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25  Adenovirus is a double-stranded DNA virus with a genome size of about 36 kb,
which has been widely used for gene transfer applications due to its ability to achieve
highly efficient gene transfer in a variety of target tissues and large transgene
capacity. Conventionally, E1 genes of adenovirus are deleted and replaced with a
transgene cassette consisting of the promoter of choice, cDNA sequence of the

30  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 (i), penton base (lil) and a knobbed fibre

35  (IV), along with a number of other minor proteins, Vi, Viil, IX, {lla and Va2 (Russeli
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 Vil and a small peptide termed mu. Another protein, V, is

40  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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replication and pathogenesis in vivo.

The Gag gene is tréns_lated from the full-length RNA to yield a precursor polyprotein

40  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).
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The NC region of Gag is responsible for specifically recognizing the so-called

packaging signal of HIV. The packaging signal consists of four stem loop structures
located near 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

35 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.

40  The pb6 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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35 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.

40
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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Desi rab::éz 2 ni %gtgée%tade%r sttét rasl,U&s ar & P%not% [ ATCC VR-591], Pan 6
[ ATCC VRZEHBPHOq B NACTTAREERARLIE RS TS M- UPI%B e adenovi ruses
include, without limtation, chinpanzee adenoviruses O and C68 (Pan9),
descysi bethd $iz4 6 RatovsialiNectoP g@Bd@mé by tmenidr skarmpla fadefdw 100% of thecl udi ng,
wi thout L md@L WAB pélituRehdrle, oPYém 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.

40  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.



[ SV-201]; SV35; SV15; SV-34; SV-36; SV-37, and baboon adenovirus [VR-275],
25 anong ot hers. The sequences of Pan 5 (also terned C5), Pan 6 (al so
termed C6), Pan 7 (also ternmed C7), SV1, SV25, and SV39 have been descri bed
[ WO 03/ 046124, published 5 June 2003]. See, also, International Patent

Publ i cati on No. WD 04/16614, which describes hybrid adenovirus vectors and

vectors tructed fr d r adenovi ruses
are thougi)ﬁ 3(9888‘" V&%@é%@?&é%%o@err%%ﬁa"ﬁﬁ‘ﬁé %ge?é:,lglgaq@? 5?9%@@9 because of
t he | ack es€ipjgnb-caxiers dilyenisraisdiuyanisio peeduice iMawnegrRni¢ eurRPesitions
Cross- neuﬁmwm@ bharneatieuticatioesacdre eampmsitions saitabilafdr e tredtgeint pogor at i on.
Cr oss- 3):&?16 Q{))ﬂrim %@h&pgﬁggﬁ)@denow ruses with pre-existing
g “ant dly g

neutrall responses Is only present in 2% of the target
popul &t i on compared wWith 35%in the case of certain candidate hunan
adenovi rth usedn ﬁrespre?ﬁai isventipa areademdyingsdsrwhigs argrdistiicsfromairevaienh t he nore

common  hyy AR AAStypEHinAHS huRidh pRb8IalBr Sud H584Y af®hab edhiso human

el at Ldsté@g'ﬂgﬁ"%ﬁdv 05*@0?%8%3 BRSNS R edhio i 38,01 0°°1Y

replicat |e§l¢aéléf)f9§‘ﬂ'?S\‘Féuemrﬁdé“'ﬂ'ﬁﬁﬂtéoﬂslﬁtthq sam@ gerR e Py dlerking Yacisf t o

r epl i1gat eptakertbrougb meligalizing argibody bad irdloppeing tbxtodyt he wi | d type virus.
This may be brought about by mutating the virus e.g. by deleting a gene

i nvol ved | i,cati.on, [ ti.Q o b, E3 or E4
gene. | ThdiachB ace iRV ke i SABAGIEE MBI il ¢ hB%aRRL ANy et on ray
be repI i @é@lﬂfﬂﬁg HysRaMing seidso \Adansvisusasisalatag franranidalsdwae El del eti on.
Thus t he jragheinolgically diethicd capsic,awxdhgeriton tiefibre\veniponentsdyt e repl i cation

def qul VghglUgeﬁélch clagg?rtﬁﬁeg Sgggir@gkl fh%ﬁrh@n?@%e%ﬁﬁo@ﬂ%ﬁﬁ' ral El a and

b, conbi nant

t
deno!  dBaSYLS. %C@é%ﬁm%ﬂ@%n%ﬁw S Rt 3 PR 2 e o B o
03/ 000283uch as Perdnfl € or BeExamplas of sudhcstansRre geseribed Th ¥ QOB/AARESYi r us

del ayed eadlaye gediabeIramhdAmetican TajeeQuitureDdlibéionl 10801 Weleasiy r us sequence

\rl:gi:ggs;?rs%tﬁoegtg{]& M)Jroguctl 9“%)2&@@2 (gc[gg%c%%g;%se%%irgjig%iggétég%mt '(Ij'hus
1 order to

it g0 unﬁB@é‘&'&?‘?f f’%"‘?"éfHF %‘“ﬁﬁ‘ée
package and&wonbiAT& VBB Oheeadidblagdanouirugesiincludee withoetiniiation) n one

Par t It cul %hs nepEPREE aa@rﬁovlraséshm raaem (mng) desdribed in BdarEmtNes have
unction ors is
descri be % gmﬁ%n 8 Fg? wm%l}'@ @ﬁgﬁdé‘og\,?gvﬁjg% conbi nant -
adenovi r 0 § g bes ﬁgt$ ﬁegl’ waﬁ bgbeorhadenoyitys n of 20the
E4 géhe, amqnlgmhmfm Thesgausaceresi Paibf éalso tareediGh). Fan ElatgRiesmbd G8)i on.
Pan 7 {also termed C7), 8V1, 8V25, and SV39 have been described [WO
03/046124, published 5 June 2003]. See, also, International Patent Publication No.
WO 04/16614, which describes hybrid adenovirus vectors and vectors constructed
_ from simian adenovirus SA18.
30
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
35  responses is only present in 2% of the target population compared with 35% in the
case of cerfain candidate human adenovirus vectors. The chimpanzee
adenoviruses are distinct from the more common human subtypes Ad2 and AdS5, 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.
40
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



Adenovi rus vectors according to the invention may also contain a deletion
in the delayed early gene E2a. Deletions may al so be made in any of the

| ate genes Li through to L5 of the siman adenovirus genone. Simlarly
deletions in the internediate genes I X and |Va may be useful. 25 O her

del eti O%uﬂaghtgﬁa”%ec%rbﬂ%ﬁt%o&tlﬂer'i'lu%ftlﬁg'ﬂiél\hﬂlseDg BydEIgting u_acgeﬂea:j adenovi rus

genes. el et n adenovi rus

sequencg“’PB? VS ?@tpﬂeob?é%ﬁlfa(ﬂﬁl}léﬁgﬂ)ﬂr%dﬁgy(aégh{%;oﬁtégee ions of El only.

Alternatively, deletions of entire genes or portions thereof effective to

destr |0y Th@%ﬂén@iu@ls%bt@ﬁd in3Rcadhhst With theyprosentseention anay beaaﬂﬂlcaﬁmri on. For

exanpl e e s ave
g%’ Hé ﬁ Q:i %%Wu?{:é(m&?s‘?ﬁqgoé Buﬁc%&na?@q%\fétfokk Tﬁ%@%@ﬁo%ﬁ

del ene E3 genes

o of ¢ Naclars agrardeng Gae ineaihmax BERRICA b o BEa s TE e, MEengs 8 g el
and a délesthility toéxmess adestovialttacindeB)b, Ler. ass fungtior@ly deleteddn& 184 genes,

¥“ It Ih 3{3 gmlj tEPBUtTh@Q‘ééémﬂﬁa:ﬁfadéﬁo@ﬂQﬁ Y blscbedr fdﬁitlehalmﬁeuwlrbﬁh@?[]t [ ?lh or
u el etjon i ion with other
nut at i of&" e%(? ﬁ%gé Q%@r a?éapg’%asensi{@gt'&% ’Hﬁg%ér?s% leve a desired
resuPt . atpROVIE delAvEa Pateaens 53 may hscel) 'B%Fﬁ%’&"bweawlag FABEScel | line in
whi ch t Beqwéncesvhich wapalphe of ther repbinbimantvirus! The AmclioublE3 isowhpl enent i ng
cel | | 't' ?:@éeé@!ﬁ% tRE BVchl%tlcSrr'@f tﬂer@ﬁn%%dﬂaaéhMrtuErp@mctdWhus s vect or t hat
result in cter or
xanpl o NSEGESREARERRTR ﬁ@év"&f’rﬁgﬂﬁ%%@e Slelippra BptfeliSSl, TOL o o
and E4. rwmmﬂtlsimlﬁﬂﬁﬂ?@ﬁvlf%&‘éﬁfu indag inventien. fgne eantigyiar ?’ﬂ'??ﬁ‘f“ﬁ%esm on

. 16CL i recAmbahNEGRIaA st RivibasdSchavEBiniBBally ddiite@ 83, andiE3 @@, 171,
DEt roit T[hg c%nstrﬁlbﬁ%‘f% Mct&gis dedcriB&dlintoPét 1 CRumEp G&d Tiseragyong ot hers.

