WD 2006/ 040330 PCTI EP2005/ 055153 TI TLE | nproved adenoviral vectors and uses
thereof FIELD OF THE I NVENTION 5 The invention relates to the field of

medi cine, nore in particular to the field of therapeutic and  prophylactic
“treat ment, viy2msopg3c econbi nant chinmeric adenoviral veeroEs2008053i83Si Ng a

t herapeutic nucleic acid in vaccine conpositions. 10 BACKGROUND OF THE

| N\VENTI ON  Reconbi nant adenovi r al veg&géﬁ are widely applied for gene

t herapy applications and vaccines. T e, 51 different adenovirus

serotypes have beemprdeati biefovThel resuthgy awa Gsadenn¥iegses have been
nost extensively studied for applications such as gene therapy; especially
serotype 2 and 5 (Ad2 and Ad5) are widely used in the art. Reconbi nant Ad5

is used in a variety of diffeignh oPUWROSEFENTIONUMI NG vacci nation.
| mportantly, Ad5 vector 20 based vacci nes have been shown to elicit potent

and prdiective Thamingengdponsedaiasatvarhetfiafd ardi meldicindel 8ordbr eover,

, Iarge-scaleiglinécfj.ﬁgg }%s orfﬁly vgcgﬂéggi() .are_angoi ng in which
Ad5-based r e HARY 2 &6t 6P'S AP 8 %e?ng usedx? ©£F62607; WD 02/ 22080;

Shiver 25 eprephyl2i2ic lekwitheat, aby w9025 Sdomtyinamd ERtimeri2004). c

However, the utiljity of . reconbi nant Ad5 vector-based . vaccines for H 'V and

ot her pat hoR@PROVH 13! ey ShEOMBF AL PY cantISraRst cd "yFlehe AP 4R ‘

seropreval epge, - AdS-capeslikiengeut ral i zi ng antibodi es (NAbs) in human 30
popul ati ons. The existence of anti-AdS immunity has been shown to suppress

substant@al |y the i munogenicity of Ad5-based vaccines in studies in mce.

and r hesus nonkeys. EarlY%#Eﬁé%dﬂ' h§§§-ég§ﬁﬁ@i5ﬁj trials show that this
r 20 : :

probl em may al so occur in humans hi've
' Recombinant adenoviral vectors are widely applied

fcr'gene therapy applic¢ations and vaccines. To date, 51
different adenovirus serotypes have been identified. The

15  subgroup C adenoviiuses'have been most extensively
Studied for applications such as gene therapy} especially
serotype‘2 and 5 (Ad2 and AdS5) are widely used in the
art. Recombinant Ad5 is used in a variety of different
purpcses, including vaccination. Importantly, AdS5 vector;

"20 based vaccines have been shown to elicit potent and |
protective immune responses in a variety of animal
models. Moreover; large-scale clinical trials for HIV
vaccination are ongoing in which Ad5-based recombinant '
vectors are being used (WO 01/02607; WO 02/22080; Shiver

25 et al. 2002; Letvin et al. 2002; Shiver and Emini. 2004) .
Howevet, the utility of recombinant Ad5 vector-based
vaccines for HIV and other pathogens will likely be
significantly'limited_byvthe high seroprevalence of Ad5-
specific neutralizing antibodies (NAbs) in human.

30 populations. The existence of anti-Ad5 immunity has been
shown to suppress substantially the'immunogenicity of
Ad5-based vaccines in studies inlmice and rhesus monkeys.
Early deta.from phase-l clinical trials show that this .

problem may eiso occur in humans (Shiver 2004).



1 WO 2006/ 040330 PCT/ EP2005/ 055183 One promising strategy to ci rcumvent the
exi stence of pre-existing imunity in individuals previously infected with
t he nmost common human adenoviruses (such as Ad5), involves the devel opnent

of reconbiyighdosBeICrs 5 from adenovirus-.serotypes thapcfliepigdossgounter
such pre- existing imunities. Human adenoviral vectors that were

identified to be particularly useful are based on N serotypes 11, 26, 34,
35, 48, 49, and®™0PIEMIRARISABRRITTY WO COLFIOY EREWEND 283086 %hd WO

2004/ 037294 ( A1i82 1n}0 1 ¥RGR! Sy efn &lnqidAA3kh1sOphelSohayvg found that al so
adenovirus 24 (Ad24) is of particular interest as it 1s Sshown to be a rare .

serotype (MWIX0GH 083418nhe Wmost nédramorsthuaeegpdesobasededn(sieh use of sim an
adenovi rus si nce_ t-hese, do ically not.infect . humpns. . 15 They exhibit a

| ow ser opr]gC?/Eé?I ence oltlﬁ’ eﬁ'u%ﬁﬁ é%ﬁ%f%%mé’nfzheof 5980%%% YPprichbl e for human

use sirge firomasicHiaimust Batot iese dHaISRS nodUkdcbiheet Hudmpwesl s in vitro

(WD 03/000283;, WD .2004/037189). It was shown that adenovirus serotype 35
(Ad35) 20 SFEtioMDHASEY5EEP nedUEBH Ed‘é]l‘?‘é%lfa]pd{eéﬁtoréeltpéltaWeFﬁnune

- responses {qal Warg Rt pei ?Qkéi&@ﬂi ]}Z‘y siRRasaed BYs@dtdy AdS i muni ty )
(Barouch et al. 2004; Vogels et al. 2003). Simlarly, chinpanzee

adenovi r useerdtareshddn ShowAdt 035 el 4%i t49 mapde SPesponsesshawn dwere minimal ly
It vas 1 ookt MR o pe R D A 20720 e s and cob T
| ynphotyt evogsiporseslbobN03gondthdu ehdve dotindAdbatnalswty, whereas .
e o S STl Lo I T Tl (rida et gl - 30,2008
de”DnStraFéﬁbﬂﬂWﬂH'%% bh@hreAgéﬁbﬁ§§3(Mmmb@©©d/@€9@l9?§‘prOVed I ess
| munogent-c th%?éimilar strategy is based on the use of simian
‘adenoviruses since these do tYpically not infect humans.
15 They exhibit a low seroprevalence in human samples. They
are however applicable fo: human use since it was shown
that these viruses could infect human cells in vitro (WO
- 03/000283; WO 2004/037189) .
It was shown that adenovirus serotype 35 (Ad35)
20 vector-based vaccines could eiicit potent cellular immune
reéponses that were not significantly suppressed by anti-
- Ad5 immunity (Barouchvet al.A2004; Vogels et’al; 2003). |
Similarly, chimpanzee adenoviruses have been shown tof;
elicit immune responses that were minimally affected by
25 énti—AdS immunity (Farina et al. 2001; Pinté et al. |
2003). It was recently demonstrated that neutralizing
antibodies (NAbs) and CD8+ T lymphocytevrespdnses'both
contribute to anti-Ad5 immunity, whereas Ad5fspecific
" NAbs appear to play the primary role (Sumida ét»al.'
30 2004). Although this developmeht appears to be a very
'useful‘approach, it was also demonstrated in mice that
'Ad35 vector-based vaccineg‘proved less immuhogenic than
Ad5 vector-based véccines‘in studies in which there was

no pre—existing_Ad5-immunity\(BarOuch et al. 2004).



Ad5 vect or=based vaccines in studies in which there was no pre-existing
AdS-i mmunity (Barouch et al. 2004). Z WO 2006/ 040330 PCT/ EP2005/ 055183
Clearly, there is.a need in the field for alternative adenoviral vectors

t hat do notw@pmewsmr pre- existing imunities in the heet/Ermosoishest are
stil'l i mmunogeni c and capabl e of i nducing strong i mmune 5 responses agai nst

.the proteins encoded .b e__heterol ogous cl ei.c.acids inserted in-the
nucl ei ¢ acid ca(ﬁ'relag&y\tgytc?‘ﬁéevéit%r{le Ilé}:n%ces%;ile& RFOF THE DRAW NGS 10
Figure 1 (/A1showsiike ageneentagevettses opiay alenoe ehcoddber Adtd- and Ad35

in sanples fromthe United, States Haiti, _Botswana, Zanbi a and South
Africa; (B)SEHINDE HEMURAGERSI 191 HRE atRFbodRPh iét 4g5i ASE1Ad5, Adll and

Ad35 in  thensaBYas J Lol thgabfeapd 1heseidd ek ¢Amukkgure 1C 15 shows
the neutralizing anti body titer against Ad5,~ Ad5f35, Ad5f35p35, Ad35f5 and

Ad35 i n & hesespramgsiseagaifisgutbe 2prayeihpvenadeedhbyl éhe aci d sequence
encoding t 5 fi ber .ptaqtej S .1 e._ .en Lng the 20
Ad5 fi ber Er?l%%éldogio@% St Pﬁ%ﬁé%g %E?déh%v%séﬁéeépék E%Qagﬁgigégq%g%%e of the
Ad35k5 fi becaprideiny CEEQVERLNE. 2; the part representing the Ad5 fiber knob
~is underlined); (C shows the nucleic acid sequence encoding the Ad35f5

fiber protein (SEQ 1D NG 4; the part encoding the remaining 25 Ad35 fi ber

fragnment is underlined,pyid SR IBSTWL of! fnF NorSiiesd S represented in
smal |l caps); (D) shows the anm no acid sequence of the Ad35f5 fiber protein

(SEQ | D'0 NOFByushel pdrt sheppesbat PRECENETR Ml MaTgPAGIS1FPRBeroffragnent is.
Fber prot e (2D B NETR: P he It st ey 1 ha A28 T Bet knob is
under | i ned)¥a{tH), Hwwsranae dpmhdaagnd Sewplerfcirigfa;t H8) shows the
neutralizing antibody titer against Ad5, Adll and Ad35 in
the sémples from the US and-those’from_Africa.(Figure 1C
15 shows the neutralizing antibody titer against Adb,

Ad5£35, AdSf35p35, Ad35f5 and Ad35 in these samples.

Figure 2 (&) shows‘the nucleié acid sequence endoding the
Ad35k5 fiber protein (SEQ ID NO:1; the part encoding . the
20 Ad5 fiber knob is underlined); (B) shows the amino acid
sequence of the Ad35k5 fiber protéin (SEQ ID NO:2; the
part representing the Ad5 fiber knob is underlined);‘(C)
shows the nucleic acid sequence encoding the Ad35£5 fiber
- protein (SEQ ID NO:4; the part encoding the remaining
25 Ad35 fiber ffagment is underlined, while the BsiWI -
cloning site is represented in smail caps); (D) showé the
‘amino acid sequence of‘the Ad35f5 fiber protéin (SEQ ID
N0ﬁ5; the part representihg the remaining Ad35 fiber
fragment is underlined); (E) shows the nucleic acid
30 sequence encoding the Ad35k26 fiber protein (SEQ ID
NO:80; the part encoding the Ad26 fiber knob is
underlined); (F) shows the amino acid sequence of the
Ad35k26 fiber protein (SEQ ID_NO:Bl: the part -
representing the Ad26 fiber knob is underlined); (G)



Ad35k26 fiber protein (SEQ ID NO 81; the part representing the Ad26 fi ber
knob is underlined); (G 3 W 2006/ 040330 PCT/ EP2005/055183 shows the
nucl ei ¢ acid sequence encodi ng the Ad35k49 fiber protein (SEQ ID NG 82; the

part encodydokbmszHAd49 fiber knob is underlined); (H pehepsodéeisan no acid
sequence of the' Ad35k49 fiber protein (SEQ ID NO 83; the 5 part representing

the Ad49 fiber knob is _underlined). Figure 3 ,shows the T cell response
i nduced t oWEMHS BV NUGIGLGPBALT nfEBHGHIT GRGRSvE WEeA%?]ﬁzl%ds,

Ad35fi b5. BSlher A3 BRU (8RE AI3%0 VELt At GRLY bREolNEg SENe gadrencoding 10
gene in conparison to mice injected with enpty vectors (Ad5.enpty and
Ad35. enpt y§ibetheénpbayiss uddpi tisedRC/ (HD6 shopiseitbeyamino Rigidte 4 shows the

i Mmunogeni gi 0 Ad ‘ ‘ ct ' ssing,SlV Gag in
nai ve m ce?é%hy?ﬁ;elé \’Ff}e %%g}é%%%%v?}%%)eﬁ%or(g\ﬁl\?t ﬁﬁglﬁ@-?énﬁw%nl}%zati on with
-one (O5 opattwrddesenjiteatyi ohs md4dKliberp kAdb- Esptigderlimed)o. | mruni zati on
with 108 vp of the respective vectors. In all cases, Gag-specific CD8 T

| ynphocyte responses were 20 assessed by Db/ AL1l1 tetramer binding assays at

multiple #idBdd RhSwEOkheWr nge i MABYZAIe0nndh8Y! Eowa SdOVEIY he anti - vect or
immunity elicited by Ad35k5 vectors in mce. gA}s Nai ve C57/BL6 m.ce prinmed
at 25 weed@D WRGTh 1nJgchpond3EkmR R Wit Madst Adoat Adeekid BIth 109 vp

AdS- Gag orp Ad35dRG o B3 SeLUB SAMRLES JigMeicaryi ghectadhyidd 109 vp

Ad5- Gag, Ad35 5%:%“ or A§35-%g asa?z?{:lg in Adb aﬁ%EAdﬁS %é?f er ase- based

“virus 1hewersd iizatdoopaassaysto 30 da gurjeddeshewsht eptymewgerd city of - Ad5,

Ad35k5, an d35 .vect ar pressing H V-1 Env i.n_mce. jve . Balb/c mce

wero ot S SR 08 SpSAReTary Aln s agny ofpites sAE/ i BalbC
splenocytes. . ‘

Figure 4 shows the'immunogenicity of AdS5, Ad35k5, aﬁd '

15 Ad35 vectors expressing SIV Gag in-naive mice, with‘lo9 vp
(A) and 10%® vp (B), or with pre-immunization with one (C)
or two (D) injections of 10%° vp Ad5-Empty prior to
immunization with 10% vp of the respeétive<vectdrs.rln éll

_ cases, Gag—spécific CDB+ T lymphocyte responses were

20 assessed by_Db/ALll tetramer binding assays at multiple

time points following immunization.

Figure 5 shoWs the anti-vector immunity elicited by ,
| Ad35k5 vectbrs in mice.'(A)‘Naive’C57/BL6 mice primed at
25 week 0 with 10° vp Ad35k5-Gag and boosted at week 4 with
10° vp Ad5-Gag or Ad35-Gag. (B) Serum samples from.mice‘
injected with 10° vp Ad5-Gag, Ad35k5-Gag, or Ad35-Gag
assessed in Ad5 and Ad35 luciferase-based virus |
- neutralization assays. ‘
- 30
Figure 6 shows the immunogenicity of Ad5, Ad35k5, and
- Ad35 vectors expressing HIV;l Env in mice. Naive Balb/c
mice Were immunized with 10° vp AdS—Env, Ad35k5—Env, of

Ad35-Env. (A) Ehv—specific cellular immune responses



Ad35-Env. (A) Env-specific cellular imune responses 4 WO 2006/ 040330

PCT/ EP2005/ 055183 assessed by pool ed peptide and ML10 epitope peptide-
specific IFN-y ELI SPOT assays. (B) Env-specific hunoral inmmune responses
assessed bywdcbdoSéwosH Fi gure 7 shows the | mmunogenicity etThesddasks, and:
Ad35 vectors in rhesus rmnkeys prinmed at, week O with 1011 vp Ad5- Gag

(A B), Ad35: Ad35k5: wFan AL week 12 nonkeys
received a %%?T%ﬁs(eéo%f 5’88 gd Pﬁ%ﬁh&ag?écgfi@%n\?p%ﬁgeegﬁpgp €ific cellular

i mune 10 respoifsies e 8536880Tdadbyapool @) meptHsgect ENcyhtthd SPOT  assays at
nultiple tipe points follow ng imunization (A CE). Vector- speC|f|c NADb
titers weret %&PWSﬁESaSgﬁHS%IS%V Vi’ neutral i zati on assays (B, D, F).

15 Figure 8 shows the CD4+ and CD8+ T |ynphocyte responses in nonkeys in
the study described in Figure 7. Pooled peptide IIFN-y ELI SPOT assays were
per f or méd UBigNreCO8-shgepl éhedim@nwh@#ﬂmtﬁd%m@ﬁkém apdkeys at week

16 foll owi at iy e eGe 1 v (A 20y@ag, (B)
Ad35- Gag, ﬁ&tgc"%“g?é rhe QE ﬁ{‘i %g me #)%%ZWB&%gér gh ﬁovvs t he .

i munogeni cw;l;%ndﬁ GAds- (@agg A) AdSBMPd@((IQ 1133,885131@11 AMSHH(RJ@B%;E)F)/e&;ors in .
nai ve mce receivin Y vp g specific
cDs+ T | ynph 93‘ H@sp@ﬂ%e?oﬁé?gsag% %‘%‘}t?y hoﬁ?/lﬂﬂf’gst BPPaker bi ndi ng
assays at mﬂuﬁurpiz%ttllome Eglvnt §ndf @é%%pé&ﬂlmm@ma@nmﬁ@ngl gure 10 shows

t he |mTunogen| city of Ad5-Gag, Gag and Ad5HVR48 él 7) vectors

in mcell r eeRIRATHFFY M)erfogs\'isssm)brcsoq/lgﬁ mep(t@ﬁelévaﬁ EpEeFOT muni zed
Wi th two inj &353}50%% Hu1119eVRiAdop &Rty &ty WaRkaiREERAT O

i muni zati on.
(A,C,E) . Vector-specific NAb titers were assessed by AdS

and Ad35 wvirus neutralization assays (B,D,F).

15 ~ Figure 8 shows the CD4" and CD8" T lymphocyte responses in
‘monkeys in the study described in Figure 7. Pooled
peptide IFN-y ELISPOT assays were performed using CD8-
depleted and CD4-depleted PBMC’s from monkeys at week 16
following immunization. Monkeys recei&ed 10t vp (A) Ad5-

20 Gag, (B) Ad35-Gag, or (C) Ad35k5-Gag at week 0 and week
12.

Figure 9 shows the immunogenicity of Ad5-Gag,
Ad5HVR48 (1) -Gag and Ad5HVR48(l-7) vectors in naive mice
25 receiving (a) 10° vp, (B) 10°® vp, or (C) lO7 vp. Gag-
specific CD8+-T lymphocyte responses were assessed'by
D°/AL11 tetramer binding assays at multiple time points’

following immunization.

30 Figure 10 shows the immunogenicity of Ad5-Gag,
Ad5HVR48 (1) -Gag and Ad5HVR48(1-7) vectors in mice
receiving (A) 10° vp, (B) 108 vp, or (C) 107 vp, pre-
immunized with two injections of 1010 vp Ad5- Empty 8 and 4

weeks prior to immunization.



WO 2006/ 040330 PCT/ EP2005/ 055183 Figure 11 shows the amino acid sequence
(SEQ ID NO 12) of the Ad5-based hexon protein, with the incorporation of
the seven HVR s for the seven corresponding H/VR' s 5 (underlined) from Ad48

( AA5HVR48 (o Fdos40B30ur e 12 shows the ami no aci d sequengerfpiddndyO. 1 13) of
t he Ad5-based hexon protein, with the incorporation of the seven H/R s for

the seven corresponding HVR s 10 (underlined) from Ad35 (AdS5HVR35(1-7)).
Figure 13 shows the anmino acid sequence (SEQ ID NO 14) of the Ad5-based

hexon prot g{ o, -Mitih dhgsi REAT QHE%ié’@icPfseché%c%egggﬁwg gofps) the seven
corresponding H/R s 15 (underlined) fromAdl|l (Ad5HVR11(1-7)). Figure 14
shows t he &in¢ dadiabesedeanoeptSEG 1 D W Bheofincphpopdbidasedl hexon

protein, wi{h i nLporation o t he_ seven R s , 1 he seven |
cor respon\c/iulc%% %}%ns% %urgage:r]?ﬁ%eg v I}g?ﬁ%&f%"%‘%&%ﬂ;\/@%( -7)). Figure 15
shows the amhdor Eoiadl)segquanads§ SECASIVANG 116)7)0f. the Ad5- based hexon

protein, with the incorporation of the seven H/R s for the seven '
corresponding HVYR s 25 (underlined) from Pan9 adenovirus (Ad5HVRPan9(1-7)).

Figure 16 showee tihe dnibvsagthb! bhafo 0ae $tRiqididel NsBo PACKY! pyndsetting (no -
infection, graph | & 2 Ab) and after infection with Ad35k5 (two batches: :
#4, #5), wh$ Bth A berprorbatehes Wil thiiecdncgrpgrahipen wi h Ad35k49

t hree bat Sans o H i gu .am peragi d sequence of the
gexon pr 0?%‘%“?‘%%@@3/&43%’{_%‘% %%?&%é’%ﬁﬁﬁ%ﬁ?%hgt he gV\D

2006/ 040 33 0uiRET IERRAD5/£@55183835 HMARISBERAKIIcH)as defined in Table Vs
deleted, the HVR2 sequence according to Table IV is replaced with a QG. .
i nker and HVR3 - HVR7 according to the definition of Tablé IV have been
repl aced beiywen AdShamd AB48amino acid sequence (SEQ ID NO:14) of

the AdS5-based hexon protein, with the incorporation of
the seven HVR’s for the seven corresponding HVR’s

15 (underlined) from Adll (Ad5HVR11(1-7))1

- Figure 14 shows the amino acid sequence (SEQ ID NO:15) of
- the Ad5-based hexon protein, with the incorporation of
the seven HVR’s for the seven correspoﬁding HVR’ s

20 _(underlined) from Ad26 (AdS5HVR26(1-7)).

Figure 15 shows the amino acid sequence (SEQ ID NO:16) of
the Ad5-based hexon protein, with the incorporation of
the seven HVR’s for the seven corresponding HVR’s

25 (underlined) from Pan9 adenovirus (AdS5HVRPan9(1-7)).

- Figure 16‘shows the intracellular gag-staining in a-
background setting (né infection, graph\léi&'2°,Ab)-and‘
after infection with Ad35k5 (tworbatches: #4, #5), with ﬂ

30 Ad35k26'(two batches: #3 twice, #‘28)_and with Ad35k49
(three batches: #4, #5, #9).

Figure 17 shows the amino acid éeqﬁence of the hexon

protein in AJ5HVRA8(1-7)* (SEQ ID NO:84) in which the



5 Fi gure 18; as figure 17,' how for AJSHVR35(1-7)* (SEQ ID NO:85). Figure
19; as figure 17, now for AdSHVR26(1-7)* (SEQ ID 10 NO 86) Figure 20; as
figure 17, now for AdS5HVR49(1-7)* (SEQ ID NO 87). 15 Figure 21 is a graph

i ndi.cat i ngwdmo&i¥d330T- | ynphocyte response in mce aftepcardmobisiss
pre-inmmuni zation with Ad5-enpty, followed by a primng on day O with

Ad35-Gag ¢ a boost on_day 28 with three diff.erent vecgtor | ndi cat ed.
20" SUMMARY TR B RERT A ENARBUR YL oty i Ve CnBPAEHEoadErBVIFE veot of
for inprovedngene dekbvailg vactihed ion,isandpleredt heeapy ese discl osed
herein. In one preferred _enbodi nent the vector 25 is_a, reconbinant

adenovi rus baS&F Rad¥Rdvir B¥RE Ry NBF A AdgsPehABLELIAN aPE | east the Ad35

fiber knob fas begnpakephacrd oY1 ihes fldisledshaisohna 8gHQtype that binds to
t he Coxsacki evirus and Adenovirus Receptor (CAR). More preferably, this

serotyp® is an Ad5 fiber knob (resulting 30 in a vector termed Ad35k5,
wherei n only. the ob _has.been epl ace (g vector, 1. Ad35f 5,
R S L G L T LR

wherein the shaft ~a par ave ced). The shaft
and tail ofndies)f.i ber may be of the carrying backbone serotype,i.e. Ad35,
whereas the invention also relates 7 WO 2006/ 040330 PCTUEP2005/055183 to

vectors in which the shaft domain is of the sane serotype as fiber knob

- serotype. IfAdRSHD;tRe paghref 1t hendditor edisavrbef(t -y emthe packbone _
serotype ensures a proper interaction with the remaining part of the capsid
5 for tHe Pfodifdtion of stable vectors. The vectors of the

Figure 20; as figure 17, now for AdS5HVR49(1-7)* (SEQ ID
NO:87) . '

15 Figure 21 is a graph indicating the CD8+ T-lymphocyte:
fesponse in mice after a doubie pre-immunization with
Ad5-empty, followed by a priming on day 0 with Ad35-Gag
and a boost on day 28 with three different vectors as
indicated.

20

SUMMARY OF THE INVENTION |
Newly developed recombinant adenoviral vectors for
improved gene delivery, vaccinétion, and gene therapy are-
.disclosed herein. In one preferred embodiment the Vector ‘

25 is a recombinant adenovirus based on adenovirus serotype
35 (Ad35) wherein at least the Ad35 fiber knob has been
replaced by the fiber knob of a serotype that binds to
the Coxsackievirus and Adenovirus Receptor (CAR). Mofe
preferably, this serotype is an AdS fiber knob (résultihg

30 in a vector termed Ad35k5, wherein only the knob has been
replaced, or in a vector termed Ad35f5, wherein the knob,
‘shaft and part of the tail have been replaced). The shaft
and tail of the fiber may bg of fhe'cérrying backbonej

 serotype, i.e. Ad35, whereas the invention also relates.



present invention conprise a therapeutic nucleic acid of interest,
preferably a nucleic acid that is applicable for vaccination purposes. The
invention relates to reconbi nant adenoviral 10 vectors that encounteéer |ow

pre- exi st ivi@adopsiot y i n nost  of the human popul ati onpeiibloss/ekigs! bei ng
able to induce a strong immune response agai nst the antigen encoded by a
nucl ei ¢ acid conprised by the vector. This is achieved by producing

r econbi nant® VERHGES Bas¥8i6R Barntaitugdomigedst 9pekhe st as Adl |,  Ad24,

Ad26, Ad34gcA3Re A& peRdRRon At e SiTH %HZ%@@S”QHérIS'é@@zoﬁa”yi ng a
chimeric capsi'd. The chineric capsid conprises fiber proteins that are

partly basete drrifli egipnolefhstformiruimekhderosbrosypsesmtyes adi f f er ent
fromthe barcokbeonel \1C%(]::t %r"cio%n%%l@ thé n Z%i%i%mt agjéefgrt[_hed eaanng' nent bi nd
(through et knd domai n) 16 the CAR receﬁt 87 I\/@my ot f5€ren

adenovig usesr ttHwmtpriodeketent oal styaiend-cCARBreanThe usetoforoprind ding the
fiber knob, such as human adenovjruses- from subfgr ou and F, and

A C.D E
ovi ne adenRATUded WRAC IR sEOBPTEED S CART 3PRE & r%ﬂg]a%ije‘ﬁ(ﬂﬁqujso%erotypes

that are us@dddyt, pheirerhbPpra kg dmeicie anett he -Adenovi ruses from
subgroup C, nore preferably Ad2 and Ad5. In another enbodi nent the virus

produced ak@LrHargnatédonhBUrPO®PRI on is a reconbi nant adenovirus based on a

30 subgroup C %%nﬁﬁbég%ioﬂr%f{@é é’idA%’CO iiﬁgnks?ﬁ%q‘%irarlegi'on and wherein

replication-defective by a function etron o 1wt
t he hekon ysadieisn thatt bacvundér capsipke-exiatdhgmbmmen prytie mesuch t hat one

O ed B iRSs ot b b ST She Y B BRSO e
serotype. Supirdry @mmSQEOL¥PESn S Nptirenceuat aht NS dicsmsd w3f o he
i ndividual s in the human popul-ation. Preferred serotypes .
4 nucleic acid comprised by the vector. This is achieved by
B producing recombinant vectors based on adenovirus '

- 15 serotypes, such as Adll, Ad24, Ad26, Ad34, Ad35, Ad48,

. Ad49, AdSO, or simian adenoviruées, carrying a chimeric
capsid. The chimeric capsid comprises fiber proteiné that
are partly based on fibér proteins from human adenovirus
serotypes different from the backbone vector, and that in

20 a most preferred embodiment bind (through their knob
domain) to the CAR receptor. Many different adenoviruses
‘that preferentially bind CAR can be used for providing
the fiber knob, such asghuman adenoviruses from subgroup
A, C, D, E, and F, and ovine adenoviruses that aiso bind

25 »CAR. Preferred adenovirus serotypes that are used for
‘their fiber knob domains are the human adenoviruses from
.subgroup C, more preferably Ad2 and AdS5. v |

~In another embodiment the virus produced according
to the invention is a recombinant adenovirus based on a

30 subgroup C adenovirus, preferably Ad5, which:-is made
replication-defective by a functional deletion of the'El
region and wherein the hexon protein in the viral capsid.
is a chimeric protein such that one or more of the hypér

,variable regions (HVR’S) have been replaced by the HVR’s



that are used to provide the HVR s are Ad35 and Ad48. 5 Preferably, the
reconbi nant virus conprises a heterologous nucleic acid of interest that is
to be delivered to the host for prophylactic or therapeutic purposes. 10
DETAI LED DeasRoBddogd As di scussed above, Ad5-based recowgirmamoswsedsors are
hanpered in their use by the existence of neutralizing antibodi es (NAbs)
that are pr seq%gj&innst of the hunman individuals _due to a prior infection

with 15 wi Ity s 2 RPEROBGRVORET Y FT P capdcd protei ns present in

the viral cestotiypHic@icanbictbedtetntdr timohost modtt Faghbeen denonstrated t hat
the primary target of Ads- specific NAbs is the Ads hexon protein (Sumida et -
al . 2005) .1k Eiduad st 0t keei BeBaR hRePU Rt iian §ined SrrehER6AL YRR Hr ot ei n such

that it Cou&}ﬁa@%ﬂeong%lrd dh}g §§89i§¥ the Bie-s eXiShiang NARSaqhgpProved

adenoviral vectors cou e produced that would be beneficial in humans

t hat ei therPrafemddy hahe Nébsmbhjainmstviadss apmprtisteswer e previously

i nmuni zed $%th Hgviousnyaianes bgseg or Adﬁﬁ:%%. hgt %5 §§re primed with
Ad5 based VARIHrE 4PYE pPFn%fSo%g% Vacti S on r@éin@. Powever , altering
~the hexon pa®lBidred Wone@HeObsBOtot Opbeplayl £aSY: lbaskheapplheie hexon changes
have generally only been possi bl e between adenoviruses wthin the same Ad
subgroup and?¥Rsifi%-ed in poorly viable 30 virus (Youil et al. 2002; Gall et
al. 1998; Roy et al. 1998). If this would be the linmtation then a vector

based on Ad5 had to contain a hexon protein from another subgroup C
adenovi tuses. However, nost OPETAELED DESGRIPTION , are usel ess in the sense

that hose serotyps S R QL000 49300 ECTLERANIRLAR0183, phet cons! dercc
serotypes fapmhampered in their use by the existence of

| neutralizing antibodies (NAbs) that are present in most
'df the human individuals due to a prior infection with

