WO 03/ 104467 PCT/ EPO3/50125 Title: Means and net hods for the production of
adenovirus vectors. FIELD OF THE | NVENTI ON The invention relates to
nucl ei c awbDd3dedssvery vehicles and use thereof, nore in pamtEpPosibERs t he
invention relates to 5 reconbinant adenoviral vectors and the use thereof.
BACKGROUND OF THE | NVENTI ON To date 51 human adenovirus serotypes have been
10 identified that are subdivided into 6 subgroups (A, B, C, D, E and F)
based on hemmggl uti nati on properties and sequence honology (Francki et al.
1991). The adenovirus infectious cycle is divided into an early and a | ate
phase. |In thelear INephased thethddauddrs tingc parcucandnt hé gepomeligs ;
transported to 15 e Pucleus after which the early gene regions (E, E2,

E3 and E4) become’ ra%s%?iptionally active. The El region contains two
transcription regions: EIA and E1B. E1A encodes proteins that are invol ved

L anser i pt R Pedt obaE20 (P ebFelea by Russel . 2000 The EIB region

encodes two nmajor proteins: E1B-19K and FIB-55K, that prevent the
i nduction of apoptosis resulting fromthe act|V|ty of the EIA grotelns
(Rao et al. 19939 YalWamb- Ber k49 %%éﬂ%jf§§BF01@ndeédHPFVoHe tRe=E1B- 55K

protein is rgqyseednhlhethe hate PW3§§%6¥%JE§kf%ﬂee%%b%%t!bhakeﬂﬁ%@stE@nsPOft
and inhibition of host proteln expression (Pilder et al. 1986). E2 is also

di vi dedd® i mrec@pbsuddbnadere VRN afrFUERB, atnlﬁiatthteoglétGhéheéﬁééde thr ee
proteins (a DNA binding protein, a viral polynerase and a pre-terninal
protein) that are all involved in replication of WD 03/104467

PCT/ EPO3/ 5832BGRQUND OF THE INVENTION

To date 51 human adenovirus serotypes have been
10  identified that are subdivided into 6 subgroups (A, B, C, D,
E and F) based on hemagglutination properties and seguence
homology (Francki et al. 1921). The adenovirus infectious
cycle is divided into an early and a late phase. In the early
phase, the wvirus is uncoated and the genome is transported to
15 the nucleus after which the early gene regions (El, E2, E3
and E4) become transcriptionally active. The El1 region
contains two transcription regions: E1A and EIB. EIA encodes
proteins that are involved in modification of the host cell
cycle and activation of the other viral transcription regions
20 (reviewed by Russell. 2000). The E1B region encodes two major
proteins: E1B-19K and E1B-55K, that prevent the induction of
i apoptosis resulting from the activity of the E1A proteins
E (Rac et al. 1992; Yew and Berk 1992; Shenk 19%6). In
i additicen, the E1B-55K protein is required in the late phase
25 for selective viral mRNA transport and inhibition of host
protein expression (Pilder et al. 1986). E2 is also divided
in two subdcmains: EZA and E2B, that together encode three
proteins (a DNA binding protein, a viral pcolymerase and a

pre-terminal protein) that are all involved in replication of



the viral genone (Van der VIiet 1995) . E3 is not necessary for
replication in vitro but encodes several proteins that subvert the host
def ence nwolwanosmtt owards viral infection (Horwitz 2001) PCEAPozsdIONr s at
| east 6 open reading franes 5 (orf's) that encode proteins involved in
several distinct functions related to viral nRNA splicing and transport,
host cell nRNA transport, viral and cellular transcription and
transfornmation (reviewed by Leppard 199%) . The late proteins, necessary
for formation of the viral capsids and packagi ng of 10 viral genones, are
all generated fromthe major late transcription unit (M.TU) that becones
fully activeeaftiealtencoasevarnfdereplliicat iIGDS)A EOnmlsexopr aeesssaty

differential splicing and poly-adenylation gives rise to mpre than 15 nRNA
speci es t haPTsRAPLLGALH? pat i Yol T@atibr c & E VPG ILPEOBEKNS 150EY. orf 3

and E4-orf@uptetei B6cphayt aaPi 0@ mdhiish theraddeguliabiloAnebctabe viral
MRNA processing and transport from the nucleus. For this process E1B-55K

interacts WHPRYEAZ0fPBL) t B4 ORI ROH I AL dRAStenpPeR tRa6180i ARBEES

FranSPOEt_Qgrkaéakhgﬁwg%éo&@ ﬁfﬁ%é&ﬁéﬂ&ﬁ%ﬂﬁvé@“ibes%@%r%@”ﬁh@%ihétalSO 20
involved in inhibition of the transport of cellular nRNA's fromthe
nucl eus tofwhetigneprasar¢d evd ewerkh mMRWpFrld Ci997 angnd r2998prtPr bdatct i on

of El-del eted;v r a n subgroup, C _-seratypes Ad5.or .Ad2_is achieved
( 1ERR§$§§9. G oy QLYRES, /02,9 ; Ad
in El conpfgnenﬁlng cef ! 5 511 nes sd%ﬁ é?ﬂgég‘ﬁtkéﬁgﬁléfga Y 169%), 911
(Fal l aux etrahsfd906)iand(RER &od®ryy) Ldraldraux %et7)al Tht998reECACCdeppsi t
no. 96022940%. As d%sclgsed in WO 99/55132 qnd WD .01/ 05945, vectors_and
cel | 1ine BSA°BEMHAt chEd PT AVLTY Yendtati g lof*2RPapISi it BRCCERPBE ent
adenovi@ usesrhhr gugbmbO) DL HgOAB] IO Maldronneemager adeaovirus
sequences in the cell line and the vector. For efficient production of
i i ranscription uni a ecomes fu active after e
replicati of pt t (MLTU) that b fully t ft th
onset of replication. A complex process of differential
splicing and poly-adenylation gives rise to more than 15 mRNA
species that share a tripartite leader sequence. The E1B-55K,
15 E4-crf3 and Ed4-orfé6 proteins play a pivotal role in the
requlation of late viral mRNA proccessing and transport from
the nucleus. For this process EL1B-55K interacts with E4-orfé
to form a functional complex that stimulates transport of
viral mRNA’s to the cytoplasm, while the complex is also
20  involved in inhibition of the transport of cellular mRNA’Ss
from the nucleus to the cytoplasm (reviewed in Leppard 1997
and 19¢8).
Production of El-deleted vectors based on subgroup C
serotypes Ad5 or Ad2 is achieved in El complementing cell
2b lines such as 293 (Graham et al. 1970), 911 (Fallaux et al.
1996) and PER.C6™ (Fallaux et al. 1998; ECACC depcsit no.
96022940) . As disclosed in WO 99/55132 and WO 01/05945,
vectors and cell line can be matched to avoid generation of
replication competent adenoviruses through homologous
30 recombination between adenovirus sequences in the cell line

and the vector. For efficient producticn of replication

incompetent adenoviruses derived from group C, the cell line



i nconpet ent adenoviruses derived fromgroup C, the cell line WO 03/104467
PCT/ EP03/ 50125 3 PER C6(err) is preferably used. Using this cell |ine
adenovi r uwo esAact46Ts can be matched, thereby allow ng for trloa/grogsaiesi on of
group C adenoviral vectors in the absence of replication conpetent
adenovirus (Fallaux et al. 1998; US patent no. 5 6,033,908). However, group
C vectors may not always be the 1ideal vehicles for direct in vivo
applications since the infection efficigncy is seriously hanpered by the
presence of high titers of neutralizing activity in nost humans and the
absence of sufficient amobunts of the cellular receptor 10