These cel avai | abl e fromthe American Type Cul ture
Col | ect |18r§191%§)0f8§jﬁ| verS| ty Boul evard, Manassas, Virginia 20110-22009.

Q her suitable parent cell |ines may be obtained from ot her sources, such
as PER. G&icombireint aderanirbsasapagasotbedobytridied bavihg adepdisnéiettlatodef ECACC no.

ggg{_’zﬁg“?%é‘kig'aﬁe Eéj{h%gﬁﬂ n%v beEGddi2B1eab Rk FRORFEWIibeS (ECACC) at the

vention
provi def‘ eﬂo‘é[ FOI’%Q %?'ngggéﬁéﬂﬁ%ﬂt'PnyVe%?é)%g{%h 3 @Iet[omﬁt}':éq
10pol ynuielayed |e§éy eene By Torlptions max alsp bednade Bany &4 o [Pﬁe\ﬁeé'ﬁ’ﬁl'-éens R, Nef
and Gag tmbuglﬁrtmnﬁ)gemecs:rdemadahovm:s genomenSimipelyideletivagimgheé s t her eof in the

order nﬁgalat@%feneérb@ran& 4 Ma§ B¥ @ABfAdenovi rus vector conprising a
pol ynucl eotl de or” pol ynucl eotidées encoding at |east H V antigens RT. Nef

and g or imunogeni c derivatives or inmmunogenic fragnments thereof
ar r angedber deielionsiiegy be eadedn terotheistsiifak Haopriarlumi@depavirRes . For
exanpl e genesdrEOstiovesicktiohs maydearsdidrigdividusliyei ¢ rareadenovirusseqrienes | se a

pol ynuc 'fSPizéé*ﬁ tﬁé‘ﬁ.%@leﬁgn\%iﬂoﬁfma%,fbdnmm RBERABhS oSt bt Al‘t(#n&fvely”wnogenl c

| rmimog LR G SEns! O wﬁ%%@ﬁreo Blrecifent SBRRACLER SR 6 Kot “or “an

i TmAfog stivitydaay beused innanyi cambiealion; EOT eXaRlan eRPEsTPlan YEcionda® t he
control e@ifenawﬁlsr'@qﬁehﬁs&h@jr pgaLdelptiomsaif e Etigenes and the Ezagerpmiot bbn of t he

gene is ,pL %%e’% %gﬂdﬁc_'éege% cﬁfd?‘tﬁlé’m%dtéseg&@sxw £OfuhSfonaP3diBicH
al ter nat I \ﬁa an 1Ib and a eletlon of aY!%ggtl poaq't ofegiac)hor of tFn %1t Eéa ang.@_t lgens is
genes, with or without deletion of E3 and so on. Such deletions may be partial or full
35 deletions of these genes and may be used in combination with other mutations, such
as temperature sensitive mutations to achieve a desired resuit.

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

40  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 Hela
[ATCC Accession No. CCL 2], A549 [ATCC Accession No. CCL 185], HEK 293, KB



expressed through its own pronoter, each of said pronoters nmay be the sane
or different. In yet another enbodi nent of the invention two of the three
antigens forma fusion, linked to a single pronoter and the third antigen
is linked to a second pronoter, which may be the sane or different fromthe
first pronoter. For exanple, 30 Gag and ST may be linked to a first

pr onot er f | b g r- ynucl eoti de
or pol yn&@ggg?ﬁé)e%%e{tr@%di %%@&@%Lﬁggg ﬂ%@l‘ Egncse“%_’rher? nogeni c

deri vat i whererThasmaed jaes arer slayaiakle fromethe AMeRGrNYPE fdturegolisstien.3asany of

t he Adendodel entersigdamnsyard, dviaresaag|\rginig @0t1He-2209.d Eltedrextlitaligiparent Al t hough

the resulTyins %Bgé#*%%‘é‘“@@fés@?%@g%’ SRRRTIR TR0 baleets 20 P ' my b
expr e§se(ﬁe%f§g%'gﬁ‘g ¥ die ”%%pﬂs'ﬁér) %C‘?@}@m%ag@ @;@P@Eﬁ?@s a fusion
prot ei n &udlectooroi2oimBECejliCHiturgs KEGRER) abthe Gantre ferdpplied Migwbislagy. 1n one
aspect, tihg RysesAAt(CAMRMNIKPN provi des a fusion protein expressed by a
vector according to the invention, for exanple, a fusion protein produced
within the human body. 50ne or nore of the H V sequences . included inthe
vect or ad@8rreRgor Brovides; IR FEATELASRASE BARAGNQIYS VREPT CRERIIINY RT may be codon
opt i no s egofyouclawtivends iyreeldotides emcodicamdlleast tidV antigansiRT (Nefandd3agdsl e a
H 3hl y eXfHFr%%g‘éhiBHéﬂ\r]htﬂ@QSr inindi efnin@ﬁmer@@fhe%éﬂéﬂ@é@}R'ﬁn oI ht hese
sequ . r | . r exanpl e, e
pol ynucl Z\Eeﬁﬁﬁges'gé%gé%?ﬁgdgﬁgwgﬁggo# i ﬁsq'%igﬁgggﬁ%%“i}@&s&vect ors according
to the i mpAucieptidagenseding @ ieashtli\ipatigens KRTdNeE 8ad SRgpdpeunogenie Gag
sequence derivdtives ad amounogenic e agraenta cioaredi arcariged tshdhatriheynanedransegbezix cl ude

15t thGag%mﬁgéydgg@tﬁﬂq\;gncodi ng sequence. A particular exanple of a Gag
sequence for use in the invention conprises pl7 and/or p24 encodi ng

sequences. The RT sequence nmay encode a nutation to substantially

i nact i vatfer axgmpleasradenpyigissvadigiasserdng: tp e pvention 1pay PRI 2 nact i vati on
nut at i on polyotigetidet évecoslinigsBag ot aommabndfeniyy derivptiepdrdmnlitdgboic K (1 ysine),
see VD034 Agn0Btheldt B&@%\gpb@nad@&m%anémgeﬁdaeanglF@ﬂer awo0l gene in the

H V genone”as descrlbeag. above. "1t vm.IIJ be 4 ﬁiers} 00 dtthﬁ t he RT encodi ng
sequ ﬂce'?‘ﬁ'&’f‘ﬂ@@ﬂc Fﬁrf !8%8&“89??%‘!%&%&"8‘?“3 %'8Pdi‘f§g @ NS & fMvent i on may
be pr esefmmuURogeEC defitative opimmpenogenic iragraenttherrphendunde the sepilvdaat | east
RT. Such sirigignatatatoguius edmotet avivereiajtios GEF lpoetiuint of s gefie Bgdresént onmtise speci fi ¢

exanpl e. sRL sk ks @riddiat, the pS1 or just the p66 fragment of RT.
Opt i onal I5y trheuNerb?i se%%nce for use in the invention is truncated to renove

t he 30sequence encodi ng the Ntermnal region i.e. renoval of from30 to 85
am na@sacilnlgn afteinabveappedimeshobibe irvegton sagh ohthedbreepntigeasiisar |y the N
term nal eipreasedhra@itdits ¢ prdnidtee katii thend pindtersimiebs ¢t daondier ei n as
(rel).  RcreMaf )k Bofier SRBLAIRARLY iheifBaREH TPl (RE tiFBE chiigths!@rrh gmove one
or nore nyrli stlé a%{qon SiLes, {)rIr e?%g%hﬁt g .%4_'2 naj/{ol stsé%oé‘tlpn_ site may
be renovet'HY "dEFRI DAGF REBHSE" ADP"Sn. Qlaf‘g?fb_l'yg? oF ditional ly the
Nef may Mpeomoieriwhich may detthe same adidifierrnt rermivei firstarometer.iFor exaapleeuy 175 by

del etspon GHg SWORT inkayi bedlinkel 10 adirstrprombler had tleh Aty b TRkedRos sacurRl of t he
di | euci ng) bief N CD4 downregul ation is described e.g. in Bresnahan P. A
et al (1 é‘gﬁ Glirrent Bi ol ogy, 8(22): 1235-8.

The polynucleotide or polynucleotides encoding at least three HIV antigens or
immunogenic derivatives or immunogenic fragments thereof may be inserted into
35  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
40  subsequently broken down into smaller subunits.



40A construct according to the invention may conprise Gag, Pol and Nef
wherein at |east 75% or at |least 90%or at |east 95% for exanple, 96% of
the CTL epitopes of these native antigens are present. 1In a construct
according to the invention which conprises pl7/p24 Gag, p66 RT, and

t runcat i , : . : n -
e Lincat qonebs it ARt bRRGnEHion Prd0ides & hgf&:ﬁm@m $ppaseabylhrcnat i ve Gag

tigens are present. 5 e i on
b ov de @St RaCAGY PYgpRE(oE BaBhisy P 1y BORM) R0l pilf vHGinad
pol ynuclbedy.i des encodi ng pl7, p24 (optim zed) Gag, p66 RT (optim sed),
truncated Nef (devoid of nucl eotides encoding term nal am no-acids 1- 85 -

. T dorddbrt: %f%Té;H@age %Fc%é\l%t:mw@métv@%? ScRFGAL & 18 ibwrkiBg | nvention
| ide: £ % od . d d
e crkes oot b R o b Sl A teb b 50 0P, o

(codon epbinplesaa) t@aglthey resendle a hightly, expeeites humgngenp Juthelf¢@ean opt i mi sed)
Gag - pGReRIcHIBAGHIMRBLIbATLERE3S HADsdquepbs RTuftisardiesciyeid invged) - pl7, p24
(codon Mgbagd) Gag - truncatedNef; 5. p66 RT (codon optim sed) -
truncat -"pl7, p24 (codon optim sed) Gag; 6. pl7 , p24 (codon

optilfi sed) Gag - truncatedNef - p66 RT (codon optinised). The

pol ynuclreokkatepler theqlopymucieetidésdasodingt®rg prdisdRT in theadenovirusaectoave | i nker

20 sequepes3iry B InvbRidRah¥PBE chiich SSfiHES 85 debekdtRBo@g, RT and Nef.
Such |inker sequences may be, for exanple, up to 20 amino acids in |ength.

