WD 2006/ 040330 PCT/ EP2005/ 055153 TI TLE Inproved adenoviral vectors and uses
thereof FIELD OF THE INVENTION 5 The invention relates to the field of
medicine, nore in particular to the field of therapeutic and  prophylactic-
“treat ment, vhy2usiagso econbi nant chinmeric adenoviral veetComEs2s053183Si Ng a

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

| NVENTI ON  Reconbi nant adenovi ral ﬁ&ﬁéﬁ are widely applied for gene

t herapy applications and vacci nes. e, 51 different adenovirus

serotypes have beammﬁ@@@aiga@d@vﬂ¥ﬁ1]ﬁb¢nﬂxywaﬂ@-Gs@deﬂﬁékéoﬂses 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 differenp oPUWBoSARENTIONII Ng vacci nati on.
| mportantly, Ad5 vector 20 based vacci nes have been shown to elicit potent

and prdiective Thﬁnhﬂyan§§p®n§eéatﬁsatQathQﬂ%ﬁaﬁd-@ﬁim@ﬁiCﬁDaeI@Qrﬁbreover,

| ar ge- scal e; ¢l jnj.cal -tri r tlo .are_agngoi ng in which
Ad5-based r&cdibi tlcq}aIVECt5%§ EF%Y ef use RoIvA 607; WO 02/ 22080;

Shi ver 25 epréﬁhyﬁHHch lekwitheat , aby Q£Eﬁ@ ﬁﬂuomﬁ1nmmd Ehumbr12004). :
However, the ut|I|E¥ reconblnant Ad5 vect or - based ianes fﬁr HIV and
ot her patho FrROY 7L qa§P§sb€°mEFbﬁ%??c%uﬁﬁ%F%H%ﬂtﬂédnH§ Fhe AFY '

seroprevalepgevggcfﬁgiCdﬁﬁ@ghkhgngeutraI|2|ng anti bodi es (NAbs) in human 30
popul ations. The existence of anti-Ad5 inmmnity has been shown to suppress

substaniQally the i munogenicity of Ad5-based vaccines in studies in mice

~and rhesus monkeys. Earl égﬁédeﬁ§ﬂb@h%ﬁgoéﬂgtkﬁi5ﬁj trials show that this

probl em may al so occur in hunans hi'ver
Recombinant adenoviral vectors are w1dely applied

for gene therapy appllcatlons and vaccines. To date, 51
different adenovirus serotypes have been identified. The

15 subgroup C adenovikuses have been most extensively
studied for applications such as gene therapy} especially

‘ serotype 2 and 5 (Ad2 and Ad5) are widely used in the
art. Recombinant Ad5 is used in a variety of different
purpdses, including vaccination. Importantly, Ad5 vedtor;

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).

- HQwevéf, the utility of recombinant Ad5 vector-based
vaccines for HIV and other pathogens will likely be
signifidantly limited by the-high seroprevalence of Ad5-
specific neutralizing antibodies (NAbs) in human '

30 populations. The existence of anti—AdS immunity has been
shown to suppress substantially the immunogenicity of
Ad54based vacéines in studies in’mice and rhesﬁs monkeys.
Early data from phase-1 clinical.trials.show that this

problem may élso occur in humans (Shiver 2004).



WD 2006/ 040330 PCT/ EP2005/ 055183 One promi sing strategy to ci rcurrvént t he
exi stence of pre-existing immnity in individuals previously infected with
t he nost common human adenovi ruses (such as Ad5), involves the devel opnent

of reconbiyi@ijosHfeiors 5 from adenovirus-serotypes thapcfigpinedoszgounter
such pre- existing imunities. Human adenoviral vectors that were

identified to be particularly useful are based on serotypes 11, 26, 34, 35,
48, 49, and 50 U¥ RISTIRRA PRIEVEIOIY COTEITHENH2F 286851 HRMIAD 2004/ 037294

(see al so dP pagel.s #tindl imdBR3)y & heldiNavg15ogrdyibati1 @l so  adenovirus 24
(Ad24) is of particular interest"as it is shown to be a rare serotype (WO

2004/ 083418)feqtegl miiltdr ther moeyycommdyadehasn adraouseusés sistietn asadenovi ruses

since thes o typically.not .infect humans. 15 They. exhibit a | ow ,
seropr evar Sh0y RiIReR 1% nell Pt SR bt A Y SSBY For human use

since g wesors highoviak tbBeseypés uses: elundti Bhestinbemaguselgred n vitro (WO
03/000283; WO 2004/037189). It _was shown that adenovirus serotype 35 (Ad35)
20 vect or - sHd- AgadsHeL te Bt d HempRi edpReehtat 8lqalofs thAtnESTfesponses t hat

- were not sj@nidicant ky SUPpEessesh by PHderAdS rbBYBLE Yok Bar ouch et alt
2004; Vogels et al. 2003).." Siml arqlr%(, chi npanzee adenoviruses have been
shown to 5iPrashine2fespdnsds, t4fat 4fer @ngi APmak| yaafsketredby 25

anti - AdS ii,%‘ﬂb"q' Rar i.pa ] B 3 t vvasreéently
denonstrated t /tg%boﬁeldt ?qgl Pg?%géG%mz‘oﬂp%gqgagrs&b%@%g?bgn&g%%e%l | ynphocyt e
respontes bagdils eaantdi.bade3i o atlierAdmvienfonntly thaheakss Ad5-specific NAbs

appear to play the pri role (Sumdag.et .al. .30 2004). Al though- this ‘
devel o(pman%)é e s 123”35&54&}@ o%f@r&llcéfﬂﬁfcoéeg?r???m%% Ht s¢ denonst rat ed
in mce theHowrAdb beeat earbaseebvasci (wes 2pnayedskess. i mmunogeni c than AdS

vector-based vaccines in studies I n which there was no pre-existing
Ad5-innunity,(@hﬁﬁﬁ@ﬁaétséFat?@b4$$ 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 for human use since it was shown
that these viruses could infect human célls in vitro (WO

- 03/000283; WO 2004/037189) .
It was shown that adenovirus serotype 35 (Ad35)

20 vector-based vaccines could elicit potent cellular immune

reéponses that were not significantly suppreSSed by anti-
- Ad5 immunity (Barouchvet al..2004; Vogels et'al; 2003).

Similarly, chimpanzee adenoviruses have been shown to

elicit immune responses that were minimally affected by

25 anti-Ad5 immunity (Farina et al. 2001; Pinto et al.
2003); It was recently demonstrated that neutralizing
antibodies (NAbs) and CD8* T lymphocyte respdnses both
contribute to anti-Ad5 immunity, whereas Ad5-specific

" NAbs appear to play the primary‘role“(Sumida et al.-

30 2004). Although this development 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 vaccines in studies in which there was

no pre-existing Ad5—immﬁnityy(Bar6uch et al. 2004).



2 WD 2006/ 040330 PCTI EP2005/ 055183 dearly, there is a need in the field
for alternative adenoviral vectors that do not encounter pre- existing
immunities in the host, but that are still i mrunogenic and capabl e of

i nduci ng sw@ome/4iBaone 5 responses agai nst the protei nsprem@Epeiwsioisysst he
het er ol ogous nucleic acids inserted in the nucleic acid carried by the
.vector. BRIEF DFE%CRI RPTI ON, OF _THE DMW&:% thl Flf%%gg %O(CA) shows the

per cent age of sef oeparrel\YéI ettli(e:]efeois AdE;© and in“sanples fromthe

United Stat&bterrddaiiiie, aBehswanal vatbdes artthtSeldt hohf eheaiin( 8y shews t he

neutralizing antibody titer against AdS, Adll and Ad35 in,_the sanples from
the US and $Hode 1% JRAPLLES i’EPgE]F%AiR?ti'S \Eglatthé‘rﬁeﬁﬁéii‘zi ng anti body

titer agai NshmAlRyeniAdsh35capdsi 35985 nAdBEIP ANGnAd35miAt hese sanpl es.
Figure 2 (A) shows the nuclelc acid sequence encoding the Ad35k5 fiber
pr ot ei n { SEGIMPINGS] adehiaspakhcehtott s tecaipdady thger knob is '

under | i ned); 1.Nn i d. t 30k L ber protein
(SEQ I D m}é?{%oel%\g%t Bilgérggée%f?% %%SZ&A%? %ﬁ"bceyrhekngﬁi\?géugﬁie‘il ined); (O
shows t he neeteied agi dheegqueenoe.encodi ng the Ad35f5 fiber protein (SEQ ID
NO 4; the part encoding the remaining 25 Ad35 fiber fragnent is underlined,
while the BsiW cloning site is represented in small caps); (D) shows the

am no aci d sequence of gierrA\d3FcrIbTheN proter EAERdPD NO 5; the part
representi nEg the remai ning Ad35 fiber fragnent is underlined); (E) shows

the nucl®i ctE&4%e 30 @éq@@ﬁ’&’é §h§oﬂ?ﬁ'§erﬂ~¢'@%d2§ﬁ_5I@Goﬁrﬁﬁﬁ_lﬁff‘-@?e?lﬁ (SEQID . -
NO: 80; the pas{ NGOdn0alins Ad20afbpet fngb dre. viiden! biedds (F) shows the
am no acid sequence of the Ad35k26 fiber protein (SEQ ID NO 81; the part
representindpitie AiRGweinlker Zkmbbai sndnderth MeicaFG(B3 shows the
neutralizing antibody titer against AdS, Adll‘and Ad35 in .
the samples from the US and those from Africa. Figure 1C
15 shows the neutralizing antibody titer against AdS5,

Ad5£35, AdS5£35p35, Ad35f5 and Ad35 in these samples.

Figure 2>(A) shows the nucleie acid sequence eneoding 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 protein (SEQ ID NO:2; the
part representing the Ad5 fiber knob is underlined); (C)
shows the nucleic acid sequence encoding the Ad35£f5 fiber
protein (SEQ ID NO:4; the part encoding the remaining

25 Ad35 fiber fnagment is undeflined, while the BsiWI
cloning_site is represented in‘smail caps); (D) shows the
‘amino acid sequence of the Ad35f5 fiber protein (SEQ ID
NO;5;'the part representing 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:81; the part o
‘representing the Ad26 fiber knob is underlined); (G)



WO 2006/ 040330 PCT/ EP2005/ 055183 shows, t he nucl ei c- aci d sequence encoding
the Ad35k49 fiber protein (SEQ ID NG 82; the part encoding the Ad49 fi ber
knob is underlined); (H shows the amno acid sequence of the Ad35k49 fi ber.

protein ( $6rdobod¥63083; the 5 part representing the Ad4Bciiebmoséssmy is .
underlined).  Figure 3 shows the T cell response induced towards SIV gag

upon injection of naive mce with Ad5, Ad35fi 5. BSU, 5 BSU and Ad35
vectors cattMhdth@rei91§agces cHAtg oo Gererf E}Eﬁﬁp%té;sjglbz};to m ce injected

with enpt yrmect YrotciNdIseapty Rk Ad3InhELeMRlrY) endblidgaxhs xepd cts SFC 106
spl enocytes. Figure 4 shows the i munogenicity of Ad5, Ad35k5, and 15 Ad35
vect ors exptesikipbsiy gagerhimedvie {Hicshanist kheogmype g@ydand 108 vp (B),
or with preg-i ' ' W { [ i 0y 1 ©ns 1010 vp
A5 Empt ) SO b B Bo s s ts, (Fhe FRARBLEN, Al tlors. i
al | casespaffagempesichitd ngDBhe TAd4Mphideyt dnobspensedenkeime®0. assessed by
Db/ AL11 tetraner binding assays at nultiple tinme points follow ng

i mmuni zation.. Figure 5 shows the anti-vector inmunity elicited by Ad35k5

vectors inrigige A Aholai ¥BeCP7¢8LE risipd MRduabd 25wae@k drwith 109 vp
Ad35k5- Gag and boosted at week 4 with 109 vp Ad5- Gadg@or Ad35- Gag. -(B) Serum
A

sanpl es fré&f MRA® ingdestien of tPRH0D Miseaddtiagds k5L iy, BB Ad35- Ga
np ° R4S g

assessed i d ugLke 5 Vi US e i i On assays. 30’ﬁ
D At i SR v L W -

“expr es¥] ngyddiev/-ih Eowpamigpoeto Nalae Baldwted mitk empeyivatinzed with-108 vp

Ad5- Env, Aﬂ%{%%— Env, _or Ag§5 Env.. (@ Env- sp%cidfei €. gljé# roeiAmmne

responses 5% 613620%@ P%ﬁ*?‘iéﬁzn g5783° a58eSse pool ed pepti de

and-M 10 epplapeypept.i de- . : ' \
Figure 4 shows the‘immunogenicity of AdS5, Ad35k5, and

15 Ad35 vectors expressing SIV Gag in naive mice, withilo9 vp
() and 108 Vp (B), or with pre-immunization with one (C)
or two (D) injections of 10'° wvp AdSQEmpty prior to
immunization with 10® vp of the respeCtiveIVectors.'In all
cases, Gag-specific CD8+ T lymphocyte responses were

20 assessed by D°/ALl1l tetramer binding assays at multiple

time points following immunization.

Figure 5 shows the anti-vector immunity elicited by A
| Ad35k5 vectbrs in mice.'(A)'NaivevCSi/BL6 mice primed at
25 weeij(with'lO9 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 shdws the immunogenicity of Ad5, Ad35kS5, and'\
Ad35 vectors expressing HIV-1 Env in mice. Naive Balb/C'
mice were immunized with 108 vp AdS—Env, Ad35k5-Env, or

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



specific IFN-y ELI SPOT assays. (B) Env-specific hunoral inmune responses
assessed by ELISA. 5 Figure 7 shows ‘the i nmunogenicity of Ads, Ad35k5, and
Ad35 vectors in rhesus nonkeys primed at, week O with 1011 vp AdS- Gag

(A B), Ad35v@Eam6/04031) , and Ad35k5-Gag (E F). At week 1PCraboosresskssys
recei ved a honol ogous boost inmunization. Env- and Gag-specific cellular

i mmune 10 responses.were assessed. 0ol ept.ide I EN-y.ELI SPOT assays at
mul tiple ti%soepsosleﬁis?yf 8P|°g 8nﬁei)€7%9%i£z)%ci)il\§lgmo ,l&,og)e. p@gié (gr -specific NAb
titers weresgssiesised My vAESISR0T AdSbyyi (D ment-spkicz &t conuassays (B, D, F).
15 Figure 8, shows the CD4' and CD8' T | hocyte responses in nonkeys in

t he study d@@ﬂ%é@sipﬁnﬁﬁéuﬁés??s%o}?%oﬁ tide | FN-y ELI SPOT assays were

performed using CD8- depleted and CD4-depl eted PBMC s from nonkeys at week
16 follow ng i munization. Mnkeys received 1011 V%Aﬁ Ad5 20 Gag, (B)
Ad35- Gacp, ofiquEe Ad35RysGalcalmerRION et vk AdP2. gPe 8ndhows t he

i nmmunogeni ¢} 5- y A 4 - d 48( 1+ tors in
nai ve m ce%(%% Slfeec%%\%s%g( }i?eiggvi‘?%ﬂ‘%‘ﬁ %%%ér%\%,a%o?’g’f\é% 61%'1zillpi/6)jﬁGag specific
CD8' T | ynphodde-Gaespansdes ndBB-assesday) byunddBbkb-teyr aFeF) bi ndi ng
assays at nul tiple tinme_point follow ng,i ni zation. 30 Figure 10 shows
The 1 mmunoghni 195, 16 AJG. BB RSYAGERRFINL ) GRToIRaORASPRRAB( 1. 7) vectors in
mce receiMimehiAtibd ¥hv-( Bhd108gVdre I fi(CeclQul¥R; iRfitnei Muni-zed with
two injections of 1010 vp Ad5- Errpt})léy8 and 4 weeks prior to inmmunization. 5
WO 2006104033 POHEP2E65£655388d Y greeled raphisier RENaNi RBIaRPEH sequence

(SEQ 1D NOL2), af o4t 14451 haserle NeX 0N Ot eidl: il thnl€,50EG5 POT ation of
t he seven I—I\/R%ﬁi oar t he seven co?Plgspondi ng I-(i\/ﬂikl%‘n\séid 5 %unéerﬂgned) from Ad48
(AdSHVRA8( 1¢#)].E) . Vector-specific NAb titers were assessed by AdS

and Ad35 virus neutralization aséays (B,D,F).

15 ~ Figure 8 shows the CD4" and CD8* T lymphocyte responses in
Amonkeys in the study described in Figure 7. Pooled.
peptide IFN-y ELISPOT assays were performed using Ch8-
depleted and CD4-depleted PBMC’s from monkeys at week 16
following immunization. Monkeys receiﬁed 1OH‘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 (d) 10° vp, (B) 10%® vp, or (C) lO7 vp. Gag-
| specific CD8" T lymphocyte responées 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 AdSHVR48(1-7) vectors in mice
receiving (a) 10° vp, (B) 10°® vp, or (C) 10" vp, pre-
immunized with th injections of 10%° vp Ad5-Empty 8 and 4

weeks prior to immunization.



Figure 12 shows the am no acid sequence (SEQ I D NO.V: 13) of the Ad5- based
hexon protein, with the incorporation of the seven H/R s for the seven
corresponding HYR s 10 (underlined) from Ad35 (Ad5HVR35(1-7)). Figure 13

shows t he ypohrawoassd sequence (SEQ I D NO 14) of the Aderhasmgoizgson
protein, with the incorporation of the seven H/R s for the seven ’
corresponding HYR s 15 (underlined) fromAdl|l (Ad5HVR11(1-7)). Figure 14
shows the anino acid sequence (SEQ ID NO 15) of the Ad5-based hexon

protein, wridtder i nGRRROLALI BRiRE adNe sNRMEVRsEO! b fiber Seven
correspondl ng HVR' s 20 (underlined) from Ad26 (A 5HVR26(1 7)). Figure 15

shows t he Wn@%&@%@@éﬁéeptme W@M&)heoflncpﬁéoml*él@as@ﬂ hexon

protein, I he seven |
cor respondl ng {%}%A % % I ned?v% t om e%g) Ir_’%eli\)'ﬁgv|h?%s£(Ad5HVRPan9( 1-7)).
Figure 56 g$odertired) ntflrameAHmBal(A@ﬁg\imaaawmg .in a  background setting (no

infection, graph | & 2 Ab) and after infection with Ad35k5 (two batches:
#4, #5), with 30 Ad35k26 (two batches: #3 twice, # 28) and with Ad35k49

(three batef@sie #b stows#8he Ehids €adia shoyenlhe (8RHNEDagd i sewrence of the
hexon protein in AdSHVRA8(1-7)* (SEQ ID NO 84) in which the 6 WO :

2006/ 040330 PR EREFES H55283PT MR N s etjifenddcad ngerpPasatin bl e-1V i s

del eted, the, HVRZ uen a r t S plLaced V\/lthaQG.
| i nker and@@HVRB nH%ﬁR% gcggfdfﬁﬁg %\n&h &d;el%gh Plkigﬁbo?{}ﬁ#ébl e |V have been

repl actd bétvaen iAdsl)arfdoAdAd835 5 (MIGHNRS 51@;-7a3 -fi gure 17, now for
- AA5HVR35(1-7)* (SEQID NO85). Figure 19; as figure 17, now for
AdS5HVR26(1-7)* (SEQ ID .10 NGO 86) Figure 20; as figure 17, now for
AdSHVRA9( IFrgidrd SEQshiBws the amino acid sequence (SEQ ID NO:14) of

the Ad5-based hexon protein, with the incorporation of
the seven HVR’s for the seven corresponding HVR's

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

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 correspohding HVR’ s

20 (underlined) from Ad26 (Ad5HVR26(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 (Ad5HVRPan9(1-7)).

- Figure 16 shows therintracellulaﬁ gag-staining. in év
background setting (no infection, graph\l§'&'2°,Ab) and
after infection with Ad35k5 (two batches: #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 Seqﬁence of the hexon

protein in Ad5HVR48(1-7)* (SEQ ID NO:84) in which the



NO 87). 15 Figure 21 is a graphindicating the CD8+ T-|ynphocyte response in
m ce after a double pre-immunization with Ad5-enpty, followed by a primng
on day 0 with Ad35-Gag and a boost on day 28 with three different vectors
as indi camasl20024080MVARY OF THE | NVENTI ON Newl y devel oped/Epmosossigsant
adenoviral vectors for inproved gene delivery, vaccination, and gene

t herapy ar i sclosed hereiin_.ln.one preferred e dinent _th tor 25 is
a reconbingﬂﬁga&gﬁgﬁpfﬁsaﬁaggg;%%daﬂﬁﬁgvﬁfhé&géﬁoggggkggs %%%g%%ﬁaherein at
| east the Addmdridecrckneldihgstberabl & eplt aced-dpyaicha fibrrakpeb of a.
serotype that binds to _the Coxsackievirus and_ Adenaqvirus Receptor (CAR).
More ~ pref ek dBiSF, anr dVEar ot YPR7 i ICRr R fHihdhekAGHiptedtNtPhg 30 in a
vector ter ned, RO33KpauWheEehNrop] ¥oddardinplehagisbean angpl aced, or in a
vector ternmed Ad35f5, wherein the knob, shaft and part of the tail have
been red aced). The shaft and tail of the fiber may be of the carrying

backbone I .- €. ' reas the. in [ akbsgQ r tes. 7 WO
2006/ 04033?%350()%/50?&%@?“?2' TRy o PR KRS LTS o
the sane <s®yW@H)pe as fiber knob serotype. In Ad35f5 the part of the tai
region |left fromthe backbone serotype ensures a proper interaction with
-the remaining part of the capsid 5 for the production of stable vectors.