(Coxsacki eratenoéVi Lusprefepiioly CAR]. disispedifisc qelilmdriyie taegetricek| s

(e.g. endothelial cells, snmpoth nuscle cells, .synqviocytes, npcytes and
dentritic CEEFSFS Aai RPstRarion  OISHThat. MHGMR S 61 WWEr 85856 Phor ease
transducti of Eapupl eaddtaol NES Baseet ¢:0Xi i tiha b JehcedirCirabhe caliiBhcal

outcone 15 due to the variation in neutralizing titers of subjects that
are treat e§OPRESBT| PAFRATIBRS 5 B ovRr e 1Y S h&SuSetENT Bfher

serotypgs @f 0adengy) UBRevER! §XATP! @ vdhe FLGeRI Aot BilRARILRak O a
fi ber of subgroup B viruses (i n particular of serotype 16) when expressed

on an AdS-Bdsed vebtetes200nediated 57 gni fe canrlirationsasedcenftBet i on of
hurman e“d%*%%'c‘t'i"oncg\!lf)kgﬁ?%gi% 9%}#’%‘@%@ %%rnlp%r(e\éﬁbgpltﬁéz Qeséﬂge gk
human synovi ocytes ( 6) . e tTi1Dber of "another ~subgroup
adenovi rus hist35itessnost nefiftrel entng naaveidiigty ng niosfte btumensofnbuaa
nonocyt es and dendritgc gglls VWO %glooQgﬁg%%%. Fﬁrthern%re A935 has been
identified? §e§F§iP63 uF_ whi'th T Va5t ma bt 195 0 3hé SFaRER “popul at i on
has no10neutckalskzikng-aathyit yus W2 OB T7HO71AR)Ther edes-idigeneiakblky felt need
inthe art to develog ,
target cells (e.g. endothelial cells, smooth muscle cells,
synoviocytes, monocytes and dentritic cells). Administration
of higher amounts of viruses to increase transduction may
lead to increased toxicity and unpredictable clinical outcome
15 due to the variation in neutralizing titers of subjects that
| are treated. These limitations can be overcome by the use of
other serotypes of adenoviruses. For example, the receptor
binding part of a fiber of subgroup B viruses (in particular
of serotype 16) when expressed on an AdbS-based vector,
20 mediated significantly increased infection of human
endothelial cells and smooth muscle cells (WO 00/31285) and
of human synoviocytes (WO 00/52186). The fiber of another
subgroup B adenovirus, Ad35, is most efficient in mediating
infection of human monocytes and dendritic cells (WO
25 00/03029). Furthermore, Ad35 has been identified as a virus
to which the vast majority of the human population has no
neutralizing activity (WO 00/70071).
There is a generally felt need in the art to develop
technology that has broader serotype utility. A particular
30 problem is the lack of suitable packaging cell lines for

these other serotypes. Packaging cell lines for AdS5 vectors

typically comprises El encoded proteins derived from



technol ogy that has broader serotype utility. A particular 30 problemis
the | ack of suitable packaging cell lines for these other serotypes.
Packagi ngwoaeBlio44smes for Ads vectors typically conpri ses PET/EPsHes]
proteins derived from WO 03/ 104467 PCT/ EPO3/ 50125 4 adenovirus serotype 5.
Exanpl es of such “standard' packaging cell lines are 293, 911 and

PER. C6(err). Attenpts to produce vectors derived from other serotypes on

t hese standard packaging cell |ines havye proven arduous if not
unsuccessful . 5 Cccasionally, sone production is seen, depending an the
particul ar serotype used. However, the yields of reconbi nant adenovirus
vectors denbeedvirom adenoyps Us. Subgrolgss odt lverch t'lsarnsabgr oppc&agpnoduced

on cell lines.transforned d . i r ' PY LEL _from Ad5, i gor. In a
paper by 16Abr ﬁ%ﬁﬁeﬁr%tzgg’. %Jlgg%& aéér%ﬁ‘c(o%ve'dp‘gltaeaﬁ Spif Pirc?éh on of an
E1A- del et edecadensviedsvser ptymeo thare o typelgooup hBsewasanabser ved on 293

cells conprising E4-orf6 derived from adenovirus serotype 5, as cqnpared
to 293 cel P&cKagkPagCehe 1 E2E BT’ S &SI F7NUAIS.E BGWeV8rECaSEPoBlem was

encountgred-2asWhhhiihe siabipidonafidhe veeler, aspdnexpgctedrhe
reconbi nations were observed in plaque-purified stocks. An additional

probl em waBa&REEUAREr BATYF YIPP W FRF ¢ VFevedifenovincuy 1dildss ofc sREAMPARRN BN
durin ro LOFE : - ti j it
g p ggg&wrﬂruwg@y@!e% té@%&%?’%ﬁ%’&n@%@!&% 's%g%uggeeemuses i

i S not use to co-trans to obtain titers at are high
enough for thappbkubgtoop. C Oneropté¢an drorcggrlowiimgssdglnademoedr aseés is to

provi de cells .'t?igh EA'foP ene §tab| iqteqrated intob the genone of
t he conpleﬁ@ﬂf%%ﬁ pa%ga%Yng ce?%“lf%é.l§h%ﬁo cel'l’s “h&VE“been described in
the ari10(earpraén96h22878). AL 257 di sathmanteape lefouchaturdystemios theafiact
t hat new stable cell ,
ElA-deleted adenovirus serotype 7 vector (subgroup B) was
observed on 293 cells comprising Ed4-orf6 derived from \
adenovirus serotype 5, as compared to 293 cells lacking the ‘
Ed-orf6 segquence from AdS5. However, a problem was encountered
15 with the stability of the wvector as unexpected recombinations
were observed in plaque-purified stocks. An additional
problem was encountered with wild type adenovirus virus
contamination during production. Moreover, for large-scale
production of adenoviruses it is not useful to co-transfect
20 E4-orf6 to obtain titers that are high enough for
application. One option for growing such adenoviruses is to
provide cells with the Ed4-orf6é gene stably integrated into
the genome of the complementing/packaging cell line. Such
cells have been described in the art (e.g. WO 96/22378). A
25 disadvantage of that system is the fact that new stable cell
lines have to be generated, and numerous selection rounds
have to be performed before stable and proper cells have been
generated. This process is laborious and time-consuming. In
general, it can be stated that generation and propagation of
30 adenoviruses from serotypes other than serotype 5 (subgroup
C), such as subgroup B viruses, has proven to be difficult on

