et al. 1994, Rux and Burnett 2004, Chroboczek et al. 1995). The three
dimensional structure of the knob domain is known, and together with mutagenesis
studies, these studies allow the areas involved in CAR interaction and trimerization to
be visualized (Kirby et al. 1999, Xia et al. 1995). The Fiber shaft projects from the virion
and the Fiber knob contains the Coxsackie and Adenovirus Receptor (CAR) interaction
domain (Roelvink et al. 1999, Bewley et al. 1999). The CAR-binding site of the Fiber
knob consists primarily of residues from the AB loop and CD loop and extends
secondarily to the FG and HI loop and the B, E and F 3 sheets (Roelvink et al. 1999,
Bewley et al. 1999). The HI loop has been the best studied insertion site on the Fiber
knob (Worgall et al. 2004, Mizuguchi and Hayakawa 2004, Koizumi et al. 2003,
Belousova et al. 2002, Noureddini and Curiel 2005, Nicklin et al. 2001), and
incorporation of an epitope into the HI loop (residue 543 and 544) resulted in potent
anti-epitope immunity (Krause et al. 2006). Therefore, an immunodominant CS-derived
B cell epitope was initially inserted into the HI loop of the Fiber protein.

[00126] Hexon is the most abundant protein of the adenovirus capsid with 720

copies per virion. In the mature virus, Hexon exists as homotrimeric capsomeres which
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make up the facets of the icosahedral virion (Rux and Burnett 2004). The crystal
structures of adenovirus serotypes 2 and 5 (Ad2 and Ad5) Hexons have been solved,
revealing a complex molecular architecture (Athapilly et al. 1994, Roberts et al. 1986,
Rux and Burnett 2000). The base of each monomeric subunit consists of two beta-

5 barrel motifs that are present in the capsid proteins of many icosahedral viruses. Three
long loops (DE1, FG1, and FG2) extend out from the base structure to form the tower
region of each molecule (Rux and Burnett 2004). Sequences within these loop domains
protrude to the surface of the capsid to form the exterior of the virion. Alignments from
different adenovirus serotypes show that the sequences located on the capsid exterior

10  are poorly conserved in both length and amino acid sequence (Crawford-Miksza and
Schnurr 1996). Furthermore, it has been shown that the sequences located in these
poorly conserved domains, termed hypervariable regions (HVRSs), contain the
determinants against which serotype-specific antibodies are produced (Top 1975, Rux
and Burnett 2000, Top et al. 1971).

15 [00127] Based on early sequence alignments, seven HVRs were identified
throughout the Hexon molecule (Crawford-Miksza and Schnurr 1996, Roberts et al
2006). Because the HVRs are poorly conserved between serotypes and do not appear
to be involved in maintaining the structural integrity of Hexon, small changes could be
made to these domains without affecting the viability of the virus (Rux and Burnett

20  2000). For example a hexahistidine tag can be inserted into HVR2, HVRS, HVRS5,
HVR6, and HVR7 without compromising virus viability (Wu et al. 2005). Thus, Hexon
HVRs are often used as targets to efficiently induce an antibody response against
peptides located in Hexon HVRs (Worgall et al. 2005, Crompton et al. 1994). Due to its
poor conservation in length between serotypes and its position on the outermost surface

25  of the adenovirus capsid (Rux and Burnett 2000, Crawford-Miksza and Schnurr 1996),
Hexon HVR5 was initially chosen as a site for epitope insertion. Further, the crystal
structure of Hexon indicates that HVRS5 is a flexible loop on the capsid surface,
suggesting that HVR5 can accommodate relatively large peptides without compromising
the structural integrity of the capsid (Roberts et al. 1986). Hexon-specific CD4+ and

30 CDB8+ epitopes have recently been identified (Leen et al. 2008), and the CD4+ T cell
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response to adenovirus is focused against conserved residues within the Hexon protein
in humans (Onion et al. 2007, Heemskerk et al. 2006).

[00128] The adenovirus core is composed of the viral genome and four core
proteins. The terminal protein (TP) is covalently linked to the 5' end of each linear viral

5 DNA strand at two copies per virion. Noncovalently and nonspecifically bound to the
viral DNA through arginine-rich portions are three other core proteins mu (u), V (pV) and
VIl (pVII). pVIlis the major core protein contributing roughly 700-800 copies per virion,
and serves as a histone-like center around which viral DNA is wrapped to form

nucleosome structures.

10 Modification of adenovirus capsid proteins to enhance humoral
immunity
[00129] In some embodiments, circumsporozoite (CS) adenoviral vectors that
have an immunodominant CS protein B epitope in an adenovirus capsid protein
(inserted in the Hexon or Fiber) are described. The transgene may be under a promoter

15 such as CMV to augment cell-mediated and humoral immune responses to CS protein.

[00130] A central repeat region is the conserved structure of CS protein among
Plasmodium species, and antibody against this repeat sequence has been shown to
have sporozoite neutralizing activity. Examples of a repeat sequence in Plasmodium
CS protein are (NANP),, repeat (P. falciparum; SEQ ID NO:60), ANGAGNQPG repeat

20  (P. vivax; SEQ ID NO:63) and NAAG repeat (P. malariae; SEQ 1D NO:64), which can be
inserted into adenovirus capsid proteins. In some embodiments, four or more (NANP),
repeats (SEQ ID NO:60) of PfCSP may be inserted into HVR1 of adenovirus serotype 5
Hexon. In some embodiments, two, four, six, eight, ten, fourteen, sixteen, eighteen,
twenty, twenty-two, twenty-four, twenty-six, or twenty-eight (NANP), repeats (SEQ ID

25 NO:60;n=2, 4,6, 8, 10,12, 14, 16, 18, 20, 22, 24, 26, 28) of PfCSP are inserted into
HVR1 of adenovirus serotype 5 Hexon. The (NANP), repeat sequence may be

additionally inserted in the in the HI loop of Fiber.

[00131] In some embodiments, immunodominant neutralizing B cell epitopes to
CS were mapped to develop improved CS protein adenovirus vaccines. Mice
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immunized with recombinant P. yoelii CS protein (PyCS) generated high titers against
the two major immunodominant B epitopes, QGPGAP (SEQ ID NO:59) and QQPP
(SEQ ID NO:65), but the in vitro neutralization assay indicated that the humoral immune
response to QGPGAP epitope (SEQ ID NO:59) itself may account for neutralizing
activity because the neutralization could be reversed by adding (QGPGAP)s peptide
(SEQ ID NO:59; n=3) to the medium. In some embodiments, three or more (QGPGAP),
repeats (SEQ ID NO:59) of PyCS are inserted into HVR1 of adenovirus serotype 5
Hexon. In some embodiments, three, four, five, six, seven, eight, nine, ten, eleven, or
twelve (QGPGAP), repeats (SEQ ID NO:59;n=3,4,5,6,7,8,9,10,11, 12) of PyCS
may be inserted into HVR1 of adenovirus serotype 5 Hexon. The (QGPGAP), repeat
sequence may be additionally inserted in the in the HI loop of Fiber.

[00132] The B cell epitope peptide should be presented on the surface of
adenovirus virions so that immune system can recognize the epitope efficiently. Such
insertion sites could be HVRs of Hexon and Loop structures in Fiber, and different

insertion sites can be combined.

Modification of adenovirus capsid and core proteins to enhance T
helper cell activation

[00133] In another embodiment, a CD4+ epitope specific to the transgene used in
an adenoviral vector may be incorporated into adenovirus proteins such as pVIl, pV and
Hexon to augment immunogenicity of the adenoviral-based vaccine. Professional
antigen presenting cells (APC) such as dendritic cells (DC) and B cells can uptake
particulated pathogens like virus particles via endocytosis and present CD4+ epitopes in
the pathogen to CD4+ T cells which acts as helper cells for humoral and/or cellular
immune responses. pVIl and Hexon may easily be used as adenovirus target proteins
to insert antigenic CD4+ peptides because of high copy number of pVIl (700-800
copies) and Hexon (720 copies) in one virion.

Modification of adenovirus capsid proteins to circumvent existing
adenovirus immunity

[00134] In some embodiments, adenovirus Fiber and Hexon capsid proteins may

be modified to insert a B cell or T helper cell epitope to overcome existing immunity to
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adenovirus and/or enhance the humoral response to an adenovirus vaccine. An
estimated 80% of young adults in human population have circulating neutralizing
antibodies to adenovirus (Douglas 2007), especially to serotype 5 (Ad5). In studies
utilizing adenovirus as a gene therapy vector, it was found that the presence of
5 neutralizing antibodies in animals limits the expression of transgenes delivered by

adenovirus. In addition to neutralizing antibodies, CD8+ T cell responses also
contributed to the limitation of recombinant gene expression (Yang et al. 1995, Yang et
al 1996). Such pre-existing immunity to adenovirus has previously been reported to
inhibit the efficacy of a recombinant adenovirus vaccine (Papp et al. 1999) and also

10  reduces immunogenicity of adenovirus-based vaccines in a clinical trial (Priddy et al.
2008).

[00135] Hexon is a major target for anti-Ad capsid immune responses (Roy et al.
2005, Wohlfart 1988), and is likely responsible for the potent adjuvant effect of
adenovirus, including the induction of CD4+ and CD8+ T cell responses. Therefore,

15  one strategy that has been employed to circumvent pre-existing anti-adenovirus
immunity is to replace all or part of the Hexon with a different protein, for example, rare
serotypes such as adenovirus 11, 24, 26 and 35. Because Hexon is a major target of
anti-adenovirus neutralizing antibody (Youil et al. 2002, Sumida et al. 2005), the entire
Hexon or HVRs of Hexon may be swapped with the rare serotypes (Wu et al. 2002,

20  Roberts et al. 2006).

[00136] In another strategy as described in one embodiment herein, an adenoviral
Hexon may be modified by replacement of HVR1 or HVR5 with an antigenic peptide to
circumvent pre-existing anti-adenovirus immunity or anti-adenovirus neutralizing
antibody induced by previous vaccination with adenoviral vector. In some

25 embodiments, an antigenic peptide may be an immunogenic epitope of Plasmodium CS
protein, and in certain aspects, the epitope may comprise a central repeat sequence,
CD4+ epitope sequence or CD8+ epitope sequence.

[00137] Repeat administration with an Ad vector of the same serotype is

prevented due to anti-Ad immunity following immunization. Therefore, many Ad
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vaccines impede boosting of the vaccine by preventing expression and presentation of
the antigen encoded by the transgene (Yang 1995, Hackett et al. 2000, Harvey et al.
1999, Mastrangeli et al. 1996). The addition of a specific epitope to the Ad capsid, such
as those described in the examples below, may reduce or eliminate this impediment

according to some embodiments.