15 wild type virus. Althbugh the different capsid prdteins
present in the viral coat induce antibodies in‘the host,
it has been demonstrated that the primary target of Ad5-
spécific NAbs is the Ad5 hexon protein (Sumida et al.
2005) . This led to the idea that, by changing the hexon

20 protein such that it could no longer be seen by the pre-
existing NAbs, improved adenoviral vectors could be
produced that would beibeneficial in humans that either
already have NAbs against Ad5, or that were previously
immunized with‘previoﬁs vaccines based on Adb5, or.that

25 were primed with Ad5 based vectors in a prime/boost
vaccination regime. Hdwever, altering the hexon protein
- turned out not to be an/easy task. Complete hexon changes.
haﬁe generally only‘been poésible between adenoviruses
within the same Ad subgroup and resulted in poorly viable

30 virus (Youil et al. 2002; Gall et al. 1998; Roy et al.
1998) . If this would be the limitation then a wvector
baSed‘on Ad5 had to contain a hexon protein from another
'subgroup C adenoviruses. However, most of_these)‘if not

all, are useless in the sense that those serotypes'are



subgroup C. It would be preferred to use a hexon froma serotype that
shoul d not encounter NAbs already present. 5 Those rare serotypes are
predom nantly found in subgroup B (Adll, Ad34, Ad35, Ad50) and D (Ad24,

Ad26, Ad48y@nmeonf8Hh9). The inventors of the present inpenkbHRps38148 now for
the first time shown that by (re-)defining specific parts 10 of the hexon

and by using a conservative approach and avail able structure and sequence
data, cert28th FEFIGKRTedesare- o dediniiciadidinoting Be&apped resul ting in

produci bl &g eeoMiRARk v¥i EHSESe AR AR & @Rl %e?ﬁg%/ﬁgéllgronpe produced to

hi gh. enough titres. The preferred 15 serotypes that  are used to provide
their hexosnpmwiug €. Ior wohédried eveafiepac $ot heeeaf hesor Adin a2 Ad24, Ad26,

Ad34, Ad35, Ad48, Ad49 and Ad50., as these.s types are . known to encounter
o br e aiettbe AT B0Se L S, TR PR | A6,
- Ad35 armd Artdse 2arsheeeasypdd8ais gilwionisianplef eotied SeroipeupAl SO non-
human adenoviruses-are interesti n9 in this_respect, 1 referred exanpl e

‘, i s the chifpHitdde adéfovitds afte O d§ddhs Fﬂ%@%\&?‘é&i%t ified are the

7 surface pdpopps al so known as the hexon Hypervariabl e Regions 25 (HVR s).
The hexon variability anmong adenovirus serotypes is concentrated in these 7
| oops (Crawf or &t Kergndnds SEhrhe rereb®gd) inventsonohdee umderfstrood t hat t he

~invention s not linite the of th R.s_of A8, ~Qutlined in
t he exarrpl_tedsg %SSF iltgiﬂ%urgil%errl @habé;tsb nt(iréet égeggn%§gt%élgl elncflispﬁrcgti on of
HVR s 10n Agb,thadlihlexoAd26d Bd3ds indAdB onAed48atAdd 9apptoAatbtaridn a sonmewhat
broad definit,.on see Table I1) and in a sonewhat npre limted, a nore

(
mi ni mal i st3'@déhls SitoHCEeER X Iséaql\%qceAﬂlﬁﬁaseF?EEaJa% HPtLxanmpl e for all
other ser aistNRs Hehaleak $01 68 COMN & uIlOWel BwkEHE0064 H4DEEYy agr 1EP2005/ 055183

producible recombinant viruses that are viable and could
be produced to high ehough titres.‘The prefeired ’

15 serotypes that are used to provide their hexon protein,
or the relevant parts thereof, are Adll, Ad24, Ad26,
Ad34, Ad35, Ad48,.Ad49 and Ad50, as these serotypes are
known to encounter low pre—existing immunity (see WO
00/70071) . More preferred are Adll, Ad26, Ad35 and Ad48,

20 whereas Ad48 is the most'preferred serotype. Also non-
human adenovirusesaere interesting in this respect. One
preferred example is the chimpanzee adenovirus'Pan9.

The regions that were identified are the 7 surface
loops also known as the hexon HypervariablevRegioﬁs

25 (HVR’s) . The heXonvvariability among adenoVirus serotypes
is bohcentrated in these 7 loops (Crawford-Miksza and’
Schnurr. 1996). It is to be understood that the invention
is not limited to the use of the HVR’s of Ad48 as
outlined in the examples. This is further subsfantiated

30 by the identification of HVR’s in Ad5, Adll, Ad26, Ad34,
Ad35, Ad48, Ad49 and Ad50 in a somewhat broad defihitidn
(see TableliI) and in a somewhat more limited, a mete
minimalistic definition {(see Table IV) . Ad48 serves as an '

example for all other serotypes that also encounter low-

- 10



pre-existing immunity and that are al so useful in making chineric
adenovirus that benefit fromthe known advantages of the subgroup C
adenovirus, exenplified by Ad5 (strong imrunogenicity, easy to produce,
etc.) w thw®2besbmnefits of the rare serotypes (| ow pPETERZ®SIITHP3
imunity). Cearly, if one would contenplate the use of a prinme/boost

vacci nati.on Ie ixries N \ﬁ/hi %Hijct égdprﬁ-}f err eed 2112 ssefaTotHerg1 gerotype
backbone, fKich as . thent vvouifdatbe efeficial to Doost Wiih a vector ‘
t hat does neiinkdiencoknbet rubethat SieshdNAlS faga sk khewpri m ng vector.

Thus, conbi nations such as Adl ], Ad24, Ad26, Ad35, Ad48_ . Ad49, Ad50, etc.
with the HVAE@BRIGToCherl ?aFBbgﬁ?lb?ﬁeade(W&?ués SHETBLLIERRA Y e serotypes

mentioned aReye)stdfg @Lhﬁgngééhi@hé%,heeﬁfstﬁﬁt ridavieat i @R, Nogtih m ting
exanpl es 15 of such vectors are AdSHVR48, Ad5HVR35, Ad35HVRL1, Ad35HVR48,
Ad11HVRSS, el bRiefidivRA8L Khei hgrat s¢reisiPrase lovmpre-préseia®dl y si x, and

nost prefer sewen KVR exeh , I p ) ef erabl y at

| east one %@Eyr}lm'adrigragigérétﬁyﬁggﬁgo@\é%q%ﬁgﬁlﬁts%r ?gﬁ ?%fhog%hge 20 hexon
of the backixoime= Sercatty pacclhihahasnbeenisdrown whitdhe iti neeprefsroédt he present
invention that replacing all  seven R s from Ads he_correspondi ng

HVR s from 7Q48° e dsieﬁoﬁye?glﬁ?%‘?fbe’prs&ﬁfciaﬁl g}éég(:tiéﬁe]f‘hja -

encount er edyh@rdline HeneFreiaxi sbi Bos Ml Ya M dHoee tBati ApUsiged wWith enpty
Ad5 viruses. However, if only the first HVR (seen fromthe left |ITR tothe
right ¥R ienedntes e geashe) Nivas 2epladedifo PeriPdeg WaSteEen. This does

not mean t haty oNe.d:enLACTERAL Skl £y ok PE £DAMORG! hiast heught that one

region i's nore | munogeni ¢ than others, 30 and it rémains’to
i nvesti gat edld4dhi AU, tehe.7widbnthé i BRTe g Dmaddetr rbutesenosyrand whi ch of

the HR's do, not, hae to bg.replaced inacortain setiingpr, for a
specific apgsl‘l catd o™ f may ~be FRat S ERHYR h M guaiog raise different
i Mune respahse pdmwarfdshe present invention. Non-limiting examples
' 15 of such vectors are Ad5HVR48, Ad5HVR35, Ad35HVR11,
Ad35HVR48, Adl11HVR35, and Ad11HVR48, having at least one,
more preferably six, and most preferably seven HVR’s
'exchanged between serotypes. So, preferably at least one
HVR from a rare serotype is taken and inserted into the _
20 hexon of the backbone serotype. It has been shown by the
inventors of the present invention that replacing all |
seven HVR’s from Ad5 by the corresponding-HVR’s from Ad48
resulted in a viable and producible vector that
encountered hardly any pre-existing immunity in mice
25 immunized with empty Ad5 viruses. However, if only the
.first HVR (seen from the left ITR to the right ITR in the
: vifal geﬁome)»was replacéd‘no effect was seen. This does
not mean that one replacement could not be enough. It is
thought that one région isrmoré immunogenib than others,
30 and it remains to be investigated which of the 7 -
identified regioné contributes most and which.of the
‘ HVR’s‘do not have to be replaced in a certain setting or
for a specific appliéatibn. it méy be that certain

-individuals raise different immune responses towards

11



11 WO 2006/ 040330 PCTI EP2005/ 055183 different HVR s' in conparison to ot her
i ndi viduals. Moreover, chinmeric hexon containing. vectors may prove
beneficial in settirngs where there is only a noderate NAb activity in the

host. The was so0g¥dosdol Ng i nMmunity raised 5 according to poEPER0YIsEsd exanpl es
is very high, due to 2 consecutive doses of 1010 vp of the enpty Ad5
vector. l\%\/ theless, it is nost preferred,that

L L1, HV
protein ar SRte VRS St hf sCHBRA SR HhRE lB@éYl% e of yielding a

vect or notygleifaied Y mbhes PRexdd @xitslinnagNOBsLBreSeay prodde host. To
devel op i nproved adenoviral vectors, first the Ad5-specific neutralizing

anti body (Pempfisyiadopassaerengsragpae therngad sr epddl 2diedritatdyAb
seropreval e . 15 4Lt gl he huaen; i ons

(appr oxi mafe 5’1 00%%i ﬁhtbhgg %Y\?@% éf‘%e‘%lgﬁéhgogou n hgfﬁsglo éc?he devel opi ng
wor | d) .56 Maaovetingasoditbel psedidmt eixampliesndti vaay | yigh grdde dant? o
Ad5-specific NAbs .were found_tp .ge directed al nos xcl usi vel y agai nst the
hexon pr ot%‘?r}‘iseci%l(’?egoﬁﬁgooguﬁq dav%toglth%(ﬁ%})%’ %‘Fﬁcgﬁﬂgggt , “Ad5-specific
anti bodi esnglidratica@dsagal Bststhesd igrerrapreieictRadoa Dt HVE YRiiftGant | y suppress

Ad5 vacci ne i mmunogenicity under relevant natural _existing circunstances,
i . e. whi chtheihegons PaRERET r2Tat kR A% PsAdBirRANSUId tRFV¥BuAdS n 25 humans.

I contr agledio AlRccAU35, 20dafidh o SRIARACYBLeREE.cBNd 4y Ll gt found to be

~very low in human populations 1n many different parts of t wor I'd. The
present0 | rseimtiioy Nébat psesenovel|theddosti.ral vectors that carry the hexon
of arare (or at least 30 rarely neutralized) Ad serotype such as Adil,
Ad24, Ad26, Ad34, Ad35, Ad48, Ad49 and Ad50 and preferably at |east the
fiber knob domaion dervetvp sepobype ddeatoviirber astsonst hfitdte tBAR receptor,
Sth as Tnﬁﬁ5jgﬂg@lf?gegg¥££g iéﬁgénQH%?%ody (NAb) epitopes were
mapped. It was revealed that AdS seroprevalence and
16 titers were very high in human populations (approximately
- 50% in the United States and 90% in parts of the .
developing Wdrld). Moreover, aé disclosed heiein,,
functionally significant Ad5-specific NAbs were found to
be directed almost éxclusively against-the hexon protein
20 (see also Sumida et al. 2055). In contﬁaSt, Ad5-specific
antibodies directed against the fiber protein do not
_significahtly suppress Ad5»véccine immunogenicity under
Vrelevant natural existing circumstances, i.e. which
circumstances relate to anti-Ad5 NAbs titers found in
25 humans. In contrast to Ad5, Ad35 and Adll seroprevalence
and titers are found to be very low in human populations
~in many different parts of the world.
The present‘invention relates to novel adenoviral
vectors that carry the hexon of a rare‘(or‘at least
30 rarely neutraiized) Ad serotype éuch.as Adl1l, Ad24, AdZ26,
Ad34, Ad35, Ad48, Ad49 and Ad50 and prefetably at least -
the fiber knob domain from a serotype that interacts with

the CAR recéptor}.such as most human adenovirus serotypes

from subgroup A, C, D, E, and F and the ovine

12

s within the hexon .



fromsubgroup A, C, D, E, and F and the ovine 12 WO 2006/ 040330

PCTI EP2005/ 055183 adenoviruses. Preferred serotypes that are used as a
backbone vector and thus carry their own hexon protein towards which rarely
NAbs are f ewmgbos/mosdne human popul ation are Adll and AdBET/ERops/esesr ed
serotype that 5 is used as a backbone vector and for its fiber is Ads. It

is well recognized in the art that cells tha | a role in i mune
responses eﬁi%Qﬂﬁﬁﬁqsﬁlc %ﬁ?ﬁ?rrg nieroReESe & @%PIEsgﬁa Sate able to

ef ficient| yhhigseptl velcrounagantgupedtdesHn 1t bl nsubhageotdes eby eliciting
a 10 strong i mmune resgonse agai nst such a peptide. Vectors that have been

preferred i¥PwadElsamhignerpegdlisdiles atfeifounghiiny et Bubakect dendritic cells
very efficigntly arg QoﬁﬁlgrgﬂaﬁﬂﬁﬁQYU{#ﬁe&%QQEBUEegotgg gﬁg@rs t hat

carry fiber protelns ron1a enovi ruses t recogni ze a I nf ect
dendriti&:cxﬂlused1aﬁnaebhpkbene m@mh@mensbéb&oﬁtseiabpkelﬂ[ﬁ@?!2@730 and WO

00/ 70071. These .vectors sunma use 6 re or. Surprisingly, as
shown here%?angi §°ﬁ8ﬁ£?§uﬁﬁ t?ﬁ? éﬂ%&n i&s %Eg% Ph?¥s®nt i nvention
that a vectmdjdariliengnaimh@ast r@spohess kreb dehd2@tan adengyigadceect or ‘

known to interact through CAR, nanely Ads, when cloned on top of a vector
that encourtesss arewcedvel shat pre-axietinGhithnisntyy BEASSRS such t hat

| mmune T espaneR e d BREEYAds I nd s Nhiare WReXBBGt editaking dhe desired

i Mune response route ritic cells into acc unt oul d be
under st tfod sﬁnnnqlumMunebrdepanae adna ot dord @ @apted3|IyeDEOHBStanU|shed

(trough SR ae Bomsan BREeSheL gtarld Riofradoacate: Ssotrbbepror
interactiongilixyt he defach dbaldrisic pFadamiveant kyfinyvehved aret he
recognltlcnkﬁﬁsé”??&JIQEenov1rus subgroup B, or vectors that carry
fiber proteins from adenoviruses that recognize and
15 \infect dendritic cells in an efficient manner, see for
. example WO 02/24730 and WO 00/70071. These vectors
presumably use CD46 as receptor. Sﬁrprisingly, as shown
‘herein, it was now found by the inventors of the present
invention that a vector éarrying at least a fiber knob of
20 an adenoviral vector known to'interact'through CAR,
namelyvAdS,‘when cloned on top of a vector that
encounters low levels of pre-existing immunity, behaves
such that immune responses are improved. This is highly
unexpected taking the desired immune response rbute via
25 dendritic cells into account.

It should be understood that the knob~ddmaih, which
domain caﬁ easily be distinguished from the rest of the
fiber protein by those of general skill in the art »
(through sequence comparisons and general knowledgé about

30' receptor inferactions)\is the domain that is
predominantly involved in the recognition of spécific
cellular receptdrs to which the adenoviral vector binds.
ItIWas previously showh that the Ad5 fiber knob interacts

with CAR on the surface of cells énd mediates efficient

13



cellular receptors to whi ch the adenoviral vector binds. It was previously
shown that the Ad5 fiber knob interacts wth CAR on the surface of cells
and nediates efficient 13 WO 2006/ 040330 PCT/ EP20051055183 viral attachnent

prior to Yyd ®oskbioy that is further facilitated by therpoiprsigase and
cellular integrins (Bergelson et al. 1997; Bewl ey et al. 1999; Roel vink et

al . 1998 and 1999; Wckhamet al. 1993), Whl le the B 5 group viruses, such
as Adl| andlied3Bbtacerget PREGUGH Oo46 cokgyerhet b9 . TRUGmC The present

i nvention #&lat; ﬁ‘:?efehobgd‘éﬂé?v%é@éoﬁ’%%é.@ %n'd”clé"l‘iﬁfa@tiﬁi?@éﬁlﬁshe receptor -

bi ndi ng domai n i ne e knob domain) 1s swapped The latter vectors
thus still Bm;ged@wpr ei;eaill- bb99ﬁnrmvri$yl@tsaéh a§9®arR®ebflrtH1®tshaft and/ or

par t of {1 A0 BROR BT (HE B 5n & 0007 [ o BREGr BC & proper Stable

i nteradti afrodd ietukes, capsh dapradia nsd Aaesuhht@gaw st@hlgh recombi nant -
vectors. 15 The chineric adenoviral vectors of the present _invention are
more ef fi GRAR @899¢ECEFNBS - ot Yend'her RELEFPTL MBAVCHEEIDIEISHSE y based on

AdS or Ad3%, WdARNG ra§ i OBEL £s firp%{ﬁc C%‘t”?céé@édw?l@é’%é&é‘g@éor&ar rying chimeric

Ad5- Ad35 fibers are known in the art. Ad5 vectors 20 carrying chimeric
fibers in hitiddmgatdomeast (datitedipy mmlknoit&aslomem)vetb fswappadB5, were

di | d /31285, WD 0/52 8 02/24730 k |,
2005 rea TE At ieangRtealy, PR i YE0eRRLITe SRR RS O

imeric fiber in
whi ch tohe $wdH aangashaf bfatleefsrmm%Mﬁ/o%th teil hﬁ:dﬁmahmdorrm nis from )
Ad5. All the vectors from _these C|ted ref erences are based on Ad5, i nplying

the fact RAEPORe VEEEPEr sThotd R YeAESHRESr CRriesed sthisigt Rrmuni ty due

to the pr ep%ﬁ'ﬂlc%fOfthEh@af‘ﬂ5r$t§M 4 tmebawbahev\e&&%r C@@%r@,urzhe data
provi ded by Ophor st et al

a proper stable interaction with other capsid proteins,
resulting in stable recombinant vectors.
15 The chimeric adenoviral vectors of the present
| invention are more efficient for vaccines and gene
therapy than-vectors solely based on Ad5 or Ad35 without
chimeric fibers. Chimeric adenoviruses carryingnohimeric
Ad5-Ad35 fibers are known in the art. Ad5 vectors
20 carrying chimeric fibers in which at least the knob
domain was derived from Ad35, were disclosed (WO - ,
00/31285, WO 00/52186; WO 02/24730; Shayakhmetov et al.
2003; Rea et‘al. 2001) . Smith et al. (2003)‘disolosed a
chimeric fiber in which the tail and shaft are from Ad35;-
©25  while the knob domain is from Ad5. All the vectors from
these cited references are based on Ad5, implying the
fact that thefvectors would still encounter pre—existing
immunity due to the presence of the Ad5 hexon in the »
‘virel vector capsid. The data provided by Ophorst et al.
30 (2004) confirmed this phenomenon. Recombinant
replication defective Ad35 vectors and methods for
| producing them are also known in the art (WO OO/70071 WO .
02/40665), whereas Ganesh et al (2003) disclosed tne.use

of an Ad35-based vector which comprises a fiber in which

14




30 (2004) confirmed this phenonenon. Reconbi nant replication-defective Ad35
vectors, and nethods for producing themare also . known in the art (WO

00/ 70071; WO 02/40665), whereas Ganesh et al. (2003) disclosed the use of
an Ad35- baswal200eatosso whi ch conprises a fiber in which 12cYErR09650830330

PCTI EP2005/ 055183 the fiber knob of Ad35 has been replaced by that of Ads.

Ho k G | GFP
and apphr entlS SRICER Powkity CHIET b SPACE RS BOcC Cohsattent by,

Ganesh et alowsl®erh ROk e}eeebeseamle@weﬁetrmeaccgiemes (gased on vectors wherein
at | east the knob of Ad35 was reglaced by the knob of _AdS, let alone :
advant ages BEFQSAEFWFERTERBT rCTRE, anEARRITeat1y) exhibéfedel @ so a vect or

based on Ad@éaﬁ’!&d?:iﬁonc%'%ﬁhéﬁénégésf'@c%seciﬁeﬂf‘i%/t benBohedcthat 4dis vector
10 conprises a full Ads fiber and not a chinmeri¢ fiber and thus differs
fromthé vertlordisdiloskossdshegesh. v@aiests dtasedl onwaeatohat whepein
transductloneff|C|e %te%nwgr 8399 astgétkueéga%tlghefkbgg fﬂp The
vectors accdr ngti Pnventton have uction eftici enci es,
whil e the %d&:,hu]rmf iad ohiebetisapatagee @ssda@bdtecandhar ithgirnusde renai ning

capsid. The rson skilled in the art would no have an .incenptive for

vacci nation {hﬁ &s 3o PéﬁFéB%etﬁﬁsof?Bﬁ%ﬁ%ﬁb%aﬁﬁdsQPOPQBQSW%F%Iaare known
to infect 1dde Aeel lrgpuer yref hh &t end lryou(eﬂmclma%s thResee8£o20 subgroup B,
for instance Adll, Ad34 and Ad35) by a fiber b froma serotype that

i nf ect s1Q:e|¢C§anm ial yuilAr dghfilcAR aBbgmis @ tqlvemﬁempr diberngndctivity from
the host - (Hiéég%sa%%gﬁv hal  YECL oL Sqd & RSB élﬂue %8e S 25

agai nst the exon protein, en viral vectors may a 'S0 be on highly

neutral|zedaBenahypE$atexewptranedu&muodxﬁffnduanmlestherbefounds swapped

against the h%¥ %e partlal fiber swap. The vectors according to the
invention have good transduction efflclen01es, while the

15 chimeric fibers ensure a stable anchoring‘in the
remaining cepsid. The person skilled in the art would not
have an incentive for vaccination purposes to replace the
fiber knob of serotypes that are known to infect |
dendritic cells very efficiently (such as those of

20 subgroup B, for instance Adll, Ad34 and Ad35) by a fiber
knob from a serotype that infects cells primarily through
CAR. " | '

Because the neutralizing activity from the host

towards - the adenoviral vectors is primarily due to NAbs

25 against the hexon protein, adenoviral vectors may also be

- based on highly neutralized serotypes, exemplified by

‘Ad5, wherein the hexon is swapped against the hekbn of a
rarely neutralized serotype, such as Adll, Ad24, Ad26,
Ad34, Ad35, Ad48, Ad49 and Ad50. An exemple of such a

300 vector is referred to as Ad5h35 (AdS-baSed vector /
comprising the hexon protein from Ad35 in place of the
Ad5 hexon). A person skilled in the art is able to
-envision and to make the different possible combinations

based on the information disclosed herein and based on

15



rarely neutralized serotype, such as Adll, Ad24, Ad26, Ad34, Ad35, Ad48,
Ad49 and Ad50. An exanple of such a 30 vector is referred to as' Ad5h35

(Ad5- based vector conprising the hexon protein from Ad35 in place of the
AdS hexon)wo feopedossan skilled in the art is able to. enpipepsiEi1sz0 make the
di fferent possible conbinations based on the information disclosed herein
and based on 15 WO 2006/040330 PCT/ E1l' 2005/ 055183 knowl edge avail able in
the art. I¥PEedEe @véddabhat 10 eieh e nd e MECABENEXBRE Prdved difficul t

(Gal'l et abychaPP8ig ¥owikehebns 300%ed @G MewIandcasefay yay of .

constructing chimeric hexon protein is disclosed in the 5 exanples. Another
way of cl oh?dy Westidr stcedpr £8Py @i mav @ndapsedulisvay #exon proteins from
ot her sero 1 di scl ir l. . 0/ 0 9. The '

r econbi nan grg%erﬁloé\}ﬁilgf%\%g %?((s’; lgéfﬁéﬂpo%g‘gﬁtl% ?ﬁgé%%!?%%i%ane y those based
on ser @ ypesarnigiais .ednothter waOof erlesralngy Meawopsecexpsishyy activities in the
human popul ation (Adl 1, Ad24, Ad26, Ad34, Ad35, Ad48, Ad49 and Ad50, as well
as certai n°BIMREHF £8854F PESRE) ST \RIRFCI0Re fEﬁP}bOE}Bﬁﬁi FREEESadenovi r us

that genergdd Yol HilscdosBHIDn | SX3ME & GSRANSS, 0bEPEeseNt an inprovenent over
both 15 the adenovirus that generally elicits a high imune response as

wel | as over t & cadesevPiosnt haderyddwsl yiestosri ofi Hge neteseNt zing activity -
because i tir?x?éx{q]i% angﬁéﬁg tREOL ‘%J‘ﬁ}éci‘aotn 's%r%%g ‘ggt e1ed rpé/m% Pre-existing
rgh p t po B ? e

imunity 1n ah ercentage of the worl atron. Tn o r 20 words
and asitexeypidddldy Hewepne-AdBStikd artdvAddsk5ihothe heparesent i nprovenents

over Dot e I8 ANYabls, M35, WEBET ol BARD, LBIRL S ot A
25 suppr esgEsh by sAnfeil1vast eertaTRIN infardladepdstiriasefl @frrying

-the knob domain of an adenovirus that generally élicit a

high immune response, represent an improvemenf over both

15 the adenovirus that generally elicits a high immune
response as well as over the a&enovirus that evades pre-
existing neutralizing activity because it carries a hexon
protein that is not detected by the pre-exiéting immunity
-in a high percentage of the world population. In other'

20 words and as exemplified herein, Ad35fib5 and Ad35k5 both
représent'improvements over both the Ad5 and the Ad35
véctor. »

Given the high levels of anti-Ad5 immunity in human
populations, Ad5 vectors are likely to be substantially

25 suppressed by anti-vector immunity, at least based on
experiments done in mice and monkeys. Given the léw
levels of anti-Ad35 immunity in human pbpulations, Ad35
and Ad35-related vectors have a substantial advantage
over Ad5 vectors in this regard. In other words, Ad35,

30 Ad35fib5‘and Ad35k5 vectors are not substantially |
suppressed by anti;vecfor immuhity. However, Ad35 vector-
based vacéines are less immunogenic than AdS vector-baséd~