In a particular exanple they may be from1 to 10 am ng acids, or from1l to
6 ani no T&6i @y sepienss niheadeneirus vesion 3cerrniRg to herReignyPRYE €M des of the
present théGagtpeosolyreptideataiding sedqueace. HA\basteylae exavplelafi agaad i cul ar, they
may i ncl AL fiveRLEH cdfPRLRRGAR dndiR bRy @hty®ey Séqudmapsiogeni C
fragrrentéségtgﬁﬁeﬂre\eégfqyesﬂit‘ﬁéagivgﬁ?éc?){r% of e(‘rilj\fjI are 98120, gpﬁgélo ciamd gpl60. O her
suitable H V sequences include but are not limted to Tat, Rev, Vpu, Vpr
and Vi f .THEHRE seakericayaat ensinde @uation kosuhsiantialy inaehsia arysev@stor

conpri sitRgserigg8seattiviyic Dae tpadizutar inzativatioo redibiiateisvavenithesgbstitMiantfi gens Rl

Nef ,2and 9901 GRS YN yEsogogsnmunogeni ¢ fragnents thereof in
t he %rde@%gg?pﬂﬁ‘?wae%qg%@her wth an HV env protein or inmunogenic
derivative or inmunogenic fraﬂment_ t hereof. 35The present invention
f ur t her MoeeRE @RpPE iss@ soraponaniehhgdnioger fahgsas tnitba HYY I5PPER 7§ d2RCHREnovi r al
vector athoeeditivgl beuhdjm_stm!bds*.hmtthé We&ﬂdodhngiseqcm@iindﬂdie;hinﬁh&h a second_
adenovi T flen¥ifilsVeckd BRboingdo ALY AEY bQﬁré%bnﬂﬂ|tb{é1§c]§ﬁt6>&tdf$%§fo€?ﬁ0dl|_l ng
one Qr noje L gens, W 0 . . o] e
SeqEncetarbpal i ficting 3 et Y, SUEpJREents i eol Rattin o,

epitopes of Pol. In one specific example, RT is included as just the p51 or just the

p66 fragment of RT.

Optionally the Nef sequence for use in the invention is truncated to remove the

30  sequence enceding the N terminal region i.e. removal of from 30 to 85 amino acids,
for exampie from 60 to 85 amino acids, particularly the N terminal 65 amino acids
(the latter fruncation is referred to herein as trlNef). Alternatively or additionally the
Nef may be modified to remove one or more myristylation sites. For example the Gly
2 myristylation site may be removed by deletion or substitution. Alternatively or

35  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.

40 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.



do not necessarily represent sequences encoding the full length or native
proteins. Imrunogenic derivatives such as truncated or otherw se altered
e.g. nutated proteins are also contenplated, as are fragnents which encode
at |east one H'V epitope, for exanple a CITL epitope, typically a peptide
of at |east 8 am no acids. Pol ynucl eotides which encode a fragnent of at
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native prigp@hided)MruAbtatt®Neflgievold dfaicRoiddd éndddingttéramisalkiinavitiah 1 et ai ns at

| east oneaé-il \{r[@é}l)tlﬂ% aad, ﬂ?tl(léit es HV antigenicity. Such HV

antigeni city can ‘be nmeasure Tor exarrpl e by neasuring antibody or

cell -medi ated responses. Simlarly, immunogenic derivatives according to
t he ioverGorstruptsstcedmimgniotthainyention iapiudeeni ci ty. | nmunogeni ¢ deri vati ves
may provide some potential advantage over the native 15protein such as

reducti On1I eﬁ}?f,lﬁggx&ldo?ufo %mﬂ%&ﬁ!@‘da‘&”u&?éﬁ‘?g&%h \6&"9 38{1/)e ; Qr% Ial\l’eiE

undesi rab aCC|n
@?Qopt i m sed

downr eguiZtruiealadbiel - PRBSR p6rasion oPUBNSedS -8 eRE deodieRRlE
for mamres.itamoatddNef 4 p17.,ipdd (modidn m:tmmsed)pﬁagﬁ Zz65i RN (asips opmisied);he
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st eps of %&?‘%ﬁoﬁg"i’iﬂ“ cﬁ%noS%r" gNgforphl R@"‘%BB §§9ﬂgd
car ryi ng & Hel TH p2dRedeeartinaigediieas oﬁﬁ@?‘@ﬁﬁ%’/“ei&l p Ba (F@)d%f' aptintisgs)e

pronoter; c) transfecting cells with both the plasmd and the vector; d)
al | ow ng FHaf ddifruRilotids Bﬁpélpﬁudi&ﬁ;ea@bmblp@ésér@m%mn m&P Ha) lidikgeoveri ng

reconbi nant vir

t 30, | th

aspech. ﬁ?&”%?%eéé’ﬁ?sﬁ'ﬁ\}b%‘%r’SﬁX eAdnsaths ?@H@ﬁ%@?ﬁ“@ﬁg S mne

r esponse inkersaqpanRess MAY ba. fReexIaPie owhia Zbamigrfcidsdh anghy 1n 8 PeREUEMal  a
sui t abl e exampiy thef reay benfrerndgieniiOcamiaoaeils | ordfrorad do Bainnigo &oidsfer i nvent i on.

example 2 to 4 amino acids.

25  The polynucleotides of the present invention may contain further HIV sequences. In
particular, they may include HiV env proteins or immunogenic derivatives or
immunogenic fragments thereof. Suitable forms of env are gp120, gp140 and
gp160. Other suitable HIV sequences include but are not limited to Tat, Rev, Vpu,
Vpr and Vif. Thus the invention further provides an adenovirus vector comprising a

30  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.

35  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.

40 K 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
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35The invention may relate in particular to HV-1. The constructs descri bed
herein may be derived fromany H YV clade, for exanple clade B or clade C,
particularly cl ade B. A pronoter for use in the adenovirus vector
according to the invention may be the pronoter from HCW | E gene, for

exanpl e Ep{wee, kdt BRpR a gﬁg@g@bgﬁgﬁ@u@g&' suptieé of HEeddt d¥volatidgene
conpri si exon.l 1s.i.nclude [ 2. F :

phar mmoGabrEaRo iy RieT Fut B PGl aF sl € i RrpiRdde anfffaces o

t r ansdu®e up ke 20,580 60, T&1109. 4pRiot PhrBnedsids it fangiise qoggigpedde r“%‘ene

t r ansf efvitaimtthe @¥@Feesithe nvieation avlodg =a thdenapledtaligo bepeafpeptidet hout undue
advegsedgﬁuog@ltr%\ gey %ﬁiig{;%iﬂ@cﬁﬁi E;% QaPihst il MAgjof &lT| &pitssdsSarewni ch can be
det ef m ned, ﬁose_s I in,t nedi.cal .art’s, ventiona

phar nac é‘ihaln@équy}h%ewp?ré}ﬂ%@elpg?ﬁ'e@a gfgg‘rﬁpr'ff’g?sr %@%ﬁn?%bpﬁ%%s @?}ge are not

| i mi t ed wthich atercapabldef eliciting arvimreng wspersediyivet hbe HIYippiBeriidgr Sdel i very
met hods maleduiss etk ) Ynd SolyfiRiddide seqidhtas atiaaingitatitedinagrion mayt r avenous,
| Nt T AMUSENERLy f Rl AL 3F BPRbet SUBGHIRIGMU of InBU A0 proRbin, fiRghal . oral and
ot her pé ERteral ou €s 0 _aalm nistration. Routes \pd'm nistration may be
conBiP nedragrient Bgy ceptainmuialicns Pedviieh Eiainh gt B%WWB?'@! gRePRABduct or the
condi t i elemohktzates ¢ aofigerdeityni tchad IV antigenietyrdanbenineaswied éar@xamptehe nat ur e
of the l(b%}f}ﬁéé.d.;cuﬁﬁ% BAiisy dr@8l-pebdickéd RRpaness. Sfmitdﬂ@:[ﬂ/rirﬁ@hﬁéﬁﬁ] or will d_epﬁ{ld
primari .on. faciors. [ e age, weig
and heal Hv%fve?r?&gﬁéi"ﬁgﬁ@?&iﬁ%ﬁ%ﬁ‘q @%géh&ﬁg?ﬁgﬁgx%gg%rﬁem s. For exanple, a
t her apedmmugiopgnie feavatives Mmayrevige aefme @Pte\?gg'eﬂq"ﬁﬁt%? @¥eHE "3HVE he viral
vectigr ipsotgdrgrchldsyeductiher remowl of a furctivmbbine nalige protein ehidhosit 100 nl of a
15Cf_”: &Indes b@%ﬂ&&%&gﬁ%{ﬁbéﬁ%h&?& gﬁzﬁﬁ&é@t?ﬁPMT)JOKC@QG to abogttl x 1016
particles, about. 0,1 X r r 1 o |x
1012 par‘f‘ﬁw@f@(%’lﬂﬁ}iopdgfﬁpg%'g é’éy nHACIPPt?d:eaSn%@ehé%e'ﬁ%Y Hg CSEQﬁ%W;"Sé? iiog of the