[00138] The following examples are provided to better illustrate the embodiments
and are not to be interpreted as limiting the scope of any claimed embodiment. The
extent that specific materials are mentioned, it is merely for purposes of illustration and
is not intended to limit the invention. One skilled in the art may develop equivalent
means or reactants without the exercise of inventive capacity and without departing
from the scope of the invention. It will be understood that many variations can be made
in the procedures herein described while still remaining within the bounds of the present
invention. It is the intention of the inventors that such variations are included within the

scope of the invention.

Example 1: Construction of capsid-modified Plasmodium circumsporozoite
protein adenovirus plasmid vectors and recombinant adenovirus patrticles

Epitope Mapping

[00139] First, an immunodominant neutralizing B cell epitope in PyCS was chosen.
Naive Balb/c mice were immunized with recombinant PyCS-protein with incomplete
freund adjuvant three times and the pooled serum was used to determine the critical

epitope of neutralizing antibody.

[00140] Briefly, in the neutralizing assay, human CD81 expressing HepG2 cells
were used as target cells. CD81 is a molecule necessary for malaria parasites to form
parasitophorous vacuoles in hepatocytes where they multiply and develop into
schizonts (Silvie et al 2006), thus greatly increasing the in vitro infectivity of sporozoites.

[00141] In this assay, PyCS synthetic peptides were added to the wells to block
peptide specific antibody. The results of epitope mapping indicated that the PyCS
central repeat sequence, QGPGAP (SEQ ID NO:59), is a more potent neutralizing
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epitope in PyCS than QQPP (SEQ ID NO:65). Therefore, insertion of the (QGPGAP),
epitope (SEQ ID NO:59) was used to modify adenovirus capsid proteins, Hexon and/or
Fiber.

Construction of capsid-modified plasmid vectors

[00142] Adenovirus shuttle vector pShuttle-CMV (STRATAGENE) was modified by
inserting a GFP-expression cassette under the cloning site. First, BsmBI-Sacl fragment
(pCMV+GFP) and Sacl-BsmBI fragment (SV40 poly A signal) of pmaxGFP (Lonza,
Cologne, Germany) were blunted and inserted into the blunted Sall and Kpnl sites of
pUC19 respectively. The BamHI-EcoRI fragment of the resulting pCMV-GFP/pUC19
was inserted into the same sites of SV40pA/ pUC19 to create SV40pA-pCMV-GFP
fragment. The fragment was blunted and inserted into the EcoRYV site of pShuttle-CMV.
The resulting shuttle vector (GFP/pShuttle-CMV) has dual pCMV promoters and
SV40pAs for a transgene and GFP.

[00143] Another modification of the Adenovirus shuttle vector pShuttle-CMV was
done to replace the CMV promoter region with CMV5 promoter from pQBI-AdCMV5
(QBIOgene). The SgrAl-Kpnl fragment of pShuttle-CMV was replaced with the
fragment containing the CMV5 promoter sequence and the upstream sequence from
CMV promoter in pShuttle-CMV to construct pShuttle-CMV5 vector.

[00144] The P. yoelii CS (PyCS) gene was codon-optimized except for the
(QGPGAP), repeats (SEQ ID NO:59) by overlapping PCR reaction based on JCat
codon-optimization algorithm (http://www jcat de/).

[00145] The PICSP amino acid sequence of P. falciparum 3D7 strain was used as
a template sequence for codon-optimization. Codon-optimization for protein expression
in humans was done by Integrated DNA Technologies' (Coralville, IA USA) optimization
software. DNA fragments that encode whole PfCSP except for the GPI-anchored motif
at the C-terminus (Fig. 10; SEQ ID NO:2) were synthesized by Integrated DNA
Technologies
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[00146] Codon-optimized PyCS gene (Fig. 9; SEQ ID NO:1) or PICSP gene (Fig.
10; SEQ ID NO:2) was inserted into Kpnl and Hindlll sites of pShuttle-CMV, pShuttle-
CMV5, or GFP/pShuttle-CMV. The resulting Plasmodium circumsporozoite protein
coding adenovirus shuttle vectors were used for homologous recombination with
AdEasy-1 to construct adenovirus genome which has Plasmodium circumsporozoite
antigenic gene and intact adenovirus protein coding sequences. Briefly, Plasmodium
circumsporozoite protein coding adenovirus shuttle vectors were linearized by Pmel
digestion, and E. coli BJ5183 cells were co-transformed with the linearized shuttle
vector and pAdEasy-1 vector (Bruna-Romero et al 2003) for homologous

recombination.

[00147] Modification of adenovirus capsid proteins is summarized and illustrated in
Fig. 1. Modification of HVR1 sequence in the adenovirus genome DNA is illustrated in
Fig. 2. Briefly, AdEasy-1 was digested with Sfil and the 6.4kbp fragment was subcloned
into EcoRI and Pstl sites of pUC19 using EcoRI-Sfil and Pstl-Sfil linker oligomers. To
replace HVR1 with a Plasmodium circumsporozoite protein B cell epitope, the region
containing Agel and Ndel sites was amplified by two-step PCR using primers which
have the epitope sequence instead of HVR1 sequence. The PCR product was digested
with Agel and Ndel, and then used to replace the native Agel-Ndel region of Sfil
fragment in Sfil/pUC19 vector. After confirming the sequence, the Sfil fragment of
adenovirus genome DNA was replaced with the Sfil fragment containing the
circumsporozoite epitope sequence to produce an HVR1- modified Hexon. In some
embodiments, an HVR-modified Hexon may have a nucleic acid sequence of SEQ ID
NO:3 (Fig. 11), SEQ ID NO:4 (Fig. 12), SEQ ID NO:5 (Fig. 13), SEQ ID NO:6 (Fig. 14),
SEQ ID NO:7 (Fig. 15), SEQ ID NO:8 (Fig. 16), SEQ ID NO:9 (Fig. 17), SEQ ID NO:10
(Fig. 18), SEQ ID NO:11 (Fig. 19), SEQ ID NO:12 (Fig. 20), SEQ ID NO:13 (Fig. 21),
SEQ ID NO:14 (Fig. 22), SEQ ID NO:15 (Fig. 23), SEQ ID NO:16 (Fig 24), SEQ ID
NO:17 (Fig. 25), SEQ ID NO:18 (Fig. 26), SEQ ID NO:19 (Fig. 27), SEQ ID NO:20 (Fig.
28), SEQ ID NO:21 (Fig. 29), SEQ ID NO:22 (Fig. 30), or SEQ ID NO:23 (Fig. 31).

[00148] To insert (NANP)2s (SEQ ID NO:60; n=28) in HVR1, a part of the central
repeat region of codon-optimized PICSP was amplified by PCR using primers having
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hexon-specific sequence at 5’ and NANP-specific sequence at 3’, and the resulting DNA

fragment was inserted into the Agel-Ndel region by second PCR.

[00149] For HVR5-modification, as illustrated in Fig. 3, Xbal site was introduced
into HVR5 in the L1 Loop of Hexon in AdEasy-1 and then synthesized, phosphorylated
double strand oligomer coding the Plasmodium circumsporozoite protein epitope was
inserted into the Xbal site. The insertion was confirmed by sequencing (Fig 31; SEQ ID
NO:23).

[00150] For Fiber-modification, as illustrated in Fig. 4, the Spel-Pacl fragment of
AdEasy-1 was subcloned into EcoRI and Pstl sites of pUC19 using EcoRI-Pacl and
Pstl-Spel linker oligomers. To insert a Plasmodium circumsporozoite protein B-cell
epitope sequence into Hl loop of Fiber knob, the region containing EcoNI (or Nhel) and
Mfel sites was amplified by two-step PCR using primers which have the epitope
sequence. The PCR product was digested with EcoNI (or Nhel) and Mfel, and then
used to replace the native EcoNI (or Nhel) -Mfel region of Fiber in Spel-Pacl/pUC19
vector. After confirming the sequence (Fig 32, SEQ ID NO:24; Fig 33, SEQ ID NO:25),
the Spel-Pacl fragment of AdEasy-1 was replaced with the Spel-Pacl fragment
containing the epitope sequence. The resulting Fiber-modified adenovirus DNA was
used for homologous recombination with Plasmodium circumsporozoite protein coding
adenovirus shuttle vector to produce Fiber-modified Plasmodium circumsporozoite

protein adenovirus DNA.

[00151] To construct HVR1 and Fiber-modified adenovirus DNA which has two
epitope insertions, Sfil-Sfil fragment of Fiber-modified adenovirus DNA was replaced
with Sfil-Sfil fragment having the circumsporozoite protein epitope in HVR1 as

illustrated in Fig. 5.

[00152] To modify the C-terminus of pVII, the region containing Sfi | and Sal | sites

was amplified by two-step PCR using primers which have the circumsporozoite protein

epitope sequence. The PCR product was digested with Sfil and Sall, and then used to

replace the native Sfil-Sall region of Sfil/pUC19 vector (Fig. 6, 7 and 8). After

confirming the sequence (Fig. 34, SEQ ID NO:26; Fig. 35, SEQ ID NO:27), the Sfil-Sfil
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fragment of HVR1 and/or Fiber-modified circumsporozoite protein adenovirus DNA was
replaced with Sfil-Sfil fragment having the circumsporozoite protein epitope in pVII.

[00153] To insert the circumsporozoite protein CD4+ epitope sequence
EYLNKIQNSLSTEWSPCSVT (SEQ ID NO:62) in the middle of pVII, about 7.7kb
5 fragment of pAdEasy-1 was prepared by Rsrll digestion and cloned between the EcoRlI

and Hindlll sites of pUC19 plasmid using Rsrll linker (Rsrll/pUC19). The region
containing Ascl and Bglll sites in Rsrll/pUC19 was amplified by two-step PCR using
primers which have the epitope sequence. The PCR product was digested with Ascl
and Bglll, and then used to replace the native Ascl and Bglll region in Rsrll/pUC19

10 plasmid. After confirming the sequence of the replaced region (Fig. 36, SEQ ID NO:28;
Fig. 37, SEQ ID NO:29), the Rsrll fragment of HVR1-modified adenovirus DNA was
replaced with the Rsrll fragment containing the epitope sequence.