- The vect or spfudd@ dr asert ghh¥ent | ofow offY i HyrbIsgNapgUt iiSEpuehei ¢ acid of
interest, preferably a nucleic acid that is applicable for vaccination

pur pose¥ e84 vention rel ates to reconbi nant adenoviral 10 vectors that
encounter |ow pre-existing inmmunity in nost of the human popul ation, while

still being able to induce ‘a strong inmune response against the antigen
encoded by Bigure 20; as figure 17, now for Ad5HVR49(1-7)* (SEQ ID
' NO:87) . ' ‘

16 Figure 21 is a graph indicating the CD8+ T-lymphocyte
fesponse in mice after a double 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, vaccination, 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 haé been
replaced by the fiber knob of a serotype that binds to
the Coxsackievirus and Adenovirus Receptor (CAR).‘More

’, preferably, this serotype is‘an Ad5 fiberjknob (resulting

30 in a vector’termed Ad35k5,'whe£ein 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 be of the cérrying backbone

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



nucl ei ¢ acid conprised by the vector. This is achieved by producing
reconbi nant vectors based on adenovirus 15 serotypes, such as Adil, Ad24,
Ad26, Ad34, Ad35, Ad48, Ad49, Ad50, or sim an adenoviruses, carrying a

chimeric w@pmkesossbhe chineric capsid conprises fiber pepipionSossizat are
partly based on fiber proteins fromhuman adenovirus serotypes different

fromthe backbone vector, ,and that in 20 a nost preferred enbodi nent bind
(t hrough tHei oI5 l&of'fﬁilﬁsl toe 1 e fcaRmedapt sr O Vel BTG er ent

adenovi rusgsrot it R efigeenkhab| ye i LCARCARsBesused $or Rypviding the
fi ber knob, such as human adenoviruses from subgroup , C, D' E and F, and

ovi ne adendw rissds relgdrnall 6t bf nem 2FheCAR ckbrake seedt ARl IVE H1LES Ser ot ypes
that are for. .their.fib donai. re_the engyi ruses from
subgr oup é,?&rd%errg l|f1)1rtée gf:rat H} ﬁ%?lfgl%ge AdS" 1?%:1 n§?ﬁgrogzﬁ%i&n¥c¥hevi rus

producesd atmoridiengrodactheni arentalole ivcorecolhenaattadenavivhes based on a
- 30 subgr ogﬁ: C adenovirus, preferabl é A%% which is de

replicati FERIECctiIVE Y CE FORRT TN TEPFYH1G PERECEF G i and wher ei n

the hexon pid@igt,i @rb'ﬁ@r?ib[?'acﬁﬂﬂéic iszid eRbEerkCapsDi@igiesuch that one
or nore of the hyper variable regions (HVR s) have been replaced by .the
HVR s 8 'fA¥F 200671040330 PETPEFP®O5/ 055183 derived froma rare adenovirus

serotype. Such 4 regﬁlv%ﬁrt%}{pﬁ 180 04, %%%%Egénlém?éeﬁ&} it of the

individuals in't uman population. Preferred serotypes that are used to
provi d® t heeddR'ss thieé Ad36uanner A8 .pretexdediall ymmtmety ecomgistant virus

o the. host™ O (PaRty PABPTEC it HEFdgedtid] PALRBSBRrs 1 CEPREED o
DESCRI PTI QN AsrdligsGunsad aboyensAdhydiased thecanbi gantevesdsd oy ar e hanpered
in their use by the existence of o . -
o 7 nucleic acid comprised by the vector. This is achieved by
, 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 proteins'that '
‘are partly based on fibéﬁ 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 récepto;. Many different adenoviruses
‘that preferentially bind CAR can be used for providing
the fiber knob, such as'human adenoviruses from subgroup
A, C, D,YE,'and ¥, and ovine adenovifuses that aiso bind
25 CAR. Preferred adenovirus serdtypes that are used for
Jtheif fiber knob domains are the human adenoviruses from
subgroup C, more preferably Ad2 and AdS5.
In anothér embodiment the wvirus produced according
to the invention is.a recoﬁbinant adénovirus based on a
30 subgroup C adenovirué, 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 chiméric protein such that one or more of the hypér

.variable regions (HVR's) have been replaced by the HVR’s



neutralizing anti bodies (NAbs) that are present in nost of the human
individuals due to a prior infection with 15 wild type virus. Al though the
different capsid proteins present in the viral coat induce antibodies in

t he host, ' wo 2dvas40Bmen denonstrated that the primary targeEroissdss specific
NAbs is the Ad5 hexon protein (Sumida et al. 2005). This led to the idea

t hat, by c-hd?m]g}j[ nﬁq:}t e_hexgn_20 @rot ein_such that i% cglul d_no | onger -be seen
by the pre- YRS ﬁoﬁAﬁs,raffﬁp? VRV R VT TR R ec £8FE €86Fd be produced .
that woul d berdeprfd Gicahoinehusanset hdbeiihelostaloreatly have NAbs agai nst
Ad5, or that were previously _immunized wth previous vacci nes based on AdS5,
or that 25 ¥Rt isated 1R theABBMRAsRPYER S iBred eprrrefBB8EYPeYacci nat i on

regi me. Howeyer.,dl LRt BRoheaONLRE ohei My Ay Reds0lhanRlago be an easy
task. Conpl ete hexon changes have generally only been possible between

adenovi riuseBrefgnatily,t bes apeondisabyroum sirmbnpesisielsed i n poorly viable 30

virus (Youi etroall . 2002; EE%I.I et '§|0f 1998; RQ%;}{- t . al, 198§). If this would

| :
be the |imtarTond3en 4UaEH8r “°haseh lo%t%ﬁ %o Eofifarn a hexon protein

. from anot hedel sthgsrdup €hadabevi Fusesropioykieric mastthefrapbasee if not  all,
are useless in the sense that those serotypes are 9 WD 2006/ 040330

PCT/ EP2005/®0%5%¥ 5 not consi dered rare. Mst individuals in the human

popul ati on have once encountered the serotypes from subgroup C. It would be
preferred to use a hexon froma serotype that should not encounter NAbs

al readyl®resent. 5 Those rar eDEBRBEEDdESHRIHII&ONom nant |y found in subgroup

B (AdIT, A3, Ad3%, ASQ) p0d D (Ad2d., 26 A48.and . B49), The Tnventors

of the present i‘Rvention have now for nme shown that by
(re-)defini ag Jpegdried par theitOusé bhethexon serthday offisi Nng a conservative.

~approach and availabl e structure and. seguence data, certain regjons
PP neutralizing antggogies (NAbsﬁ that are presen% in mogt

df the human individuals due to a prior infection with

15 wild type wvirus. Althbugh the different capsid prdteins
present in the wviral coat induce antibodies in‘the'host,
it has been demonstrated that the primary target of Ad5-
specific 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 be beneficial in humans that either
already have NAbs against Ad5, or that were previously
immunized with_previoﬁs vaccines based on Ad5, or that

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

30 wvirus (Youil et al. 2002; Gall et al. 1998; Roy et al.
1998) . If this would be the limitation then a vector
based oh 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



could be identified and coul d be swapped resulting in

produci bl e

reconmbi nant viruses that are viable and could be produced to high enough
titres. The preferred 15 serotypes that are used to provide their hexon

protein, waadobesosR evant parts thereof, are Adll, Ad

26 T/ABRBs/055R834, Ad35,

Ad48, Ad49 and Ad50, as these serotypes are knovvn to encounter | ow

pre-existing immunity (see WO 00/70071).. Mre prefer

red are Adl I, Ad--26,

Ad35 and A8 COFIFELEagaraadIPEt tiNdingsiuadsefar EBE B8R ype. Al so non-
human adengyh 865G yLNbAEESLEAS M 1o $ECSBESE pORer i ef erred exampl e

is the chinpanzee adenovirus Pan9. The regions tha

were identified are the

7 surface sukmsiralCso Iknyanldsbe mer dfsaedHypenear aabdsieolRe@Wmsa 25 (HVR s).

The exon AR L SImAg: QIRIOU I SELONRES

©inventison Thasaatarel meﬁ:edypestdnﬁe mdﬁmi&]}aatﬂiyR'fSuﬂ&ﬂ

(g)(éncreentr ted in these 7
i dsers ‘ood that the
ﬂd%momtl ined in

t he exarrples is_is.further substantjated he-identifjcation of .
"HVR s in A&Is %31 d%é%],*dgge@df’qﬂ?dﬁ‘d Ki48d Ad4édél 3 a sonewhat
br oad deflzmz;g (see Table Il) and in a sonewhat nore limted, a nore

m nimalistic ef| nition (see Table V). Ad48 serves as an exarrpl e for all
ot her serot ypes'['htehécmvarl%ren@ﬁuim%rpllemﬂnto ipwepbden 04883 NPCTHEP2005/ 055183

_ pre-existi [ t u rj c

adenovi.rus gntet¥m§ g?%&nﬁt%ﬂ{ % ad@g%?gg!eggggg%ﬁgf su garr%up C
adenovior usp £ exﬁ’rrbﬂelxbnednﬂyby AdSirsta ag serrandgenapptyacleamd t o pr oduce,
etc.) with (—i}?benefl s of t e rare serot pes ggow pre-existing

i UGhBT Rt t h&®

immnity)

%l%fredgl P me/ boost

~vacci nati bedmlﬁéeadleﬂtmi@& érﬁdlcﬁaﬂrcﬁfk%r ee;dppée ps&u B deim ser ot ype

backbone, such as Ad35, then it would be benefici al

to boost with a vector

that does R¥tAUrGDdfc sGAPEPIRRRE r‘é‘t@&?%ﬂ?@taaéﬁn‘é%al@lc\% 4 g drect or .
‘ be produced to high enough titres. The preferred

16 serotypes that are used to provide their hexon protein,

or the relevant parts thereof, are Adll, Ad24,

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 adenoviruses- are 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 Hypervariable»Regioﬁs

25 (HVR’s) . The hexon variability among adenovirus setotypes

is concentrated 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 substantiated

30

by the identification of HVR’s in Ad5, Adl1, Ad26, Ad34,
Ad35, Ad48, Ad49 and Ad50 in a somewhat broad definition
(see Table’II) and in a somewhat more limited, a more
minimalistic definition (see.Table Iv). Ad48 serves as an

example fer all other serotypes that also encounter low-

10



Thus, conbinations such as Adll, Ad24, Ad26, Ad35, Ad48 Ad49, Ad50, etc.
with the H/R s of another rare serotype (such as any of the rare serotypes
menti oned above) are also part of the present invention. Non-limting
exanpl es 13v@foos/mobsovect ors are AdS5HVRA8, Ad5HVR35, Ad3BENVRPA005/05835HVRAS,
Ad11HVR35, and Ad11HVR48, having at | east one, nore preferably six, and

oSt Pr e erahl L ARNaN Y Rin, £ IRRUSE DS IESN SeTALYRES o Shayc BT T aDl Y at

| east one rom-a’rare serotype 5% &Ko 2and iCnsar e 20 hexon
of the backdioine sier @tdﬁpevmtlsha]sabe@asnaﬂ’mﬁfﬂmyn tthe knpwentors of the present

i nvention that repl aci seven HYR s fraom Ad5 b correspondi ng
VR o 1 om FHAN FHERud P SHOGT AR o AP tEr b FAPRLt 6 S oy

encount er edadr oY iRMANS éﬁit J neay ths igroduee, 28tk Mnpizied With enpty
Ad5 viruses. HO\GAg}ever i f onlé the irst HVR(geen fromthe left ITRto the

right | 7R ithe thenafiiftsl Oéeﬁbﬁe)?amss@fs‘%ﬁmfefd vefrecexhasisgen. This does
not mean thﬂﬁmxﬁ{lm?{]eplcﬁ%ﬁﬁph 99“&& nsﬁ’cgupcg %laltte ke LBoU t that one
a 0 an

region is nore i nogeni € n others remains to

“investi gat eprine oot tvaecinatdéoni fegtheredginongichntiti bhat pseﬁesre@nd whi ch - of
‘'the HVR s do not hay obe in a certain in for a

speci fic app? i &5 1B SaP© gg?a%? dlé%?rfea( U9 é'ﬁsvzgéé}' gP%PsJet di fferent

i mune r espenskes HeOWnesitlaV0: 30066 94 023¢h RCHLHI208h885483s bt f er ent

HVR s' in conparison to other .individuals. Moreover, chineric hexon

cont ai nithg SR e préved Behefiddinst rFlkeetPtrlﬁ‘Qélg\/\H@PEOFhere is only a
moder ate N, actdotidoalloh0o00Rt ao THELPY G SWipS, | RS {yatgl sed ©

according to t rovi exa es I's very |gh consecuti ve doses
of 1010 vp Mw,hékﬁrﬁpt ptAdSWﬁzébt bhe H‘V\E’\ﬁerqm@lmglerl uralrs ﬁasotw@f erred that

all HVR s \M(é#n SI ad %%Xh%{:o yRr og%n%grd%%%g{) gnceb %. anV‘Q}“Q pr ovi de the

best chance'® g a vector
also part of the present invention. Non- llmltlng examples

15 of such vectors are Ad5HVR48, Ad5HVR35, Ad35HVRII,
Ad35HVR48, Ad11HVR35, 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 AdS5 by the correspdnding HVR’s from Ad48
resulted in a viable and producible veétor that
encountered hardly any pre-existing immunity in mice

25 immunized with empty Ad5 viruses. Howéver, if only the
first HVR (seen from the left ITR to the right ITR in the
viral genome) was replacéd no effect was ‘seen. This does
not mean that one replacement could not be enough. It is
thought that one région is'mOré immuﬁogenic than othérs,

30 and it remains to be investigated which of the‘7

 identified regions contributes most and which of the
HVR’s do not have to be replaced in a Qertain setting or
for a specific,appliéation. it may be that certain

individuals raise different immune responses towards

11



10 existing NAbs present in the host. To develop inproved adenoviral

vectors, first the Ad5-specific neutralizing antibody (NAb) epitopes were.
mapped. It was reveal ed that Ad5 seropreval ence and 15 titers were very high
in hunman maploatdossns (approximately 50%in the Unit edpSt/ep®es/@sss90% in
parts of the devel opi ng worl d). Moreover, as di scl osed herein,

functi onal |f| t. Ad5-specific NAbs und.t o, be di rect ed aI nmost
excl usi vel Dshéﬁoﬁorg?aolfjeﬁ% té’oof:gg@ gb"%%‘hﬁ”o% et al. 2005). In

contrast, msso'imc;l fch@me@ﬂ&'ﬁ?@%@&:cﬂiﬂﬁ@h@@ agatpst hdg gidey protein do not
signifi cant | y suppress Ad5 vaccine inmrunogenicity under relevant natural

exi sting deitafisiadcés, spteinghidipreitherrstaneasyrelnedetaranti> Ad5 NAbs
titers foupdi URBASHLP. Gﬂfg gq%t d3 Jogeropreval ence
and titers are %ﬁn?f gbeovery ehuS% Bogﬂiﬁ fﬂﬁ ﬁ%n many different

parts & tdmeomsiing. t*ﬁhehprpsevridedrvaemnpdnsr ébavesytlnigioy edueadendvi r al
vectors that car té §Phexon 1@ rare ( ast..30 r rer neutral i zed)
g€

Ad ser otyp% S FeSA%IE4 OAd‘é% 4 W&%Sididxg Ab29 -and Ad50 and

pref er abl Wete dt@RIks st h@tfiberﬁoskﬁ’lqh:ediélmieﬂ them a1 semvr ypearitidin i nteracts
with the CAR recept or, such as npst human adenovirus serotypes from
subgroup Ahechegoneprahgip ane eRlLasAches12hhe vouba R PEREP2005/ 055183

adenovi rusgss Righeer %@ §ELOEVRE S Wad %otesagtéét@d hpckhong.aector and
thus carry their own hexon protein towards which rarel’y NAbs are found in

t he hutfan expoyfiilngt Néksapeepeht Bnmd-had3®stA preferred serotype that 5 is used
as a backbone vector and for its fiber is Ad5. It is well recognized in the
art that cells that play a major role in immune responses are dendritic
cells, since ﬂhesievanepceﬂaﬂaso\tdstataomr@vablae trecebfspr:émdw treesent
‘”mmoge,“‘fda“’-e LI 983 OR PN 5 SHIT 368 S e WAl | LI OS2 vere . |
mapped. It was revealed that Ad5 seroprevalence and .
15 titers were very high in human populations (approximately
- 50% in the United States and 90% in parts of the
developing'wdrld). Moreover, as disclosed herein,
functionally significant Ad5fspecific NAbs were found to
be directed almost éxclusively against the hexon protein
20 (see also Sumida et al. 20b5)._In contrast, AdS5-specific
antibodies directed against the fiber protein do not
significantly suppress AdS5 vaccine immunogenicity ﬁnder
relevant natural existing circumstances, i.e. which
circumstances relate to anti-Ad5 NAbs titers fouﬁd in
25 ~humans. In contrast to Ad5, Ad35 and Ad11 seroprevalence
and titers are found to be very low in human populations
in many different parts of the world.
The present invention reiates to novel adenoviral
'vectors that carry the hexon of a rare (or at least ,
30 rarely neutralized) Ad serotype such as Adll, Ad24, Ad26 - |
Ad34, Ad35, Ad48, Ad49 and Ad50 and preferably at least )
the fiber knob domain from a serotype that interacts with

the CAR receptor} such’ as most human adenovirus serotypes

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

12



10 strong i mMune response agai nst such a peptide. Vectors that have been
preferred in the art are because of their ability to infect dendritic cells
very efficiently are those from adenovirus subgroup B, or vectors that
carry fibavo poetsszns from adenoviruses that recogni ze BOUERDHOH/eEEGt
dendritic cells in an efficient manner, see for exanple WO 02/24730 and, WO

00/ 70071. Th .ect umabl cD4 tor. Surprisingly,
hown  her RN I REE “noR P BRI By T Yol als 6P CHECpasent | nventi on

~that a vectwdclariieyvgtal hfasthas fddery kineh robwdOharoadgnevéimal vect or
known to interact through CAR, nanely Ad5, when cloned on top of a vector

that encolfada HhickvERgedy Phls adastiogd RuitheyhuBBRaves such that
| mTune T esPans s A LR ANGH. o B £13s. hi GhlokcriBEXREchedoLaking the desired

i Nmune response route via dendritic cells into accoun uld be
under st dod ihatsacheskaobadshana, vediich ardbrfmim itan fébsi| §s bkddi st ngui shed

fromthe rest of,.the fiber protein by those of .general skill in the art
(through seJq%evﬁeclel 5§%gp%§8ﬂsl%n %e%%tf éﬁqla%ngﬁlelggggggoﬁia%.oa recept or
interacti onggjds ddle damamfuhbatessongyLdad rRAdkY tiavekyed, | siide

recognition of specific_ cellular receptors to which the adenoviral vector
bi nds. It "WRSHREE G6dlly Shatn2¥paabihdngfficdentikioBreatRfacts with CAR

on the surf.ﬁ%ﬁgeq]q!cl leﬁ@ﬁd@Ed&ﬁt@l?eﬂ fd @il 18e engogﬁi&‘}@?ﬁ& 3

PCT/ EP2005/ 055183 vir attachnment prior to viral ry that 1s further

facilitHt edsthyonchdmpemeonebpsesanagzeidtulsarch @t pgpitnde. (Becgetrson et al .
1997; Bevl ey, & jal,. 1999 ReeLvink ef (Al ., 4998 apd 1999: Wckbam et al.
1993), whil e'the B group Vi ruses, suchh as AGrT AnGTAAS5°T nrétact t hr ough
CD46 (Gaggedbitital £to2@03pctTHen@r estntcd I Ridrgn efgliat @at 1y cadslenovi r al

vectors in which at least the receptor- bhindi n% domai n.gdefi ned by the knob-
domain) is QMﬁﬁbéapm adepov1rus subgroup B, ectors 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. Surprisingly, as shown
herein, it was now found by the inventors of the present
invehtidn that a vector carrying at least a fiber knob of
20 an adenoviral vector known to interact through CAR,
namely AdS5, 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 domain, which
domain can easily be distinguished from the rest of the
fiber protein by those of genetal 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 specific
cellular receptors to which the adenbvirai vector binds.
It was previously'showh that the Ad5 fiber knob interacfs

with CAR on the surface of cells énd mediates efficient

13



‘The latter vectors thus still may'corrprise fi ber domains 10 such as parts of
the shaft and/or the-tail fromthe backbone vector. It is actually desired
to use at least a part of the tail region of the backbone vector to ensure:

a proper sgaiogodosdoer action with other capsid protei nsper/EsedidssiRg i n stable
reconbi nant vectors. 15 The chineric adenoviral vectors of the present

invention are nore efficient for vacci nes and T(gene _therapy than vectors
sol el y bas®dradn 3AF5CHRCAR3BT 4P Houtvireti #BErY FRekris EMiThaY ¢ adenoviruses

carrying cf mnite coAdByAIRS phhEss iR kR@WRch luihe AiteqAdS vectors 20
carrying chineric fibefrs in which at |east the knob donmain was derived from

Ad35, wer e(BHirgsglssadetval. 00?2 3128w a0 G0/ 521889 IN0 R Aizd0 etShayakhnet ov
et al. 2003; et .a 001)...Smith et a 003). disclosed a chineric
Cibor i n vl e, Eaal1998P el W & - h\ﬁ%é,?'z‘g‘)‘hq‘?ﬂé‘%ﬁgg knob dommin is

from Ads. Aldup Rdrveetpr suékoie Adidsend hadsr eheseacestirendased on Ad5, -
implying the fact that the vectors would still encounter pre-existing.

i mmuni ty dth#& dG2HEepr 85ente 010 he TRESPRERBATI MVeRHEP ViFIATSFect or capsi d.

‘The data prodfedR¥aPPHeessrotiflynidd 62094k scophd rABG4i,s phenomenon.

Reconbi nant replication-defective Ad35 vectors, and nethods for producing
them are a&iguligowemaant kdebined W 0dve7 6Oh; dwri0R/ Y96BEPPather eas Ganesh

et ooh ", S2OH iSLonE e ash At A0SRoHaRed LYY MO %5 3
has betn reaplhesdphytshat tifie Astaft Howgver theheavecfosm cdra i ed a nmarker gene
(Green Fluorescence Protein,, GFP) and apparently exhi bited | ow :
t ransduct iF eciV@ﬁE%s.Im%ead‘)lfémq\)', deghest g‘? &te c't‘Jtoe'@ar?é:t 4di scl ose or
suggest vaaGines hasedadn ¥EFiH oreeiRckBbnt edsttdha-knaly ol Ad35 was
repl aced by the knob of Ad5, |let al one advantages associated with their
use. a proper stable interaction with other capsid proteins,
resulting in stable recombinant vectors. v
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 carrying chimeric'
Ad5-Ad35 fibers are known in the art. AdS vectors
20 carrying chimeric fibers in which at least the knob
domain was derived from Ad35, wére disclosed (WO - '
00/31285, WO 00/52186; WO 02/24730; Shayakhmetov et al;
2003; Rea etval. 2001). Smith et al. (2003)'disélosed 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'fhe:vectors would still encounter pre—exiStihg
immuﬁity due to the presence of the Ad5 hexon in‘the' '
viral vector capsid. The data provided by Ophorst et al.
30 (2004) confirmed this phenomenon. Recombinant
feplication—defective,Ad35 vectors and méthods for
producing them are also knoWn in the art (WO OQ/7007I; WO
02/40665), whereas Ganesh et-al. (2003) disclosed the use

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

14




Ganesh et al. disclose also a vector based on Ad35 with a conplete Ad5.
fiber. It nmust be noted that this vector 10 conprises a full Ad5 fiber and
‘not a chimeric fiber and thus differs fromthe vectors disclosed herein.
Ganesh et wab 2000840830t hat | ow transducti oneffici enci es WeCHEPmORES5184 t h t he
partial fiber swap. The vectors according to the invention have good

transduction eff.i.ciencies i the .15 chineric fibe nsur stabl e
“anchori ng i#b%ré%beﬁé#EPniHémggégi%?Sf%%ﬂbé%%bﬁc§ﬁiFweﬁﬁﬁﬁ ?ﬁeg%ft woul d not
have an i ncesudwes,f ahevaeckbat canr pad poses- e Igepkagertba fiber knob of
serotypes that are known to infect dendritic cells verggefficiently (such as

those of 20FEIBGHEFNCE, Frorcifst @hte 30A |2PRAFSRtdNdSAR3BI Y L°Wi ber knob

froma seroftypgadati onnkeet 8168k 8s PrdmydduedtQughneGhRet Becaugs the
neutralizing activity fromthe host towards thé adenoviral vectors is

primarily duet tdiadiose 28 gyapgast vaechw@papest ennyveatiensvihareimct ors may
al so be bas 0 i ghl trali ero es Lfi b Ad5, wherein
t he hexon ifggv%ﬁﬁégﬁﬁé§?§§tB?hééﬁgxiﬁl(#éﬁ}a§9§$§§g%h8uF§§Pi%Ed serot ype,
such as AdlIAd5 Ad24E, 2Ad26, adidB34agdsl 3bs sAdidd,edAdd S hantdeAd50Gse An exanpl e of

such a 30 vector, is referred._to as, Ad5h35 (Ad5-based vect _gonprising the
hexon prot efH%ToRtaAd3s AhsSplage %}S?H%‘”%é§”h5?6ﬁf.°ﬂ 6@850%l§%iqled in the

art is abl e-dip1enyvingisonrigand .t o ke the fidderent RAssi bkecgpnbi nations
based on the information disclosed herein and based on 15 WD 2006/ 040330

PCTI EP2005/ oBsigidesk gokiuddgddavaibenl and matha shimerichééhpe anar t hat
géggﬁnggﬂg §ﬁ§é;§$ us%pEFB&g¥ﬁQ Qééiéf%“&i%é%%éedﬁ%e%%in.18§§ésﬂb 1] at al.
: y of ~constructing chineric hexon proteinis
di scl osed ‘ial t hearmn ehanpllew. tAaosdect iy «f ficliemicigsveeteoer Soendpri si ng
chimeric C%Rﬁh?t:%!%%x@%é nfggggeéﬂgpfr rgx%é% %f%e%%%%gging to the
invention have good transduction efficienciés, while the
15 chimeric fibers ensure a stable anchoring in the
remaining capsid. The person skilled in the art would not
have an incentive for vaccination purposes to replace the
fiber knob of setotypes 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’fhrough
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 heﬁbn of a
rarely neutralized serotype, such as Adll, Ad24, Ad26,
Ad34, Ad35, Ad48, Ad49 and Ad50. An example of such a
300 vector is referred to as Ad5h35 (Ad5-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
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has been di sclosed in exanple 8 of WD 00/03029. The reconbi nant adenovira
vectors of the present invention, nanely those based on serotypes that
encounter 10 generally |low pre-existing activities in the human popul ati on
(A1, Ad2¥o 200886m330Ad34, Ad35, Ad48, Ad49 and = Ad50, asperkPb0asosssst ai n

si m an -adenoviruses) carrying the knob domain of an adenovirus that

generally elicit_a hi | omupe response,_represent _an i nprovenent over both
15 the adefRRTTR9S ﬁé[taggéﬁé?aWyﬂé?iacﬁ's & Eﬁeﬁﬁmﬁr’rﬁﬁ‘ﬁﬁr {Eg‘%ﬁ)onse as well as-

over the adenmidits hat r8VALesnPISroved Siiiftd cneut (8hizi®g fctivity because
it carries a hexon protein that is not detected by the pre-existing
imunity 199& iyl lpeitcent age0dr . tdre e dndopgkabl ovay | o ot her 20 words

over ot h ThE RIS AT Chansass Tved Ao alices, MR ot eRaT e " TV hs

i Mmuni t8 i exdnpiers. poptihati eag, oAdsl aeictovecabes| ckebyisinde substantially
25 suppressed by anti-vector immunity, at |l ea%t based on experinents done in

ni ce and C &AP&Nt HEIPBW! S WY A5 ST gt RSB P TmEfi 4 YHST human

popul ati ongas Ad: aRE1Ad35- il atatbMed S whave/a3epbst anti al advant age
over Ads vectors in this regard. In other words, Ad35, 30 Ad35fi b5 and