ani mal dnmrlan erllseindineyy CFﬂdé’ﬂrO&f'F’&@.'o'Fé?peé’}@a%g@} VENERR #3ibl e hunan or
vet er i nategcdtsiageeinf or about an 80 kg aninmal) for intranuscul ar injection
is ijg the range of about 1 x 109 to about 5 x 201012 particles per nL, for

a single,site. t i opal multiple sj . N| [ . e

del i ver?&e_qrﬁsmvﬁgp?%%f gr,ovgf%g&i T%%ﬁé Oﬁ{i@%m&g}] 5\3’%{:@? %ﬁ%rrgﬁ%(t)(gage may be
in the raivesforagurrisingdhectapstdd: about 1 x 1 015 particles for an oral

f or mul atd)on. gooddiaf) amkddehovirustveetesy t nmay adj ust these doses, dependi ng on

t he routg of Hinl | g“\r/lagfg?eeqeggd' enéds ymgeshipel application
for whi ctﬁ thq&?@??ﬁﬂ%ﬁ?ﬂ?ﬂg@?&@i S eml) oyed.u 'rl"hes I%ﬁelg of expression of
ke 1o, sHifabig pragte

t he ©her apeu ] , _Pr%? an i munogen, the level of circulating
ant i bodyS) cariransieating celswith Bothdhe piasid anbtheregiféncy of dosage
adm ni std)at i callowief susfidient timet foo cescofrdninafiende poairngnd he timi ng of frequency

of adm nhyst r alleVbrify!rkcdfbingadiru¥ veRBAESARfind BieQN¥ Mitigeki | | in the art. 30
Adm ni stration of the pharmaceutical conposition nmay take the form of one

or of nore th&f 6H&S ndi vi dual dose, for exanpl e as repeat doses of the
sane3%ol ynucl eoti de cont ai ni ng adenovirus, or in a heterol ogous

" pri me- baesibthey aspeatahe preseaginventioh fretidenh atiued pff raisngoaroBtmurgi Nne uses
adm ni steabda ifh Hahiel &Richi¥tABd Bdmprises administering to the mammal a

suitable amount of an immunogenic composition according to the invention.

35  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 IE gene, for example wherein the 5’ untransiated region of the

40 HCMV IE gene comprising exon 1 is included as described in WO 02/36792.

The pharmaceutical composition can be administered in sufficient amounts 1o
transduce the target cells and to provide sufficient levels of gene transfer and
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vaccine in the prime and the boost, each of which may itself include two or
nore 35adm ni strations. The primng conposition and the boosting
conposition will have at | east one antigen in comon, although it is not
necessarily an identical formof the antigen, it may be a different form of
the sane antigen. A prine boost regine of use with the vectors of the

present | BuEILl Ao TRkihe 4 SndrdBadt S, w.&mnﬁama\g%%ua @h@ng{ﬁ@a mggeggv;rn al
adenovi r aacceé@b@rpfb@@@tglcaé?ﬁ?@ﬁ g e be Qﬁtea'ams\hvr hose,hlled
f ol | owed rhgdicaiearat Gmwenlitaiadadndbwadnmut;callﬁacd:enmﬂﬂebmﬂsﬁsfammnis&ahkm i vered

by I ntra5aYS&d! Rk af ndtihdidads! diRlet éé%ﬂ) ©théFdtiRB 2Rl oW intRioculdy Particle

accel erat n tec coul d

B 2 delery Foblps e e IS s A afor e R o Che
present iinv@nusaiar, intratiachesl, mubaitageass intredefmal sieqtgl e apdaettiesm, and t he
boost i ng gipsfefd FRIIES bNEHrhINRIrABET ORbURS of 8dhMistidtion ﬁfay@eadmﬂﬁwemﬁr ein the
bonpr | sed el dh@‘f’édé%"e@“@“@d"“ﬂ% gEE bBIBYt ho'BaniH. b B8REr oy
Pan 6 ancﬁdm'waEﬁ‘éRn FPdeaf@Y il Q%??@F’m%ﬁ ngiureatBgiseRdition keirpdieatedy sv- 25

Vectao A plasm d was construct ed containing, the conplete SV-25 genone
except fQiosag e%gtrrée\ﬁarae@b&&r Wit ldepéprirAbrity A f8dtdre seith B endborfdlopt | on

wou 4 al 10 qi'aéaé?? B aé?ew%ﬁhﬁ%i%%”%o&f@é%*@“f|agd§@s%ﬁ§9aﬁ'ar§3f W en
t r ansgendraigpise £6F aﬁa@a@seﬂwap%utncﬁ tiyg agdyfblumangr waternasy ﬂ@%@ﬂfm tion
si tes werdf thengiesl vector 8 geyetdiigtin thel range of tomtabiboi 10 plhte abest 10 tiloof 51 t es

Swal -jgnaBlyrpp m%f]rw, cmam of]fﬁnrH"ﬁﬁo&HO;E“P@tb%bBuﬂoBB%@ dafffegras cut

wi th EcoRl ne n 2 r two synt hetlc

ol i gonersabgvg N?’at AA’ﬂarTRa %&g dc@ Joop AB% é‘gﬁ RAG OGC GGA TAT
CAT TTA Aesggps wﬂtraswysp?@mgtmnthmlm tmpgnigptangdthegoyterfA GCG CGA CTA
GTG CCC Hamifdwaliohl FerZxpmple] al suitable ihaghantorivetedinpiyRRi2agel (fgesbad anv8th EcoRl

and Ndel . Té}ﬁmla?ffér ﬁPQE&MIar%Qe&Rm]iQW ehndiorRbent 18 08 tPRsshtisnt o the
abovezol 'n paﬁe cles per for a s:ngle sge (Bp ionally, muitiple sites of administration
may be delivered. In another example, a suitable human or veterinary dosage may
be in the range of about 1 x 10" to about 1 x 10" particles for an oral formulation.
One of skill in the art may adjust these doses, depending on the route of
administration, and the therapeutic or vaccinal application for which the recombinant
25  vector is employed. The levels of expression of the therapeutic product, or for an
immunogen, the level of circulating antibody, can be monitored to determine the
frequency of dosage administration. Yet other methods for determining the timing of
frequency of administration will be readily apparent to one of skill in the art.

30  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

35  administrations. The priming composition and the boosting composition will have at
least one antigen in comimon, 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
40  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 exampie, 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
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sites. The right end (bp28059 to 31042) of Ad SV25 was cloned into the

|l i nker between the Aflll and EcoRV sites. The adenovirus El was then

exci sed between the EcoRl site (bp 547) to Xhol (bp 2031) fromthe cloned
left end as follows. A PCR generated |-Ceul -Pl-Scel cassette frompShuttle

(O ont e@f)patiste boSRSrhfsh REAMEESS. AheirEvéig efth apemSRbssiehrse cdie 10154 bp

Xhol fragnment into the Spel
xnol ﬁgn}p@%l@ Qg }é%ﬁlcggﬂ?aga%d{eﬂo%%w&et?y@cﬁo}%‘p SR 10O the
( pSV25) lm@tf@@w% edPrigyng ﬁ%%@qm@'%%thﬁm&mbanweé%% ing defe | fragnent
(bp11984airpridiaane atienaytrakevente oa faaxphplewherdeecthe grimingdesecfonirisde| et ed
adengyi 1y, BT AL @PhAY RIbdodfn BB Sirhibeda SrBADI nant 30adenovi r uses.
Optional 1y, desired transgene is inserted into the |-Ceul and PI- Scel
sites of the newy created pSV25 vector plasm d. To generate an AdSV25
carrying a marker gene, a GFP (green fluorescent protein) expression
cassette previously cloned in the plasmd pShuttle (C ontech) was 35
excised with the restriction enzynmes |-Ceul and Pl-Scel and ligated into
pSV25 (or another of the Ad chinp plasm ds described herein) digested with
the sane enzynes. The resulting plasm d (pSV25G-P) was di gested with Swal
to separate the bacterial plasm d backbone and transfected into the E

conpl ementing cell |ine HEK 293. About 10 days later, a cytopathic effect
was observed indicating the 40 presence of replicative virus. The
successful generation of an Ad SV25 based adenoviral vector expressing G-P
was confirmed by applying the supernatant fromthe transfected culture on
to fresh cell cultures. The presence of secondarily infected cells was
determ ned by observation of green fluorescence in a popul ation of the
cells. 2. Construction of E3 deleted Pan-6 and Pan-7 vectors. 5 In order to
enhance the cloning capacity of the adenoviral vectors, the E3 region can
be del eted because this regi on encodes genes that are not required for the
propagation of the virus in culture. Towards this end, E3-deleted versions
of Pan-5, Pan-6, Pan-7, and C68 have been nmade (a 3.5 kb Nru-Avril fragnent
containing toE31-9 is deleted). E3 deletion in Pan6 based vector