' vaccines in terms of antibodies against the antigenic

insert.
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experinments done in mce and nonkeys. Gven the low |evels of.anti-Ad35
immunity in human popul ati ons, Ad35 and Ad35-rel ated vectors have a
substanti al advantage over Ads vectors in this regard. In other words,
Ad35, 30 AddbiaotyB40a3ed AJ35k5 vectors are not substanti aPCyEPZMpESESsed by
anti-vector imunity. However, Ad35 vector- based vaccines are |ess

i munogeni ¢ than _Ads.vector-based _vacgin in.terns.of antibodi es agai nst
the antigenic ﬁﬁEEFF?D%gyv[}gob%/B%ﬁ S%ﬁ Eﬁfﬁ&gﬁﬁgglﬁgow?ﬁ%%rtantIy, it
is now for ghe ifrvesitorismershbenpbyséhe imxaidions tbhtt hewpr esent i nventi on
that | ow neutralized vectors carr;%ﬁﬁ at |east a ggeterolo ous) knob

domai n of a¥HFFE&Rd VEGEORBgRRYT fogeifastvéct{8rtsrgl I8kt anti al | y

nore potentiidy iGINNG ral HARHALenf SSRANIE JHIZN ithenBgekbengeyest or with
its native fiber. Thus, such vectors represent a technical and practical
advance verre pubsiEngiatdyl abre peleewyiymlindeciogs anAimpengon skilled in

the art willbe bl ¢1to ELl bzehhe. 10 knawhadge her eui thopeoyi ded to clone
Qi thal che bEEKhISe JeProde

ot her adenovi vectors ed on tThe sane principle’ r rnstance; the
i nvention dllsgs r edwmthe vecaorecoaprasatit sd Mearhrddeiowndupesctital carry a knob

domain of a fiber of an i munogenic . n adenovi rys. Besi des_ reconbi nant
T e e OEs GPREERPLR . RAkIF AR AT a e E6EROEE TR omnl nan

bovi ne and,eaniheladaravihUsge ar€e RICOMRASIAG kY LRe1pLeseRt invention.
I't also rel'ates to other | owneutralized human adenoviruses that can be

enpl oyelP askntkasife hegedts proavidedrty ghonceegdhesy rRAsBoWdARAln of ot her
: rmrunogeni Cv%&&ds?%%‘éieﬁﬁ%ﬁsthlhgaﬂéf%ﬁi&%epl%qn@o@ﬁkg@éngée pyfrer ous,  but
imted to the extent that at | east e hexon protein of fhe adenovirus
shoul d not Emcaritcer ad shi ghlkéwel tof rermbimdrdt isigiemmudetyyimhid¢e at | east
the knob do@ﬁgglcarry a knob domain of a fiber of an immunogenic
human adenovirus. Besides recombinant simian adenoviruses
15 other non-human adenoviruses, such as recombinant bovine
and canine adenoviruses are encompassed by the present
invention. It also relates to other low-neutralized human
adenoviruses that can be employed as backbone vectors
that carry at least a knob domain of other immunogenic
20 adenoviruses. The different dombinations are numerous,
but limited to the extent that at least the hexon protein
.ofrthe adenovirus should not encounter a high level of
prefeXisting immunity, while at least the knob domain
delivers the recognition of the CAR receptor, thereby
25 ensuring a high immune response in the host to which the
vector is administered. A pérson of general skill in the
art will be able to distinguiéh the described features by
using the general knowledge in the art for determining
pre-existing immunity, determining the level of immune :
30 responses elicited and the strategies for obtaining
recombinant (chimeric) vectorsAas outlined by the present
invention. |
‘The potent immunogenicity of Ad35k5 vaccine vectors

suggests a functionally relevant role of the Ad5 fiber

17



delivers the recognition of the CAR receptor, thereby 25 ensuring a high
i mune response in the host to which the vector is adm nistered. A person
of general skill in the. art will be able to distinguish the described

f eat ures kwWo 200804080t he general know edge in the art fopctebmo30s8istg
pre-existing imunity, determning the |Ievel of imune 30 responses elicited
and the strategjes foriAggt %l ni ng‘fﬂ reconbingnt (chineric) vectors as outlined

by the prd@EMteT nveft her PHdhidS TRIHEgEnPLP Y S ERdBEKS vacci ne ' ,

vectors S}Vﬂ%ﬁ%ﬁi%iftgmﬂei:@g%fWZKI@'a_Qq‘éﬁré{[ls'bo €29k Lheifdsrddder 17 WO |
2006/ 040330 PCT/ EP2005/ 055183 protein. The Ad5 fiber Kknob determ nes -
bi ndi ng t ore¥re imitdle- effiaieyt r eelopranl loARraidaifsekprayel anitadportant role

in the effici intra I affj cki Vi i o the
nucl eus. T%ée;f%n léeﬁc’cteta i%%‘\ru#!ég%%é%i ti/ﬂeo;%n@gﬂ%gk%&@é% %?ﬁsit%%egﬁ)yft reflects the
known & ol Zodfi5k5 fusadbirendibély hee Adctfs bdie knobn bidhoyigh t he preci se

hani sns_ ha t been. determned. T i nant__ Ad35k5 vect
i i prTHE IR RE BB K47 ot ot oML BoBPRL PES 1 BCATant AdSS vect or

and ef f ecthatahikhsenadednboWepdesat aidtevaliscal anéi rdbmbimam ty, as shown
herei n. These observations are consistent with previous  studies
denpnst r atAdP khatecAessspikibit Mo Edy thei raRFTrglHr3eded agai nst the Ad5

hexon protldks1SuRPhL] Aol fndRdalades 330! DR ObPRLYAHAY, that AdS 15

vectors containing the r protein were unable to circunvent
anti - A6 iewaddd Jo@®dhodstate kvel2)(f) anthioddbeimmbnjty | eaelshoei ant i - Ad5

i mmunity re.dn fact able to reduce the i nogeni city of. Ad35k5 vectors,
as shomvﬁerelnﬁ,,,ﬁleﬁgl 98?%\7%%3(?“@ F1ve Clog\ﬁegg%?fl e‘f’l@ht 50 A% ar | y

det ect abl asﬂe\hr%te:i,l%sdidreﬁlahedragaﬂldjlsﬁhatﬂﬁad&iépfeicbelic Proteare It is to be noted j
t hat the reductigon of Ad35k5 ) . |
primarily directed against the Ad5 hexon protein. , ' _
Supportiﬁg this model is also the_observatién that Ad5
16 vectors containing the Ad35 fiber protein were unable to
circumvent anti-Ad5 immunity (Ophorst et al. 2004).
However, high levels of anti-Ad5 immunity were in fact
able to reduce the immunogenicity of Ad35k5 vectors, as
shown hefein, likely reflecting the lower titer but
200 clearly detectable NAbs directed against the AdS5 fiber
profein; It is to be noted that the reduction of Ad35k5
immunogeniéity by ‘anti-Ad5 immunity was only partial and
was detectable only at particularly high Ad5-specific N@b
- titers. | _ ‘
25 Another limitation of Ad35k5 vectors may:be théir
- relatively high vp/pfu ratios, which were approximately
10-fold higher than those typically observed with Ad35'
' Vectors.’This‘observation suggests that viral integrity
and sfability may be compromised by the inclusion of a -
30 chimeric fiber pfotein,ﬂalthough this yet needs to be
investigated and confirmed. |
As outlinéd herein, the rhesusvmonkey étudies
comparing the immunogenicity of Ad5, Ad35k5, and Ad35

- vectors confirmed the results obtained in mice. This is
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i rmunogenicity by anti-Ad5 inmunity was only partial and was detectable
only at particularly high Ad5-specific NAb titers. 25 Another limtation of
Ad35k5 vectors may be their relatively high vp/pfu ratios, which were

appr oxi mat av@2004/640838l d hi gher than those typically obsePCEEAP0SIS5M8335
vectors. This observation suggests that vi raI | nt egrl ty and stability may
be conprom / C LO te al t hough
this yet neég‘pe\;yn %ncr%vleng |gg‘?§% and %pon I e ?35 l%% Flgne%]%erel n, the
rhesus nonksyd sﬁa;dlte&refompanndgrékrelmmrmmmmmpgehlédﬁy &d35k5, and Ad35
vectors co %%%qed the results obtained in mice. This is_18 WD 2006/ 040330
PCTI EP2005/ 8% CodSev dAt FEFRER Iﬁ‘?%]éeﬁfsaclZ*dt%éfe&ﬁPFﬁaPlAa?sEe?ecept or CD46
and may thefgiof eddaiRSLiRBLS &hevémw%%lejﬂcyu%sm@ﬁlmctors I'n
rhesus nonkeys, Ad5 vectors elicited rapid and high titers of

vect or - FpectfiectNassy BFeFRNSedf & ke PIOYT dpogitedMAVRGABEHGBUBS boost

| mmuni zat | Oé‘x ot SEPEH %%nt#:gsgNX%é?ﬁtAd@tal}ldA‘%%%S?c@dvAgégﬁé vectors
elicited lo vect or - speci titers as conpared wth Ads vectors,

whi ch faci Iel:ad:e\rbdodm:telrngeotothelsecﬁmp@dset&’demisl aw rgmperadm ni stration

f h I t | t th b :
obsorved | /L AHRETE iar *PLERI LRt AHINES FVAALGPE PEKERSSFellect ad the

-fact that thessoney Folilbatiig pela@dis Dhusit IgRspANseanoasdoasul d be boost ed

effectively. The present invention denonstrates that capsid 15 chineric
r econbi Hant Vet /ot dits 16afPBEVEBRSE r tlettedtho rabwstyi ABMPBRef i cial i mmunol ogi ¢

and ser ol ogjgopraper st ol dhiLRE ALy AL SqnOLY RRse;ThA gaBSKation of

chineric Ad ctors represents a nove rategy that leads to inproved

- second- genevedttiors Adkedot oefleotedotie fact that these vectors both

primed robust responses and could be boosted effectively.
The present invention demonstrates that capsid
15 chimeric recombinant Ad vectors can be constructed to
combine beneficial immunologic and serologic properties
of different Ad serotypes. The generation of chimeric Ad
vectors represents a novel strategy that leads to
improved second—generatibn Ad vectors for both

20 vaccination and gene therapy.

According to a preferred embodiment, the present
invention relates to a replication-defective recombinant
adenovi;us serotype 35 (Ad35) vector comprising a

25 chimeric fiber protein comprising at least’a knbb domain
from a CAR—binding‘adénovirus serotype, wherein said
recombinaht vector further comprises a therapeutic
nucleic écid of interest. A therapeutic nucleic acid is
defined as a nucleic acid, which encodes a therapeutic

30 proteinaceous substance, such as a protein, a peptide or
é polypeptide, which is useful in the diagnostic,
therapeutic and/or prophylactic treatment of mammals,
preferably humans. Examples of therapeﬁtic proteins are

proteins that elicit immune responses in tumor
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20 vaccination and gene therapy. According to a preferred enbodinent, the
present invention relates to a replication-defective reconbi nant

adenovi rus serotype 35 (Ad35) vector conprising a 25 chimeric fiber protein
conpri si ngv@took/emsio a knob domain from a CAR-bi ndi ng pdeRe0s/0ss183€r ot ype,
wherein said reconbinant vector further conprises a therapeutic nucleic
acid of interest. A therggeuti c nucleic acid iis defined as a nucleic acid,

whi ch enco%lae%cjé‘attﬁé’f‘apgﬁ E SR Seiarﬁfc@58§eéﬂﬁspé‘ff‘ﬂée?r%l}a‘? a protein,
peptide orip &HRAUyRERYE d8ne¥hk Clli dsrdisef Ulsuh tBetdbagnesdd Gin therapeutic
and/ or prophylactic treatnment of mammals, preferably humans. Exanpl es of
t her apeut | €15 Gt&iTaPYar e pe bt el shqrRe vdiiicc PEOL AR A FRSPONEEAS n tunor 19
WD 2006/ 04&&%%43&%5%%9%/ 9§5§1§3(divlaefc€el A 1:38ne &t P%me&mrﬁﬁaﬁre proteins
that are-useful in therapy of genetic di'sorders, such as those used in
gene t Fer appyrafrtefseorednfhet apesitent igrigiseismshane pioteemns derived or based
cl,oned from bacteria, 5 i nfecti,ous entities

a

di tly), t Lt
Stch as viAdad A REy P Ot L AR GRBY S aEnt | Tt BN aced nat s on

pur poses agaigtdesVialgds 88t SUERuSSs HU@aN dsmiupgdethehesgyriMdis, (HV), SIV,
Ebol a virus, rabies virus, Hecrbfes _Sinplex Virus (HSV), Hepatitis C virus
(HOV), etcd/inup EdYplreSI¥f FPoAisrinnsd Fabigengirhat $e encoded in the

adenovi ralsﬂé?cllegg §136isd (856 Nefap 3% P vARAsE MMy AN anpl e of an HSV
antigen is anti genl9D.S 'fhergbeu?l?c . plr ot ei ns Frgm p):’r a%ﬁ(es such as those

t hat ctuseEsmipdeisa ofnHy Vatlsvived tadd demst tbatenaprse ofneditedrigsent
i nventi on. 15 Partigularly preterred protgins that, upy, be gloned in these
vectors are 1HOSé from Pl asnodi umTalciparum 9SHENP as r%cﬁe circunsporozoite
(CS) prot edxungile bSAah. HEVhentigsrefier raed ipeat ebnsThayadenttitose from
,NyCObaCteﬁﬁngeins from parasites such as those that cause malaria’
may also be used in the vectors of the present invention.
15 Particularly preferred proteins that may be cloned in
| these vectors are those from Plasmodium falciparum, such
as the circumsporozoiter(CS)'protein and LSA-1. Other
preferred proteins may be those from MYcobacterium
strains, particularly those that cause tuberculosis, such
20 as Mycobacterium tuberculosis. Preferred antigens from
this bacterium are the 10.4, 85A, 85B ahd 85C»antigens,
which -may thus also be used in the vectors of the present
invention. Proteins used as markers for in vitro studies
are typically not seen as therapeutic pfoteins; so GFP,
25 lﬁbiferase, or CAT are not regarded therapeutic.
SUitéble promoters.énd pblY(A) sequences that may be ’
‘used to express the antigens are well known in the art _
and include, but are not limited to CMV, Ad2 MLP, SV40,’ 
etc. Suitable'transcription termination sequenqeé may for
30 example be derived from SV40 or BGH. The  coding sequences
of the antigens may be podon-optimised for optimal
expression»in.mammals,'preferably humans.‘Methdds for

codon-optimiéation are well known in the art.
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strains, particularly those that cause tubercul osis, such 20 as
Mycobacterium tubercul osis. Preferred antigens from this bacteriumare the
10. 4, 85A, 85B and 85C antigens, which nmay thus also be used in the vectors
of the prese®ooci408snt i on. Proteins used as markers for PCIW/EPRWS/055883udi es

are typically not seen as therapeutic proteins, so GFP, 25 luciferase, or

CAT are not regayded therapeutic.,. Suitable pranoters an Ly(A) seguences
that may be us:r'ig1 8j%§%$é§§ Fﬁgagﬁ§i%%ﬁ% %éh}%ﬁﬁﬁloﬁngﬁ%egﬁly e art and

i ncl ude, buteasbinGint iadichetitas CA] eded MAym $WEO gro@bC cobli sabhe »
transcription term nati on sequences_may for 30 exanple be derived from Sv40
TYBPSt hb ot e d8doh?

or BGH. ThetofishP CedifefEES i ofetrs Hay é8dof? oPpPfni sed for

optimal  expyessd N ddedRIWakS coRpei 81ably dHIMRNS Pf%@edgraeéin
codon-optim sation are well known in the art. 20 WO 2006/ 040330
PCT/ EP20051098183 1mph @t Aganti ankneb ader2in framwed CO&rPéRddRFect i ve

r econbi nant novi I ed o . gr i St novi r us
serotypes fT%gg%%J%%£%§%§E§§%'4§§a4ghéﬁgug§%¥R%gggéggghggFr8écggﬁprising a
chineric fibertiprotainpri sesnpr hetagobvtgdbeastua ddnolcdomapdifigofiva

CAR- bi ndi n denovi rus serotype, .and, wherei n, said .reconmbi napnt vector
ot her coma, PRGN, 261 By BR e SRR L D B 1RRRRRt L Yot ¢ o

an anti geniﬁr@f@ﬁﬁmﬁrdt@?a@r est a Subrelers efbsRNRlyPaOks a subgroup B
serotype, nore 10 preferably serotgpe 11, 34 and , host preferably
ser ot yp& 35PrREIHOLITHE HOfYeRt Ldn P&l aR@s3to nfds@referabyges .si nce they

encount er ngutSALZING RIASFX! ShiNGnvL AT [aeidtdd SORhLEant |y |ow
per centage o n sera sanples tﬂat are taken from hea thy individuals 15
wor | dwi de. Shroeypes fiimee pheyeensoastes etbtioradiie imgf prs-ekostibers t hat

conpri se parts {romal J east;bue.dLif el Shte AUSNUMS U3 26HQLYDER, Vherel n
samples that are taken from healthy individuals

15 worldwide. Chimeric fiber proteiﬁs as used herein refers
to fibers that comprise parts from at least two different
adenovirus serotypes, wherein the knob domain is from an
adenovirus that binds to CAR. It is preferred that the

- tail domain of the fiber protein is of the backbone

20 vector as this adds to the stability of the vector
through a.proper interaction with the capsid of the
vector. In a preferred embodiment the knob domainrthat
binds to CAR is from a fiber of an adenovirus serotype of
subgroup C, more preferably from serotype AdS.

25 A therapeutic protein.of interest as used herein
relates to proteins that are useful in mammalian ‘
therapeutic treatment, such a geﬁe therapy. An antigenic
protein of interest as used herein relates to a protein |
of interest towards which an immune response is invoked

30 upon’exptession in the host, or in‘the hoet cells. This
immune response is'required for different kinds of
vaccination settings: One example is tumour vaccination
in which the immune response towards the antigenic

Aprotein of interest adds to the removal of tumour cells

21



adenovirus that binds to CAR It is preferred that the tail domain of the
fiber protein is of the backbone 20 vector as this adds to the stability of
the vector through a proper interaction with the capsid of the vector. In

a pref err agdo eqwbogizsent t he knob donmain that binds to géRepmoiesemsa fi ber of
an adenovirus serotype of subgroup C, nore preferably from serotype Ads. 25

- A t herapeut

ic protein of interest as used herein -relates to proteins that
are usef ul “B3¢ rﬁ?ﬁ?ﬁsisaﬁﬁ"et REPE%Je%’ci@”tlﬁrethﬁf Eﬁﬁﬁeﬁrﬁ ne therapy. An

antigenic apspiivicpf iisntargsbpRyrase: hargithene! ahes 49 a protein of

interest towards which an i mune response is invoked 30 upon expression in

t he host, WCFHatHOTES PEeVERt TR0 signiddcraspynsehilit deif red for

different kinds Qfn oR¢ELNALLON, ,&1{%& Ong .exagp! &;}Ssddmour vaccination

in which t#e | Tmune Y esponse tomg‘rafgdg'[s\t & anti Seni C p%otsé% n of interest adds

to the & enowvatemifa,t e, cekl safds WeL006/34 0838 LPEIP EP2095{D55183 t hat

express the 1{.:).rOtei n i referred ica}%ion ]%s in prophylactic
n

whi |, e. th |
Lrbat nont SUCHEHEC PIOFEHAL PhnLE LT Hy AP SEG 81 BES FPEAMTIN ihhi bit t ho

infection efridie hesictbyipal hagesnsasSuchageuistUsese Bsdasteria, yeast, or

protein frefRARaNts 208N BYET BFFUMCIPTHPESITPe tBP JB¥SRIIOhdAlse of
recondi naniy S46APYIdSES B660E HI0 ARG doRYRLLOREYas Algo be used in

parasites. Thus, preferably, said antigenic protein of interest conprises a

i nvoking inmmune responses towards the 10 antigenic proteins of interest in
t he colff seamfigenita garirennsopf abntigifastdt iion thkatohase abf eady occurred, thus

to pre"e”ttéeaf’énle%act QN npgﬁ%ggjcf&n.t%% ) %‘1985&"% éurr%cﬂet\ﬁ%cst ors may
al so be used 10 preven?t e Spreadi ng 01‘h t fe“ViTus From t e o
al ready- i nfeqiedrdmstrepditheioextpaddadimgonetenbodi oty wdwdg,ecombi nant
adenOVIrusthe vectors may alsd be used to prevent the spreading of |
the virus from the already-infected host to the next.
15 ' In one embodiment, the recombinant adenovirus
according to the invention comprises a heterologous
nucleic acid, which is under the control of a
heterologous promoter. |
~ In a preferred aspect of the invention, said
20 ahtigenic protein cdmprises a protein from a virus,
wherein said virus is a retrovirus, HSV or an Ebola
vifus, whereas it is prefeired that 1f the éntigenic
protein is of a retrovirus, said virus is a simian or a
human imﬁﬁnodeficiency retrovirus; wﬁerein said
25 heterologoué nucleic acid.preferably compriéeé one or
more‘geneS’seleCted from the genes encoding the group of
immunodeficiency virus proteins cbnsisting of: gag, pol, -
env.and nef.
In andther aspect of the ihvention, said antigenic."
30 protein of interest is from a malaria—causing parasite,
wherein said protein is preferably'a circumsporozoite
protein, or a Liver SpeCific Antigen‘(LSA—l; LSA—B), dr:
an immunogenic pért thefeof, from a Plasmodium species,

more preferably Plasmodium falcipafum.
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according to the invention conprises a heterologous nucleic acid, which is
~under the control of a heterologous pronoter. In a preferred aspect of the
invention; said 20 antigenic protein conprises a protein froma virus,
wher ei n saiwio i06/049330s a retrovirus, HSV or an Ebola vi POEEPYNEISES it is
preferred that if the antigenic proteinis of a retrovirus, said virus is a

siman or a hunap, iomuaedeli eLEnEY. el oVl ihenel 0,saL g, 25 et er of ogous
nucl eic acid pre eréﬁly conmpri Ses one or ~nore ébnes sef'ected from t he genes
encodi ng t heeqpniimanit adenvhodesesi engyridimes sphet-erndogonsi sting of: gag,
pol, env and nef. In another ﬁiﬁeCt of. the invention,_aaid antigenic 30
protein of THE&SAGE APOnfachalrert a- imd5EF48 €819 wherein said

protein is piaf@riahly i3 celediBROL LRI 1 JHARILIddInsAktanki ¥er Specific
Antigen (LSA-1, LSA-3), or an immunogenic part thereof, froma Pl asnodi um
speci es,® MAPHeTE FSIrPPPasmbli udt f o i %rur%&z#vxo‘lﬁoeeﬁoi@aso

PCT/ EP2005/ 55183 .the inyentien,relates to novel replication-defective
reconmbi nant adenovi ruses conprising a heterol ogous nucleic acid and a

chinmeric fiber, Tieeriemiviensdiod fadehevhotrs reslagelsedtoedher opet b€ group

consisting of 5 adenqvirus serotypes 11, 24, 26, 34, 35, .48, 49 and 50, - for
use as a medtCANERED Tﬁ@ePﬁVéﬁF'oﬁQ?Eﬁ¥rﬁﬁ9ﬁﬁ qgélgtégetbnYﬁ%tb%% of a
reconbi nant i RAeNO\WarRIf aveat-8r o8Cs OheiNgarichtt M Rvenbirephylacthe manufacture
~of a medi canent for the prophXIactlc 10, or therapeutic treatnent of a-

mal ari al0 a9 B ERPCWAC HEvatmgnt Hel-2 wlagi 3 vannfeetron. @n one
particul arl yspr ef gy nedembodiiefty {he.cifention relates to a chimeric

replication-defective
In one particularly preferred embodiment, the

invention relates to a chimeric replication—defective
recombinant adenovirus comprising the knob domain from

15 the fiber of Ad5, having the amino acid sequence as
underlined in figure 2B, and a hexon protein from a
serotype different from Ad5, wherein it is further
preferred that said hexon protein is from a low-
neutralized adenoviral serotype. Low-neutralized

20 serotypes are those seiotypes that encounter pre-existing'
neutralizing activity in the form of NAbs in the minofity
of samples from healthy individuals. In one specific
embodiment,Athe invention relates to a chimeric
replication-defective recombinant Ad35 vector comprising

25 an Ad35 hexon and a chimeric fiber protein,‘said,chimeric
fiber protein having the amino acid sequence of SEQ IDb

NO:2.

Hexon HVR swaps

30 Since dominant Ad5-specific NAbs are primarily
directed against the Ad5 hexon pfotein, it was reasoned
that novel recombinant Ad5 vectors containing targeted
mutational swaps in hexon may be able to evade dominént

' Ad5 hexon-specific NAbs. This is not a new thought and
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reconbi nant adenovirus conprising the knob domain from 15 the fiber of Ad5,
havi ng the am no acid sequence as underlined in figure 2B, and a hexon
protein froma serotype different from Ad5, wherein it is further

pr ef er r ed whadossaissh hexon protein is froma | ow neutraéi/Eemhogessmaviral

serotype. Low neutralized 20 serotypes are those serotypes that encounter

pre-exi sti n%{ neutral i zi ng, act] vi t%/ in the formof NAbs in the mnority of
® §.2%h

sanpl es fronHest - SREEvitBuk i JREE FPcPFOERBodTHENt, the

invention retadlsht QRnGHHFBILI Gect&Pd ] CRlicRRydeheati ¥ £@&pNDI nant Ad35
vector conprising 25 an Ad35 hexon and a chineric fiber protein, said

chi meric fPERYeprrcsiossiat ngst met et hedioW-sequence of SEQ ID NO 2. Hexon
HVR swaps 30. Si 491,n3RL A5 50esidd G %@:ﬁg@&{f%g%' IREAL e i ect ed

agai nst the Ad exon profein, It was reasone novel reconbi nant Ad5
vect or s coptatiannyg firamgetiéderant aseonapesnwapemsntheken may be able to evade

dom nant AdS hexon-specific NAbs, This is_no new t hou and 23 WO
20061 040336 PN EPHGCL G55 EHaN SRVl ISt BEGEs WHOT HEs S Vor e made 1o
produce sugdygiorsd e@virh's)adaaeviral 1@l on HawE¥Rpos8@NEuLfaddiem proved
successful, as outlined below. Mre than 99% of amno acid variability anmong

hexon 5 pebtEthdiemosnegi ffepbhfiedivl yeyfosdmdikezaeand ot at ed in
‘ | ot | . : ; . Dot o
seven re agié'é%)y. sk Q}ﬁEﬁBﬁy%&%ﬁA&d QU ?ﬁ%&gw&c%ﬁ%f‘;ﬁ@{ ocated on

t he exposed surface of the hexon as 1denti \ sza and
Schnurt0 (dBBBrerthesienavt hosss cOpbr edid,hédhexddoprbdd@i nsddf 15 10

different adenoy puses (4!, o002 005, 9, Ao, AdRs A 3mAdLS Adle
The seven HVR'’s were identified among the 250 wvariable
"~ residues in loops 1 and 2 (also referred to as 11 and
12), wherein HVRI-HVR6 are in loop 1 and HVR7 is in loop
15 2. Crystal and co-workers (see WO 98/40509;-US 6,127,525;
US 6,153,435) replaced the entire loop 1 and 2 of the
backbone vector (Ad5) with loops 1 and 2 of Ad2 (Gall et
al. 1998) based on the findings of Crawford-Miksza et al.
(1996) . Also a vector was made in which on}y loop 2 was'
20 replaced. Viable viruses were produced. Ad2 and AdS5 are
both subgroup C.adenoviruses and crossQneutralization was
still present, eveh after replacement of both loops,
indicating that such'swaps would not result iﬁ vectors
that would have a decfeased ability or inability to be
25 recognized”by a neutralizing éntibody directed against
| the wild type adenovirus hexon protein, at least not when
the swaps are within the same'subgroup, To nevertheless
.try to obtain such vectors, they also tried to exchange‘
the loops of AdS5 and replacewthem with the loops of Ad7.
30 These attempts failed, no viable virus was produced,
indicating that swaps from one subgroup to another were
impossible to make, at least based én the idéntification
of HVR’s by Crawford-Miksza. Of course, with the »

knowledge of the viral genomic structure‘at hand, the
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The seven HVR s were identified anong the 250 variable residues in |loops 1
and 2 (also referred to as 11 and 12), wherein HVRL-HVR6 are in loop 1 and
HVR7 is in loop 15 2. Crystal and co-workers (see WO 98/40509; US 6, 127, 525;
US 6, 153, 43&) 200epdoasned the entire loop 1 and 2 of the beackbmogossesst or (Ad5)
with loops 1 and 2 of Ad2 (Gall et al. 1998) based on t he findings of ‘
Crawford-M ksza et al . \(}19‘96%.. 0. vect or_was dl n.which only | oop 2
was 20 repl BeE SARYalPReyFuldt ?% Jp?%dif@e&’e ,E&E‘lﬁxa Ai5*are both
subgroup C gsleneM mesesuand Biossgypetddalidmid,oncwastifyi Lh present, even
after replacement of both | oops i ndi cat i t hat such swaps woul d not
result in VREBHSS/ tcl?éf“lﬂéuFHaEa%]éo‘él%e%}‘@&%eéoébitP?t §btEPnability to be 25

recogni zed hy.@uieistial (cak Rerapt | Podys digKehRd: agai-nshknbfie Wl d type
adenovi rus hexon protein, at |east not when the swaps are within the same

subgroup. Teearoret haltemostt Lykeby ot e dish negdesr §rlt‘-h@§rlal so tried to
exchange the | ososfo dgo%nge{(el%ggﬁz g%ﬁlcrgécg{th t gogg (tg_) it d7. 30 These

attenpts falied, no V|alev rus was pro i ng swaps from
~one subgr OLkﬁHﬁﬂ.cBerh'eﬂ:l‘Aﬁr eviappessiblsed mmaptabbteaﬁédb@lsad on t he

identifi cat| on of HYR s by Crawford-M ksza. O _course, W %g he know edge
of the virafPQdIFae c@@ﬁﬁ‘@t GPEIGE WanhdiodHe e D ARWS 96067046939

PCT/ EP2005/ 56183 rlecqq@@ey 9858 L Codml SHLRLINGN 062) RReaEREEVRLM Vi a
‘general nol ecul ar biology techniques, resulting’in plasmds/cosmds that

shoul d #hcobeoForingr@agnbifr excharsing g qriHineehiegpnyi Lhsvasoweser, for
unknown 5 reasons,. Pyt sl bgﬁé}_‘ gus. ie@lé]%etel%tshe Gh g%cgént&?pects of

t he corrplex exon structure and 1ts Si'd “f'or ma vi abl e
Vi ruses vverreaayldta\cdotsalgmadlwlaen néhérmhumtmdlepgtb@gsonomaxphmdmfl ed (Rux et

al . 2003). theléal ure w1§:}119%§?a ggggegé esglwaegschangl ng only the ext ernal
‘The inventors of ‘the present 1nvention also tried to
15 génerate chimeric-adenoviruSes based on Ad5 carrying
chimeric hexon proteins comprising the HVR’s of Ad35 or
Ad48 in place of the Ad5 HVR’s, as guided by Crawford-
Miksza and Schnurf (1996) and as further outlined by Rux
and Burnett (2000). These attempts failed. This was in
20 concert with the findings of Crystal et al. who also
could not show any production of recombinant viruses,
whérein the hexon parts from different subgroups were
exchanged (see above). _
To tackle this matter,.Rux et al. (2003) showed new
25 high-resolution crystallographic refinements that were
made of the Ad2 and Ad5 hexon structures to resolve
earlier found differences in Ad2 and Ad5 hexon
structures. This resulted in a new definition of the
regions.within the hexon pfotein,.indicating nine HVR'’s
30 instead of seven. Rux et al. (2003) also identified parts
of the hexon protein that should not be violated when
designing. novel adenovirus-based vectors.
The inventors of the present invention also tried to

produce chimeric adenoviruses comprising chimeric hexon
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10 | oops instead of exchanging the entirehexon. It was also nentioned that
the other capsid proteins, such as penton may have significant
neutralization epitopes to explain the failure with the Ad5- Ad2 swaps. The
i nvent or s vah 2dobygsopsoesent invention also tried to 15 gegerpdoss/dkisgeri Cc
adenovi ruses based on Ads carrying chineric hexon proteins conprising the
HVR s of Ad35 or Ad48 in place of the Ads HVR s, as_gujded by Crawf ord-

M ksza andPBURIRS "EEdo6yaBRES VR Uit RESSGuPR hBa BFERRAELIAR Bur net t
(2000). Thess, RILEWRE Rukakteg: . TG0 WAS HowedRrG0RGEEA, Wad Ny d i ndings  of
Crystal et al. who also could not show any production of reconbi nant
viruses, Wherssn conddhbgonrpdnced f rdmadilvh epeaedsebgilrips were exchanged
(see above)_.r:TQ .t I I t (20 d new 25

hi gh-resol% fll-(l);](ritclr%&is%t gf%g%c:i%gﬁi%e'ihe igr?e%rrg:r%e gkgﬁéét%‘%eﬁ&?ﬁ%}ge of the Ad2 and
Ad5 hexon BIR'UGE Weesmbdnaasohdenowiarldedr hhoing dhéfer enses di tAd?2 and Ad5
hexon structures. This resulted in a new definition of the regions within

t he hexon pfoteiSFcherdrdabrhtesh fe NE0 VPREPEAFDFARETF Rux et al .

