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VACCI NE COVPCSI TI ON FI ELD OF THE | NVENTI ON The present
invention relates to virus vectors conpri sing

wWOoakddgepasd| eot i des encodi ng H V pol ypepti des, ®OTEP2006/004854
particularly wherein the virus vector is an

adenovirus. In particular, such adenoviruses are
non- human pri mate MAGEINE GRMEOSIBANas si i an
adenovi ruses, nore particularly chinpanzee

FIE*?%PB?VI‘H@W\?EN BNoaI‘tl cular the inventi on relates to
enovirus vectors which conprise H V cl eo 93
“Tlfj zﬂr es

seqliB® pEseRHNYENtigRBlatesia vy Y%’t‘lfﬁchE}p QP”UC eotl
enadiriggdivspol¥peptidesamudre partisularly wheesin the vinos ee¢étbk/is an

adeHdirGE NH- paHitRildr NMRAtddeRolikisks @Fe AGH-BlREN bAMARE AnddvRlises
ool SO A B o e e (RO, iy
partieularthe dveBtigs Rkaiealq @%%mve&&qrﬁ whigh qomarigpéll

polyramtdatide sequerided/whidhserichee puiltipie gifferens BI\Oantigees, for example
twPGAHIRES dFEIHIG aR6d ér?é efHeYinPatiiBh diehel PbIRRS t¥hHethbdsSof

prepgtity (e i vegrs to hasird kpdlo Abea b the Pt 4o the
usenefdhe yvestaisdn @Uad'céﬂ‘q: esnesially pfﬂ"@ﬁ'@@@ er therappwlc Yasgnation.
have not been successful. H V-1 is an RNA virus of the

HIV-27 dh¥ pﬁﬁ{arry‘r)l{é@eddfft‘ﬁe aa—cﬂﬁreh"nﬁ-{ ﬁE%ﬁcu@ﬁWﬁ e { Aﬁ@%‘}

d
whigh S reBp Bl anér i Bt A gl pﬁs’aeréﬁﬁ%\@wsﬁe nsive
respaigh throgghous the word ha%beqh@prﬂéoted agfipristie m@@@@\regﬁcme

thup fartreive sioMpeen Slecessfulf and Nef. The HI V genone
exhi bits the 5' LTR—gag pol -env-LTR3" organi zation of

G js At RN SE i ay Revoy g g SHisSnie affcres At loast
ning eateind whioh aie dwlde@rlntgéh@etd@ﬁg$ eﬂweap@pr staatyakprateing Gag,
Polidngl Exlvi, thetrgglilatong picteis MadndyReY, flanaitied hcd@eséry tpr@Bmk &fpu,
Vprl quaan}ﬁ\féfe e ¥ivigBhE% e"xh%EéJ?{% AR 'g%{;%%l LhAPRSNE

nvent’l ona enes ~of 'adénovirus are
OrQGE'E%tf%bgéWdeV%"ﬂluaﬁ%d vvlth a transgene cassette

consi sting of the pronoter of choice, cDNA sequence of
AdéritRirgeRe @dubldsiedrRitld BNAl viuPRItly & gehemalsizer Fsbblil 38k, N
Whlgh h&® bé&@\tlv‘d%@ lfjs%fdef&t %%r% ﬁﬁ’%?érbégpﬁ‘égtlo?{é Eiﬁec‘ (o] |ts ab|l|t¥ fo achleve
nighly §4istest FsTe an?wn@o\%'@yt?fﬁ@fgsf t'%sﬁ?%@n%ar@? rBpRegens,
caplaeityo nCémventionadifit oh gbaeseof(ddenpvieuschre deletdshaul feplaced with a
transgene cassette consisting of the promoter of choice, cDNA sequence of the
gene of interest and a polyA signal, resulting in a replication defective recombinant
virus.

Adenoviruses have a characteristic morphology with an icosohedral capsid
consisting of three major proteins, hexon (ll), penton base (llI) and a knobbed fibre
(IV), along with a number of other minor proteins, VI, VIIl, IX, llla and Va2 (Russell
W.C. 2000, Gen Virol, 81:2573-2604). The virus genome is a linear, double-
stranded DNA with a terminal protein attached covalently to the 5' termini, which
have inverted terminal repeats (ITRs). The virus DNA is intimately associated with
the highly basic protein VII and a small peptide termed mu. Another protein, V, is
packaged with this DNA-protein complex and provides a structural link to the capsid
via protein VI. The virus also contains a virus-encoded protease, which is necessary
for processing of some of the structural proteins to produce mature infectious virus.
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(1v), along with a nunber of other mnor proteins, VI,
VI, I'X Ilia and IVa2 (Russell WC. 2000, Gen Virol,
W@2m525034 2604) . The virus genone is a |inear, PCI/EP2006/004854
doubl estranded DNA with a term nal protein attached
covalently to the 51termi ni, which have inverted
Oveet(f distinct sgrebipss Of adRe)ovirdh bava baen iBNAtedsvhich infesct ganjous

maﬁﬁﬁzflféh%b@?_ew 51trbftvhﬁcm'ér@rﬂf)huh%ﬁidﬁgﬁi E&Sﬂnﬁle‘!{?f saedl a

sma | de tery . ef 4 PhQke i

ac iRl indh in Wb BRI el 0 TR oM, 11, B s g
Addy.riet N $aralyPeHhRYePeeAFAROTIPE i@ BikisHDgENerg i-F) based
on @inuutbea b biologithhichemizal immsinelngicdlehdmtictas|eyritesial fdaged,
wheRA8saFy for processing of some of the structural

proteins to produce mature infectious virus.Over 100
di sti nct serotyg;s of adenovirus have been isol ated

AlthavigbrAdSbased veaiorphrverkaamaised extapsiyplydn amumber ofgenen
theéad;gf tﬂ%l}séhum_ey be i|imitaﬁ>ré§mﬁ Ltga ueé OEAGB aad en%%gm@ee
ad AL?"%' E{S’Ez@‘“i%@e@%iﬁ; o %&?@ et poptiiorffico
nalul DBt AR OLEL I GE REMbST 2 ieAR 16 48 APosd G° MRtber
sergpreplghosfiretypes. dmanindwto existingrMectogs ol demelop es @desulbef
expdsuiectoithe hoageduring\WedddedtBBRdde hbédomgbeistingisrsiedeloped
im'i‘ﬁ*‘é&gB%eW@%a%%?ﬁ%*?%t@g@@ﬁi&.“%*%éj@&%z e
vacgstiah Hfeh Ayt egIals, 26eBRIIHB STohPes b Fensitiie gy Imporiant
targete éxthe tpurgyitiahgane deliveny systerge papable piogvaldimgi tbe hdstemiaine
respahdy. al infection. Ad5 and other group C nenbers tend
to be anong the nost seropreval ent serotypes. Imunity
to existing vectors m% devel og as a result of )
Ong 2peflkared th%'t?rﬁ‘ét"(ﬁe%?feP 8% ATEOts ebRAEMMmanTRuRatesy prpgcially
chimpapzeesadesipvingesr See US| Rgtent 6,088,716 which descerines dveagemime of

two/EHirnParsze@Bdehbiitises he ef fectiveness of gene therapy or
vaccl nation efforts. Alternative adenovirus serotypes,

thus constitute very inportant targets in the pursuit
It hgs bgemenenel thakelimppaz Perpabfe aseneviel vagotsBdyrssttrong
immuneuresporessdo fransdane soductaag afficienty & haman adenoviral vectors

(Fitigérﬁfdya%‘ﬁ PIBmUReS 7@k 48N human primates, especially
chi npanzee adenoviruses. See US Patent 6,083,716 which

descri bes the genone of two chi npanzee adenoviruses.
HIV Tatand Nefaroteing e eAEY Protging dhatde theyalg expressed parly in
infextiemand imathe \absémoesofistrdoiueal prateing | nmune responses to
transgene products as efficiently as human adenovir al

The' 8} g%nse én@o%ésq &h %lagy géce%'séry‘lilvlp%{r]\ovl\/hicr}zgs: El)éleanhown to

possess several activities. For example, the Nef protein is known to cause the
removal of CD4, the HIV receptor, from the cell surface, although the biological
importance of this function is debated. Additionally Nef interacts with the signal
pathway of T cells and induces an active state, which in turn may promote more
efficient gene expression. Some HIV isolates have mutations in this region, which
cause them not to encode functional protein and are severely compromised in their
replication and pathogenesis in vivo.

The Gag gene is translated from the full-length RNA to yield a precursor polyprotein
which is subsequently cleaved into 3 — 5 capsid proteins; the matrix protein, capsid
protein and nucleic acid binding protein and protease. (Fundamental Virology, Fields
BN, Knipe DM and Howley M 1996 2. Fields Virology vol 2 1996).



10

15

20

25

30

35

40

H 'V Tat and Nef proteins are early proteins, that is,
they are expressed early in infection and in the
wak®enzw3pf structural protein. The Nef gene ePCHHERROGON4854
early accessory HV protein which has been shown to
possess several activities. For exanple, the Nef
The Gageeneigivesniserio the 2axkindaltor (kBrBagpreotirs@Daroteimealgd aalled

p5%, SAREH i@rex fels66 1B theluhsSieed are. mRNAN BigiRg tthaRslation, the N

o P S T SRR

aspect af ¢ell ragm ra\rfeacme MRMREANeyRSSOFiates, G%P%'MP"PF?"% Lﬁqiu'wo
copesafithe viralrgenefriic RNAralorgewith ethpr s iaod celiidareprbleins that

tng(fé%l Ae %tﬁd&ﬁy f mét\ﬁsral emcua mrohhth% srutﬁ‘gbér;]’ Bf amglér‘dged:eélﬁ After
i PR TR ) Be VIRl erBed BItE e e H0ah Br G815 Gerle)
duina/ihe Proceseel Vi maturation it four seafiergirpiemns |gnate§1rhjf\h

(&R [3107])y Cal (dapsih [p2allr QT (npdeyeapsideps]) vdridose. §43.
subsequently cleaved into 3 - 5 capsid protelns t he

[ e| n nd n I.C _aci
in Eiam g it Fisor CAEPisieRE GUZ. PeffiBeRl SRodipdiragy contai
se\ﬁf@!lmrmlom@a|vﬁucfmmaz*ﬁ?ve6@ub§ndweﬁmm2the Firens peptides of
var\du@@iz@gy TWese roléifShavendifféeat @hsce. gl the$J2rpr6telnt fastrproposed
oSyttt e OsRE PRRILE B SRR Sl
Y5 PreFe380at i on, the N terninus of p55 i's
nyristoyl ated, tri ggeri ng its association wth the

Thé MrOopdIgseptiGe asdeived Gontek!N- tﬁ?mmaarr@,&ustol;ﬁmed end of p55 Most
MA"FEHEE&\QE @%{t}?& t@%ﬂe Fh%V c%'cfi’tﬁee\%gg?@ H&er. ral
MY oA suiet B Ads reqritpstinslae e SRreer Ryetsro! e
virign wherephbedomtes farbeh thé gomplekadichogscarts ithef bt @«tHAcf@I the
nudédse rTHagd A eholdtafesifacitbRane hubliat tighspoftdf ke BRE gemshe
beo%ru% %ek%?yo?)ﬂlher %H%q QIfA |% I?@cogﬂ'zeg %P?Ae géfllruiﬂr? gnul:lggr |rr%port
maa@g?rgna?lé @NRRODRRAN ?'l@"‘{sd'i"f'] tp, '”fﬁﬁ nea4hdding FB@F}‘ U”N@Ja'
propady fae@oeafrevitis[ p9] ), and p6.(4). In addition to the 3
maj or Gag proteins (pl7, p24 and p9), all Gag

Thé PEZP t&%)oﬁrg{e?noi% Jﬂ% the? gon%a? c?r%tcn S raI peagflc%}ss %ﬁép%']m%& ﬁas
bes74MRRSUgIoAk Miefach B s R4 EClomAl PF5 igadishio isdeasporation
inteeHYy. partidep2Tipe ternotidrasetacgn Gpgsad cydbehilimAriegssentiaing

becteibé Hd dis@btidrhss tﬁfs%t%?édﬁoﬁﬁ? cGABJriRY RRIbHE v?rél@epllcatlon
correct timng of proteolytic processing. The

Iplypeptl de is derived fromthe N-termnal,
Thw 160199104 Gag e FREPENSIBISHOr SReSIICRI esP@nizing the smealied
packaginglsiphat of Hive Thenmackaging atgmablorisises ofi foursteni lpomistructures

loc&Xell RUSF the 5' end of the viral RNA, and is sufficient to mediate the incorporation
of a heterologous RNA into HIV-1 virions. NC binds to the packaging signal through
interactions mediated by two zinc-finger motifs. NC also facilitates reverse
transcription.