[00154] The recombinant adenoviruses listed in Table 1 (P. yoelii) and Table 2 (P.
falciparum) below were produced to evaluate the effect of epitope insertion on

15 infectivity, immunogenicity and sensitivity to pre-existing, anti-adenovirus immunity.
Recombinant adenovirus vectors used were replication defective, E1 and E3-deleted
adenovirus serotype 5 (STRATAGENE). Fig. 1 shows the schematic structure of

capsid-modified Plasmodium circumsporozoite protein recombinant adenovirus.
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Table 1. Recombinant adenoviruses (Plasmodium yoelii circumsporozoite protein)

Adenovirus Insertion
Protein Site
Hexon -

wi/Empty CMV None Fiber

[
Hexon
wit/GFP CMV GFP Fiber
VI

Hexon

wi/PyCS-GFP CMV PyCS+GFP Fiber

VI - - - -

Hexon HVR1 from138 10164 (QGPGAP) 18

(QGPGAP) ;HVR1/PyCS-GFP omv  |Pycs«aFp Fiber s s s

VI - - - -

Hexon HVR5 between 268 and 269 (QGPGAP) 18

(QGPGAP) ;-HVR5/PyCS-GFP CMV PyCS+GFP Fiber - - - -

[
Hexon - - - -
(QGPGAP) ,-Fib/PyCS-GFP CMV PyCS+GFP Fiber HI Loop between 543 and 544 (QGPGAP) 18

[ - - - -
Hexon HVR1 from138 10164 (QGPGAP) , 18
CMV PyCS+GFP Fiber HI Loop between 543 and 544 (QGPGAP) 18

[ - - - -

Antigen Recombinant Adenovirus Promoter | Transgene Position (a.a.) Inserted Sequence Length

(QGPGAP) HVR1/Fib/PyCS-
GFP

Hexon - - - -
CMV PyCS+GFP Fiber HI Loop between 543 and 544 (QGPGAP) 18

pVvil C-terminus | between 198 and STOP Codon YNRNIVNRLLGDALNGKPEEK 21
Hexon - - - -

(QGPGAP) ;-Fib/PyCD4-pVII-
1/PyCS-GFP

P. lii
o myesl ) emys-Pycs cMV5 PyCS Fiber
circumsporozoite

protein pvil - h - -

(PyCS) Hexon HVR1 from138 to164 (QGPGAP) 18
(QGPGAP) ;-HVR1/cmv5-PyCS CMV5 PyCS Fiber - - -

[ - - - -
Hexon HVR1 from138 to164 (QGPGAP) , 24
(QGPGAP) ,-HVR1/cmv5-PyCS CMV5 PyCS Fiber - - - -
Vil - - . "
Hexon HVR1 from138 10164 (QGPGAP) 30
(QGPGAP) .-HVR1/cmv5-PyCS CMV5 PyCS Fiber - - - -
[ - - - -
Hexon HVR1 from138 10164 (QGPGAP) . 36
(QGPGAP) ;-HVR1/cmv5-PyCS CMV5 PyCS Fiber - - - -
Vil - - . N
Hexon HVR1 from138 10164 (QGPGAP) 42
(QGPGAP) ,-HVR1/cmv5-PyCS CMV5 PyCS Fiber - - - -
Vil - . N "
Hexon HVR1 from138 10164 (QGPGAP) 48
(QGPGAP) ¢-HVR1/cmv5-PyCS CMV5 PyCS Fiber - - - -
VI - - - -
Hexon HVR1 from138 to164 (QGPGAP) 4 54
(QGPGAP) o-HVR1/cmv5-PyCS CMV5 PyCS Fiber - - - -
Vil - . N "
Hexon HVR1 from138 to164 (QGPGAP) ,, 66
(QGPGAP) ,-HVR1/cmv5-PyCS CMV5 PyCS Fiber - - - -
[ - - - -
Hexon HVR1 from138 10164 (QGPGAP) , 72
(QGPGAP) ,,-HVR1/cmv5-PyCS CMV5 PyCS Fiber - - - -
[
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Table 2. Recombinant adenoviruses (Plasmodium falciparum circumsporozoite protein)

Antigen

Recombinant Adenovirus

Promoter

Transgene

Adenovirus
Protein

Insertion

Position (a.a.)

Inserted Sequence

Length

P. falciparum
circumsporozoite
protein
(PICSP)

wt/PfCSP

CMV

PfCSP

Hexon

Site

Fiber

Vil

(NANP),-HVR1/PfCSP

CMV

PfCSP

Hexon

from138 to164

Fiber

HVR1

(NANP),

oVl

(NANP),-Fib/PICSP

CMV

PfCSP

Hexon

Fiber

HI Loop

between 543 and 544

(NANP),

oVl

(NANP),-HVR1/Fib/PICSP

CMV

PfCSP

Hexon

HVR1

from138 to164

(NANP),

16

Fiber

HI Loop

between 543 and 544

(NANP),

16

Vil

(NANP)o-HVR1/PICSP

CMV

PfCSP

Hexon

24

Fiber

HVR1

from138 to164

(NA;\IP)G

oVl

(NANP)s-HVR1/PfCSP

CMV

PfCSP

Hexon

32

Fiber

HVR1

from138 to164

(NA;\IP)B

oVl

(NANP),-HVR1/PfCSP

CMV

PfCSP

Hexon

HVR1

from138 to164

(NANP),

40

Fiber

pvil

(NANP),-HVR1/PfCSP

CMV

PfCSP

Hexon

48

Fiber

HVR1

from138 to164

(NANP),,

oVl

(NANP),,-HVR1/PfCSP

CMV

PfCSP

Hexon

56

Fiber

HVR1

from138 to164

NANP)..

oVl

(NANP),o-HVR1/PfCSP

CMV

PfCSP

Hexon

HVR1

from138 to164

(NANP), ¢

64

Fiber

oVl

(NANP),g-HVR1/PfCSP

CMV

PfCSP

Hexon

72

Fiber

HVR1

from138 to164

(NAI;IP)‘

oVl

(NANP),,-HVR1/PfCSP

CMV

PfCSP

Hexon

80

Fiber

HVR1

from138 to164

(NAI;IP) g

oVl

(NANP),,-HVR1/PfCSP

CMV

PfCSP

Hexon

HVR1

from138 to164

(NANP),»

88

Fiber

oVl

wt/cmv5-PICSP

CMV5

PfCSP

Hexon

Fiber

oVl

(NANP),,-HVR1/cmv5-PICSP

CMV5

PfCSP

Hexon

88

Fiber

HVR1

from138 to164

(NANP),»

oVl

(NANP),5-HVR1/cmv5-PICSP

CMV5

PfCSP

Hexon

HVR1

from138 to164

(NANP)W(NV-DP)‘ (NANP),

112

Fiber

Vil

(NANP),-HVR1/PfCD4-pVI-
1/PICSP

CMV

PfCSP

Hexon

HVR1

from138 to164

(NANP),

Fiber

oVl

C-terminus

EYLNKIQNSLSTEWSPCSVT

20

(NANP),-Fib/PfCD4-pVII-1/PICSP

CMV

PfCSP

Hexon

between 198 and STOP Codon

Fiber

HI Loop

between 543 and 544

(NA;\IP)4

16

oVl

C-terminus

between 198 and STOP Codon

EYLNKIQNSLSTEWSPCSVT

(NANP),-HVR1/Fib/PfCD4-pVI-
1/PICSP

CMV

PfCSP

Hexon

from138 to164

NANP),

16

Fiber

HVR1

oVl

C-terminus

between 198 and STOP Codon

EYLNKIQNSLSTEWSPCSVT

20

(NANP),-HVR1/PfCD4-pVI-
2/PICSP

CMV

PfCSP

Hexon

HVR1

from138 to164

(NANP),

16

Fiber

oVl

Middle

between 92 and 93 Codon

EYLNKIQNSLSTEWSPCSVT

20

(NANP),-HVR1/PfCD4-pVI-
3/PICSP

CMV

PfCSP

Hexon

HVR1

from138 to164

(NANP),

16

Fiber

oVl

Middle

(NANP),-HVR1/PfCD4-pVII-
3/cmv5-PICSP

CMV5

PfCSP

Hexon

HVR1

between 140 and 141 Codon

EYLNKIQNSLSTEWSPCSVT

20

from138 to164

(NANP),,

88

Fiber

pvil

Middle

(NANP)5-HVR1/PfCD4-pVII-
3/cmv5-PICSP

CMV5

PfCSP

Hexon

HVR1

between 140 and 141 Codon

EYLNKIQNSLSTEWSPCSVT

20

from138 to164

NANP) (NVDPy, (NANP) 2

112

Fiber

Vil

Middle

between 140 and 141 Codon

EYLNKIQNSLSTEWSPCSVT

20

[00155]

The capsid-modified adenovirus genome DNA plasmid was purified,

linearized by Pacl digestion, and used for transfection of AD293 cells.

5  [00156]

Adenovirus particles were prepared from the transfected AD293 cells by

four rounds of freeze/thaw and used for further virus amplification. After the last
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amplification, adenovirus particles were purified by CsCl gradient centrifugation. The
band was then collected and dialyzed against dialysis buffer to remove CsClI. Virus
particle (v.p.) was calculated based on O.D. 260 (1 0.D.260=1.25x10" v.p./mL) (Bruna-
Romero et al. 2003).

5 [00157] During the adenovirus amplification procedure, small differences in
adenovirus growth were observed among capsid-modified adenoviruses, demonstrating
that adenovirus infectivity and productivity was not adversely affected by the

modification.

Example 2: Plasmodium yoelii circumsporozoite protein-specific immune
10 response

Validation of Plasmodium yoelii recombinant adenoviruses

[00158] Plasmodium circumsporozoite protein coding adenovirus shuttle vectors
were used for transient transfection to confirm Plasmodium circumsporozoite protein
expression using AD293 cells (Fig. 38). 24 hours after transfection, cells were lysed in

15 SDS sample buffer followed by SDS PAGE electrophoresis and western blotting with
anti-PyCS monoclonal antibody (9D3).

[00159] To confirm the epitope insertion into adenovirus capsid proteins, purified
recombinant adenoviruses were analyzed by SDS-PAGE (2x10° v.p./lane) and Western
blot (1x10° v.p./lane) with anti-sporozoite antibody which recognizes the (QGPGAP),
20 (SEQ ID NO:59) repeats were done as shown in Fig. 39A and 40A. The intensity of the
bands in Fig. 39A correlated with the copy number of the capsid protein in an
adenovirus virion: the copy number of Fiber (36 copies per virion) is twenty-times less
than Hexon (720 copies per virion). The lower band in lane 4 in Fig. 39A is likely a
degraded Hexon. The intensity of the bands in Fig. 40A correlated with the number of
25 (QGPGAP), (SEQ ID NO:59) repeats inserted into HVR1.

[00160] To assess whether the PyCS-B epitope was exposed to the outside of
adenovirus virion, serially diluted purified recombinant adenovirus particles were coated

onto Enzyme-Linked Immunosorbent Assay (ELISA) plate and detected with anti-PyCS
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antibody that recognizes (QGPGAP), (SEQ ID NO:59) repeats. The antibody
recognized all the capsid-modified adenoviruses (Fig. 39B and 40B). The results of
ELISA assay suggest that the PyCS-B epitope incorporated in capsid proteins were well

exposed to the outside of adenovirus virions.

Plasmodium yoelii circumsporozoite protein-specific immune response after
immunization with capsid-modified PyCS adenovirus

[00161] Six- to eight-week old female BALB/c mice were purchased from Taconic
(Hudson, NY, USA) and maintained under standard conditions in the Laboratory Animal
Research Center of The Rockefeller University. For immunization, adenoviruses were
diluted in PBS and injected intramuscularly at indicated doses.