(2003) al sgdsigpd,f ia%_dlBéEESbemeém%d%%rﬁéogéi:@t%ﬁ@é shoul d not be
vi ol at ed when esi gning novel adenovirus-based vectors. The inventors of

t he preserdififpremt enbarsursrieeltd nqdr beuesodhEadri ¢ adenovi ruses
conpri sing chingrl 2 3 2 83 rot ei ns
mpri si ng H{@esgn@%ﬁegrs ¢ IR 2906/ 04933, 6L EP d@%&%g}&gﬁ P

wi th swapped based on the detinitions provi x et al. (2003).
Howevet), ajgdntifiiedvisalbke HVRYsisesticioulhdmbe pdedociedussd edrdty, based on the

definitions, provided in the art reqgar.djng.the hexon 5 ..r econbi nant

adenovi r us iﬁﬁﬂﬁi moﬁgeo?eﬁ%?eﬁiﬁ(%|ﬁ§en%@§lsde§zh@ﬁﬁ%ﬁ?@ﬁﬁ%&ﬁﬁ%aa backbone

vector anth@an@dhefurrs§lobgpeanditiLasil RemeearadessVvidisisry ot ypes of. .
HVR’s identified by Rux et al. (2003). The broad |

definition according to the invention is.indicated in

15 Table II, whereas an evén more minimalistic definition is
provided in Tabel.iV. Replacement of these HVR’s alone
resulted in the production of viable virus. Tb the best
of the knowledge of the inventors, this is the first time
that anyone has beén able to generate chimeric

20 adenoviruses cbmprising chimeric hexon protéins, wherein
not entire loops are exchanged, but wherein the distinct
HVR’ s are exchaﬁged._It is also held that this is the
first successful attempt in obtaining recombinant
adenoviruses comprising chimeric hexon proteins, wherein

25 the hexons comprise parté from adenovirus serotypes from
two different subgroups. The conceptual basis for the re-
definition of the HVR’s was to use conserved amino acids
as junction points. It can neverthéleSs not be excluded
that by shifting one or two or perhaps even three amino

30 acids towards the N-, and/or C-termihusvmay yield in
viable vectors. However, the definitions as previoﬁsly
provided in the art, were not sufficient to provide
viable vectors with chimeric hexons. The definitioﬁs as

provided herein are nevertheless not to be taken too
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di fferent subgroups, could not be produced. The inventors of the present

i nvention have now 10 identified seven H/R s within hunan adenoviruses that
~differ fromthe seven H/R s identified by Crawford-M ksza and Schnurr
(1996) andWh06/8408% differ fromthe nine HVR s identi PCEEPH)S/RHIB3et al .
(2003). The broad definition according to the invention is indicated in 15

Table 11, whereas An ,8ven; BREesm At il d v td 16 def ot hk0Bob Levigded in Tabel
V. Repl acemenlt ofﬁt ﬁ%sg ég/HR‘ ssgafone alrﬁésaiuﬁ toeg> ion Fﬁeagrgdﬁgtﬂ;n of viable
virus. To tteeddsbleoflIt he koophedgen ofitthdabdeeAVorsPrehésabbyt he first

time that gnyang _has.bee ble to generate chineric 20 adenoyiruses

‘conpri si ng %h‘%/r%ec%ngl%éfgnngﬁo?%?%%?g%e{aesi it tseélﬁﬁdr gyl g%gsi/%re exchanged,
but wher ei NG J1€7 -di%s taindC 88 - HYR) Sa ik eclex chayiged. thhti aral swapedd that this is
the .first successful attenpt in obtaining reconbi nant adenoviruses

conpr i sithg REFWRST SCREX¥RSProt ei ns, wherein 25 the hexons conprise parts
from adenovi rus serotypes from two different subgroups. The concept ual
~basis for the re- definition of the H/R's was to use conserved am no acids
as junction poi Md>-basedareatorst priiesining dse exchadedHVRhat by shifting

one 0f W0 S SINapS BXeRas B eeLAnLAG, 3) a0l dobonards bhe By and/or

Ctermnus may yieldin vra However, ons as
previ ousl y wgreodded ruattHeaar disebssdiain s iexiaepleto Pioxtde, vi able

vectors, Wwith chineric hexons. The definitions _as. provided. herein are
hover t ) esTEtT 19 6e AV AL BnCEBOOS MBI HEEE 046346 PET) ERRbYLHEE 163

strictly, asasd i ahiktsdney ahgoprend derrgeod f esubtsretsge dable 11 in
conparison with Table 1V). Preferably, the identified HVR sequences (as

repr esent ed'3%e SEOU DIINGCE7a¥Y BARY BLnWD)E dieeet BETPEYPBnEN t AACEr e swappe'd
5 between §§EQQ%pﬁﬁid.type HVR’s of the backbone vector. On the

other hand, such large swaps might result in more-

15 difficult-to-produce viable vectors. Herein; it is now
disclosed that all seven identified HVR’S within the
backbone vector (exemplified by Ad5) can be replaced by -
the seven corresponding HVR’s of a rare Serotype
'(exemplified by Ad48). This also suggests that swaps

20 baéed on the HVR* definitions of Table IV will also -
result in vialble viruses.
| The spacer reglons between the HVR’s preferably
remain to be of the backbone serotype to ensure proper
folding of the protein. The preferred backbone is Ad5,

25 although other-, generally used and widely applied

' ‘serotypes form subgroup C, such as Ad2 can also be used.
When HVR’s are swapped, preferablyxat least dne, more

~ preferably two, even more preferably thrée, even more
preferable four, even more preferably five, even more

30 preferably six and most preferably seven HVR’s are
swapped. )

The AdSHVR35 and Ad5HVR4S vectors that were
generated as'diSclosed herein are substantially more

immunogenic than recombinant Ad5 vectors in the presence
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Ads- based vectors containing one or nore H/R s, exchanged from Ad35
(subgroup B) or Ad48 (subgroup D) were constructed as disclosed in the.
exanples. Cearly, 10 one or nore HVR s can be exchanged. As it is likely
that NAbswaermedismcted to any of the HVR s it is prefecreshosossidve nost,
if not all HVR s froma rare serotype in place of the wild type HVR s of

t he backbone vectar .. On the _other_ hand, .such.l.arge swaps mght result in
rore 15 di P i VA, JRBASEY | BEF e Ty MPerRES PEFRE G o osed
that all sevesctdatenigsfingt HNR Bedbd hhrbtdien Jragkbona xestoirdexenplified by
Ad5) can be replaced by the seven corresponding H/R s of a rare serotype
~(exenpl i fiERADYLIPAS)y. 2TRi 8Cal IR £a ReUtERAapEC 2B B BIf t he HVR*

def i ni tiongyefs TabliR o Wel hadbSonq TAsH I 1 svirabblhige Vi s 1i3€Sy e spacer
regi ons between the HVR s preferably remain to be of the backbone serotype

to ensre properl HR'di fgkeh fhemprblt dinewnTharpr ebeptededbackbiorte i s Ad5, 25
al t hough ot he

r-, generally use d w.del pl i SEeLoty or m subgr oup
C, such as" M P %as%%a %:8 érarélegqfﬂ\mp’\égn?@\/éd?%ér keggg\z/lvap%cei%%’ Blr&z%ge’r ably at
| east one,Ad®I eandprrefs@r.ably two, even nore preferably three, even nore

preferable four, even nore grefgrabl five, even nore 30 preferably six and
nost preferabl yz{*ssé?\}’&’iml—@%‘l@ ar 5%‘6%1%%@&”TP(&*“-R&9FWR§%“5 FYEHVRAS vectors

that were ;genetaliedives sdbsch@sedi Mesride re taubstashi @kys @ e i nunogeni ¢
t han reconbi nant Ad5 vectors in the presence it 27 !l~ W 20061040330 .
PCT/ EPYD0OSAGSS 183 uldis 4at - BRHEUS niiatl ths nedchdsderpBsbywhiRteare primarily
directed agaj fistnd NG-RGERY PLGRELD B £93d 1rAdRe:BheG1EH aas |
virus. This now enables one to use Ad5-based vectors in
numerous settings, for instance in prime-boost regiméns
wherein it is required that the receptor recognition
16 between the priming vector and the boosting vector
remains the same. Another application would be the
vaccination or therapeutic applicatiocn with an Ad5-based
vector in individﬁals that have encountered wild type AdS5
infection previous to the treatment.
20 | Based on the identification of the HVR’s as
_ disclosed herein, numerous combinations between backbone
veétors and other adenovirus serotypes are now feasible.
The knowledge can be extrapolated to the hexons of all
" known human ahd non-human adenoviruses. Whenever.a prime-
25 Dboost regimen is required {(not only for settings in which.
Ad5-based vectors are required), the knowledge provided
herein can be applied to construct a vector with stealth-
capacity, namely circumvention of pre—existing immunity
against the hexon HVR'’s present in the previous appliéd
30 wvirus. It is to be understood that the chimeric'HVR
vectors as disclosed herein can be further quified by
methods known‘in the art. For instance, the fiber may be
altered to yield a specificﬂtargetihg ability (e.g.,.

- fiber knobs from subgroup B viruses, placed on subgroup C
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i ndi viduals, are no |longer able to neutralize through the HVR s of hexon of
Ad35 and Ad48. This feature holds true 5 for all HV/R s taken fromall known
rare serotypes, which may be selected fromAdlil, Ad24, Ad26, Ad34, Ad35,
Ad48, Ad4Warde/ad3®. As shown bel ow, AASHVR48(1-7) vir BEE®EP200YIRE3INi ng al |
seven HVR s of Ad48 in place of the seven H/R s of 10 Ad5, results in a

virus that J r b fSting | i Ln by a - ,
pre-inject i%%ém‘&npt%ﬁm&%%% \%lgyuisé?aﬁ'%geﬁ%%vsgedna oé;g%gﬁgg%%gugggggs_ based vectors
i N numerousriyetrty Midrobiaskpst daserii prdaid-shoestc.n eghneasanpherein it is
required that the receptor rec ‘ition}}%%etv\eenthe prim'ng vector and the
boost i ng vedt ot1CT Emdlieis O hBCBatePe bt 2509 YEEE8R BUPETHEY he

vacci nati ongid giersapeil ¢o2pphbeahéOMAMd i sAdI=hasedhe VECHOF i N
i ndi vidual s that have encountered wild type Ad5 infection previous to the
treat merft . PPBade® dRitheetraeninenkat oit P tHe rAYRIZLEZONHI 5EPBsed her ei n,

nNUITer ous copbl rhﬁ%ét%%eb&h‘é’%?”%ﬁéﬁk@& %éf e0hiores 13ne s @LRRT rAdeNOybd US
serotypes are now feasi ble. e know edge can be extrapolated to the hexons
of all knowh thermresedtndnvhohbon adehoiad usesdewreneedr vacpersre 25 boost

i men i ired (not only, f ttings in which Ad5:b t
required), THEPRITIGAGEBPov B T Rer I i Mo agfFPEA L bocOMStT uct a

vector wthywteal th- capacity, nanmely circunvention of pre-existing inmunity
agai nst the hexon HVR s present in the previous applied 30 virus. It is to
be undet&tood tHHte BIFESOR FELLEcIVRR Vot tdrts Wid 1dnow BSedPher efhtan be

further nodifd ath iy cdaRt Bods168@Mc 18 4 heAldon Q% cknghanes, the fiber may
be altered to yield a specific targeting ability (e.g., fiber knobs from

subgroup B MFedizss vigibdeedesambibgnbuprrd 28 WO 0B6L040380 PCT/ EP2005/ 055183

adenoviruses, which have one or more HVR’s replaced by
HVR’s from other adenoviruseé. Moreover, the sequences of

15 the HVR’s provided herein will now enable’one to remove
thosé sequences and to use these positions within the
hexon to introdube other substances, such as targeting
ligands to target the adenoviruses to cells of interest
(in vivo and in vitro), radioactive binding sites for

20 tracking adenoviruses in vitro, ahd certain B-cell

epitopes (such aé described by Worgall et al. 2005).

fhe present invention relates to a batch of a
recombinant-replication—defective adenovirus based on a
25 serotype from a first subgroup, said adenovirus »
comprising a chimeric hexon protein/wherein said hexon
protein comprises sequences from the serotype of said
first subgroup and at least one hyper variable region
(HVR) sequence from a serotype from a second subgrdup,'
"30 wherein said first,and said second subgroup are not the
same. Preferably,bsaid first subgroup is subgroup A, C,
D, E,‘or F. Also preferred aré batches according to the
present invention wherein said second subgroup is

subgroup B.or D. More preferred are batches, wherein said
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based vectors may be targeted to snooth nuscle cells, primary fibroblasts,
dendritic cells, etc.). An exanple of such a vector would be an Ad5 based
vector conprising ‘the HVR's fromfor instance Ad48 and at |east the fiber
5 knob ('t Iweo poBs/ouosdt er m nant - of receptor recognition) PcoRPHasHsEBRsSt ance
Ad35. Such vectors all fall wthin the scope of the present invention

rel ated to_.adenoviral vector conprj sing hexons that are chinmeric with

r espect t of Y'HEi P UDRRVE. }ios%%r%‘gsadn aé“%l Itﬁgdsieﬁo{]:ﬁ%e aﬁlfo%ﬁall%ow be abl e,
with the diegge psoxtdpdaf@rtidreilnd se@aSkEUEtygadrtsm produce viabl e
reconbi nant replication _defective adenoviruses, ich have one or nore

HVR s repl 3HREFBP BHOR B 15 ot R Hed ddeiokPPugesupr Mrpedlering 1€ :sequences of -

15 the HVR @ Pr QuodedaRokei Ag | Iadiy eakl eagns 494" &45ye those sequences
and to use these positions wthin the hexon to introduce other substances,

such a9 targetilmga pirgdadsed cenlzodjetentthefadéaopresses tovardlion,of interest
(in vivo asnad__.Lci nhvii t&g}:, nk aglriloactti ve bi ndirgg gi {:ﬁ)s Pr t20 ltxrqﬂéé ng

adenovi ruses G T Vitro, and eertarm B-CEH gpi o%es ]fséuc as described by
Worgal | etseuen2@B5)(HVRTRRVRE LS dl1veriicanHvR| aé@Sedicea @aRik of a

reconbi nant._replicati on-defective adenovirus hased on a 25 serotype froma-
first subdhGfp, f&eMd2aderBlyYPe st r Wb mdridsSRGORICATINEF$®P hexon prot ei n wher ei n

sai d hexon prateiaRoEABP! bSEE SRAYNMERRI @l t i §ehOtyPHRftelal d - first
subgroup and at |east one hyper variable region (HVR) sequence froma
serot yi¥e frdmiassébendmsndgrolp,sSOeneeserhi Shedoa¢kkenanitims d second

cUbO[UD 34800 LIE WSRTEQELRLS 2, SHhd LigShe sl gy subaroue
i nventi on adipresicessasddsétnead satrgmouayl desdbyeoed, Bnorated,More preferred
?re batcr”?épng%HEBQ gaignkgg or replaced byvan HVR sequence from
another serotype, highly preferably, the sequences
15 linking the HVR’s are maintained and are unchanged. This
enables one to produce viruses that are stable due to
their hexon-backbone structure.provided by the.non—HVR
sequences. It i1s thus preferred that the sequences
between the HVR sequences are from the serotype from said
20 first subgroup. o
In a highly preferred embodiment, the present
invention provides batches of adenoviruses according to
the present invehtion, wherein the first subgroup is
subgfoup C and wherein the at least one HVR sequence from
25 the serotype of said secénd subgroup is selected from SEQ
ID NO:24-79 and SEQ ID NO:95-150. In an even more
preferred embodiment, the HVR1 sequence is selected from
SEQ ID NO:17, 24, 31, 38, 45, 52, 59, 66, and 73, wherein
the HVR2'sequence is selecteq from SEQ ID NO:18, 25, 32,
30 39, 46, 53, 60, 67, and 74, wherein the HVR3 sequence is
selected from SEQ ID NO:19, 26, 33, 40, 47, 54, 61, 68,
and 75, wherein the HVR4 sequence is selected from SEQ ID.
NO:20, 27, 34, 41, 48, 55, 62, 69, and 76, wherein the
HVR5 sequence is selected from SEQ ID NO:21, 28,.35, 42,
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WD 2006/ 040330 PCT/ EP2005/ 055183 first subgroup is subgroup C,  and the
serotype fromsaid subgroup Cis Ads, and wherein said serotype from
subgroup B or Dis selected fromthe group consisting of: Adll, Ad24, Ad26,
Ad34, Ad35wond@0402:49 and Ad50. 5 In a preferred errbod'PCfElEonomsstﬂe pr esent
invention, said chinmeric heron protei n conprises the fi rst six HVR

sequences (J‘&/R]sé"\/%%) 48" 2 aI %gr,?vevgh eln %%ﬁelﬁ%% % gr Rg) froma

serotype frorh sai’d Sécdnd &l oup n-an prefeé odi nent, said
hexon pr ot edglectRd etramnSEQhED amd iz acda s%quenceSOQfSVh%backb,one Vi rus

bet ween t he- uences. Thus, the one or nore sequepces as defined
herein may W?@I gé‘&l WhGESERGthe ot A SERUR ] IlrsnEEiLeSJFe‘hl bfded by an HVR

sequence frgiy @naiohen,sevpt ype, adj dil y 3y efeer abby, ahaeweqp@wts 15 l'inking
the HVR s are maintained and are unchanged This enabl es one to pr oduce

vi ruses & hangdihersasiferygd esbodiHesnt heshen HyRdkis6ABS8E uciYRE Jor ovi ded by
t he non- I—I\/R_LS sseeqté%r%%%sftrh;en ngtfblchprEgg erg5ed Qat Pge $pguenses between the

HVR sequences are fro sefotype from SAi d fst slbgroup. In a
hi ghly preferd,ed3drbadidnegat, Wher@rrestém H’\vaemquencpr @HVRI%S) bat ches of

o Subor ot E R ereRRoL A B T Lacté ond R Deqbnce Phomt 55 the o

serotype of13gi dingeaany sHBYEOHPLHS m@cst efnrc@m(§E@3*i Dlw 24-79 and SEQ
I D NO 95-150. In an even nore preferred enbodi nent, the HVRL sequence is

sel ect etf f reshecdEd FHONOSER, IQ4N08%0 3, 4@46211591166 13hd 732, wherein

t he HVR2 Segen el r 2 39, 46, 53, 60,
67, and 74, mhe%gﬁdnsiﬁ%e %Egggé %1?5%45%&%%%&3@%? SJE% ID NO 19., 26,

33, 40, 47,s&kct@d fG8m SEQdIUSI,\TOV\fhbJ‘ S IS, HIRZ, séflent26i s13 ect ed from
SEQ ID NO%PO 2 nd 3.[‘11'7, wherein5éhe %R56956q%%%c7e6’(ﬂwgl”'?i Est he

selected from SEQ ID NO:92, 99, 106, 113, 120, 127, 134,

15 141, and 148, wherein the HVR6 sequence (HVR6*) is
selected from SEQ ID NO:93, 100, 107, 114, 121, 128, 135,
142, and 149, and wherein the HVR7 sequence (HVR7*) is »
selected from SEQ ID NO:94, 101, 108, 115, 122, 129, 13e,
143, and 150. More,preferably, the HVR1 sequence as

20 'represénted by either the HVR1 sequences in Table II or
by those in Table IV are deleted from the backbone
vector. The reason for deleting the HVR1 region is thét
according to the crystal structure of the adenovirus
hexon protein, the flanking sequences of HVR1 are very

25 close together, indicating that these flanking sequences
may be directly linked without loss of structure, except
for the deletion. In another preferred embodiment, the
HVR2 sequence as represented by either the HVR2 sequences
in Téble II or by those in Table IV are replaced by a

30 short linker, more préferably by a:two-amino acid linker,.
most preferably by a.QG'linker. Also the HVR2vflanking
sequences are close together, following the crystal
structure. However, as they are slightly more apart than

seen for HVRl, it is preferred to include a small

31



HVR5 sequence is selected from SEQ I D NO 21, 28, 35, 42, 30 WO 2006/ 040330
PCT/ EP2005/ 055183 49, 56, 63, 70, and 77, wherein the HVR6 sequence is

sel ected from SEQ I D NO 22, 29, 36, 43, 50, 57, 64, 71, and 78, and wherein.
t he HVR7 sgegu@pomsics sel ected from SEQ ID NO 23, 30, B&1/EFHos5/&518358, 65,
72, and 79. In yet 5 another preferred enbodi nent, the HVRL sequence
(HVR1*) is selected from SEQ LD 88, 95, 102, 109, 116, 123, 130, 137,
and 144, V\H%Jélrfiﬁjrfl?{ ﬂé“ﬂ—‘r@ﬁz Eéaﬁ%ﬁ%&( YRk Ofsil'eat eé' 9%t SEQ I D NO 89,
96, 103, 1dfindkbidkd4motdlpreidtabBid 14moer eirnpiRes HYRe seguence
(HVR3*) is 10 selected from SEQ I D 1 90, 97, 104, 111, 118, 125, 132, 139,
and 146, wh¥el Mmid HeREhsegdent ssqINRAD) inspre¥patied 47 GHSES | D NO 91,

98, 105, 112, , 26,1 ; i Lh.t ence

( HVRS*) is&gsNej%Eeéctagé‘%?rsgmgéﬁQ”?“é‘Q‘?\%%gﬁclg’é%ftei@g?gigﬁ,P%%g,ﬁ%@, 134, 15 141,
and 148 whes diVR’tshe HaWRGeseqienciey MMRGEhe icsysselestedcfuianiSEQ | D NO 93,
100, 107, 114, 121, 128, 135 142, and 149, ~and wherein the HVR7 sequence
(PR | sd0% 6 s SRASER) T O NDE Lo VR T0a T OR5Ehe SERome. 136, 143,
and 150. Myrecdiehariabhy, atbersyRly seaienceaas d0rhephiesesiecdHis ei ther the
HVR1 sequences in Table Il or y those in Table IV are deleted fromthe

backbone RRTIBLY ke LEASEROR PN AR ig CRESIIRICFBYF MM s that according
to the crystal Stdi] r%hef,hgieﬁa&@rmmr $ aﬁ%?ﬁ%r@f@ifé&“%&ﬁ‘%ﬂcé anki ng

sequences of HVRL are very 25 ose toget her, Icating t
- sequent®es HVR\s behdi sequeypcei okethaviltdrnnt piroseiof ot tluts wwmscidkicept . for the

del ej[i on. | narar}ot herr r%f ‘evggegn}grnboditrge th’e tiger 0 5@ seaquence as repr esent ed
by either the HVRZ s?gggences P YEbI e Incl or b H\Ql/ose n%leagﬁ &9V are
repl aced hyf afi33 mhoNevkirokelesspreitr efher akbyhbygaas worenide aci d | i nker,
most pref eliearbeliyn,bx:h% gk;illllgicielgersﬂnsowitlhle ng\v\/rR%ef !algi”e(l Qg ‘determine
the HVR’s within any adenovirus hexon protein,iincluding
15 the preferred serotype Ad24. The use of any one of the
HVR’s of Ad24 is also part of the present inventien.
The invention also.relates to the use of an isolated
nucleic acid encoding at least one HVR sequence ef an
hexon of a human adenovirus serotype from subgioup B in
20 the construction of a chimeric hexon pretein, which hexon
further comprises sequences from an adenovirus from
subgroup A, C, D, E, or F. Furthermore, the invention
relates to the use of an isolated nucleic acid encoding
at least one HVR sequence of an hexon of a human |
25 edenovirus sefotype from subgroup,D\in the construction
of a.chimeric hexon protein, which hexon further
comprises sequences from an adenovirus from subgroup A,
B, C, E, or F. Preferably, the at least one HVR.sequence.
is selected from SEQ ID NO:24-79'and 95-150. ' -
| ‘Table III summarizes the variouS'embodiments of the
invention. The table‘indicates that the invention relates'
to a chimeric replication defective adenovirus baSed_on a

" backbone adenovirus comprising a penton and hexon protein
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sequences are close together, followng the crystal structure. However, as
they are slightly nore apart than seen for HVRL, it is preferred to include-
a small 31 WD 2006/ 040330 PCT/ EP2005/ 055153 bridging |inker, preferably a
Il inker of WO206/G038r 4 ami no acids, nore preferably 2PCRERSOHASSES HVR s
fromthe hexon mght be the ideal solution in preventing an attack by NAbs

agai nst the 4 nyn i¢ d ] hant resen t R wever, in
vi ew of thgofcr yst ggi%gt gﬁctﬁhgég]f?aﬂ]d@eﬁg S(r:;‘ot tstglgmh%ééggi %?Ce){_%/o (Siaeli{?e HVR3- 7
fromthe hexbrsenmtepei i, wtholer destpmoydimgy iat $ibeer abhpsisimd tlr e and t hus

“possibly its .function_and role in capsid formation. Although t hexon of

Ad24 is al stoald‘rgf] |‘51e3g gF ?lf-sseli‘i‘)t Eg,a %h i(gageﬁges%]fo & hr}g!xon protein
of this spegiddein: rare' serotype was unknown to the inventors at the tine
of filing. Nevertheless, with the teachi n%ﬁ%s provi ded herein, the skilled

person Wi | I~ AowShERaBAENPH1 HRS P9 MeYP 1R lagReE WrPRi hPang=ARnovi rus hexon

protein, i g n35 oehguRb £ £h&e8k SRIdyRe 5Ad24. sTheaHse of any one of the
HVR s of Ad24 is al sSo part of the present invention. The invention also

rel ates to adreingse eh aMinsol at eRbrrigicei.c aaci @ bavddengendtyrast one HVR

sequence of_.an . _hexon .of a.human adenovirus r,0 m._subgroup B in 20
t he construc'f%{]olns i 30% P?r%]r:#% %x%trypper ostegieﬁ%%\?h%%ﬁﬁhféé%ng)fsﬁ??her conpri ses
sequences fd@armpiatiadeba@vhtmsn f sdemosihgresud 1A, 2€, Ds, E34pr3F, 48yrt her nore,

the invention I gt es'to the use of an .isol ated nucl ei %ngi d encoding at

re
| east offe HREEGIIncE E6FCAR Kkt by €253 8eRbv exHtlot ype from

subgroup D dny thR@ARShr ¥EbE88en®©d #hF MulIEC ofeXQR’ Br 06k thich hexon
further conprises sequences from an ‘adenovirus from subgroup A, B,- C E
or F. Pref@ueBiided pbhagt ifedst bnethRségderide is sel ected from SEQ I D

hK224'79 ang]@%k#%%‘adenovirus.serotype selected from the group

consisting of human adenoviruses 1-51, a simian-, a

15 canine-, an ovine-, a porcine-, and a bovine serotype,
wherein F,"X and Y may the same or different; and
- K is an adenovirus serotype that primarily uses CAR as
cellular receptor, wherein K, F, X and Y may be the same
or different. Preférably, at least part of the tail of

20 the fiber protein that interacts with the penton protein

is of serotype X in the event that F is not X.

It is to be understood that the backbone adenoviral
vector may be any adenovirus (made recombinant such that
25 it does not replicate in normal, non-packaging, cells)

- that is applicable for use in humans. Any of the human
adenoviruses known’(serotypes 1-51) within the six
subgroups A, B, C, D, E, and F, as well as known‘simian—,
cahine—, bovine-, ovine-, and porcine- adenovirusesvmay

30 be used as a backbone vector, as long as it is »
réplication—defective and as long as it is applicable for
human treatment. The backbone vector is replication-
defective by deletion of at least one functiohal part of

the E1 region, preferably by deletion of the entire
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30 Table Il summari zes the various enbodi nents of the invention. The table
indicates that the invention relates to a chineric replication defective
adenovirus based on a backbone adenovirus conprising a penton and hexon

" protein 320W0s800651040330 PCTI EP20051055183 of ser ot poeEXK005M5sIs8i n N HVR s
in the hexon protein are of serotype Y, further conprising a fiber

conpr|5|ng a shaft serqty a _knob, of serotype K,
wher ei n: nS@%%?%&n%gdéﬁgﬁPPUsgiEﬁ?ﬁéhatﬁ?é?@fggan?rgﬁ? t¥e group ~consi sting
of human aﬂﬁﬂm/alrllys%bmiariéesatﬁé%ﬂ{ér carlGARndeiatanNr&yi®ies, thedorci ne-,

and a bovi ne, seroty - Y is an adenovirus_serotype selected fromthe
group con%¥%¥}?ﬁyﬁﬁrﬂﬂﬁwéﬁ auere Ve ¥ Uk Presipilisges zprogideqgin 10 49 and

50, wher ei ph X gRd %' r&mp@@méhs S&FEa %tful%%nﬁdenéogrg\bere' n n represents
~any nunber of HVR's fromO to 7, provided that if X #Y, that n=1-7; - F

is an aﬁjen@mtwsémwpersmeenwdfdr omsteeicgr sbpougbnsi sting of human
adenovi ruses ani_ne- an, o OI’ CI ne- and a

~bovi ne sero?y%%amﬁﬂﬁﬁggpﬁ Elt& ﬁ%ﬁpgr Vlr%ﬁﬁg ggngyohaVl??ere and - Kis an

adenovi r uspseks e dellat tpahsBbiheyd USesh CARtast eehpul s rﬁe@pt or, wherein
K, F, X and Y may. be the sane_ or different. Preferabl%,gat | east part of
€

the tail 0¥6$RF€9ﬂ3qqcﬁéﬂcpﬁﬁ%g?nSQ?ﬁﬁy|%ﬂF§%§§F§dmﬂPth PEfton protein is

of serotyppypsdduithe tawent rhbat &flt%élqtm)éntllbnl 8okfrPse Uiler stood that the
backbone adenoviral vector ég be any adenovirus (nmade reconbi nant such
[

that ¥5 iadepsusinadt geaphecui anrﬁlrrﬁmletﬁ@mpa@ﬁagm@era:@y s) that is
PE0l| ool S (L AP DTRER. ssseeg sepIL SER KT
known si mmmeleic acids of interest that may be cloned in the E1 °

region or in the E3 region, or both. The remaining

regions, such as E2, E4, the ITR’s and the late regions

15 are generally present, although these may be:complementéd
separately during pfodﬁction in a packaging céll. The

.vectoﬁs preferably’comprises an Edorf6 region (possibly
from another serotype) that is compatible with the E1B-
55K protein present in the Packaging cell line, as |

20 disclosed in WO 03/104467. This is done to enable

| production on known packéging systems such as PER.C6®
cells or 293 cells, when the recombinant vector has an
original Edorf6 region which is not compatible with E1B-
55K of Ad5 present in such cells.