Ad35k5 vect or s Tice neePmBiBIRAntdenevi radupipcéosedoby thnt Prasittor i nunity.
However, Ad3n MacHor +5RR$6d HACE! anc?{ogloljc,%z?tgggE nEgeni &n N3 AIS '

vect or-based vaccines in“terns o rnst the antigenic insert.
16 WO H006484330 yPCOWEP2608% DS5I8B adtnipdrttiant iy, the hemaww for the first

vettors CaRTYTIR} At |BAL1" 2Rt i trodu: RHOD cORTn B T 1 erent . but
hi ghly i magBmenisc weeat @6 Beat£is uisiiant adehyvirtse ppt €trying nduci ng an
' mine “the knob domain of an adenovirus that generally elicit a
high immune response, represent an improvemenf over both
15  the adenovirus that generally elicits a high immune
response as well as over the adenovirus that evades pre-
existing neutralizing activity because it carries a hexon
protein that is not detected by the pre-existing immunity
- -in a high percentage of the world population. In other
20 words and as exemplified herein, Ad35fib5 and Ad35k5 both
represent improvements over both the Ad5 and the Ad35
vector. |
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 low
levels of anti-Ad35 immunity in human populations, 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 Ad5'vector—baséd'
' vaccines in terms of antibodies against‘the antigenic

insert.
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response than the backbone vector with its native fiber. Thus, such vectors
represent a technical and practical advance over currently avail abl e
adenoviral vectors. A person skilled in the art will be able to utilize the
10 know edeo tows/eusioh provi ded to cl one ot her adenovir aPCTAERINHIFSI93ased on
the sane principle. For instance, the invention also relates to reconbinant

sim an adenovi ruses, . Lgh cagry; 2 knob domRn (i <a LiRer (ph,an,| munogeni c
hurman adenovi rus. “Bési des“feconbi nant si'm an adenoviruses other non-hunman
adenovi r useshe sitshem® riseodnmbhaapte bavt Nenvaad ccanhae adenovi ruses are

enconpassed by the present inventipon. It also reln(gt es ti)aot her

| ow neut r al #% VEEERGYi FREEEIIhAT C67 He qedpPbFEal a8°Bakkbone vect ors
that carry @iod eftfaid kroh dorBiAcRf, %J@rhﬂgﬁwq%ﬁhgﬁaﬁi@d@é@yéf uses. The
e

different conbinations are nunerous, but linmited to the extent that at ,
| east tHe hex@FEpdEaitialdy nhee apebRV rivs igWnaiagnen énevnater a high |evel

of pre-exigting | it WAL L& I n d k ivers the
recogniti on]‘séoéf t éeen%hr é?g\;g?%!ﬁ,ﬁb %r\g%c;éozrgq@#éug?ﬁgggﬁk?ahgf%rrér%'ne’ Fesponse
in the hostThus wawh tleetovectepreésemidm niestheriedl Angepsantdfabeneral skill

inthe art will be able to distinguj t he descr.ibed features by using the
general KncHFEUSS (2 Eur SR E L S U LT T P Og 0 PEEERES i ty .
det erm ni ngodsod evali1eld HANUAE 3Pt resPPnsestald ¢iot @diandet fige st rat egi es for
obtaining reconbinant (chineric) vectors as outlined by the present

i nventith. kmewirsaeberpmiisbgrrPel dgd ofo /AIBIes AFleE ABCDEELBRS  suggests a ‘
PCT) EP2005) VEETHS. T0rStorn. “1Re A85 T Ber Husob et &rRLRBS bi ek ng 1o the
hi gh- af f i ni iyverdciept el sCARedatdeal 50 ptaysiarentmpdntiant adepbeirms¢she
efficient iniracellul ar Loaf hlekiRoopfa Vhidle RGL Shitnbgehfie nucl eus. The
o 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 oombinations are numerous,
but limited to the extent that at least the hexon protein
iof‘the 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 person of general skill in the
art will be able to distinguish 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 fof obtaining
recombinant (chimeric) vectorsias outlined by the presernt
invention.
The potent immunogenicity of Ad35k5 vaccine VeotOrs

suggests a functionally relevant role of the AdS5 fiber
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5 Ad35k5 vectors likely reflects the known biologic functions of the Ad5

fi ber knob, although the precise nechanisns have not yet been determ ned.
The reconbi nant Ad35k5 vectors exhibit primarily the neutralization '
profil e ofwo bhmsn@smnbi nant Ad35 vector and effectivel ypdreosississ

| ow/ noderate | evels of anti-Ad5 imunity, as shown herein. These
observations are caonsistent . wt revious .studjes denonstrating that

R Spaci (s ATE RHET abeT JolT A DaPnb e hES S Hikon pr otei n.
Suppor ti nghidti- fmdekyl scdbplot heamhsRy walkop1kpat aAdbndértgpat or s contai ni ng
the Ad35 fiber protein were unable to _circunvent anti-AdS inmmunity (Qphorst
et al. 20029le impwdgerffhrgpnt el ol ladair- Agsffaakihng yowetiealn fact. able

to reduce -i:mgén eni.ci dsjlﬁ_}g ,: 1.4 i, likely
reflecti ngfggt]fﬁcel owe(r%gt ??%rﬁﬁﬁ?&ﬁ% o earel\ﬁ?/{l(él gtégc%g%\lrééﬁisblﬁ gdcftﬂled agai nst
the AdD fikdtSkpretcsioms Likedytoeheaist édet kabwhheiokoyiot i on of Ad35k5

i mmunogeni city .oy anti-Ad5_i ity was onl artial and was detectable
only ar - patISHEA §ehEGh A4S, e Petug L pBRe s tho BPertSrer |1 mit ati on of
Ad35k5 vecieitardmmsbeatBehot j&t addateldethirghn¥p/ pite raddé@shinaitch were

appr oxi mat el 10-fol d higher than those typically observed with Ad35
vectors. 'ﬁﬁé%§&C¢Qﬁﬁoﬁxghﬁﬁ%sﬁ%1Q3¥$1Wit &l "PREEYEIE3C1dhd stability may
be conprom.sed Ry Jeenbnel UsHiom Hic %?% %F%E' nki OpFe PrafSiN, . al though
this yet needs to be investigated and confirned. As outlined herein, the

r hesusihorkaadest Udivgsodeoapar lenpthef mmioddhi tnnynbfy Adss shd88k5, and Ad35
vectors ccs}}nfi r.med Txhré% rgggl ]tréaig_){agnasi rgq% ic%nn‘iiCﬁén,‘cl'hilstli]s r18 W\ S2006/ 040330
PCT/ EP2005/055183 “Fefevant” & nce mce lac the Op‘f’l rmal P Ad3S recept or CD46
and may t henefierse dendasesst hng ectidte Adbrspegenici KybofaAd35 vectors. In ‘

r hesus npbnkeys, ,Ads vectors elicited :
prf&arily dgrecteg against the Ad5 hexon protein.

Supporting this model is also thezbbservation that AdS5

15 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

20° clearly detectable NAbs directed against the Ad5 fiber

‘profein. It is to be noted that the reduction of Ad35k5
immunogéniéity by ariti-Ad5 immunity was only partial and
wasAdetectablé only at particularly high Ad5-specific NAb
titers. “ |

25 Another limitation of Ad35k5 vectors may be théir'

- relatively high vp/pfu ratios, which were approximately
10-fold higher than those typically observéd‘with Ad35'
vectors. This observation suggests that viral integrity
and sfability may be compromised by the inclusion of a

30 chimeric fiber protein,.although.this yet needs to be

investigated and confirmed. | |
As outlinéd herein, the rhesus monkey Studiés
comparing the immunogenicity of Ad5, Ad35k5, and Ad35

: véctors confirmed the results obtained in micé. This is
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rapid and high titers of vector-specific NAbs, which 5 effectively prevented
a honol ogous boost i nmuni zation as expected. In contrast, both Ad35 and
Ad35k5 vectors elicited | ower vector-specific NAb titers as conpared wth
Ads vect or YO ue/e49330aci | i t at ed boosting of these respoREEEPIOFIBIING
re-adm ni strati on of honol ogous 10 vectors. 1t is speculated that the robust

imune res 5 .0 rved.in eyvs i hat reecei 5 vectors
likely refIgc{egﬁpﬁ§§$ﬁ%tg%hgtigﬁgggﬂ%éy 5?sqbod%% %%?%ng?ogﬁg? responses
and coul d bendaoest etheakffecti uatiyreThmpresent immvenbicancdepooast rat es t hat
capsid 15 chineric reconbi nant Ad vectors c be constructed.to conbine
oot i o A e onE SR P B T e AT DT CoP o ELOPLREIAL sor oty s,
The gener atige PfarehinTRh € iAdrsVEEt PESLS LR AHIS NaBaYelkhsthat egy that

| eads to iqProved second- generation Ad vectors for both 20 vaccination and
gene t her ap§ifoicoiadivn@revcatpretr eherell eaitdibaost, irREnpraséaR as nvention
relates to |gatdondef.ecti Vg, COME NAN A AERBOYVLEUS S€rotype 35
(Ad35) vect%ﬁﬁﬁgﬁ%figkhgoa%Zgg%hin%%?c @?%er pré?%i% c%%grfsing at least a
knob donmai nelicigmad 1GARrbivediing-adenbiic UALs dridteyse aswhempanedai d

interest AR ML Rel MR Aot OT S T RAPR4™H RbcFEPRCaci d, which

-encodes a thesphaidd Tollopfiatekr8ag@eiisi sthsliicer svablagoasprotein, a
peptide or a polyp%ftLde, which is useful in the diagnostic, therapeutic
and/ or Bt opfSFERS ¢ it &t FRREUORLAANTRA S, they madsab § Hitfans. Exanpl es of

t her apeut i Cy PLOLEINS W< rvBHOL B PRe tAG K&} Gitlat! RS vLASRAYSRS i N tunor 19
WO 2006/ 040330 PCT/ EP2005/ 055183 vacci nation. Ot her exanples are proteins

"~ that are usedaors nitkedvappfdbcgedetiie thaoridats thegehvastohaskotsed in
gene therapy,; fIeLehed LASLAREUL! SR A8 P DA R LR ectively.
The present invention demonstrates that capsid
15 chimeric recbmbinant 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-generation Ad vectors for both

20 vaccination and gene therapy.

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

25 chimeric fiber protein comprising at least)a knéb domain
from a CAR-binding‘adénovirus serotype, wherein said
recombinant vector further comprises a therapeutic
nucleic acid of intereét. A therapeutic nucleic acid is
defined as alnucieic acid, which encodes a therapeutic

30 proteinaceous substance, sﬁch as a protein, a peptide or
‘é polypeptide, whibh is useful in the,diagnoStic,
therapeutic and/or prophyladtic treatment of mammals,
preferably humans. Examples of therapeﬁtic proteins are

proteins that elicit immune responses in tumor

19



derived or based on or (directly) cloned frombacteria, 5 parasi-tes or
infectious entities such as viruses. Adenoviral vectors are highly
applicable for vaccination purposes agai nst viruses such as Hunan

| mmunodef iwo goo6y4033di rus (H V), SIV, Ebola virus, rabiescwEpr18s0s5B88peS
Sinmplex Virus (HSV), Hepatitis Cvirus (HCV), etc. 10 Exanples of ,

Hl V-derived antigens t . may be encoded in  the adenoviral nucleic acid are
et . Cgng. RO ey OhteT ot PR tan BHGYAE: LBRC AT TR oD

Ther apeutitn {HMRIYNS £f GEALPAE 381 SBHSUCH saght Besenbbatusausiy malaria my
al so be used in the vectors of the present invention. 15 Particularly
pref erred §ARA difeFaprat PRajepEce | Yiromaawntict REsECYREt BFS REXIEse from
Plasmodi upd Al (I pRUBLsSHCEn 85 [dE-RIdIGHTRRBROACEGn (E}cduf el n and LSA- 1.
O her preferred proteins may be those from Mycobacterium strains,

parti cdl arparasdidse thratinfacskotsbsrcities suckueh 20rasedycobact eri um
tuberculosjs. Preferred antigens fram this bacteriumare the 10.4, 85A 85B
and 85C antTeEHe S HEH Rty ST RIS G iSh BB LISER Pt he SECt S B ¢ he present
i nventi on.plRfgdRIsNagdsadtasi Mg&ersudoas Auvmbhl Omathelesi cameyt ypi cal |y not

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

t her apeut i E.r5SLi EdY) e SE¥nOFRPLR AR Yol FER)C8eliiEReesi®RAS may be used to

express t ho pid,0ens.3r ¢ute} | #aioN 431 hesatt (a8 | nolade, but are not

limted to CW, Ad2 MP, etc. Suitable transcription term nation

sequentes Frandfles 3¢ dxdnpeeived durtiigedsf tbatSv4D be B@ederthdrcodi ng

sequences: _,of t Lgen be .c - i m.sed , i1 Xpressi on
in. rram‘ralts}?e ﬁare 8?3%%‘3 ﬂﬁﬁg%%? a'\?ejtcﬁco‘j’%rsé %%%’%%gbng}%%t“lﬂ%; seﬂ'or%%are wel |
known i n téamarlte oZ0aWOH2006h O3B A PEHEB2A0SH05BAEBapaiiteid nvent i on rel at es

to a replicatiaon-defective reconmbi nant adenovirus, sel ected framthe grou
tonai et R o sor B anTEey T o SR8y LhS, SCxl ST, ¢ 9O

may also be used in the vectors of the present invention.

16 Particularly preferred proteins that may be cloned in
these vectors are those from Plasmodium falciparum, such»
as the circumsporozoite (CS) protein and LSA41. 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 and 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 seeh as therapeutic pfoteiné, so GFP,

25 lﬁciferase, or CAT are not regarded therapeutic. ‘

Suitéble promoters énd pblY(A) sequences that may be -
‘used to express the antigens»afe 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,cddihq sequences
of the antigeﬁs may be goddn—opﬁimised fof optimal
expréSsion‘in.mammals;.preferably humans. Methods for

codon—optimiéation'are well known in the art.
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50, said adenovirus conmprising a chinmeric fiber protein 5 conprising at

| east a knob domain froma CAR-bi nding adenovirus serotype, and wherein
sai d reconbi nant vector further conprises a heterol ogous nucleic acid

codi ng f or wa2ekesapeuti c or an antigenic protein of i NPETAER2005/855183r ef err ed
serotype is a subgroup B serotype, nore 10 preferably serotype 11, 34 and

35, ot pref et ably 5.l S5 LYRE, 26 A030)., Thg JpuepiLaps gl at es to these

serotypes since they encoun BUTT ar I zI Nng -pre-ex munity in a
si gni f i cant tgcdmin reertc enicage iehs hsahac sed afr@xarqﬂee@rblu@t canelts’akm_m from

heal t hy |nd| iduals .15 wor | dwi de. ns as used herein
refers ?t%?%%@&%ﬁ%%i&?{@%% 'mf@nt

adenovi russg@ Oté’é)ftﬁ adsheRairist E@mﬁﬁ@@ll@@@'&unﬁaﬂﬂc‘oml%@r pdepevhrus that
bi nds to CAR is preferred that the tail domain of the fiber proteinis

of the H%ck@@ﬁﬁﬁ%ﬁ?ﬂﬂééﬂoﬂeé§ttﬁl§n9Hd@0W%ﬁﬂrﬁ¥Q§t§bﬁ$ﬁr916ﬁlﬂﬁe vect or
through a pétﬁegr‘?inofg}sers%%'t evt EH%I ?ﬁef@ﬂ?é%ﬁ%f AR BGher vebboA Preferred

enbodi ment t domai n s to Is froma ftiber of an
adenovi rus Enmthqqqumprxsabgaohptéxoh@g@uqnnﬁq&eﬂm'ﬁchdonbdengtﬁpe Ads. 25 A

t her apeutic proteln qi I est as used hergl % ﬁ proteins that are
useful in nd ??%ﬁ?u'lﬁénggﬂtFE t Pt frent© %ﬁﬂﬂ? f& fherdpy. An

antigenic protetfedfsdriftgpest sas yeBgrbes & d@Jairs Wera protein of
i nterest towards which an I mune response is invoked 30 ggon expression in

t he hosi0 oPrefrtaRlherotePrs11Thid aidmifre s EFSEEPLEquired for
di fferent kindsegle IACGIMARYI, O@héeiﬁb@ﬂ@m%ﬁ@@'t% lfekHMOUr vacci nation

in which the I mmine response towards the antigenic protein of interest adds
to the renpsatotypaurmiucecghey 20y 2E061940330 P01 BRR2O6BLOEEI83 t hat ‘

express theiﬁmﬁﬁf%§hiﬂMg Eﬁg%ggﬁggﬁt?§eig%rﬁ%&centage of human sera

samples that are taken from healthy individuals

15 worldwide. Chimeric fiber proteihs 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 hereln
relates to proteins that are useful in mammalian
therapeutic treatment, such a gene therapy. An antigenic
?rotein 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 hoét cells. This
immune response isjrequired 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
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application is in prophylactic treatnent such as vaccination to prevent or
to significantly inhibit the infection of the host by pathogens, such as
viruses, 5 bacteria, yeast, or parasites. Thus, preferably, said antigenic
prot ei n ofwo nioenesso conprises a protein froma virus, per/epmigessiss a ‘
parasite or yeast. The use of reconbi nant adenoviruses according to the

i nventi on al so be used ipn [nvoki) i e respanses_towards the 10 '
anti geni c ﬁ%tt 9 itﬁ‘ﬁepﬁgpe?lﬁ’ t"if}éln‘]g“‘olf?’rrlrjs’mfvi & Brgfg?ﬁﬁ?%nt of an infection’

~that has adpspibataeillikedn pRYShylaciievadathenki sathods packaging, etc. In

ot her words, the vectors may al'so be used to prevent the spreading of the -

virus fromV3$EIAT OO RFEEERE PbstO 15 I HE 1FERELY 150 o bhe-hbodi ment, the

reconbi nanin?éjﬁ]ﬁ.%‘ﬂ]rolfs th@CHOEHi Y ﬁ&ﬁ&feﬂsnv%ﬂ% 0QsCQIPLLSes a heterol ogous
I C 0

nucl ei ¢ aci d, i's under the contr of a heterologous promoter. In a
pref erried kapeotiaf wheti nvenpaomsitss d TG, aptregentklyr ot®idh conpri ses a
protein froma vi iLn.said virus is a retrovjrus,_HSV or an Ebola

Virus.  whePREOTG PrarEtR, PEEHETCT Y TNE ASCFgBnPEO TR TN % of a

retrovirusvisgd,d &vidadSeirSuid, Shp@are Hited o My@AB LI, MMHB0AeS | €f ency retrovirusi

wherein said 25 heterologous nucleic acid preferably conprises one or nore
genes sel BRI INFRT RECHENEEUENT RETRF IS FPoGPC ol Ve MR I®HY ci ency virus -

protei ns congd sid NG:eRf 1n928voRPhg irfflihe %%FB%EeslﬁoﬁQP&Q%h@SPGCt of the

invention, said antigenic 30 protein of intferest is froma nalaria-causing

parasi tk, awnhiaraiie paodepnst ef nintepaf dmalthyg gosrseudEpdrozoite protein,

O orost IS A SRS il Beepgiit oY L

22 WO 2006 D433 nRCEeBP20861055 83 -kaging, etc. In other words,
the vectors may alsd be used to prevent the spreading of
the virus from the already—inféCtéd 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 antigenic protein cdmprises a protein from a virus,
wherein said virus is a retrovirus, HSV or an Ebola
virus, whereas it is prefeired that if the antigenic
protein is of a rétrovirus, said virus i1s a simian or a
human imﬁunodeficiency retrovirus, wherein said

25 heterologoué nucleic acid preferably compriéeé one or
more‘genes selected from the genes encoding the group of
immunodeficieacy virus proteins consisting of: gag, pol,
env. and nef. ]

In another aspect of the invention, said antigenic"

30 protein of interest is from a maléria—causing parésite,’
wherein said protein is preferabiy'a circumsporozoite
protein, or a Liver Specific Antigen\(LSA—l} LSA-3), dr.
an immunogenic pért thefeof; from a'Plaémodium species,

more preferably Plasmodium falcipafum.'
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- domi nant Ad5 hexon-spec

The invention relates to novel replication-defective reconbinant

adenovi ruses conprising a heterol ogous nucleic acid and a chineric fiber,
wherein said adenovirus is selected fromthe group consisting of 5
adenovi r us Ve@ew6/94983 11, 24, 26, 34, 35, 48, 49 and 50, PCT@EP200§@55883 a

medi cament. The invention furthernore relates to the use of a reconbinant
adenoviral vect a i t i i i : gapu f a

medi canent for t}gzg%&%%;?ggt?gi%ge%pM$H%#%%éJkggapgggsﬁe§§§%§E§Y%alaria-,
an Ebol a-, wseconiSWiantamdddviroseancdiptisifrecta dretelrnlogeuparti cul arly
preferred enbodi.nent,, the inVﬁntion relates to a.chineric

replicati on?4ere& iardd PECoAbFRALAET LT T dNESRIR §PAG the knob domain

from 15 theaddhsrirafs AdSschavisg them amdgkid pgyensaqgasrs underlined in

figure 2B, and a hexon protein froma serq%gpe different from Ad5, wherein
it is futthRISNPHETES BedOLNRESshl d hexotP priftreid® i 487 r 6% anfoW/ neutral i zed

adenoviral sgfoiypeq %pw&ggggﬁ?hkzed 20 serotypes are those serotypes that
encounter pre-existing neutralizing activity in the formof NAbs in the

mnority of sarffilesnveamibealfthyhérndone duslastes wooméespeei bfca enbodi nent,

the invention r Late% t%_a chin;ric replicat]on-%gfggtive reconbi nant Ad35
vect or conp??%ﬁ$§f9ﬁ§ af SRYSE L hEx ohC Gt &£ H % i 58F pPEERI RO sai d
chinmeric. fibethmeleifachavengft Aemad tinati FosequengeophybE&1& NO 2.