[00162] To evaluate the immunogenicity of recombinant adenoviruses after a
single immunization, groups of naive BALB/c mice (five per group) were immunized with
1x10°.p. of various recombinant PyCS adenoviruses intramuscularly and PyCS-
specific cell-mediated immune responses (CMI) were measured by ELISPOT 2 weeks

after immunization (Fig. 41A).

[00163] The number of PyCS-specific, IFN-y-secreting CD8+ T cells in the spleens
of immunized mice were determined by an ELISPOT assay, using a synthetic peptide
corresponding to the CD8+ T cell epitope (SYVPSAEQI; SEQ ID NO:66) within the
PyCS protein. Briefly, 96 well nitrocellulose plates (Milititer HA, Millipore) were coated
overnight with anti-mouse interferon y mAb, R4. After overnight incubation at room
temperature, the wells were washed repeatedly with culture medium and blocked with
culture medium for 4hours. 5x10° Splenocytes from immunized mice were added to the
ELISPOT wells in the presence or absence of 10 ug/mL CD8+ T cell epitope peptide
and incubated 24 hours at 37°C and 5% CO,. After extensive washing of the plates
with PBS containing 0.05% Tween 20 (PBST), biotinylated anti-mouse interferon y mAb,
XMG1.2, in PBST were added and incubated overnight at 40°C. After washing with
PBST, the plates will be incubated with peroxidase-labeled avidin (eBiosciences). The
spots were developed by adding AEC substrate (BD Biosciences).

-46-



(NANP) )) - HVRL/ Pf CSP CW/ Pf CSP Hexon HVRL fronl38 tol64 (NANP))) 88

Fi ber

10

15

20

25

pVl | wt/ cnmv5- PF CSP CW5 Pf CSP Hexon
WO 2011/022522 PCT/US2010/045952
[00164] All of the capsid-modified adenoviruses induced comparable level of CMI

to adenoviruses having intact capsid protein at this dose (Fig. 41B).

[00165] Next, naive BALB/c mice were given multiple doses of recombinant
adenoviruses with increasing doses, i.e. 1x10°, 1x10°, and 1x10'° v.p., at 3 week
intervals, as shown in Fig. 42A. PyCS-specific humoral response was determined by
ELISA. Five microliters of blood was collected from tail vein of the immunized mice and
diluted in 495 ul of PBS, and then the samples were centrifuged at 5,000 rpm for 5min
to prepare diluted plasma samples (x100). Maxisorp ELISA plates were coated with 5
ug/ml CS-specific peptide (QGPGAP)s; SEQ ID NO:59, n=3) in 0.1M Sodium
Carbonate Buffer (pH 9.5) at 4°C for overnight. Plates were washed and blocked with
1x Diluent for 2 hours at room temperature. The plates were washed again and 100 ul
of serially twofold-diluted plasma or serum in 1x Diluent was added to the plates and the
plates were incubated for one hour at room temperature. The plates were washed and
incubated with 100 ul of HRP-labeled goat anti-mouse IgG antibody. All of the peptides
were synthesized by Biosyntheis (Lewisville, TX, USA).

[00166] Using this immunization regimen, all capsid-modified adenoviruses
induced a significantly higher level of anti-(QGPGAP); antibody response than
wt/PyCS-GFP at week 10 (Fig. 42B).

[00167] To determine the vaccine efficacy of capsid-modified adenovirus, the
immunized mice were challenged with 2x10? infectious P. yoelii sporozoites via tail vein
injection at week 10. Parasite burden 42 hours after sporozoite challenge was
determined by quantifying the amounts of parasite-specific ribosomal RNA in mouse
liver and described as a ratio of the absolute copy number of parasite ribosomal RNA to
that of mouse GAPDH mRNA. For statistical analysis, the values were log-transformed
and then one-way ANOVA followed by a Dunnett's test was employed to determine the
differences.

[00168] Vaccinations with (QGPGAP)s;-HVR1/PyCS-GFP, (QGPGAP)3-Fib/PyCS-
GFP or (QGPGAP)s-HVR1/Fib/PyCS-GFP induced a higher level of protection than
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wt/PyCS-GFP, resulting in a significantly lower parasite burden in the malaria
challenged mice (Fig. 42C).

[00169] Next, the functionality of PyCS-specific antibody induced by capsid-
modified adenoviruses was evaluated. First, to test whether the sera of adenovirus-

5 immunized mice at week 10 (Fig. 42A) could recognize intact sporozoites, an indirect
immunofluorescene assay (IFA) was performed. In IFA, air-dried sporozoites on multi-
spot glass slides were incubated with 3% Bovine Serum albumin (BSA) in PBS for one
hour and then incubated with diluted sera for one hour. After washing, the slides were
incubated with fluorescent-labeled secondary antibody for one hour. The slides were

10  washed and IFA titers were determined as the highest dilution producing fluorescence
under a fluorescent microscope. Both (QGPGAP)s-HVR1/PyCS-GFP and (QGPGAP)s-
HVR1/Fib/PyCS-GFP induced a highest IFA titer against sporozoites (Fig. 43A),
indicating that the insertion of (QGPGAP) 5 epitope in HVR1 of adenovirus Hexon
enabled PyCS adenovirus to elicit a robust antibody response against not only a

15  synthetic peptide, but also a native epitope present in the malaria parasites.

[00170] Second, to determine whether mice immunized with capsid-modified
adenovirus (Fig. 42A) developed “functional” antibodies that could neutralize the

infectivity of sporozoites, an in vitro sporozoite neutralization assay was performed.

[00171] In the in vitro neutralizing assay, P. yoelii sporozoites were added to

20 CD81/HepG2 in a 96-well plate in the presence of 30-fold diluted pooled serum from
adenovirus-immunized mice. After a two-hour incubation, uninfected sporozoites were
washed out with medium and then the cells were cultured for 42 hours. Relative
amount of parasite ribosomal RNA to human GAPDH mRNA was measured by real-
time PCR (Ophorst et al. 2006).

25 [00172] The pooled serum samples from mice immunized with capsid-modified
adenovirus, particularly (QGPGAP)s;-HVR1/PyCS-GFP and (QGPGAP)s-
HVR1/Fib/PyCS-GFP, almost completely inhibited (99%) the sporozoite infectivity in
vitro (Fig. 43B). lItis noted that the degree of inhibition in this assay was inversely
correlated with the IFA titers shown in Fig. 43A.
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Protection from blood stage malaria infection

[00173] Next it was determined whether immunization with capsid-modified rAd
protects mice from developing a blood-stage malaria infection after sporozoite
challenge. The experiments were performed twice and in each experiment, 20 BALB/c
5 mice in each group were immunized three times with wt/PyCS-GFP or (QGPGAP)s-

HVR1/PyCS-GFP as shown in Figure 42A and at 4 weeks after the last immunization,
the mice were intravenously challenged with 50 P. yoelii sporozoites. Giemsa-stained
blood smears were analyzed from 3 to 12 days after challenge to detect blood stage
malaria parasite infection. In the wt/CS-GFP immunized group, 30 out of 40 mice (75%)

10 were infected whereas 35 out of 40 (87.5%) became infected in the naive group (Table
3, below). (QGPGAP)3;-HVR1/CS-GFP immunized mice were more protected than
wt/CS-GFP; only 15 out of 40 (37.5%) of which became infected, which is consistent
with the result of protection experiment measured by parasite burden in liver (Figure
42C).

15 Table 3. Detection of blood stage malaria parasite infection after immunization with
wt/PyCS-GFP or (QGPGAP)s;-HVR1/PyCS-GFP.

N No. of Mice No. of Mice Protection
Immunization

(Chllenged) (Infected) (%)
Experiment 1
None 20 18 10
wt/PyCS-GFP 20 14 30
(QGPGAP);-HVR1/PyCS-GFP 20 10 50
Experiment 2
None 20 17 15
wt/PyCS-GFP 20 16 20
(QGPGAP);-HVR1/PyCS-GFP 20 5 75
Total
None 40 35 87.5
wt/PyCS-GFP 40 30 75
(QGPGAP);-HVR1/PyCS-GFP 40 15 375
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Prime-boost immunization 1

[00174] Next, naive BALB/c mice were given “boosts” of HVR1-modified PyCS
adenoviruses which have four or six repeats of (QGPGAP), (SEQ ID NO:59; n=4, 6)
with or without the adjuvant at multiple increasing doses (i.e. 1x108, 1x10°, and 1x10'°
v.p.) at 3 week intervals, as shown in Fig. 44A. The adjuvant used in this experiment is
Sigma Adjuvant System (Sigma-Aldrich) containing 200 ug/mL Saponin (Sigma-
Aldrich). A vial of Sigma Adjuvant System (1mL) contains 0.5 mg Monophosphoryl Lipid
A (detoxified endotoxin) from Salmonella minnesota and 0.5 mg synthetic Trehalose
Dicorynomycolate in 2% oil (squalene)-Tween 80 in water. Adenovirus solution was
mixed with the equal amount of the adjuvant before the immunization. One hundred
microliters of the adenovirus-adjuvant mixture was injected intramuscularly. PyCS-
specific humoral and cell-mediated immune responses were measured as described
above. A trend was observed that HVR1-modified adenovirus having six repeats
induced higher antibody titer than that having four repeats and the use of adjuvant
augmented the antibody titer (Fig. 44B). In contrast, there was no effect of the adjuvant

on CMI (data not shown).

[00175] To determine the vaccine efficacy of HVR1-modified PyCS adenovirus,
five mice in each group were challenged with 2x10* infectious P. yoelii sporozoites via
tail vein injection at week 9. Parasite burden 42 hours after sporozoite challenge was
determined as described above. For statistical analysis, the values were log-
transformed and then one-way ANOVA followed by a Dunnett's test was employed to
determine the differences. There was a trend that HVR1-modified adenovirus having
six repeats reduced parasite burden more than that having four repeats and the use of
adjuvant augmented the protection (Fig. 44C).

[00176] To evaluate the functionality of antibody induced by HVR1-modified PyCS
adenoviruses, we performed an in vitro sporozoite neutralization assay as described
above. Pooled serum samples from mice immunized with HVR1-modified PyCS
adenoviruses at week 9 neutralized sporozoite invasion at 50-fold dilution (Fig. 44D).
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Prime-boost immunization 2

[00177] Naive BALB/c mice were given “boosts’ of HVR1-modified PyCS
adenoviruses which have six, nine, or twelve repeats of (QGPGAP), (SEQ ID NO: 59;
n=6, 9, 12) with or without the adjuvant at three doses of 1x10'® v.p. at 3 week intervals,
5 asshown in Fig. 45A. The adjuvant used in this experiment is Sigma Adjuvant System
(Sigma-Aldrich) containing 200 pg/mL Saponin (Sigma-Aldrich). Adenovirus solution
was mixed with the equal amount of the adjuvant before the immunization. PyCS-
specific humoral and cell-mediated immune responses were measured as described
above. HVR1-modified PyCS adenovirus which has twelve repeats of (QGPGAP),

10 (SEQ ID NO:59; n=12) with the adjuvant induced the highest antibody titer among the
groups at week 9 (Fig. 45B). With respect to PyCS-specific CMI, there was no
difference among the groups, indicating that the longer epitope insertion up to twelve
does not impair adenovirus infectivity in vivo (Fig. 45C). Further, the adjuvant did not
affect the ability of adenovirus to induce CMI (Fig. 45C).