25 - The  backbone serotype is -indicated above as ‘X’.
Further, the backbone virus may be engineered such that
it contains HVR’s from‘one or more of the adenovirus.
serotypes selected from human Adll,'Ad24, Ad26, Ad34,
Ad35, Ad48, Ad49, and Ad50 (indicated by serotype ‘Y’).

30 Cleérly, when X is one of the Y serotypes, the HVR’s may
not have to be engineered as‘theée serofypés are
considered ‘rare"and‘encountér only low pré—existing
immunity is most individuals in the human population. So,

when X is one of the Y serotypes, the number of swapped
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cani ne-, bovine-, ovine-, and porcine- adenoviruses may 30 be used as a
backbone vector, as long as it is replication-defective and as long as it
is applicable for human treatnment. The backbone vector is replication-
def ecti ve o zheb/eszon of at | east one functional part oPCT/ER®OFSS183gi on,
preferably by deletion of the entire 33 WD 2006/ 040330 PCT/ EP2005/ 055183

functi onal yegion. Although.the backbone vector. typically conprises the
other earl YN TrS FREPGRs et R Y odt der 064 P REF6 Y L he |

possi bi | i ti&isprievi,deticirBast heha tX ts aplenedtt ¢caet di seretypeed adenoviral
S5 proteins by other neans, for instance thr oug{h con‘gl enmentati on with hel per
viruses or ¥y 1eddthgnenet pREKAGR MY 210 &ndf 6FRREYBECh"E®ER1Rt conpri ses

the requirgd nUGlRirGaa6hdSyShabEYridd ad alLd Bkt SvEER0FBom dYPically, the
viruses of the invention conprise an 10 adenoviral genome with an El
del eti orf, aFrRFQrvefeer albldy whakeon aht EBs dedsdt irdefieg rgdovpdeagpazkl f or

del et 0t whaken ; aelfor
R g R e B g e R S

I'TR s and tder stretyegi.ons 15 are general ly present, although these may be

conpl enented separate durin roduction in a packaging cell. The vectors

preferably corrp.rj}%ﬁg’a&}‘?%EESrV%g}lgg‘?gnﬁ'ﬁ&rﬁsﬁ“& .lPF’thgéﬂ ther serotype) that

i's conpati bi@nppitdest @985$50n5§1§09é9ﬁ & HLSMe 's@rbh?p@aégaﬂhélg cell line,
e

as 20 disclosed in WO 03/104467. This is done to enable production on known
packagi Hy SEatkaanssyérugs PER bBCryongarimisoispdghdmprsc’ whenthihe

recombi nant YRG! G 3% 3 WMer Obhd! ABLOFAAL I RGHAN (WALERG! 5004y COMPALI DI €

with ELB- 5%%?%% ,&lgg present In Such c(ejél'l S. n%%ll%hew%acﬁgone serotype is

i ndi cat ed atore IR sX'exchBogetiery $iles thidukizoile anid/os faythe semggsmeered such

that that the fiber protein is chimeric and/or in the sense
that the fiber protein is from a different serotype than

15 the backbone virus. The possibility exists that X=Y=F=K,
for example a recombinant Ad48 vector, as Ad48 binds CAR.
However, such vectors are not ‘chimeric’ in fhe sense as
described above, when n=0. Not-chimeric recombinant Ad1l1l,
Ad34, Ad35 and Ad50 do not fall within the above given

20 definitidn, as the fiber knob should always be from a
serotype that preferentially binds CAR, which these B-
‘subgroup viruses do not. -

The fiber is from a serotype indicated as ‘F',
comprising a tail from serotype F, comprising a shaft

25 from serotype F and comprising a knob from a serotype
indicated as ‘K’. Clearly, when K is the same serotype as
F, the fiber protein is not chimeric. K is a~serotype
that preferentially interacts with the CAR receptor and K
may be the same serotype as X or different.'Clearly,

30 certain human serotypes, such as those from subgroup B,
do/not prefeﬁentially interact with CAR, bﬁt preférably
interact with another celiular receptor, such as CD46.
So, when K is the same as X, X i1s not one of the subgroup

B adenoviruses. Also, when K is of a different serotype
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it contains HYR s from one or nore of . the adenovirus. -serotypes selected
from human Adl I, Ad24, Ad26, Ad34, Ad35, Ad48, Ad49, and Ad50 (indicated by
serotype 'Y'). 30 Cearly, when X is one of the Y serotypes, the H/R s may

not have twob@sesgioneered as these serotypes are conspdeipfosédiss’ and
encounter only low pre-existing inmmunity is nost individuals in the human
popul ati on, . So, one of the Y serotypes, e nunber of_swapped 34

when X i
WO 2006/04H§§bfbcﬁ%%g§@8% 6BE1 83S ?Rﬁ?efﬁﬁﬂ%glﬁunbéFt AFeRIE RE "n'), may

- be zero, bufe &S0 knbt WneEeaS:s W Xodrt o0tinORBeOtaphied iSOt ypes, at
| east one of the HYR s is froma Y serotype, wherein it is increasingly

preferred $QrfaRe nor @sHVRES Weekdl arep g tsdropypperapdupiereia it is nost
preferred ééég;g?&’efo%!?ﬁi%g‘!eﬁ'W&é.&ﬁcﬁxae“%%%sﬁﬂr LB £QLL LSRN ng T egions
ot ype. & backbone viTus of the prg

from aYs senf inventiomr conprises a
pent on Hr ofenes off tihe amensedebyperasd e howbavkbdaeleiinusthelhe backbone

virus is ‘chimeric' in the sense that either t exon.is chinmeric (having
bhe or mOTEL AN & SRR el Br KLt e A dear AP hi $7 ‘Hense. that t he
fiber protgidhtisrychinerie1angheft idhd hevckenregiohhabrt Beefy batowrotein is

froma different serotype than 15 the backbone virus. The possibility exists
that X=Y=Pd Y§tortekgnpiecaveerdmsisnani tAg48 vector, as Ad48 bi nds CAR

However, such ugGlQnS-ar epPt 1oL B G IkahReSEREE cribed above,
when n=0 Not-chimeric feconbi nant Adii,. Ads4, Ad3b %}ﬁ%n% 50 do not fall
wi t hi n1a herehova tgionedeZBcdét ¢ nidérmyyiaseshectpbdingnod shwul d al ways be

Ui ruses adrtertrdderBaehr et e} e O g AP R PR Shomr i i ng a
tail fromseswiRAB1F7)CORAEHBREY(B-HhafNd5HVR3S5 (1-7), AdSHVRAS (1-
7)., AdSHVR49(1-7), AdSHVRSO(1-7), Ad5HVRPan9(1-7),
AdSHVR11 (1-6), AdSHVR24 (1-6), AASHVR26(1-6), AdSHVR34 (1-
15 6), AdSHVR35(1-6), AdSHVR48(1-6), AdSHVRA9(1-6),

Ad5HVR50 (1-6), AdSHVRPan9(1-6), AdSHVRLL (1), AdSHVR24 (1),

AdSHVR26 (1), AdSHVR34 (1), AdSHVR3S5 (1), AdSHVR4S (1),

AdSHVR49 (1), AdSHVRS0(1), AdSHVRPan9 (1), Adllk5, Ad24k5,

Ad26k5, Ad34k5, Ad35k5, Ad48kS5, Ad49k5, Ad50k5, Pan9ks,

20 Ad11£5, Ad24f5, Ad26f5, Ad34f5, Ad35£5, Ad48f5, Ad49f5,
Ad50£5, Pan9f5, Ad11k26, Ad34k26, Ad35k26, Ad50k26,
Pan9k26, Ad11£26, Ad34f26, Ad35£26, Ad50£26, Pan9f26,
Ad11k49, Ad34k49, Ad35k49, Ad50k49, Pan9k49, Ad11£49,
Ad34£49, Ad35£49, Ad50£49, Pan9f49, Ad2HVRIL(1-7),

25 Ad2HVR24 (1-7), Ad2HVR26(1-7), Ad2HVR34(1-7), Ad2HVR35 (1-
7), Ad2HVRAS (1-7), Ad2HVRA9(1-7), Ad2HVR50(1-7),
Ad2HVRPan9 (1-7), Ad2HVR1I (1-6), AJ2HVR24 (1-6),

Ad2HVR26 (1-6), Ad2HVR34(1-6), Ad2HVR35(1-6), AJ2HVRAS (1-
6), Ad2HVRA9(1-6), Ad2HVRS0(1-6), Ad2HVRPan9 (1-6),

30 Ad2HVRII(1), Ad2HVR24(1), A2HVR26(1), AA2HVR34 (1),
 Ad2HVR35(1), Ad2HVR48 (1), Ad2HVR49 (1), A2HVRS0(1),
 Ad2HVRPan9 (1), Ad11k2, Ad24k2, Ad26k2, Ad34k2, Ad35k2,

Ad48k2, Ad49k2, Ad50k2, Pan9k2, Ad11f2, Ad24f2, Ad26f2,
Ad34f2, Ad35f2, Ad48f2, Ad49f2, Ad50f2, and Pandf2.
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25 from serotype F and conprising a knob froma serotype indicated as W
Clearly, when Kis the sane serotype as F, the fiber protein is not
chinmeric. Kis a serotype that preferentially interacts with the CAR
receptor amd W06//H8§30be t he sane serotype as X or differ BGT/EPTOPEES183, 30
certain human serotypes, such as those from subgroup B, do not
preferentially interact with CAR but preferably interact w th another
cellular receptor, such as CD46. So, when Kis the same as X, X is not one
of the subgroup B adenoviruses. Al so, when Kis of a different serotype 35
WD 20061040330 PCT/ EP2005/ 055183 than F (and the fiber is thus chineric),
at least part of the tail that interacts with penton in the capsid is of
serotype X, as that I_ii & i er 6 ?lﬁ sid formation. As
nost of the capsid p%a n#jj N"él‘ﬁgﬁmeﬂﬁ ﬁ u@gdenovi ruses are

- now available in the art, it is within the skill of the skilled artisan to
identify the tail, shaft and knob region for every known and yet to be
di.scovered adenovirus. Preferred, but not limting exanples of chinmeric 10
replication-defective adenoviruses according to the present invention are:
Ad5HVR11(1-7), AdS5HVR24(1-7), AdS5HVR26(1-7), Ad5HVR34(1-7), AdS5HVR35(1-7),
Ad5HVR48(1- 7), Ad5HVR49(1-7), Ad5HVR50(1-7), AdS5HVRPan9(1-7), ~ '
Ad5HVR11(1-6), Ad5HVR24(1-6), Ad5HVR26(1-6), Ad5HVR34(1 15 6),
Ad5HVR35( 1- 6), Ad5HVR48(1-6), Ad5HVR49(1-6), Ad5HVR50(1-6),
Ad5HVRPan9(1-6), Ad5HVR11(1), Ad5HVR24(1), Ad5HVR26(1), Ad5HVR34(1),
Ad5HVR35(1), Ad5HVR48(1), Ad5HVR49(1), AdS5HVR50(1), Ad5HVRPan9(1), AdlI K5,
Ad24k5, Ad26k5, Ad34k5, Ad35k5, Ad48k5, Ad49k5, Ad50k5, Pan9k5, 20 AdIIf5,
Ad24f5, Ad26f5, Ad34f5, Ad35f5, Ad48f5, Ad49f5, Ad50f5, Pan9f5, Adl| k26,
Ad34k26, Ad35k26, Ad50k26, Pan9k26, Ad1if26, Ad34f26, Ad35f26, Ad50f 26,
Pan9f 26, _
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Adl | k49, Ad34k49, Ad35k49, Ad50k49, Pan9k49, Ad11f49, Ad34f49, Ad35f49,
Ad50f 49, Pan9f49, Ad2HVRI1(1-7), 25 Ad2HVR24(1-7), Ad2HVR26(1-7),
Ad2HVR34(1-7), Ad2HVR35(1- 7), Ad2HVR48(1-7), Ad2HVR49(1-7), Ad2HVR50(1-7),
Ad2HVRPan 342005040882 HVR11( 1- 6) , Ad2HVR24(1-6), Ad2HVRRBE{EPHN5/055183

"~ Ad2HVR34(1-6), Ad2HVR35(1-6), Ad2HVRA8(1- 6), Ad2HVRA9(1-6), Ad2HVR50(1-6),
Ad2WRPan9§:§Algm0 Ad2HVR11(1), Ad2HVR24(1), Ad2HVR26(1), Ad2HVR34(1),
Ad2HVR35( 1)* R48( 1), Ad2HVR49(1), Ad2HVR50(i), Ad2HVRPan9(1), Adl|k2,
Ad24k2, Ad26k2, Ad34k2, Ad35k2, Ad48k2, Ad49k2, Ad50k2, Pan9k2, Adllf2,
Ad24f 2, Ad26f 2,  Ad34f2, Ad35f2, Ad48f2, Ad49f2, Ad50f2, and Pan9f2. 36 WO
2006/ 04033BxarRlErbodBIternasionet sereprayalensenapd R 87te¥s Jeve/ 040330 --
PCT/ EP2005535518835 EXAPlag$1Exanpl e 1. International seropreval ence and NAb
titers to Adb5,” Ad35, and Adl|' 5 Ad-specific neutralizing antibody (NAb)
respons®s wer AAdsyessidd chpelbtcil br bne-dasidbdy r(lidbheuespbngasi on assays

general ly as_descri bed rangers et_al .2003) .  Briefl A549 human | ung
Oarci o BETT S Sat Bl BVed ey rare Serka i of R BEutEr S Epbtobel T i 06-vel
pl ates andadfayfpaiad it BsEHedetebed, by edatdiranetnedpe2 @0d) Ad-

Luciferase_reporter constructs at a nmultiplicity of infection (noi) of 500
with 2-fol Brseriw ZRALETBRE SPNIseREMIND e LS WELEt POALSYI4nes. Fol | owi ng

24 h incubakion, dwciheraser petiad tae1iinihhesCrbis WRscdeasiy ed 15 using the
St eady- G o Lucif'erase Reagent System (Pronega). 90%neutralization titers
wer e déd i nedfesteheriidxifdudelseedm Wwplitdagrianrancaspetant z&d 90% of

lUCiferaseLu@fféfgééhreporter'constructs at a multiplicity of
infection (moi) of 500 with 2-fold serial dilutions of
serum in 200 ul reaction volumes. Followihg 24 h |
incubation, luciferase activity in the cells was measured

15 using the Steady-Glo Luciferase Reagent System (Promega).
90% neutralization titers were defined as the maximum
serum dilution that neutralized 90% of’luciferase
activity. ‘ ‘ ‘

Further to the studies disclosed in WO 00/70071,

20 experiments were performed to assess the seroprevalence
and NAb titers to Ad5 and alternate Ad serotypes in the
developing world. The luciférase—based virus
neutralization assays from Sprangers et al. (2003) was
appiied by using serum samples obtained from healthy

25 adults in the United States (N=19), Haiti (N=67),
-Botswana (N=57), Zambia (N=29), and South Africa (N=59).
As shown in figure "1A, the Ad5 seroprevalence was 50%
with relatively low median titers in the United States.
In contrast,‘the Ad5 seroprevalence was 82% in Haiti, 93%

30 ih.Botswana, 93% in Zambia, and 88% in South Africa.
Moreover, the median Ad5-specific NAb titers in these
samples were >10—foldnhigher’thén the median titers found
in the United States (fig. 1B). These data extend the

- pfevious findings (Kostense et al. 2004; Vogels et al.
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Further to the studies disclosed in WO 00/ 70071, 20 experinents were
perfornmed to assess the seroprevalence. and NAb titers to Ad5 and alternate
Ad serotypes in the. developing world. The |uciferase-based virus

neutral i zatW@p006/88a30s from Sprangers et al. (2003) was PEapHPRO§H03Y83usi ng
serum sanpl es obtained fromhealthy 25 adults in the United States (N=19),

Haiti (N=67 B ﬁyvqﬁ i N=29). - u ' (N=59). As
shown in fiég%or?’e) % t Zflo&%%é)é?o%?%ga?%%?ﬁm%sf%&hﬁ% %Eef{é%%%?\//el y | ow

nmedi an titewsiverddie adal peds8hat £8. hidhn tciordrsasin, thkeedAdblspiongr eval ence was
82%in Haiti %30 in. Bots a, % in, Zanhia, and 88% in South Africa.
Vor cover tHF b th SRESTEREC! TE KDL 11T Tt S EPE=Va PR T b e >10- 1 ol d
hi gher thantitheryedian sblseastioung 1bwed hien Unidsed pShatlesibhkg. 1B). These

data extend the previous findings (Kostense et al. 2004; Vogels et al. 38
WO 2006/9040330 PCT/ EP2005/ 055183 2003) and denonstrate that Ad5-specific

NADS are negglip1d!n v SiriinoaBhli RAFE P rddid) g Adsigpaci#ikhe devel oping
worl d. In contrast, the Adll and Ad35 seropreval encé and titers were
subst ant i al hqutxalazing @nddboddeal ati ons. 5 Exanple 2. | mmunodoni nant

targets of AdS5-specific. neut I’iﬂ.i Zi ng%atrﬁi bodi es The san‘EI es outlined in the
previ ous exanpl e rsglmpfl_&st REF fJP?‘fii d- 1 Mt erMhE*FR&doThant anti genic
10 targets ohrAdh spddiifded NAbSetsrhDhid the ddpAnamd subiSahacan Africa.

G ven the |l ack of detectable NAb cross- reactivity between Ad5 and Ad35, the
capsi d thi nerFEetndsy AP35 sPrrises BADF e5RilRfh (i &P4serdsstargets in  virus
neutral i zat § 00, A55 a¥S- (%I e cYsed. tHbesgcl st Uk kR apARSab Bfo¥ari ous

conbi nati ons of Ad5 and Ad35 hexon, penton, and fiber proteins in the
cont ext of Fea@Etvitiy dpetween Ad5 and Ad35, the capsid chimeric

Ad5/Ad35 viruses egpressing luciferase as targets in

virus neutralization assays were used. These vectors

15 consist of various combinations of Ad5 and Ad35 hexon,
penton; and fiber proteins in the context of intact wvirus
particles with wild-type growth kinetics (Havenga et al.
12002; Rea et al. 2001). The chimeric vectors used in this
study inclUded Ad5f35 (Ad5 containing the Ad35 fiber

20 knob, -shaft and an Ad35—Ad5 chimeric tail), Ad5£35p35
(Ad5 containing the Ad35 fiber and -shaft, the Ad35-Ad5
chimeric tail, and penton), and Ad35f5 (Ad35 containing
the Ad5 fiber knob, -shaft and an Ad5-Ad35 chimeric
tail).

25 As shoWn in figure 1C, comparable NAb titers were
observed against Ad5, Ad5f35, and Ad5f35p35; all based on
Ad5. Since the capsid of the Ad5f35p35 vector contains ‘
the AdS5 heﬁon but the Ad35 derived fiber and Ad35 derived

‘ ,penton,_thesé data'suggest that the majority of Ad5j

30 specific NAb activity was directed against the Ad5 hexon.
Lower but clearly detectable titers were also measured
against recombinant Ad35f5 (herein also referred to as
Ad35fibb5), demonstrating that Ad5 fiber-specific NAbs
weré preseht at 5- to 10-fold lower titers than Ad5

39



particles with wild-type growth kinetics (Havenga et al. 2002; Rea et al.
2001). The chineric vectors used in this- study included Ad5f35 (AdS5
containing the Ad35 fiber 20 knob, -shaft and an Ad35-Ad5 chineric tail),
Ad5f 35p35 wa@ Ad&omesot ai ni ng the Ad35 fiber and -shaft, pdEERIEHsA35 chineric
tail, and penton), and Ad35f5 (Ad35 containing the Ad5 fiber knob, -shaft

and an Ad5- Ad35 chi neric ail)...25 As shown ip figure 1C,_ conparabl e NAb
titers werd *BhSEATé lﬁgﬁf‘%ﬁt”}b« R [ Rt eﬁndﬂﬁd‘éggﬁ%@dr}ﬂl ‘based on Ad5.
Si nce the gapsid ofiablewddsf 35p3braeaisdhoC @RbakNsirtfies Admthexen but the

Ad35 derived fiber and Ad35 derijved enton, these data suggest that the '
majority ofimder3dirbpsdtere agdlasdk iAAXLPSwasddhfeEs et aggEastede Ad5 hexon.

Lower but ar. t t S asu Against reconbi nant
Ad35f 5 (heTfﬂeaiacril gJae?ﬁ st%%r P %‘??ggctﬂé‘&%spl\ﬁ%?f %ES@?ggeémﬁg%r%ti nglpt hat Ad5
fiber-Speoifricr Male inetkipresertaldtzadione 10-fold | ower titers than Ad5 39
WD 2006/ 040330 PCT/ EP2005/ 055183 hexon-specific NAbs in these sanples. No
Ad5 penton- specific NAbs were neasured using these viruses, but the
simlar Naxdngler 3.agah8satievicid mids£8dahd5pdss5kenggest ed that

pent on-speci fic NAbs played at nost a relatively 5 mnor role in this -
neutralizati on.ReB?ﬁ‘PﬁPéng.A@%@?%‘?%WW%&SSF?aWWQ IRecombi nant

Ad35- based /AGHIAeS AT 81 FRUNOYENI Gl i the HBLESERS er &or@idarAdS | Muni ty.
However, reconbinant 10 Ad35 vaccines aré intrinsically |ess inmmnogenic
t han YecdibinharccAassvatei hrsrinsided lybdenseionuregenigs-hammuni ty (Bar ouch

o o 2Oy LS OSE PN PR SUSHEOTE Y EOR UET il CapeL
repl aced immunity (Barouch et al. 2004). This problem has now been
- overcome by constrﬁcting capsid chimeriC'recombinant'Ad35
vectors in which at least the Ad35 fiber knob is replaced \
- 16 with the Ad5 fiber knob (referred to as Ad35k5 for the
knob replacement and Ad35f5 for most of the fiber
replacement) .
Recombinant Ad35k5 vectors were produced by
~replacing the Ad35 fiber protein-encoding gene with a
20 chimeric fiber protein-encoding gene consisting of the
Ad35 fiber tail and shaft (amino acids 1-132) linked to
the AdS fibet»knob (amino acids 133-314). Ad5 fiber-
specific antibodies do not blunt recombinant Ad5 vaccine
immunbgenicity. The Ad35 fiber knob does not interact
25 with CAR sincé it is a subgroup B adenovirus (Roelvink et
al. 1998) but instead utilizes CD46 as its receptor
(Gagger et al. 2003). The different_fiber proteins di;ect
these viruses into different intracellular trafficking v
pathways. Previous studies have shown that the Ad5 fiber
30 knob facilitates rapid viral escape from early endosomes
into the cytosol, leading to efficient translocation of
viral genomes into the nucleus, whereas the fiber knobsv
from sﬁbfamily B adenoviruses, including Adl1l and Ad35,

lead to retention of virus particles in late endosomes
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15 with the Ad5 fiber knob (referred to as Ad35k5 for the knob replacenent
and Ad35f5 for nost of the fiber replacenent). Reconbinant Ad35k5 vectors
were produced by replacing the Ad35 fiber protein-encoding gene with a 20
chimeric fiwerons/é3di n- encodi ng gene consi sting of the AREIBEPRIHEFS183i| and
shaft (amno acids 1-132) linked to the Ad5 fiber knob (am no acids

133-314). fj 21 4 i iciantibedLes; Kk reggpbi nant AdS
vacci ne i Angﬁ%ofg%ﬁ%]i t & %ﬁea ,&gsgbf ?gégék%gbg%oe?&ngh% (ra'lct%er act 25 with CAR
since it issarfabyrlipBkidernovi risal Ro2083nk et al. 1998) but instead
utilizes CD46 as..its .receptor Gagger_et_al. 2003).. The different fiber
L otorre o il 2, chir S8EbrBln S Fitiie RS CEhERARRY 1 o

pat hways. Per¥iRds5ie3 ud@dhave abovplibas. tTee Atdhyifdrbenc3ddikgobhéaci litates
rapid viral escape fromearly endosones_  into the cytosol, leading to

efficient tPdasFbreikiPbiasysyathgandadsty iR 13 Med &dsnedhdreds t he

fiber knobspgifprysibf@tdnend adeBovhEUseR, ad ! pling AR lyrand Ad35, | ead
to retention of virus particles in |ate endosonmes 40 WO 2006/ 040330

PCT/ EP2005/ 05548384 &n@&mégﬂﬁlﬁ-rﬁ’@néﬂhinaﬁl@&QQ%/CQQl&vB?ba@@ repiheecel | _
surface (Shgxgkhrre]g%/ etqbi%i%é_,tzegqg}]. egggdgrlé%n%ﬁg pﬁﬁ# tﬁbre%c%g‘gbr_lant nucl ei c

aci d encodi ng The rrwas as OWS e region encoding the 5
Ads fiber kmnhbé masarsty dBRRAdBS®SHPaBCRraTH. dB3 ©laneidl aogathBgi W eNhel

f i h . Ad35, Pacl-r1 TR lasnid (= pBr. Ad35. 3in WO
20041 0010325 Fe PHBPAGLE Doe 257 d8Borab RO TEHon gt AGHk RBSAds 11 ber

knob. ~ The pyk %r%ﬁﬁ%ﬁﬁaﬁoﬂ%%stbﬁeééﬁ PR S dpgelherwhth3do the
pVE. Ad35. pl X- ECORV (WD 2004/ 001032) cosm d and the "adaptor plasmd

pAdApt 35- S| GEEgerRDNPIG RS A erheostvAnE f8oteGaln e RER W& Skher11s
Co'tranSfeCRgge'ﬁ6cb6¥3%d¥¥Egyé %%lb§/40665), and double homologous

recombination yielded the recombinant Ad35k5-SIVGag

15 vector. This vector was plaque-purified, sequenced,
expanded, and purified by CsCl gradient centrifugation
following general purification methodology known to the
skilled person. The nucleotide sequence of the chimeric
fiber is shown in figure 2A (SEQ ID NO:1), while the

20 amino acid sequence is shown in figure 2B (SEQ ID NO:2).

The Ad35f5 vector was typically made as outlined for
.Ad35fibl6 in WO 00/70071, and Ad5fibXX chimeras as
outlined in WO 00/03029; wherein a PCR product encoding a
partial tail of Ad5 fiber linked to the AdS5 fiber shaft

25 and Ad5 fiber knob were placed on the remaining part of
the Ad35 fiber tail. The cloning procedure was also
performed using an E3 deleted backbone vector and using
BsiWI and Nhel as restriction/cloning Sites.,For vector

details see WO 03/104467 and WO 2004/001032.