~Hexon HVR swaps 30 Since dom nant Ad5-specific NAbs are primarily directed

agai nst 1¢ heondH HSRSH icotEPALMERt vRE 3 dtslied—t Rat ERGVEr- r@Ronbi nant Ad5

vectors congayni ng, tprget ed Auhayi pRAL-SWAPs i n hexon may be able to evade
ific NAbs. This Is not a new thought and 23 WO

2006/ 040330 PCT/EP2ZOGS5/@53%5188larly 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 sefotypes that encounter pre—existing‘
neutralizing activity in the form of NAbs in the minofity
of samples from healthy individuals. In one specific
embodiment, the invention relates to a chimeric
replication-defective recombinant Ad35 vector comprising

25 an Ad35 hexon and a chimeric fiber protein, said chimeric
f}ber protein having the amino acid sequence of SEQ ID

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 dominant

Ad5 hexon—specific NAbs. This is not a new thought and
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several attenpts in the art were nade to producesuch “stealth' adenoviral
vectors. However, none of them proved successful, as outlined below Mre
than 99% of- am no acid variability anmong hexon 5 proteins fromdifferent

ser ot ypes weews/0doezbe concentrated in seven rel ativel poskeiobs/ésgm3r vari abl e
regions (HVR s) that are |ocated on the exposed surface of the hexon as

identified by Crawford-M ksza, and Schnurr 996). These aut.hors conpared
the hexon BYVTEhe GETPEST ANGFRT e En("aHfo MEVIST GSBTPRAFC R Ads. A6, AdS,

Ad9, Ad12)s#gHinhAGRnoAd3d]l NEd0sr AddbwcAd48, nBAY3oaNehdH\V1) . The seven

HVR s were identified anong the 250 variable residues in loops 1 and 2
(al so ref eP¥EFEI cursertfand a329ut imadite4qWR1- HVR6 are in | oop 1 and HVR?

is in loop 15 3 al 938d 605 : s\D: 9840 - 27,525; US

6, 153, 435) repl aocregd%t%tﬁe 3%“ e ?ﬁg%éé(%{%r%%%%& tlﬁe §b%g€%%ﬁe%>§3ect or (Ad5)

wi'th | dopspidotaich? fofomAd2 fESabht eseratl ypek9®@emisasedben t he findi ngs of

. Crawford-Mksza et al. . (1996). S0, a vector S made in ich only I oop 2
was 20 rep?%%efftr_\ﬂta?& énvF?ﬁ?ésr%ﬁg‘fﬁl&’dG&“@&F\Aﬁﬁﬁeﬁn}ﬁaﬁb%bvg?e bot h

subgroup Gagesyi (HVRes)andatr 956 - Neulded ioratthenewpssedtshtrfyesent, even

after replacenent of both | oo i ndi cating that such swaps woul d not

S
result in Yectst éle%%ata_smdﬁa}giaéiv%ddowé&ra@ sed-Mpkpreyaod I¢BIIT ty to be 25
recogni zed byo @) Neyldsal hﬁ'tﬁSr?“&éMa’edilAtﬁ%C%%tsiﬁgggk&ééiné hee Wd d type |

adenovirus hexon protein, at [east not en waps. are within the sane
subgr otfh. Jof fenaartt heleasyirusgst (Adht F#Hd2,sdcdd,vadborad8i dPal so tried to

exchange | 00 of, 5 r e.themw t 00 of ..Ad7. - 30 These
attenpts fzgal e’d,c}'\c{nlo%’vfn‘g@ é 5??hé%méa€§’prp‘(§§ﬁ‘degd%fng:‘g\(lz%t?ﬁ% %Va]ﬁ ‘swaps from
one subgr ortpe teewwIOHVEr sweeee idposisiilde smengakae 250 eastadiased on the

identification, of HVR s by Crawford-M ksza. O course, w th the know edge
of the vi rs#siBifchild® 4PPREL brendt2 ndfo medersgd to as 1l and

12), wherein HVR1-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 only loop 2 was
20 replaced. Viable viruses‘were produced. Ad2 and Ad5 are
both subgroup C adenoviruses and cross;neutralizatiOn was
still present, even after replacement of both loops,
indicating that such swaps would not result in vectors
that would have a decreased ability'or inability to be ~
25 recognized by a neutralizing antibody directéd‘against
| the wild type adenovirus hexon protein, at least not when
the swaps are within the same subgroup. To nevertheless
b;try to obtain such vectors, they also tried to exchange
the loops of Ad5 and replace them with the loops'of Ad7.
30 These attempts failed, no viable virus was produced,
indicating that swaps from one subgroup to another wéfe
~ impossible to make, atbleast based on 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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WO 2006/ 040330 PCT/ EP2005/ 055183 necessary genetic nodification can be

achi eved via general nol ecul ar biology techniques, resulting in ,

pl asm ds/ cosm ds that should encode for the entire reconbinant (chinmeric)

vi rus. Howsw@eaos/H4ms3ounknown 5 reasons, but nost |ikely @0®EPWO/OES1I83at her
critical aspects of the conplex hexon structure and its role in capsid
formation, viable viruse%.meredggt obIaineqlnpen th eégn-coding regi on
was nndifieﬂﬁ?%ﬁﬁ?ﬁ% 9&ne éﬁo@?. R T fl@ggfesﬁ ges?ed exchangi ng
only the exjeidall Hdlkeapari bsbeagy ofe@xtiharg, ngGeishetenti ie hexon. It was
also nentioned that the other capsid protejns, such as penton may have

si gni f i cantPIRsitida/icosri s EB?Fofﬁg%UJc% DGAYG Fort hBef SPFUF® with the Ad5- Ad2

swaps. The jidv&Hi=5t0f(chhRePi 8PPl rhdlV a3l $8rt hRHokR 15 generate
chi meri c adenoviruses based on Ad5 carryln%ﬁtchlnerlc hexon proteins

conpri sing T¢RSANR HuGf magd851lakel nad®e i P giheceadherherAdsc#HVR s, as gui ded

by Crawford: S (11 furthet, . qQutlined by Rux and
Bur net t (2&ﬁ§ggﬁ%2§§ngtgﬁgﬁééfa%$%§% |§§§%§ F%BZBtgo%%Ethaﬁth t he
findi ngs ofcdpyhst dloreiatdbn, wabakhl sovicmddd weote slbawoany ipedduicén on of
‘reconbi nant_viruses, erein the hexon parts fromdiffere ubgroups were
exchanged (E@%&ﬁﬁ%VEFQQEBgt§Eﬂf%nt%?§ t ,d=ﬁ@%xeftaﬁi'(gé%gb'shomed new

25 hi gh-res@d it ian [ryshabbpgsaghi stéefdnampfingt batyWene eredenof the Ad2
‘and Ad5 hexon structures to resolve earlier found differences in Ad2 and
Ad5 hexth keerrtinsdsadrrifserebangbagitrhe o rgethieroni- oAt ofas helsq egi ons

(2008 e T e ey Pt o e SRh At PeREd d ot be
viol at ed wheay hdesi grigng fioust adenowat imathiase@pigcopesstoTheplavent ors of the
EL?igpgclﬂg Q%'{g}fﬁg@ongheghgoAdQLgﬁgﬂéaggg_”Er'C adenOV|ruses conprr3|ng
‘The inventors of the present invention also tried to
15 generate 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 Schnurr (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 viruees,
wherein thefhexen 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
regiens within the hexon profein, 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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25 WD 2006/ 040330 PCT/ EP2005/ 055183 proteins with swapped HVR s, based on
the definitions provided by Rux et al. (2003). However, again, no viable
viruses could be produced. Cearly, based on the definitions provided in
the art regas@so@sione hexon 5 HVR s, reconbi nant adenopdt/88265/03818Ng one or
nore of the HVR s exchanged between a backbone vector and anot her
serotype, at |east hetween adgnovirus serot%gesof di fferent subgroups,

coul d not BEPHSFUCEE PHERPPRYSMN DY &osere©pr EBendet Heht9Bh have now 10

i denti fiedyseveRdiWy fuw ERi 81 hupegy Bdenevieidsesathah, b ffribife om the
sevenHVR s identified by Crawford-M ksza and Schnurr (1996) and that also
di ffer fromitResmioealdHOR Brodesrd f i@earnl Yrukagedapn ¢2903). The broad

definition r.di he J: Ny, ion . is _indi d, 4 Table I'l, whereas
an even rm(%égﬁ{rinﬁri:ﬂr?&lgi E?Pgbggiii ﬁ??‘i}i)enr%fsts ﬂﬁ?%\%ﬁg}elg . FfﬁgT%%Xe IIF{I V. Repl acenent
of these HIR'ss,alremwenbiesnttedenovihesqy ddwdhigoonef ovimdte ofi e To t he

best of the know edge of the inventors, this is the first time that anyone
has been dB/¥ 3 G GEREPARCOERITER 1© 26 RBROVFFHSESTROMITYIFHy chi mer i ¢ hexon

proteins, sdwigige, ROt 18BELI Bt RS RIBoMeNaNgedot Pds Wherei n the distinct
HVR s are exchanged. It is also held that this is the first successful

attenpt i rdbbtasiaditn§uPgEeHDs nagrulhdefoer seduesdpri si ng chimeric hexon
roteins, wheraeai XQRAS i i.rus serotypes
p . &L %ﬁvtegﬁoi)g Qf'str}ﬁée)%fés%%tpﬁhlbégi:ié?ﬂ‘ lf%‘r?é"'tqﬁdvf yp

from two different subgroups. conceptual basrs e re- definition
of t heltHVR denves itedl ve®enol¥Rt v i @mimduaendsdensvj tmets orhagioi nts. |t can

nevert hel ess (%tctlge exgluded —that, by, shifting gne.or 1wo, qr..perhaps even
three. an n0 0 Tadhq8 £oRar GLo? HAN-S Lrtar et BY nr RS Sy B | h vi abl o
vectors. Howe\®hnurite (deDENi 4ndNhaAS dUrsRVidasky rps@viKechine the art, were
not sufficient to provide viable vectors with chimeric_hexons. The
definiti ofRjs identified by Rux et al. (2003). The broad
' definition according to the invention is indicated in
15 Table II, whereas an even more minimalistic definition is
provided in Tabel iV. Replacement of these HVR'’s élone
resulted in the production of viable virus. Tc the best
of the knowledge of the inventors, this is the first time
that anyone has been able to generate chimeric
20 adenoviiuses comprising chimeric hexon proteins, wherein
not entire loops are exchanged, but wherein the distinct
HVR’s are exchanged. It is also held that this is the
first successful attempt.in obtaining recombinant
adenoviruses comprising chimeric hexon proteins, wherein
25 the hexons comprise parts from adenovirus serotypés from
two different subgroups. The conceptual basis for the re-
definition of the HVRis was to use conserved amino acids
as junction points. It can nevertheless not be excluded
that by shifting one or two or perhaps even three amino
30 acids towardc the N-, and/cr C—termihus»may yield in
viable vectors. However, the definitions as previoﬁsly
provided in the art, were not sufficient to provide
viable vectors with chimeric hexons. The definitiohs'asi

provided herein are nevertheless not to be taken too
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provi ded herein are nevertheless not to be taken too 26 WD 2006/ 040330

PCT/ EP2005/ 055183 strictly, as slight shifts may al so provide good results
(see Table Il in conparison with Table 1V). Preferably, the identified HVR
sequences MWEB200eM0&ent ed by SEQ ID NO 17-79 and 88- 158§ T/EPWIEIBeqgi ons
that are swapped 5 between serotypes. Ad5-based vectors containing one or

nmore HVR's, &8}1@;’)9% %i@&hédﬁlﬁéJ%PéQ@ p‘%'bvéﬁésgéé&bﬂé%&@ wer e

const ruct ed as closed in the exanples. Cearly, 10"one or nore HV/R s can
be exchangedseeesl?abtlel g1 fkebgmpani somNApsfarlabdier 690 edPrefangbby, the HVR s it

is pref errec h ve Shi’ﬁeg%ﬁgé%one R 2 frr %?n%ﬁeaggt gﬁéo ype in place

of the wnld ype s =0t ect’o and, such

| arge swapsNowWight7 o esidl 88-n50pr erd Sl fﬂegmdris- tthapr adacewspaddie vectors.
Herein, it is now disclosed that all seven identified H/R s within the
backboné veRA O e REFPILYPFEd by Ad5) can be repl aced by the seven ,
corresponding H/YR s of a rare serotype (exenplified by Ad48). This al so

' suggests that s s 20 based on the HVR* definitions of Table IV will also
result in vial blpéfﬁnha@§ésve¢h@r§p%le?alrle@%rﬁleb@ﬂfv\@@ﬁet HERI®WR s preferably

4i remain tQ e fol ding of the
protein. The preqf errg% E' ﬁég %C%FPEB) % a %EB E[IB?%FP ]S)Jgener ally used
and wi del y e |ce:d1maﬂ:yépieasfdlsrm]smdmioaup tBe satxehpaesAdQleanlw so be used.

Wh HV] d I t
moro pr i ot APEE, WHeR. RORePY PR PRI CoohihoIE DRl eranly

five, even e a3Q prieketaldl Yosaxy and tmstavwef erabkypseyenrdyR s are |11, |
swapped. TKg;ékﬁgg{?S?faggtAg§{N§$§,geggégE;tgg?% ggigtype in place |
of the wild 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 cdrresponding HVR’s of a rare Serotype
(exemplified by Ad48). This also suggests that swaps

20 based on the HVR* definitions of Table IV will also
result in vialble viruses.
| The spacer regions 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, preferably'at least dne, more

A preferably two, even more preferably three, even more
preferable four, even more preferably five, even more

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

The AdSHVR35 and AdSHVR48 vectors that were |
generated as'diSclosed herein are substantially mere'

immunogenic than recombinant Ad5 vectors in the presence
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I

and ot her adend\d A "e

generated as disclosed herein are substantially nore imunogenic than
reconbi nant Ad5 vectors in the presence 27 WO 2006/ 040330 PCT/ EP2005/ 055183
of anti-Ad5 imunity, because NAbs, which are primarily directed against

t he hexon wo edoeiosvssf Ad5 in Ad5-infected individuals, parepmnosiésmger able to
heutralize through the HVR s of hexon of Ad35 and Ad48. This feature holds

true 5 for_all HVE t.aken.fromall kn rare.serotypes., which my be

sel ected (P Ht N T EadBhAGHE PAES AR ABIET SRYST 0. " As Shown
bel ow, AdS#MREAS{ld BgadinstiSeRe BoORbdMIphdtgimldf sagennHVESsivfedt4B i n pl ace

of the seven HVR s of 10 Ad5, results in a virus_that is not hindered by a
pre existi MATWARRLS BRGuBRILIBYIET ARLS HedeusRadifh WABOUGR e This now

enabl es ongyhas Use rAGRMDASEAIYSCLN SaddB . MHTRN QU +feLthH0gs Q% i NStance in
prinme-boost reginens wherein it is required that the receptor recognition-

15 bet vieenfeheapk iHRig veseor fapd able Hnoost inageveerorypeenailnsch he sane.
Anot her - apply Gal .o Mould ey g1y VaEE] HabIO OhbheT ARSHLT £, ApPI i cat i on

with an A ased vector in indrvi at "have éncountered wil d type Ad5
i nfection pdeyiaus Ad50t.he treatment. 20 Based on the identification of the

HVR s as .disclosed herein, nu ous conbj nat.i ons bet ween, backbone vectors
$859Bes£§$%v%4o%]frl?dsivﬁlré?esﬂ'h‘éoﬂﬁwje‘%fbe can be

extrapol at grh teddie Hvexansrohdas | in kit RmencagdvagnaRN@adenovi ruses.
Whenever a prine 25 boost reginen is required (not only for settings in

whi ch 1d5Adaserspddsodd arBiraguihatd)is med kiodrsadebpravieerd herein can
b l'ied t: : i |_t:h- i | :
e app! | edod O Cans 1%%51@¥Y§ﬁ&95e&“5$ya§tpq:% L c6RPBA! k¥en AP Y Sresent in

ci rcumvention pre-existing I nmuni agal n t he hexon
t he previ ousrappllihdsd 30wvenables tons tm use Addebstoeddvedtiadrs hiex chi neri c HVR
vectors as, diseleedieheLn €80 Pe{dgh TOdhE8do8Y regimens
wherein it is required that theireceptor recognition
15 Dbetween the priming vector and the boosting vector
remains the same. Another application would be the
vaccination or therapeutic application with an Ad5-based
vector in individuals that have encountered wild type AdS
infection previous to the treatment.

20 Based on the identification bf the HVR’s as
disclosed herein, numerous combinations between backbone
vebtors 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 boost regimen is required (not only for settings in which
AdS—based vegtdrs 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 applied

30 wvirus. It is to be understood that the chimeric HVR
vectors as disclosed herein can be further modified by
methods known in the art. For instance, the fiber may be
altéred to yield a specific>targeting'ability (e.g.,

fiber knobs from subgroup B viruses, placéd on subgroup C
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met hods known in the art. For instance, the fiber may be altered to yield a
specific targeting ability (e.g., fiber knobs from subgroup B viruses,

pl aced on subgroup C 28 WD 20061040330 PCTI EP2005/ 055183 based vectors may
be target edv@ 200809330h nuscle cells, primary fibrobl ast 8BCTHEHEFIISIE cel | s,
etc.). An exanple of such a vector would be an Ad5 based vector conprising

the VR s M58 QediBsianse 8048, a00 2 JeagloddeLEbSE Bekpob (the rmin

determ nant of receptor ogni I i nstanc Such vectors
all fall wphinetyhefidcopdastt, t dengresentcdliwgnieiten ). ehat esatpladenovi r al

vectors conprisi.ng hexons t ha re chi ic Wth respect to.their HVR s.
10 The. per SO ST Bed SRotnionl e Bf | 17 ity L@ el dechpenCOTREL RN edgo

provi ded hefied THVR’G Goat FUet iapdahee IaMuGRl dtahkasteenabEngat replication
defective adenoviruses, which have one or nore HVR s replaced by HVR s

from ot er ‘Sfhoihugedn Neresverant el sefrnteds T6rog8ithen HVRr ™ provi ded
herein wi |l enow anahlce 9RAst OshEADYEdAOSE 15834aNGaSHaRdLhE HSgpd hese

positions within the hexon to Introduce other substances, such as targeting
| i gands to ¢o&@riget prescadenovenbses rolaedd Soofademosriasl veéchowsvo and in

vitro), radioact. ve bihndiong ght s_for 1_%{) tr.ackij\% %dengvi;rgse in vitro, and
certain B- c%‘?rflprjtas’ﬁintgopgé< P uch® sa]a%s%rl%eerdlcbf/q rgSF'P & ar. %301?5)‘. The
present invievRi®HN relates to a batch of a reconbinant replication-defective
adenovirus based on a 25 serotype . froma first subgroup, said adenovirus

conpri sthg a chiThs iReBFeRoAkHLEELT H viHet &5 Wild Re¥oRe pPotei Wildonpri ses

~sequences fiomitig 19095t YRevehcdahdre i Sto LRGQUR ARAdaL | €ast one hyper
vari able region (HVR) sequence froma serotype froma second subgroup, 30

wher ei n saiBrdduaa vandleairgcoubonants Lkrpbifrtdon detferhévesame. Preferably,
said first é&gﬁgé§ﬁb§é%,s%RQEﬂuﬂa@b Sﬁe or more HVR’s replaced by

HVR’s from other adenoviruseé. Moreover, the sequences of
16 the HVR’s provided herein will now enablerone to remove
thosé sequences and to use these positions within the
hexon to introduce other substances, such as targeting
ligands to target the adenoviruses to cells of interest
(in vivo and in vitro), radiocactive binding sites for
20 tracking adenoviruses in vitro, and certain B-cell

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

The present invention relates to a batch of a
recombinant replication-defective adenovirus based on a
25 serotype from a first subgroup, said adenovirus 7/
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 subgfdup,
30 .wherein said first‘and said second subgroup are not the
same. Preferably, said first subgroup is subgroup A, C,
D, E,vor F. Also prefefred are 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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D, E, or F. Also preferred are batches according to the present invention

wherein said second subgroup is subgroup B or D. More preferred are batches,
wherein said 29 WD 20061040330. PCT/ EP20051055153 first subgroup is

subgr oup @0 zooelodobsd serotype fromsaid  subgroup C is AdBEpPaoshssizer ei n sai d
serotype from subgroup B or Dis selected fromthe group consisting of:

Adl |, Ad24,. Ad26, ,Ad34, Ad35,. Ad48, Ad49 and Ad50. 5 In_a preferred

embodi ment of° ﬁélbﬁr“é’él:?n—%si ﬁ%ﬁ?%,& S&% tg‘ﬁi ﬁSF?EY%%r%%"’grS&l n conprises
the first sipgdddd csequeasgsafdMRletrdMRbsaiar sakbtgpyefrdtVR sequences (HVRIL-
HVR7) from a serotype from said second sub%roup. I'n anot her preferred

enbodi mentSUREEAFPhEXER Pr 68 eFRledtrd g $NEn8 T aHP nePR} 3 ¥y ®drices of the

backbone vidqus aMelyegnsthendyR seaiencess, TAHgs Lhe AMsp or nore HVR
sequences as defined hereln may be del eted, nutated, replaced by a |inker

or replfaced by IanaHyReSegued cenfodimerdanotthehespresype, inveghiipmpr ef er abl vy,
t he sequences, ](:%il i r}l&icnget he HVR s. are mai.ntai Qggegnd ar e uaned. Thi s

enabl es oné 1o pr Oduce ViTuse’ that arerstable %St t$éi r' ‘hiexon- backbone

struct ure gyended QyvRbeHvRg)y H\Ir =HdquereasHVRt séguédatss pirafrarr ed that the

sequences _bhefween the HVR sequences gre fromthe serotype fromsaid 20
first subdhdtd. FRTMachPERPLYRT ef e &3 18 56GPRENEUPTH By esent i nventi on

provi des batches, ghoadepoyisHsesReaMdiingnt) shhe PEesePrddavention, - ~
wherein the first subgroup is subgroup C and wherein the at | east one HVR

sequente fidiniZs the 3eineypeldisamiancsscofidtBabarekirns Walksct ed from SEQ
HVRD Sequania TS Serec oa TRsm B0 Th Ko 7, B e RS o e, o6,
and 73, wergianceshesHIRRisedusnosin mayebectietieftedmmBEQ@UdA,NO 18, 25, 32, 30
_39’ 46, 531:‘>ep %ce(csi?byagdlZékeJ\fmoerr erierfz)ltab:%ngls?’arsleﬂ\'?’lgns(::eeqlilesnce 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 is thus preferred that the sequences
between the HVR sequences are from the serotype from said
20 fifst subgroup.
In a highly preferred embodiment, the preSent
invention provides batches of adenoviruses according to
the present invention, wherein the first subgroup is
subgroup C and wherein the at least one HVR sequence from
25 the serotype of said second 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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selected fromSEQ ID NO 19., 26, 33, 40, 47, 54, 61, 68, and 75, wherein
the HVR4 sequence is selected fromSEQ ID NO 20, 27, 34, 41, 48, 55, 62,

69, and 76,

wherein the HVR5 sequence is selected from SEQ I D MO

21, 28,

35, 42, 30Wa0200833040330 PCT/ EP2005/ 055183 49, 56, 63PCVBP2085ePSW3, wherein

the HVR6 sequence is

selectedfromSEQIDNOZZ 29, 36, 43, 50, 57, 64,

11 and 78,4 gnd thenel Aot NEVEY, SSAMENGE I3, SERRCLERuLAO SEQ 1D NG 23,

30, 37, 44

65, 72, and 79. anot

the HVR1l segplented IﬂVBm*)BEQSIBeIiI@cZE,d Zg,oraGSE@E»I D5NO: 83, 95, 1D2,

123, 130,

pre erred enbodi nent,

109, 116,

13 and 144, wherejn t R2 sequence selected from
SEQ I D NO 8@“17 98, £98 whegeinhe %‘ZR %eﬂue lsaﬁélfv Rge&m#%?’& n the HVR3
sequence (HRS*ID i®:1@, sgbected 410mSEQY DN 90, 9dd 194, 1d et 118, 125,
and 146, wherein the HVR4 seqt%;g%%agwm* is selected from SEQ

132, 139,

| D NO 95, ggotes, PffferIQQ enlogd imeyg:

dseqrenghefBYR the

HVRS

sequence (MRSl s e seher! sfo! fOMERQ | 390,98, 980 1065, 145 120, 127,

134, 15 141

ereint sequence

selected from

SEQ | D NO 9330,1037,161d 124, @R4reil®8&ha3BR2 b4Zuecand 1HYR2Endisvherein the

HVR7 sequen

129, 136,

A1) THD. SRR 65 GT Bty e AL Sbduchid dbbo

represent ed; 3y, %ﬂd’lG_MSt,hG}hbh;/BinSﬂ%'W daubalele (bi/rRok) by those in Table

IV are deleted fromthe backbone vector. eraJhe reason for deleting the HVRL
regi on 1% t?r%]teCt@é’cﬁlr@f“néEQOIPh]@Oc?@nst%ﬂr tHuctldite 618t hé2adehddi rus hexon

protein,
i ndi cati ng

J,| anld ﬂQGSeQH%%?_ﬁ Ohe MR a§e‘%1u\é‘1?1rc)é ﬁﬁvﬁh@' j§oget her,

at these flanking sequences

| oss of stragtagted dxosptEQOf 6P Fhedlel Hi dﬁJS,I rilamoﬂh@r bi@i et3%d
e se n e t t he HVR2 sequences
14012 o dd/Ta 15 eRHENE R, B SRnes e g Shbher 1g 9

enmbodi nent ,
in Table 11

15

20

25

30

hosé iI'n 2 rep ace
selected from SEQ ID NO:92, 99, 106, 113, 120, 127, 134,

141, and 148, wherein the HVR6 sequence (HVRG*) 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, 136,
143, and 150. More preferably, the HVR1 sequence as

represented 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 that

according to the crystal structure of the adenovirus

hexon protein, the flanking sequences of HVR1 are very

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 Teble IT or by those in Table IV are replaced by a
short linker, more preferably by a two-amino acid linker,
most preferably by a QG linker. Also the HVR2'flanking
sequences are close together, following the crystal
structure; However, as they are slightly more apart than

seen for HVR1, it is preferred to include a small
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- 30 short linker, nore preferably by a two-am no acid |inker, nost
preferably by a QG linker. Also the HVR2 flanking sequences are close
together, following the crystal structure. However, as they are slightly

nmor e apar twé bagosossen for HVRL, it is preferred to inchodermosesaiss 31 WO
2006/ 040330 PCT/ EP2005/ 055183 bridging linker, preferably a linker of 1, 2,

3, or 4 aci nor e fer Renov of HVR s fromthe hexon

m ght be ?lﬂjél Hed k&t‘fl’ Hg?ﬁe’b‘—f‘%ﬁ%rﬁl %t dek? by I\%slloagal nst the

i mrunogeni gmaed eIdiidgagNSrer gsentesb by 5. tﬂé‘ﬂlolﬂ\e(ﬁ? 5 Homeyefrom ntnd ew of the
crystal structure it does not seemfeasible to delete HVR3-7 fromthe hexon

protei n wikewRR wedtt byi khhei Ldedletlutiany det prevanbirguan Pdadbly its
function apd wale ag%%@res'tﬁew d0ths AdRoughnbhes hoxoleplLdzs | al so

preferred rits HVR s e seguence o exonh protein this
speci fi& tharkR'ser doypeewasinnkimmpft dltcheriysveht stsuatutdeitime of

filing. Neyertheless, w.th t teaching a 0 ‘ n, the skilled
person wi | fOROWBe S%?f“efFSSEIg?% cg %gcf‘? %ﬁ%l%\é ?Iﬂiﬂ“ ﬁ%/e%%now rus hexon
protein, ipebtingiitholitedpseteyimg say dwpa1ddidrudberdsenoftrany one of the
HVR s of Ad24 is also part of the present ‘invention. The invention

al sor el at RPID- Rk ifSe foRChhOP st At A hidl sPPsadi foemebtrthy at | east one HVR

sequence of an Alhﬁ?&%@hOfth@ RULBD SAenpv 1ys ai%%weeif@&anwp Bin 20
the construction of a chinmeric hexon protein, which hexon further conprises

sequentles HYR/m ,arth@d@ﬁeewenge ¢f ofrhe smiagnD@gOAel@ oD, tlE s opgei i t her nor e,

the invent| é,r wghe Hﬁnov%{ AN |seoll%tfedtggglgjc }gecl d encodl ng at
| east one sequenc P65t "an fiexon' of a uman enovi rus serotype from

subgroup Dbf nEiJJimq:omletremcheD@ss,ofwnath:mn@meechenqna@rpt@rmed/\m ch hexon

further i ses _sequen from an adenovirus from subgrou B,- C E
or F. Pr eflé?%ry, ke gtl ﬁ%isﬁ’e?ﬁ%ﬂ Wé%@d’ﬁ’eh@eable to geter lne .

the HVR’s within any adenovirus hexon protein, 1nclud1ng
15 the preferred serotype Ad24. The use of any one of the
| HVR’s of Ad24 is also part of the present invention.