The p6 polypeptide region mediates interactions between p55 Gag and the
accessory protein Vpr, leading to the incorporation of Vpr into assembling virions.
The p6 region also contains a so-called late domain which is required for the efficient
release of budding virions from an infected cell.
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stabilizing the particle. A subset of MAis recruited

i nside the deeper |layers of the virion where it
whewone®ipart of the conpl ex which escorts theP@I/ERL006/004854

DNA to the nucl eus. These MA nolecules facilitate the

nucl ear transport of the viral genome because a
Th& Bolggrie éricodes timee poteinghaving theqapiviiesingsdedry thevirus ar
earﬂWlﬁfe%ﬂén irgsrsé trﬁ'ﬁ@&ﬂﬂpm@émT Bncbtsasxh %mamwmtegatéé@,mtéﬂt Needed

for'irﬂe%r? |§r%f \ﬂr%n D% |hﬁ’>' r 0 t %‘gocﬂ{glz?gﬁf’él}fs EI?éved

by H@r‘é“‘?ﬂ‘ PfW"@éP t‘b&'?ldl tEP é 6’“6‘6 | |pﬁp5é\ %‘dé'cBé’Qﬂta'”s activities
nechssanydor laNedsyntmesnat(BNAcand\/ﬁDMh direeted DNA pglymerase, filsBiclease

H) bﬁ@@ér‘bﬁx} Rrinfr@l iNREPAROBBLIVNHIVIRY idh eabdingt 8sfull-Tldth RT

(pdgzgﬁé 8¢ldaol g?Fo\Hﬁgfﬁp%ﬂaanﬁ%%céa(??&Iy tér‘?mﬁél'%na%é?ﬁt@bﬂa@&

sruptfon o act
0’6?'@} osporin A i nh| bits viral replication. The NC
region of Gag is responsible for specifically

RTﬁ@SR@ Bf %bﬁﬁoét 'Hgghﬁpc&@b}vﬁg pPé\Eiﬁ§93'nB&de% SRk r@tfrO\H'aV enU'rWe

TwBElGRa! ST LERRPNR PR 2§ ogbii o ThE DA
actiyily of BT aies RNA@%.H BNA asremplates ipisrehansgably and nke all DNA
poleatrses agows isRiabientodnitithte-OINA syntbess délGoto, rbdis réquireéa pre

exné’tﬁ@krﬁglb%e% Qé}% aE'%rpS?HﬂéT R ﬁracti ons nedi ated by two

zinc-finger notifs. NC aI so facilitates reverse
transcription. The p6 pol ypeptide regi on nediates
The Rpasebiachvity ipkerpabin A5 mgipinmplayhthenssentiahrale gamdt @i n
remetl,onkﬁm}hm@ng thet RIQA igenompaiscDNABymthesip praceeds. It selectively

e
deir%_&"? AYHoH MRNA rEﬂ\l/‘?ﬁ BriinBlacals O ?rPBﬁJf%lll

polgppiace r\b@ﬁﬁﬁ%@?}sgeﬁfah‘%cﬁghiquﬁ RING GoTpiing W %ﬁPéE‘? Bg
coveang thehamipeltwg ditiedseaidhriBel- t hr ee protei ns having the
activities needed by the virus in early infection,

Th Ea@rcétsxyi.ee S 1A .%segﬁﬁaégsdorﬁ&ﬁ L6 bRESEAR R
23 BLiPpSe HaVeiR poried il RE Ao durtbosrtemnalia tagteds the Bgase

H Qaveaivi ri on protease to yield the amino termnal RT
pepti de which contains activities necessary for DNA

LA BT B B s
DN "F‘éer%e ferseri@sadhat dﬁX PrEgemntin gﬁ‘df‘ Fﬂ%
integrase(aepsevedio fialkapd )99 AdkinngrustiResca? Bbk?7$)elen¢gmes the
end3GF%Re Vifdl ENARI6mE @erh Bnd BEcdrBip4Hiés 1Bk irBEDNR IS aogh! y

chr%@%gleﬁte% %5553)33 lrﬁgg%qgﬁf_ %n&?ﬁeg m& ﬁb%t%N% A Hgtargets
for iptegyati e/élgpugp nq]@ ggpsepg sufficient to catalyse integration in vitro, it is
not the only protein associated with the viral DNA in vivo - the large protein - viral
DNA complex isolated from the infected cells has been denoted the pre integration
complex. This facilitates the acquisition of the host cell genes by progeny viral
genomes.

The integrase is made up of 3 distinct domains, the N terminal domain, the catalytic
core and the C terminal domain. The catalytic core domain contains all of the
requirements for the chemistry of polynucleotidyl transfer.

Virus vectors and particularly adenovirus vectors containing multiple foreign genes
are not always easy to produce. There may be problems with the stability of the
vectors, and difficulties with getting effective expression of the inserted genes. In
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activity of RT uses RNA and DNA as tenpl ates

i nterchangeably and |ike all DNA pol ynerases known is
wWaQe@bl120089 i nitiate DNA synthesis de novo, butPCEHPI00€804854

a pre existing nolecule to serve as a priner (RNA).

The Rnase H activity inherent in all RT proteins plays
partinglar sdemvirabes obrdaipimgl morertharephe eampenthan twe by i ng
pollyietiddNOe§ 6120 BBula DeldNAd Hiy Al BeShsheanR ®@dsn sliscessfully
pro%ﬁ}:&ft ively degrades the RNA fromall RNA - DNA hybrid

ecules. Structurally the polynerase and ribo H

occupy separate, non-overl apping domains within the

Ndrdiuncarvenimatg adeeovirtises cambe tidvilateld from the eneBehteriTiyempretodes

of &ivhp éﬂiée§3§}hhﬁﬁbﬁzeé%dﬁﬁé\ﬂr©§eé Bﬁecétﬁfldi%rﬂlzlsﬂﬁ'!ar to human
ad l“(')V{r sgg %Q%Egﬁaﬁw{ Pc%)h%gt ow(ﬁﬁ; (‘?e?’etgé vfr ‘?ﬁ-ll?lr?\é?%tcgl?s . Yet

chipanzge.adenovirgsiegiane p?\‘('?@?neit'ﬁ@'b/di'ﬁ%‘ﬁt fé‘?mtt'h%m%?o’@@loﬂ
hurhae semetypesi(Ad2 aRiNAJG e nRares isslesoglosely relsted ito aedis sisolBiidally

distct Fofh PSYEBESE ahg @nscriptase that is present in the
I nfecting partl cle. The integrase (reviewed in Skal ka

AM "' 99 Adv in Virus Res 52 271-273) cogni ses the
Thergdpse gertain sizeirggrictions assegiatgd M@m%%@%@fmpé@"%@w
aderovialsdsNAUnoaraadermiviradesarave dineability te packagatupl ty SI@5% or the
wnld %8%%ﬁ6h@”end¥ﬁ@’et§éttaqs199@ .I‘Vl?ol 'B?S(‘i 0)P541 Fé'i‘ﬁ él@!}v%?t S
paqGoIng T L PP AP GGHrS, R R TR 6 BRI g Ty e
gennms lenathPedsi eleb 4994, WhVitchd1().r38938A i n vivo - the

| arge protein - viral DNA conplex isolated fromthe

Thérdfi& fﬂueéjnéliﬁ ﬂgsfl‘nggﬁ Oereavd ‘n‘aedagtah%t P | ntegration

conpl e |tates ursition of the host

cell genes by progeny viral genones. The integrase is
Theyargsentgnintign grevidesan aitamavings, vectnas delleted imi angl ordasrairegions,
whith @e€tat edniiprisesensatyrutibotite o pdipiutigvtiieslendiding dtheast three
Hl\PQﬁt%lteﬁg bF | ﬁﬁo%‘ﬁ@#t—ﬂivﬁ adr%n’@hég?rt ¢ FrgﬁmFﬁQLEh%rIEHP\%érem

for cleot]
the,y8Eiop rsscagﬁﬁmpiﬁtx?;@aﬁlag 5 29655 PF (AOmeRE SF SoRANNSS 1A g
mammaliap lhest andewigreigehe siza oé theodeletlonaays tbasizetoh ther ldice.
polyifiledtio@wr b@lyrmid)éﬁuaa:-: ald $Uthtthat thé aberkil ten fcn‘ oftthé vector

gen%?r?é grb%twé”dﬁ 5:“?&; ll@é"/L tolf e J%%tn ogﬁ{ \ngt ﬁ%a {;e\!r?ome.

expr essi on o nserte nes. npa

adenovi ruses contai ning nore than one or m)r e than two
In drle\emlzddiment af dhe presentiaventionthe HY argigeéns eneodeddyyi the
poljlcRotifé oPBEIPnFIISHHEES ridylbe GaPNEFeHd Pol. in a further
embodiment, Pol may comprise the RT portion only. In yet another embodiment of
the invention the polynucleotide or polynucleotides encoding the HIV antigens may
be arranged so that they are transcribed in the order Gag, RT, Nef, i.e. so that the

Gag portion is at the N-terminal end of the resulting fusion protein.

The size of the overall vector genome may be for example from 90 to 100% of the
size of the wild type virus genome, or from 95 to 100% of the size of the wild type
genome. In one embodiment the overall size of the vector may be about 96% of the
size of the wild type virus genome.

Particular HIV antigens for inclusion in the adenovirus vectors according to the
invention are Pol, Nef and Gag or immunogenic derivatives or immunogenic
fragments thereof.
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Non human primate adenoviruses can be isolated from
the nmesenteric | ynph nodes of chinpanzees. Chi npanzee
wWa@eo®aoniosuses are sufficiently simlar to humaPCT/EP2006/004854
adenovirus subtype Cto allowreplication of E 1
deleted virus in HEK 293 cells. Yet chinpanzee
Sucltladenovirus escters engyhlye togenatédwith phatimaceutally acoeptaide
exdipém, @efmaﬁéndihwﬁlwbrsaﬂwame@ prélZeamehuh@genic BampBsitiéns
. . . . |
B8 BRFRELL68 RS2 o8 s LRUBIEALL i B
propyaxis of HbhiTeediep@nd™dSwi t h i nserting het er ol ogous
DNA i nt o adenovi ruses. Human adenoviruses have the

of l@gé Initthé! Eééte?ﬁign{fég{%n;ﬁ?% ta@er\q]cgﬁ\'i_’r/:%%%’sf wﬁigﬁ a%bbigtiﬁdt’ ﬁﬁng;g'@)%@nt
natfily PS%gF'”_%a%ﬁ?‘%gPﬁéP P eRlandh stk 007 sud ab) s
avaidssthedndyistion of pRemSmBMe RePQNISEE ag9ipat the Nester Whikhdimits the
efficiey dfsubsequient &dhinisiralibmodf thd 6dine s8aAvbed)y bldtiing vector
upt%}r(]é tHro@H & aliang bRt HbfidklentRgGg&yne against HIV.

e present invenhtion provides an adenovirus vector

del eted in one or nore regions, which vector conprises
Thys, s geaneVisd may beranmsiepavitisentichiisnot adseNarnt asturallyst
ocdufrirgehurhah dnlsl gestgper Ademourogeyisclatéefrorabhivess dve
NG i e i o g
PhykGene gAY SloSe rEelreRARelisa o UTE U TAEPER RORTUTEN, o
adesfovirks sdelh 8s AgiMian@denevigis 2ad ot partteulpr &/ chipipanaes aderniayisus
SUdPlasRArY 5UB; [7esitd. BRampled oF daéh stiaihs biltedesvatad in We0gtdooess
oot S LB R o RE ooty Dok
sod e e A o 1A g e o LG ©F
chippbyzeesdenpvids strainsoarg Manl BTG YRAH1]Ran@ AT Gl VRadRR],
and™Phn 7 [ATECMR-EHS] OttiEreditame hdemplirus@yin€RE®, Wigut MAittbn,
chiﬁﬁ%ie%rbo%ﬂ%)%irusleg d‘leénqaﬁé’é théngg,'&%ghﬁ%h Ug FE%ﬁt No.

i hvention the polynucl eotide Or 'ROl ynucl eot | des _
6,087,¢ 4% 3 %‘fﬂ@nrip%nawqugémc'w, péhavtlimigban Sy 1tIMBr 199heyV25
[SVa2@1]t BdE SV 150 8 Vi3, I9Ve 3@ r1eB7 Gargl, baRbon ledenovirue . [VEB275],
ambh@btheRe ThaGefOEride8df Pan &l (alsblethddeC 5y, Pah 6980 % rmid¥eCs),

Paf {1450 hfhel 2 8 P V28, Bng SNRSHIERE pen HESBEGIRI0 o
03/p4R1 24 E!gb'tﬂ-“e@ Relulie POy eey pisasIntpEpriiaeal Batent RikligatiqroNo.
WQ 0046614, wiichsdeserilbds byteidwidedovisysevegionoamd veéatorsroenstructed
frorarshRidh B8Bhovidae spver al | si ze of the vector nmay be about
96% of the size of the wild type virus genone.
Chimpanzee adenoviruses are thought to be advantageous over human adenovirus
serotypes because of the lack of pre-existing immunity, in particular the lack of
cross-neutralising antibodies, to adenoviruses in the target population. Cross-
reaction of the chimpanzee adenoviruses with pre-existing neutralizing antibody
responses is only present in 2% of the target population compared with 35% in the
case of certain candidate human adenovirus vectors. The chimpanzee
adenoviruses are distinct from the more common human subtypes Ad2 and Ad5, but
are more closely related to human Ad4 of subgroup E, which is not a prevalent

subtype. Pan 6 is less closely related to Pan 5, 7 and 9.