30 In detail, the following procedures were performed
to construct pBr/Ad35.pacI-rITRfib5: A PCR was performed
on the-plasmid pBr/Ad35.PacI-rITRNotI (= pBr/Ad35.PRh see
WO 2004/001032) with primer DF35-1: 5/- CAC TCA CCA CCT
CCA ATT CC-3’ (SEQ ID NO:6) and DF35-2: 5’- CGG GAT CCC
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(see WD 00/ 70071 and WO 02/ 40665), and doubl e honol ogous reconbi nation

yi el ded t he reconbi nant Ad35k5- SI VGg 15 vector. This vector was ‘
pl aque-purified, sequenced, expanded, and purified by CsC gradient

centri f ugao mos/ofosdol owi ng general purification nmethodoborgrkesmssiss o t he
skilled person. The nucl eoti de sequence of the chinmeric fiber is shown in

oo S 6D S B ST R TSP PP AL, ST e Tor O
Ad35fi bl 6 ¢ontA@rAG4h7Q0BimHANEhAMDIBINA chicaer @asiaspcRUtddulatkd AnWO 00/ 03029;

wherein a PCR product encoding a  partial tail of Ads fiber |linked to the
Ads fiber 3HAV 89888t AR5 FRPRER=I0RGE e feOpPRc et dRt 1ME Iertdithi ng part of

the Ad35 féher 13 kajThecgion NG, RIBCEIWLEnWaSpat #P s P&t fQIdmd using an E3
del et ed backbone vector and using BsiW and Nhel as restriction/cloning

sites. SForBamdth gritedwrai intsedud 03jeki4467 PERAVHED pOOZGOGEHIN 30 In

detail, the fol.l ow.n cedures .were per ed, Ltp_C t

pBr/ Ad35. rPch =t #&Fgéggi% V\W/\gtsh Sé:rjfr%rrnéggggg' tT%le p asn(?rAgCICCG'

pBr/ Ad35. Rard -GdTTRNat ATA=ARGr TP IBPRTTS@eT WOr 2002/ A OR2) om3t’h pri mer
DF35-1: 5'- CAC TCA gCA CCT . CCA ATT CC-3' éSEg‘Fll\D NO'%I‘ a}_g DF35-2: 5'- CGG
GAT ccc  4CBRD 3086/ 840830t P IPP05MG85 283 2 CHAC b3 ¥rATEAC AGG GTT GAA'
GG 3" (SEQHEIB-NQ By -cephasht néc2 Bafdrrapdrar8si VW sigmy rihis PCR resul ted
in a DNA fragment of approximately 650 bp, starting in the fiber 35 tail
regi onl0 byNGs#)ch ThdshPERBse W1 tssd eiramd DHAS fRagmeni@® was i ntroduced. Next,

G CTA G R TR RAb A T TPr T AT TTA AR TOR B30 (SEQ 1D NOL 8)
cont ai ni ngfidbeBaidl tantdha ]Nhe:_tegidre. q;cht/ABBBSPRn bas G EED GGAKTTG CTT GGT
T&G 3 (%%f QH%ONQQI,Q) J':er;ll-cp\lrlsngP%R 2r8%?)u!btpeBNkan?'agEI)|n\léAhg rfax%rrrnenctheOf

Ad35 backbone (thus removing most of the fiber 35

15 region). The PCR fragment from DF35-1 + DF35-2 was
digested with Mlul and BamHI and the PCR fragment from
DF35-3 + DF35-4 wés digested with BamHI and NdeI. Both
PCR fragménts-were ligated into the cut pBr/Ad35PRn
plasmid, resulting in the pBr/Ad35PRndFIB construct.

20 Then, the newly introduced BsiWI and Nhel sites were used
to introduce the Ad5 fiber séqﬁence into the Ad35
backbone, by producing a PCR'product using primers 35F5-
5-F: 5’—CGG GAA CGT ACG ACA CGG AAA CCG GTC CTC C-3’' (SEQ’
ID NO:lO) and 35F5-R: 5’-CGG CTA GCT AGC TTA TTC TTG GGC

25 AAT GTA TGA AA-3’ (SEQ ID NO:11) on Ad5 DNA as a
template. After this, the E3 region was deleted as
performed for de pBr/Ad35PRNdE3 construct. |

A person skilled in the art will be able, by
- applying general.common knowledge with respect to

30 vmoledular cloning and adehoviral production, to generate .
these clones, to insert fragments, to generate PCR
products and to delete certaih fragments and to
eventually produce viruses in packaging cell lines.

Moreover; production and purification methods for
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approxi mately 1400 bp, starting after the stop codon of fiber 35 to the E4
regi on. pBr/Ad35. PRn was digested with Mul and Ndel, renoving a 2850 bp
DNA fragnment fromthe Ad35 backbone (thus renoving nost of the fiber 35 15
regi on). THeOP@RO4BIgment from DF35-1 + DF35-2 was di g@CTER265/05180 ul and
BamH and the PCR fragment from DF35-3 + DF35-4 was digested wth BanH and

Ndel . Both cu r/; Ad | asm d,
resulting i R %ﬁ{)@%@g}%&gl Béggﬁggr ucth %ﬁﬁ tusl% eﬁ\ng\%leéznl nt r oduced
Bsi W and Noelvisitesnsered spsedllt bnowt rboudes tae Ad5 f| ber sequence into the
Ad35 backbone, pro UCI ng,.a PCR product -usin i 35F5- 5-F: 5'-CGG .
GAA CGT ACG ACA %ésv %6;?& f:%f‘:gdl%r %%é@rﬁgﬂ%ﬁélfﬁ HR4"35F5- R 5' - CGG
CTA GCT AGCyddérdll €sCICfaee f22afidn GlécHéats A werBEQouRdNEo 183 on AdS DNA

as a tenplate. After this, the E3 region was del eted as Rerf_orrred for de
pBr / Ad35PRNBEBP R ri3tqucAt lﬁaﬁéréoﬁa%?g?%oori‘ FRhE APORWPPFBE1RB] €, by

appl yi ng gepéf al 1 GO H0W.edgaolhi N EESPACtrd@ SAnEPL e Ll o£! oni ng- and

adenoviral production, to generate {hese clones, to inSert fragnments, to
-generate Pdmﬁ)ki)dmntsvrawetr@ demeaeab&tmuhfpaagamatlsl%dﬁa vecteyentual |y

DU 11 cat 1 ol gt HBdE Fh 2 HE 566! D050 BT EsE0BrassTas’ S8k ni ng
Edenovi ral hbatplw@lé-*ﬁﬁrndfm@ bﬁathlSe(dpflﬁl thr]ehoe aipivrdxlnwg:bﬂg apefalgo wel | I
Gt puft 11 BxeTGh HeR SOV REPEST oLt 18 B 2% CrEBedo0arhat least 5
passages onaRER &2k pagkagiong cell lines (data not shown). Gowth rates
and yields of Ad35k5 vectors were conparable with parental Ad35 vectors

(data not shown)It Heedso davessigrted rahethat itdieyeckpys were

still able to recognize their respective receptors
through their natural- or replaced fiber knobs (Ad5 fiber
15 binding to CAR and Ad35 fiber binding to CD46). These
specific interactions were still established with the
chimeric vectors as well as with the original Ad5 and
Ad35 based vectors (data not shown).
Following the same strategies, chimeric replication-
20 defective Ad35-based viruses were made comprising the
knob of Ad26 or Ad49. These viruses are named Ad35k26 and
- Ad35k49 and use the CAR-binding capacity of the fiber
knob of the rare serotypes Ad26 and Ad49 in combination
with the hexon protein present in the capsid of the
25 Dbackbone vector, which 1s also a rare serotype,
exemplified‘herein by Ad35. The nucleic.acid and amino
acid sequences representing the respective Ad35k26 and

 Ad35k49 chimeric fibers are given in figure 2E-2H.

30 Ad35k5, Ad35k26 and Ad35k49 viruses were compared in
their ability to provide transgene expression in vitro.
All vectors carried the SIVGag transgene. 7.5 x 10* A549
cells Weré.infected with master virus seed stock viruses

(unknown concentration of virus) for 2 h‘in a 2 ml
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to plaque-formng units (pfu) were approximately 10-fold 10 hi gher for

Ad35k5 vectors (100-1000) as conpared with Ad35 vectors (10-100). It was
al so investigated whether the vectors were still able to recognize their
respecti vevo emepdoasos t hrough their natural - or repl acedr/Eplesosksebs ( Ad5
fiber 15 binding to CAR and Ad35 fiber binding to CD46). These specific

i nteractions, were il I~ estaplished wiih the hi merpLc vectors as well as
with the orrgli” s, wazt At R dol Fe  EREFR hot “Ehatny. “Rol Towi g
the sane staqtagiiesngChbBEEVEliLEd GAt iIieitra2eldeleet s¥veiiddp- based viruses

were nmade conpri Si ng the knob of Ad26 or _Ad49. These viruses are naned
Ad35k26 anttllHINesgFaddanEePhE TERVIMNGING EABALY t {ob¥OHSh Y% ber  knob of

the rare serotydes Ad28.andyAdMOin conbinalikaRion b ties hexon protein

present in the capsid of the 25 backbone vector, which is also a rare
serot ye, expeamplanti éd¢ hbeti a $Pe@d3s: nimbenucfeviratirheridled no acid

sequences representing th spective Ad35k2 n 35k49 chineric fibers
are given "i’argfnloacu;&esegE- EPLS é}gugd{’j‘%kqfn%%?g)l?Zgogﬁgu%%‘gSMQ viruses were
conpar ed idefiriaiivvedlyi Wheyhéo RdIBALIE dricass genkighpr esbten thavi tro. Al
vectors carried.the S VGF}% transgggags. 7,.?‘ x 104 A349 ceJls were infected
with mast er’SiFAETSe8d ¥EBERSTI hghery ARAGWHL ¢ oticent Bt I of vi rus)

Cfor 2 h gy iy, 43:1¥0020064940330 RGThER2008,0854 83dvaridyms Cells were

t hen washed ‘and cultured for 48 h. Gag staining was eval uated by
i ntrach | T $thei Mithgr UsSFherine ey dmt irepdrcabherl Drrirttams body f ol | owed

by _anal ysis dubdlQuoays opeiLy. rillied iH Lablgneplc thise experiment is that
a speC|f|c nunoer of viral particles was not used, an thus it cannot be_
concl uded refefdseintiavely haethes AdFEEK4Igr shwowed ai ghenifidaert t han
higher intracellular'expression as compared to
representative batches of Ad35k5 and Ad35k26. The
15 recombinant adenoviral vector Ad35k49 is a preferred

embodiment of the invention.

For a good production of adenoviral vectors on
packaging cells it is realized in the art that the E1B-
20 55K protein, generally available by a stablé integration
| of its gene in the genome of the packaging cell, should
be compatible with the Ed4orf6 protein produced by the E4
region of the viral vector. It was found previously that
the E4orfé protein of Ad35 was.not compatible with the
25 E1B-55K protein generally available in known packaging
cells such as 293 cells and PER.C6° cells (see WO
03/104467; WO 2004/001032; WO 2004/018627; WO 95/34671). -
To circumﬁent using new cell lines with EiB—55K from Ad35
integrated in the genome, and thus to enable one to use
30 established production platforms as those provided by
PER.C6 cells, further constructs were made in which the
Ed4orf6 region of the Ad35 backbone was replacedeith the
Edorf6 region from Ad5, in line as what‘has’been '

described in detail in WO 03/104467. The replacement of




the others or whether it has higher specific activity. In any way, this
vectors seens to have certain advantages 10 over the other vectors, either
in replication/growh or in expression |levels. Figure 16 shows that three
repr esent awa eoolyadod¥es of Ad35k49 showed a significant PRTER2005/055183 -
intracellular. expression as conpared to representative batches of Ad35k5

and Ad3Sk26,, The b ¢ GeamBhnanl agenovhral JMachonAdaaka s g, preferr ed
enbodi nent of ~t'he i nvéntion. For good production of adenoviral’ vectors on
packagi ng deht snatt fixrtheal nzed in the amturtdyainitdieyESBud26s 5&id pr ot ei n,

generally available b .stahle integration of its gene in the genone of the
packagi ng c*éﬁ“fg,’eafslr%I%U%ﬁgsc ﬁﬁaﬁ%‘? Yt Y he Ed4orf6 protein produced by
the E4 region of the viral vector. It was found previously that the Edorf6

protein of Ad35 was not conpatible with the 25 E1B-55K protein generally
avai | abl%® i FXaRMh pademyregenieity oficreqambigante AA35£R4daPER C6(r) cells

(see WO 03{34446% nﬁ;gﬁ/sgglgggh NB 2004/048627; WD 95/34671). To

ci rcunvent using new ce Ines wth ELIB-55K from Ad35 integrated in the
genone, and t husThe iemaiplogeoneity afetl3d esttabls sfaed apsedaedilon pl atforns as
t hose provided b]}/. PER. Cghcel bs furtgeé constructs _were mage #n which the
Edorf 6 regi oMt 1308 Ad35 FaERbBRE" fast Pl Stdd Wt NFHReTSEXSr#6°T egi on from
Ads, in |ingeresaghaid hassbeencdgscribed in detail in WD 03/104467. The

repl acenent of 44 WO 2006/ 040330 PCT1EP2005/ 055183 the E4orf6 regi on was
appliedQn all AEFDIEE VETLHPEOUPh eI RS d8&d2n t he

- mmunogent %ﬁyc@tmye%i%d1oﬂ(arvg)em@gsiwggmd%im,herei n. 5 Exanple 4.
mrunogeni ci ty of - réconbi nant Ad35f5 and d35k5 in conparison with Ads and
Ad35 The i rdiHoqSH GEVEast andeAdabE b s. Rlk. Sis&@eseThgy term BSU
relates to the use of the endogenous pIX promoter in the
adenoviral genomic nucleic acid, which ensures a proper
15 expression of the pIX gene during the production of Ad35-
based recombinant viruses. For details relating to the
BSU constructs, see WO 2004/001032. Control mice ‘
(N=3/group) were immunized with empty Ad5 and Ad35
vectors. After 28 days a blood sample was taken and
20 immune responses were determined using a SIV gag ELIspot
assay as described below.
Figure 3 shows the results of these experiments and
indicates that all vectors were able to induce a proper T
cell reéponse towards the SIV gag protein in comparison
25 to the empty vectors, indicating that the insert provides

an  immunogenic protein upon injection in mice.

Another set of naive mice (N=8/group) were immunized
with 10° vp or 10® vp of the Ad5-Gag, Ad35-Gag, and
30 Ad35k5-Gag vectors (all encoding the SIV gag protein).
Vaccine-elicited CD8* T‘lymphocyte responses were assessed
by Db/ALllftetfamer binding assayé using the following
method: Tetraﬁerié H-2D° complexes folded around the

dominant SIVmac239 Gag ALll epitope peptide (AAVKNWMTQTL;
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conparison of the chineric fiber carrying vectors to Ad5- SIVG&Gg and

Ad35- SI VGag. 10 Naive mce (N=5/group) were inmmunized intra- nuscularly with
1010 vp Ad5- Sl VGag, Ad35-SIVGag, Ad35.BSU. SIVGag and Ad35fi b5. BSU. SI VGg.
The term B&\hoos/eloadoes to the use of the endogenous pl Xe@rprmizssisa t he :
adenoviral genom c nucleic acid, which ensures a proper 15 expression of the:

pl X gene ' e praduction of Ad35- bhased reconbi nant yiruses. For
details r%{&ﬁ)gtl\{bdg’t’h ar%%fpc%tf‘lsi‘fu%%soﬁ S Srw}pﬁ%ﬁ?%%l . Control mce
(N=3/ gr oupjt MeirRed nosuBLaed wighsgrmini Adbsand AdhostaeisorgomAf ter 28 days a

bl ood sanple was taken and 20 i nmune responses were determ ned using.a SIV
gag EL| spdticeadisdndageqbedsi heribetbwheregtr eMaushopkoethe’@®esul ts of these

experi ment & andl dNALCAGAS § B @Arlta\ﬁ%%%r S0WBYR1ahlgat, | nduce a proper T
cell response towards the SIV gag protern in conparison 25 to the enpty

vect or 9, iFmlileatingg lykas thethesked Blroodi ded1sanOi bmpghogerRE- prot ei n upon

i njection j 1 CE€..a her, set of. naive m ce (N=8/.gr.Quy i,mmuni zed

wi th 109 vipa%oerTefgg %P%ft%%ream&f&l éaﬁ?“;&aﬁ‘%ft%‘{ ,ngcr%g A}gp_k&g%ge %ag vectors
(al I encodinig tdD8a$bYagagb p(Dy-€2 N)Cal téagCcBoelehyans edCCDBASAN lwasphocyt e
responses were assessed by Db./AL11 tetraper binding assa usi ng the

fol | owi ng Wigtred t‘?etgFéﬁ’ér?%B'Fﬁ%l(fl(?or?ﬁﬁex%slm}@ég’t&ﬁouﬁget he doni nant

Sl Vmac239 Gag Akklkeepbtang pepinde dAAYKMYTETLipd 5 WD 2006 340330
PCT/ EP2005/ 055183 SEQ I D NGO 3; Barouch et "al. 2004) were prepared and

utiliz¥d to i #BS1gospeening IGO¢ Prrafepnadgelyde r oPammiafe Wesieng net hods
koo 1 Ui S MaheDLOSS. 1y SOULRELES LA, EM-dA amLa g 40 L
Dd/ P18 t et (Bangron Dic@nheos] i okatved [CDEPCT| apedi@d/tes were examined
for staining with the Dd/P18‘tetramer. CcD8"* T lymphocytes
from naive mice were utilized as negative controls and
15 exhibited <0.1% tetramer staining.

As shown in figure 4, all three vaccines were
comparably‘immunogenic at the high dose of 10° vp (A).
Importantly, at the lower dose of 108 vp (B); immune
responses elicited by recohbinant Ad35k5-Gag were

20 significantly more potent than those elicited by
recombinant Ad35-Gag (p<0.0l1 comparing mean tetramer
responses among groups of mice on day 14 using analyses
of variance with Bonferroni -adjustments to account for
multiplé comparisons) and nearly comparable in magnitude

25 to those elicited by Ad5-Gag (p=ns). This is consistent
with prior observations (Barouch et al. 2004; Lemckert et
al. 2005). These data demonstrate that engineering the
Ad35 vector such that it carries the knob domain of a
subgroup C adenovirus (e.g., Ad5) provides a.sﬁbStantial

30 improvement of its immunogenicity towards the antigen
inserted,info the vector. B

These experimentsvwere performed in the absence of
anti-Ad5 immunity, and it is shown here that,Ad5,énd

Ad35k5 raised comparable immune responses, while these
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anti-CDBal pha mAb (Ly-2; Caltag, Burlinganme, CA, USA) was utilized to stain
P18-specific CD8' T |Iynphocytes. The «cells were washed in PBS containing 2%
FBS and fixed in 10 0.5 nl PBS containing 1.5% par af or mal dehyde. Sanples
wer e anal yeedoosp403800- col or fl ow cytonetry on a FACS CalPCh(rP2006BEd830nN

Di ckinson). Gated CDB' T |ynphocytes were examned for staining with the

Dd/ P18 tetr . (@+.TI RV} 1 recutili zed as
negative coﬁ%r?éolsél ndflfg%)r(iﬁ{]g‘?ﬁé?%ﬁ%&%@%%ﬁ?%&éﬁ%'nég : shown in
figure 4, alhpéhtaee: vacciotes thetetheo”pasiablyedtnmunegeries ahet Aé3hi gh dose
of 109 vp (A). _Inportant]y, at the lower dose of 108 vp (B), inmune :
r esponses eﬁ%%‘?lf"egﬁb]fhr e@éi.‘i%bitﬁaﬁ%‘eAaégﬁ%gc% WY 28 §iadﬁﬁﬂl cantly nore
potent thanihhese @dgdded Ay ihacombhanst taS3datiet@. 01 conparing mean

tetraner_ responses anong groups of mce on day 14 using anal yses of

vari ance® wi PRUBERE Brishiacddivddtneaesneb B dipitor arrotedit Ppl 8deenpari sons)
and nearly gpgpar {95 Eagaitude; 25,1 0.1 pose 8ld ¢lfed By Adaz Gag (p=ns).
This is consfl;',lét'ent;}lpel \?\}dth pr ?’I(%rc g sérvsatg%ns C(S%ar gugrh)tr%t eaI .16\2%84; Lentkert
et al. 2005)h. tHhesedaice ddnenstirate itaednergitiser ibeght Ad5-Ad88 vect or such

brovi des. a SUBSTARTIAN 6 e mpr B0Bmeat 18 L PE T IRARIOGe ety ST o0 ds. ¢ he
antigen i nsendiethond dbddmmseesifot + s Thesevexpatdiresick aier, e apar Aagped in the
absence of _anti-Ad5 inmunity, and it is shown here that AJ5 and Ad35k5
rai sed ¢®npifabtes | HHC I8 SonseIeNGRR | PRI A5 WHS2066/-820330
PCTJEP2005/ @58d 83knder&ndigni fi cantly: hi gher than the Ad35 vector. It is
inmportant to note that the Ad35k5 vector carries the Ad35 hexon, which adds
‘to the higher ef¥nczanndtn beaiegicagdednihet regporslesing iandilbrdiabs that do
har bour against the fiber protein may be raised upon infection.

However, it i1s held that under natural conditions such
15 neutralizing activities are minimal, while the major part

of the immune response of the host will be agaihst the

hexon protein. It.is important to note that experiments

wherein the recombinant vectors are compared with pre-

immunisation with parental vectors are to be performed
20 under conditions that mimic the natural (human)

situation, wherein wild'type viruses infect a natural

host once or twice, inducing naturally occutring\levels

of neutralizing antibodies. In mice in a laboratory

setting one can raise extreﬁe immune responses by
25 multifold injections and high titer administrations.

Experiments mimicking the natural situation indicate-

whether neutralizing antibodies that may be directed to

the fiber protein indeed are important for neutralizing

the administered adenoviral vector. They also reveal the
30 importance of the presence of the shaft region of the

fiber, which part is typically élso available for

neutralizing activities. v

We postulate that vectors comprising at least the

knob from adenoviruses that recognize and infect host
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5 neutralizing activity against the hexon protein of Ad5. Thus, the Ad35k5
vector-is significantly nore efficient in the presence of anti-Ad5 i mmunity
t han both Ad5- and Ad35-based vectors; Ad5 is |ess i mmunogenic under these
condi t i onsvdewaumesoof its native hexon protein, and AdBST/EE200505583S

i mmunogeni ¢ in general because of its native fiber knob domain. In cannot

be excl uded t.hat .ne al i zi ng gal nst fi ber protein nay be
rai sed upot” }:]nsf &de %%‘EP‘ (Bo (/e&%l '?Acgs’ 't ﬁﬁa E 1(_gtFe]f'lat ural conditions
such 15 negdnigyiisZingg aaﬁbb&ittiﬁﬁuﬁgiermd“dé&b,rm%hhe dhechmjdppart of the

i mmune response of the host will be against the hexon protein. It is
i mpor t ant Jo Srot EhehaEXeRpRFPRRH)S ThfiedeilfabhenPREBRDI #REAL vectors are

conpar ed | t| otﬁéj%t (omgUNi 8844 oM 4 4 hr@r()en%ggﬁvega%s A/t perforned 20

under con hat M m ¢ the nat'u situati on, erein wld
type vis usesd |Hd5é)c)t aaenaxuehlenhcr&tca)ntae:lom trwctersmmmw&g thetwir al | y

| e f I Zi t bor at
erti ng OrtHan G 4TS kIPoRS THLNE FRSBBReRe o0l 1ov St ford

i nj ecti onspdvbiisghngi iRnuadey niISttﬂﬁat lhﬁuﬁ&n pEspeat dems ShmHn cking the
nat ural si tuat| on indicate, whether neutrali zi ng ant| bodi es that may be
di rect ed tFPLIIRIG BBFCHF oL BTG MefsRPIECe FRBEPEERIPESr neutralizing the

admi ni st ergd, UGNV, " BlrFYEELRE - tﬁé}%@t%nr aﬁaago&aes%ﬂmq;tance of the
presence of the shaf t region of the fiber, whicCh part is typically also

avail a®l e for neutralizing activities. W postul ate that vect ors conpri sing
o o o HBICR, | ERAGGRRIAIAD T Y, RSB 2ha s TR IOST 17 VO
further with pre-existing immunity.
Next, the impact of‘anti—AdS immunity_ on the
imﬁunogenicity of these vectors was evaluated. Groups of
15 C57/BL6 mice (N=4/group) were pre-immunized once with 10%°
Vp Ad5-Empty 4 weeks prior to vaccination to generate
low/moderate levels of anti-Ad5 immunity. Ad5-specific
neutralizing antibody (NAb) titers in these mice were 64-
128 (Barouch et al. 2004; Lemckert et al. 2005; Sprangers
20 et al. 2003). As shown in figure 4C, tetramer‘CD8" T
lYmphocyte.responses elicited by 10°® vp Ad5-Gag were
essentially ablated in these mice. In contrast, 10° vp
Ad35fGag and Ad35k5-Gag responses were not substantially
affected by this level of anti-Ad5 immunity. Importantly,
25 Ad35k5-Gag proved more immunogenic than both Ad5-Gag
(p<0.001) and Ad35-Gag (p<0.05) in these mice on day 14
following immunization. '
- The ability of Ad35k5—Gag to evade low/moderate
levels of anti—AdS immunity is consistent with the
30 previous findings that Ad5—specific NAbs are directed
primarily agalnst the Ad5 hexon proteln (see above;
Sumida et al._2005). However, low levels of NAbs dlrected
-against the Ad5 fiber protein in this prior study were

also detected. This experiment was therefore repeated in
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conprising a major imunogenic determ nant of the capsid (i.e., the hexon
protein) froma |l east neutralized serotype (e.g., AdlIl, Ad24, Ad26, Ad34,
Ad35, Ad48, Ad49 5 and Ad50) are excellent vaccination vectors because they
conbi ne t havtedoveso8B® unknown advant ages of | ow vector PCEEEM0OSOISIRF | nrunity -
in the human popul ation, high antigenic insert inmune response, .
reproduci bl e, . Pra lﬁCthiiO , leff' ci’ejﬂat trar ction .%nd gpﬁ)des%gbi lity. 10 -
Exanpl e 5. Trunogeni i3 y of A5 AAEEKE Thd R3S W ntes® Wt pre-existing
i muni ty. Nexd-inmhmiizegactriok anth- 208 irpnaes+Bmmty thevedksmandgeni city of

. these vectors was eval uated. (oups of 5 C57/BL6_m ce, (N=4/group) were
‘Ag @En%‘ﬁ}' tg

pre-i muni 7P &F W% (FO15E6CVR2 . sf%él%é: BfPo L BVatti nation to
generate |owdoderat gravel $90t18n844 ALY a1Adb08peci fic
neutralizing anti body (NAb) titers in these mce were 64- 128 (Barouch et
al . 2004 Lesrieant et all. 2005; Spramgrrs X0 adt- £10032008pmpapabbdiown in

figure 4C, . + ' o] r elici ted _108 vp Ad5- Gag
wer e essen‘%%ljlc ?Jﬁe;gﬁ%ggzi ﬁhtxgggefér?ls%%.l %q{(%ﬁiﬁpggtl% L1L§8$vp Ad35- Gag and

Ad35k5- Gag s&Espoars et nielae (Hobtenbstantakl [3004f fSeatied by ahis | evel of
anti-Ad5 i ity. Inportantly, 25 Ad35k5-CGa r.oved re i munogeni ¢ than
bot h Ad5- Gang&?%)p'<03f‘°0%%°‘”§n&nAﬁéggfﬁggl?'p@@%#“&n&ﬁe%%@oﬂft@ay 14

fol | owi ng i pagdZAld @Niclieqabi| A ys RS- AdPRkE-Cati ric@ a@Vgdechouéaoder at e

l evel s of anti-Ad5 immunity is consistent. with the 30 previous findings that
Ad5- speld f i &0 NARS e c§i R8et ¥arepePhRd Tl aaghlitistthose AaduRetopYprotein (see

oo TSRl R mbireken, LAl o Sich M dhagstgs sonl v
experi nment mastidldnefsopepreepedt edei imd@ogenicity of Ad35k5
vectors. ' 7
To evaluate in‘fufther,detail vector-specific
15 immunity elicited by the chimeric Ad35k5-Gag vectors,
heterologous prime-boost studies as well as virus
neutralization assays were performed. Groups of naive
C57/BL6 mice (N=4/group) were primed at week 0 with 10° vp
Ad35k5-Gag and then boosted at week 4 with 10° vp Ad5-Gag
20 or Ad35-Gag. As shown in figure 53, tetramer'CD8* T
lymphoeyte responses elicited by Ad35k5-Gag were
efficiently boosted by Ad5-Gag but not by Ad35-Gag.
These data suggest that Ad35 and Ad35k5 induced
substantial cross-reactive anti-vector immunity, whereas
25 Ad5 and Ad35k5 were largely immunologically distinct.
ConsiStent with these observations, mice immunized once
with Ad35k5-Gag generated Ad35-specific NAbs comparable
with those induced by Ad35-Gag but substantially lower
Ad5-specific NAbs (Fig. 5B). Thus, Ad35k5 vectors
30 exhibited serdlogic profiles more similaﬁ to Ad35 vectors
" than Ad5 vectors. |
To assess the generalizability of these results, the
immunogenicity of Ad35k5 vectors expressing another

antigen (Env: HIV-1 89.6P Env gpl20, for cloning details,
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WD 2006/ 040330 PCT/ EP2005/ 055183 nice with high | evels of, anti-Ad5 |
immunity. Mce were pre-imunized twice with 1010 vp Ad5-Enpty 8 weeks and !
4 weeks prior to vaccination. Ad5-specific NAb titers in these mce were }

8, 192- 16, 3ddh008aoech et al . 2004; 5 Lentkert et al. 2p0brpopw@sgers et al.
2003), conparable wth the highest titers found in individuals in sub-
Saharan Afric Kgst ense_et al . 2004; %;65‘ da et gl . 2005) . As shown in
figure 4D,5S%tfer+ep8+’99¢ fo@te 29042 pdRssIbF F Ty Hyradd3sks- Gag wer e

partially greduced wh@ kBalhgssd M@ @d oehai¢eMpaIBptE enidd h those induced by
Ad35- Gag (&:ns . Thus, high levels of anti-Ad5 immunity partially
g

suppr essed Lo oyeRe clIyuRkze I5s lpsreprscuiRrey aiifdt 0 n furt her l
det ai | vec‘ﬁpr&%p_%lvf I Gl b Dainl Ly, 94&3%!—%%@.%&??1&@'% Gunfdd33ks- Gag

vectors, et erol ogbus prinme-boost” studi es as we as virus neutralization
assays Snerimperd aespdns&s ospicifeddw Ad3GEB/BhE meceofNwHmgr oup) were prined

at week 0 w.th 109 Ad35k5- and t hen boo at week 4 with 109 vp
Ad5- Gag 20-r° R§S5265gPe e%%o%% lﬂdéj’ﬁﬁg Ex, i{igf RFEfSCE P09 yrphocyt e
responses i3xiHned vBy tAd3pkds Gakh iRl 1&f TFRI-¢NELyskopsdah iy Ad5- Gag but

not by Ad35-CGag. These data sug%est, t hat Ad35 and Ad35k5 ‘i nduced

subst ant i afFiGF-0$ r aaet Foe-arrF i 3L SARunfiy; WRereas 25 Ad5 and Ad35k5

vere |argely i mpunekogheal Ly di stifhineg GaNshsignt . Wid N4 hese observati ons,
mce i muni zed once W tléﬂl Ad%SkpSSéi Gag geener at ed Ad35-specific NAbs conparabl e

wi th tHosertridhockyd thyeAd35x@aginpuinizgds rdnei apeyifbmefor AUB-dpecific NAbs
Lo A135 vaTorE SONaR RIS oIS Er T o 8c0emehe LENEt 411 zabi ity of these
‘results, tdiscribednqgenbath YetofalAdIBHS ;veehods € piEssioup)anotolser
well piates coated overnight with 100 pl/well of 1 pg/ml
recombinant HIV-1 MN Env gpl20 or SIVmac239 Gag p27
" 16  polypeptide (ImmunoDiagnostics) in PBS, were blockéd for
2 h with PBS containing 2% BSA and 0.05% Tween-20. Sera
were then added in serial dilutions and incubated for 1
h. The plates were washed three times with PBS containing %
0.05% Tween-20 and incubated for 1 h with a 1:2000
20 dilution of a peroxidase-conjugated affinity-purified
rabbit anti-mouse secondary antibody "(Jackson
Laboratories, USA). The plates were washed three times,
developed with tetramethylbenzidine, stopped with 1% HCI1,
and analyzed at 450 ﬂm with a Dynatech MR5000 ELISA plate

25 reader.