El - del et ed pPan6- pkG-P nol ecul ar cl one was digested with Sbf I and Not Ito
isolate 19.3 kb fragnent and |igated back at Sbf | site. The resulting
construct 5pPan6-Sbf |1-E3 was treated with Eco 47 |1l and Swa |, generating
pPan6-E3. Finally, 21 kb Sbf | fragnment from Sbf | digestion of pPan6-
pkGFP was subcl oned into pPan6-E3 to create pPan6-E3-pkG-FP with a 4 kb
deletion in E3. E3 deleted Pan7 vector 10

13



The sane strategy was used to achieve E3 deletions in Pan 7. First, a 5.8
kb Avr fragnment spanning the E3 regi on was subcl oned pSL-1180, foll owed by
deletion of E3 by Nru | digestion. The resulting plasm ds were treated with
Spe | and Avr Il to obtain 44 kb fragments and clone into pPan7- pkGFP at
Avr |l sites to replace the 15original E3 containing Avr Il fragnents,
respectiﬁg %pl%}."e final pPan7-E3- pkGFP construct had a 3.5 kb E3-del etion.
A full description of construction of El, E3 and E4 deletions in these and
ot her Pan Adenovirus serotypes is given in WO03/0046124. Further

i nf or mat ibbampedl so 20 avail able in Human Gene Therapy 15:519-530

(W003/ 04 @lAbtruckion o the E1/ED Relctsd PaA® Afd CAden&Virudlef sequence. 25 This is
described in full in WO03/025003 Plasmd p73i-Tgrn 30 1. Plasmd: p73i-GRN\2

d one’ #19 pl7/ p24(opt)/ RT(opt)trNef) - repaired Gene of interest: The
pl171p24 JePeneratian ehRecembiiast ElnPleted@Yr2S MR opti ni sed RT and
truncated Nef gene fromthe H V-1 clade B strain HXB2 downstream of an |owa

ol o nggﬁzﬁﬁ@ﬁ“@&%‘m@%ﬂa‘@w S AEEI SN 28 GERIRL et e o 1 om
plasnid § Qi/‘?ﬂ'fetdl\é* HQEE?ﬁ'a}l\ﬁﬁ‘ﬁ sﬂ&ﬁ?ﬁﬁ'ﬂ Q?lﬁg?n ch\?%gil}'gnnsi%%{}gr El%am' no acid
change 1%estri¢tion enzyanesi+Gawl end PéSgebrhiskvouldialigwipserien eideansgens fremr

nut agenesi shutttehsiagiaidressre thd\ehndgeRe sixpieshiod chsseti2 is fauieddpt thesested RT from
p7077- RT ' Oroy. cut with Apal and BanHl, and cl oned
into Apafépﬁaﬂgré%nﬁ%}}%:ﬁg%w %I’gl mers: PCR coRT from p7077- RT3 using
prinmers: (Polynmerase = PWD (Roche) throughout. Sense: ULl 5

GAAT T CGCRGSDGEEA TIG83R00EATI 0 GTROGSKIPHEA SR IEBH SN sAGHINELORYCDERIGAT
AScoRJ- Nefas cloned into pBR322 that was cut with EcoRI and Ndel. This was done by

annealing together two synthetic oligomers SV25T (6-AAT TTA AAT ACG TAG
CGC ACT AGT CGC GCT AAG CGC GGA TAT CAT TTA AA-3’) and SV25B (5'-
TAT TTA AAT GAT ATC CGC GCT TAAGCG CGA CTAGTG CGC TACGTATTT
A-3") and inserting it into pBR322 digested with EcoRI and Ndel. The left end {bp1

20 to 1057) of Ad SV25 was cloned into the above linker between the SnaBl and Spel
sites. The right end (bp28059 to 31042) of Ad SV25 was cloned into the linker
between the Aflll and EcoRYV sites. The adenovirus E1 was then excised between
the EcoRl site (bp 547) to Xhol (bp 2031) from the cloned left end as follows. A PCR
generated |-Ceul-Pl-Scel cassetie from pShuttle (Clontech) was inserted between

25  the EcoRI and Spel sites. The 10154 bp Xhol fragment of Ad SV-25 (bp2031 to
12185) was then inserted into the Spel site. The resulting plasmid was digested with
Hindlll and the construct (pSV25) was completed by inserting the 18344 bp Ad SV-
25 HindIll fragment (bp11984 to 30328) to generate a complete molecular clone of
E1 deleted adenovirus SV25 suitable for the generation of recombinant

30  adenoviruses. Optionally, a desired transgene is inserted into the |-Ceul and Pl-Scel
sites of the newly created pSV25 vector plasmid.

To generate an AdSV25 carrying a marker gene, a GFP (green fluorescent protein)
expression cassette previously cloned in the plasmid pShuttle (Clontech) was
35 excised with the restriction enzymes I-Ceul and P!-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 fo 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
40 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 celi cultures. The presence of secondarily
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GGTGTGACTGGAAAACCCACCATCAGCACCTTTCTAATCCCCEC i oCycl e: 95C(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. PCR 5 Net from pl7/24trNefl using
primers: 15 Sense: S-Nef ATGGTGGGTTTTCCAGICACACC Antisense: ASNef-G
GATGAAAT@@I@@%@%@W&%&@M%@ 28R flubhberdde iRy besulksa( 30s) ,
55C( 30s) 0s), then 72C(1 20s) and hold at 4C PCR 3' Net from

pl7/ 24t rq\létFe_L fng priners: 25 Sense: SNEF-G GAG GITTGACAGCCGCCTAGCATTTCATC
Anti sense: AStrNef (antisense) CGCGGATCCTCAGCAGITCTTGAAGTACTCC 30Cycl e:

95C( 30s) 2. tdmwitriSictydt IESsdA&EE FRn)6 arbPaBIskector2C(60s), then 72C(120s) and

hol d .at 4C The PCR products wer e gel purifi ed. Initially the two Net

5 1
5yl o SETI Ephitiening elopiha FpagiIhE pubadipreir b Rk Bh 7 4
80s) be deleted because this region encodes genes that are not reqmred for the
propagation of the virus in culture. Towards this end, E3-deleted versions of Pan-3,
Pan-6, Pan-7, and C68 have been made (a 3.5 kb Nru-Avrli fragment confaining
10 E31-9is deleted).



and hold at 4C . The PCR product was PCR cl eaned, and stitched to the RT
product using the UL and AstrNef priners: Cycle: 95C(30s) then 20
cycles 95C(30s), 55C(30s), 72C(180s), then 40 72C(180s) and hold at 4C The
2. 1kb product was gel purified, and cut with Apal and BanmH . The plasm d
p73I GRN was al so cut with Apal and BanmH gel purified and ligated with the

Apal - Bamégéﬁlgﬁf]\}\é%gbg gaq;egtcime pl7/ p24(opt)/ RT(opt)trNef gene. 5 2.

Pl asm d: activated RT) Gene of Interest: Generation of an
i nactivated RT gene downstream of an lowa | ength HCW pronoter + exon 1,
and upst readelofedapRamish pkGEB-mbletuiar gote/wasi diggstativeth Shfdaad Not DtoDue t o

o s g 11910 en B 1d e LBGTh $BRE THS ik ind BSIGANRULI © vacei ne
P s Qfﬂg%dﬁaﬁ( fetlEaain s et ie | ERERIGEPEnGha: thalv-220 11 om
Trp to Ly KorGofidragmerg fromi §bf IRfigention of pRants pkRFPiwagisufidlaneditong pri ner s:

( pol yrer gFeins-E30 drBatePanblEDprbPRWith204 Redsktion RTE3.u: 1
GAAT TCGCGGECCGCGAT GGGCCCCAT CAGT CCCATCGAGACCGT GCCGGTGA  AGCT GAAACCCGGGAT

Ant i sense; ASCORT-Tr 229L¥s 25 GGAGCTCGTAGCCCATCTTCAGGAATGGCGECTCCTTCT
oycle: 1 B3 ¢¢gted Bep f}’ect 15 x [94C (30s) 155C (30s)172C (60s)] 301 x [72C
(1808p] PCR gel purify PCR 3' RT + nutation using priners: 35Antiense:

RT3-1:1 The same strategy was used to achieve E3 deletions in Pan 7. First, a 5.8 kb Avr i}
fragment spanning the E3 region was subcloned pSL-1180, followed by deletion of
E3 by Nru | digestion. The resulting plasmids were treated with Spe 1 and Avr | to
obtain 4.4 kb fragments and clone into pPan7- pkGFP at Avr Il sites to replace the
15 original E3 containing Avr Il fragments, respectively. The final pPan7-E3- pkGFP
construct had a 3.5 kb E3-deletion.

A full description of construction of E1, E3 and E4 deletions in these and other Pan
Adenovirus serotypes is given in WQO03/0046124. Further information is also
20 available in Human Gene Therapy 15:519-530 (W003/046124).

Example 2.

Construction of Gag, RT, Nef sequence.
25

This Is described in full in WO003/025003

Plasmid p73i-Tgrn
30 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
35 promoter + exon1, and upstream of a rabbit B-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

40  codon optimised RT from p7077-RT3, and the stitched fragment cut with Apal and
BamHl, and cloned into Apal/BamHI cut p73i-GRN.