Ad5 complementing cells. As has been disclosed by the



| i nes have to be generated, and nunerous sel ection rounds have to be
performed before stable and proper cells have been generated. This process
i s | aboriwo93andeti me-consum ng. In general, it can be strargPpos/bats
generation and propagati on of 30 adenoviruses from serotypes other than
serotype 5 (subgroup C), such as subgroup B viruses, has proven to be
difficult on Ad5 conplenenting cells. As has been disclosed by the WD

03/ 104467 PCT/ EP03/50125 5 applicants ign WO 00/ 70071, reconbi nant viruses
based on subgroup B virus Ad35 can be made by co-transfection of an
expression construct containing the Ad35 early region-1 sequences
(MB5-E1). EpptheanbseinAN@SO@ﬁ@HHHMinu&em&ﬁmaMtaNerﬁsdeleaeddonhy for E1A
sequences ang not fﬁr E1B Wﬁ% sho ep) Ilcats eff|C|€néIy n_PER. C6
cell's, suggB8Ping-t Rat *th rotelﬂ?‘ KdS CaE B ECt 5 CoRpl #hent t he
Ad35- E1A Eup@éb@ﬂén(@@@ét@@dﬁ cSomﬂileﬁrm@t iteRaladapplebeati @agiPRTANLOL/ 00824,
not yet published). Mreover, the experinments 10 show that |ack of Ad35-E1B
resul ts i nSPEBRNGREI ARADP M5 BHHPITMS ndBerPe SeRoveer 7887 aF s3re

di scl osgs gehbcbiingsiyf o6r thes pradustdon ofy Eordelet edsnargr gHBWE to
adenoviral vectors by further nodifying cell lines that are capabl e of

conpl enent rfﬁglaléh%v’iffﬁsc%@?@t}y@ FERND 0020671 shgpeREing5t3afge_es t hat

one shoul degst gl i sh, newecehl 1ides, harhouring .Ad35.F1 segyepegs for the

conpl ement at'i reconbi nant novi rus otype vectors | acking the
El region fseetiahso(applicant”s imtermzaticordl agppliiceatiioon PCT/NLC&/00824).

tovever. S3A a0yl Spuseet Ao, |Lane, J6°1 LAY L AULYLR AR BORELE,
for eveny speai thetseaokype, 2d¥5-EIE »willd shawve poornpdieliyst be auail abl e
cell lines that can |, , ,
complementing cells. WO 00/70071 also discloses cell lines
for the production of El-deleted non-group C adenoviral
vectors by further modifying cell lines that are capable of
complementing adenovirus serotype 5. WO 00/70071 further
15 suggests that one should establish new cell lines harbouring
Ad35-E1l sequences for the complementation of recombinant
adenovirus serotype 35 vectors lacking the El region (see
also applicant’s international application PCT/NL01/00824).
However, as also discussed above, if one desires to apply a
20 specific serotype for a specific need, one would have to
establish a new cell line for every specific serotype, or one
would have to modify the available cell lines that can
complement adenovirus serotype 5 for complementatioh of the
serotype of interest. It would clearly be advantageous to use
25 the established cell lines that are available in the art, and
not to modify these and use them for the production of all
other, non-Ad5 serotypes, applying the established and
efficient methcds known in the art. It is concluded that
until the present invention, nc flexible and proper
30  ‘production platform’ is available in the art that enables
one to produce useful yields of adenovirus serotypes that are

different from the serotypes of subgroup C.



conpl ement adenovirus serotype 5 for conplenentation of the serotype of
interest- It would clearly be advantageous to use 25 the established cel

| i nes t hawoasgoaeni l able in the art, and not to nodify tReTEPanshizse t hem
for the production of all other, non-Ad5 serotypes, applying the

est abli shed and efficient nethods known in the art. It is concluded that
until the present invention, no flexible and proper 30 "production
platform is available in the art that gpables one to produce useful

yi el ds of adenovirus serotypes that are different fromthe serotypes of
subgroup C. WD 03/104467 PCT/ EP03/50125 6 BRI EF DESCRI PTI ON OF THE FI GURES
Figure 1 i BRAEEChBAERIETI@Pr@SeMHERAtTIIURES plasmd pNMI. O f 6. Hygro ( ECACC
deposit no. P02041226). For the sake 5 of clarity, the capital D stands
for delta (A). Figure 2 is a schematic representation of plasmd

PAd35. AMI. @i fGreFor ikhge sakem®fi€lBdpiasedtha icapidralb1Bsmstiands for delta
(A). 10 Figure 3 is a schematic representation of pUC 35-5E4. Figure 4 is a
r epr esent apAMA - 0k LohBygtroni BAGE efrrddddintg tR92090e285-~5Ear theFegkee 5 i s

a schemntic _representatjon of, pBr. Ad35. PRn._ Figuyre 6,is a schematic
represgataPFoﬁESFlE%r.%B%S?@ﬁS I{éﬁﬁﬁﬁﬁgéﬁﬁéfgﬂﬁé.(902041229). 20 Figure
7 is a schematic representation of pWE Ad35.plX- rITR 5E4. Figure 8 is a
schematic representati on of pCRscri pt Anp. NFI -

Figure 2 is a schematic representation of plasmid
PAd35.AMT.Orf6. For the sake of clarity, the capital D
stands for delta (A).

10

Figure 3 1is a schematic representation of pUC.35-5E4,

Figure 4 is a representation of the cloning steps leading to
pUC.35-5E4.
15

Figure 5 is a schematic representation of pBr.Ad35.PRn.

Figure 6 is a schematic representation of pBr.Ad35.PR5E4 |
(ECACC deposit no. P02041229).

20
Figure 7 1is a schematic representation of pWE.Ad35.pIX-
rITR.5E4.

Figure 8 is a schematic representation of pCRscriptAmp.NFI-

25 NcolR.

Figure 9 is a schematic representation of pCRscriptAmp.NcoIF-

NR2.

30 Figure 10 is a schematic representation of pCR.NF1-NR2.




25 NcolR Figure 9 is a schematic representati on of pCRscri pt Anp. Ncol F-
NR2 30 Figure 10 is a schematic representation of pCR NFl -NR2. WO

03/ 10446 WB@N&ERGB/ 50125 7 Figure 11 shows the alignnent PogtERe#mIRHie am no
acid sequence of E4-orf6 of Adenovirus serotype 5 (SEQ ID NO 21; upper
sequence) with the am no acid sequence of the E4-orf6 protein from
Adenovirus serotype 5 cloned into the Ad35 backbone (SEQ 5 ID NG 21; mddle
sequence; NB. identical to E4-orf6 of AdS, upper sequence) as obtained by
determ nation of the nucleotide order, and the am no acid sequence of the
E4-orf6 protein of Adenovirus serotype 35 (SEQ ID NO 22; |ower sequence),
show ng t hatigtihe #&ht shews r algerent iencodi g tWeenE4ht0 aguihé protesacquantde