The adenovirus of the invention may be replication defective. This means that it has
a reduced ability to replicate in non-complementing cells, compared to the wild type
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Particular H 'V antigens for inclusion in the

adenovi rus vectors according to the invention are Pol,
woedocam®34<ag or i mmunogeni ¢ derivatives or i MRECIOERVNE 004854

fragnments thereof. Such adenovirus vectors may be

fornmul ated with pharmaceutically acceptabl e excipient,
vinsarThiemay bdibroeght about tydputatimg ﬂ'\et\(n‘uplecgjlhweieieﬁng RQERi C

invEI08d ﬁﬁ!ey.c%@n | fBEEXHMHE dBlRBSMBLBEIE1GAE 18 EY 8EES BEne.
conpositions suitable for the treatnent and/or

prophylaxis of H 'V infection and AIDS. O use in the
Th?) ?é%fél’YtrW MeRSi I ACGardanceamy ihe (psesenhinveRtiogy reay; Pe fertigation
defective guicevdhasrdompaisingad fupctim@UEN idetgptiser THusths adendviras

vediIEBR-AARY |t?tﬂ‘|é3ﬂv§r%fbh Asy Kl fephBstiofderectinl %u@‘(&tk@%ﬂs@ﬁce of

e A SHar s #2h et B4 1‘E|r1§aco & Yo aniiggte m Era
anchEitb-niTBe reponbinans Adenqyirysgremar ASE\RsEr Bupclionst Relgtions in other
gene3(b&s WP 03/000288] doradxaneiy, ideletishs th E®br BodgnedThe

adérg)fv,r&'se%éy m%é%?%%ts %QVBe eﬁlrmﬁ]a?é%eﬁ&wtﬁé@lfrﬂgry alhRtus

t .
seciengs Mhieh TmRRTL ot reesraiuant Y b paBest E346 BPba
nedessary 4o theaprodictivs of theuiesPmgineal adengivisus particle apuisdit is
unrit2¥Sshry RERpRize andifunclivreoftidRne rédutiin drtiér to package a
recBméln%g?aﬁﬁébr{:gdén)éw?usﬁéseéfm i e%\%#mo§plﬂ%nfer?“a (JuYar e %dlment

thedﬁ%"\’)f‘?'ﬁés'm %ﬁ’eﬂ%‘f"i“is% F‘l%Ye g’"&‘i‘ﬁﬂ?ﬂéﬁ%’@l@"i@%ﬁ'&@k? g&nes.
The cortstrasticPeef sich §ectdrsos describedripRey ebél. surhas Cene MThewpy
15:0€3-680,08d4i N WO03/ 000283 and are avail able fromthe
Anerican Type Cul ture CoI | ection, 10801 University
Boul evard, Manassas, Virginia 201 10-2209, and ot her

Recaubipard adppayiiugss mayalsafemsstripien daving @ fupstignakdelgtion of
theBaingéne], AlMROGHR 58y be dPsirabte {oAECM WR-EDIRFodndctiean 7

Adénfbw&, V&té@fﬂcc?r@ ab tidlinlaMion ASEARY icbharSa aBlisHl.the
el oo B, DR A BREES AdE R G e o8 14
thr%WaM&éMm‘%@mwwmﬁwe wimiaslydelstions i then  sv1
intgrivibdib85geneS\VX mnd Va Pl he BéBB; SV15; SV-34; SV- 36;
SV- 37, and baboon adenovirus [VR- 275], anong ot hers.

P 6
OtER FBFAHENEY Be Madea it SieP Aulcficbd ngpletr cfpadeiifls
gengg3dhe, ab@/edteéﬁloeémy Q%BFG[W'U'QP@ 6&?@“ WV%W%‘G"C‘E
for dsaim tA6 PBsenSeeent@ngoay tortain matetionsbf Phbelpt Alternatively,

del&ldpsit BhiiRheNes o%@éﬁ&ﬁ@%f eYBLRR tg %%§trrd>)}3f?l§|r tP)Yoti’édlé’ell

acti @)é VIbr R éeCt ycom |nat|on }:8{ gxa%)pe in org:et e>gemplary vector %He
dael8Y PP s

adenovirus sequences may have deletions of the E1 genes and the E4 gene, or of
the E1, E2a and E3 genes, or of the E1 and E3 genes (such as functional deletions
in E1a and E1b, and a deletion of at least part of E3), or of the E1, E2a and E4
genes, with or without deletion of E3 and so on. Such deletions may be partial or full
deletions of these genes and may be used in combination with other mutations, such
as temperature sensitive mutations to achieve a desired result.

The adenoviral vectors can be produced on any suitable cell line in which the virus is
capable of replication. In particular, complementing cell lines which provide the
factors missing from the virus vector that result in its impaired replication
characteristics can be used. For example, a complementing cell ling may express
E1, or E1 and E3, or E1, E3 and E4. Without limitation, such a cell line may be HelLa
[ATCC Accession No. CCL 2], A549 [ATCC Accession No. CCL 185], HEK 293, KB
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Chi npanzee adenoviruses are thought to be advant ageous
over human adenovirus serotypes because of the |ack of
WEe@ead2034 i Nng i Munity, in particular the | ackPGF/EP2006/004854

cross-neutralising antibodies, to adenoviruses in the
target popul ation. Crossreaction of the chinpanzee
[CGld¢TioDetrait fesg. WDetoipb 80, &3C s ?2]rag1driélir68 {CCki7hpcellst amony

otheRS TABSEEeli Ihe8 ke alPBESIADke frdin &6 Ahelidt TyedBliture Collection,
10%&3%\6&% RS@%npaa}E elglam:ésgs 3\5?//669119 é(ﬂeI 0%25@ %th&e&}l@b% parent

adenovi
celines Ay kesetained fr@ﬁb?t?‘ﬁﬁmff?%ﬁ’rﬁt‘ﬂba?rﬁﬁg QQ@rﬁB}? ﬁé man

repsedentgudsy thd ZelisdepidBed boderdt GAGO me. 86Q2OK0 at e wdpean
c:oiw@n osﬂﬁmgl ceH *@Qﬁt@ﬁgg éEgA‘(()&‘S@e)I%If'tHre:Ctg}?éed@tr xgbgnﬁ I%I%Foblologg/
y
an@ﬂe%&ﬁ %@Q@r PL@ of the invention may be replication
defective. This neans that it has a reduced ability to
Thé gwbkntion grovides) mnarotings las pectianregienelitus, vectonpamedsihg at he
polYﬁddi’e&M@%Y bBNﬁuclércmd%s @fx?’%&?ﬁg by I@é@hﬁlvaﬁ%@nsbﬁT "NEBdHd @ag or
mipuge oo tes o iR TwabS e Fadiais s BniR g Brags Gaog T,
Neb thatis {§esay anaHieNQdBISECIQ SOTPHSiIng @ Aolynyeleatidmate wit h
polymeiqutides Bhcddmeattiéas HvantigenseRIT | NeftandrGatpdeininhurdgenic
der"f\gﬁ%vérrlHﬁn&% ﬁlb?ﬂa Fhefitd tHB gf Qﬂé‘ﬁge%%otﬂs{ tﬁexgﬂe tra—r@:ﬂ:ﬁbed
tbh% cgﬁawvh[ru rs accor to the 1 nvention
in the of Pa ef ectlve due to the absence of the

ability to express adenoviral Ela and Elb, i.e., are
Foff exagiple®anbbignalirletesiot scdotdin@rtthE liventibre mag corpris@at

pol G RIEHE YRE ﬁ@éa@@?%g?@g{& g ajHi HQF\%JWQS ﬁ%gﬁl?ge'nfb
n or e eti1on
fraanerﬁéh%r%Ei Si6e oot QUEBCRENSRARS BEF fgene
imrE3nqgepichterigativel arameuinpbgenic fragmentiharechdases/iorNef or an
imriGSHiRARRIeMAB/R dramffunBgéic rhgineat theRftndamidel tHelsontrol of a

sm%?%e&éfglgéb@n%r‘afnoﬁ% Wﬁer‘%ﬂ{ thQQféaggﬁ‘cﬁ’pgn {)Pthgtp%ngrsoﬁﬂégéﬁt% the

enovi r us
5 tEHRESE tﬁ?foiyau?%ﬂ!d&ce the function of this gene

product in order to package a reconbi nant sin an
In AARPYAtIVE B mboRifrkéntion tHdiAvériibANEAPIbf thathPe amifehnk G311 ar

xR tgﬁg{; OB SFABIEP Hon oY LA BHALOM) HHRS LAY
diffgrenk dlp M%tt? esrenpdiment of Hiesinyentigadwe phie thwe@gygg@s forma
fus@h, linkddraa siBgteepromertenandlibe TGk FBigen 20dked Re acebonthnt

roﬂﬂﬁéTOWthH%%/ wﬁhe@aﬁ%}f &Qﬂlﬁ&@ﬁttﬁ&ﬁtﬂ%dﬂrgﬁyﬂoﬁﬁ)t& For example
Gaééﬁgiﬁgﬁﬁé‘ &l Bk bRt fnise ioe b Reee
o¥¢&fors according to the invention may al so contain a
deletion in the
The polynucleotide or polynucleotides encoding at least three HIV antigens or
immunogenic derivatives or immunogenic fragments thereof may be inserted into
any of the Adeno deleted regions, for example into the E1 deleted region.