Primers:

16



GAATTCGGATCCTTACAGCACCI TTCTAATCCCCGCACTCACCAGCTTGTCGAC CTGCTCGITGCCGC
Sense: ScoRT-Trp229Lys ao CCTGAAGATGGGECTACGAGCTCCATG Cycle: 1 x [94C (30s)]
15 x (94C (30s)/55C (30s)172C (60s)] 1 x [72C (180s)] PCR gel purify 5The
PCR products were gel purified and the 5 and 3' ends of RT were stitched

using t ke éﬁﬁ%ml{;j 72T Busibdbamed: priners. Cycle: 10 The PCR product
was gel \Bﬁlr'?i e ,_%gﬁoneg in @?313i e, utilising Notl and BanH

restri cEFOHMERSES M fhéo'ﬁg? “RT w229k. (See figure 13) 15 3.

Plasm d: p73i-Tgrn Gene of interest: The pl7/p24 portion of the codon
opti m segkng@gyt codon optinmi sed R and truncated 20 Nef gene fromthe H V-1
clade B iAot isareCcTdRIRcEeRTEbAsANCaTemT@sTEACXONL, - and
upstifeamof _a ra %'&ﬁ 3

- gl obl n pol y-adenyl ation signal. Triple fusion
const r uAGRCTREALA % an active formof R, may not be acceptable to

regul at dScoRdtMefri ti es for human use thus inactivation of RI was achieved

by 251 ngsgstioaAeTEcARRACEOA S CASCACCATTETAATABEPESI - RT w229k, into
Nhel / Apal cut p73i-CGRN2#19 (Figure 14). This results in a WK change at

position 229 in RT. The full sequence of_the Tgrn smd insert is shown
in FAlg Tycleni B ebilsathes FhovcissA (%ﬁof)vé%p(%é‘gﬁc?@swé‘iﬁ‘i nacti vated) and
t runcat e@°0Ef20s) and hoid at 4°C

The 1.7kb PCR product was gel purified.

PCR 5' Nef from p17/24trNeft using primers:

15

' Sense: S-Nef

ATGGTGGGTTTTCCAGTCACACC
Antisense: ASNef-G:
GATGAAATGCTAGGCGGCTGTCAAACCTC

20 Cycle: 85°C(30s) then 15 cycles 95°C(30s), 55°C(30s), 72°C(60s), then 72°C(120s)
and hold at 4°C

PCR 3’ Nef from p17/24trNef1 using primers:

25  Sense: SNEF-G
GAGGTTTGACAGCCGCCTAGCATTTCATC
Antisense:
AStrNef (antisense)
CGCGGATCCTCAGCAGTTCTTGAAGTACTCC
30 Cycle: 95°C(30s) then 15 cycles 95°C(30s), 55°C(30s), 72°C(60s), then 72°C(120s)
and 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.

35  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

40  72°C(180s) and hold at 4°C
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30 Alternative constructs of Gag, RT and Nef are as foll ows: trNef - p66
Rl (opt) - pl7, p24 (opt) Gag, 35trNef - pl7, p24 (opt) Gag - p66 R (opt),
p66 RT (opt) - pl7, p24 (opt) Gag - trNef, p66 R (opt) - trNef - pl7, p24
(opt) Gag, 40 pl7, p24 (opt) Gag - trNef - p66 R (opt). Full sequences for
t hese constructs are gi ven in Figures 8 to 12 respectively. Exarrpl e 3

I nsertio f

expr essi g-ﬁgcza‘s?@g 'toga?t %ﬂhﬁ%%nﬁ%ﬁ’m@gwﬁt’éﬂd‘?arpgl ih%(r:del%syﬂo% cassette
consi st i (RN W%?rr%‘iﬁ)@lér"‘"”b%ﬁﬁﬂ %‘B H geleriyifiad e '%?t@‘i’lﬁt‘th\%%ﬁ‘?%oﬁ*%ﬁ‘ed from
pT- GRN ¢ RTStrNeS tes repenSpte thesp? /8 t)/ RIed)idNediggest i on. The Sph | end of
the Sph I/EcoR | fragnment was filled in wth Kl enow and cloned into

o Dubi nd PR, A7 AR aske UekbamteB 5751 " hnki ng sequence became

associated with the H 'V expression cassette Thi s sequence is known as the
Cer sequegiie efdtdrast:Nno known function. 15 Transfer of GRN expression

cassett e d o1/ cﬁ%nqﬁé&&/&{ed égﬁ%’hé\knﬁéﬁﬂp& o Ioﬁ%q&g (lit(ﬁﬁ\?? vectors. The

expressi on casset rom and Pl -Sce |
di gest i oREOTERE" &1€xAR] - PRY HW‘F?@”%%% r%t?tt'tg%g’t?ﬁ"”tﬂ?éy %%‘?'EV P9 5i%¥Rbnes of Pan6

and Ran7 vectors. Reconbi nant clones were identified through green/white
sel ecti o anE c3REARSE bisEsle Rike DK BRREIIWEHNERT kb6t M @ﬂiaymuaeaédcﬁneﬁ Rescue

and prop d@%&v@[&g ({f tté&%&ﬁ%wgé‘%su}’éblé‘sfﬁs Wl 26l & by b???ﬁtufﬁgegg i

vectors % N?f” 4t e Testriction ases and
Pad respdia RYdegyveddrons PAakERNA) 281ing aeid Resitier 269 frgenbinds Lys (R
transf ecipade)nt o 293 cell s using the cal ci um phosphate net hod. When full

15.
Primers:
PCR 5 RT + mutation using primers:
(polymerase = PWQ (Roche) throughout)

20 Sense: RT3-u:1
GAATTCGCGGCCGCGATGGGCCCCATCAGTCCCATCGAGACCGTGCCGGTGA
AGCTGAAACCCGGGAT

Antisense: AScoRT-Trp228Lys
25 GGAGCTCGTAGCCCATCTTCAGGAATGGCGGCTCCTTCT

Cycle:

1x [94°C (30s))

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

PCR gel purify

PCR 3’ RT + mutation using primers:

35  Antiense: RT3- I:1
GAATTCGGATCCTTACAGCACCTTTCTAATCCCCGCACTCACCAGCTTGTCGAC
CTGCTCGTTGCCGC

Sense: ScoRT-Trp229Lys
40 CCTGAAGATGGGCTACGAGCTCCATG

Cycle:
1x [94°C (30s))
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cytopathetic effect was observed in the transfected cells, crude viral

| ysate was harvested and gradually expanded to | arge scale infections in
293 cells (1x1 0e9 cells). Viruses fromlarge scale infections were
purified by standard CsCl sedimentation nethod. 30 In addition the pShuttle

pl asm d 1gaiohe wsglggrc (3okyr®e (BYsgutting with EcoRl and Xml to renpve a
3" link reduce the plasmd size to produce pShuttleGRNc.
Th| S no |’f|§g P@?ﬁﬁd can be used to generate an additional Pan7 virus
(C7- GRNECRiSEHYhe nethod as described above. 35 Qther constructs were
simlarly inserted into both the Pan 6 and Pan 7 adenovirus. However Pan 6

Wi thsa H‘E@ PER Rq}n?ﬁil)cts wé %%%Eurm?amﬁﬁé 5( R 3 AR of R¥&Wdre WaEhEQUsing

successf . Mouse | mrunogeni city nodel A series of -
Pan6 an(fih ré"“?'éf;arranged inserts of the HV antigens RT,
Nef and @3atg: (RGN, NRG, NGR, GRN, and GNR) were tested for prinmary inmune
responsqsxqb£4mms)ﬂhree experinents were conducted to test the Pan6

Vi ruses ghwnégﬁgsg@(msﬁ% ﬂgg%m)?w rus was adm nistered intra-nuscularly

|na50 e hi nmb of Balb/c (K2d) mice at a dose of
1x108par1t’$ cl gsC (8058 dose was selected as it had previ ously been shown to
i nduce good | evels of 5cellular imune responses (unpublished). Table 1

out | i nesrHelECRGPEHICE WHS 88! dUiilibd VERECISRIIIAtesy 318l DERMgENGeaRdBENS Table 1
Goup | %rlct?o%télﬁn tP ad%ﬁe!‘a%%l% M&ngafgee ﬁ’&ﬁ"g 19)

15
3. Plasmid: p73i-Tgrn

Gene of interest:

The p17/p24 portion of the codon optimised gag, codon optimised RT and truncated
20  Nef gene from the HIV-1 clade B strain HXB2 downstream of an lowa length HCMV

promoter + exon1, and upstream of a rabbit B-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

25 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.

30
Alternative constructs of Gag, RT and Nef are as follows:
trNef - p66 RT (opt) - p17, p24 (opt) Gag,

35 trNef - p17, p24 (opt) Gag - p66 RT (opt),
p66 RT (opt) - p17, p24 (opt) Gag - triNef,
p66 RT (opt} — trNef - p17, p24 (opt) Gag,

40

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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Week 0 1 Pan6-NRG 108 Pan7- NRG 108 2 Pan6- NGR 108 Pan7- NGR 108 3 Pan6- RGN
108 Pan7- RNG 108 4 Pan6- GRN 108 Pan7- RGN 108 5 Pan6- GNR 108 Pan7- GRN 108 6
DNA: P7313 Pan7-GNR 108 7 DNA: P7313

Example 3.
Insertion of Gag, RT, Nef sequence into Adenovirus.