Adenovi rus ser ot 35_backbone has been repl d he.fragnent encoding
t he E4-orf€%pﬁgfé?§6o?f gé%ﬁ%%}$1% THDPE %P @#gh#@yf§'gﬁ0m§gPﬁ5 al i gnnent
bet ween t heegoknoepck drseguensg®ind adfd tdeukdrcer bé/ Zhpr atebntof pAdesoni r us
serotype 5 (SEQ I D NO 23; upper sequence) wt am_no acid sequence of

h th
the E4-orf£6PT POSPORLPYDt BFFC BRSO PAE v by %ﬁ% RdérobRFiEongef ey pe 5

E4-orf 657 fipagaent, rephack ndebhen &Or ngspandinig caparh eh-thecadenaybrus
serotype 35 E4-orf6/7 fragnment in the 20 Adenovirus serotype 35 backbone

(SEQ | D NoupBeT nFedrencekgaenel)adiry the %‘ﬁ%l@@ltdoﬁleq’éeﬁg@ of the
Sequence) . "Shot FUCE et TeHe. ST o7 Sonaa s ST ShT Fari B GFER the
fusi on apppoxtaabeby Atletbeitysi smrqip23 T eSEQudbaiNOp@girt Lonet38. For the
sake of cl achty, Lhe JROLatd of ar f8 Shayld e fead 9. bhe.gPefle sad no
10 orfé protein in the Adenovirus serotype 35 backbone has been
replaced by the fragment encoding the E4-orfé protein of

Adenovirus serotpe 5.

Figure 12 shows the alignment between the amino acid sequence

15 of the Ed4-orf6/7 protein of Adenovirus serotype 5 (SEQ ID
NO:23; upper sequence) with the amino acid sequence of the
Ed-orf6/7 fusion protein encoded partly by the Adenovirus
serotype 5 Ed-orf6/7 fragment replacing the corresponding
part of the adenovirus serotype 35 Ed-orf6/7 fragment in the

20 Adenovirus serotype 35 backbone (SEQ ID NO:24; middle
sequence) and the amino acid sequence of the Ed-orfe/7
protein of Adenovirus serotype 35 (SEQ ID NO:25; lower
sequence), showing that the orfé/7 sequence is partly
chimeric, with the fusion approximately zt the lysine (K)

25 residue at position 138. For the sake of clarity, the
notation orf6+7 should be read as the open reading frame
orf6/7, which is a separate open reading frame within the E4
region of adenoviruses besides orf6 and corf/, being a
notation well known to perscons skilled in the art.

30
Figure 13 is a schematic representation of pBr.Ad35.PR.50rfo6
(ECACC deposit no. P02041227).



orf6/7, which is a separate open reading frame wthin the E4 region of
adenovi ruses besides orf6 and orf7, being a notation well known to persons
skilled iwotlsaosmst. 30 Figure 13 is a schematic represent &0T@EPI&F0125

pBr. Ad35. PR. 50rf6 (ECACC deposit no. P02041227). WO 03/ 104467

PCT/ EPO3/ 50125 8 Figure 14 is a schematic representation of pWE Ad35. pl X-
rli TR 50rf6. 5 Figure 15 is a schematic representation of pBr.Ad35. PRnLE3.
For the sake of clarity, the capital D stands for delta (A). Figure 16 is
a schematic representation of pBr.Ad35. AE3. PR5E4. For the sake of clarity,
the capital D 10 stands for delta (A). Figure 17 is a schematic
representation of pBr.Ad35.LE3. PREOf6. For the sake of clarity, the
capital D _stands_for delt A).. 15 Figure 18 sho the s em for

o btuci ng FOEOND; MAntS SaBmsvi e PR At Cha s PO A A8 PERCCS ¢ hr ough
a doubl e homl egeus.reconbination event. 20 Figure 19 is a schematic
representati on of pWE. Ad35. pl X- EcoRV. WD 03/104467 PCT/ EP0O3/50125 9
SUMVARY OF THE | NVENTI ON The present invention provides reconbi nant
adenovig uspi¥RELOLS €ONDI k8h A8, 81 Ueddidleand iRANoSt Het Hpak ekeaests of 5
an adenovirus of a first serotype, wherein said vector further conprises a
sequence emcodihg aak&dedréBapitoteitthe capital D stands for delta (A).

Figure 16 1s a schematic representation of

pBr .Ad35.AE3.PR5E4. For the sake of clarity, the capital D

10 stands for delta (A).

Figure 17 is a schematic representation of ‘
pBr.Ad35.AE3.PR50rfé. For the sake of clarity, the capital D
stands for delta (A).

15
Figure 18 shows the system for producing recombinant

adenoviral particles in cells such as PER.C6 through a double

homologous recombination event.

20 Figure 19 is a schematic representation of pWE.Ad35.pIX-
EcoRV.



wherein said sequence is selected fromthe group consisting of: a) an
E4-orf 6 encodi ng sequence derived froman adenovirus of a second serotype
di fferentworesms@aid first 10 serotype; b) an E4-orf6 encodCrgErsgsuesce
derived froman adenovirus of said first serotype by way of a deletion,
mut ati on, addition and/or substitution in one or nore codons; and c) an
E4-orf 6 encodi ng sequence conprising a fusion between a part of an E4-orf6
encodi ng sequence derived froma 15 secgpd serotype different fromsaid
first serctype and a part of an E4-orf6 encodi ng sequence derived froma
third serotype, wherein said third serotype may be identical to-, or

di fferent BumMABai dFfTHBtISELNIYPe. The invention further provides nethods
for the production 20 of such reconbi nant adenovirus vectors conpri sing
structural and non-structural elenents of an adenovirus of a first

serotype, sai draet peds &IPSt dhep15deRe OfrenoRhevidaAgnavirus
conpl ementing cell harbouring an E1B-55K encodi ng sequence, = derived from
an adenovi VESTOFS aCYBRBH REr DEFHE HHR 2 50X prOEs SItBNE P8R M ShFPRNEReCt

necessagy ghenabhsyPfu&nor adenovdr us SUShAS e ralilhow asserbl y-of said
reconmbi nant adenovirus vector by said conplenenting cell, wherein said

el enents cénprhee eempehsts sontesIeRst Wraloddng montdtrruébupabteenenent s
froman ad%g%‘ééﬁ s 9f ysal uérafétissegeﬂtey eedd'ffrfoﬁrt‘jfﬂte gggotgyoﬁ‘oﬁéhgtﬁgo“d
u -or p or

serotype and a sequéence encoding a nctional ot’él n,
functi onal opart) derkdabrve eanddiorg arsahwegue tdeerieel], fwbinchni s conpati bl e

with said Vﬁ%03/104467 PCT/ EPO3/ 5012 10 essi bl e El B- 55K pro einin
sai d conpl BRBAPYhGUEett ; 2 bj SRt (T T E?%fﬁﬁﬁ%ﬁﬁpéngﬁppnﬁaéglF fA*a nedi um
under 1@ondetbenseal bpwaAgei-os- ps osueidiony arduassenky iobdt Beom an
adenovirus of said first serotype by way of a deletion,
mutation, addition and/or substitution in one or more codons;
and c¢) an E4-orfé encoding sequence comprising a fusion
between a part of an E4-orfé6 encoding sequence derived from a
15 second serotype different from said first serctype and a part
of an E4-orf6 encoding sequence derived from a third
serotype, wherein said third serotype may be identical to-,
or different from said first serotype.
The invention further provides methods for the production
20 of such recombinant adenovirus vectors comprising structural
and non-structural elements of an adenovirus of a first
serotype, said method comprising the steps of: a) providing a
complementing cell harbouring an E1B-55K encoding sequence,
derived from an zdenovirus of a second serotype in
2b  expressible form, with the necessary elements of an
adenovirus such as to allow assembly of said recombinant
adenovirus vector by said complementing cell, wherein said
elements comprise at least some structural and non-structural
elements from an adenovirus of said first serotype different
30 from said second serotype and a sequence encoding a
functional E4-orf6 protein, or a functional part, derivative