Although two or more polynucleotides encoding antigens may be linked as a fusion,
the resulting protein may be expressed as a fusion protein, or it may be expressed
as separate protein products, or it may be expressed as a fusion protein and then
subsequently broken down into smaller subunits.
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del ayed early gene E2a. Deletions may al so be made in
any of the late genes L 1 through to L5 of the siman
W@ad®eoos4us genone. Simlarly del etions in thePCI/EP2006/004854
internmedi ate genes | X and | Va may be useful. O her
del etions may be made in the other structural or
In orenaspect theupraberddavention peovisles@sfusith greieinexprested by ayector
acdBRin & theasldnfigh ibAssdmple, d fuBionRotemEstoNidedSwitHisithei@nan
boéapr use in the present invention nay contain deletions
f E1 only. Alternatively, deletions of entire genes
or portions thereof effective to destroy their
Onbioo hage oathedtlVisequencesyindledagsiodhe vedonyaccordinightattheimvention
enddlingt g e Gal th'F'@' ﬁé?&?!c@ﬂ&n ¥6trhigéd fdrfhﬁiarﬁﬂﬁﬁ‘&%éllﬁ?’fﬁr
) nge ay et . 0 e S.
x e ST gl The eortis & G5 efireb Iy Myha PR AR Lo
use; @edPrEaptirzationof theseddViseabencssds fumbeedessiged in Wy
03/aR8D@1b, and a deletion of at |east part of E3), or of
the E 1, E2a and E4 genes, with or w thout deletion of

Forge%agr{hﬁj%ﬁge g&y?tfsgg%cogiddg %géédi%gG%éna@r ngéitti\aelnagernofv#bsl, vectors
acqopiing Fathe divertiem may fhercogah ptinised as diseuased @ﬁﬁ@r ature
sensitive mutations to achieve a desired result. The

Th@élgp%\ébﬁ@:@ﬁ&ﬁﬁéﬁ@ﬁ@%&&%&%ﬁ R hvetdrARb$ exclude

C ine in. ch,. virus 1,S C bl e of

theiSag po bOVesPliofnaing éﬁﬁ“éeﬁ_‘,cec&ﬁﬁr@ FATPIEPT2 PPes

sequMenes fq5uge inithetinentiar comprisassl Tnnderaddtansoding gequences.
vector that result in its inpaired replication

E RRSELERISHLS 30 PR o B HAIP Bt ey oo
raresr GRS AOIIY Lo R EhRASEON THEHGR Tipives fers be iyt of
W fryntepham229dorHK (xsinAT ose MQOY8R50Mo. CCL 2], A549

[ ATCC Accession No. CCL 185], HEK 293, KB[CCL 17],

rQiL r - '

Théggltl'lg%’n-ta id rrg ﬁgmg)@t F:)‘f’ 'thtﬁlé ercliegﬂ;eﬁ%hetgg girllgvggﬁﬁrﬁ[e%egt?Jlbed
abae i ifh BE U ersiaRidhaLiar RisenoRing sediiensedneifediochen,
aden@gious istareacsdndingBo diheinaeatjonvhanbe arssem indhercentetof Pol, or
a fra aaocs}.Pﬁkh@diﬁf@t}l@é&mma@n&m@meﬁg of RS rdTBiN rﬁ’éiml' CTL
on@BLELIE. 16 B 2550 SOee e B SR ROk B i e
P68y ®' &' t he European Col I ection of Animal Cell

Cultures (ECACC) at the Centre for Applied _
OphdriaNp e\ §xdieqasskcor 658 Mthé frRiodIrundited itd vedhdete
sed%ﬂc\,/é gﬁcsod'ir% tﬁg‘ﬂ[ @%in?ﬂ%gﬁ)tn i@ ré?fﬂ&{é(l)w Irrz#lrﬁ 3\6§§t8%ramino acids,

conpr i si ng “a pol ynucleot’i de 'or polynuclegti des — _
for gxRrBRIP HGMHEO [:8 BminO\ACiHs: PgRiqylapht theni ferminpl Gagmipo acids
(the lattemtogreation Baeferedito bsreim as trivef)o ddtrrmativelpgnadditonally the
Neft gy B ddifietiNe r&th&RY of@8h mbre myristylation sites. For example the Gly
2 myristylation site may be removed by deletion or substitution. Alternatively or
additionally the Nef may be modified to alter the dileucine motif of Leu 174 and Leu
175 by deletion or substitution of one or both leucines. The importance of the
dileucine motif in CD4 downregulation is described e.g. in Bresnahan P.A. et al

(1998) Current Biology, 8(22): 1235-8.

A construct according to the invention may comprise Gag, Pol and Nef wherein at
least 75%, or at least 90% or at least 95%, for example, 96% of the CTL epitopes of
these native antigens are present.
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Nef, that is to say an adenovirus vector conprising a

pol ynucl eoti de or pol ynucl eoti des encodi ng at | east
wokogearmsgens RT, Nef and Gag or i mmunogeni ¢ PCT/EP2006/004854

derivatives or inmunogenic fragnments thereof arranged

so that they are transcribed in the order Gag, RT
In aednstiEot acsoeding to the inugethovhigh coawrises a‘c?d@?“d%ﬁg, pad Rheand
truhdHENNePss Memgé,%w?mbmcé;ﬁ@bési ef m_am?w Ga@ﬂ’?al and

ic derivative or imunogenic fragnen

Nefﬁg@%g%?ﬂ%ﬁgggﬂto a pol ynucl eoti de sequence encodi ng

RT or an i munogeni c derivative or inmmunogenic
One reathodinhent lo theohyerftios edovidesNef adanosinug vaotoTagerprising a
polgﬁhﬁdlé&iﬁé‘b‘? F@l&?maw!aeg QALSdihg pOTRIZY (bp@hieed) Gad pesRier

. r , - r r..wherei
(R e JhlsBote et (AR S AR Qe Rt R B armhB Bt
85réFNPﬁg@tB?OFﬁécﬁﬁbﬁﬁuUPEotide. In an alternative

enbodi nent of the invention, each of the three

CoRfthueAS o inG e FhRAtidM InelkaB: i ts own pronoter, each
of said prondbters may be the sane or different. In yet

anot her enbodi rent of the invention two of the three
BT RAdrisodat pptimised)i@aRg -| RGO (¢aslon optimiged) pr buRnaiadNef,
&rodcdtbaNefhi peb RMt(Capom omimliseth ed pll D, p4secdordogintset)€ag;
Wih&ledidr D917 NS L@BBoRbpfhEESr €8S -f pEERINEodd sHtimised);
o e Tied abd TKEh bt R
jmi (58 ARUISeY) G & KnpatedNer;
pPe iRdt (epdomeptingsedinudrunseliedblebr pbl. pRA deedon apdimised) Gag;
ez op2f(rodbn bptdisetihGag -Hirvih@mnédNEfns p66 RTtbdoyeptirised).
derivatives or inmunogenic fragnents thereof may be

T, RENRE P 5" PR s iRt of (1 Wresk el oy mersliksy
sequgneepplepenidn betwegasdhepewitinggs antadienGagyT Bed NehiGugh
linkas séqdensed may thee for @xéiinpieN dp By 20 @mnd@ydDie [Engek.a6 Sqshricular
exapIE S B BS frbf 1 & 1d| %m@yacﬁ)g, 8%95&51%35 Qrﬁin%ea;& safdr

rqotein products, or expressed as a fusion

ex%?‘g?gitﬂ 4AN? RESsubsequent Iy broken down into small er

subunits.In one aspect, the present invention provides
ThélpblySlcKbLLIIES bEIE REgENE FveAtidhmay ¢estbipIfussrH Il seguésces. In
par]ii&ﬂ%r!, We?%é)ﬁiﬂcluﬁgrl-ll\?)éﬁ | Reind of M%Qﬁk%g%ﬁc‘ﬁqpeﬁve‘g%ced
. W thin the human body. One or nore of” the
ImraWAAeACIEAGMRN1S, IEEP T n SURRPIG &5 of g8¥ GFiamty % gP14fkand
gp16d Srthercwitatrie b4V sgquenges Mefudedad atr natTimited thdat GeynVpu,
Vpiodrid ik Seihs ftied invamasal fuaRerGbliSes A®Bdenovirus vector comprising a
polynucleotide or polynucleotides encoding HIV antigens RT, Nef and Gag or
immunogenic derivatives or immunogenic fragments thereof in the order Gag, RT,
Nef, together with an HIV env protein or immunogenic derivative or immunogenic
fragment thereof.

PEOEY Goosrtoumiadl w7 G

SR o

The present invention furthermore comprises an immunogenic composition
comprising an adenoviral vector according to the present invention in combination
with a second adenoviral vector comprising a polynucleotide or polynucleotides
encoding one or more HIV antigens.

It will be understood that for all of the HIV sequences included in the invention, these
do not necessarily represent sequences encoding the full length or native proteins.
Immunogenic derivatives such as truncated or otherwise altered e.g. mutated
proteins are also contemplated, as are fragments which encode at least one HIV

10
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exanpl e such that it/they resenble a highly expressed
human gene in their codon use. Codon optim zation of
w0 b@sa2088d/ sequences is further described in VECT/EP2006/004854
03/ 025003. For exanpl e, the pol ynucl eoti des encodi ng
Gag and/or RT in the adenovirus vectors according to
epitdpe, fonesarnplera Ghly ebibonso tipicady aipeptidaiofal lehst 8 anyeelacids.
PolFR@IGotidEs Whichtrizede aTegmgnt bha 18sk? BOTor eNSmPBRE-P0 amino acids

or Lgocfboédj spg(a%%t H‘Sod' 1'@6%?%8%%8 aﬁé& Hﬁ?ﬁ%tw}a‘?e %&.&e@fed to fall

w'ﬂan@aﬂ;sgo@qlpé theinyetiofas 'ng anthe; eﬁ\?@ﬁ%q B'PQ%erﬁﬂ?Xp@B dey 17
deraonBtate i amtigedicity tsatds nsaysthatlthe nidjors@ Huepitopensye
retSREPBR IR dligbak b@ﬁ}géﬁtlo%u WJ@{"@T@beYodeQ%é bR REWin as those

It
whici 553 Espai Sl 28 mRibs Veteoneri el el vmspice
motecyles §hRGeIDOthe PolyRUCIpgliderequereas WG’/‘W@GUQ inveptiorpmay
repgaeseet a fragmeatpfcat dadst 60%t diehdleggthrof Biod nativecproteirt, vnidHl vV
ER'HRayo rﬁiﬁﬁ %dt%s%%nch'r&tamsl dt Ié%%t HRé ﬂﬁ@%ﬁ%etehﬁ\t

e _adeno

rag RO
derog%i"aT 'ﬂ'ﬁf’?rmg%a'cﬁ% ERaTHhOaNsEaRY Bt BE nERSUR oF xample
by measingt antibody oresil-mediatediresppnses. Som"arm iramEBRESTE at
derivatigds d<tordimirto the ageatidrsmadt diehorstrate IHIVN@Egtigenicity.
Imrﬁ@r'lcf Fbgiéﬁ(/ato s mé)ﬂpr%() 3Bk Jdtéwt% Q&Uéln?agfe%-(le" the nat?/e

projef st 3% e rdeReta b dn e e, B30 iRl
undesirebieii uroa vaecing anfiggnsdch as caryve acthily sBHLenE&%encodi ng
dowriregiiatic?r (Nefial THeagh I iucleotide s€quRvides Afay foeBd3R obtmided for

maﬂﬁ?lrﬂ@n%? érjfn Ilrfeﬂxnt ala cﬁat:?rfﬂg?ﬁ% nf)é)ctgéf @lglsﬁ\%nﬂ% S

6 5 termna no aci atter
SL8¢E8h is referred to herein as trNef).
Al'ternatively or additionally the Nef may be nodified

Thé PresERtNENnBoR frtheRPrdvidBsrd mkitodlof grbp%hhgs veEm aBearaing @
the |ﬁ%n%r¥cgmp?(§lh r‘ié'{f%ﬁso& site may be renpved by

Ion. Alternatively or

a) addPVigingana eﬁ’@"'ﬂé?"erfé?f' be nodified to alter the
b) di | poviding amptasridodariving the 41 atigeruseliuenbgs ofrably on or
S Ubgrikiet W b%ﬂngﬁle@ﬂﬁn&ér both | euci nes. The i nportance
of r tion is
c) de ﬁ%&éﬂné%@h&%tﬂ@&h thé ﬁla% %RMe%#{o 1998) Current
d) B o?l?@j‘ﬂ}“ %{fﬁ%’”t timesto rsecom%faﬁﬁ@w%e?aﬁc%& ding to the
e) i nveegbvarimgrmagorobinpnti ires @actor Eatyirgitie MV antigeri N at

| eagdquéhdes. or at | east 90% or at | east 95% for
exarrpﬁ 96% of the CTL epitopes of

In another aspect, the present invention provides a method of raising an immune
response in a mammal which method comprises administering to the mammal a
suitable amount of an immunogenic composition according to the invention.

The invention may relate in particular to HIV-1. The constructs described herein may
be derived from any HIV clade, for example clade B or clade C, particularly clade B.

A promoter for use in the adenovirus vector according to the invention may be the
promoter from HCMV |E gene, for example wherein the 5’ untranslated region of the

HCMV |E gene comprising exon 1 is included as described in WO 02/36792.