Example 6. Immunogenicity of Ad5, Ad35k5 and Ad35 vectors
in rhesus monkeys.
To confirm the immunogenicity studies in mice, a

30 pilot study to evaluate the immunogenicity of these

vectors in rhesus monkeys was performed. Nine Mamu-A*0I1-
negative rhesus monkeys (N=3/group) ﬁere immunized

intramuscularly with 10 vp Ad5, Ad35 or Ad35k5 vectoré
expressing SIV Gag and HIV-1 Env. Monkeys were primed at
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antigen (Env: H V-1 89.6P Env gpl20, for cloning details, 49 WO 2006/ 040330
PCT/ EP2005/ 055183 see herein and Vogels et al. 2003) in a different strain
of mce was evaluated. G oups of naive Balb/c mce (N=4/group) were

i Mmuni zed WewWo¢/ms3anuscul arly with 109 vp Ad5- Env, AdBEREBPIAS/SSISH
Ad35-Env. Cellular and hunoral 5 inmune responses elicited by Ad35k5-Env

vectors wer t I t i d ectors and
Adss. Env el S S ReRLEres SR RS BRAREL Bt ) T

Env- speci f iwvekL118A §ighkirg. 768pidihe ddiShns wedevpetborspeciasid ol | ows. Serum
10 antibody, titers from i muni zed mce. specific for V-1 Env_or SIV Gag
wer o easul G FeaPPREES ET SAGRS USEHbe G2EBaRBACTIBTRICLE003. Sun da
et al. 200%e1196arehinulkat&sps0ad £ e qliaaht rvelihb$08opldawel | of 1 pg/m
reconbi nant H V-1 MN Env | 20 or SIVmac239 Gag p27 15 pol ypeptide -

(1 munoBi agifestiides I FNnYPBEISRRT 62 $i ke @ o vecEoR-GPe i PBS I\Elﬁht ai ni ng 2% BSA
and 0. 05% %%&-2 e wer 1ad FoS6ELA uf and i ncubat ed
for 1 h. e psaglgggmgrégemsﬁ%%nﬁﬂr ee %C&%Se g%h iﬁ%%é%on%g?%l ng 0.05%
Tween- 20 anteutralbabédohoasdaps vatt el ti;pd@0@Gige doliots ofiobiowing

per oxi dase-.conj u ed affinity-pu d rabbit anti-np condary

ot body ( J0CREH 2 2 8Bor hor 1 EaT AT AL B Al e o eP e aCHEh Thr o6t mes,
devel oped widdrrtietdagebigl benzi di ne, stopped with 1% HCl and anal yzed at
450 nmwith a Dﬁnat ech MR5000 EL] SA plate 25 reader. | e 6.

| munogthi city JfeAdSY KASERSS st s \Pé&thor%eqilﬁn%e%h%s keys. To.

confirm t he dJpgHaR3erbehbying Ugﬁ@spflﬁnﬂyc%mn@nlégtl?bhoés sdxidy-Ly eval uat e
t he i munogenicity of these “vectors i1n-rhesus rmnkeys was performed. N ne

Manu- A*01- (wesgat iGag +ENYs us sponkey o N2l GFSURY ° WeBNC | atmwsicked 2) ,

but these responses were not substantially increased

following the homologous boost immunization (mean 608

15 ‘SFC7106 PBMC at week 16; Fig. 7A), presumably reflecting
the rapid generation of high titers of Ad5-specific NAbs
in these animals (Fig. 7B). In contrast, the Ad35 vectors
elicited antigen-specific ELISPOT responses that were
approximately 2-fold lower than those induced by the AdS5

20 vectors following the initial immunization (mean 248

. 8FC/10° PBMC at week 12); Interestingly, these responses

- increased substantially folloWing the homologous boost
immunization (mean 876 SFC/10° PBMC at week 16; Fig. 7C),
consistent with the lower titers of vector-specific NAbs

25 initially generated in these animals (Fig. 7D). These
data suggest that Ad35 vectors elicited both lower
antigen-specific immune responses as‘well as lower
vector-specific immune responses as compared with Ad5
vectors in rhesus monkeys.

30 The Ad35k5 vectors elicited antigen-specific ELISPOT
résponses comparable with those induced by the AdS5
vectors following the primary immunization (mean 578
'SFC/10° PBMC at week 12; Fig. TE) . Iﬁportantly, these

responses were substantially enhanced following the
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i ntramuscul ar| y with 1011 vp Ad5, Ad35 or Ad35k5 vectors expressing SIV Gag
and H V-1 Env. Monkeys were prined at 50 WD 2006/ 040330 PCT/ EP2005/ 055183
week 0 and received a honol ogous boost imruni zation at week 12. Figure 7

depi cts arnto g@Bo40850d vector-specific i mrune responsespenebivesessani nal s.
Gag- and Env-specific cellular inmne responses were quantified by pooled 5

pepti de | FN- LI SPOT assays, apnd vectoy-specific fiters were ,
~ det er ni nedhct’iéof‘?%oqsu @é?agﬁm}}’é"s%ﬁtwq ué“eaﬁeat7r°’gl ?E@?} nf&sSafs at multiple
tinme poi ntgediol1OW REesuiBBNLZab F it iHhe theUteabiZatipnigssay was perforned

-as described above. 10 The Ads vectors elicited high frequency ELISPOT
responses YeftowsReaid cpNAhar iniwiaily stlsneragsdekpethede NoRAYGag+Env

responses ﬁ%/gss%ﬁlz.dl}p@aggmfgilg\ﬁﬁ{%]tﬁ)e boRik Eﬂﬁﬁﬁﬁﬁf&{‘se&e""ere not

substanti a increased of lowng t onol ogous boost 1 nmuni zati on (nean
608 15 BFAAQTEBPBMCtatrsweékcibed R fA)d hpogesunabby aedlRot+ng the rapid

generation_of high titers of Ad5-specific NAb in.thes imals (Fig. 7B).
I'n contr as?’fe?)rféelgcAggbltsg)git 5?§po%ﬁ¥i@'bad‘ %’r?ttihggﬁ?sggéi ?Ii“g %E‘%%EOT r esponses
that were vepps@xi Mirebye?; f ehd A@y®is thatoRoseitndugesotynt he Ad5 20

vectors follow ng the initial immunization (mean 248 SFC/ 106 PBMC at week
12) .- I nt efeagtigIaEed fPde 3k idifsel LYPRRIAES] OFPOPSREI &F1 Y61 | owi ng t he

honol ogousl@%sltloﬁéirﬁ@%mh&?@tié@?& %@éﬁl@néﬂlﬁ?ﬁ%gﬁomalﬁ Fig. 70,

consistent with the I'ower titers of vector-specific NAbs 25 initially
gener ated wsind s -aepdatsd( #ng. COrD)deplivase PBHCa $EggestAt Hat CAd35 vectors

Vect or - spebit A AL P EapEBe B Cogar ed w Th AdS. vectors n rhesus
nonkeys. 30 The Ad35k5 vectors elicited antigen-specific ELI SPOT

Example 7. Generation of recombinant Ad5 vectors

containing chimeric hexon proteins.

15 The HVR’s of Ad? according toLCranofd—Miksza and
Schnurr (1996), of Ad5 according to Rux and Burnett
(2000), of Ad5 according to Rux et al. (2003) and of Ad5
according to the present invention are depicted in table
I. Table II provides the seven HVR sequences of human

20 adenoviruses Ad5, Adll, Ad26, Ad35, and Ad48, and
chimpanzee adenovirus 68 (Pan9) according to the HVR
definition of the present invention. Specific positions
within the réspective hexon sequences are also depicted.

Ad5-based vectors containing bne or more-HVR’s,

25 exchanged from Ad35 (subgroup B) or Ad48 (subgroup D)
were constructed. ’

In a mére ‘minimalistic’ embodiment of the present
invention, the‘HVR's of the above mentioned adenovirus
serotypes are defined in a somewhat shortened fashion.

30 These HVR’'s are depicted with an asterisk in Table IV as
HVR(1-7)*. Using the minimalistic definition in
recombinant vectors, HVR1l* is deleted from the backbone,
HVR2* is replaced with a short two-amino acid spacer

(QG) , whereas HVR3*,>HVR4*, HVR5*, HVR6*, and HVR7* are
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responses conparable with those induced by the AdJS vectors follow ng the
primary imuni zation (nean 578 SFC/ 106 PBMC at week 12; Fig. 7E).

| mportantly, these responses were substantially enhanced follow ng the 51
WO 2006/ 0403BD02@053P2005/ 055183 honol ogous boost i nmuRCE/aP108505618an 1736
SFC/ 106 PBMC at week 16), presumably reflecting the relatively | ow

vect or - specj f i lgﬁib i oLk al | hese ig. 7F). In
fact, foll co:]}v\\jl‘rﬂnlg(\a t e%glogg%&?n%%% Zgﬁ\g%fﬁﬂ]fge zdSSEQ{lég%{?%#sﬂel icited 2-3
fol d hi gherff@ag-thandtBrv- sspetypes. HdSPELgnéSporsedyt hBWiRbots t he Ad5 and

Ad35 vectors reover. the Ad35k5 vector l.i ciLted poten actionat ed
C4" and lede‘lg\:{%?ﬁpﬁl&}gf}t 82FEehohs %Ong?aﬁﬁezfl?%l%ll#o?f’gv\#%%i? rrf’r\bn‘i zation as
determ ned by ELI SPOT assays 10 usi ng CD8-depl eted and CD4-depl et ed PBMCS

(Fig. 8A B, C _ Ad5, Ad35, Ad35k5 respect. ve:%). Exanple 7. Ceneration of
reconbi fant AdS Regdtiarls hegaht aPRehg-THiaaYing hégoASHi6E8i PRIV Sfhe HVR s of

Ad2 accordi 1 = SEnaek . QML) ( 6).; ding to
Rux and Burvﬂ%tét %%%\g(%??gg% d%é%ccor di ng té]y, %%gt Eé?ﬁé?%%sz)g%% of Ads

accordi ng tRpahh€qaossants intventi sutrks depisotidd conteabling the Table ||

provi des the seven HV nces_of man 2 a?g oviruses Ad5, Adll, Ad26,
Ad35, and A:aozf'g)?leg:r?dp‘d hlﬁgrr%ﬁzé%n%de%oval‘rr%esr g’§0 Paﬁljl)'L gg%%?‘%‘?ﬁgw 0 the HWR
definition tferd hexqirsesieittomnyeng | St tSpegilfasmigoainti anslined hid t he

respectjve hexon se%uences are al so depicted. Ad5-based vectors_ containing
one or Wor FSRIRSE the5 CRXERSAGRIIRT S s dBGIBEREB) 2 oF AR (subgr oup D)

wer e const riicdeicy gwm AdRDAe1 T T TR dis | Gre @BROGLIRYL nGT at o1 HF BSENt
invention, the HVR' s of the above nentioned adenoviius serotypes are
defined in &f sdreRifatreghont @pddbdaehi@n.cosmid pWE.AdS.AL1IT-rlTR,

see WO 02/40665) . The mutant Ad5 cosmids togethér with
the adaptor plasmid pAdApt-Gég‘(encbding the gag protein

156 of Simian Immunodeficiency Virus (SIV)) were then co-
transfected into PER.C6/55K cells (harbouring the 55K E1B
gene from Ad35 in PER.C6° cells, see WO 02/40665), and
homologous recombination yielded recombinant AdS5HVR35(1)-
Gag, recombinant Ad5HVR48(1)-Gag and recombinant

20 . Ad5HVR48(1-7)-Gag viruses, wherein the ‘1’ indicates the
replacemént of only HVR1 and wherein ‘1-7’ indicates the -
replacement of all seven separate HVR’s. These vectors
"were plaque-purified, sequenced, expanded, and purified
by CsClvgradient centrifugation according to general

25 procedures known in the art. The sequence of the hexon in
‘Ad5HVR48 (1-7)-Gag is given in figure 11.

Besides the three viruses mentioned above, the

following recombinant vectors are also made: AdS5HVR35(1-
6); Ad5HVR35(1-7) (fig. 12), Ad5HVRI11(1-6), Ad5HVRli(1;7)

30 (fig. 13), Ad5HVR26(1-6), Ad5HVR26(1-7) (fig. 14),
Ad5HVRPan9(1—6) and Ad5HVRPan9(1—7) (fig. 15). ‘1-67
indicates the replacement of HVR1-HVR6, leaving HVR7 of
the parent vector. Clearly, based on the several pakental

vectors: available (such as Ad2 and Ad5) and the several
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30 These HYR' s are depicted with an asterisk in Table IV as HVR(1-7)*.
Using the mnimalistic definition in reconbinant. vectors, HVR1* is deleted
fromthe backbone, HVR2* is replaced with a short two-am no acid spacer
(QG) , wher emg 24d¥lBaB30 HVR4* , HVR5*, HVR6*, and HVR7* ar e pE2/EV0020:363040330
PCTI EP2005/ 055183 replaced by their respective shorter (*) counterparts

fromthe ther serotypes. Most significantl HVR7 is redffi ned nuch
narrower (CORBRIE TR ATYPSd ‘f‘ag?ec‘? inatg'opg Arg| PREROR 9er®s containing

the desiregdrsgauliencamghene sxathesdzed e hic- G E0ERBAYH . and cl oned as
Apal - Hpal fragnments into a shuttle plasmd containing the conplete Ad5

hexon geneQther arajes W@DM@POV%EQWIQ/‘@@GQ W@ﬁte%éyshﬁ 1P Ehi s shuttle
pl asm d angsb'\tricﬁé 3@%"‘ Otkf %88{1?%_ d% j(:,g_[,r Eﬁ@c%“@'e@@o@é%résﬁéﬁ ragment in

t he Ad5 md p PIr-r ctor carrying a deleti'on of the
E3 regi®on addé pasddP amdcdsividd pWE. Ad5. AfI11-rl1 TR, see WO 02/ 40665). The

mut ant Ad5 cosm ds together with the adaptor plasm d pAdApt-Gag (encodi ng
the gag protein 15 of Sim an | nmunodeficiency Virus (SIV)) were then co-
transf ect edxampe FER Inunblgenttli 8y (SErABI iNSHVRASERK &A@ gene from Ad35 in
PER. C6(r) ceI | s, see" V\D Q2/ 40665), and honol ogous reconbj nati on yi el ded

r econbi nanf m )Vl(!%&ﬁesréﬂo%ﬁ-‘?%ﬁ'!’-% AB( S thd r econbi nant

20. AdSHVRY8¢il-Ads Gahudikyses, wherein the "1' indicates the replacenent of
only HVR1L and wherein 11-7' indicates the repl acenent of all seven separate
HVR s. 10rhese vezm mlixm@deapbaquevmw im&i:orréé@aehcédS éxpanded, and

purified aCéla n%nﬁeﬂéﬁffﬁ%‘%@ fho{} cor Eﬁ/ %%%ner al 25 procedures
[ on R

known in t e art guence 0 1 7)-Gag is given
in figure Agdodidesd d:es ga}m&atghngecyllmsemmmned abbHeR48 he) -dad | owi ng
reconblnantageggégéia H% %gsghgaggco a5 nant Aﬁ% -Gag virus, whereas
the growth rate, yield and vp/pfu ratio of Ad5HVR48(1-7)-
15 Gag virus was approximately 2-fold lower than the Ad5-Gag
virus. Thé Gag expression was first checked on‘A549 cells
infected with 10° or 10'° vp of each vector. HPLC data
indicated that intracellular Gag expression wasb
sufficient and comparable between the different wvectors
20 (data not shown), although the expression from»
Ad5HVR48 (1-7)-Gag was somewhat lower than from Ad5- Gag
This could be related to the somewhat slower growth-rate.
| The immunogenicity of the viruses was first
investigated by immunizing naive C57/BL6 mice (4 mice per
25 group) with 10°, 10® and 10" vp of each vector. The |
vaccine-elicited CD8+ T lymphocyte responses were
assessed by D°/ALl1 tetramér binding assays as described
above for two weeks. The results are shown in figure 9.
Clearly, all three Vectors resulted in compafablé immune
30 responses in these naive mice, despite the small
differences in growth rafe and transgene expression.
Subsequently, C57/BL6 mice were pre-immunized with 2
“injections of 10'° vp Ad5-empty, respectively 8 and 4

weeks prior to immunization with the viruses of interest
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6), AdS5HVR35(1-7) (fig. 12), Ad5HVR11(1-6), AdS5HVR11(1-7) 30 (fig. 13),
Ad5HVR26( 1-6), Ad5HVR26(1-7) (fig. 14), AdSHVRPan9(1-6) and AdSHVRPan9( 1-7)
(fig. 15). 11-6' indicates the replacenent of HVRL-HVR6, |eaving HVR7 of

t he par ent wW@20e40330 earl y, based on the several parent 8CT/EP203/6i5883avai | abl e
(such as Ad2 and Ad5) and the several 53 WO 2006/ 040330 PCT/ EP2005/ 055153

known rare LW RES.,: resconhhnat i ar isbLe L usi ng the

t eachi ng of &??152 I\]\E;arm'%es%elrii'tgglsnéén??bon].?%’CI o) rtgor Bﬂ%?}rcriah gﬁégn%%/':igg}é& er ot ypes

t hat may beimmsed ttyo agpriogicdeheVRIS hasproduce .' Sheal t(ht- Bi keekectors are
Ad24, 5 Ad34 @3_;19 nd Ad50._.Exa€};Ie 8. nogeni city of Ad5, AdS5HVR48(1)
and  AdSHVRAETL-PF fitr§se8 Pt WAFVE* Hr ¢ and'S A FFc &SRt ARt T€Ad5 i muni ty
10 As outlisedrheyeitw abPe 168coahunant Al fGagcomPaabVRAB49)cdng and
AdS5HVR48( 1-7) - Gag Vi ruses were roduced on packaging cells. The yield of
Ad5HVRAS 1)AEHY RS 1d ofrpér éBﬂeA@gHYI%B Hecomfiavanf9Ad8- GBBCvi rus, wher eas

the growth ¢aleiclidiand ¥BERT# [l Qfc AJSBIELL- (3re15 Gag virus vas
approxi mately 2-1} oIe lI éwer tEan theﬁﬁf(}%%g virus. The G]éa expressi on was
first checkatsarseabdy DB/AKL1 | tHtsrimed Winkding9aesaldlds e ofridmch vect or.

HPLC dat a ill)’ld_\j_ cated (t,achat in}cr ac,ﬁlil ul arul%% expressi on _Was gufﬁ cient and
conpar abl e Hetiwen T hedi FFerént “vectory "Fat®a "ot shomﬂ)l,ea hough t he
expressi on ETROTAGRIVRA8( hifrotad Was Saummatl asewgt khanpfseiddds- Gag.
This could be related to the somewhat. sl ower growt h-rate. The inmunogenicity
of the W rusE_ IR Fo50dts i(HREat YAt TRPHY 4 muni zi ng nai ve C57/BL6 nice (4

mce per 26 oM thelR85-398 AbG J0 iy it 8RANpYECERE st i)
vaccine-elicited CDB+ T |ynphocyfe responses were assessed by /[ AL11
tetramer bifeiungtasdayshesedeserimpgnized mice which resulted in an

hardly detectable immune response. The Ad5HVR48(1)-Gag
virus also failed to circumvent the high levels of anti-

- 15 Ad>S immﬁnity, suggesting that pre-existing immunity is at
least not limited to HVR1 alone. Importantly, the
immunogenicity.of the AdS5HVR48 (1-7)-Gag virus was not
influenced by the Ad5-induced pre-existing immunity,
indicating that by mutating the 7 hexon HVR’s (as

20 identified herein) of Ad5 and replacing them with the
corresponding HVR’s of a rare serotype (exemplified by
Ad48) results in a vector that is not hampered by pre-—
existing immunity against the wild type protein. Similar
results were obtained in experiments wherein mice were

25 primed twice with an empty Ad5 vector, representing a
situation with high levels of pre-existing immunity
(figure 21). This experiment was done with 4 C57/BL6 mice
per group. Groups of mice were pre-immunized with two
injections of 10'° vp Ad5-empty to induce anti-Ad5

30 immunity. Mice that were pre-immunized with AdS5-empty had
Ad5 NAD titres of 8,192 - 16,384. Mice were then primed
on day 0 intramuécularly with 10° vp Ad35-Gag and then
boosted on day 28 with either 10° vp Ad5-Gag, 10° vp Ad35-
Gag, or 10° vp Ad5HVR48(1-7)-Gag. All injections utilized
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above for two weeks. The results are shown in figure 9. Cearly, all three
vectors resulted in conparable inmune 30 responses in these naive mce,
despite the small differences in growh rate and transgene expression.
Subsequentwg 2006H7038L6 m ce were pre-imunized with 2 popgetdososissf 1010 vp
Ad5-empty, respectively 8 and 4 weeks prior to i munization with the
viruses of intjgr est_ >4 W0 2088/ 040330 PCT1EP2005/ 035183, %{:AdS Nab titers 8,
192-16, 383)VeH™NT T 2 ple- dRPsFTRYYS | G ¢ 4¢aCnstthiz"Ads base vector.

Then (at 8imeekSzatfic®.t Beoblr shmpPles i werHiALIigRH bhedaysegwere i muni zed
as above with 109, 108, and 107 vg of reconbi nant Ad5-Gag, 5 AdSHVR4A8(I)-Gag
and AdSHVRAB(147)21Ga@ 8 Agair n42t héd/ vk ofi te DbI/PA&ill e §SEDBYST | yphocyt e
responses uple,; asSessed by DRLALLL {StrAmEnNiiding.aseqys ps descri bed
above, for two ﬁks. 'he reggiélts aarle shownni n-epggurg 1% ELI SPOT results
mrrored thenpkeedirerreapoapssandt pdayi ded IEN-gamnpaELI8BOT tas{akat a not
shown). As expected the Ad5-.Gag.vector. encountered presexistin immunity in
t hese pr e- ' whunt Zed pr%r%é)r\r/l\}ﬁficﬁg?eglﬁ ‘feec(ij ciorllnpéaﬁa%rllgr 6??“%1‘2? ei‘iﬁ%% e i nmune
response. fdde ASRAJNIE)cggfavicdstalispsyai bedsumabliycamend the high

| evel s of anti 15 Ad5 i .nmmuni t%’ suggesting that pre-existing immunity is at
least not FRFiRERTTOSVRE aP5AsRAP BN -y AleRe AP ARG gER G y of the

- AdSHVRAB( 1t d)p &k ,Vigrds Was190bue | £ | URNGRA ;v gbhe 1 Adeai pgduced pre-existing
immunity, indicating that -by nutating the 7 hexon HVR s (as 20 identified
her ei nJ0 of ipdiscethd v dplcapiragintehmuwnization.cAdp8YBoAding HVR s of a rare’

serotype (gxgiml{fd&d b%}sstéﬂ“f}?l r?é%’%#é é[é‘ %o\é%ﬁ%ﬁ&n&hgﬁa!: Sefd hanpered by
pre- existing 1 mmunity agalns the d ype protein? Simlar  results were
obt ai ned i veexperfuertionshesesonai sertwere dyefr i‘sedotwpet. it hisan enpty Ad5
VeCtor’ regéggfﬂgé&“%ﬂgt Ad5HVR48 (1-7) thus can serve as an .
effective boosting véctor in settings where ad5 fails,
15 and in settipgs where a heterologous vectof (such as
Ad35) is used as a prime vector. Combined with the prior
studies in the presentation, we conclude overall that
vectors as represented by Ad5HVR48(1-7) are both
effective priming vectors and effective boosting vectors
20 in settings of pre-existing anti-Ad5 immunity where AdS
fails. ‘ 4 /
These rééults now enable one to use Ad5-based
vectors in prime-boost settings, while the receptor
recognition (mainly brought about by fiber and penton

25 proteins) remains unchanged.
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situation with high levels of pre-existing imunity (figure 21). This
experinment was done with 4 C57/BL6 m ce per group. Goups of mce were
pre-inmuni zed with two injections of 1010 vp Ad5-enpty to induce anti-Ad5
30 i mruni t YWO RA064Btat were pre-i muni zed wi th Ad5- enpt PCRAR2008@F183Ab titres
of 8,192 - 16,384. Mce were then primed on day O intramuscularly with 109
vp Ad35- Gag the o] d i th eit.her -Gg, 109 vp
Ad35- Gag, %@ﬁ%gﬂ?%&oﬁéﬁi%), %ﬁ‘?ﬂ%ﬂﬁ%&q}%#ﬁ%&?ﬁ ?ggd 55 WO

2006/ 040330h&Tr BR2G5/0551 88maa wdbnoei ois&d) Agl2 (Heeoadiogston the x-axi s
indicate ignunizations. Bl oad_.s | es oht ai ned at days,0,_7, 14, 21,
6. 56, a2 CHgnt e piRae xp) sERRRRR, TOED.S Ak "EesRre Y R ar e

vacci ne- el i ghdi esh &84, T 29 0loypRagyte &ESPRIGES.ard AdBY (2@cokBMgamma ELI SPOT
assays_ were also perfornmed and showed con\parablle results (data not shown).
Ad5- Gag ¥ ai Fedth® Dovant &!“é@ﬁi’%éBPi/- difee t BVR t9ff igyidiepiss ot ngdanef - AdS

mmuni ty. Argo A3 a0 diaihedo)t 8oPPOSLon®TSSHTER) Y Myt 0 the anti- Ad35
immunity 10 1 nduced by the primng innmunization. AJSHVR48(1-7) effectively
boost ed t heCrawporddéiksgendefinagiohat baswd owddtcorduseaienseas sone sort
of novel “sgrotype'. Lt js ongl . f hat_ AdSHVR48( 1- 7 hus can serve as
an effecti vgog%oés)}%?tngthveés’c gﬁ‘ﬁgggg??ﬁ%%g er eaHXLd§%%§]igle)§i, E)yl and in
settings whpseiaidetiar ahdgottablectae {sSuche asosAdRb)ofi $hesediasaa prine

- vector. Combined with the priaqr tudies in the presentation, we concl ude
over al | ¢ hateth et s %lfﬁlﬁr égeﬁf‘@dp"% 0 HRAARS 1= 7()20(13),055 both effective

primng vechersnanthef f@siRive 1890sBiNgevecf Ors 20 in settings of
pre-existing anti-Ad5 inmunity where Ad5 fails. These results now enable
one to use Ad5-based vectors in prinme-boost settings, while the receptor

Crawford Rux Rux Rux Present
-Miksza (2000) (2003) {(2003) invention
(1996)

Ad2 Ad5 Master -|Ad5 Ad5

[HVR1 137-188 138-182 146-181 139-167  [136-165
[HVR2 194-204 188-194 199-221 184-198  [188-194
[HVR3 222-229 212-219 264-270 none  |212-220
[HVR4 258-271 |248-261 [288-293 2654-258 . |248-258
[HVR5 278-294 268-283 307-330 272-280 |268-281

[HVR6  [316-327  [305-316 358-366 308 305-310
[HVR7  W33465  |422-450 482-489 420-422  |418-451
[HVRs 503-513 435-440

[HVR9 ‘ 518-522  |445-446
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recognition (mainly brought about by fiber and penton 25 proteins)
unchanged.. 56 WD 2006/ 040330 PCT/ EP2005/ 055183 Table 1I.
region definitions within the
(accor di ngve 2006/6a0388f or d- M ksza and Schnurr,

Bur nett,

|nvent|on)
T
exactly tod

2000) ;

The

khl

Rux et

R definitions of Ad5 of
‘awf ord- M ksza definitions based on the Ad2 sequence.