and/or analogue thereof, which is compatible with said



adenovirus vector to take place; and c) harvesting the 5 reconbi nant
adenovirus vector so produced fromthe nmedium and/or the conpl enenting
cell, wheweia/iv4¥e7 sequence encoding the conpatibl e E4-or fPETmHPOB/SIIDS | S
present in the reconbinant adenovirus vector so produced. The invention
further relates to pharmaceutical 10 conpositions conprising adenoviral
vectors according to the invention and the treatnent of individuals using
the adenoviral vectors provided by the;gresent invention. The invention
also relates to a kit of parts conprising cell lines and adenoviral
vectors provided by the invention for 15 executing the nethods provided by
t he i nvent eaprebbibld E1BVEPK3PpAQLEGY RCIYER)IdpI2menting DEFAL LED)

DESCRI PTI ON Ige Eresent inveniion djscloz_s.nethods.and ngans that solve
certain di FPTEHFEP8sS7 et at WP LI mitH Sied 55 SnBIcEERt 4PPGh of non-group C
adenovi r al cvaat ef sn Na Addy i RACKeYi gy arilemenid g seabhs. oAl theugh in the
Ad5 conplenenting cell lines functional Ad5 E1B-55K expression is
present, i BORASVEBERAVERERL oFP YERER PIAGR it At $ofraddesdvneal"®vect or s
coul d bg pradugednWhENEbEROENOW @l o DackhaneimRs Girok0raenqBaghup C
adenoviral origin;, this finding inplies a "serotype-specificity in the

i nt er act i oangf oE1BhE5RoMP t fmeripthere (v rdlor Pottdien seuepsedpBePosed here

brotei n cotiet CBNEE G EhCCRe L1 GBI Tr ot 6 h T ded by ene - iaoHaft!
conpl enent kdgnoelkusi nectds e scusseckedherei n, El B-55K and E4-
The invention further relates to pharmaceutical
10 compositions comprising adenoviral vectors according to the
invention and the treatment of individuals using the
adenoviral vectors provided by the present invention. The
invention also relates to a kit of parts comprising cell

lines and adenoviral vectors provided by the invention for
15 executing the methods provided by the invention. |
|




orf6 forma conplex that is involved in inhibiting transport of cellular
MRNA's fromthe nucleus to the cytoplasm while the conplex is also

i nvol ved wo ostid4aat ati on of transport of viral nRNA s fromcrhePonsmbeus to
the cytoplasm It has been 20 observed by the present inventors that proper
conpl ementation of viral vectors in packaging cells requires the presence
of E1B-55K and E4-orf6 gene products that are conpatible. Packaging cells
are also referred to as conpl enenting cg?ls, if the cells conprise certain
sequences encoding proteins 25 that conplenment functions not provided by
the vector that should be packaged. "~Conpatible' as used herein thereforb
nmeans t hat DaTaonpberEberRMWeErON he avai |l abl e E1B-55K gene product is able to
forma functional conplex with the available E4-orf6 gene product in a
sense that this protein 30 conplex supports viral replication, propagation

and/ or packagi nget praségvel nddiatids Comasabl actaoctbeant! debypetnst tuati on
or that is conparable to the situation found when a WO 03/ 104467

PCT/ EPO3/ 50235 $9TFaébnbt hittt U bt Vi H1is-sert6t & i8i986For is produced on
a Ad5 gonphgpephbRgacebh 4+ nr?ox§?’c$¥b%:3 2B RER1CRecYeEL0E n AgBI T cation

in packaging cells is efficient ring production period in which the
virus is forpedginhécentplereroms ixds sat AléasougBl1Bn55Keprdbei n and E4-orf6

protel n that. ALEGOIRA!LDL£-1 FIel erghlodhe JELBraaKsand bd: 0L Lo sequences
are from adenoviruses w thin the same adenovirus su group (such as A, B,
C, D, E orpkgseMoyeiprederabhyd theet BB 65K rvandwE4-iari6é ségaencesiaae from

the sane serotype. Since 10 established cell 1ines ar vak able in the art
that are BﬁﬁE%FE 8?u2§p$%r9¥% u?%% ?ﬂwé%%ﬂﬁ 5@W&6Fﬁu§8§ g?nguﬂa?oﬁ C,
such ap) seeohypegboupt Ci SALNERi PO o PrEfer red st Fahdihg implies a
serotype-specificity in the interaction of E1B-55K with
another (viral) protein. It 1s disclosed here that this
serotype-dependency can be circumvented by providing E4-orf6
protein compatible with the E1B-55K protein provided by the
15  complementing cell line. As discussed herein, E1B-55K and E4-
orfé form a complex that is involved in inhibiting transport
of cellular mRNA’s from the nucleus to the cytoplasm, while
the complex is also involved in stimulaticon of transport of
viral mRNA’'s from the nucleus to the cytoplasm. It has been
20 observed by the present inventors that proper complementation
of viral vectors in packaging cells requires the presence of
E1B-55K and Ed-orf6 gene products that are compatible.
Packaging cells are also referred to as complementing cells,
if the cells comprise certain sequences encoding proteins
25 that complement functions not provided by the vector that
should be packaged. ‘Compatible’ as used herein therefore
means that a complex between the available E1B-55K gene
product is able to form a functicnal complex with the
available E4-orfé gene product in a sense that this protein
30 complex supports viral replication, propagation and/or
packaging to a level that is comparable to the wild-type

situation or that is comparable to the situation found when a



E1B- 55K and E4-orf6 genes are derived from adenovirus serotype 5. As wll
be understood by the skilled person 15 conpatibility may be determned in
conpl enenwatasam4best s or assays as such in the real mof troasposkiikied in
the art of adenoviral vector production. The person skilled in the art

wi |l also understand that the present invention can also be used for the
production of any adenovirus serotype on any 20 conplenenting cell |ine as
| ong as the E18-55K and E4-orf6 proteiT are conpatible. It has further
been observed that the E4-orf6 gene product, "matching’" with the E1B in
the conplenenting cell line, can be provided by the adenoviral vector, by
repl aci ng 26cblpikEdnoriéehdvihe adenovwideals vector ot ghoHteewi bh ana&d-
orf6 encodingpieﬁuence that is, conpatible with the E1B gene present within

the packagFAGPEBPFRFIRR. Corhi sLdi FTITatdorf Wadt SERpFPsi HGFY°found not to

have a severg) ebhechn oi,theckadaly |ddys riepldraatd: ane ngkagirmg% assenbly
and production of 30 the vector. It is a specific aspect of the_ invention
that one i BrABWCLABN ePeblied firiwHtdy Prodidesadéndwirrgs: séPet §pes di ff erent