The pharmaceutical composition can be administered in sufficient amounts to
transduce the target cells and to provide sufficient levels of gene transfer and

11
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these native antigens are present.ln a construct

according to the invention which conprises pl7/p24
wW@R@s/1pds4 RT, and truncated Nef as defi ned aboRET/ERBV6/004854

of the CTL epitopes of the native Gag Pol and Nef

antigens are present. One enbodi nent of the invention
expessionitespravide ddherapeutic banefiowitmirpndus adyesse or with medically
acmkébnwgm%%gi&l effets) WHIYE c&® bé deter@imed bynBodelskilleddd the

g?ﬁvgﬁ?z?nal ?ﬁ &ﬁgrn(a%%g |<£HII§ “:ége\.erﬁtétgl%J p&ﬁéggf Mlalstratlon

inch:l_degngt are potjgpited)to; ﬂrqchge y,ea/etPQ@éetmR-pnd ,qél?er mtraocular
del@ensmethot's, diecbdelivery to ¢he liver, invadatiano mtianasaldetravenops,
intrafus@44r, (rﬁt%@@ﬂhé&?tdd%&%ﬂéo@%trade%lR"cha‘F Qﬁ‘élrhnd other
par(eg%a%]ﬁo@t %oﬁ?é@@js?rég ﬁoutgi Ef %@rﬁangsﬁl}ag oy m egso med if
desired; pmﬂj@ﬁt@@ fppending ypon tbg,gep@@mcbgtt ficerd orGa'@e route of
admbcstialior pocharily ayiit depemedn thd napnsé oRhe(coadition bping rteaéadi)

- p 17, p24 (codon opti m'sed) Gag - truncatedNef; 5.

R cadon ncat
DofZsai th ey wilgpon i %mi 4 SRS s A s pdiction,
beigg ¢reatedy iheaeewrisht angBealtof the Bafenbmndrmalkiiys vafeamong
patfemits/ N ee@tnptée therppélytmaW effddtide adoit htian pr estenary dosage
ofl‘h \(/ﬁQIt\)eggarr]C il M}r% é%ﬂH@M%&%u??(ﬁ?ﬁ[‘E éﬁ&%é\%ﬁﬁofa
cargi %ﬁ%g@gﬁa Jesrativns S S spau 133) ool RdOsdAiees,
abqnéﬁgt‘rp tm1a19arnaﬁ¢q95aprémm>e1 "Heyix 18y nsstidlesovifus. t o
Dod&he’drwiin Qar@@ldépencuhg Upomthk dige 6f tA8iaRinatahd she fo@te of

adrﬁ?ﬁ%‘?ﬂ%’tu 2F6r°ex% %oslﬁﬁl(%%%unﬂ?weor% eWﬁHﬁ{ ?%% r 9bodth 80
XS

|nven | ta ences.
kg P "b‘ﬂi) s plipapsey wég»eﬁw PiEIEdaes O it ol d5et 5 x
107 lp@gmr olLdéariasingle ste. oPptionalioyeitiple sitesighedmisistration
maly iberdeMVere@Uir sdtiterfextmpled seidblahentipb?Yetetinddicdage may

be %QQang&?boﬁHr&%'”g 'ébgg?iﬂ%“%%ddélvb?gﬁ?%‘ﬁor Hufbtion.

O”Pﬁ’vé‘fﬂ' f efaGr’P%? JH?‘&O?% &n gierqrsth %%Lit%Pf
admoimpiatien, rpdahe teyaneasitie or vakeinal applicatiorcios whididbe recombinant
vedtora® diipybll Vil @18 05 eXPresdNe ofRd t@gpélftlclp'ﬂ@ﬂuwgﬁfﬂd)rcan

GR35, L TRAGER od, BATBE b BEhS boldPrliine

fre‘&#‘*"i%ﬁﬁﬁ?ﬁ@@ﬁ@é’"ﬂ’é’? r‘?/téﬂ"r veet other mathresdAf ée PF‘A‘QWQHFG timing of
frequemce of adminéstratiers eilitbe neadit apparénite bee nbskdll indhpaitses

an i nmunogeni ¢ conposition
Administration of the pharmaceutical composition may take the form of one or of
more than one individual dose, for example as repeat doses of the same
polynucleotide containing adenovirus, or in a heterologous “prime-boost” vaccination
regime. A heterologous prime-boost regime uses administration of different forms of
vaccine in the prime and the boost, each of which may itself include two or more
administrations. The priming composition and the boosting composition will have at
least one antigen in common, although it is not necessarily an identical form of the
antigen, it may be a different form of the same antigen.

A prime boost regime of use with the vectors of the present invention may take the
form of a heterologous DNA and adenoviral vector prime boost, for example, a
naked DNA priming dose, followed by an adenoviral vector boost, or for example, an
adenoviral vector prime followed by one or more naked DNA boosts. Such DNA
boosts may be delivered by intra-muscular or intra-dermal administration of DNA, or

12



conprising an adenoviral vector according to the

present invention in conbination with a second
W@e®aoiosal vector conprising a pol ynucl eot i deP@CF/EP2006/004854

pol ynucl eoti des encodi ng one or nore H V antigens. It

will be understood that for all of the H V sequences
by particledzedelerativh éedhnigers | Alternativelyesugb arpsimenkeeass segiine could
corﬁSrﬁHeer‘é?@iarﬁﬁg BEERM SNCadtnagirdINeclor bbcdréiRgtdtHerprégdrtVve

B IR ne STHABLE EoBELNG o 531ch e bodRgBe O

er Wi se otéins are
corppiiRinthiteadenovis vegter ‘?rrfﬁigﬂ’(‘?rﬁ‘ﬁ@e eES KIfRSiRINg Hopegpprises
an adenddirsleyEctarped theboastiagplose ao@ptisespa pofen. typically a
pepti de of at |east 8 am no acids. Pol ynucl eoti des
whi ch encode a fragnent of at least 8, for exanple
8-10 am no acids or up to 20, 50, 60, 70, 100, 150 or
200 anmino acids in length are considered to fal
within the scope of the invention as |long as the
encoded oligo or pol ypeptide denonstrates H V
antigenicity, that is to say that the major CTL
epitopes are retained by the oligo or polypeptide.
Maj or CTL epitopes are defined herein as those which
are capable of eliciting an i nmune response in-vivo.
The HIV pol ypepti de nol ecul es encoded by the
pol ynucl eoti de sequences according to the invention
may represent a fragnent of at |east 50% of the length
of the native protein, which fragnent may contain
mut ati ons but which retains at | east one H 'V epitope
and denonstrates H'V antigenicity. Such HV
antigenicity can be nmeasured for exanple by measuring
anti body or cell-nedi ated responses. Simlarly,
I mmunogeni ¢ derivatives according to the invention
nmust denonstrate H V antigenicity. | mrunogenic
derivatives may provide some potential advantage over
the native protein such as reduction or renoval of a
function of the native protein which is undesirable in
a vaccine antigen such as enzyne activity (RT), or CD4
downr egul ati on (Nef). The pol ynucl eoti de sequences nay
be codon optim sed for mammalian cells, in line with
codon optim zation aspects of the invention as
descri bed herein. The present invention further
provi des a nethod of preparing a vector according to
the invention conprising the steps of: a) providing an
adenovirus vector; b) providing a plasmd carrying the
H V antigen sequences operably

13
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linked to a suitable pronoter; c) transfecting cells

with both the plasm d and the vector; d) allow ng
waedobiizioaht tinme for reconbination to occur; aPCI/BP2006/004854

recovering reconbi nant virus vector carrying the HV

antigen sequences. |In another aspect, the present
Examplast i on provi des a nethod of raising an i mune

response in a mammal which nethod conprises

stering to the mammal a suitabl e anpbunt of an

Ex%ﬁﬁ]ué“i I C CE 4‘%' 0 accordl o the invention.
ConRBupgRnt frs ETES dels RS E BaF F dshaiis 1 v 1 The
constructs described herein my be derived from any

1. GneratiaAof Rekbnfbinait B1-DeRted Bvazs veaee C,
particularly clade B. A pronoter for use in the

adenovi rus vector according to the invention may be
A plasanic MEF RS IrYGtehERIAING the) eprBplete$V @?a?ap@e«mﬁ%ﬁ fgran
engihexréd Edrdetatios| &t g sitegfdine 6 delediohiGddghiiogesites for the
res&RABHA A %?ébselx@éhljan'dﬂ’ﬂ%'l WHRH wsuIFSIRA inB&8on Bf ¥hsgene from

a sgé{ﬁg HZ I/ngeotng u@g%unt ! res%%mpc%%%ét'te[ i fI%ﬁg%JJ §y hﬁge two

afmount's rans
enzygiegecogulionssitegvars inseasfde sufficient |evel s of gene
transfer andexpression to provide a therapeutic

A sPRIRETi¢ finker E&S}Hﬁndérlﬂé‘ @eﬁﬁé&%ﬁ%ﬂe@ Swél- t:3Halgie§ﬂ)c9!3)tlf|ILVEcoRV-SwaI

wa§EBERS i HBRI22 kbt B et Wi ERSrRCans Wil 75 g done by
anegine tgetieatwe synthetis- ofigeeers S¥P8 T (Brdddpl I PATIAEdA G f
CGOIACTIAGT EEMBATIRAGGGC IBGA IAT O TTAMA-8Y aho SWH5BE6L

wlqh* v dAer AJﬂé d@%ld@r A4 @é w/:@@w cdﬁict ANTTT

I ver
Wﬂf\ddﬂ%ﬁggng kit plGiaRs Giobs{edor iR By Nf&L it Jefténg(pot
to 11588 ot AHSYRS wasmqrmlent@dhe apeve liker brtween the Snamiand Spel
sntei@aﬂ'eﬂtrtyhaénd (2865 to FbaNbBAY SV26 WasRbHedidnidfthe linker

l%iﬁ tHeSAf Iﬁéeﬁdjﬁcw shés.© éd@%\/lrus}c ?g%%rtﬁéh )&{fed between
I B 0P 5472 1 8P LBB 203t ol dre Soresh e aasi oo, | 4 PCR

gertﬁé@téd d-GenI-PhécelaragsettefromipShaiied Ciandechh was gnserted tbetiveen
theExaRYaAd Shel $iesViThal 101684 bprxhel frhgrilepesTAdoS VP8I (bp203aNo
12%{%&%&%%@ !;get 8?%@! &uteO“nJFéeHeEngé E_%ts wBQSI égt%d with
! D& coBmiet \? W SORPISIEd hmgetic: ey 3@44 b6p Ad SV-
25 blfrfddstfragreeratdbpt 1984rta 30328 Metgenenate § cdmplete mofeculas clone of
E1deletdd aRebOIFUd SVIREELadld for the deherdtidR @ rédonibikiht about

ade]ngglrlﬁges 91.&%% aggre%ra&fsagné:@rﬁélegtrgd(?rﬂgttﬁé mfjggl and, Pl-Scel

é’? to abou 101
sites of {h ‘?:'i‘ ey crasing p&l 40 ¥eplar Rlgsmidy 1013 particles, or
about 1 x 109 to 1x 1012 particles virus.