15 [00178] To determine the vaccine efficacy of HVR1-modified PyCS adenovirus,
five mice in each group were challenged with 2x10* infectious P. yoelii sporozoites via
tail vein injection at week 9. Parasite burden 42 hours after sporozoite challenge was
determined as described above. All of the HVR-1 modified PyCS adenovirus having
(QGPGAP), repeats (SEQ ID NO:59, n=6, 9, 12), with or without adjuvant, showed

20 increased protection. However, HVR1-modified PyCS adenovirus having twelve
repeats of (QGPGAP), (SEQ ID NO:59, n=12) with the adjuvant showed the best
protection (Fig. 45D), which was significantly more protective that any other treatment.

Example 3: Plasmodium falciparum circumsporozoite protein-specific immune
response

25 [00179] Validation of Plasmodium falciparum recombinant adenoviruses

Plasmodium circumsporozoite protein coding adenovirus shuttle vectors were used for
transient transfection to confirm Plasmodium circumsporozoite protein expression using

AD293 cells (Fig. 46A). 24 hours after transfection, cells were lysed in SDS sample
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buffer followed by SDS PAGE electrophoresis and western blotting with anti-NANP
monoclonal antibody (2A10).

[00180] To confirm the epitope insertion into adenovirus capsid proteins, purified
recombinant adenoviruses were analyzed by SDS-PAGE (2x10° v.p./lane) and Western

5 blot (1x10° v.p./lane) with anti-sporozoite antibody which recognizes the (NANP), (SEQ
ID NO:60) repeats were done as shown in Fig. 47A and 48A. The intensity of the bands
in Fig. 47A correlated with the copy number of the capsid protein in an adenovirus
virion: the copy number of Fiber (36 copies per virion) is twenty-times less than Hexon
(720 copies per virion). The intensity of the bands in Fig. 48A correlated with the

10 number of NANP repeat HVR1.

[00181] To assess whether the PfCSP-B epitope was exposed to the outside of
adenovirus virion, serially diluted purified recombinant adenovirus particles were coated
onto Enzyme-Linked Immunosorbent Assay (ELISA) plate and detected with anti-PyCS
antibody that recognizes (NANP), (SEQ ID NO:60) repeats. The antibody recognized
15 all the capsid-modified adenoviruses (Fig. 47B and 48B). The results of ELISA assay
suggest that the PfCSP-B epitope incorporated in capsid proteins were well exposed to

the outside of adenovirus virions.

Prime-Boost immunization 3

[00182] Naive BALB/c mice were given multiple, increasing doses of recombinant

20 PfCSP adenoviruses (i.e., 1x10°, 1x10°%, and 1x10"°v.p.) at 3 week intervals as shown in
Fig 49A. PfCSP-specific humoral response was determined by ELISA as described
above using ELISA plates coated with 1 ug/ml (T1B)4, a CS repeat peptide which
contains a (NANP), repeat sequence (SEQ ID NO:60) (Calvo-Calle et al 2006). For
statistical analysis, the values were log-transformed and one-way ANOVA followed by a

25  Dunnett's test was employed to determine the differences between wt/PfCSP and
capsid-modified adenoviruses. All capsid-modified adenoviruses induced statistically
higher anti-NANP antibody titer than wt/PfCSP.
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Prime-boost immunization 4

[00183] Next, naive BALB/c mice were given “boosts’ of HVR1-modified PfCSP
adenoviruses which have four, six, eight, or ten repeats of (NANP), (SEQ ID NO:60;
n=4, 6, 8, 10) with at multiple increasing doses (i.e., 1x10%, 1x10°, and 1x10"v.p.) at 3
5 week intervals, as shown in Fig. 50A. PfCSP-specific humoral immune responses were
measured as described above. All of the HVR1-modified adenoviruses induced
significantly higher anti-NANP antibody titer than wt/PfCSP at week 9 (Fig. 50B). For
statistical analysis, the values were log-transformed and then one-way ANOVA followed

by a Dunnett's test was employed to determine the differences.

10 Prime-boost immunization 5

[00184] Naive BALB/c mice were given “boosts” of HVR1-modified adenoviruses
which have ten, sixteen, or twenty-two repeats of (NANP), (SEQ ID NO:60; n=10, 16,
22) with or without the adjuvant at three doses of 1x10'° v.p. at 3 week intervals, as
shown in Fig. 51A. The adjuvant used in this experiment is Sigma Adjuvant System

15  (Sigma-Aldrich) containing 200 pug/mL Saponin (Sigma-Aldrich). Adenovirus solution
was mixed with the equal amount of the adjuvant before the immunization. PfCSP-
specific humoral immune response was measured as described above, and it was
determined that HVR1-modified adenoviruses with longer B cell epitope induced higher
antibody titer (Fig. 51B).

20 Example 4: PyCS CD4 epitope insertion into adenovirus core protein pVIl

[00185] Antigen-specific CD4 T cells are required for antigen-specific B cell
development and proliferation. Therefore to determine whether it would be possible to
enhance PyCS-specific humoral immune response induced by capsid-modified
adenovirus by inserting PyCS CD4 epitope in adenovirus protein, (QGPGAP)s-

25  Fib/PyCS-GFP that has PyCS CD4 epitope in pVIl (QGPGAP)s-Fib/CD4-pVII-1/PyCS-
GFP) was constructed. pVll is one of the adenovirus core proteins and the copy

number per virion is 700-800, which is ideal for efficient CD4 epitope presentation onto
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MHC class Il molecule. As shown in Fig. 52A, the pVII band is shifted by PyCS CD4
epitope insertion into pVIl on a SDS-PAGE gel.

[00186] To test the effect of PyCS CD4 epitope insertion into pVII, naive BALB/c
mice were immunized with (QGPGAP);-Fib/PyCS-GFP or (QGPGARP);-Fib/CD4-pVII-

5 1/PyCS-GFP as shown in Fig. 42A and anti-QGPGAP antibody titer was determined by
ELISA at week 10. (QGPGAP)s-Fib/CD4-pVII-1/PyCS-GFP induced significantly higher
anti-QGPGAP antibody titer than (QGPGAP)s-Fib/PyCS-GFP (Fig. 52B), and that
indicated PyCS CD4 epitope insertion into pVIlI augmented humoral immune response

induced by capsid-modified adenovirus.

10 PiCSP CD4 epitope insertion into adenovirus core protein pVll

[00187] To evaluate the effect of PFCSP CD4+ epitope insertion into different
positions in adenovirus core protein pVIl on adenovirus-induced immune response,
HVR1-modified PfCSP adenoviruses having the PICSP CD4+ epitope just before the
first Nuclear localization Signal (NLS) or between the two NLSs were constructed

15 (Fig.53A).

[00188] To confirm the epitope insertion into pVII, purified recombinant
adenoviruses were analyzed by SDS-PAGE as described above. As shown in Fig.53B,
the pVII bands of (NANP)4-HVR1/CD4-pVII-2/PfCSP and (NANP)4-HVR1/CD4-pVII-

3/PfCSP were shifted upward because of the epitope insertion.

20 PfCSP-specific immune response induced by HVR1and pVII-modified PICSP
adenovirus

[00189] Next, naive BALB/c mice were given “boosts’ of HVR1and pVII-modified
PfCSP adenoviruses which have four repeats of NANP in HVR1 and the PfCD4+
epitope in pVII with at multiple increasing doses (i.e., 1x10%, 1x10°, and 1x10"%.p.) at 3
25 week intervals, as shown in Fig. 54A. PfCSP-specific humoral immune responses were
measured as described above. (NANP),-HVR1/CD4-pVII-2/PfCSP and (NANP)s-HVR1/
CD4-pVII-3/PfCSP induced significantly higher anti-NANP antibody titer than (NANP),-
HVR1/PfCSP at week 6 (Fig. 54B). In terms of CMI, (NANP)4-HVR1/CD4-pVII-3/PfCSP
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response was measured as described above. Only vaccination with (QGPGAP)s-
20 HVR1/PyCS-GFP or (QGPGAP);-HVR1/Fib/PyCS-GFP was able to induce a
significantly more potent CS-specific CD8+ T cell response, compared to that induced

by other capsid-modified or unmodified adenovirus (Fig. 56B).

[00192] The level of antibody response against (QGPGAP); epitope was also
measured, which is expressed on the capsid proteins of rAd, in mice infected with

25  wt/Empty Ad followed by vaccination with capsid-modified rAd (Figure 57A). Only mice
vaccinated with (QGPGAP)3;-HVR1/PyCS-GFP and (QGPGAP)s-HVR1/Fib/PyCS-GFP
were able to mount a significantly higher titer of anti-QGPGAP antibody than those
vaccinated with wt/PyCS-GFP (Figure 57B).
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addi ng AEC substrate (BD Bi osciences). WD 2011/022522PCT/ US2010/ 045952
[ 00164] AIl of the capsid-nodified adenoviruses induced conparable | evel of
CM to adenoviruses having intact capsid protein at this dose (Fig. 41B).
[ 00165] Next, nave BALB/c mce were given multiple doses of reconbi nant
adenoviruses with increasing doses, i.e. 1x108, 1x109, and 1x101 v.p., at 3
week 5intervals, as shown in Fig. 42A. PyCS-specific hunoral response was
determ ned by ELISA. Five mcroliters of blood was collected fromtail vein
of the immunized mce and diluted in 495 pi of PBS, and then the sanples
were centrifuged at 5,000 rpmfor 5mn to prepare diluted plasma sanpl es
(x100). Maxisorp ELISA plates were coated with 5 pg/ mL CS-specific peptide
((QGPGAP) 3; SEQ ID NO 59, n=3) in 0.1M Sodi um 10Car bonate Buffer (pH 9.5)
at 4C for overnight. Plates were washed and bl ocked with I x D luent for 2
hours at roomtenperature. The plates were washed again and 100 pi of
serially twofold-diluted plasma or serumin I x Diluent was added to the
pl ates and the plates were incubated for one hour at roomtenperature. The
pl ates were washed and incubated with 100 pi of HRP-|abel ed goat anti-nouse
| gG anti body. Al of the peptides 15were synthesized by Biosyntheis
(Lewisville, TX, USA). [00166] Using this inmunization reginen, al
capsi d-nodi fi ed adenoviruses induced a significantly higher |evel of
anti - (QGPGAP) 3 anti body response than wt/PyCS-GFP at week 10 (Fig. 42B).
[ 00167] To determ ne the vaccine efficacy of capsid-nodified adenovirus, the
20i mmuni zed m ce were challenged with 2x1 04 infectious P. yoeli
sporozoites via tail vein injection at week 10. Parasite burden 42 hours
after sporozoite chall enge was determ ned by quantifying the amounts of
parasite-specific ribosomal RNA in nouse liver and described as a ratio of
t he absol ute copy nunber of parasite ribosonmal RNA to that of nouse GAPDH
MRNA. For statistical analysis, the values were |og-transforned 25 and then
one-way ANOVA followed by a Dunnett's test was enployed to determ ne the
di fferences. [00168] Vacci nations with (QGPGAP) 3- HVR1/ PyCS- GFP,
(QGPGAP) 3-Fi b/ PyCS- GFP or (QGPGAP) 3- HVRL/ Fi b/ PyCS- G-P i nduced a hi gher
| evel of protection than WD 2011/022522PCT/ US2010/ 045952 wt / PyCS- GFP
resulting in a significantly | ower parasite burden in the malaria
chal l enged mce (Fig. 420
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[ 00169] Next, the functionality of PyCS-specific antibody induced by capsid-
nodi fi ed adenoviruses was evaluated. First, to test whether the sera of
adenovi r 'O 2B11/022A22i zed mi ce at week 10 (Fig. 42A) coul #Craseguioz®st nt act
sporozoites, an indirect imunofluorescene assay (IFA) was perfornmed. In