WO 03/ 1944 03[ 5 1 fr bgroeup,C.pn; K€ i nes
o mal 1) a5TT 58 or 1 hE pF Gdst 1 an o adtneuy e cror b e hr Chther
serotype frencsubgtodope C, Pseidr sl wertdtey 8 BH,55X and 84-Ph&6ppegeances

i nvention provi.des t hods_f or qujgﬂQqﬂﬁg|ég%eo%dg%%%gE%gpsu 5 _adenoviruses

wi t hout t he hecd8Ti £7°0f Y sEparately bt ovidiTg - the COonplenentPhg -t
(packagi ng)saehl awi bh E4-of {16, becatise) I herE4reified adagliente, ELBabs5ks
conpati ble with the conplenenting EI1B-55K sequence, is incqrporated in the

nmp
adenovi r al 2B&ckBoREL © TReIPFREENtITHVERT ol rivicd 6§ 8 WBE onBit Aant

adenovig USestablished cell lines- are available in the art that are

capable of supporting the growth of adenoviruses of subgroup
C, such as serotype 5, it is even more preferred that the
E1B-55K and E4-orf6 genes are derived from adenovirus
serotype 5. As will be understood by the skilled person

15 compatibility may be determined in complementation tests or
assays as such in the realm of those skilled in the art of
adenoviral vector production. The person skilled in the art
will also understand that the present inventicon can also be
used for the production of any adenovirus serctype on any

20 complementing cell line as long as the E1B-55K and E4-orfé6
proteins are compatible.

It has further been observed that the Ed-orfé6 gene
product, '‘matching’ with the FE1B in the complementing cell
line, can be provided by the adenoviral vector, by replacing

25 the E4-orfé in the adenoviral vector of choice with an E4-
orf6 encoding seguence that is compatible with the E1B gene
present within the packaging cell line. This modification was
surprisingly found not to have a severe effect on the
stability, replication, packaging, assembly and production of

30  the wvector.

It is a specific aspect of the invention that one is now

able to efficiently produce adenovirus serotypes different



10 vector conprising structural and non-structural elenments of an
adenovirus of a first serotype, wherein said vector further conprises a
sequence wpdadi4ag7 a functional E4-orf6 protein, or a fune®Cr@arab/spast,
derivative and/or anal ogue thereof, wherein said sequence is selected from
the group 15 consisting of: a) an E4-orf6 encodi ng sequence derived from

an adenovirus of a second serotype different fromsaid first serotype; b)
an E4-orf6 encodi ng sequence derived fregan adenovirus of said first
serotype conprising a deletion, nutation, addition and/or substitution in
one or nore codons; 20 and c) an E4-orf6 encodi ng sequence conprising a
fusi on betheenthoparfrof ambddowy 6 encediing iseguenecaaderi epdliednfar

d di.fferent id first t t_of
Baor16 oncoll R SEGLLREE UeT VAR 1 76ms TEEG. Sort: JhBc wAEFBHRSai d thi rd

serotype nmayoheshHgpbiugat, t®ich 25 Wrabfdeernent bramesairdef prsteser ot ype.
I n one enbodi nent, the present invention provides a recqnbi nant adencvirus
vector acéBVEPRECR oPEPELESY MR TATS iR dilte SHUcitien 8&r BPYPETaRd Csaid

second ser gh¥pevaresds oM differan adenavidus subgroupsiy hbhodiRigherred
enmbodi nrent, a reconbi nant adenovirus vector 30 accordlng to the invention

i s provi dedhewhnerplaneat ond i (ackagimgtly ge lils wiltbmE4 -oulb§r BapavBeheEhehan |

2denovi T us™ 0 65 103467 Ber BRO3 B01 284 Ter dtvpe of SUBGrens C ore
preferred ESBaSbEcoshuaand, ndeinowdrusraaecorici ngpet adehevingénbeokbomber ei n

said first serﬂﬁ%ge is fromsubgroup B and said secBnd sgrot%ge is from
subgroup C. Eve PESPTRF el ABTYE L Yhild BA67F 6 SRESEPAYBT saqtRREE 13
deri vedo f r garadenevinpuss 5€f ot ype:turdlt dras heetrecognazedl byehboserskill ed

in the art that , , . .

an adenovirus of a first serotype, wherein said vector
further comprises a sequence encoding a functional Ed4-orfé6
protein, or a functional part, derivative and/or analogue
thereof, wherein said sequence is selected from the group

15 consisting of: a) an Ed4-orfé encoding sequence derived from
an adenovirus of a second serotype different from said first
serotype; b) an Ed4-orfé6 encoding sequence derived from an
adenovirus of said first serotype comprising a deletion,
mutation, addition and/or substitution in one or more codons;

20 and ¢) an Ed-orfé encoding sequence comprising a fusion
between a part of an E4-orfé encoding sequence derived from a
second serotype different from said first serctype and a part
of an Ed4-orf6 enccding segquence derived from a third
serotype, wherein said third serotype may be identical to-,

26  or different from said first serotype. In one embodiment, the
present invention provides a recombinant adencovirus vector
according to the invention, wherein said first serotype and
said second serotype are from different adenovirus subgroups.
In a preferred embodiment, a recombinant adenovirus vector

30 according to the invention is provided, wherein said first
serotype is from a subgroup other than subgroup C and wherein

said Ed4-orf6 encoding sequence 1is derived from an adenovirus



different |levels of neutralizing antibodies circulate in humans that are
directed against different serotypes. It has been found that certain
adenovi r aWogenoetsgpes encountered high 10 titers of such neaurEpos/ziing

anti bodies and that many individuals in different popul ations carried
neutralizing antibodies against such serotypes. It was al so found that
certain serotypes were only neutralized in a mnority of the sanples (WO
00/ 70071). Apparently, certain serotypegyfrom 15 subgroup B were only
neutralized in a small group of sanples. Therefore, in a preferred

enbodi nent of the present invention, reconbi nant adenovirus vectors
accordi ng terbhegpei afestbh@rods € pripviadgd;e fishrercel nssal detpmsingerot ype i s
sel ected frgmthe groug consi sti ng ,of .adenoqvirus serot pes.%O 11, 14, 16,
21, 34, 35°4RHCB67 T BRTY DI drt ad rd P eagsi ARt ChlloRoul &t Yect ors,

wherein sakbdrbtypé se€reotyPesubSrEf ® Wprl khbir s3zondhkkeothpseienepunt er ed
neutralizing antibodies only in a ver¥isnall.percentage of the tested
sanpl es. 25UFHEOVRctorBVen B ;& alnvestitonEdantbe G88A°tRI dif ferent

settings syghuascgene LBeIapy. rAMNCIdanali JRNYE 63 ypet YIOUr vacci nation
and/or anti-viral vaccination. For this, it is necessary that the
adenovi ral vect 6 hapchéomsrasoanigpshevddiNoser yidhrél en wWherafh Bhat

ot ar IEEE L e S L s AL penore, e
cells of i|hteesstthiheandenorwesisi Egudsdto dilfade repecstirotgpes. W 084404467
PCT/ EPO3/ 50125 _15 gi%ﬁg{ thrOUﬁQ(ﬁﬁgikg-kﬁp%Pt%; bindgng ortghrﬁu%h gther
means, and°8&li ¢8FE%t r GRS yehe. Jettig 6 CAdERSY TSR CEER P
perforned cataeBYodi Efien entuteysi ziPer sons sidiklsedndnthat many
individuals in different populations carried neutralizing
antibodies against such serctypes. It was also found that
certain serotypes were only neutralized in a minority of the
samples (WO 00/70071). Apparently, certain serotypes from