To generate an AdSV25 carrying a marker gene, a GFP (green fluorescent protein)
expression cassette previously cloned in the plasmid pShuttle (Clontech) was
excised with the restriction enzymes I-Ceul and PI-Scel and ligated into pSV25 (or
another of the Ad chimp plasmids described herein) digested with the same
enzymes. The resulting plasmid (pSV25GFP) was digested with Swal to separate
the bacterial plasmid backbone and transfected into the E1 complementing cell line
HEK 293. About 10 days later, a cytopathic effect was observed indicating the
presence of replicative virus. The successful generation of an Ad SV25 based
adenoviral vector expressing GFP was confirmed by applying the supernatant from
the transfected culture on to fresh cell cultures. The presence of secondarily
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Dosages wi Il range dependi ng upon the size of the

animal and the route of admnistration. For exanple, a
W@ novanioad human or veterinary dosage (for abouPCHEPB06/004854

kg animal) for intranmuscular injection is in the range

of about 1 x 109 to about 5 x 1012 particles per ni,
inféched gelts was determined it Phmeavation ofngradnpiluoresaease if @ population
of drgelid.strati on may be delivered. In another exanple, a

sui tabl e human or veterinary dosage may be in the

range of apout 1 x 1011 to _abqut 1 x 1015 particles
2. @B'Psq'é’l‘?t'?ﬂ aﬁ% G?lﬁ{ﬂda%?rb%.an @i Ve in the art may

adj ust these doses, depending on the route of

In GvdBt 1ol srihaAte e cigHif Earacit of hireidehéviRl vedsrisi thel E3 region can
be %ngécct?%:'aﬁg%{h?{ reyfqncé]wc%)ggs é&ﬁe%”iﬂéf‘é}%o}’ ﬁe%hﬁgd ¥t the .
enpl oyed. e 1 evel s ol éxpression o € erapeuti c
Proprg@iinn of tee ViFusy in ghltyrentipwgias this gad) Rirdeletsd versiens eftFansS.
Paai6; Peody and &68lhaverbaen oradd (& .St NruvAvdl ftagendnt eqotaiming
E30fo idas@eRy)adm ni stration. Yet other nethods for
determning the timng of frequency of adm nistration
will be readily apparent to one of skill in the art.
Adm ni stration of the pharnmaceutical conposition may
take the formof one or of nore than one individua
dose, for exanple as repeat doses of the sane
pol ynucl eoti de cont ai ni ng adenovirus, or in a
het er ol ogous "pri me-boost"” vaccination reginme. A
het er ol ogous pri ne-boost regi ne uses adm ni stration of
different forns of vaccine in the prine and the boost,
each of which may itself include two or nore
adm ni strations. The primng conposition and the
boosting conposition will have at |east one antigen in
comon, although it is not necessarily an identica
formof the antigen, it my be a different formof the
same antigen. A prine boost regine of use with the
vectors of the present invention may take the form of
a heterol ogous DNA and adenoviral vector prine boost,
for exanple, a naked DNA prim ng dose, followed by an
adenoviral vector boost, or for exanple, an adenovira
vector prine followed by one or nore naked DNA boosts.
Such DNA boosts may be delivered by intra-mnuscul ar or
intra-dernmal administration of DNA, orby particle
accel eration techniques. Alternatively such a prine
boost reginme could conprise for exanple a protein and
adenoviral vector according to the present invention,
with the primng dose conprising the protein, and the
boosti ng dose conprising the adenoviral vector or for
exanpl e wherein the primng dose conprises an
adenoviral vector and the boosting dose conprises a
pr ot ei n. Exanpl es
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Exanpl e 1. Construction of the E1/E3 deleted Pan 6 and
7 Adenovirus 1. Generation of Reconbi nant E1-Del eted
w@Ewoga200eEt or A plasm d was constructed cont ai PCHHPI00€004854
conpl ete SV-25 genone except for an engineered E 1
deletion. At the site of the E 1 deletion recognition
E3delationf iprPanGcbasesk vecten on enzynes |- Ceul and Pl - Scel

whi ch woul d all ow insertion of transgene from a

E1 Sdéﬂattéci §PQA63%?TF;‘?P"}@§|%gul5Pﬁoﬁé z§§ Q%Eteﬁw{h%ﬁf'l%ﬂd Not | to

SOHq. 18 (B t2aMETE DG UOatRE DAl Rt St e res TG FPISYCt he
pPars8bi EE3S vas diebtes vBthalE ccoha Bl arishBwa Afddnerdtiog RPased3. waslly,

21 &b @Beﬂfré@h@ntﬁ%%ésf [ géstimof pPhndY SRGHFE AR s@tBkSlbrNQﬁhto

PPt B e P AR BT S oy

CGC GCT AAG CGC GGA TAT CAT TTA AA-3') and SV25B (5' -
E3 Beletéd RaAATe&®F ATC CGC GCT TAA GCG CGA CTA GIG CGC
TAC GTA TTT A-3') and inserting it into pBR322

d t h EcoRl L | ef .

Tnd 555 Sfpiohly Was &8l SR ES orPliShs B Fageh &bl Bieud Ro avr
ffa%"éﬁmé@ﬁnﬂ'ﬁé thenEBregieriwap slbdenasspSLFMESG, |f‘@il6?l5”eérw deletion of
E3 b ;26 0 dgettior3 TB4 28 sudtingAslasihids weae trehted edthi Spiedl drideAvr 11 to
othln%@Rbl?r% WRAR driecidid Ilnloexm 875 RBEPSItIGR 11 skB€1o re Iace the
°"9<'Ba§%£§#%'wnséﬁ“ﬁ @Emfasslyesfpﬁswef’vhEﬁgﬁ'aﬂ'efﬂ%ng? e
corfsguE a ASHbrEdeletien.ed | - Ceul - Pl - Scel cassette from

pShuttle (C ontech) was inserted between the EcoRl and

é’és ﬁ fidsof chiSrddidr%r BR, B8 9hd iy Bhsﬂ‘fthAg fher Pan
e e il ere e St ler

availabletimHupaendbenectherpsves p 190 éWlﬁﬂ%Q“@d%)/ i nserting
the 18344 bp Ad SV- 25 Hindlll fragnent (bpl 1984 to
30328) to generate a conplete nolecular clone of E 1
del d adenovirus SV25 suitable for the generation of

Exargp le‘f’ngl nant adenoviruses. Optionally, a desired

Constanetipmef Gagi REMNefssbquenget he |- Ceul and Pl - Scel
sites of the newly created pSV25 vector plasmd. To

Thu?%‘@és%h Bed i f&?ﬁ\@/%o%ﬂﬁt'sbbﬁg a marker gene, a G-P

reen TTuorescent protern) expression cassette
previously cloned in the plasm d pShuttle (Cd ontech)
Plasgdd @X8i-Fgah with the restriction enzynes |-Ceul and
Pl -Scel and ligated into pSv25 (or

1. Plasmid: p73i-GRN2 Clone #19 (p17/p24(opt)/RT(opt)trNef) - repaired

Gene of interest:

The p17/p24 portion of the codon optimised Gag, codon optimised RT and truncated
Nef gene from the HIV-1 clade B strain HXB2 downstream of an lowa length HCMV
promoter + exon1, and upstream of a rabbit 3-globin poly-adenylation signal.

Plasmids containing the trNef gene derived from plasmid p17/24trNef1 contain a
PCR error that gives an R to H amino acid change 19 amino acids from the end of
Nef. This was corrected by PCR mutagenesis, the corrected Nef PCR stitched to
codon optimised RT from p7077-RT3, and the stitched fragment cut with Apal and
BamHI, and cloned into Apal/BamHI cut p73i-GRN.

Primers:
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anot her of the Ad chinp plasm ds described herein)

di gested wth the sane enzynes. The resulting plasmd
W@ pov22@s+) was digested with Swal to separat ePCTIEP2006/004854

bacterial plasm d backbone and transfected into the E

1 conplenmenting cell |ine HEK 293. About 10 days
PCRatofR T, fram@y 0 p-&X 113 usiref priroersivas observed i ndi cating the
(PANRSABE e PO @Rchéthiou@hyitt Us. The successful

generation of an Ad SVZ5 based adenoviral vector

expressing GFP was confirned by applying the
Seqsgdtnat ant fromthe transfected culture on to fresh
GAAGTTICGLGEOUCSESCGCATEGHEEEBAECAL THRATRGABAQTGEEEEGGTGA
AGEHId SaARScae @ s ned by observation of green

flyorescence in a population of the cells. 2.
ASE@K@?&%Ction of E3 del eted Pan-6 and Pan-7 vectors. In

CHTEPAE bCEMANL ENCATEAG A CAPhEF TAA BECEREC

adenoviral vectors, the E3 region can be del eted

Cy88C 355 3bé) thert 88 cPile£95€H86s)d %B%ﬁb@ﬁﬁz%@ 809t then

g red . tor, the.propagation of the virus in culture.
72?2%&?”9#9@ aé%dc E3-del eted versions of Pan-5, Pan-6,
Thedkly PCGitharodeet wisvaelpoefiedrade (a 3.5 kb Nru- Avrl |

fragnent containing E31 -9 is deleted).E3 deletion in

PCR@@&%%WA&N%E&&?Q%'&E% | pPan - pkGFP ol ecul ar

cl one was di geste and Not | to isolate
19.3 kb fragment and |igated back at Sbf | site. The
Senses $HNeéfng construct pPan6-Sbhf 1-E3 was treated with

ATECTEBGTTTTECAGP@ACACCgener ati ng pPan6-E3. Finally, 2

Antlse %%Néf_éragrrent from Sbf | digestion of pPang-
| o t Pan6-E3 to create

G %@ﬁ@&#&ﬂsgaﬁzﬁ% etion in E3. E3 deleted
Cy¢hein 953308 itham 5 sycies 831C43@s)y SREE(30s)e d21& 688)hthend 286 (120s)
andgdl@taters in Pan 7. First, a 5.8 kb Avr Il fragnent

spanni ng the E3 regi on was subcl oned pSL-1 180,

followed by deletion of E3 by Nru I digestion. The
PCRe’%me\{Aﬁﬁﬁ‘ %1I7525‘Wi TWeiPg PiMERt ed with Spe | and Avr ||

to obtain 4.4 kb fragnments and clone into pPan7- pkG-P
Sede: 8WEFLE sites to replace the original E3 containing

E%g ' y. The final pPan7-E3-
GA&@J%@%\% u é%g%ééﬂi?gbégbg_ deletion. A full
AntRe88%:i pti on of construction of E 1, E3 and E4
AStliNekf@ntseiseh t hese and ot her Pan Adenovi rus serotypes

CGCEEATEOTCACMABI IO RAGTRETter information is al so
Cyf%%géﬁgg@'éﬁejr_f"l‘é@y”cle%eé‘ﬁcw?sr);aB¥°&§b§),192%1809, then 72°C(120s)

hold at 4°C

The PCR products were gel purified. Initially the two Nef products were stitched
using the 5’ (S-Nef) and 3’ (AstrNef) primers.

Cycle: 95°C(30s) then 15 cycles 95°C(30s), 55°C(30s), 72°C(60s), then 72°C(180s)
and hold at 4°C .

The PCR product was PCR cleaned, and stitched to the RT product using the U1
and AstrNef primers:

Cycle: 95°C(30s) then 20 cycles 95°C(30s), 55°C(30s), 72°C(180s), then
72°C(180s) and hold at 4°C
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Exanple 2. Construction of Gag, RT, Nef sequence. This

is described in full in W003/025003 Plasm d p73i-Tgrn
wWa200phzw6d d: p73i -GRN2 C one #19 PCT/EP2006/004854

(pl7/ p24(opt)/ RT(opt)trNef) - repaired Gene of

interest: The pl7/p24 portion of the codon optim sed
Th&2d kb poattuct wps gai peifieRTarshelt with ipat aod Rembehee plasmid p73I-
GRN'Radthi¥o EutW@WRpB1 Shd BamHilyBRpeHIieE Siht ﬁgﬁﬁeafwifh][thé @Wal-Bam

ream of a

RTaEEE B RSB b 2T cr R R o s

containing the trNef gene derived fromplasmd
2. Plagmidit p7S-RT w228k (hnactiv@RERTPr that gives an Rto H

am no acid change 19 am no acids fromthe end of Nef.

Thi orrected by PCR nutagenesis, the corrected
GeRgfo?B%Sess& tched to_codon optimsed RT from p7077- RT3,
Geperatiemef an ineetivated RAgepAdownstrears Bf ap lawalgaoBd#¢MY and
prootatereelexort ) atydalpsBaarlof aubblpl BigidBiRi\polfad emylstidAGRyrab RT

from p7077-RT3 using priners: (Polynmerase = PW

Roche) throughout. .Sense: . . .