| FA, air-dried sporozoites on nulti-spot glass slides were incubated with
3% Bovi ne Serum al bumin (BSA) in PBS for one hour and then incubated with
di | ut one hour. After washing, the slides were incubated with

fl uor %@ﬁ?gﬂﬁ%d secondary anti body for one hour. The slides were
10washed and IFA titers were determ ned as the highest dilution producing

f | uor dXRiMe & - uberdekerts Afor Bwalh B. M. dvesk.dpd/.. BeNRo(tndAGRbRS- BRI/ Py CS- GFP
and ( Gorap@psve IYRIPTEVALPOESNAPMUNNEEsILity alisghiese SEFAYRE regonaljaanist

spbr oacienegirfFvaccids xectoratiorasibgyoupaB arteDi nEEiroi 8h:4664(4BERGAP) 3 epi t ope
in HVR1 of adenovirus Hexon enabl ed PyCS adenovirus to elicit a robust

ant i bodynge FpNBAcAgal, UstAgwite anlly LaadhsAnMeicts, Pept ade00WEfdzy ¢t native
epi t opRe IHTES SPASHZA VBECIAB laghirdt PRSbAEM falB9driH PREQARM arlPdidehss H ne

whet h%g@ﬁﬂﬁrigﬁr}é@igﬁéﬁ: ﬁ%nﬁBnﬁ@ﬁF%ﬁtP&@d“t‘riﬁﬁ'z Vag4i$4{fi1gp042A) devel oped

"fIanti Ies that cou neutralize the infectivity of
sporozgltes,, and Lfro zoit txakhj I Y : d.
[0017 %ﬁgﬁn §;}¢§%J g oYy e§§@,a§-; Vst & ?féfio%d@iﬁgéﬁ%% added
fo 208ReFipmMh TS SIASHEA Malala cHBl ol vff@eofd?'ﬁgpam Fipdfn
pool e@ISEASGH 1Y QFRAMBIIERD FNIFrEN; ﬁ'ﬁﬂﬁi" Rxteadeqfeliow-4pQhd-lRBEPMISELbat i on,
uni nf &eneallegbiabz bianeal g6 20l8xHE@ out with medi um and then the cells were
cUbtured for 42 hours. Rel ative anount of parasite ribosomal RNA to hunman
GAPDH Ariigasara R .de dbanmad, ByMr,dailbart, e CRCRIdI@ph & it, $ewlE.G2066).. 2004.

25[ 00 Ef2iahiced [2iod-ed cadirionmwaane sponbe® andipretection elicitad! agdihstcRlipsmadivodi f i ed
adeno\hergtsei malktia Gyl girhe boB SRMRRizENGRL f RN 8 Ikiraa noVEIRERMUAted

HVRL/ kb Rodx ruSHR inghbBst 122mpbat®igg. i nhibited (99% the sporozoite
ipfectivity in vitro (Fig. 43B). It is noted that the degree of inhibition

in thi S r gel ofre WBL R AR RRRSq 8RR in Fig.
43A. i/ g g, Z I§‘r & ctron fr mal ari a
pl e it e

capsi AOHHI DPIEAHALPIGIA <808 drel opi ng a bl ood- stage mal aria
infection after sporozoite challenge. The experinments were perfornmed tw ce
ard i Pt hpdeekring ;, GGIBALEY ¢ Chani d&.i Hemads.o¥-obbameY Cleigasiiseld t hree
ti mes MAMMaNeNRyos cEPact 2§ CEHTY @IS [I9aRUS PYICEOIGHRE mrephearandnmBy gur e 42A
and atpramateRystamiciuptiberythsmatosumi & &kxpdded 1202, il 8- WisSOg2085) avenousl y
chall enged wwth 50 P. yoeN sporozoites. G ensa-stained bl ood snears were
anal y Byjor rRIM dsihgull, s, Af tleyachhAl ILeaamst M. det sict20oiBoedficsica@e mal ari a

P3pasinES SAs0t EQAccihe ddinamn&tariSmPchidreniszed Drerehs Slagalt NEndY Mege
(75% 3]5@:g§zg1e2ﬁ§ ected whereas 35 out of 40 (87.5% becane infected in the
e

nave group (Ta '/3, bel ow). ( QGPGAP) 3- HVR1/ CS- GFP irr][runi zed mi ce were nore
t - OFP, - 0 p At
T on CUAE A Aok TOaPBe] RO PO on of o1 1 mmuni 2 on v b vt | BYCS Cop

or (QGPGAPI) 3- HVR1/ PyCS- GFP. | mmuni zation No. of Mce (Chllenged) No. of
M ce @Baigelsped)-Mrrasiaddselahion of 8)comrpen irgegntonfor Caysaekie B viruses and
adenoviruses 2 and 5. Science (New York, N.Y 275, 1320-1323 (1997).

40 Bewley, M.C., Springer, K., Zhang, Y.B., Freimuth, P. & Flanagan, J.M. Structural
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15 87.5 75 37.5 -49- WO 2011/ 022522PCT/ US2010/ 045952 Pri nme- boost

i mmuni zation 1 [00174] Next, nave BALB/c m ce were given "boosts" of

HVR1- modiwoed11i®eE82adenovi ruses whi ch have four or six PEpABREI0OISISTIGPGAP) n
(SEQ ID NO 59; n=4, 6) with or without the adjuvant at nultiple increasing
doses (i.e. 1x108, 1x109, and 1x101 5v.p.) at 3 week intervals, as shown in
Fig. 44A. The adjuvant used in this experinment is Sigma Adjuvant System

(Si gnma- AI dr| ch) containing 200 |ig/nL Saponin (Sl gma- Al dri ch) A VI al of

Si gma stem (1nm, nt ai phasphory

(deto rf' e#/@ﬁ‘@ﬂt (L@f’%aﬁrégﬁ Evn(g@rr%d'ﬁt g!rgr ﬁ%%ﬁp t hetl C

Tr ehaIPd§§e'1I§ﬁH@'ﬁ PhErﬁﬁﬂcﬂF&tP@eﬁ Rssembiad s Wﬂ@ﬁ@ﬁilw%@ﬁ%@e W'@? and
AdenoViunman $dymphoeyteds/niamtiimenwnei i8084e3@@lial  anount of the adj uvant
before the i mmuni zati on. One hundred microliters of the adenovirus-adjuvant
m Xt urGrawam, ifi_.e& Fedvea) L. Auesouiras-bysedPe&Siassioinf vertdrgramdalecambinant

cel | - rV@dClﬁdeBm@@m@kﬁ (Raxafing, \Wiass 2Ba368-890 #sogBscri bed above. A trend
was observed that HVRL- m)dl fied adenovirus havi ng six repeats induced

hi gherg@ags BReY., Uochfa 930 ”mﬁ ééﬁ!t/v@ f\PUéndi RRS8LS2A8E F{@ ‘1'9? Of adj uvant

159uaEREL thatr ettﬁﬁé f?cSn ted§§ 3 g0 effect
EHE @j& %g& Wﬁgfé@g%& 6 il o5 &pa%e@
HAAH %gf@ PBB &

chaII ‘'yoel i i sporozoites via tail vein

i nj ectl on at week 9. Para5|te burden 42 hours after sporozoite chall enge
was 20trakettnNRdeid. Hee of ayaatitalvy & aalan reektimet R eRitodraokyBedima-he val ues
wdbe |d@@endeatr@ststomﬁan@ﬁaenﬁér@néfeé VRELPTAIOVIXOS Mal dhed2154%6D611A0RQ). s t est
was enployed to determne the differences. There was a trend that

HVRL- ity &y ,e8l Gad izt \Airwsy bpithalial SIFX R eiiNA xpesbsedinpystis fibedipatianteor e
than tdfiek réysatitivg dapinistrapeaios aasdombimans adehowviel s Videt Jourgaedtichidicahe

prot eGhiestighlibd 1044{245- 2,559&5@3]’0 evaluate the functionality of antibody
i pguced by "HVRI1- nmodi fi ed Py enoviruses, we perforned an invitro

fspg;nomérﬁsmwéatf /a}é\ %ﬁt@% ‘}ﬁ%ﬁ# r't§§9|| Bﬂé@ re? ehat @&J"é‘" es
t%‘;g % g ROmaArginrbd Spemae T AR v ﬂ% Ty gest-
2011/ dsp /USZOlO/ 045952 Pr i me- boost i muni zation 2 [00177] Nave BALB/ ¢
were given "boosts' of HVRL-nodified CS adenovi ruses which have si x,
nﬂﬁe Rty vlev &idclge dY éep M. @Q@@ngﬂpfesm& efgnd, B @haracterizegipn gf the or
W t homkhotorc@r@@pwam ageneiusdype Sefsiber prptqmexw@sse@tmian@eﬂchlaw@tlval S, 5 as
shown Jowriralef vaslagy B8 58892461 (189éK in this experinent is Sigma Adjuvant
System (Si gma- Al drich) containing 200 Iig/nmL Saponin (Sigma-Aldrich).
AdenoHdrigs 8!, Hab, Nas, FiaxedewileNLt benssniad. &aBoulinget, R.Ae I¢shticandn bef or e
the lraaéhbmswv p%ytt'&'seﬁgé hé@trﬂl%ﬂ{éblt@é& 5¢ ke BEgERL 6| pETeNEs WAS RIS €S

were %@&Vé@@oﬁ@%gﬁél f ﬁ gt fré&ﬁné?}t%‘ﬂﬁlﬁﬁeﬂ&?r\’dréuéo%hwf has
twelvq/dr 5 19 QID n=12) wt he adj] uvant

i nduce hest anti bo y ‘iter anong the groups at vveek 9 (Fi g 458)

Wth respe the ff r
Pl i r%t{trtau %c? % §8 My boﬁqﬂggg?’tr'ngg@ gf sc %lsﬁ Ofwant di d

not afm@étlatvaemasﬁ% 6508dfémﬁ}$rﬂ%r§atv@$ %Fﬁr my nstltute
of Research. Vaccme 26:2191-2202.