5 Subcloning of GRN expression cassette into pShuttle plasmid.
The entire expression cassette consisting of promoter, cDNA and polyadenylation
signal was isolated from pT-GRN constructs by Sph | and EcoR | doubie digestion.
The Sph | end of the Sph I/EcoR | fragment was filled in with Klenow and cloned into
pShuttle plasmid at EcoR | and Miu | sites where the Miu | end was blunted.

10
During the cloning process an additional flanking sequence became associated with
the HIV expression cassette. This sequence is known as the Cer sequence and has
no known function.

i5 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 t
digestions and cloned into the same sites of the molecular clones of Pané and Pan7
vectors. Recombinant clones were identified through green/white selection and

20  confirmed by extensive restriction enzyme analysis.

Rescue and propagation of recombinant viruses.
Molecular clones of C6 and C7 vectors were treated with appropriate restriction
endonucieases (Pmel and Pacl respectively) to release intact linear vector genoi‘nes
25 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.

30
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.

35

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.

40 Example 4.
Mouse immuncogenicity 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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10Following in vitro stinulation with peptides or proteins to specific
epitopes in Gag, Nef and RT the generation of CD8 and CD4 responses were
nmeasured by ELIspot assay at 14 and 28 days post prime. The results provide
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of NHP adenowvi ruses used for

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 vy and 1L-2 compared with the empty vector controt (data not

15  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.

20

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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G oup Vector

PAN7GRN 4 PAN7NGR PAN7NGR 5 PANGNGR PANGNGR

10

15

20

25

30

The ranking of the panel of variants was calculated using the Bayesian model
{(performed using the Prior statement in Proc Mixed with a flat prior generating
100,000 posterior samples; see Tierney, L. (1994), "Markov Chains for Exploring
Posterior Distributions” (with discussion), and Annals of Statistics, 22, 1701 - 1762.
Gelfand, A.E., Hills, S.E., Racine-Poon, A., and Smith, A.F.M. (1990), "llilustration of
Bayesian Inference in Normal Data Models Using Gibbs Sampling,” Journal of the
American Statistical Association, 85, 972 - 985) to forecast the probability of each of
the variants as the ‘best’, based on the data provided by the experimental conditions
investigated.

Figure 1 represents the sum of the Pan6 CD4 and CD8 responses for IFN y and IL-2
with each peptide at day 14 and 28 as predicted by the Bayesian method.

Figure 2 represents the sum of the Pan7 CD4 and CD8 responses for IFN y and IL-2
with each peptide at day 14 and 28 as predicted by the Bayesian method.

All the inserts show a significant increase in immune responses compared with the
empty vector control. The statistical analysis shows that there are no significant
differences between the different viruses.

Example 5.

Pig Immunogenicity model

Results from several studies have indicated that the pig is a good model for testing
immunogenicity of candidate vaccines. A study was set up to investigate the
immunogenicity of the four candidate NHP adenoviruses in minipigs. Groups of §
minipigs were primed with PANBGRN, 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 PANGGRN
2 PANBNGR PANSBNGR

22

Week 0 Week 12 1 PAN6GRN PAN6GRN 2 PANGNGR PANGNGR 3 PAN7GRN



Bl ood sanpl es were coll ected before i munisation and at intervals post-

i mmuni sation fromevery animal. The peripheral bl ood nononuclear cells were
isolated and restinulated in vitro with RT, Nef and Gag peptide |ibrary
pool s and 5proteins. The peptide library pools_consist of 15-ner peptides
over | appi ng by 11 |ani Bo aci dsPANEGRMNg the eRbtNFERbequepce of RT, Nef and
Gag and were the slane as fhose used for fhe in vivo nouse experinents.

The production of {nterfeyon-gamya -by-theseporei-re—eeH s has been neasured
i 0 using ELIspot assaﬁs. Fi gu éNéNgﬁéms [ he Fé@ﬁ@ﬁ s tp RT, Nef and Gag
peptide library pools at the 4 sanpling finme points. Responses are detected
to all four viruses—seven-dayspas Rt sat Cettto] ar response to al
four NHP viruses iis intainegAﬁﬁFHReu eas?hggwggis ppst-primry. 15
PAN6- GRN gener at es| t he stfongest responsg at 7 days posi-primry by

| FN- gamma ELI spot . “Exampte—6—26Primate tmmunooenicrtv Model Results from
a primate pilot study indicated that intranmuscular injection of NHP

adenovi BHRRES a?%;ﬂé@@ﬁlier&zllga_tzd Nefor@ mEIa®d sid &dnepldidibast- | mmne r esponses
I N cynonol gus nKeys. A S S | e

i mru%oggﬁf“g'ﬂs?g%f #?!ﬁeev]e B’U?m@ﬁtﬁ 3?% g\fgﬁ&ﬁ!@t %%%dn}é@ P?ﬂ%czéatric%ﬁ’%ﬁﬁ%ml gus
nonkey s isctgted pad exstimniaied i vise with RTmbief and ﬁiasmi'd%;manmqgﬁ AR, PAN7- GRN
or PAN7 ph§tBIné S Tiie plitidiellibrany puols esndistios Hésmersgptides olalzapping)by Bach ani mal
recei vedya,4 gligd s;t?én ﬂae\@nﬁi@sé&%hb&bﬁm,ome@éiﬂr@%g bHE wétethe@me
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S%He mngal.o volu(rredlvide
medi al  S6MPSGHISEGIRT 1B§ I YEO AP EXBeNPRNEhes of NHP adenovi ruses used for
the primate experinment G oup |Inmunisation Week O Aninmal i/d 1 PAN6GRN
The production of interferon-gamma by these porcine celis has been measured
10 using ELIspot assays. Figure 3 shows the responses to RT, Nef and Gag peptide

library pools at the 4 sampling time points.

Responses are detected to all four viruses seven days post immunisation. Cellular
response to all four NHP viruses is maintained until at least 5 weeks post-primary.

15 PANG-GRN generates the strongest response at 7 days post-primary by IFN-gamma
ELlspot.

Example 6.
20  Primate Immunogenicity Model

Results from a primate pilot study indicated that intramuscular injection of NHP
adenoviruses expressing RT, Nef and Gag elicited cellular immune responses in
cynomaolgus monkeys .

25 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, PANG-NGR, PAN7-GRN or PAN7-NGR (for details of virus batches used see
Table 3). Each animal received a total of 10" virus particies of adenovirus via the
intramuscular route (using a 1.0 mi volume divided equally between each medial

30  thigh muscle).

35
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18173, 18180, 18240, 18217, 18221 2 PAN6NGR 18144, 18155, 18199, 18216,
18238 3 PAN7CRN 18156, 18188, 18192, 18215, 18237 4 PAN/NGR 18160, 18170,
18208, 18226, 18236 5 PAN7NGR 18165, 18168, 18189, 18234 Bl ood sanpl es
were col |l ected before i munisation and at weekly intervals 5thereafter.
Peri pheral bl ood nononuclear cells were isolated and restinulated in vitro

wth R, ﬂasesa%t@?&tcﬁmb dBehdVi8EY P theldHindl6 @bériment of

i nterferof -garma ese primate cells was neasured using ELIspot assays.

Figure 4 ghows respot oupat the t} jsanpt Mg time
points. 1P ThedF.é’ ts srlovﬁwmrﬁﬁtﬁ#glroups respon eﬁﬁstrongly at ¢one week
after the] primary inmmni sati oNeelOt h riesponses mai nifdi ned until at il east 7
V\eeks pos I I'YTHII’\I sat | on- l“n rocul t o Sht ﬂnr‘% + I'ILf\tO + lﬂn4v'e1: 51?' i %"QJ

di fferencp betvvee"n t he ve=ct ?&”@ﬁ%ﬂ em? ’fﬁ@ dggo(g 1d Bgrt i cl es)
in primatpes. 15 Exanple 7. Post- pr| marly i mune responses to a dose|range of
NHP Adenoj+us—encothag—iH-VvV—GRN e ua,lgﬁu | Q@W (i.m).

To eval uate the ihpact off thée dose of adenov1 rus rn prr mgry i muni zation, a
group of

3 PAN7GRN 18156, 18188, 18192, 18215, 18237

4 PAN7NGR 18160, 18170, 18208, 18226, 18236

5 - PAN7NGR 18165, 18168, 18189, 18234

Blood samples were collected before immunisation and at weekly intervals

5 thereafter. Peripheral blood mononuclear cells were isolated and restimulated in
vitro with RT, Nef and Gag peptide library pools. The production of interferon-gamma
by these primate cells was measured using ELIspot assays. Figure 4 shows the
response of each group at the three sampling time points.

10 The results show that all groups responded strongly at one week after the primary
immunisation, with responses maintained until at least 7 weeks post immunisation.
The results suggest that there is little difference between the vectors when used at
this dose (ie. 10" particles) in primates.