1996),
al .

remai ns

Hyper-vari abl e
hexon protein of human adenoviruses Ad2
Ad5 PEDEPRGE/0361880 RuX
2003) and Ad5 (according 5 to the present

Rux and Burnett (2000) correspond

and

Not e

that thesdadgVR dpididaht [$genad € I T changed by 1 posrtron 1n thys table due
to the ab$RRGE Ofsslibe d&kﬂAﬁﬂ&%ﬁgﬂjﬁ‘dﬂ%D%ﬁE‘&ﬁg@&@' due T E AT N3 ¢nd Burnett
(2000) d VR t S04 ) Orawrord R ECﬁWNO’? x1Present
M ksza (2 ) ( 4'%01('#15’51%' nventTon (1996) d2—AdS i‘$ A BN T 51d5 HVR
137- 188 138 182146~ 181 +36=165—HVR2 194264 199- 221
REO 2 [348355 O by VRGO, , soo 200 - Hvie L9F— 204 1RO kg
184' 198 1 L J T 1 te) fad K L J VU TV IRAYA N A o L] B I‘ 258' 271
248- 261 248353 [2AESh S BTIEAAGNGONIT\ ne 520 504 269 093 Q§'§§L 212- 280
268- 281 310340, JWECN15 358356 308 305-310 HVRASARDNREE 400450
482- 489 4HYRA22 4ifdsig GGVNT/E%TWKQK'EGQENEWEKMEFSWN@ 51 gSE@BNDRS A6 - 57 WO
2006/ 0403¥8M4PCT/IEP2005/ 055183 Table I1. d5 Position Sequence HYR1 136- 165
DEAATALEI [IHLVEEEDD[JGIE@EV : BDAKGA D NO 17 HVR2 188-[SEAUDWEEDTIPK SEQ | D
NO 18 ‘JHvR2 _ |173-185 |IDATKEEDNGKEI SEQ ID NO:25
HVR3  [203-210  |QDSDNYYG SEQ ID NO:26
HVR4  [238-251 |AKFKTPEKEGEEPK SEQ ID NO:27
HVRS  [261-277 |DIPSTGTGGNGTNVNFK SEQ ID NO:28
HVR6 - [301-306 |GKEDAS SEQ ID NO:29
HVR7  [414-446 |DGAGTNAVYQGVKVKTTNNTEWEKDTAVSEHNQ [sEQ 1D NO:30
Ad35
" |HvR1  [136-160  [IAKGVPTAAAAGNGEEEHETEEKTA SEQ ID NO:31
HvR2  [164-175  [LEISAENESKPI ‘ SEQ ID NO:32
HVR3  [193-203 [TDLDGKTEEYG SEQ ID NO:33
HVR4  [231-243  |AKPKNSEPSSEKI SEQ ID NO:34
HvRs  [253-262 |DNSSQRTNFS SEQ ID NO:35
HVR6  [286-291 |GTEDTS SEQ ID NO:36
HVR7  [399-431  [DGIGVPTTSYKSIVPNGEDNNNWKEPEVNGTSE SEQ ID NO:37
Ad11
HVR1 . [136-157 |IAEGVKNTTGEEHVTEEETNTT SEQ ID NO:38
HVR2 - [181-191 |LEVSDEESKPI " |sEQ ID NO:39
HVR3 - [209-219 [TDLDGKTEKYG SEQ ID NO:40
HVR4  [247-259 |AKQKTTEQPNQKV SEQ ID NO:41
HVRS  [269-278 |DAASQKTNLS SEQ ID NO:42
"|HvrRe  [302-307 [GTEDTS SEQ ID NO:43
|HvR7 __ 415-447  |DGIGVPTTSYKSIVPNGDNAPNWKEPEVNGTSE SEQ ID NO:44
Ad26 ; _‘ '
HVR1  [146-163 |ETKEKQGTTGGVQQEKDV SEQ ID NO:45
HVR2  [186-197 [TDETAENGKKDI SEQ ID NO:46
HVR3  [215-222 |QENEAFYG SEQ ID NO:47
HVR4  [250-262 |AKFKPVNEGEQPK SEQ ID NO:48
HVRs  [272-288  |DVPGGSPPAGGSGEEYK SEQ ID NO:49
HVR6  [312-317 |GTSDNS SEQ ID NO:50
HVR7  [425-461 |NGTGTNSTYQGVKITNGNDGAEESEWEKDDAISRQNQ [SEQ ID NO:51
pan9
HVR1  [136-147 [TYKADGETATEK SEQ ID NO:52
HVvR2 _ [170-177 - [TDTDDQPI SEQ ID NO:53
HVR3  [195-205 |HDITGTDEKYG |SEQ ID NO:54
HVR4 233243 |ANVKTGTGTTK SEQ ID NO:55
HVRS  [253-263 [DNRSAAAAGLA SEQ ID NO:56
[HVRe _ [287-292 |GTDDSS SEQ ID NO:57
HVR7 = - ]400-432 |DAVGRTDTYQGIKANGTDQTTWTKDDSVNDANE SEQ ID NO:58
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HVR3 212-220 YETEI NHAA SEQ I D NO 19 HVR4 248-258 G LVKQONGKL SEQ I D NG 20
HVRS5 268-281 STTEATAGNGDNLT SEQ I D NO 21 HVR6 305-310 TIKEGN SEQ I D NO 22
HVR7 418-451 GGVI NTETLTKVKPKTGQENGWNEKDATEFSDKNE SEQ | D NO 23 d48 HVR1

136- 150 EEMKNGBBBDRBIOVY SEQ | D NO 24 HVR2 173-185 | DATREEENGKAISSBEQ | D

NO 25 HVR3 203-210 QDSDNYYG SEQ I D NGO 26 HVR4 238-251 KFKTPEKEGEEPK SEQ | D
GTNVNFK SEQ | D NGO 28 HVR6 301- 306 GKEDAS SEQ

D NG 20 PRT a1k 48"

VYQGVKVKTTNNTEVWEKDTAVSEHNQ SEQ | D NO 30 d35
HVR1 136-160 | AKGVPTAAAAGNGEEEHETEEKTA SEQ I D NO 31 HVR2 164-175

LElI SAENESK : (R4 231-243
AKPKNSEPSSPB4 SE(Pasitiony Seguengg/ps 253 262 DNSSQRTNES SEQ 1D NG 35 HVR6
286-291 GT 61169 Z \KEPEVNGT SE
SEQ | D NO #¥R2d11 : 8 HVR2
181-191 L ESKHBRR-2SFQTPIAKTERS HVR3 - 209-219 DLD&XK D NG 40
HVR4 247- 2 BREOKT THEORMOKMKBEREDDEING 41  HVRS 269- 278 DAASEXIPMICS2SHQ | D NO 42
HVR6 302- 3(HVRETENFS28EQDLRBANOEUG  HVR7 415- 447 SEQ ID NO:63

DG GVPTTSYKERYPNGRAPNWETBEASNGT SE SEQ 1D NO. 44 d26 HVRBEQ BNGiG3

NO 46 HVR3

1 48

ETKEKQGT TGvREEKIMo250 |DBvBkRTHBYKERANE DASIWTAIBP 1SS AENGKKIBEQ B d5D

215-222 QENGAYG[SEQ TD NGO 47 HVRA Z50- 262 FRPVNEGEQPK SEQ TD
HVR1 136-147  [DAKENNGQGEAK SEQ ID NO:66

~ |HvR2 170-183 |IDENKEEDEEGREI SEQ ID NO:67

HVR3 201-208 [QNTENFYG SEQ ID NO:68
HVR4 236-248 |AVFKTGENGKPTE . SEQ ID NO:69
HVR5 258-270 [DLRQNDTGGNNNQ SEQ ID NO:70
HVR6 294-299 |GTSDDS SEQ ID NO:71
HVR7 407-442  [DGSGSSTAYQGVEPDTTVAGTNDKWKVNAKVAQHNQ [SEQ IDNO:72
Ad50
HVR1 136-150  |LNKGDEEDGEDDQQA SEQ ID NO:73
HVR2 174-185 |LEVPSEGGPKPI SEQ ID NO:74
HVR3 203-213  [TDTDGTDEKYG SEQ ID NO:75
HVR4  [p41-251 |AKVKKEEEGKV SEQ ID NO:76
HVR5 261-270 [DLRSQMTGLK SEQ ID NO:77
HVR6 294-299 |GASDAS SEQID NO:78
HVR7 407-439  |DGVGPRIDSYKGIETNGDETTTWKDLEPKGISE SEQ ID NO:79
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HVRS 272-288 DVPGGSPPAGGSCEEYK SEQ I D NO 49 HVR6 312-317 GISDNS SEQ I D
NO 50 HVR7 425-461 NGTGINSTYQGVKI TNGNDGAEESEWEKDDAI SRONQ SEQ I D NO 51 an9
HVRI 136-147 TYKADGETATEK SEQ I D NO 52 HVR2 170-177 TDTDDQPI SEQ I D NO 53

HVR3 195- 20§ 2¢d0040630DEKYG SEQ-1 D NO 54 = HVR4 233- 243 ANWET/EP108F465853Q | D NO 55
HVRS 253-263 DNRSAAAAGLA SEQ I D NO 56 HVR6 287-292 GIDDSS SEQ | D NO 57

HVR?7 00- 432 D VGRTDTYEG Kg éD,DSVNDANEI %Eg ID NO;:58 58 WD
2006/ 0403302/ BR2005F05 i@@rlﬁraﬁ? LIS GEG U842 B YHIH Sequence
"HVRI 136- 160t KQEES TGk YEDENTDRCEFAKIU SEQeR NG 591 n EMRZ: AB4-HO4
LEVSTEGPKPI SEQ ID NO. 60 HVR3 212-222 TDLDGKTEEYG SEQ I D NO. 61 HVR4

250- 263 AKIEKEDIDGRMNONSED Ehe NG BferenRs 1zrentg2whEREORSELK SEQ | D NO. 63
HVR6 306- 3%% DAS -SEQ I D NO 64 HVR7 419- 450

DGVGPRTDSY! GDQSTWINVDPTGSSE SEQ | D NO 65 AM HVRI 136- 147 DAKENNGQGEAK
SEQ ID®NC 66 HVR2 170- 183 | DENKEEDEEGREI SEQ | D NOW HVR3 201-208 QNTENFYG

SEQ | D NO % 22 249 '\vl_ TCENGKRTFE-S D. 69 ENRES—258-270

DLRQNDT GG EReCt *’mm.f.@aﬁm E@ﬁ:re‘ To FEONG ZA— VT 407- 442
DGSCSSTAYGraYERy ss(%é‘v DASAGRE BEE o (o35 150
KCOEEDG a2l B 1 174fomhn£%§mmng BB o 72 1R

203-213 TDhReF ﬁeﬁﬁ&lddﬂghﬁ% péhton adenovirus serotypes 1-51, chimpanzee-,
protein) bovine- and canine adenoviruses)
Hexon HVR(n) Y Wherein Y is selected from the group
consisting of human adenovirus
serotypes 11, 24, 26, 34, 35, 48, 49 and
50, and wherein n=0-7, provided that if

XY, n=1-7.
Fiber delta knob F, compnsmg tail T and Wherein F is selected from the group
shaft S consisting of serotypes 1-51, chimp, ...

provided that if F£X, at least the part of T
of F that interacts with penton is X

Knob K Wherein K is selected from the group
consisting of adenovirus serotypes that
primarily use the CAR receptor on a cell
for infection (human adenovirus serotypes
fromsubgroup A, C, D, E and F) andK
may be X or different. ,
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HVR4 241-251 AKVKKEEEGKV SEQ ID NO 76 HVR5 261-270 DLRSQMIGLK SEQ | DNO 77
HVR6 294-299 GASDAS SEQ ID NO 78 HVR7 407-439
DGVGPRI DSYKG ETNGDETTTWKDLEPKG SE SEQ ID NO 79 59 WD 2006/ 040330

PCT/ EP2005M@bHa@@10330abl e 111 .
vector according to the present

the differ

t elelq;ents within said

i nvention,
vect or.

identif

The chineric replication-Bel/BRODS/@SBAdenoVi r us
i ncl udi ng the
5 Part of the chineric

ication of

adenovi rus 7% vector Characterising feature Backbone serotype X Wierein Xis

selected f
of the ade
for human

pent on ade
adenovi rus
consi sting
50, and wh
conpri si ng
consi sting
part of T

fromthe gyt d
CAR recept ¢HVREN 3

subgr oup AlHvE3 D,

28" t hepgdiiahlP| sehdiensdrent s of the vector not conpl enented consisting
HORh USB7-1690 P[EnRRPEIRLEERYDINEDEASEcABoER! | and - elseq iNd¥3 flhe fiber
HVES TTETHs 16 MEE@A0_numan — and hexon pr ot el Miged pRldEd Mg t he _
IRRET U5, 38Ot ERES =51, i mpanzee=, Proter Nk A% and cani ne
HR/ 4*II:IE é‘ﬁ'ﬂ-zgézﬁkﬂbNéK V\IIEI bl I Y 'S bEI E(.,L EU I I ULI éélbr'\wé,l.l[.
>||u| _zgtc é’A'IJA ﬁ & ot YyPeS 15 Lj 267 O E TE)‘N : 2(3, kﬁgbagd
FYR’F ;@Jﬁ 3\.Lf11“ Fis seleeted fromthe € 3?t S ’
W‘R7 cnr%’]ziﬁ o KTGQENGWEKDME pr avi ded 1 ha SE&'W dt | east the
A8 = tlhat in pram‘q Wlfh penton is X Knoh K Wherein Klis sel ected
tATIBG t [ENGNGAGSRANMY | 1 usser of ypes that [SERIDNG9 Y use the
176984 |IGATKEGOMGEEL | on (hunman adenovi r us|SE@IDNGAsed  from
20&-20md|DBP and K nay be X or diff erent|SE@®mNCONND
2006/04033@NR@W/EﬂﬁQ@B/QSE&GBEEH( SEQ ID NO:98
HVRS*  [262-277 |IPSTGTGGNGTNVNFK SEQ ID NO:99
HVR6*  [302-304 |KED ] SEQ ID NO:100
HVR7*  1428-440 |KTTNNTEWEKDTA SEQ ID NO:101
Ad35
HVR1*  |137-160 |AKGVPTAAAAGNGEEEHETEEKTA |SEQ ID NO:102
HVR2*  [164-174 |LEISAENESKP SEQ ID NO:103
HVR3*  [194-196 |DLD SEQ ID NO:104
HVR4*  [234-243 |KNSEPSSEKI SEQ ID NO:105
HVR5*  [254-262 |NSSQRTNFS SEQ ID NO:106
HVR6*  [287-289 [TED SEQ ID NO:107
HVR7*  [414-425 |NGEDNNNWKEPE SEQ ID NO:108
Ad11 ‘
HVR1*  [137-157 |AEGVKNTTGEEHVTEEETNTT SEQ ID NO:109
HVR2*  [181-190 |LEVSDEESKP ' SEQ ID NO:110
HVR3*  [210-212 [DLD SEQ ID NO:111
HVR4*  [250-259 |KTTEQPNQKV SEQ ID NO:112
HVR5*  [270-278 |AASQKTNLS SEQ ID NO:113
|HVR6*  |303-305 [TED SEQ ID NO:114
HVR7*  |430-441 [INGDNAPNWKEPE SEQ ID NO:115
Ad26
HVR1*  [147-163 |[TKEKQGTTGGVQQEKDV SEQ ID NO:116
HVR2*  |186-196 [TDETAENGKKD SEQ ID NO:117
HVR3* - [216-218 [ENE SEQ ID NO:118
HVR4*  [253-262 |KPVNEGEQPK SEQ ID NO:119
HVR5*  [273-288 |[VPGGSPPAGGSGEEYK SEQ ID NO:120
HVR6*  [313-315 [TSD SEQ ID NO:121
HVR7*  [439-455 |[TNGNDGAEESEWEKDDA SEQ ID NO:122
pan9
HVR1*  |137-147 |YKADGETATEK SEQ ID NO:123
HVR2*  [170-176 (TDTDDQP SEQ ID NO:124
HVR3*  [|196-198 |DIT SEQ ID NO:125
HVR4*  [236-243 |KTGTGTTK SEQ ID NO:126
HVR5*  [254-263 |NRSAAAAGLA SEQ ID NO:127
HVRe*  [288-2900 [TDD SEQ ID NO:128
HVR7*  |414-426 [NGTDQTTWTKDDS SEQ ID NO:129

61



Table IV. d5 Position Sequence HVRL* 137-165 EAATALEl NLEEEDDDNEDEVDEQAEQQK
SEQ I D NO 88 HVR2* 188-193 VEGQTP SEQ I D NO 89 HVR3* 213-215 ETE SEQ I D.
NO 90 HVR4* 252-258 KQONGKL SEQ I D NO 91 HVR5* 269-281 TTEATAGNGDNLT SEQ
ID NO 92 wiyRftoa86 308 | KE SEQ I D NO 93 HVR7* 1432- 4461/KF5e0ENSAEKDATE SEQ
ID NO. 94 d48 HVRL* 137- 150 EKKNGGGSDANQMQ SEQ I D NO 95 HVR2* 173- 184

| DATKEEDNGKE SEQ | D NO 96 HVR3* 204-206 DSD SEQ I D NO. 97 HVR4* 241-251
KTPEKEGEEPRIBED 1'D NOP$8NURPIRS* 262- 277 | PSTGTGGNGTNVNFK SEQ | D NO. 99  HVR6*
1302- 304 KED SEQ I D NO 100 HVR7* 428- 440 KTTNNTEWEKDTA SEQ I D NO: 101  kd35
HVR1* 137-160 GVPTAAAAGNGEEEHETEEKTA SEQ I D NO 102 HVR2* 164- 174

LEI SAENESHAS3SEQ [P&didion 1 0Sequddvdr3* 194- 196 DLD SEQ | D NO 104 HVR4Y 234- 243
KNSEPSSEKInEEQ | [37N6b 1{xcvTdteRIDDcR b EZEAKMISSQRTNFS SECSE®IDWS:864 HVR6*
287- 289 THWRSEQ [hd2-16 A@vsTeRMkY* 414- 425 NGEDNNNW(EPE-,§§§Qd@;NQ 108 di |
HVRL* 137-hRé ABRAENY Tl - 1 VIEEETNTT SEQ TD NO 109 HYERID nosibz 190
L EVSDEESKH TE5396% TRPresDdTRin 210- 212 DLD SEQ 1D NO [§2d 1o NoW3g] 250- 259
KTTEQPNQK\REQD A¥e3 ThAsordde” 270- 278 AASCRTNLCS SEQ RE] [NNolEs | HVR6*
303-305 T ReEQ i 0 k&R HVRT 430 44T |\|WW—\PT\EV‘\KEP?%’JM 115 d26

HVR7*  |434-444 |NGDQSTWTNVD ‘ SEQ ID NO:136

Ad49 '

HVR1*  [137-147 |AKENNGQGEAK : SEQ ID NO:137

HVR2*  [170-182 |IDENKEEDEEGRE SEQ ID NO:138

HVR3*  [202-204 [NTE . SEQ ID NO:139

HVR4*  [239-248 |KTGENGKPTE SEQ ID NO:140

HVR5*  [259-270 |LRQNDTGGNNNQ SEQ ID NO:141

HVR6*  [295-297 [TSD ' SEQ ID NO:142

HVR7*  |421-436 |[DTTVAGTNDKWKVNAK SEQ ID NO:143

Ad50 '

~[HvR1*  [137-150 |NKGDEEDGEDDQQA : SEQ ID NO:144

HVR2*  [174-184 |LEVPSEGGPKP - |SEQ ID NO:145

HVR3* |204-208 |DTD ' SEQ ID NO:146

HVR4*  [244-251 |KKEEEGKV " |SEQ ID NO:147

HVR5*  [262-270 |LRSQMTGLK SEQ ID NO:148

HVR6*  [295-297 |ASD , - SEQ ID NO:149

HVR7*  [422-433 |NGDETTTWKDLE : SEQ ID NO:150
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HVR1* 147-163 TKEKQGITGGVQREKDVY SEQ I D NO 116 HVR2* 186-196 TDETAENGKKD SEQ
ID NO 117 HVR3* 216-218 ENE SEQ I D NO 118 HVR4* 253-262 KPVNEGEQPK SEQ

| DNO 119 HVR5* 273-288 PGGSPPAGGSGEEYK SEQ | D NGO 120 HVR6* -313-315 SD SEQ
I D NO 121 woviaas04439455 TNGNDGAEESEWEKDDA SEQ | D NO122 pemBPrioniAss18337- 147
YKADGETATEK SEQ I D NO 123 HVR2* 170-176 TDTDDQP SEQ I D NO 124 HVR3*

196- 198 DIEE%E%%#Q g0'125 HVR4* 236-243 KTGIGITK SEQ I'D NO: 126 HVR5*

254- 263 NR EQ I D NG 127 HVR6* 288-290 DD SEQ I D NO 128 HVRr*

414- 426 NGIDQTTWKDDS SEQ I D NO: 129 61 WO 2006/ 040330 PCT/ EP2005/ 055183

Tabl e 1V. Continued d34 P SI Sequence HVR1* 137-160
DKC;\/TSTG.V[%@QPS%GE JF(%? OIW*C%MO%%GE%WKP - SEQID

NO 131 HVR3* aa§n8&§r@%é@3}€% NG 132c1HMRIL 263- 263 KRIERRGTNNI SEQ I D
NO 133 HVR5* 274-282 LRSQRSELK SEQ ID NO 134 HVR6* 307-309 VSD SEQ I D

NO 135 S5HVR7* 238-d4is NeDSTVENVOSSEOMUDIND- 186 Imgdeo HRIZ: 6290 147 ENNGQGEAK

SEQ 1D NO. B IaR- a8t 245 %ﬁ%&@gﬁq GO L T R g 0
LRONDTGGNNNQ SEQr| EopigndMile BHVRE12S5 2287 adSHoBEQI$ & NO ardR 5 .HVR7* -421- 436

DTTVAGTNDKMKVNéglggg%IE%gg{gﬁ&
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d50 HVR1* 137-150 NKCGDEEDGEDDQQA SEQ I D NO 144 HVR2* 174-184 LEVPSEGGPKP
SEQ I D NO: 145 HVR3* 204-206 DTD SEQ | D NO 146 HVR4* 244-251 KKEEEGKV SEQ
| D NO 147 HVR5* 262-270 LRSQUTGLK SEQ | D NO 148 HVR6* 295-297 ASD SEQ I D
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Vogels R et al. (2003) Replication-deficient human adenovirus type 35
vectors for gene transfer and 25 vaccination: efficient human cel
interaction and bypass of pre-existing adenovirus inmunity. J Virol 77:8263
Wckham TJ et al. (1993) Integrins alpha v beta 3 and alpha v beta 5
pronot e adenovirus internalization but 30 not virus attachment. Cell 73:309
Wrgall S et al. (2005) Protection against P. aeruginosa wth an adenovirus
vector containing an QprF epitope incuhaMsapsid. J Cin |Invest
115:1281-1289 65 WO 2006/ 040330 PCT/ EP2005/ 055183 Youil R et al. (2002)
Hexon gene Wit cke st¥akmefy ¥%r the generation of chineric reconbinant
adenovirus. Hum GCene Ther 13:311 66 CLAIMS What is clainmed is: 1. A batch
of reconbi nant replication-defective adenovirus based upon adenovirus
serotype 5 (Ads)i. then reeachi naof redaedtinant defsgiliivetddendetfecsive
conprising a_ chinmeric_hexqgn protein, wherein in the chineric_hexon protein

hyper var i abf@eRVGireF s@&ﬁ@ﬁceEPﬁWRla@%P?¥H?PSof3R6§tﬁﬁ9e BeetPrd? bp] o Wi th

those of Add8. Q0 PanGeph AchPEod Old QMG MABRGE, LIS HYEhpSaduRNCE, Of Ads
(SEQ I D hKIl73 has been replaced by a sequence selected fromthe "group

consi sting cfiif®EQd DexN@Sp2étand, Shetdinn HVRXIzeqiemee iof héden (SEQ ¢ NO 18)

has been replaced by.a sequence selected fromthe group consj sti of SEQ
D NOB: 25 BARPETiAhd e FRS SRqRBLEATS ANDY S0 TH NP A 9 hale e dieFhpl aced

by a sequencg, BRIRLCT o I @RbERE AT OMPa £0B81 e NGaRd, SEQ Idhe following

manner:

the HVR1 sequence of Ad5 (SEQ ID NO:17) has been replaced
by a sequence selected from the group consisting of SEQ ID
NOS:24 and 52,

the HVR2 sequence of Ad5 (SEQ ID NO:18) has been replaced
by a sequence selected from the group consisting of SEQ ID
NOS:25 and 53,

the HVR3 sequence of Ad5 (SEQ ID NO:19) has been replaced
by a sequence selected from the group consisting of SEQ ID
NOS:26 and 54,

the HVR4 sequence of Ad5 (SEQ ID NO:20) has been replaced
by a sequence selected from the group consisting of SEQ ID
NOS:27 and 55,

the HVR5 sequence of Ad5 (SEQ ID NO:21) has been replaced
by a sequence selected from the group consisting of SEQ 1ID
NOS:28 and 56,

the HVR6 sequence of Ad5 (SEQ ID NO:22) has been replaced
by a sequence selected from the group consisting of SEQ 1ID
NOS:29 and 57, and

the HVR7 sequence of AdS5 (SEQ ID NO:23) has been replaced
by a sequence selected from the group consisting of SEQ 1ID

NOS:30 and 58, and
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NCS: 26 and 54, the HVR4 sequence of Ads (SEQ I D NO 20) has been replaced by
a sequence selected fromthe group consisting of SEQ ID NGOS:27 and 55, the
HVRS sequence of Ads (SEQ ID NO 21) has been replaced by a sequence
selected fromthe group consisting of SEQ ID NOCS:28 and 56, the HVR6
sequence of Ads (SEQ ID NGO 22) has been replaced by a sequence sel ected

fromthe group GARSIShi REeObeGEddLd DEK2Y 2Bd BYr 8BubhCedMie samtence of
Ads (SEQ I D NG 23) has been replaced by a sequence selected fromthe group

consisting A&d5.SEQ ID NOCS: 30 and 58, and 67 wherein the sequences between
t he HVR sequences are from Ads. 2. The batch of claim1, wherein the
replication-defective adenovirus conprises a heterol ogous nucleic acid of

interest. 3. The bateaheof chatpnhl, wherei neithe replicatypargsf ectivme
adenovirus conprises an adenoviral genone having a deletion in the E
regi on. 4. R isatéhnofletdctines, admwilmushe cauendves al 2 gehdherofeaaUser has
a deletion in_.the E3.rg9 .. 5. A reconbi nant adenovirus conprising a

chineric rﬂ%&%?lgrSféﬁn,fsghgeﬁest

rein the sequence of the chinmeric hexon protein
consists of SEQ ID NGO 12. 6. The reconbi nant adenovirus of claimb5, wherein
the reconbi nant adenovirus conprises a heterol ogous nucleic acid of
interest. 7. Thé-rec@#@inanpaéggnovi?%s ofcl@ig m 51 conpVReTeH an the

adenovi r al ggﬁ avi e| eti i 0, El i 8...The Qrhi_nant
adenovirus o %%%it?ngg,g%%%sjﬁ t h%éle% elﬁljél\% ra(fg eﬁ%r%g furt he?&%gs a “del et i on
in the E3 regiome having a deletion in the El region.

4. The batch of claim 3, wherein the adenoviral genome

further has a deletion in the E3 region.

5. A recombinant adenovirus comprising a chimeric
hexon protein, wherein the sequence of the chimeric hexon

protein consists of SEQ ID NO:12.

6. The recombinant adenovirus of claim 5, wherein the
recombinant adenovirus comprises a heterologous nucleic acid

of interest.

7. The recombinant adenovirus of claim 5, comprising

an adenoviral genome having a deletion in the El1 region.

8. The recombinant adenovirus of claim 7, wherein the

adenoviral genome further has a deletion in the E3 region.
9. A  batch of recombinant replication-defective

adenovirus based upon advenovirus serotype 5 (Ad5), the

recombinant replication-defective adenovirus, comprising a
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9. A batch of reconbinant replication-defective adenovirus based upon
advenovirus serotype 5 (Ads), the reconbinant replication-defective
adenovirus, conprising a 68 chineric hexon protein, wherein the chineric
hexon protein hypervariable region sequences HVRL to HVR7 of Ad5 have been
replaced with those of Ad48 in the follow ng manner: the HVRL sequence of

Ads (SEQ I UNOLLT). hascheet seplaceghe i ANc 80T R AEE I SEIUBACE (st | ng
of SEQ I D NO 24, the HVR2 sequence o Ad15 (SEQ I'D NO 18) has been repl aced
by an am nayaeirdagégobaceegdmsi sequenaeis SER1I DoNGVRS, dfhédddVRBEwedeemce of
Ad5 (SEQ I D NGO 19). has been replaced L by an anmi.no, acid sequence consisting
of SEQ I D NGP2ECeHhE YR ®en L8481 TAdE ] SedlPWirg r?"tt)l}n%a's been repl aced

by an am no aci 4 p3egyRNCEe goRiS e a8 (SR 1 N¥12%7, nhBep kMRS saqikence of
Ad5 (SEQ I D NG 21) has been replaced by an am no acid sequence consisting

of SEQ | D N@ 28, atheo HMRA sequence obndus: (rSEQLI BERCIR2YO ks, been repl aced
by an ami no acid, se nce consisting .of SEQ 1D NO._29, and the HVR7 seguence
of Ad5 (SEQ ID ﬁ&ezg?gaage%eéwer &5l ééq(g%?/ Iath“gglﬁ?i EédeE%ﬁu‘é?P?eace%

consi sting 13f agEGE R N9, s ncWhesgl iRy $2qdences peixeen the HVR
sequences are from Ad5. 10. e batch of claim9, wherein the

replication- def édei Y¥RAdea@wnas cdoAphi $88Q alheéiterldl) ogsasbeemuctenlacadi d of
interest. 11. The_batch of cla

Lch, iem 9, cmher%in t heé Egph%gg%j&p- defective
adenovi rus Corfpr FEE8° M HUSTVITFEF “Genoie Wali ng el etitH in the E
region. 12. The that ghrof s&hdddBel b wWaer esig t1e Mrengvheal begenesp daeat her
has a deletion in the E3 region. 69
by an amino acid sequence consisting of SEQ ID NO:27,
the HVR5 sequence of Ad5 (SEQ ID NO:21) has been replaced
by an amino acid sequence consisting of SEQ ID NO:28,
the HVR7 sequence of Ad5 (SEQ ID NO:22) has been replaced
by an amino acid sequence consisting of SEQ ID NO:29, and
the HVR7 sequence of Ad5 (SEQ ID NO:23) has been replaced
by an amino acid sequence consisting of SEQ ID NO:30, and

wherein the sequences between the HVR sequences are from AdS5.

10. The batch of claim 9, wherein the
replication-defective adenovirus comprises a heterologous

nucleic acid of interest.
11. The batch of claim 9, wherein the
replication-defective adenovirus comprises an adenoviral

genome having a deletion in the El1 region.

12. The batch of «claim 11, wherein the adenoviral

genome further has a deletion in the E3 region.
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