The invention also.relates to the ﬁse of an isolated
nucleic acid encoding at least one HVR sequence of an
hexon of a human adenovirus serotype from subgroup 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 iﬁvention relates'
to a chimeric replication defective adenovirus based on a

" backbone adenovirus comprising a penton and hexon protein
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is selected fronSEQ I D NO 24-79 and 95-150. 30 Table Ill summarizes the

vari ous enbodi ments of the invention. The table indicates that the
invention relates to a chineric replication defective adenovirus based on a
backbone adh¥0¢/#44330conpri sing a penton and hexon pr ot ePEI/ERROINSSI8306/ 040330
PCT/ EP2005/ 055183 of serotype X, wherein n H/R s in the hexon protein are

of serotypg, ¢, I I xCOMRELSI NG, arfd Rer ComRr hsik.Ag taid ?]rgj a shaft of
serotype, F andsefarlélgh%% of Qgr otype K, ,vvhelrnei n. 5 - X ?goan adenovi r us
serotype selfecteadtiypenyt hEugtioep counsisinong dfibhunmaonpdésovy raises 1-51, a

siman, a.canine . anovi 0e .o BRSNS ANGoBDOK D seral ypes Vi an
adenovi rus serotype sél'ected from tife group consrsting o marf
adenovi ruseshekkin24, 26, 34, 35, 48, 10 49 and 50, wherein X and Y may be

the sane or different, and wherein n repr cisents any nunber-of HYR s fromO
to 7, providedS BBt APERKVICYS $REREYPS splpctedriremahhe q@HNE rus ser ot ype

sel ected frondine i9G0UR hGRASRI 8440 Ofudusman sadegoxipugges, 1351, a sinian-, a
15 canine-, an oviné-, a porcine-, and a bovine serotype, wherein F, X and Y
may the samaromedif far eMineanda KPeBCiHIEad@moyier boviaeosgpetydrt primarily

uses CAR as_. |J ul ar .r oL, i F _ Y. Ry he sanme or
different. Pr%?ig’r a ?Fe%s?}égéts%\g?%ﬁo%] gté'r%‘eeC'Etglé] %ggszg?h%‘%f er protein
t hat i nt er asdrssiwittilgt b€ hembéona@smdeimisdss 1df, 24, o0bgpe3X, i 35t B ,event that F

isnot X 1 is be understgod that the backbone adengyipal vector may be-
oy adelovid et FEEbRb RS ML he 56 Pergose (bt ESktcat o i 1
normal , NorEBGKRFAE, nCebpsdsémed dSy anribegablre nf/ar sugeom o htrens. Any of

t he human adenoviruses known (serotypes 1-51) within the six subgroups A
B, C, D, EPxidded &8akelf As*khovihah m an-l-77 :

- F is an adenovirus serotype selected from the group
consiSting of human adenoviruses 1-51, a simian-, a

15 canine-, an ovine-, a porcine-, and a bdﬁine serotype,
wherein F,'X and Y may the same or different; and '
- K i1s an adenovirus serotype that primarily uses CAR as
cellular receptor, wherein K, F, X and Y may be the same
or different. Preferably, 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—,
caﬂine—, bovine~, ovine-, and porcine~ adenoviruses,may
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 deletiQn of at least one functiohal part of

the El region, preferably by deletion of the entire
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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 voy 2abebabioon of at | east one functional part péT/EPivesEs5188egi on,
preferably by deletion of the entire 33 WO 2006/040330 PCT/ EP20051055183

functi onal cg_l{ﬁcinE AI 5§ﬁ§9ht%2&%tkq %neg)&cgé cal |y conprises the

ot her early an e regi ?]é of the

possublI|ttfpa¢uxmy(ba&pmﬂsebheh@rétﬁéx(HuﬁMyeﬁnﬂI1aeétae@1®ﬁguuﬂhﬂj adenovi r al
5 proteins by other nmeans, for instance thrqugh, conplenmentation wth hel per
vi ruses ors%i;lll‘%lﬂ?dfstoﬁelsp%ﬂﬁﬁl% s IPO[SrSéﬂ?éfléFf*rﬁa BEeR99Atin t conpri ses

the requiged puchey) coaphdrent ablyrd 1 eWARledd Aakbhsveeppme. Typically, the
~viruses of the invention conprise an 10 adenoviral genone with an El-

del eti dn, Rk dvaitheransanan £3- delsdEnor tbrpughi de space for

het er ol ogo ucl ei ¢ .aci d fointerest that nmay be clo in the El }regi on
in the %@“I#;egr?eonna lon ?ER H’%jf;p?ren‘ﬁrrﬂsr?g re}gé oﬁ% ‘l'm% dhas E2, E4, the
ITR' s and pdxekd gitrey rceglloInSaﬁlEfaﬁeecgeﬂea‘ralﬁhyatpﬁeseampraﬂséﬁlouw t hese may be

conpl enent ed r at durin roduction in a packaging cell. The vectors
pr ef er abl yr%cB%ﬂp‘ﬁp iﬁ%@éﬂ%g %@ﬁ‘kbw (PdEgrBigd f‘Po?‘rg%n%?We'ser otype) that

i's compat it iyt RacEFBrusSK of olirl N RicR%e8h EBmphesPagkagi ng cell line,
as 20 disclosed in WD 03/104467. This is done to enable production on known

packaglthg adenestisradudengse PER IR )EL é&h%i@przgsdceméer@m t he

recombi nan%]ﬁvéac%no d’ih@l%l@'eloﬂrtg'ﬁfé ll%fléo gb% X\Ag (E]bo ot conpati bl e

with ElB- s present In‘suc ceII e serotype is
i ndi cat ed mboMsi @ascids. of Fintéeest tﬂfeati)a(alyb(bﬂecﬂmnaé imythee Kngi neered such
that it contal e MR $nlr 89 208 &1, B §o2h. t HR20SNOVLLLS
regions, such as E2, E4, the ITR’s and the late regions
15 are generally present, although these may be complemented
separately during pfoduction in a packaging céll. The
,vectofs preferably‘compriseé an Ed4orf6 region (possibly
from another serotype) that is compatible with the ElB—
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.CG_®
cells or 293 cells, when the recombinant wvector has an
original E4orf6 region which is not compatible with E1B-
55K of AdS5 present in such cells. o
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 Adl1l, 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 serotYpes are
considered ‘rare’ and encounter only low pré—existing
immunity is most individuals in the human population; So,.

when X is‘onevof thé Y serotypes, the number of swapped
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serotypes selected fromhuman Adl |, 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 nay not have to be engineered as these serotypes are,
consi der edwo zwe040330d encounter only | ow pre-existing POWERIDY0ISE3INDSt

i ndi vidual s in the human popul ation. So, when X is one of the Y serotypes,
t he nunber S ed_34. WO 2006/ 040330 PCT/ .EP2Q005/ 055183 /R s (the nunber
i ndi cat ed b};&R nsm?&%r?a?ugl}é)e%%rolgl%ﬁeéaﬁ%% f—?,’ Wﬁgr{e)gs,zeﬁﬂéng%i s not one of
t he Y serotapes,1-73t wheaskspnehefi X hiss MR ®nies offr @ReayYYsseo ofygxe, wherein

it is increasingl %/t preferred to have nore HVR s froma Y 5 serotype, and

wherein it 3% OPEf 8fr BBt BVRaY el 2o &y &n SAVRT¥PE X cHARER for t he

correspondi g LIRS LA yapYe BEF ALY RS hERR Rackbangr ¥i FHsmof {he present
invention conprises a penton protein of the sane serotf\llpe as the 10

backbond vitarRtyRee backybreevnrifs 15 mafii mnaferred thehseaselthat either
the hexon igs. £l TREG %Q@K%{ﬁgeg? oPrth@éo%ﬂé%?o%dﬁﬁghﬁgggﬁragrrxsé’nl?St' tut ed)

and/or in the sense 'that er proteln 1s chinméric or in the sense
that the fidber gmiteie.is froma different serotype than 15 the backbone

virus. The possihility exists,that X=Y=F=K, for ,exanple a reconbinant Ad48
Vector . me Adas Then e kRANS Ththe crt Wi BiRserly dOAPBLAGR - criveri oo S he

sense as desfdiiked abgvarowhghobs AottHigamikl %eﬁ:@@??_@i aantnhAdl 1,  Ad34,
Ad35 and Ad50 do not fall within the above given 20 definition, as the fiber

knob shBlul dPagkkaps Bdsenthe BaeRgie ¥iHats pref'endmerar( yibiwWe CAR which
these B SUDGIOUR L USEACIOLAO ne:le 1 RATircYId QRLG: AT BhyPS, | NI cated as

"F', conprising a tai romserotype F, conprising a s 25 from
serotype F mowk bR skuhaagkdobdr f s0rs tal werest)y padi/ndi ¢at eble asewe Cl ear | vy,

when Kis téﬁ%é“%ﬂ% %%%%Eyggoggin 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.
Howevér, such vectors are not ‘chimeric’ in Ehe sense as
bdescribed abové, when n=0. Not-chimeric recombinant Ad1l1,
Ad34, Ad35 and Ad50 do not fall within the above given

20 definiticn, as the fiber knob should always be from a
serotype that preferentially binds CAR, which these B-
‘subgroup viruses do not. 7

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 witﬁ 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,
doanot prefefentially interact with CAR, bﬁt preférably
interact with another celiular receptor, such as CD46.
So, when K is the same as X, X is not one of the'subgroup

B adenoviruses. Also, when K is of a different serotype
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F, the fiber proteinis not chimeric. Kis a serotype that preferentially
interacts with the CAR receptor and K may be the sane serotype as X or
different. Cearly, 30 certain human serotypes, such as those from subgroup

B, do notwermbtedossiti ally interact with CAR but prefepebkyoodsssmszact with
anot her cellular receptor, such as CD46. So, when Kis the sanme as X, X is
denopvi ruses. Al sq, when is of a different

not one of the supgrou .

er otype. 351D BOGHDH8536 BET| EPA0US GRETET LN harCrL ARG RHE (Ther |5 t hus
chineric),td dLasttnRar in@brathe haid dditlon Nherast sapbid Aengon in the
capsid is of serotype X, as that would result in proper and stable capsid

for mat i on. S@ECHRA Yof aph&hakpyeul dreasetli- dfcHAPRET52genesadte t he known
adenovi rusgs, Af £ MY aRE &b LY. ¢ trf;e{];c];atp'sfid' 5%%@;1%&5%- Il of the

skilled artisan to 1dentify the tai and region every known
and yet5 t ogdreeslist dher édoadeadenousrufrefagrer @edyw butihatlde iin tiheg exanpl es of

chinmeric 10 repli.cati,on-defective adenqviruses.agcording to the present

i nvention &Fe: J%dﬁﬁvﬂi%il‘%, eAﬁ%ﬁiszﬁ{] (1%?) ,Sili&%avﬁﬁ%%i&?‘?)t,o Ad5HVpR34( 1-7),
Ad5HVR35( 1 dant A0BHWRABG11, 73ha A HARAY L FlegildSEYRE&¢dr ) known
AdSHVRPan9(1-7), = AdSHVR11(1-6), AdSHVR24(1-6), Ad5HVR26(1-6), Ad5HVR34(1 15
6), AdSHVREH X&) toadsHIREgPTehd FIBNIVRLTEE- 6), Ad5SHVR50( 1-6),

AdSHVRPan9( 1- 6)p - AGSEMBLLELY | 0 AASHRAGY cxALPEVRIE(dn i mAMRHVR3A(1),
AdSHVR35( 1), AdSHVRAS( L),  AdSHVRA9(1), Ad5HVR50(1), Ad5HVRPan9(1), Adl I k5,

Ad24k510  Acowkis;a tAdR4KE fe At B8k 5adungkaisead 49kbrdddg0ks, tian9ks5, 20 Adl | f5,

Ad24f 5, Ad26f5. .Ad34f 5. . Ad35f 5. . Ad49f 5 _PRan9f5. Adl | k26,

Ad34Kk26, S LRYE0KA8T @ %hd@%i,l‘;@&l@f ?3 %83‘3?32? ?]Ad 5f 26, AdS0f 26,

Panof 26,  AMBHRES, (1Ad34kAQ5HVRIBEIAT]) AJGINEAR35RARIKAORAFIRASIQ, - Ad34f 49,

ﬁggﬁ/ﬁgh( f_;;’fpf‘q%d@@&gggf% ALEMRL L ", 2sadabVieH{ 15)7) AdZHVR%( -7,
| AdSHVR11 (1-6), AdSHVR24 (1-6), AdSHVR26 (1-6), AdSHVR34 (1-

15  6), Ad5HVR35(1-6), Ad5HVR48(1-6), AdSHVRAY(1-6),
AdSHVR50 (1-6), Ad5HVRPan9(1-6), Ad5HVR11 (1), Ad5HVR24(1),"
Ad5HVR26 (1), Ad5HVR34 (1), Ad5HVR35(1), AJSHVR48(1),
AdSHVRA49 (1), Ad5HVRS50(1), Ad5HVRPan9(l), Ad11lk5, Ad24k5,
Ad26Kk5, Ad34k5,‘Ad35k5, Ad48k5, Ad49k5, Ad50k5, Pan9k5,

20 Ad11f5, Ad24f5, Ad26f5, Ad34f5, Ad35f5, Ad48f5, Ad49f5,
Ad50f5, Pan9f5, Ad11k26, Ad34k26, Ad35k26, Ad50k26,
Pan9k26, Ad11f26, Ad34f26, Ad35f26, Ad50£26, Pan9f26,
Ad11k49, Ad34k49, Ad35k49, Ad50k49, Pan9k49, Ad11f49,
Ad34£49, Ad35£49, Ad50£49, Pan9£49, Ad2HVR1L(1-7),

25 Ad2HVR24 (1-7), Ad2HVR26(1-7), Ad2HVR34(1-7), Ad2HVR35 (1-
7), Ad2HVRA48(1-7), Ad2HVRA9(1-7), Ad2HVR50(1-7),
Ad2HVRPan9 (1-7), Ad2HVR11(1-6), Ad2HVR24(1-6),

Ad2HVR26 (1-6), Ad2HVR34(1-6), Ad2HVR35(1-6), Ad2HVR48(1-
6), Ad2HVR49(1-6), Ad2HVRS50(1-6), Ad2HVRPan9 (1-6),
30 Ad2HVR11(1), Ad2HVR24(i), Ad2HVR26 (1), AdZHVR34(1),
 Ad2HVR35(1), Ad2HVR48 (1), Ad2HVR4Y (1), Ad2HVR50(1),
Ad2HVRPan9 (1), Adllk2, Ad24k2, Ad26k2, Ad34k2, Ad35k2,
Ad48k2, Ad49k2, Ad50k2, Pan9k2, Ad11f2, Ad24f2, Ad26f2,
Ad34f2, Ad35f2, Ad48f2, Ad49f2, Ad50f2, and Pan9f2.
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7), Ad2HVR48(1-7), Ad2HVR49(1-7), Ad2HVR50(1-7), Ad2HVRPan9(1l-7),
Ad2HVR11(1-6), Ad2HVR24(1-6), Ad2HVR26(1l-6), Ad2HVR34(1l-6), Ad2HVR35(1-6),
Ad2HVR48(1- 6), Ad2HVR49(1l-6), Ad2HVR50(1l-6), Ad2HVRPan9(1l-6), 30

Ad2HVRL1( 1WO Mdee408®4( 1) , Ad2HVR26(1), Ad2HVR34(1l), AdPEVEBB(F)55183
Ad2HVR48( 1), Ad2HVR49(1), Ad2HVR50(1), Ad2HVRPan9(1), Adllk2, Ad24k2,
Ad26k2, Ad34k2, Ad35k2, - Ad48k2, Ad49k2, Ad50k2, Pan9k2, AdlIf2, Ad24f2,
Ad26f2, Ad34f2, Ad35f2, Ad48f2, Ad49f2, Ad50f2, and Pan9f2. 36 WD

2006/ 040330 PCT/ EP2005/ 055183 NOT FURNI SHED UPON FI LI NG 37 WD 2006/ 040330 -
PCT/ EP2005/ 055183 EXAMPLES Exanple 1. International seropreval ence and NAb
titers to Ad5, Ad35, and Adll 5 Ad-specific neutralizing anti body. (NAb)

genbrai 1y as. desert b0} BURNISHED GRON FIEING 545 noman T ung

. carcinoma cells were plated at a density of 1x109 cells per well in 96-well

plates and 10 infected with El-deleted, replication-inconpetent Ad-

Luci ferase reporter constructs at a nmultiplicity of infection (nmoi) of 500
with 2-fold serial dilutions of serumin 200 pl reaction volunmes. Foll ow ng
24 h incubation, luciferase activity in the cells was nmeasured 15 using the
St eady-d o Luci ferase Reagent System (Pronega). 90% neutralization titers
were defined as the maxi num serumdilution that neutralized 90% of
luciferase activity. Further to the studies disclosed in W 00/70071, 20
experinments were perforned to assess the seropreval ence and NAb titers to
Ads and alternate Ad serotypes in the developing world. The

| uci f er ase-based virus ’
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neutralization assays from Sprangers et al. (2003) was applied by using
serum sanpl es obtained fromhealthy 25 adults in the United States (N=19),
Haiti (N=67), Botswana (N=57), Zanbia (N=29), and South Africa (N=59). As
shown i n fwguaesrnhod3o t he Ads seropreval ence was 50% wi PoTmebmshsedsy | ow

median titers in the United States. 1In contrast, the Ad5 seropreval ence was

82% i n Hai #% % 30 in. Botswana, 93%in Zanbia, and 88%in South Africa.
Mor eover, M i an Ad5-specific NAb titers in these sanples were >10-fold
hi gher than the nedian titers found in the United States (fig. 1B). These
data extend the, previous findi ngs (Kostense et al. 2004; Vogel s et al. 38

VO 2006/ 04B53PFCT EPFGESFe54983L soreprevaienstAed NAR FhERTAM®R speci fic

NAbs are ngas! yaqisi \iiSalaiand present in high titers in the devel oping
world. In contrast, the Adli and Ad35 seropreval ence and titers were
substanii al | y |&iwgpdai fiilgegeupopliathersntBHyvantphe) 2resppmgeeioni nant

targets of A0S Speciif pnqutializing, antd Radies The spmplesooutlined in the
previ ous exanpl € were «fber SFUtTTT Zed 1o deter i ne the doni hant ant i geni c
10 t ar get sa9fa sl geapacilfiyc ablAlisscnibed by pldadeasdesubl Sah20@d) Afri ca.

G ven the lack_of detectable NAb cross- reactivity between Ad5 and Ad35, the
capsi d chi REFFELY Ad 4R 35TG0y LURE 3PN FdSi FergsBlated flgéts in virus

neutral i Zalib Qe Bp SHY LRI ecaBEd . pheRA 1veat 06Swd b1 C;gr@desé &fq various
conbi nati ons of Ad5 and Ad35 hexon, penton, and fiber proteins in the

cont exf0 of infeaiad witds Elpdelptpds ¥R GAti@nypeogpeteht kidreti cs (Havenga
o oo S MaertolondH SR MRGIGEScHRRCat Lo Sty
Ad35- Ad5 chnfiection afrloi,) AGS5H686p@85th (Adfo lcbreeaiinilndilheidul850f i ber and
-shaft, thge@ﬁﬁaﬁﬁ@ﬁm nl reaction volumes. Following 24 h |

incubation, luciferase activity in the cells was measured

15 using the Steady-Glo Luciferase Réagent System (Promega) .

90% neutralization titers were defined.as the maximum
éerum dilution that neutralized 90% of’luciferase
activity. ' _

Further to the studies disclosed in WO 00/70071,

20 experimépts 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 édults 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 in Botswana, 93% in Zambia, and 88% in South Africa.
Moreover,»the median Ad5-specific NAb titers in these
samples were >lO-fold‘higher“thén the median titers found
in the United States (fig. 1B). These data extend the

-ptevious findings (Kostense et al. 2004; Vogels et al.
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chinmeric tail, and penton), and Ad35f5 (Ad35 containing the Ad5 fiber knob,
-shaft and an Ad5- Ad35 chineric tail). 25 As shown in figure 1C, conparable
NAb titers were observed agai nst Ad5, Ad5f35, and Ad5f35p35; all based on
Ad5. Si nce Whi2006/849830d of t he Ad5f35p35 vector contains PCREPNES03IE380n but

t he Ad35 derived fiber and Ad35 derived penton, these data suggest that the

maj ori ty of;iof 30, pRRGILLE N ARLEVAGY. M5 dieshed agai pal.fpe AdS hexon.