Du (e SRR A BT SRPEiS (npiRerepayis ascine
inagityationpibecensapsAesiahte Nd his was achieved by PCR mutagenesis of

the BT (dEGHET EoAVAFSTGIATRAIrRIACEAIAPLETICH 229 TCGUTD Oals€R7271

p1_gE£:( 30s) then 20 cycles 95C(30s), 55C(30s), 72C(180s),
then 72C(120s) and hold at 4C The 1. 7kb PCR product
was gel purified. PCR5 Nef from pl7/24trNefl using

Primersers: Sense: S-Nef ATGGTIGGGTTTTCCAGTCACACC

PCR’ iIRSeh ffitatidhNBingGpring#xd GAAATGCTAGGCGGCTGTCAAACCTC

(polymerase = PWO (Roche) throughout)

Sense : RT3-u:1
GAATTCGCGGCCGCGATGGGCCCCATCAGTCCCATCGAGACCGTGCCGGTGA
AGCTGAAACCCGGGAT

Antisense: AScoRT-Trp229Lys
GGAGCTCGTAGCCCATCTTCAGGAATGGCGGCTCCTTCT

Cycle:

1x [94°C (30s)]

15 x [94°C (30s)/55°C (30s)/72°C (60s)]
1x [72°C (180s)]

PCR gel purify

PCR 3' RT + mutation using primers:

Antiense: RT3- I:1
GAATTCGGATCCTTACAGCACCTTTCTAATCCCCGCACTCACCAGCTTGTCGAC
CTGCTCGTTGCCGC

Sense: ScoRT-Trp229Lys
CCTGAAGATGGGCTACGAGCTCCATG

Cycle:
1 x [94°C (30s)]
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Cycl e: 95C(30s) then 15 cycles 95C(30s), 55C(30s),
72C(60s), then 72C(120s) and hold at 4C PCR 3" Nef
WO e pid34 24t r Nef 1 using primers: Sense: SNEF-EBCT/EP2006/004854
GAGGTTTGACAGCCGCCTAGCATTTCATC Anti sense: AStr Nef
(anti sense) CGCGGATCCTCAGCAGTITCTTGAAGTIACTCC Cycl e:
15 3594°C08Ps 1586 (38s)TRET €80Y5C( 30s), 55C(30s), 72C(60s),
1 xt E2*C386shR0s) and hol d at 40C The PCR products were
PCQ{[eéi I@Hﬁ. fied. Initially the two Nef products were
$199 Ehe using the 5° (S-Nef) and 3" (AstrNef)
prinmers. Cycle: 95C(30s) then 15 cycles 95C(30s),
Thé BCR3eYyctT DE(H 8l )purifibd and he(3 @0d )3’ emds ¢fdR Twate stdched using

the B ERPER 1P bAG BCIRTHAST ) Refs €aned, and stitched to the

c gg product using the U1 and AstrNef priners: Cycle:
Y95c(30s) then 20 cycles 95C(30s), 55C(30s), 72C(180s),

Tx h¥#hCA8e$)L 80s) and hol d at 40CThe 2. 1kb product was
15 g494°GUBDS)IFAC (30u)/ 7@€ (1@0si Apal and BanmH . The plasmid

1 xP{B°c (¢BhS)pas al so cut with Apal and BanH gel
purified and ligated with the Apal -Bam RT3trNef to

regenerate the pl7/ 24(optP/RT(opt%§r[\lef gene. 2.
TheoP&Enpradugs was-grpuiieglk apd algped (de B 1R, ”g bptl and BamHI
restrittien eitds, tdCgererratei p7BI-BfT ve2R9kngSeée figared 3RT gene

downstream of an lowa | ength HCW pronoter + exon 1,

and upstream of a rabbit b-globin poly-adenyl ation

signal. Due to concerns over the use of an active HV
3. Miasmit 736 TOFN a t her apeuti ¢ vacci ne inactivation of

the gene was desirable. This was achi eved by PCR
Gel¥bfgftBRSts of the RT (derived from P731-GRN2) ami no

Th%ﬁ%l ﬂg?{ _%(Iargtilor? rc]>f %%gcofd[)r? rgp;%PseEj %ab,yg’o I370% i%wis%%_l%?)ahd truncated
Nef gene from the HIV-1 clade B strain HXB2 downstream of an lowa length HCMV
promoter + exon1, and upstream of a rabbit 8-globin poly-adenylation signal.

Triple fusion constructs which contain an active form of RT, may not be acceptable
to regulatory authorities for human use thus inactivation of RT was achieved by
Insertion of a Nhel and Apal cut fragment from p73i-RT w229k, into Nhel/Apal cut
p73i-GRN2#19 (Figure 14). This results in a W — K change at position 229 in RT.

The full sequence of the Tgrn plasmid insert is shown in Fig 7. This contains p17 p24
(opt) Gag, p66 RT (opt and inactivated) and truncated Nef.

Alternative constructs of Gag, RT and Nef are as follows:
trNef - p66 RT (opt) - p17, p24 (opt) Gag,
trNef - p17, p24 (opt) Gag - p66 RT (opt),
p66 RT (opt) - p17, p24 (opt) Gag - trNef,
p66 RT (opt) — trNef - p17, p24 (opt) Gag,
p17 , p24 (opt) Gag - trNef - p66 RT (opt).

Full sequences for these constructs are given in Figures 8 to 12 respectively.
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PCR 5 RT + nmutation using prinmers: (polynerase = PWO
(Roche) throughout) Sense : RT3-u:l
W@ TRBBGEECCCCGAT GGGCCCCAT CAGT CCCAT CGAGACCGT GRUEE18A6/004854
AGCTGAAACCCGGGAT Anti sense: ASCORT- Tr p229Lys
GGAGCTCGTAGCCCATCTTCAGGAATGECGECTCCTTCT Cycle: 1 x
[940C (30s)] 15 x [940C (30s)/55C (30s)/72C (60s)] 1 x
Exhrhpf3.(180Cs)] PCR gel purify PCR 3" RT + mutation

'"sﬁﬁg&&i&eﬁﬂ@%$@ﬁﬂ@5&mmwaqwc

CTGCTCGTTGCCGC Sense: ScoRT-Trp229Lys
INCEhhTERsEan Casdaiteintd @Shittie pR$OE( 30Cs) ] 15 X

Thé am@ e&a%%yoﬁégsésadnzgw B0sbinolerXcBNRRRa o4 By R

|
s w166k Hifho BTG R yo ) SaPhnP e ) 88,5 tigkdon.
The Sl eng ofthe Sph I(Iﬂ:prgi Lfﬁgrmqt,y@sgllle@yb\fv@w K[gngw[a@,qjg@ned into
pSKEDS plasintd at E@ROGan(dIAR) I/sitbEwhafsthe MC | ehd @) |blunted.
[ 720C (180Cs)] The PCR product was gel pur ified, and

Dunng {Fleedclénrﬂrﬁgopr%zgsls%ne éch{'uI)nlall ﬁarﬂgng sequenge beBca%_lé associated with

the HIV expression cassette. This sequence is known as the Cer sequence and has
no known function.

Transfer of GRN expression cassette into E1/E3-deleted molecular clones of
Pan6 and Pan7 vectors.

The expression cassette was retrieved from pShuttle by I-Ceu | and PI-Sce |
digestions and cloned into the same sites of the molecular clones of Pan6 and Pan7
vectors. Recombinant clones were identified through green/white selection and
confirmed by extensive restriction enzyme analysis.

Rescue and propagation of recombinant viruses.
Molecular clones of C6 and C7 vectors were treated with appropriate restriction

endonucleases (Pmel and Pacl respectively) to release intact linear vector genomes

and transfected into 293 cells using the calcium phosphate method. When full
cytopathetic effect was observed in the transfected cells, crude viral lysate was
harvested and gradually expanded to large scale infections in 293 cells (1x10e9
cells). Viruses from large scale infections were purified by standard CsCl
sedimentation method.

In addition the pShuttle plasmid can be further trimmed by cutting with EcoRI and
Xmnl to remove a 3' linker sequence and reduce the plasmid size to produce
pShuttleGRNc. This modified plasmid can be used to generate an additional Pan7
virus (C7-GRNc) using the method as described above.

Other constructs were similarly inserted into both the Pan 6 and Pan 7 adenovirus.
However Pan 6 with a p66 RT (opt) — trNef - p17, p24 (opt) Gag insert was not
successfully produced.

Example 4.

Mouse Immunogenicity model

A series of Pan6 and Pan7 vectors containing rearranged inserts of the HIV antigens
RT, Nef and Gag (RGN, NRG, NGR, GRN, and GNR) were tested for primary
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restriction sites, to generate p73l-RT w229k. (See
figure 13) 3. Plasm d: p73i-Tgrn Gene of interest: The
WEnbp23porti on of the codon optim sed gag, CRUDRP2006/004854

opti mi sed RT and truncated Nef gene fromthe H V-1

clade B strain HXB2 downstream of an |lowa | ength HCW
imrpumeanEsponseser ivo. Thraadxpginemamesd cendugtsidi to tést diheoBamd
wrlR@E)éné‘ilﬁé‘Ydr@idn(?n Esicl Baknowvifus e a‘mm@féréd)“ﬁ&tarrﬂmlany ina

504 ge@n} @Pteg?@e?moq%t% XFBQIB[C{TKN |nﬁ'ree g{?}ﬂog OL¢ REo° Rarticles.

au uman

Thig ﬁiege Wﬁa@ﬁe@tﬁ@@nt kad mvwagly Kean shwn wnﬂ%%ee@qqddﬁveﬂs o
celhlze immiade Agsplonses (uhpalisbad). f r om p73i - RT w229k, into
TabBaldubiRel tﬁ‘é‘&d@w@lru@“ﬂﬁlﬁer@FdoﬁWa?edLﬂ)thes-Q"é@eFlﬁ%H st.S
|n a WK change at position 229 in
quence of the Tgrn plasmd insert is showmn in Fig 7.
Tatffﬁ ils contains pl7 p24 (opt) Gag, p66 RT (opt and

inactivated) and truncated Nef Alternative constructs
of Gag, | RrodRd Nef | almmunisationns: Wmmunisatigps [RT
(opt) -|pl7, p24 (ppt) trNef - pl 24 (opt) CGag
- p66 RI (opt). p6b RT E%%ﬁ 7. Dzﬁa?got) g -
trNef, p66 RT (opt) - tV\NekO— p17, p2WVeeak ) Ga{g, pl7
, p24 (eptHr—E€eag ‘l’ (p;“*). Etfds—selquences
for thege construct ¢§Ré$ gen I'—éfﬁgd}l%?@to 12
respect{vely. Exanp| e I nserti on of Gag, RT, f
sequence nto Adanmu rus Quhr‘l faYall ng of ressi on
cassette intd pShut | PpRS- B‘I@%?@d TfPé‘"@nN@Re"%xpressi on
cassette COI’]SI sti ng of prormter cDNA and

pol yadepy-atien—-st Fat T GRMN
construfts by Sph ﬂrﬁ%’ﬂ%&@ tﬁ;q”g %Nge i on. The

Sph | epd of the Sph 1/ EcoR | fragrrent was fillled in

wi th Kl emowgnd—Ttp ot } T atl EcoR |
and Mu|l S|?'es V\/ne'rsghbt hbreﬁ'*)/ﬂéb ﬂ?‘%eﬁlqgﬁt ed.
During the cloning| process an adC| tional flanking

becgne askpahéGAR WX N T AlgRX@EESS|i on
Thi s sequence is known |as the Cer sequence

no known function. Transfler of GRN exprlessi on
i nt 6 E1/ ERDNAL P73tB nol edPam7-GNBES of

sequenc
cassett
and has
cassette

al
-
a}
-

7 DNA: P7313

Following in vitro stimulation with peptides or proteins to specific epitopes in Gag,
Nef and RT the generation of CD8 and CD4 responses were measured by ELIspot
assay at 14 and 28 days post prime. The results provide strong evidence that all the
variants are able to generate a potent primary immune response as measured by the
production of both IFN y and IL-2 compared with the empty vector control (data not
shown).