Kirby, I. et al. Mutations in the DG loop of adenovirus type 5 Fiber knob protein abolish
40  highaffinity binding to its cellular receptor CAR. Journal of virology 73, 9508-9514
(1999).

Koizumi, N., Mizuguchi, H., Utoguchi, N., Watanabe, Y. & Hayakawa, T. Generation of

Fiber-modified adenovirus vectors containing heterologous peptides in both the HI loop
45 and C terminus of the Fiber knob. The journal of gene medicine 5, 267-276 (2003).

-590-



15[ 00178] To determ ne the vaccine efficacy of HVRL-nodified PyCS
adenovirus, five mce in each group were challenged with 2x104 i nfectious
P. yoeliiweporiareizees via tail vein injection at week 9PCPasasionesdsur den 42
hours after sporozoite challenge was determ ned as descri bed above. All of
the HVR-1 nodi fied PyCS adenovirus having (QGPGAP)n repeats (SEQ I D NO 59,
n=6, 9, 12) vmth or wi t hout adj uvant, showed 20 increased prot ection.

o AN SRR N Ao TR

45D) Hﬂ?’ |€fﬁ? ‘protective that any other treatnent.
Exanpl e 3 Pl asnmodi um fal ci oarum circu orozoite protein-specific inmune

r esporkg8us@5A | doh, 79 Hvdt ackets, thofRCHM@thgiVMmBrad@F, galr.uet ale 96 Fpitopes
adénoexptassed iPldiffareni aderdvirca mapeidaxoidies proviceidifferedt leyeksdefrepiopas shuttl e
vect orspesiticemunetityf of Viro/a86i56@8-353nsf ection to confirm Pl asnodi um
circunsporozoite protein expressi on u5| ng AD293 cells (Fig. 46A). 24 hours

after |taRseCLe®s . opdier ReJ. Adenovirus vector-

2%1{,\%;%&3 %rtétél%ng %Pfoﬁ nt |{\)EAh[5P F&Qﬁ%@ﬁﬁ”@”ﬁ % (yeiAIO) I Orlggi §I'o

confi rm@@e ep| tope | nsertion into adenow rus capsid proteins, purified

reco nan sat)/\éere naI ﬁp% g?%éga%%xlﬁ 85 %kﬁane) and
Vst
rezogﬂﬁfﬁ'getq{@? ”?] E} § as shown in Fig.

47A and 48A. The |ntenS|ty of the bands in Fig. 47A correlated with the
cdpy meopeld, &tLi&ErgeipkiRiGolitagetulan traffickingheladenrovirugi Banymheansoldy nunber
of Fi meany 86de opdwaicpardrug ebrgryirevieweriidy 8l Drfidl (2093).t han Hexon (720 copi es
per virion). The intensity of the bands in Fig. 48A correlated with the 10
nunbemMadtriysR, Aepeat "$dM1swildh0 Baikhboiras arsiatebigh hivo géhe frarksher-B epi t ope
was extegflehforl BEatihgibAEviRls RAABRY iimkfuNg ddfeRses 8GAiAL] nép@la uaa%Wsl fied

rego
6 ”Q/b@ﬁi?tao%%&?r‘éhéh'% %bﬂgﬁfg‘%\e@oggﬁgte Wthﬁéﬁﬁ:@_ebbr% éaﬁtyl gy t hat

Irmun kIA say (
recognl z s ? NP) n (SEQ | D NO 60) repeats. The anti body recogni zed 15al |

t he caps| d- mdi ad ovrus results of ELISA
assaygg@gﬂ iRt Tor Hepre %ﬁwﬁa ong %@% a‘f‘ﬂ%%ﬁé.%%%?%#ﬁ% wor e
wel | H”t%”@%fé’réntf?gp% Jgur éH( dALS 1 oost i mmuni zati on
32p00182] Nave BALB/c nice were given multip i ncreasi ng doses of

r econtieaenneloM.csRandleineei Xused I(npesale, Mﬂ0800§x@@eracztardza1b@mm/ p.) at 3
veek ipereissitesepitopshiosertion stiegn 4eianowfGSHesprcd Mirol. BOMBEAF53Esponse was
determ ned by ELI SA as descri bed above using ELI SA plates coated with 1

|'i g/ M\idi&éB)@., & &rEber, epEandpeptirdeenduiosanTiee oireal(OSHE medippets, ssquence
(SBQ 1482N0p68). (Cal vo-Calle et al 2006). For statistical analysis, the

val ues vvere Iog transforned and one-way ANOVA foll owed by a 25Dunnett S

e e

11/ USZOlO/ 045952 Pri me- boost inmunization 4 [00183] Next, nave

PB/c mice were |ven "boosts' of HVRL-nodified PfCSP_adenqviruses which
have f Mﬁza‘g&x’\' rysiel, RS Bekeorgidal 4- MGCRM ﬁer@mﬂ?tﬂ@“@@m afe 6, 8,
10) wetnnoaom@hp@mpaetmempéaétm@/tae@e@cepeesm tased byFiber, prairin1dawgnel . p. )
at 3 ®fwgelogymderB8rsl408s(26Adwn i n Fig. 50A. Pf CSP-specific hunoral inmmune
responses were neasured as descri bed above. Al of the HVRL-nodified
adenowlizugeshij A8 deal kia@va, . Targdtyd laidghevir@nvectbiSNiRianam gedy therapy 16han
wt / Pf GoB4atodue@lood).(Fig. 50B). For statistical analysis, the values were
Iog-transfor med and then one-way ANOVA foI I ovved by a Dunnett's test was

enpl o VerBHdEﬁet re %Jﬁﬁé%ﬁe

[Oplﬁ éﬁ? ¢ (gg v%[] g\/’bﬂé f ?Jrfag é%@“ﬂzzﬁggn&o%ruses
i Pl L

3 week intervals, as shown in F| g 51A The adjuvant used in this
experinment is Signma Adjuvant System 15(Si gma- Al drich) containing 200 lig/nL
Saponi n (Sigma- Al drich). Adenovirus s60-ution




was mxed with the equal anount of the adjuvant before the immunization.
Pf CSPspeci fi ¢ hunoral imune response was neasured as descri bed above, and
it was devermwmees22hat HVRL- nodi fi ed adenoviruses w th POmgse01B/0¢E5:

epi tope induced higher antibody titer (Fig. 51B). 20 Exanple 4. PvCS CD4
epitope insertion into adenovirus core protein pViI

[ 00185] Antigen-specific CD4 T cells are required for antigen-specific B

cell v n roI| ratlon vvhether it uld
e po %%%@h% gfgwevﬁ yp° Eﬁi@é@*%&ﬂfﬁng@g@ﬂ G 8"
capsi d T REEPHP Isslegyeasianoy U? T US

pr ot eidp4-343A2983) 3- 25F| b/ PyCS- GFP t hat has PyCS CD4 epi tope | n pvi |
((QGDGAP)S Fi b/ CD4-pVI I -1/ PyCS- GFP) was constructed. pVII is one of the
adénoWoweddiar, &.0r &t @unial, Bnd Géretooipygetingosratpgiesvor adenavirug0bicgady/armhi ch

i s | dgdariaceefidd 2, 3Mt-3LDRE)E)t ope presentation onto WO

2011/ 022522PCT/ US2010/ 045952 MHC class Il nolecule. As shown in Fig. 52A,

the dess'@ﬁE\Q/eI R8I Nepfichby : gy $SMddt, BRIdnRIRSrtbASE! tioe. PFBt@cﬂR)rlélInrﬁDm?mto
;m;.% ke .rrfaaet@é sg5ioz8te {%@g%@%ﬁ@h RN

ce were Imuni zed wt

pé@p@&ﬂj%\é EI % pVI - 5 1/ PyCS-G-P as shown in Fig. 42A and anti - QGPGAP
antlb tlter EL SA at wee 11
r ) raet - (i Yo
FIIP%;? gvﬁ! éi%% A rcRie s FRR e rargets, Saignes (New Yogkraap

ant| b ": 2 de Fi b/ PyCS-G-P (Fig. 52B), and that indicated
PyCS CD4 epitope |nsert| on into pVll augnented hunoral immune response

i dauc&nlbp laapéa/dThe&}MJea’ callgrepensasto aadaroesPs CDpceped ggeinshsensergedi nt o
adenovesidees aitbinpthet dexormppiatein] §oe8/oLral of gbnatat virblogg8Be 241 6:2426G8P0TA +
epitope insertion into different positions in adenovirus core protein pVll
on adenshursy .U NeigrdelidMNeHaesiganiky., BBIMIGi HiolestntdnCER eaadgnogos.uses
havi ngminhiehdferizit %pre@édt@ﬁ%ﬂawcommérﬂ Hueart bashoNE! s%ﬁ\étyb@cae bagdd on
S'29”""'m:§|5'k§)vra]1?éln9 ﬁné&ﬂﬂo@u%ﬁﬁc&oﬂﬁéét%ﬁ% Hald 9358A

[00188] To confirm thhe epltope insertion into pVil, purifie reconbl nant
adeno I P i be

Lo S TR0 o B RES R Rl bRl
(NANP) ? g%egw %zé % ‘&%ﬁ%ﬁ% % g& %?U%?Iépgﬁl%pe
|nsert| JoL[ el 3 R84 by HvRland

pYPI - nodi fi ed PfCSP adenovirus [00189] Next, nave BALB/c mice were given
" boostRyiddyf FHNRBsewn p, IKuabiai 8. rIameBPKad/élﬁgm LuB e £t @hi 200 8h avafetyoand

r epeatimnufnaganiity of EvRplicatnt-ineo Pipeht aslenpuipes typed/HIV i ecladaB nul ti pl e
I ncr egsighelthes eacdine e hedlithy08dultsx I8, Infewd Dix UB1BX6P 1788t 3 25 week
|ntervals as shown in Fig. 54A. PfCSP-specific hunoral inmune responses

e Imssdisea /B ‘Iﬂlﬁh‘-ﬁ@r I laecG@I@eveM & NAERI A trMRM. CiMe B \Mitne A6 IBheSEradtdre of

( NANP)II‘Ie EIHB%VI%H}& codt ?f HEBIE eﬁ:/éﬂ)é@“(ﬂeéw ik I IV ser 1a|gt1 TENANP
( NANP) 4- HVRl/PfCSPa ek 6 (Fig. 54B). In terns of
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r econtSCHSMORESAAVENES. Hum Gene Ther. 13: 311-320. WO

2011/ 022522PCT/ US2010/ 045952 CLAI M5 What is claimed is: 1. A reconbi nant
adenovig us 145 e fihNaR JEHP™Y, "ARErHGRaVEDS F éélrl‘]%)ni\é@%t e%%umr% n

t he reconbi nant adenovirus plasm'd vector conprises a nucleotl sequence
encodiEM:NKIGN 8:8DEWSF COMIU(BEQIDADIGR)pr ot ei n gene, or antigenic portion
t hereof, operably linked to a heterol ogous pronoter sequence, and one or

oo £ oD S e HB AT TR R AT B RIIhhE AEDoE ks oS el B TTR 6 or
repl agrs ratoemaht Bakhodfud 8 \RICtIPBIRISABE iffbraNFé QroGe ' BnBisBh§idh AFenes.