Lower but clearly tectable titers were so neasured agai nst- reconbi nant
Ad35f5 (heremivetsd reefdepredend as higl3Sfitsy)s idervbestestilogithat AdS

fiber-specific wer e _present -_to 10-fold lower.titers. than Ad5 39
oW B00GT B0 TPEHTEs86s, Shs B4 heaih Ahi ReteERATELPREF IR aamp! o5,
No Ad5 penteitespasidd Gubhbanves el febswsedinisinegd hepalvktiuaes, but the

simlar NAb titers agai nst Ad5f35 and Ad5f35p35 suggested that
pent on- sheci fic NAbs played at nost a relatively 5 ninor role in this

neutr al | 2at 0y F( TP Gmino@8AshaAL 0P i NI TH B814p0d35ks - Reconbi nant

Ad35- based vaccines are imunogenic in ~“the presencé of anti-Ad5 immunity.
However, recemtgaldrming) anddbodaesi nes are intrinsically |ess inmmunogenic
than reconbi nani, Ad5 vacci nggliirqectihlen seencreevolf ant i}{:ﬁd? i(ramémi ty (Barouch
et al. 2004). Thi s pﬁs‘ra&?lgr% Ras oW been- “overcons b)? CORstr et ng capsid
chineric recorthaanitiAd3=d vectietsrminahilod ddmilreast ahkegdd35 fi ber knob is
"replaced 15 with the Ad5 fiber knob (referred to as Ad35k5 for the knob

r epl aceffent tRFIF YRI5t 306SPREAELE NERR §1 RAEL (&8 ¥SéneRre) SUReconbi nant

Ad35k5 vect 98, MaT v fiieducedvhy thepl Ak ngr tha Ad3B1ti ke pret el n- encoding
gene with a 20 chinmeric fiber grot ei n-encodi ng gene consisting of the
reactivity between Ad5 and Ad35, the capsid chimeric
Ad5/Ad35 viruses expressing 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 inrthe context of intact virus
particles with wild-type growth kinetics (Havenga et al.
12002; Rea et al. 2001). The chimeric vectors used in this
study included Ad5£35 (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 AdS fibei knob, -shaft and an Ad5-Ad35 chimeric
tail).

25 As shown in figure iC, comparable NAb titers were
observed against Ad5, Ad5£35, and-Ad5f35p35;'all.based on
Ad5. Since the capsid of the Ad5f35p35 vector contains
the AdS5 hekon but the Ad35 derived fiber and Ad35 derived
penton,‘thesé data suggest that the majority of Ad5-

30 specific NAb activity was directed against’the Ad5 hexon.
Lower but clearly detectable titers were also meésured
against recombinant Ad35f5 (herein also referred to as
Ad35fib5), demonstrating that AdS fiber-specific NAbs
were present at 5- to 10-fold lower titers than Ad5
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Ad35 fiber tail and shaft (amno ‘acids 1-132) linked to the Ad5 fiber knob
(am no acids 133-314). Ad5 fiber- specific antibodies do not bl unt

reconmbi nant Ad5 vaccine immunogenicity. The Ad35 fiber knob does not

i nteract 20 wob/MoEMR since it is a subgroup B adenovi recr/fRoedosssE et al
1998) but instead utilizes CD46 as its receptor (Gagger et al. 2003). The

different fiber protei.ns. direct ,.these viruses._in different intracell ul ar
CL LTl ol RS AL P INERE o i B N A TS TRt e a5 1| ey 36

knob faciligedies o apbd weral nessapsl isimgeahkyeceniosod®s buthtthd he cytosol ,
| eading to efficient translocatjon of viral genones into the nucleus,
wher eas t eiHil5dr MRobd ters orvatbitafiddf38 a8enbdrf Ry surIamfiedy Adl 1 and

Ad35, | ead 110 J8LeRlisBR-9F; Vi r4icel 83 hBRskate ﬂgg§gggs 40 WO
2008] 040390 ToT EonoaPostr ! %ﬁsd&?iea?yecgl A Rt e e e i on back to the

cel | surfatenq:Shalak hnetbys encwtral2@@d)ionThe cl oni ng of the reconbi nant
nucl ei ¢ acid encoding the Ad35k5 vector was as follows. The regi on encodi ng
the 5 Ads fiber knob was synthesized by PCR and was cloned as a Bsi W - Nnhel
fragnment iEsMamgllec 3nBBeAdBatiioe|of IAHISEHSE3 apdandBiky = pBr. Ad35. PRNAE3 in WO

2004/ 001032) to replace the corregfonding regi on, encodi ng, the Ad35 fi ber
knob. The nut &FCOPBRIABSSRSS Pehdssd FRCFERCS| &5/1 HTHRREEC Vit h 10 t he

PVEE. Ad35. plRt EGRRBYNCWO- 2004 DOIO3 2nnkRshd 8Bleb8., Adaidmaiasm d
pAdApt 35- SI VGag, conprising the SIVmac23 Gag gene, were then

co- t r alfsf i Viagrcd nPERACB/ 5Bt | ag 1 1ys de swolouprogTmiarddiand 02/ 40665) , and
doubl e ho@éc%%‘i%an@ﬁaggwgéiﬁ% el e'tg%d aio'a.gnléscgﬁbéﬁ‘@f—:)m%d35k5' Slveag 15

vector. This vector was aque-purifi sequenced, expanded, and purified

by Csd griadnenttycdBarbhoadt cnl. fagl040wi Myigenevhalempurdd igat ibeennet hodol ogy

known to the ski erson., .The nucLeotgde sequence of t e'%gineric fiber
pRgt Ad33

killed
i's shown IVFIGFePIAPRER Y NG LRSI Tecanbinan
vectors in which at least the Ad35 fiber knob is replaced
- 15 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) 1linked to
the AdS fiberrknob (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 since it is a subgroup B adenovirﬁs (Roelvink et
al. 1998) but insteadlutilizes CD46 as its'receptorﬂ
(Gagger et al. 2003). The different fiber proteins di;ect
these viruses into different intracellular trafficking o
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 knobs‘
from subfamily B adenoviruses, including Adll and Ad35,

lead to retention of virus particles in'late endosomes
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20 am no acid sequence is shown in figure 2B (SEQ ID NGO 2). The Ad35f5
vector was typically made as outlined for Ad35fibl6 in WO 00/70071, and
Ad5fi bXX chineras as outlined in WO 00/ 03029; wherein a PCR product

encodi ng a WPaee/o#133a ai | of Ad5 fiber linked to the Ads PCTH@R2005KH3¥$3 25 and
Ad5 fiber knob. were placed on the remaining part of the Ad35 fiber tail.

The cl oni ng,pgo£e g%gsflﬁ/&a%fal 259 arBEr %955?9019%%%7 a‘{bom ndecleqtled backbone

vect or and usi ng I W™ and Nhel "as restricti g sites. For vector
detail s seesWWEXad# 1C841mfﬁ1@m¢t‘¢® 20041002032, .30 In detail, the foll ow ng

procedures were perfor nstry Ad35, pacl r.TRE i b5;.. A PCR was
performed on th@lplcgls nld]gplgr/ §5rﬁa%b al"éﬁ\lolmc @rcll/gd§§gi3%n%ee

2004/ 001032 hasi Ad3 T3 m&rc‘daﬁ:%rab a§' foma*mmmn GGAOATHgCERS! (SEQ | D
NO 6) and DF35-2; 5'- 41 VIO 2006/ 040330 PCT/ EP2005/ 055183 GTA
CGG GTA @ACAﬁéI;fJé’Tel’f @thi"}a? S@@Ebeﬁbzﬁﬁ) By Kohtathieg &183/A 28nd a Bsi W

site. This BCRyf et ed-ddhend %Véof Eﬁgf]%ﬁﬂz . 3 AR o vatRe iy 3650 bp, starting
inthe fiber 35 tail region, th a BsiW site and a 5 BanH site

was i ntrodupédsmiexts @m@d%?%@ﬁoruﬁe@oo&po HEH 32 ) pBio/ AGRE2PRN Wit h

AAA TCA . 3o R TN Y Cotia oL Brtie 440 5 RS S7PE and | DFS5: 4
5 - CCA GITTEEAnTTGCPBIGERIBES. PACI(SER | AEL o NQArd)d tHyeshBERwLesUl ted in a
i ber 38010 b ePEh e G P FRI380PeR0 RO §0s fastriict ARAVERR and nelel

of the fi gerags cbe Pl regni choserthas, AR inakipia Simscaovi g s

di gest ed wi EAIMISRE ariteBarRicraf@-thanPERCEeAghit BERoR6/DPE5c811sDF35- 4 was

géglezgggpgnt(gegawl0@%Me'and5%ho2?%655f‘9”£fﬁ HNR1® Iﬂoglgtlggohgto the cut

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 Ad5 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‘plashid pBr/Ad35.PacI-rITRNotI (= pBr/AdSS.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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plasm d, resulting in the pBr/Ad35PRndFI B construct. 20 Then, the newy

i ntroduced Bsi W and Nhel sites were used to introduce the Ad5 fiber
sequence into the Ad35 backbone,.by producing a PCR product using. primers

- 35F5- 5- FW(®2002068338AA CGI ACG ACA CGG AAA CCG GIC CTC eBEP®HR183 D NO 10)
and 35F5-R 5'-CGG CTA GCT AGC TTA TTC TTG GGC 25 AAT GTA TGA AA-3' (SEQ ID

NO 11) on Ad5 t I ~Af ter thi t .region was del eted as
per f or med (%AigAr L?e}f;g%rﬁ’/ %é‘%%%ld%lec%gstﬁgt. (§\E8ejrh'§olﬁg"s )I lled in the art will
be abl e, byontafiplivighg BemBI aind MBI KNGWedgBhist PCR espacitdd i30 nol ecul ar
cl oni ng and adenoviral production, %&g{ener ate these, clones, to insert

t
fragment s, t Ay FeIReBtPER 2RR RIS diYd oP8 BBr et B2 ERII%I P ¥ '%gment s and to

event ual | yrjQduce vyl Use i&ﬁ‘,% iddgpeehl al BEERT <MY QLT production
and purification nmethods for 42 2006/ 040330 PCT/ EP20051055183 obt ai ni ng

adenov§5r alBamdticlsds et Was éahr@éufwrbd Nextvi woP@Rdwa$ nPQ/JFﬁQJ’_GH@i ®mal so wel |
known in the arty p%'r'{ﬁéﬂggﬁﬁ?ﬁr? ﬁ&cﬁi%%ghﬁ%‘?,gﬂswéﬁ- O(gc}@'dk%dd&% ng general
(0] (0] e a

CsC purificatiron e S and were “foun 5 st e over at |least 5
passages @TAPERTCGARSKTpark@giTh 2red ITAT me@s (Hat aTAGASAN)C-3Growt h rates

and yields of _Ad35k5 vectors were ¢o rabl.e wi th_parental Ad35 vectors
(dat annot SHEGWP Naohvg??t‘?”a‘ﬁ% aofCBa%&alanBa?t}iﬂﬁﬂassj(%)anq o pl aque-form ng

units (pfwramene approshnetel gca Oefoldrlechi gher for (MBSKH vectors
(100-1000) as conpared with Ad35 vectors (10-100). It was al so investigated

whet hel0 t RO et dhd swBFB regrltedibire & HNPedsgaMeRt t?ir respective receptors
and AGS5 (LBEraradeny Lo - FaaD absert FAC prdt At i BnS were St 1
est abl i shefibairt 85t he thai Berieyicect @iy /ad3wePRnasa i digddimdmighnal Ad5 and
‘ ' MluIl and NdeI, removing a 2850 bp DNA fragment from the
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 séquenée into the Ad35
backbone, by producing a PCRiproduct using primers 35F5-
5-F: 5’'-CGG GAA CGT ACG ACA CGG AAA CCG GTC CTC C-3" (SEQ
ID NO:10) 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 molecular cloning and adenoviral production, to generate
these clones, to insert fragments, to generate PCR
producté and to delete certain fragments and to
eventually produce viruses in packaging cell lines.

Moreover, production and purification methods for
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Ad35 based vectors (data not shown). Follow ng the sane strategies, chineric
replication- 20 defective Ad35-based viruses were made conprising the knob
of Ad26 or Ad49. These viruses are naned Ad35k26 and Ad35k49 and use the
CAR- bi ndi ngvV@ a{9a/640830 of the fi ber knob of the rare ser FCFFE2003035883and Ad49
in conbination wth the hexon protein present in the capsid of the 25

backbone veglorsn ity clidndvalra9 Aal8hes SOl YRR peXeuDl kli edyhesgin by Ad35.

The nucleic acid and amno acid sequences representing the respective
Ad35k26 andin AdBSkalRmshiadsol weflilbenewar en giheredtn fi gure 2E-2H. 30 Ad35k5,
Ad35k26 and Ad35A<1419 Vvi ruses were_conpar ediIil'nW rtheibr E:lLbi Idit .to provide
transgene expression 1 ¥Vit FESCURPPI| Rt oty ST I8 RE IS &:—38 transgene.
7.5 x 109 AjdfergLeldscingrieiifitact o méthod@sdrel wareuFonaadtst bek viruses

[1'i (unknown concentration of virus) for 2 hin a2 n 43 WD 2006/ 040330
PCT/ EP2005/ 853363 OXfil @i lo@sltl o ReFeadeePhddtied AraKcBREEREHNFor 48 h. Gag

stai ning Waéeﬂ/aiﬂ?ésedﬁd%)v{:ai RbtasRblH) arcs @i Al e USNA0 yiReqdFdE anti-p27
nonocl onal anti body followed by analysis by flow cytonetry. The limtation
-of this 5 ekpdykyeractiors wWatreacoppeirfbte niiderpagfentdadardgar vectess was not
used, and th |t _ e ed efinitiw h Ad 9 grows to
higher tite g%%%nn&?hn%oo&nﬁér ggg(réb\%gét ﬁ%?l(lggf éas lﬁ%aéhgrg%tstpl)ggﬁi zéégtl vity. In
any way, thts yeojws-storedng baibhavéptey tadire aprantdgasecld avefolde ot her

vectors, either in_repl}j i on/ growth i h expression |levels. Figure 16
shows t ft %hglé%r ’?%rprAéJs? at FreCbat é%@é']oé&%ds%xf@“ﬁ&ﬁgdwétgi gni fi cant

hi gher intrages|¥daoreX@nesdopn as conpared to representative batches of
Ad35k5 and Ad35k26. The .15 reconbi nant adenoviral vector Ad35k49 is a
preferred enboditems Glschdnvaeeadprbad Hetheydde predoesi BATSBF adenovir al

VECLOrs on g¢i11 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 is 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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packaging cells it is realized in the art that the E1B- 20 55K protein,
generally avail able by a stable integration of its gene in the genone of the
packagi ng cell, should be conpatible with the E4orf6 protein produced by
the E4 r ey emoe/efoszohe viral vector. It was found previ pOBER0bdNES183t he Edorf 6
protein of Ad35 was not conpatible with the 25 E1B-55K protein generally

avai l abl e jin kno ckaging, . cells .such 2 cel.ls _and, PER C6(r) cells
(sce vo 09 16Fre 00 S804 orSbars i 260ur8188550 SS9t drers) . To
ci rcunventcapidtgindwgc @bk bratsatdd b ElBRtYaKellamaAdSSainivigegrated in the

genone, and thus _to _enable one to use 30 establj ShEdg\&r. oduction platforns as
those proWsiey e PERZCBNELTPS! BT edoRBELRRHY Y n which the

Edorf6 regiomnfid by Ad3 backhons, Wamd anhacgdi¥ht Hrtfigis E4orf6 region from
Ads, in line as what -has been described in detail-in WO 03/104467. The

r epl acémerm=rsfr imeAtWHs2 0081 04 038 HETUERRDEE/ 05518821 tprr 405 regi on was
appl i ed i n,al |, AG38 hasedaverlors, chuongl LupLhencysed in the

i mmunogeni city dires an argeting studies described herein. 5 Exanple 4.
| Mmmunogeni @ fiyniafi viedgowhehhat AABHD ayrdwsAd35kbghar copar itdem with Ad5 and -

Ad35 The i nogeni city of the vectors was assessed by  conparison of the
chi neric fﬁr?b%roch’fr_r PﬁgwgﬁE}%‘%]Fsltt g"a&d%-l\g%leﬂ?GﬁﬁeSﬁgl d%%tjéf 9.1™M0 Nai ve
mce (N=5/&rpu%§réwmsi FRHObZEUsddid a0 Mdseubaktyimi ddvaiddyag Ad5S- Sl VGag,

Ad35- S| VGag, 5. BSU. SI VGag and Ad35fi b5. BSU, SI VGag. The term BSU rel ates
to thelluseOIr the efdegeHpatops X Pridiest i raPLReat heR(BRWEl Aenoni ¢ nucl ei c

acid, whic a.-p 1 eSH p. ne during the
fh eél%%%_%l@n HaPE&ls: ?’bﬁ%}et 3% %lﬂows Eﬂgt 1£ &

producti on of based reco viruses. For detalls relating to the
BSU const rraprsssesde tW0e 208441004 032 . AdCHkt4Polshnived a (N=Bigfiouit wer e i nmuni zed
W th enptYhfgﬁ%faQ%tég%gllular.expression as compared to
representative batches of Ad35k5 and Ad35k26. The
16 recombinant adehoviral 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 fhe Ed4orf6 protein produced by the E4
region of the wviral wvector. It was found previously that
the Edorf6 protein of Ad35 was not compatible with the

25 E1B-55K protein generally availablé 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 circumvent 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 replacediwith the
E4orf6_region from Ad5, in line as what has been ‘

described in detail in WO 03/104467. The ﬁeplacement of
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vectors. After 28 days a bl ood sanple was taken and 20 i nmune responses were
determ ned using a SIV gag ELI spot assay as described bel ow. Figure 3 shows
the results of these experinments and indicates that all vectors were able
to i nduce avQerwpe4033p cell response towards the SIV gagPOTEPRIOFH0ISHE3 -
conparison 25 to the enpty vectors, indicating that the insert provides an

(o8 gr oupy “er e Pnneaad® renoinbled £F aidp N hopaFRe kaBPe, hdss. cag.
and 30 Ad35kot Gagt feuttdues (akH éncolde ngnidreodsind cjay pratiéen) and

Vaccine-elicited CD8 T l.ynphocyte r onses were assessed by Db/AL11
t et r aner biRﬁ%%%%ﬁgdﬁéﬁngeﬁﬁﬁﬁ%ﬁﬁg%%@' net hod: Tetraneric H 2Dd
conpl exes fol ded around the dom nant SIVmac239 Gag AL11l epitope peptide

( AAVKNWMTQTL; 45 WD 2006/ 040330 PCTI EP2005/ 05_5183 SEg | D NO 3; Barouch et
al. 2008 viEtamphe fur JAMHAQIeRir] EY cof t¥eqqmhinanta AG38E5T pRd g+ T

l'ynphocyt espd5648 i CRmpard8oHBLNeHSAKNI Ny iAydshe art. Muse bl ood was
collected in RPM 1640 Containing 40 Um heparin. 5 Following lysis of the

Red Bl ood Cel | s,Tix lLimpgnogeREcitabef edh®d/Ri® rtsetagnesseasednpuncti on with

APC-| abel | ed ant.i - CDB a Ly-2...Caltaqg, Burlingane , A)  was
Qi1 2ed 1o QR 570 P Bhits PR TReBYC TR HGRalY YRECoeR: (8 AFe waghed i
PBS cont ai nngsaxPodBS rar3d-Givedgin 10 0.5 ml PBS contai ning 1.5%

par af or nal dehyde. Sanpl.es were anal ysed by two-color flow cytonmetry on a
FACS Calb bur ~ ( B¥tY6h ™iceki(NsahyroeRt diexpgimmpnizeshddftas were exani ned

for stai ni ngiindie 28HP18'T o arBLsTEE8Y, Tahysmderydes  from naive nice
were utilized as negative controls and 15 exhibited <0.1% tetramer staining.

As shown i ”PAd3QBE £IVEag eRdeddyatehneBdSUvtd/Gagonfgaealbeymi Ftinogeni c at the
| ?mngose Ofe 0% YR Ahe usTPBEL BRL! ¥nadteddift L RS 1408 P (B).
adenoviral genomic nucleic acid, which ensures a proper
16 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 ‘
KN=3/group) were immunized with empty AdS5 ahd 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 response 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 AdS;Gag, Ad35-Gag, and
30 Ad35k5-Gag vectors (all encoding the SIV gag protein).
Vaccine-elicited CD8* T'lymphocyte responses were assessed
by D°/AL11 tettamer binding assayé using the following
method: Tetrameric H-2D% complexes folded around the

dominant SIVmac239 Gag ALll epitope peptide (AAVKNWMTQTL;
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responses elicited by reconbi nant Ad35k5-Gag were 20 significantly nore
potent than those elicited by reconbi nant Ad35-Gag (p<0.01 conparing nmean
tetramer responses anong groups of mce on day 14 using anal yses of

vari ance wao oBens®mrroni adjustnents to account for nedi/Epdas/ossspari sons)
and nearly conparable in magnitude 25 to those elicited by Ads-Gag (p=ns).

This is consistent. wth prior observati.ons (Barouch et al, 2004; Lentkert
ot ol 500 Moot e nBhER e T i UL Feke, RESTTRAS T Adds vector such
that it caitilEsddeockaehifdorbg-rsmdciaricS@pgr onpl fm@ien@ds’ sofne. g., Ads)
provides a substantial 30 inprovenent of its imunogenicity towards the
antigen W< sd P thRAES vERYWR . IoTHESe 2gkpelPHent R1RE 3serforned in the

absence of o @MdreddInl EBMRI {¥40 %ﬂatiﬂiﬁlgsmﬁv‘@/mfrﬁe fatn AAS and  Ad35kS

Tai sed conparabl e i nmune responses, while these 46 2006/ 040330
PCT/ EP2005/ 9554839 wyséssp§ntlii¢ cRatd IBLagidghed 1shad. T heg ABFErector. It is

| mpor tant. 1.6, 1oL gt g Lhe AGRSKS veglar, CAI L) 6% (NG Ad35, Rexan, whi ch adds
to the higherefficacy ih ralsing imrune responses in individuals that do
har bour 5 aretit+calgiadiphg ABbi VL{y2 agalnslg,t Barhéxgamey otz rusH) Ads. Thus, the

iy CHar 455h SRS £ R0 KR b0 CHBet br SmBAES HES) 60851 munogen ¢
under .t hes@1160RAI @RshBeCcaWSERDfcdrdtaiRdhiyveshexona i ot Bidy iand Ad35 10 is
| ess i mmunogeni c in general because of its native fiber knob domain. In
cannot1be & MldE@St Raptadnirall AhPaaaiorpal dshydgai Tt kafe weitber prot ein
Condi 1 one CUaN TS ot Par o hg AL 1TSS Hr 8t kT U TS the. maj or part
of the i MiBextresPingénebn} heGatost GHY'| Theymadaigies hierehexenipedtein. It is
| mpor t ant %é&rgﬁgingg%tw$§ge{ﬁgﬁ§%%18‘tetramer. CD8" 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 recoﬁbinant Ad35kb-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 thoese 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 substantial
30 improvement of its immunogenicity towards the antigen
inserted_into the vector. -
These eXperimentsxwere performed in the absence of

anti-Ad5 immunity, and it is shown here that,AdSAénd

Ad35k5 raised comparable immune responses, while these
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wherein the reconbi nant vectors are conpared with pre- inmmunisation with
parental vectors are to be performed 20 under conditions that mmc the
natural (human) situation, wherein wild type viruses infect a natural host
once or twWwe2006/¢038l ng naturally occurring levels of RENEPASHITAE
antibodies. In mce in a laboratory setting one can raise extrene inmune

responses by.25 4 4.0l 8GLLDS AN NOMmd1d oAU Nt 1at i ons.