The data from these studies was statistically analysed (using a mixed model analysis
of variance (ANOVA) in Proc Mixed in SAS (version 9.1.3 Service Pack 2) to
determine a ranking of the RNG variants in Pan6 and Pan7 at separate time points.
The sum of responses to the CD8 peptides for IFN y production were quantified for
Gag and RT whereas the IL-2 ELIspot data were evaluated on the sum of responses
to the CD4 peptides for Gag, Nef and RT.
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Pan6 and Pan7 vectors. The expression cassette was
retrieved frompShuttle by I-Ceu | and Pl -Sce |
waele@edrioanhs and cloned into the sane sites of PEEEP2006/004854
nol ecul ar cl ones of Pan6 and Pan7 vectors. Reconbi nant
clones were identified through green/white sel ection
and confirnmed by extensive restriction enzyne
Thé Rk &F -t ﬁém of darhnts waggatllardafsingete nﬂaw@m model

(peWoFrH%c? QSm elsrli%rasrtatglngﬁ?‘ﬁ FQ'BE %Mthcg ﬂﬁﬁpﬁn&%ﬁﬁg

100, ﬁ%posgﬁ@orpsaa\pﬂ%s ﬁg%tT e - {1 59'9%: @ggg,o fof éﬁiaﬁmg

Postedordbisgibntioress (withidiscumsing cnddAnnalsoof B 3tisties | 22, 180hg1762.
Getfja"'r‘ﬁj ek CHIIR BiEoSRAAR & PEBAH R dand/BRItN ] AIF. Mcrbgoﬁt'lhﬁgtfaﬁmn of

fect Q f

Ba\/ﬁgjaé] In e;/'\%ricie |Rmb§mﬁplpétgsl\?&gel glﬂ Cﬁglgs g"f’ rl)g; JogirrlrJ f the
Amesiege Statistical As$aatiopn8di 952299@5& foeecasght e@é@a@élﬁx %f)each of
theMiariasts sasfthe fhestr igmed caltive datagqurovideds byt xparimentaticdngditions
invédiRaty d CsCl sedimentation method. In addition the

pShuttle plasm d can be further tr| rmed by cutting

with EcCORI and Xrml to renove a ) nker sequence
Figarl1 Fepdesants e symefthe P@nﬁ&%arpﬁ 6@@6@5998%% far diciiky@nd IL-2

witlleach petideiat daphasnt @8caprogicled dy the Bggestarametrad.
addi tional Pan7 virus (C7-GRNc) using the nethod as

d i bed abpv t rl
FiOUSS eSS TR BeBHIhOTRE FRRA CObaie SR rosraar iy and IL-2
witiHeaely eeptidgrat dawil ¢ land 2866 mRadiciediby the Bayesian mgthpd. p24

(opt) Gag insert was not successfully produced.

Al ﬁ%&gngé@s‘}%dggg g.f.lcgﬂwmssga .ﬁl.%urﬁeq Is%ﬁédr)rﬁﬁar@? mﬁﬁnﬁe
empAyesiiY CORTE: Te StRbseal Mﬂﬂ rer e O

dlﬁmyﬁeme@/eleeéhﬁedlffﬁmnt Pryse&r yi nmmune responses in vivo.
Three experinents were conducted to test the Pan6
viruses and two for Pan7. Each adenovirus was

adm nistered intra-nmuscularly in a 50m volunme to a

Exgrin% hind |inb of Balb/c (K2d) mice at a dose of 1x1

Pigignpunogeniely nidded dose was sel ected as it had

ReBiIR&Vra Sbyerbiagidis Rave ihgichied usst tB®pig is 8\yebd nﬁtfdel for testing
mﬁ& cﬁén?c'ity oﬂﬁaﬂb‘gaa[tggaﬁ&{ﬁeggAﬁguWéé §é?%g)to mTég q% the ..
mr@*r&gqnfggy]p g the four candidate NHP adenoviruses | |n inipigs. Groups of 5
minipigs were pnmed with PAN6GRN, PAN6NGR, PAN7GRN or PAN7NGR (for
details of batches used see Table 2). Each animal received a total of 3 x 10" virus
particles of adenovirus via the intramuscular route (using a 1.0 ml volume divided
equally between each medial thigh muscle).

Table 2. Batches of NHP adenoviruses used for the minipig experiment

Group Vector

Week 0 Week 12
1 PANGGRN PAN6GRN

2 PANSNGR PANGNGR
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responses to the CD8 peptides for IFN g production
were quantified for Gag and RT whereas the IL-2
BloBtl kamptesdwre colrotedehefbrecitremlinigativhand atindérvale ppstases t o

imrhlifisS8A RAPEVEH anintd. ﬁ@perm%raaaréo%&muaeaméne wee

|solé{e§ ﬁt%rtgstlr&é}afé%rlh @n%) Tcﬁef(é\l a%%&e,éﬁld@%btﬁ? 8ools and

profsinse The peatids 'l!brﬁa%( ﬁqoﬁtc%‘ﬂsbi?f meF Reptides pyeriamming by 11
amiposdcitsi spansiagtheesntirs sequénee e RT, Nef add G4y, andl\,mrk(the same

as @B@é 0Sed fF t@nﬁ'xﬁ’\fo‘ ASudOSIpRFilehtsDl St i butions” (wth
di scussion), and Annals of Statistics, 22, 1701 -

1762. CGelfand, A.E., Hlls, S. E, Racine-Poon, A, and
ThesprogHction. of 'TBVP“%FPQ%)’“ma py th%@rp@mmcejts @ﬁ@?ﬂé‘i‘ﬁasur ed
usingEElspotcessays. IRigural3 shatva tiddspsnddsita RTGNeD and@wgl pepdde

librafYYoBR at e & REMPIVR] firh@Poitat | stical Association, 85,
! rgr%fo_ 9&‘85)e to forecést rFBtohe probability of each of t he

variants as the 'best', based on the data provided by
Respoases pierdaiegiecifo albiedr Yiruses SpYREGYSestimmymigatios. Gellular
respépieas af fourtNeP siusesfis Maintiliaad uliDht kadt ChBekepesipsiatary.

PAN@rGtirﬁgeﬂer% thésﬁr s reRPORs PEPE B%}% st ﬁbﬁaﬂfbﬂ'ﬁﬁ-&é‘%ma

pre Icte e ayeS| an met ho Figure

resents the sum of the Pan7 CD4 and CD8 responses
for IFN g and IL-2 with each peptide at day 14 and 28
as predicted by the Bayesian nethod. Al the inserts

ExatigiW @ Significant increase in inmmune responses

p conmpared wth rrl'pt y vector control. The

M‘ shows that there are no
significant differences between the different viruses.

Regulta ffgrmea primate pilot study indicated that intramuscular injection of NHP

adenoviruses expressing RT, Nef and Gag elicited cellular immune responses in

cynomolgus monkeys .

A study was set up to investigate the immunogenicity of the four candidate NHP
adenoviruses in cynomolgus monkeys. Groups of animals were primed with PANG-
GRN, PANG6-NGR, PAN7-GRN or PAN7-NGR (for details of virus batches used see
Table 3). Each animal received a total of 10" virus particles of adenovirus via the
intramuscular route (using a 1.0 ml volume divided equally between each medial
thigh muscle).
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Example 7.
Post-primary immune responses to a dose range of NHP Adenovirus encoding HIV
GRN antigens delivered intra muscularly (i.m.).

To evaluate the impact of the dose of adenovirus in primary immunization, a group of
mice (n=5) were immunised intra muscularly (i.m.) with increasing doses of NHP
Adenovirus (from 107 to 1010 particles). As positive control a group of animals was
immunised by DNA (2ug) using particle mediated epidermal delivery (NDS). On day
6 and day 19 post immunisation the animals were schedule one and spleen
removed. Immune responses were monitored by IFN-y ELISPOT assay using a
peptide library pool for each of the antigens (GAG and RT) to stimulate the
splenocytes overnight. Figure 5 shows the responses of each group at the two
sampling time points.
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FioRigs Aol POL TR RS0 RBE R R e farie AT ADERAR s
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assay. Figure 6: Post-primary inmune responses to a
Figdes®: Rasngemafy iMriunddesparises o a dose range of NHP Adenovirus
encoding HIV GRN antigens delivered intra dermally (i.d.). Group of mice (n=3) have
been immunised with various doses of NHP Adenovirus (from 107 to 10'° particles)
and cellular immune responses against specific peptides are monitored (day7 and
day 14) using IFN-y ELISPOT assay.

Figures 7 to 12: Polynucleotide sequences, amino acid sequences and restriction
maps for constructs described in Example 2.

Details of the sequences are set out in Table 4
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deleted in E 1 and E3 regions. 13. The adenovirus
vector according to any preceding claimwherein the
wWealoghBeot | de sequences encodi ng the H V ant POERB2086/¢)4854
arranged as a fusion. 14. A chinpanzee adenovirus
vector conprising one of the foll ow ng pol ynucl eoti de
constructs:p 17, p24 (codon optimsed) Gag - p66 RT
CLAMM8oN optim sed) - truncatedNef; truncatedNef - p66
RT (codon optimsed) - p 17, p24 (codon opti m sed)
1. GagAntadeneaitue ddetor corﬂﬁr’fsmgﬁ‘bo(ynodem@pdri polyhedeolides -
p66eﬁ%d‘ qua WI‘V%‘nﬁ ‘pQ@ef%-ﬁd(GéL}ij&r\ ogbﬁ@%nvatlves
co o

pl7,
(o TBaRNEdEAsmon's B iiRged Solhaf ey afe fraBiigied i
opt thﬂ@'é@F)GQQ‘?T;NeI? , P24 (codon _optl m sed) Gag -
truncat edNef - p66 RT (codon optimsed). 15. An
ade ! Gl E
2 7donB e pdlor BESRAL Mokl FuMefRit e BPIHHhcaién.
when t he adenow rus is Pan 6 the construct is not p66
3. RT QAop@dgnovinus Nettor agcording 2aiclaippt Jor @xghereia thealNef is truncated.
i mrunogeni ¢ conposition conprising the virus vector
4, aCCRB%'d@lg?\}lr%s%r@,}fto%g&?@l@go 8J1 brqg Wal%s 1 to3wh?re| tpe Gag
rmaceut | cal rrler or ad .
The'SLFég%\dF%% novi rus vector according to any one
of claims 1 to 15 in the manufacture of a medi canent

5. f or Tﬁé‘ﬁdér‘cﬁrﬁh@é‘éto%ce@l‘& ¥ @y &e@édu;é] MairivBEleirPihe st of
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foralngc %‘a&rﬁ"&ﬁ tage%OVé ; and e) recovering
reconbi nant virus vector carrying the HV antigen

7. seqUkeadsnovitOs véctoreddrodding tor caisi Byharein thewiras isssponse

i N ghiffERRde Minelirget hod

8. The adenovirus vector according to claim 7 wherein the adenovirus is
selected from pan 5, 6, 7 and 9.
9. The adenovirus vector according to claim 8 wherein the adenovirus is pan 6.

10. The adenovirus vector according to claim 8 wherein the adenovirus is pan 7.

11. The adenovirus vector according to any preceding claim wherein the virus is
replication defective.

12. The adenovirus vector according to any preceding claim wherein the virus is
deleted in E1 and E3 regions.

13. The adenovirus vector according to any preceding claim wherein the
polynucleotide sequences encoding the HIV antigens are arranged as a

fusion.

14. A chimpanzee adenovirus vector comprising one of the following
polynucleotide constructs:
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15.

16.

17.

18.

conprises admnistering to the mammal a suitable

anount of an i mmunogeni ¢ conposition according to
W@k@oi24 20. A fusion protein expressed by tPEI/ERWDEO04854
according to any one of clainms 1 to 15. 2 1. A fusion
protein according to claim 20 produced within the
hunpat?,lp@dy(codon optimised) Gag - p66 RT (codon optimised) - truncatedNef;

19.

20.

21.

truncatedNef - p66 RT (codon optimised) - p17, p24 (codon optimised) Gag;
truncatedNef - p17, p24 (codon optimised) Gag - p66 RT (codon optimised);
p66 RT (codon optimised) - p17, p24 (codon optimised) Gag - truncatedNef;
p66 RT (codon optimised) — truncatedNef - p17, p24 (codon optimised) Gag;
p17 , p24 (codon optimised) Gag - truncatedNef - p66 RT (codon optimised).

An adenovirus vector according to claim 14 wherein the Adenovirus is Pan 6
or Pan 7 with the proviso that when the adenovirus is Pan 6 the construct is
not p66 RT (opt) — trNef - p17, p24 (opt) Gag.

An immunogenic composition comprising the virus vector according to any
preceding claim and a pharmaceutically acceptable carrier or adjuvant.

The use of an adenovirus vector according to any one of claims 1 to 15 in the
manufacture of a medicament for the treatment or prophylaxis of HIV
infection.

A method of preparing a vector according to any one of claims 1 to 15
comprising the steps of:

a) providing an adenovirus vector;

b) providing a plasmid carrying the HIV antigen sequences operably
linked to a suitable promoter;

c) transfecting cells with both the plasmid and the vector;

d) allowing sufficient time for recombination to occur; and

e) recovering recombinant virus vector carrying the HIV antigen
sequences.

A method of raising an immune response in a mammal which method
comprises administering to the mammal a suitable amount of an
immunogenic composition according to claim 16.

A fusion protein expressed by the vector according to any one of claims 1
to 15.

A fusion protein according to claim 20 produced within the human body.
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