RisHi
2. The adenovirus of claim ? wherein the Plasnodi um Circunsporozoite
pr ot eitlVigéreodified resienowifys iveetoraarfigenvidified adenperusrverton @ asviddiand

yoel i i-.Cl nar Lte protein gepe. T enovir f. clai ,

wher it iOAHESATEE, BAPAHTA, StfohoroBir <2 St IRGERY riBrRkr St Sl ar o
codon+ppRi Nariee b \Rl-aRdifiid) BdbAb Gl VEaI0PT aft g/ RM FiRri and i g\durRRIfigroi t e
protein gene. 4. The adenovirus of claim3, wherein the codon-optim zed

pr ot eiaflegemisus ¥e@Atoded by SEQ ID NO'1 or SEQ ID NO 2. 5. The adenovi rus
of claim 1, wherein the inmunogeni c epitope sequence further conprises a B
cell d/ or I i e EW di 'régcam 0ZQk;

pr ot e?yr?'gerﬁe%g%ﬁaThgqﬁ léén]ﬁgi ?ugao clagpmﬁgﬁﬁaﬂe;@m#ﬁkhg apglbdégélb?teian
gene fRIasmediuoo mcuseposodibeo prdigimeinv & isabjexct ragnpmsiiHRYMeesieeng o the The
adenovirus, of clajm6, wherein the HRV sequence further. co i ses_an 1
o PRISDIERY nGEShnS HESE Fe reSRMURT eI BULE) OWIEOORRLESPID 038652
a) s dapUinesid Bl HYRLaQlchMiBiaTR MGG blddmib BRI ana WS thef
the HVRL or HRV5 sequence. 8. The adenovirus of claim 7, wherein the

nmodi f irecorobipsintiagene\dius pjaswid veaaiceeivdrises a nucleotide sequence encoding:

a Plasmodium circumsporozoite protein, or antigenic portion thereof, operably

linked to a heterologous promoter, and
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by a nucleic acid sequence selected fromthe group consisting of, SEQID
NO 12, SEQ ID NO 13, SEQ ID NO 14, SEQ ID NO 15, SEQ ID NO 16, SEQ ID

NO 17, SBQoi2biiN228, SEQ | D NO 19, SEQ I D NO 20, SEQ | DPRNDUR20108EQ52 D NO 22
or SEQ ID NG 23. 9. The adenovirus of claim6, wherein the HRV sequence
further conprises a HVRL or HVR5 sequence and a CD4+ or CD8+ T cel

epitope: a) is inserted in the H/RL or HVR5 sequence; or b) replaces a
portion of the HYR% or HVRS seguence .10. The adenovirus of claimb5 mhgrein
the capsi d 3r'BPEiRdgLARSIEL AN nEP & IHBIGI eV RETELhs?Y IFBEPOGPIE e PRIIGRRObNd
the B cel | mpshogRine BRERASSoroZoitd FREIREN RkerteAentb! dteepRicekaitNeNsart &fl- The
adenovirus of claim 10, wherein the nodified capsid protein gene i's encoded
by SEQ | D MGaebider sF® proteld 25. 12. The adenovirus as in any of claims 5
through 11, wherein the B cell epitope sequence is a Plasnodium falciparum

circu or i .. ge |1 i : . ) vigus of
ol o e iy BRARR L PP i oo B sBRE 2O IMERs 4 BB b ana
wher eirecombimaéht atdemdvigis. 14. The adenovirus of claim 12, wherein the B cell
epi tope sequence is (NANP)4, (NANP)6, (NANP)8, (NANP)i o, (NANP)12,

(NANP) 14, (INANP) 16, (NAN P) 18, N P) 20, (NANP) 22 or (NANP)28. WO

2011/ @@zs_zfp@ﬁib@ﬁ'o@éﬂ@%@é@ R e 2Bde AYMOrals BMUBPAl FRPENSRNBRRING! the

i mun , : . ] | e :
equona o e BHORe oL Tn, FaTiaNdacRg X bré ERaTRENRERIG s
of cl &intibady twaeeilenovings senotyps; coaipnisyenadrhinistaeng tother sweecta pVI 1 protein
gene and the CD4+ T cell epitope sequence is inserted into the pVIlI protein
gene. 17. _The, adenovijrus of ..cl.aim 16, erein.the dified core protein
gene is en@oH&HpW'%%Of@'%fe%bg'P NFIRVISEFD NO 28 or SEQ I D

NO 29. 18. The adenovirus as in any of clains 15 through 17, wherein the
CD4+ T cel la shdeopensiespstingeddse ¢ dPbesomriedon o dritpaicnoyieas,cunspor ozoi te
protein gene CD4+ T cell epitope sequence. 19. The adenovirus of claim 16,
wherein the CD4+ T cel |l epitope sequence i s EYLNKI QNSLSTEWSPCSVT (SEQ | D
NG 62).  20NerRB 4BBndGalr (RBPOIBRAN rAOENONHS ol JARTCAAGRRI PuUEFAMBNEBLCed
from apengURuSfoiddific QBRI ARNIWIRABROId YecRhBRENT MBRLARS PRIRLCHedibO™
the group consisting of an 1-nodi fied adenovirus vector, a

Fi ber -contprisesh adelpotide ssquente encaaingRP/asmbdHidpesirconthpor ezbitzdenodsing as

vector, .a Fi ber, an VI | - modi fi adenovyi fus vector, an HV and

Vo1 rnenicabaah hatot obatnty it s Hote 0Bt Promato AT o 1 ed
adenovi rus vector. 21. A nethoq of inducing a cellu!ar_and hunpral i mmune
response agdigin @he?'s_%‘é@ﬁd' tEOOP i GAHIE REERBANUE iPddriged froma aSMéktcﬁﬁbinant
conprising admnistering to the subject at | east one dose of a reconbi nant
adenoﬁdei]@}/lwm@l%ﬁrﬁlds&@@%e@r_@ﬂrtwhﬁﬁtn Hwem@mmb@ané aglenpviewp H%ﬁﬂi‘lé vector
recont) a , . .

o oEARIest LB, SPARTIC, HRELSo PRI B i o

Pl asnmegtigenici pertion themod] dpeabdt khked @ aamétegaogouP prarmotert aed epmodiier abl y
| inked to a heterol ogous pronoter, and WO 2011/ 022522PCT/ US2010/ 045952 a
modi f iC88SEap8Y d CoFe c Areteht ot Whareimnénei MMANNPERIR0 IR pPt o fdagpOdium

Pl as ) ; . ! ) : I

bar ¢ i eMsBbIEABAMOBEeh infitfed 7Y JriRRIAEE AtieAsPbaitedh A55Rsf of B8R
conpr ipsotegn.adm ni stering an adjuvant with the reconbi nant adenovirus. 23.
A nmet hod of inducing a cellular and hunoral inmune response agai nst a

oot 1 81 21 MGATRORg Ce2 ST oISyt SR e 2 AgTARR Gt KR ng

t o t heessabr@aht adehdvigls. pri m ng dose of a first reconbi nant adenovirus, and
a subsequent boosting dose of a second reconbi nant adenovi rus,

wherein the first reconbi nant adenovirus is derived from a reconbi nant
adenoddr us HpPRamarapsieabsompesitioh s IPHSINgea FrecosMiNARIAdendyEGi Whereh Higri d
vect of o COMBITAP L BARNELETL! HBaREIYRSH SATMNS bRl ASIRMHEN adenovirus
circunsporozolite protern, of antigenic poftionh thereof, operably Irnked to
adhet @aﬂmigipwectprs)eelbet;e,d froch the gg%wmeoa'sisgm@@fmehml T-evouiifig d. 'madbnovirusd
adenovirus is_derived froma reconbi nant adenovi rus_pl asm ¢ vector, an

wher eiVRCte ar Egﬁﬁﬁ‘ fird BgleReViry$ vesiois AndHYéth @Pdc':o'E‘ﬁF'ﬁ%f'%{j RAeneYtysie
sequence encodi ng a Pl asnodi um ci rcunsporozoite protein, or antigenic
portion thereof, operably linked to a heterol ogous pronoter, and a nodified
capsid or core protein, wherein an_j,munogenic epitope of Plasmodi um
circunsporozoite has been inserted into or replaces at |east part of a
capsid or core protein. 24. The method of claim 23, further conprising

adm ni stering an adjuvant with the reconbi nant adenovirus. 25. A
pharmaceutical conposition conprising a reconbi nant adenovirus, wherein the

Y b1 I o



vector, a Fiber and pVII-nodified adenovirus vector, an HVRL and

pVI | -nodi fi ed adenovirus vector and an HVRL, Fi ber and pVII-nodified

adenovi r lsOverttmes22 26. A vaccine for nmalaria infecti onPCOMSLIIBIONTYSA

reconbi nant adenovirus, wherein the reconbi nant adenovirus is produced from
any one of the reconbi nant adenovirus plasm d vectors selected fromthe
group consisting of an HVRL1-nodified adenovirus vector, a Fiber-nodified

d i i HVR1 Fi ber-nmodi fi ed ad i t Ci b
e Vertitod FIBS 288, BYImo00et: gren s mECRd SVHVAE A7 etV alieitee us
vect orycRidvidlls TREbr afd RErHRRE . Pidel aﬁ_@?ﬂ\fli-%dﬁ%‘é&yéﬁd%'ﬁug%b&fr: ~27. The
vaccine for malaria infection of claim 26, wherein the vaccine is

adm ni stered to the subject intranmnuscularly, intradermally or .
subcut®neousygcciner nralariadeferien comprigingra Eeqonmiganicadesovislai Whegin {lier ei n

the V%E&rﬂsiniaﬁt aﬁ@n’&-\/%?rigdpr‘@dhge&nfr&qj HH?”&né %ftttﬁ% Fét@n%ﬁant adenovirus
plasmid vectors selected from the group consisting of an HVR1-modified adenovirus
vector, a Fiber-modified adenovirus vector, an HVR1 and Fiber-modified adenovirus
vector, a Fiber and pVll-modified adenovirus vector, an HVR1 and pVII-modified
adenovirus vector and an HVR1, Fiber and pVII-modified adenovirus vector.

27. The vaccine for malaria infection of claim 26, wherein the vaccine is administered

to the subject intramuscularly, intradermally or subcutaneously.

28. The vaccine for malaria infection of claim 26, wherein the vaccine is administered

with an adjuvant to the subject.
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