Experinments mm ng 't uat| on indicate whether neutralizing

ant i bodi es impbdrimyt b mdteacttedtt bhethé%klbereqdmn @arrigdeétieahd3bnport ant

for neutraliam nI? t.he .ad igt er OVI ral. vectar. TheyLPaI so reveal the
(o

30 i rrportan t"}%l%}é_l %ﬁt a0cr¥ dfn e Pber, which part

is typicall ymahs® pesidrdse 1fnorlndmeuaﬁ@1s VAi1:1 9 ecrd indriboRs. We postul ate that
vectors conprising at |east the knob from adenoviruses that _recognize and
i nfect hdsteWyralfGsnar40330 PETLEPRODB? 05518B Prodieia ¢faleAR (e.g., Ad2,

AdS, eto). ands{URDosHOMslng . ERpRre] aTINGOSR)L, deesegipant of the

capsid (i.e., exon protein) froma |east neutralized serotype (e.g.,
Adl |, Ad24, ind2ite piS¥Encad3E, aAdd8AdAJNSnEN Hry tAUS0bodhe AdRcehhdnt
vacci nat i OnAé§§t ors CPeca se thg 5 lsn?l ne t he hltherto nkngylvn advant ages of

| ow vect or %%(?e imitini iR The hurranncbqoepuﬁ ati'on, hi gﬁe antigenic

insert i mmﬁendiﬂsm’(‘esG)edaeﬁYeOG)lfCtLblsena’pi@éluﬁéx&n,prQi‘tfdl(hl eahdt hansducti on and
good stability. 10, Exanpl e 5. | mmunogeni city of AdS Ad35k5 and Ad35 in
nmice wihn b?el%%? ST A9FRGS . IRBREAL (PRI AT Jf-Sam@t2E85 i munity on
the inmmunogepigityowfaddi@se vectors was evaluated. Goups of 15 C57/BL6
mce (N=4/group) were pre-immnized once with 1010 vp Ad5-Enpty 4 weeks

'_prl or to vacci nat® @ﬁqrytgéq%ﬁgpéuded that neutralizing antibodies

against the fiber protein may be raised upon infection.
However, it is 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 occurring‘levels
of neﬁtralizihg antibodies. In mice in a laboratory
setting one can raise extreﬁe immune responses by
25 multifold injections and high titer administrations.
Experiments mimicking the natutral 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.
| We postulate that vectors comprising at least the

knob from adenoviruses that recognize and infect host
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| ow/ noderate |l evels of anti-Ad5 inmunity. Ad5-specific neutralizing
anti body (NAb) titers in these mce were 64- 128 (Barouch et al. 2004,
Lentkert et al. 2005; Sprangers 20 et al. 2003) . As shown in figure 4C,
tetranmer' @RB00d/040B3pnphocyte responses elicited by 108 por/relhesdsgisser e
essentially ablated in these mce. In contrast, 108 vp Ad35-Gag and

Ad35k5- Gag_r Qnse re not st iall aff.ected by this |evel of ‘
anti-Ad5 i tv)}.a I%ﬁ%(e;r(?aﬁt [ yﬁé‘%,s %5%.%938905889%%¥e i mmunogeni ¢ t han
bot h Ad5- GaghpAipi@ig0@lnagod AtddRthiPeRt@ohnihAnt hesetd caapgidlay 14

follow ng i muni zation. The ability of Ad35k5-Gag to evade | ow noderate
|l evel s of &ht§—AdHS RREANt Preketdnsizimedt 1gefh PRBEBDLIHFRYi ous findings that

Ad5- speci f C;Wi,% e dir d i il iLns e Agh h protein (see
above; Suénﬁ'grda et Z(:fe.'gébo%i.ifi—bpﬁcgz\vllle'r?&il%\% %g\?gfskc(%?@NAbs di ?zegg{ged agai nst
the AdD fidmed Aslodbeiamei axthl sept i Grcainadyionevectalr s obeler et ddeyThi s

experi nment é/r\@t}s]i tehecli_j%f grighég eat ed ci’wr}l %%V\Q\Q%OOG/ Qéof’é”v? ‘vPe%'II:/OErPZOOSI 055183
mce with #i g evels o tant? - RIS Wi ty. RFee®ner @ pre-1Tmmuni zed twice
w th 1010 pae-AdGsitiphy iBmueeks bndie hweeks pppldationyaciogination.
Ad5-specific NAb titers in, these nmce were 8,192-16,6 384 (Barouch et al.
2004; 5 LeK&EaN1& 18515 0HBRURS) (LHRRGNS Cat r&PFOQBﬁél?l,ecorrpar able wth the

hi ghest tig.eiemdavnd bRripdbyi duad SsduttSeh- agahghaa #f4v @i fKost ense et al .
2004; Sumida et al. 2005) . As shown in figure 4D, tetramer+CD8 T
| ymphot®yte responses elicited by Ad35k5-Gag were partially reduced 10 in

these m cepang,jueie Z@@H?%ﬁ#;} g gse hﬂ%ﬁgdaﬂ?deﬁ%n%c@zns)- Thus,

hi gh | evel's of anfi - partral’l y suppress e | nmunogenicity of
Ad35k5 veditdr prefexéstingt bnmumity.t her detail vector-specific 15 inmunity

elicited by the chi mLLe; AS3RK% A 12HR Shmunity on the

immunogenicity of these vectors was evaiuated. Groups of

16 C57/BL6 mice (N=4/group) were pre-immunized once with 10%°
ﬁp 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
Ad35-Gag and Ad35k5-Gag responsés 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-Ad5 immunity is consistent with the

30 previous findings that Ad5-specific NAbs are directed
primarily against the Ad5 hexon protein {sée above; A
Sumida et al;A2005). Howevér, low levels of NAbs directed
-against the Ad5 fiber protein in this prior study were

also detected. This experiment was therefore. repeated in
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het er ol ogous pri nme-boost studies as well as virus neutralization assays
were performed. Goups of naive C57/BL6 mce (N=4/group) were prined at
week 0 with 109 vp Ad35k5-Gag and then boosted at week 4 with 109 vp

Ad5- Gag 20 v 2006B8358ag. As shown in figure 5A tetraner PCDEP2005/035¥83phocyt e
responses elicited by Ad35k5-Gag were efficiently boosted by Ad5 Gag but
not by Ad35- Ga(ngt‘Rh%s_L%hdﬁta ggggst fa&dséxd%u%n Ad3§1|§5 ?gg

subst anti al " crosS- T eacti vé antr - vec or TN LY, wWHer eas Ad5 and
Ad35k5 merepiéﬁxmﬂqnuzmmumﬁhoglwathy1@stpan5 Eﬁ@mﬁl$h£mﬁkﬂmdhﬁ these

. Oobservations, mce |nnun|ze once, with d35k5 Ga ted Ad35-specific
NADS comparSHTE KA (HodECrARGELER by~ GMRBUESLSRE By | ower

Ad5- speci figndWbsi(dd &ereBp, 13buse, M&t@aﬂeﬁf&pr@c 30 .exbobited serol ogic
profiles nore simlar to Ad35 vectors than Ad5 vectors. To assess the

generalﬂ%ab@¢mQKﬁﬁﬂ:eﬁh@ée r888aF t SPrapgers miumdgeriOftly 6PMP@BEREe vect ors

expr essi ng n ;2 _cloning
details, 49 gg%%f@%@?%g Eé#?E%ZE%@é%Sﬁﬁégﬁhggéuﬁgre?ﬁ %n Vogel s et al
2003) in a shlid=remfrdiceai(Hosbénae cet wabk. éldldyatSechidér eupslof nai ve Bal b/ c
mce (N=4/ ) wer e inmmuni zed onc anmuscu th 109 vp Ad5-Env,
ek B 0P8R 28 oW ROAR) EE P arEp o me R o bise B T ot od by
Ad35k5- EnV vests e wyia citBtiebiyediiates heiywend hrse ibndyceddbyedds- Env
vectors and Ad35-Env vectors, as neasured by |FN-y ELISPOT assays (Fig.

6A) and!Envidpeisss @ipe gAds WeFe gComRy ralfe @m%&h@%#adﬁeﬁ%wed as .

foll ows. Seg hedy i, rspigem I CR45Pegik edor H V-1

Env or SIV éggaﬁ%¥£n%%aggre B %?rec%ﬂ%%?éﬁsgg%hdeggrlbed éérouch et al.

2003; SunldBaEnl&ﬂlY'Z@@5WESBGd hbellmm@ngenxnﬁquOdVédﬁEght mnth 100 pI/meII
of 1 pg/m Vég&gﬁ?inant H V-1 WN Env gpl 20 or SIVmac239 Gag p27

To evaluate in fu£ther,detail vector-specific
15  immunity elicited by the chimeric Ad35k5-Gag vectors,
heterologous primeroost 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 5A, tetramer*CD8" T
lymphoqyte 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 indubed by Ad35—Gag but substantially lower
Ad5—specific NAbs (Fig. 5B). Thus, Ad35k5 vectors
30 exhibited serologic profiles more similaf 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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15 pol ypeptide (I nmmunoDi agnostics) in PBS, were blocked for 2 h with PBS
contai ni ng 2% BSA and 0. 05% Tween-20. Sera were then added in serial
dilutions and incubated for 1 h. The plates were washed three tines with
PBS cont aiwo nge/0403805% Tween- 20 and i ncubated for 1 h wdbeerodsi3989 20
dilution of a peroxidase-conjugated affinity-purified rabbit anti-nouse
secondary antibody (Jackson _Laboratorjes, USA). The pl ates were washed '
Three 11 hett HgvhPoRad NPPRLE dty diiet ANCbRnI RNl LEr e AR 106 G - and
anal yzed ajf 46Qaw thadubysd! eshbdHRF0 nElil,SARRPI BEE midke reader. Exanple 6.
| mmunogeni city of Ad5, Ad35k5 and Ad35 vectors in rhesus nonkeys. To

conf i r m t h&F4heresgeniereyisrenizad ianas datramugouprrby Wity %o eval uate
the immunagem &ty of ﬁ%?ﬁ?-m\’f,ﬁ&f %@%-&%@%U eﬁ@fgysaﬁ{@%ug%&faqr med. Nine

Manu- A*01- ‘negative rhesus nonkeys /group) were | mMmuni z
i nt ramdscuinamine wictspoh6es vel Aub;edAd35 AaB35AG3BkE vectars waxnpressing SIV Gag

and H V-1 Env. Monkeys re prinmed at 50 20 040330 PCT/ EP2005/ 055183
teek 0 and TRETEICRE Th - REREFODOH T d SRRy 2 A0 P GHar Ve URE 729 Fi gure 7
depi ct s amd{eEnvaRdcyeet praspasd fired HMIFR-{EBPDISES ddbdiese ani mal s.
Gag- and Env-specific cellular inmmne responses were quantified by pooled 5
peptide | FNFAZ -ELPSPEMdaBREyIPe G &/ EtI6A SpdEidi cOMMD titers were

~determined by ihe EHekhesagerdasad MinddS o sNeHi L akk 2agd A, assays at mul tiple
time points followng inmmunization. The neutralization assay was perforned

as deWcr idsdd baldyv &1 teds Theomdigmwavitzeds mékciec spedi fit ghfdr éfivericy ELI SPOT

esponses il LN bg BT (UL BeER ek of (rean CourEny
subst ant i aldgeribededsedoutinl dovdIng 2A00S ;hcumlagoss HDOSIOGIMUNIBat i on (mea
608 well plates 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 blocked 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 nm 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*Ol—
negative rhesus monkeys (N=3/gr0up) 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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ot

15 SFC/ 106 PBMC at week 16; Fig. 7A), presunmably reflecting the rapid
generation of high titers of Ads-specific NAbs in these animals (Fig. 7B).
In contrast, the Ad35 vectors elicited antigen-specific ELI SPOT responses
t hat were Wappneddossately 2-fol d | ower than those i nducebBChHyP20NEISAES 20
vectors following the initial immnization (nmean 248 SFC/ 106 PBMC at week
12). Interestingl t ; p. i e su Ny | |l ow ng the
honol ogous oeo]g;?) gp%rl%%?%é{flg%na?ﬁn@gonldg;gssgéﬁg&ggﬁkﬁ[%%ﬂm%%kEItcl)G; Fig. 70,
consi st ent weetkh IPheFigwee 7idepsctd andditgen-sped Ffectddbsp@Sifimtially ‘
generated i,n these ani mals %Fi . 7D). .These Gdat_a s(gggesg tha.thd35 vectors
elicited both1'SweFSPEAEFGe I-]s%?-:-%‘ﬁ i mIne "PEspBiSeR" A" RET 45 | over
vect or - specddlilaliafTiARuHES POSSESs &S WD Rt tWFE BAABP p¥ETdDrs in rhesus
nonkeys. 30 The Ad35k5 vectors elicited antigen-specific ELI SPOT responses
conpar al¥l e RARMH dendEB-VnBLESRCD 2 STy sad By ¥eE6PE - FBEF &t didAthe pri mary

i muni zat i on (JpRa 8 : . : nportantly,

t hese resgéo}Lnses \?\Tgﬁ% gﬁgg%%??%l :% eﬁal\re%gge%éﬁﬁoemgﬁaaﬁller%él WO 2006/ 040330
PCT/ EP2005/1358183 1 zhtAphogssay H oot tmu Impdiez atimenpoimbs AdBEOWREQ 106 PBMC at

week 16), presumably reflecting the rel.atively |ow vector-specific NAbs
initially glénﬁﬂélrna Zggxpﬁ't lfqg en?ﬁg%%e@lszaec(lﬁng.asféy. PR Patt Ot ot 10w ng the
boost | mMmurdgsddided tbeve.Ad35k5 vectors elicited 2-3 fold higher Gag- and
Env- specific ELI SPOI _responses than both the Ads and Ad35 vectors.

Mor eovel®, the AdESkBIVe¥EEFere| ¢HIt R DGR FrEANRRFYNEtEF T4 and CD8 T

| ynphocyt e resReRes ral 1WRekg dfe foH éngrr&nﬁmah%%hoas asxpkedefdn ned by
ELI SPOT assays 10 using CD8-depl eted an CD4-d§pI eted PBMCs (Fig. 8A, B, C
Ad5, Ad35, 3Bk SagdEpEcteipbyjes BxfamAte SFC/EERePRNC ot ofeakeddnbi nant Ad5

vectors CQHH?%%E@% %QEBB£583hﬁé§E‘&Hé“éﬂﬂg%antially increased

following the homologous boost immunization (mean 608

15 _SFC/lO6 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 Ad5

20 vectors following the initial immunization (mean 248

. SFC/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 eiicited'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
responses comparable with those induced by the AdS
vectors following the primary‘immunization (mean 578
'SFC/10° PBMC at week 12; Fig. 7E). Importantly, these

responses were substantially enhanced following the
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15 The HVR s of Ad2 according to Crawford-M ksza and Schnurr (1996), of Ad5
according to Rux and Burnett (2000), of AdS according to Rux et al. (2003)
and of Ad5 according to the present invention are depicted in table |I.

Tabl e I'l pwovicdemstohe seven HVR sequences of human 20 ademprovsessss AdS,
Adi |, Ad26, Ad35, and Ad48, and chinpanzee adenovirus 68 (Pan9) according

to the HV i niti n of the present inventian. | f4 sitions wthin
“the respe%‘?mfgf Pbodtenbaul bRt hin o (ras. SRSl pndal ett or

cont ai ni ngwésie 19) ,MyrestivBbSy rebl&xchange’ freomAdddby (selpgroup B) or Ad48
(subgroup D) were constructed. In a nore mninmalistic' enbodiment of the

present iYReEmMIviPeaifdcHIRbs diitirl labdracreirelonBdtageh W HiRYS ser ot ypes
are defi negedd. & sHoMaehat %horswfﬁgu}q%% PBoodl ThRA: LM on argidlepi cted

with an aster nTab 'V as USing the mnimalistic
defi ni t onAd3BkT emﬂmmaatllvete@r%*S HR hllgheel ébgd &ndnminhe backbone,

HVR2* |s re Iac d short two-an no.,acid acer er eas HVR3*,
HVRA* | iﬁﬁeyL&gﬁgTHﬁﬁ%PO%?%s B0 06 70536 %%%05/ 055183
repl aced byeémsr MRIReCErY etBEOAAIFTk Y Mectount elpaktedfporaide ot her

serotypes I\/bst Si %lnlfl cantly, HVR7 is redefined nuch narrower (conpare
Table Il D15 g (GO Rek@PPhRMES T6PPRPSEAgREhESHESI I ed

sequences Y‘@ra?olswl%%s'lﬁﬁqnbya@&?%é cfe@’e&ﬁ&ﬂ)éh BQdEEi%ﬁ' £ssApal - Hpal
fragnents into a shuttle plasm d containing the onpl ete Ads hexon gene. A

| ar ger1%c¢SMICH&-@@@éﬁte%@ndt%me§@d tPBMﬁSt KFsgshRAt IB fl:asni d and
utilized t e g Ascl - Ascl fragnent in the Ad5
V\E&)‘%d5 | %(raﬁ’%g%dﬁ%g% SqnApAg o i

cosmd p Vec arryl ng a deletion of the E3 region
and based on cosm d pV\E Ad5. Af I 1] -rITR ' see WO 02/ 40665). The nutant AdS5

cosm ds t ELgl, Y ! Renbllge 24P 2" LSRR 4R (S0, (goodi no the oag

containing chimeric hexon proteins.

15 The HVR’s of Ad2 according tO‘Crawfofd—Miksza and
Schnurr (1996), of Ad5 according to Ruxvand Bnrnett
(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 respective hexon sequences are also depicted.

Ad5-based vectors containing one or mote-HVR's,

25 exchanged from Ad35 (subgroup B) or Ad48 (subgrou? D)
were constructed. _ /

In a mnre ‘minimalistic’ embodiment of the present
invention, the‘HVR’s of the above mentioned adendvirus
sefotypes are defined in a somewhat shortened fashion.

30 These HVR’s are depicted with an asterisk ianable‘IV as
HVR(1-7) *. Using the minimalistic definition in
recombinant vectors, HVR1* is deleted from the backbone,
HVR2* is replaced with a short two-amino acid spacer

- (QG), whereas HVR3*, HVR4*, HVRS*, HVR6*, and HVR7* are
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15 of Sim an I mmunodeficiency Virus(SIV)) were then co- transfected into
PER. C6/ 55K cel | s (harbouring the 55K E1IB gene from Ad35 in PER C6(r) cells,
see WO 02/40665), and honol ogous reconbi nati on yi el ded reconbi nant
Ad5HVR35( 1W0mg94033@c0rrbi nant Ad5HVR48(1)-Gag and reconBCHER00YES183
Ad5HVR48(1-7)-Gag viruses, wherein the "1' indicates the replacenent of

only HVRL and,herehy el HOdhooLeR, i doBPl @gemBR oo all, seven separate

HVR s. These vectors” were plaque-purifie sequeéence an ed, and _
purified bfrd@sC@hegoadicentecenypes ugdtdtorsigoddidenglye g’éﬁérm 25 procedures
known in the e§[ Th% s quence o; &he hexo lbrle §Q5HV§4§£ g is given
in figure 17 lé]ieéiesuf: Fhr 280 tudE e '[al oned above lE)]ﬁe ol | owi ng
recombi nant vectors are al so nade: Ad5HVR35(1- 6), Ad5HVR35(1-7) (fig. 12),
Ad5HVR11(1-6), Ad5HVR11£11 7) 30 (fig. 13), AdS5HVR26(1-6), AdS5HVR26(1-7)
(fig. 14, AdSHVRPAded1! Gfoén@e%%l%l—ﬂmﬁa“\fi@(lfg7)th€f Agsiysy. Sequenceq ngi cat es
the repl acepmnl Qi MBI ENREy beaving {ddth-of,) bhe Bapesh yector:- O early,

based on the seveéral parental vectors avail abI e (such as Ad2 'and Ad5) and
t he sever alHBd \WDagoe6te40880 Pcahmbﬂﬁmconhemm‘ar‘eh@er otypes, nore

comi nat | NS AN OINEDhE LA GELEaLE ) HAIND NG HeashiDgaRlnt N pr esem

i nvention raf e human adenovit us rot e used to

provi de HVR.Iserd @}@:rl@(édCéromt eaié hshtt tes \;exatstmrlsi and Ad24jzed #Had34, Ad49 and
Ad50. Exarrpl e 8. nodeni citY_ of Ad5, Ad5HVI 48%]_“ and d5HVR48( 1- 7)
viruses' n ?Pé?]\?é:em SRATPRPARAEN R A3 T AL ARtntPyt1® outlined

above, viabt@siier Q. past AAdDT GRETR . A5 HIRAR G <Eae aﬂg AJSEMRARILAL- 7) - Gag
viruses were pro uced on packagi ng cells. The |elg Ad5HVR48( 1) - Gag was

conpar abl e @% thfe Fr%d—”@%?ﬁaﬁtldAG%S@égoﬂnqwl%@@ﬁeé§5 BRELETBUERY rate, yi eI d
and vp/pfu gé&'ﬁb(Ué/%%%@¥$48&ﬁe7%utant Ad5 cosmids together with

the adaptor plasmid pAdApt-Gag (encodlng the gag proteln

15 = of Simian Immunodeficiency Virus (SIV)) were then co-
transfected into PER.C6/55K ceils (harbouring the 55K E1B
gene from Ad35 in PER;CG® 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
replacement of only HVR1 and wherein V1-77 indibates the
replacement of all seven separate HVR”s. These vectors
"were plaque-purified, sequenced, expanded, and purified
by CsClbgradient 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: AdSHVR35 (1-
6); Ad5HVR35(1-7) (fig. 12), Ad5HVR11(1-6), Ad5HVRli(1-7)

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

vectors available (such as Ad2 and Ad5) and the several
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15 Gag virus was approximately 2-fold | ower than the Ad5-Gag virus. The Gag
expression was first checked on A549 cells infected with 109 or 1010 vp of
each vector. HPLC data indicated that intracellular Gag expressi on was

suf fi ci entwanesoespar abl e bet ween the different vector sc2@pfodstsaig30t shown),
al t hough the expression from AdS5HVR48(1-7)- Gag was sonewhat | ower than from
Ad5-Gag. This could be related to the sonewhat sl ower #%B rate. The

i munogeni EPPYR FE S SROYEES  WBST § i FOLT i §afel°B l]i) ¢ zi ng naive

C57/ BLE M gfedtle MG MEche2BclERURY OF tihel Ghestd® andedBionp of each vector.
The vacci ne elicited CD8+ T |ynphocyte responses were assessed by Db/ AL11
tetramer bPREEHG A JPEags adeBeviped s sSothpkonaEeRs. UTe@ ¥esults are

shown i {H00 a0 nyidlear] Yrofhbe! M es MaPLONSS GaRkLed b pocagpar abl e | mmune.

30 respons In these naive mce, despite the S erences 1 n growth
rate and thAdRSge! rgrdedsibén. Subsequently, C57/BL6 mice were

pre-immuni zed with 2 injections of 1010 vp Ad5-enpty, respectively 8 and 4
weeks prior to immunization with the viruses of interest 54 WD 2006/ 040330 -
PCT/ EP2005ERabd £ 8 (Aﬁkﬁnuhdabehhbew &f HSP- PRSHYBAB (L) yhe@l d a pre-existing

i muni ty gil nst the Ad5 base vector, Then (at 8 weeks fromthe first

pr e- i muni 33PHVRAS lhg)mvéé'“ﬁéﬁel?n‘l’r%Y%éﬂceaéné’b&Fem&F?h‘”.t%‘@ 108, and 107

vp of recoghifNanis Ademdmdy 5 AdSHVRA8(1) - Gag and AdSHVR48(1-7)-Gag. Again,
the vaccine-elicited CD8+ T |ynphocyte responses were assessed by Db/AL1l
tetrant® bindi Mp azllé%iylsleﬁlsabégeri%e@l%lbtﬂﬁ@mbfl@ﬁnttmédﬁeﬁkgr The results are

shown in fj (%ﬁ\?RL{]é)?l)r ele?IStlg %851%1;\4%% ()%% kggugggr LOEL assays and

provi ded 1 sim a no expec ed t he Ad5- Gag vector
encount er epdrpdweaX st |p|a@kagnrrrgncéyl$ n Tﬂmgaenﬁeofmﬁﬂmds M cesandhi ch
resul ted 'Qaé”ho£5§é§ e %tegkgbkgcé ant %? o %% v1ggsﬁd£ﬁg§g§g:u Gag

the growth rate, yield and vp/pfu ratio of Ad5HVR48(1-7)-

16 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 was
sufficient and comparable between the different vectors

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 sloner 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 107 vp of eaCh’vector. The |

| vaccine-elicited CD8+ T lymphocyte responses were
assessed by D°/AL11 tetramer binding assays as described
above for two weeks. The results are shown in figure 9.
Clearly, all three vectors resulted in comparable 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 AdS5-empty, respectively 8 and 4

weeks prior to immunization with the viruses of interest
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virus also failed to circunvent the high levels of anti 15 Ad5 i munity,
suggesting that pre-existing imunity is at least not l[imted to HVRL

al one. Inportantly, the immunogenicity of the AJSHVR48(1-7)-CGag virus was
not i nfl udv@2ande/mp3iovhe Ad5-i nduced pre-existing inmunit $CT/EPHES@RIS3ng t hat
by mutating the 7 hexon HVR s (as 20 identified herein) of Ad5 and repl acing

them with thgss G4/ eRand By [V peofadyf Are yenal P CexempLifd ed by  Adds)

results in a vector that is not hanper - existrng i nmunity agai nst
the wild typenpridteiagaiSisri the Adeshdss wertrobiTaenedatn8ewnpeks nent s wherein
mce were 2 rined twice with an enpty AdS.vect.or, representing.a

i Luati on v T HGh T 806l Bo6T TBIAR AT SRy T e, "o TR GTa e Thi s
experi ment awsayinre wiithh 14° Co°BLEnA €87 el Urepmb&hetpSA@S-Tage wer e
pre-immunized with two injections of 1010 vp Ad5-enpty to induce anti-Ad5
30 i mur t YAANIES & Har Grer engr 2P RYRAS &Je“d”vﬁ(i%ig-AéSaéﬁpt yhfad Ad5 NAb titres

of 8,192 - 6,384 -JMicetWar epsed PrhpmslQn Qskat yapuscularly with 109
vp Ad35- Gag and thenl boost ed on dgig}h% V\inzth el ﬁers 109 vp Ad5-Gag, 109 vp

Ad35- Gag, @¥sdGEdpYARSHVIRMB (tletar@ay biadingnpeseyonss tdeddnidgeds WO
2006/ 040330_.PCT/ ERP2005/ 0551 volume._af 50 41, The.arro 0 he x-axis
Cndicate R et s By mig) i lls e bnckiC iR ERUE- g e )
28, 35, 42,EX5pd@E6 regulbe/ Aitioted ramertetstaaiat pGgsaysayadt proubddd t at e

vaccine-elicjted CD8+ T 5 Iyn}ﬁ)hoc te responses. At day 56, |FN-ganma ELI SPOT
assays 'Qerd'mH F&sidtfeddand SRowPEmparabl e results (data not shown).