15 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

20  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 (2,g) using particle mediated epidermal delivery (ND5). 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

25  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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20 mce (n=5) were inmmunised intra muscularly (i.m) wth increasing doses
of NHP Adenovirus (from 107 to 1010 particles). As positive control a group
of animals was inmuni sed by DNA (2g.tg) using particle mediated epi der mal
delivery (ND5). On day 6 and day 19 post inmmunisation the animals were
schedul eyamgplagd spl een renoved. | mmune responses were nonitored by |FN-y
ELI SPOT &as i i i I f f rgens (GAG
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schedul e dne S en 10 renoved. .| n es [ i d by
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Description of Figures Figure 1. Ranking of Pan6 H V Adenoviruses. This

r epr Bs entheseltesyisraughestibatrboisi-ooandirdiarersfactspmyiasoffagminisiratipngid | L- 2
wth eac&bdmﬁtidagoathedayenliénand 28 as 5predicted by the Bayesi an mnet hod.
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Ranki ng of Pan7 HI 'V Adenoviruses. This represents the sum of the Pan7 CD4
and CD8 responses for IFNy and IL-2 with each peptide at day 14 and 28 as
topredi cted by the Bayesi an nethod. The y-axis represents spot formng
cells per mllion splenoctyes.



Figure 3. Responses of mnipigs to RT, Nef and Gag peptide library pools at
0, 1, 3 and 5 weeks post-primary immunisation. Results are the nean
standard error of 15the sum of responses to each peptide library pool for
each animal. Data obtained fromthe University of Pennsyl vani a. Fi gure
4. Responses of primates to RT, Nef and Gag peptide library pools at 0, 1
and 2 \/ve%ur[;&a fcﬂ‘rﬁicﬂﬁ'&( | mmuni sation. Results are the mean standard error
of 20 the—sum responses to each peptide library pool for each aninal.
Figure 5. Post-primary inmune responses to a dose range of NHP Adenovirus
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assay. Fingllieselenpe¥@s.pri mary i mmune responses to a dose range of NHP
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and 5 weeks post-primary immunisation, Results are the mean + standard error of
15 the sum of responses to each peptide library pool for each animal. Data obtained
from the University of Pennsylvania.

Figure 4. Responses of primates to RT, Nef and Gag peptide library pools at 0, 1
and 2 weeks post-primary immunisation. Results are the mean = standard error of
20 the sum of responses to each peptide library pool for each animal.

Figure 5: Post-primary immune responses to a dose range of NHP Adenovirus
encoding HIV GRN antigens delivered intra muscularly (i.m.}. Group of mice (n=5}
have been immunised with various doses of NHP Adenovirus (from 107 to 10'°

25  pariicles) and cellular immune responses against a peptide library pool for each
antigen are monitored (day 6 and day 19) using IFN-y ELISPOT assay.

Figure 6: Post-primary immune responses to a dose range of NHP Adenovirus
encoding HIV GRN antigens delivered intra dermally (i.d.). Group of mice {n=3) have

30  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.

35

Details of the sequences are set out in Tabie 4
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3 Tnrg amno acid 4 Tngr polynucleotide 5 Tngr am no acid 6 Trgn

pol ynucl eotide 7 Trgn am no acid 8 Trng pol ynucieotide 9 Trng am no acid 10
Tg nr pol ynucl eotide 11 Tgnr amino acid 12 CLAIMS 1. An adenovirus vector
conprising a polynucl eotide or polynucl eotides encodi ng at

anti gensrgdRk 4-Nef and Gag or inmmunogeni c derivatives or inmmunogenic
fragnments thereof arranged so that they are transcribed in

Amino acid or polynucleotide description

Sequence identifier (SEQ ID No)

Tgrn polynucleotide

1

Tgrn amino acid 2
Tnrg polynuclectide 3
Tnrg amino acid 4
Tngr polynucleotide 5
Tngr amino acid 6
Trgn polynucleotide 7
Trgn amino acid 8
Trng polynucleotide 9
Trng amino acid 10
Tgnr polynucieotide 11
Tgnr amino acid 12
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5the order Gag, RI, Nef. 2. An adenovirus vector according to claim1l
wherein the RT is truncated. 3. An adenovirus vector according to claiml
or 2 wherein the Nef is truncated. 10 4. An adenovirus vector according to
any one of clains 1 to 3 wherein the Gag is pl7 and p24 only. 5. The
adenovirus vector according to any preceding claimwherein the size of

15t he HI V pol ynucl eoti de or pol ynucl eotides is such that the overall size
of the vegtgmg s from90 to 100% of the size of the virus. 6. The
adenovirus vector according to any preceding claimwherein the virus is a

non- humarn pringate,adenovirus. 20 7. Th MOV rus vect ording to
claimé6 erei ?%c'eé\o\ﬂry%\éeqlf%r %W’S%%gglgg‘gc&%%'geioi ngﬁ'éaéofﬁégade_novi rus
vect or accor diéngoding @t lgast HiMiwrtigens RTh &leh a8d SR dmmsnogenic defadives om pan
5, 6, 7 and 9.or#nmihegétieraymens theriodarrangs s thgt they alteafranstribéeinei n t he

adenoyirus is Brf - RTh&epdenovirus vector according to claima8 wherein
t he a%;enovi rus“r')‘?sr pgr?]a%.' ig fl’. The adenovirus vector according to any

preceding claimwherein the virus is replication defective. 12. The
adenovi r @s vedroadenovvysivenionascardingtoedtaini hyheleld fievbeisdrumcaled. virus i s
35del eted in El and E3 regions. 13. The adenovirus vector according to any

precedi ng ol aih GG (05 RRLYRIRY ELHPY SEANRBRAPYENGAY Dttt 1 ¥

antigens "are arranged as a fusion. anzee adenovirus vect or
conpr?sing one of the follow ng pol ynucl eoti de constructs:
4, An adenovirus vector according to any one of claims 1 to 3 wherein the Gag

is p17 and p24 only.

5. The adenovirus vector according to any preceding claim wherein the size of
15 the HIV polynucleotide or polynucleotides is such that the overall size of the
vector is from 80 to 100% of the size of the virus.

6. The adenovirus vector according to any preceding claim wherein the virus is

a non-human primate adenovirus.
20

7. The adenovirus vector according to claim 6 wherein the virus is a
chimpanzee adenovirus.

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

25 selected frompan 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.
30

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

35 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.

40

14. A chimpanzee adenovirus vector comprising one of the following
polynuclectide constructs:
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pl7, p24 (codon optim sed) Gag - p66 RT (codon optim sed) - truncatedNef;
truncat edNef - p66 RT (codon optimsed) - pl7, p24 (codon optim sed) (ag;
truncat edNef - pl7, p24 (codon optimsed) Gag - p66 RT (codon optim sed);
p66 RT (codon optim sed) - pl7, p24 (codon optim sed) Gag - truncat edNef;
5p66 RT (codq:n?opjai (dosiedbpﬂmtsreuneagedblaﬁ RT {pddon qﬂmtsedjdortrunmtEdN@‘ed) Gag;

pl7 , p24 (cqfpp, Sséépﬁﬂﬁoao&wm 8éaINghi 7. pRORoRIn bRAGEWig;m sed)
e

15. An ad
Pan 6 or EQ‘n’V'vfr\%?teﬁﬁ% ¢ i UL, OB ol g e

construct is fEBRT (@eEnRPptinized) --pth KE# (codenppliptsed) 698) - G&JQC&@@‘JG\’M

i mm@g_gem CI GEEEARE (dddR dpBRIEdS '—nﬂuhdlitﬁe&méﬂls p\WﬁbM (oaa@mbglﬁmugea)oe@g]y
precedi ng C a )/ e r
1517. The use of 3’?1( %(EHJ%V‘ISI‘US aa' at(r:@%% hgpt op%ﬁéﬁcgedoglf()p% o0t 1 to 15

in the manufacture of a nedi carrent for the treatnment or prophyl aX| s of HV
i nfecti ors. 18Aradmtdvds oéctpr aqardimyptoeclaiectowharerahdiAdgnodruany Pané of cl ai ns

1to 55 ZOCO@rpaﬂ ﬁ&.tﬁhf‘esrbeieétmtwh\e/h thé Q¥érbvigs erpa%deﬂevwnuglrwgork db%
providing a p e equences operably linked to a
sui t®bl e pr orfit é’gquf&)tp ans %tl r?g]lT %ﬁ]@p&f@?@bot h the plasnid and the
vector; 25d)allow ng sufficient tinme for reconbination to occur; and

eyr eCOVGTEi ng Asiambhdimic sonipissitivaciontprisagrtye nigust Mtddldqfcaﬂtriggeransequences.
19. A met hoda@%]c%cﬁﬂguagn aAg bPFURRadRALARN SR cbMabic BaER or WhjuGhTet hod

30conpri ses ering to the mammal "a suitabl e anount™ of an i nmunogeni c
conposition according to claim16. 20. A fusion protein expressed by the
vectior abfcor dTyusesofanadanevigds waderascarding tosny 9ge2f clamg {149 &% et ei n
accordi ng to mhaufacite oF Dai¢arRemant for the featimenbor froplyylaxis of HiV

infection.

18. A method of preparing a vector according to any one of claims 1 to 15

20 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;
25 d) allowing sufficient time for recombination to occur; and
e) recovering recombinant virus vector carrying the HIV antigen
sequences.

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

20. A fusion protein expressed by the vector according to any one of claims 1
to 15.
35
21. A fusion protein according to claim 20 produced within the human body.
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