15 subgroup B were only neutralized in a small group of samples.
Therefore, in a preferred embodiment of the present
invention, recombinant adenovirus vectors according to the
invention are provided, wherein said first serotype 1is
selected from the group consisting of adenovirus serotypes

20 11, 14, 16, 21, 34, 35 and 50. Highly preferred are
recombinant adenoviral vectors, wherein said first serotype
is serotype 11 or 35, while these encountered neutralizing
antibodies only in a very small percentage of the tested
samples.

25 The vectors of the present invention can be used in
different settings such as gene therapy, functional genomics,
tumour vaccination and/or anti-viral vaccination. For this,
it is necessary that the adenoviral vector functions as a
gene delivery vehicle, wherein a non-native gene 1is

30 incorporated into the adenoviral genome. The adenoviral
particle can subsequently be targeted specifically to target

cells of interest; the adenovirus binds to that specific cell



the art of adenoviral vector targeting will be aware of all 5 the different
possibilities that are applied to deliver the adenoviral vectors to the
cel |l s of woteeness7 Such possibilities include but are notPCriEPOS/&M2% O
capsid alterations (fiber, hexon and/or penton nodifications, such as

del eti ons, swaps between fibers of different serotypes, 10 and additions of
pepti des and/or other binding noieties), wherein chineric fibers are
produced that recognize a receptor preggnt on the cell of interest, or
wherein the binding of the penton-base is utilized. Oher possibilities
are linking targeting noieties to the capsid proteins, 15 wherein for

i nst ance behthag pepdugteseabksiomy earb =irr erigrdibigndicnghprotei asheor

anti bodi es _or parts theLeof are linked to the cagsid grot ins to achieve

speci fic tAFgBtI nd C leht YoETt'dis 'Wan S89 e Hroquc8d §Si AYSTRE MetRidds and

means providadobypéheophi@set manendifmreHiernaier epettbenpr egenied 20n
i nvention al so discloses reconbi nant adenovirus vectors according to the

i nventi on, “P8r 8Rer O oRPPRLY Hefla Efrende rIehdadi Hdld RBn2udERovt rat!

protei n; peh¥peptkde-0f @@%ikdiel-iti%écm_h%%qté%c%gpqaedb%opa@w%roehe_ _
different locations within the adenoviral backbone, but ELeferably it is

| ocat ed i nagfheoRbrEl Yegtors hite i llackiing Nite TERE -r é86hbi nant adenovi r al
vectors of %Qgi%JPYfpiéQninJﬂ?déElI%JLB%L%E dot G.L‘lﬁﬁ't%ge.%e@a?%’f.?(t he
e e conpl e

conplenentg ion ements present in't menting cells. The
di recti on eftthetprosot£ibet r drsgenenanootkartonr eguliftioryisegueseces can be

directed toward he left-, as 30 well_.as to the .right inverted term nal
repeat . Th@spggiﬁﬁfo?%VeﬁY?%%%%%ﬁ“%rééﬁ%grﬁsgg for = ﬁgntp?858§¥?%ﬁ’of vira
vect or 80 basad endatesnyi ¢ fispamit dds AN 0 HR44®i nBCTHERO3£6042D, 16
wherein chimeric fibers are produced that recognize a
receptor present on the cell of interest, or wherein the i
binding of the penton-base is utilized. Other possibilities }
are linking targeting moieties to the capsid proteins,
15 wherein for instance binding peptides, known and strong
binding proteins, or antibodiess or parts thereof are linked
to the capsid proteins to achieve specific targeting. Such
vectors can all be produced using the methods and means
provided by the present invention. Therefore, the present
20  invention also discloses recombinant adenovirus vectors
according to the invention, further comprising a seguence
encoding a non-adenoviral protein, polypeptide or peptide.
Such seguences can be present on different locations within
the adenoviral backbone, but preferably it is located in the
256 E1 region, which is lacking in the recombinant adenoviral
vectors of the invention. The El region is complemented by
(the complementation) elements present in the complementing
cells. The direction of the promoter, transgene and other
regulatory sequences can be directed towards the left-, as
30 well as to the right inverted terminal repeat.
The present invention can also be used for the

production of viral vectors based on adenovirus and/or on



ot her viruses such as the Adeno-Associated Virus (AAV), wherein the

conbi nation, such as an Ad- AAV chineric virus, can integrate into the host
cel | genowe.033emer al net hods are known in the art for gemETatPOsIgN125
integrating adenoviruses. 5 Generally, the invention is also useful for the
production of adenovirus fornms that (specifically, or non-specifically)
can integrate. As nentioned, several non-adenoviral transgenes can be
cloned into the reconbinant adenoviral ygctors of the present 10
invention. These do not only include regulatory nucleic acid sequences such
as enhancers, pronoters (e.g. strong non- adenoviral pronpters such as the
cytonegalowthas piouseersucmhaﬁfihﬁ)Aﬁ&nuﬂkasqaﬂiteueVRSVspKBHﬁter) and 1
polyadenylahlon na s,, but al so hegfrolo 0 eshfor therageutlc 15
pur poses 8F8f8r He! i ROBREASHE BF %%& Ch-BE6ADbI ha |
adenovi rus c\AﬁChﬁtégaﬁﬁ@l’ ghog tige thest ront iqyhaee spreviadedetnbesehpesai d
non- adenOV|raI protein, poI¥Pept|de or, peptide is selected fromthe group

consi sti ng*8P"na 1Ref{'eda&th RABRT P pldt Y pepts 8 C a9 éﬁﬁpﬁghFBsﬁéternlnant
of a 2§ pathegeni¢, organi sMn@iddnmy SpecifdaFanticgenneapybhabriHoLEIN, a
hornone and a cyto i ne. Exanpl es of pathogenic organisnms are, but are not
limted toapaePEtras (Prugeshahd(sEemidiic qlpﬁiﬁpﬂgséﬁéﬁﬁﬂééléY can
non-adenoviiral factors, proteins, polypeptides and petides are
transcription ?actors, 25 intracellular signalling proteins, phosphatases,
ki nases, apoptésimehnhéhédjr@pﬁemakmnpn1aaaﬂmmjmaantagoagsns$ sahubée

fornms of nenbEa ghrece h|b|t S, %gg s§n§ge NAL S5 e
factors, r|%82§ re-% peC| |C§T Ovﬁﬁﬂn1 6 “Ki nase. © Prese
eryt hr opoi ehvantmm{el Ties yé hﬁ@m@%mﬁ&rﬁmm atdgig apoetennc( BNESPhcibtiL3,

ceNOS, gamma-interferon and 100. Non- adenOV|raI V|ral grotelns can be
C| Oned Int SGHHQHCGS such as e ancers, promoters str non

decoy

adenoviral promoters such as the cytomegalovirus promoter,
the SV40 promoter and the RSV promoter) and polyadenylation
signals, but also heterologous genes for therapeutic