Ad5- Gag faijedieeestnephrasy | Yo 848 thcduh@ cRe@- BXbSELNGL Bl | - AdS
immunity. Al so Ad35-Gag failed 0 boost, presunably due to the anti-Ad35

i munity 10inMiuided isy theeeppiar Hanamiisd ZuitdeowhisdsHoRY8ted 7in & fectivel y
pposted NI EPRONRT R GOIE! ShRe Palpddle. MRChABHUHAEYIPrEagS oM sort

virus also failed to circumvent the high levels of anti-

15 Ad5 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 AdS5-empty to induce anti-Ad5

30 immunity. Mice that were pre-immunized with AdS-empty had
Ad5 NAb 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 AdSHVR48(1-7)-Gag. All injections utilized
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concl uded that AdS5HVR48(1-7) thus can serve as an effective boosting vector
in settings where Ad5 fails, 15 and in settings where a heterol ogous vector
(such as Ad35) is used as a prinme vector. Conbined with the prior studies
in the presendaaninsy we conclude overall that vectorsrasErpBps/esest ed by
AdSHVRA8(1-7) are both effective primng vectors and ef fective boosting
vectors 20_in fettl existin antl AdS i_mu ere Ad5 fails.

These resuft&nd ena%lO p&nr$P8 D5 e 52 gﬁﬁ 795&?0% d¥ﬁa Ti me- boost

settings, whahheiidieidmecepiobd E&ﬁp@%&tWéMb (maihgdbeeugays about by fiber and
penton 25 proteins) remains unchanged. 56 WO 2006/ 040330 PCT/ EP2005/ 055183
Table I. F@pe44va% a8 P8gi BR d&Pi N7 ¢ ifs RR/PhilA ERETaR@Xon protein of

human adengyi {5es a%%?ay(sa%oa%ﬂglwte %ae&q{e eMl%géédaeﬂsﬁoﬁnurr 1996) ,
Ad5 (according to Rux “and Burnett, ); Rux-et al. 2003) and Ad5 :

(accor d@ nglﬁnmhpqyrea pqe@@@msesnvéhtd@m)%ﬂﬁé“l‘lﬂﬁmdef ERLSPORsasfays5 of .  Rux
and Burnett corr 0 o the amﬁor k definitions
R e G R L R S R R W

based on the uence. Fons"are all changed
by 1 posithoonsiowit)hi adsabbe daeled ﬁ&mba&h&en@ee@ﬁthEyldmélﬁﬂ 10 Met hi oni ne
residue in the Rux and Burnettméngaaz deflnltlons %HVRl 13 1, etc.).

Crawford REXE RBETHK SPridgefte - A360374220837 3 ion (1996)

A412 AdS N@§tﬁﬁof@5fﬁésuH¥Bl% di3d - 488 H38mk82 246~ 18dud 80y 167 136-165 HVR2
194-204 188-194 199-221 184-198 188-194 HVR3 222-229 212-219 264-270 none

212- 220 rwm@uqeelavrh249r2@1n288mmmunQ%MuagsA@&SVBS@ 1+{/R5 278-294 268-283
307-330 27@f%§9:3ﬁ§42%%osted the responses, conflrmlng that thlS

vector functions as some sort of novel ‘serotype’. It is
concluded that AdS5HVR48(1-7) thus can serve as an
effective boosting vector in settings where AdS5 fails,
15 and in settlngs where ‘a heterologous vector (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 wvectors
20 in settings of pre- ex1st1ng anti-Ad5 immunity where Ad5
falls
These reeults 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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HVR6 316- 327 305-316 358-366 308 305-310 HVR7 33-465 422- 450 482- 489

420- 422 418-451 HVR8 503-513 435-440 HVRO 518-522 445-446 57 WO

2006/ 040330 PCT/ EP2005/ 055183 Table I1. d5 Position Sequence HVRL 136- 165
DEAATAL El NIVFEEDBDDNBBEVDEQAEQOK SEQ | D NO 17 HVR2 188- 1SETHEGDIPISISEQ | D
NO 18 HVR3 212-220 YETEI NHAA SEQ I D NO 19 HVR4 248-258 G LVKQONGKL SEQ I D

NO. 20 HVR5..268- 281 A T ' 21 . .305-310 . TI KEGN SEQ | D
NO 22 HVR?T%%‘? 4%1 %@%@N@%ﬁg k&@%ﬁ%@%&é %%eNQ 23 d48
HVRL 136- 150e ERKKNGERSDANOVRUSED hBeNGY Rrius d/RRI2] 73185 dfi DETKEEDNGKEI
NO. 25 HVR3.203=210 (DSDNYYG .SEQ | D_NO. HVR4, 238- 251 KFKTPEKEGEEPK SEQ | D
NO. 27 HVR5CE%“E°E7‘$ ”g?iﬁéfc?é&\lg%ﬁﬁﬁk sﬁ%% %&%8(%93\9%1%15%5%“@@%5 SEQ
I D NO 29 MR Bidhedds DGAGTNARYQGYKVET TNNIGBNEKDIEAVIEHNQC-SERHE By NO: 30 d35

HVRL 136- 160 | AKGVPTAAAAGNGEEEHETEEKTA SEQ I D NO 31 . HVR2 164- 175
LElI SAENESKPFC SEES |75 SNO2 1nMgRE 1993+ 263 BF VG t9o0s| pENGR? PVR4 231- 243

AKPKNSEPSSEigl, SEQ1 153, MIi34 (20525372620 PNSSQRINGS :SEQHLD NO 35 HVRG
286-291 GIEDTS SEQ I D NGO 36 HVR7 399-431 DA GVPTTSYKSI VPNGEDNNNVWKEPEVNGT SE

SEQ ID

SEQ | D NOW CHauf oviRiMikse-al SIP £ AEGVRNT TGERMY REEETNT RISEQeRDeNce 38 HVR2
181-191 LEVRREES e TP 3211 FYEPo40% £ % - RASHFEY G5 | D N 40

position in this table due to the absence of the initial

10

Methionine residue in the Rux and Burnett (2000)

definitions (HVR1l: 137-181, etc.).

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  |22-220  [212-219 264-270 none 212-220
[HVR4  |258-271  [248-261  [288-293 254-258  [248-258
[HVR5s  |278-294  [268-283 307-330 272-280 [268-281
[HVRé  [316-327  [305-316 358-366 308 305-310
[HVR7  W33-465  |422-450 482-489 420-422  |418-451
[HVRS 503-513 435-440
[HVR9 518-522  |445-446
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HVR4 247-259 QKTTEQPNQKV SEQ ID NO 41 HVR5 269- 278 DAASQKTNLS SEQ | D NO. 42
HVR6 302-307 GTEDTS SEQ I D NO 43 HVR7 415- 447
DG GVPTTSYKSI VPNGDNAPNVKEPEVNGTSE SEQ | D NO 44 d26 HVRL 146- 163

ETKEKQGT T@EVRQEKDS0SEQ | D NO 45 HVR2 186- 197 DETAENGKECI/EREG/ISEISNO, 46 HVR3

215-222 QENEAFYG SEQ I D NO 47

HVR4 250-262 FKPVNEGEQPK SEQ I D NG 48 HVRS

272-288 D PRAGGSGEEYK SEQ | D NO 49 HVR6 312-317 GISDNS SEQ | D NO 50
HVR7 425-4 NSTYQGVKI TNGNDGAEESEWEKDDAI SROQNQ SEQ-1 D NO. 51 pang HVR1
136-147 T DGE I|fosiitén SFSeqhidned VO 02 HVRZ 170-177 TDIDDQPI SEQ T'DING 53 HVR3
195- 205 H Vk(‘:IL)tﬁg%sbI: ANVRKTCTET B naE@ 1|0 NO: 55
HVR5 253-7 DNR 7-292—Gf] D NGO 57
"HVR7 100- DAY _'b Y GT Wl | vw KDBSVINDANE o:\g ) 4 IB.?\JO 136 WO
2006/ 0403:‘-!‘/}326” AV d Fabte—+t+—Continued—d34 EORING AT Sequence
HVR1 136- ’L_NMQLD'PT '_Egﬂy S é&i]D m'-tz-alf 4
LEVSTEGPKI EQHD-—NC—H MRS—212—222— D m’\TEEYC SEGHBNoH1H HVR4
250_ 263 AthEE E. PR % | r\ I\h R’) Ll\/Dl: ’)7’2 ’)92 DI_R\_ X : ? | D No 63
HVR6 306- $VR7 3 §GV TEF%TWA(PK'LQQED‘GWE@AI EFSDKNE SEQ ID NO:23 .
DGVGPRT DS AR D NO 65 d49 HVR1 136- 147 DAKENNGQGEAK
SEQ I D NO EB@JGGDENQEEDEEG?EI SEQ | D NO_67/SEHUR®:2201- 208
ONTENFYG $#82| D [N3168 [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 ID NO:30
IAd35 )
~ 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  |JAKPKNSEPSSEKI SEQ ID NO:34
.HVR5 253-262 |DNSSQRTNFS SEQ ID NO:35
HVR6 286-291 |GTEDTS SEQ ID NO:36
HVR7 399-431 DGlGVPTTSYKSIVPNGEDNNNWKEPEVNGTSE SEQ ID NO:37
Ad11
HVR1 . 136-157 |IAEGVKNTTGEEHVTEEETNTT SEQ ID NO:38
JHVR2 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
" [HVR6 302-307 |GTEDTS SEQ ID NO:43
HVR7 415-447 [DGIGVPTTSYKSIVPNGDNAPNWKEPEVNGTSE SEQ ID NO:44 -
IAd26 ,
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
|HVR5 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
HVR2 170-177 |[TDTDDQPI SEQ ID NO:53
HVR3 195-205 |HDITGTDEKYG |SEQ ID NO:54
HVR4  [233-243  |ANVKTGTGTTK SEQ ID NO:55
HVR5  [253-263 |DNRSAAAAGLA SEQ ID NO:56
HVR6 287-292 |GTDDSS SEQ ID NO:57
|HvR7 - J400-432 DAVGRTDTYQGIKANGTDQTTWTKDDSVNDANE SEQ ID NO:58
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HVR4 236-248 VFKTGENGKPTE SEQ I D NO 69 HVR5 258-270 DLRQNDTGGNNNQ SEQ ID
NO 70 HVR6 294-299 GISDDS SEQ I DNO 71 HVR7 407-442
DGSGSSTAYQGVEPDTTVAGTNDKVWKVNAKVAQHNQ SEQ I D NGO 72 d50 HVRL 136- 150
LNKGDEEDGEDDD86/BBE0| D NO 73 HVR2 174-185 LEVPSEGGPKPI PGHEP20H/§61874  HVR3
203- 213 TDTDGIDEKYG SEQ I D NO 75 HVR4 241-251 AKVKKEEEGKV SEQ | D NO 76

HVR5 261
407-439

DGR DRIRCE EkEBe

PCT/ EP2005/ 055183 Table I11.

the differ

adenovi r us HVRYect

sel ect ed fiHYR2th

vect or  acCereh-hg—t-o—therpesert—verioi—Reuei-Rg—he—i-denti+
I i .
t36-16tha LB'&G\HST%VHBGNWDSEWKB;)C k bone ser SEY |PNOS
18811841 p LEVSHEEP NG
B r us218-220) p [TDIRAKITEEY Gy Dackaql ng ceI I

of the ade

for human {HvBat mE2E0-263 nipkvikikapDGTMEN _and hexon pr ot ej QLLW(NQBZI I
pent on adefHyRs r us273esont PPRIARBEEKL, chi npanzee-,  pr ot ei NBEGMNQ®S-
adenovi r us ¢s/Rre HeXeme-sHVR[avEDAS Wherein Y is sel ect ed fronsEt® Np:auf
consi st i ng |4Rky hure.460 e PeVErrRIDSYIEKFNGPRSEVTAVDPEISSE 26,  3dEQ BNO:65S,
50, and whé¢qggd n M=0-7, provided that 1 X#Y, n=1-7. Fiber delta
conpri si ng [h&T T#0% Rk Jdoeh® Serected fromthe gr D R
consi sting Ro SET ')ﬁbl‘-)l:'b ID'EFglJ:EDE‘EBhEW’ . o ovided LlIolL SEh | 57 C
part of T 3F t bqf_fzod MRS ™ t 1 penton—ts— X Kmob—K 1:5|Dtﬂd:'68lr\
fromthe ILRRY |aso24s  |AVFKTGENGKPTE _ SEQ ID NO:69
HVR5 258-270 [DLRQNDTGGNNNQ SEQ ID NO:70
HVR6 294-299 |GTSDDS SEQ ID NO:71
HVR7 407-442 |IDGSGSSTAYQGVEPDTTVAGTNDKWKVNAKVAQHNQ [|SEQ ID NO: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
HVRé 294-299 |GASDAS SEQ ID NO:78
HVR7 407-439  |DGVGPRIDSYKGIETNGDETTTWKDLEPKGISE SEQ ID NO:79

50

D NO 77 HVR6 294-299 GASDAS SEQ ID NO 78 HVRY
TWKDLEPKG SE SEQ I D NO. 79 59 WD 2006/ 040330 -
The chineric replication-defective adenovirus

i cation of

c

erein Xis

consi sting
he fi ber

g the

and cani ne

49 and
knob F,

S ]
t |least the
is selected



consi sting of adenovirus serotypes that primarily use the CAR receptor on a
cell for infection (human adenovirus serotypes fromsubgroup A, C, D, E
and F) and K may be X or different. 60 WD 2006/ 040330 PCT/ EP200a/ 055 aal83
Tabl e V. wid2ddesiossoon Sequence HVRL* 137- 165 EAATALEI Ne&HERIIRNESBDEYDEQAEQXK
SEQ I D NO 88 HVR2* 188-193 VEGQITP SEQ I D NO 89 HVR3* 213-215 ETE SEQ I D
NO 90 HVR4* 25 8 L SEQ ID 91, HVRS* 269-281 TTEATAGNGDNLT SEQ
| D NO: 92 2‘@%[6 é’ggg\lg(m%ﬁ&lf? G IqQyRptethdye 42 SRIGEENGWEKDATE SEQ
1D NO 94 ¢ld8: sVREC ok 5 @ o EKKAIGHSANOMR vSEQ1 bR, NOh8Dud HMRA hel 73- 184 -
| DATKEEDNGKE SEQ I D NGO 9 HVR3* 204-206 DSD SEQ | D NOW HVR4* 241-251
KTPEKEGEEPKISES fipaNdoog o L HyiRg * dDBbe nerit |cRSTETEENGTRVAEKSSED | D NO 99  HVR6*
302- 304 KEP%%?E%}I D NO 100 HVR7* 428-440 KTTNNTEWEKDTA SEQ I D NO 101 d35
HVR1* 137 PTAAAAGNGEEEHETEEKTA SEQ | D NO 102 HVR2* 164-174
LElI SAENESKP SEQ I D NG 103 HVR3* 194- 196 DLD SEQ | D NO 104 HVR4* 234-243
KNSEPSSEKI FD-NO105 —HREx 254 D NSSCR ; HVR6*

ir

287 265 TR EAterolFoecior Lcha’;“ LA : - 1108 d11
HVRI* 137- m g I%'EEH%EFE& a':\ﬁiﬁi denoviruses applicable

by packaging cell and excludlng the fiber for human treatment (including human

and hexon protein, including the penton 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

X£Y, 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, Eand F)and K
may be X or different. _
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HVR2* 181-190 LEVSDEESKP SEQ | D NO 110 HVR3* 210-212 DLD SEQ ID NO 111
HVR4* 250-259 KTTEQPNQKV SEQ I D NO 112 HVR5* 270-278 AASQKTNLS SEQ I D

NO 113 HVR6* 303-305 TED SEQ I D NO 114 HVR7* 430- 441 NGDNAPNWKEPE SEQ | D
NO 115 d2&va-mi640307- 163 TKEKQGTTGOVQQEKDV SEQ | D NO. 1RGT/EPNRR0SSB36- 196

TDETAENGKKD SEQ | D NO 117

HVR3* 216-218 ENE SEQ I D NO 118 HVR4* 253-262

KPVNEGEQDK%E) | 1 119 HVR5* 273- 288 PGGSPPAGGSGEEYK SEQ I D NO 120 HVR6*
313-315 SD 8e| NGO 121 HVR7* 439- 455 TNGNDGAEESEWEKDDA SEQ | D NG 122
pang HVR1* |alig7- 14desidGskbddake SEQ | D NO 123 HVR2* 170-176 TDTDDQP SEQ | D
NO 124  HVR$R1+-19613:985 DeAataEENI EReDbpNEdRvDERMEGOK 236- 243 [Kd&abwblgs $EQ | D
NO 126 HVRRES2541:8G5 NVeRRRAGLA SEQ 1D NG 127 B BNS490|SEQ | D
NO 128 I—I\/ﬁ“jga*cll Q@é?f N r dmlgd‘“ 330
PCT/ EP2005 183, Tabt Qb‘ ’c,-‘.KL,C“”t. nued d34—Position o IVR1* 137-160
DKGVTSTGLV A LY D &‘ 136 R2 _63 X %P‘ SEQ ID
NO 131 HV *21’303_36;8 SEOTBNO13 '7\1-@ ot %NP*II SEQ ID
NO 133 - HVRERS 2742898 | Beoport kK SEFO-+DNG =AY ISEQ | D
NO 135 HVEPRTA4438A495 | RBAT o =2 24147
KENNGQGEAK |AdE®) | D NO 13
HVR1*  [137-150 |EKKNGGGSDANQMQ SEQ ID NO:95
HVR2*  [173-184 |IDATKEEDNGKE SEQ ID NO:96
HVR3*  [204-206 |DSD SEQ ID NO:97
HVR4*  [241-251 |KTPEKEGEEPK SEQ ID NO:98
HVR5*  [262-277 [IPSTGTGGNGTNVNFK SEQ ID NO:99
HVR6*  [302-304 |KED ] SEQ ID NO:100
HVR7*  [428-440 |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
|HvRe*  [303-305 [TED SEQ ID NO:114
HVR7*  |430-441 |NGDNAPNWKEPE 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
JHVR6*  |288-290 [TDD SEQ ID NO:128
HVR7*  |414-426 |NGTDQTTWTKDDS SEQ ID NO:129
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HVR2* 170- 182 | DENKEEDEEGRE SEQ | D NO 138 HVR3* 202-204 NTE SEQ | D NO 139
HVR4* 239-248 KTGENGKPTE SEQ I D NO 140 HVR5* 259-270 LRQNDTGGNNNQ SEQ I D.
NO 141 HVR6* 295-297 SD SEQ | D NO 142 HVR7* 421- 436 DTTVAGTNDKWKVNAK SEQ

| D NO 143 woB@shdiB* 137- 150 NKGDEEDGEDDQQA SEQ | D NO. péfirpiiviisist74- 184
LEVPSEGGPKP SEQ I D NO 145 HVR3* 204-206 DTD SEQ I D NO 146 HVR4* 244- 251
KKEEEGKV SEEI% D NO 147 ,H\/Rg* 262- 270 LRSQMIGLK SEQ I D NO 148 HVR6* 295- 297
ASD SEQ | D'MFa4d - [YPRFATHSY. 433 NGDETTTWKDLE SEQ ID NO 150 it 62 WO

2006/ 040330 PCT/ EP2005/ 055183 REFERENCES Bar ouch DH et al . (2004)

| munogeni city of reconbinant adenovirus serotype 35 vaccine in the
presence @4d345 ppesitexi $$dgnepcant i - AAS i mmunity. J I mmunol 172:6290 Bergel son
JM et al. [§vR397) 137sied alpkonTsTGLADDGAMDIGEEAGQEPt Or  for clerammo:@oB vi ruses and
adenovi r udeme? ahsl-183 | Bes1eBerr 2/5. 1320 Bewl ey MC et aleq (NEER) |St ruct ur al
anal ysi s diveehe Ef3-Aeclimpl sm of adenovirus binding to jgggiDNoHR [cel | ul ar
receptor, [/AR 3643885 € [PREDDEINM Far it na SF et al . ( 2001geqQ 1p NO:133
Repl i cat i QiyrdeT Eehide {RE6ER¥ELK Pased on a chi npanzee adgRRMiNd s |J Virol
75:11603 |FEGIaT 3 B/E @Wsp (2003) CDEG T5 a cefruarar 1 [0No:381] 15 group B
adenovi r Ui, Nal, ., . T ofd487 and
char act erlk(ﬁ ror—of—irexXorr—chtrirer-re—aderovrrases: sSpPecHTTcatton of
adenovi r ug—Sseretype—irol—2-10260—10264—Canresh—S—et—al—(2643)
Adenovi r ugVBd y gid? IKENNGQGEAK SEQ ID NO:137

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

HVR3*  [202-204 INTE _ SEQ ID NO:139

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

HVRS*  [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*  [204-206 |DTD SEQ ID NO:146

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

HVRS*  [262-270 [LRSQMTGLK SEQ ID NO:148

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

HVR7*  1422-433 |NGDETTTWKDLE : SEQ ID NO:150
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20 chineras exhibit altered tropismin vivo. Abstract 134. 2003 Meeting of
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Roel vink PWet al. (1999) Identification of a conserved receptor-binding
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20 3. A reconbinant replication-defective adenovirus according to claiml1,
whi ch conprises a chineric hexon sequence of SEQ ID. NO 12 or of SEQ ID.
NO 16. 4. A reconbinant replication-defective adenovirus 25 according to
claim 3, e@mué/snizg the chineric hexon sequence of SH@T/aHo0sNES1812. 5. A
reconbi nant replication-defective adenovirus according to any one of the
precedi ng cl ainsg, 30 co i si.ng. a heterol ogous nucleic acid of interest that
is to be d&¥VeRe§tt Bft gﬁ%@s)t npﬁ&ﬁﬁylsgﬁ?% DTkt frgutPe pur poses. 35

67 generation of chimeric recombinant adenovirus. Hum

Gene Ther 13:311
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WHAT WE CLAIM IS:

. A recombinant replication-defective adenovirus based on

Ad5, characterized in that said recombinant
replication-defective adenovirus comprises a chimeric
hexon protein wherein the seven hyper variable regions
HVR1-7 of AdS5 as defined in SEQ. ID. NO: 17-23 have
been replaced by all seven hyper variable region
sequences HVR1 to HVR7 from Ad48 (SEQ. ID, NO. 24-30),
or from Pan9 (SEQ. ID. NO. 52-58), and wherein the
hexon protein Sequences between the HVR sequences are

from Ad5.

. A recombinant replication-defective adenovirus

according to claim 1, which is an adenovirus based on
Ad5 wherein HVR1-7 of AdS5 as defined by SEQ. ID. NO:
17-23 have been replaced with corresponding HVR1-7 of
Ad48 as defined by SEQ. ID. NO: 24-30.

. A recombinant replication-defective adenovirus

according to claim 1, which comprises a chimeric hexon

sequence of SEQ. ID. NO. 12 or of SEQ. ID. NO 16.

. A recombinant replication-defective adenovirus

according to claim 3, comprising the chimeric hexon

sequence of SEQ. ID. NO. 12.

A recombinant replication-defective adenovirus
according to any one of the preceding claims,
comprising a heterologous nucleic acid of interest that
is to be delivered to the host for prophylactic or

therapeutic purposes.
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