15 purposes. Therefore, in one aspect of the invention,
recombinant adenovirus vectors according to the invention are
provided, wherein said non-adenoviral protein, polypeptide or
peptide is selected from the group consisting of: a cell-
death inducing polypeptide, an antigenic determinant of a

20 pathogenic organism, a tumor specific antigen, a viral
protein, a hormone and a cytokine. Examples of pathogenic
organisms are, but are not limited to bacteria, viruses and
fungi. Non-limiting examples of non-adenoviral factors,
proteins, polypeptides and petides are transcription factors,

25  intracellular signalling proteins, phosphatases, kinases,
apoptosis inhibiting factors, receptor antagonists, soluble
forms of membrane-bound receptors, RNA inhibitors, anti-sense
RNA" s, decoy factors, ribozymes, and more specifically,
thymidine kinase, erythropoietin, novel-erythropoiesis

30 stimulating protein (NESP), IL3, ceNOS, gamma-interferon and
gpl00. Non-adenoviral viral proteins can be cloned intc the

recombinant adenoviral vectors provided by the methods and



reconmbi nant adenoviral vectors provided by the nethods and WO 03/ 104467
PCT/ EP0O3/ 50125 17 neans of the present invention for vaccination purposes.
Such vi r\lb opnoisei ns i ncl ude, but are not limted to, gagpcpa@Pp3/s@py, nef,
etc. for HV vaccines, E6 and E7 proteins for Human Papilloma Virus

vacci nes, circunsporozcite proteins from5 Plasnodi um protozoa for nmalaria
vacci nes, rotavirus conponents for rotavirus vacci nes, ebola proteins for
ebola vaccines, the F and G gene produgts from Respiratory syncytial
virus (RSV) for RSV vaccines, HA and NA tor influenza vaccines, etc. 10
The reconbi nant adenoviruses of the present invention conprise structural
and non- st meetsr af ehenend sentbExianpasiof £t mactainhalt iehepenpssase thehgenes
encodi ng the capsid roteins, such as fiber, hexon and penton oteins, as
wel | as t HaTGene  BFoMint L FLAT T PR 89 o ON =5t Fct GP4r 78! el ement s
are the eaehy,geses thal g5€ BKPresseithdy)oms ianfeeli erokBiasareel huaad that
are downregul ated when the infection cycle proceeds. O her exanples of
non- st ruct HAREL1EN@NEHEYS a¥ *CE HE Yerfelsr @ISRRTRG e profeins &EPFve during

replicagi om; 3R 88 %@%téﬁE%F¥G% nd1d:S 4 GRe iwrder sheedithat 20 the
reconbi nant adenoviral vectors may conprise structural and non-structural

el ement s depigedehtonfei f feranirseraypess, Boadpl esoskisachoveePotrs are
for instance th depovitral .parti carryi hi I i.hers (see
B0 £ S DR SR NSRS LD

applicant'gaﬁgﬁen application ecul gy techni ques
have 25 madencitpessibres ti@svonsvruBtvendtesse sponid natd dirs fr nucleic acid
sequences. It _is clear tpo the person skilled in the art of nolecular

bi ol ogy t halte8RBEAI KTt T er entC sequences can be perforned using

di fferemt nol ecuhar réeshmi GuUes, agitdviatises of the present invention
comprise structural and ncn-structural elements. Examples of
structural elements are the genes encoding the capsid
proteins, such as fiber, hexon and penton proteins, as well
as the gene products itself. Examples of non-structural

15 elements are the early genes that are expressed upon
infection into a c¢ell and that are downregulated when the
infection cycle proceeds. Other examples of non-structural |
elements are the genes encoding the proteins active during
replication, such as pel and pTP. It is to be understoocd that
20 the recombinant adenoviral vectors may comprise structural
and non-structural elements derived from different serotypes.
Examples of such vectors are for instance the adenoviral
particles carrying chimeric fibers (see applicant’s patent
application WO 00/03029). Molecular biology techniques have
25 made it possible to construct endless combinations of nucleic
acid sequences. It is clear to the person skilled in the art
of molecular biology that combining different sequences can
be performed using different molecular techniques, such as
polymerase chain reaction (PCR) as well as direct subcleoning.
30 Many of the segquences used in the present invention as well
as sequences and chimeric constructs known in the art are

derived from different adenovirus serotypes. ‘Derived’ as



pol ymerase chain reaction (PCR) as well as direct subcloning. 30 Many of

t he sequences used in the present invention as well as sequences and

chi meri c wonstioa46ts known in the art are derived from di feicarepos/s@denovi r us
serotypes. 'Derived as WO 03/104467 PCT/EP03/50125 18 used herein

t herefore neans that such sequence conbi nations can be obtained through
direct cloning fromwld-type sequences obtained fromw |l d-type viruses,
while they can for instance also be obfgined through PCR by using
different 5 pieces of DNA as a tenplate- This nmeans al so that such
sequences may be in the wld-type formas well as in altered form Another
option forusedchengithehsanforeswdnd stidr cughh seomienaiengosipnnhaeiocs DNA. |t

is to be under too t hat er d' ,does nat excl |veI n_a direct

cl oni ng of “fHe el@ ﬁf?ﬂe?yg% ?%ﬁb K Hsr's Cgﬁpﬂlg%OWh ﬁﬁgegVPemjll al so be
aware of thgupasskbbbidigsy of ralecid-arydd aliogkek ebtiakbntAuyashn ternms of
a certain piece of nucleic acid. These nutations may  render a different

functi onal APjEaBER Ehey PrRyCRFRNRE TR PQ$;?KM%FHPHa91é§FF§PE nut at i ons

do not mlterthe 42 HuACLE opatdty: Ofe t hati Parddnculascpieae oficPNA and its
encoded protein. Therefore, the terns "functional part, derivative and/or

anal ogue tﬁéﬁé@ﬂcear@ayob%el®n@@$skaﬁrﬁﬁPQuﬁﬂﬁma@énw§l1oﬁ5thé ALEeERE acid
they are rela % b8thé°‘r pcg%t?%h Ski lPedadrp) r%rl%earstam‘@' . %?Er%' @E?oﬁ@ﬁ fact
ele addi

that certain waps, (poln tat ions, etc.
still resubbmbmnlagnupmemetanlENAJumtImﬁstw:handnﬂerhmn©ulohaas t he orlglnal

nucl ei ¢ amg]e i,s therefore to be understood %P 2 al ter t'gns t hat
G0 not st anfErCHAETyIRrT POt TR Tt TaRaITaA o oS o FaPBaRE Bhchihe ¢ ho
E4- or f 60 andiE4BtH5pK gene prestedn 25cdrie vitnhithet rae:tsmpe ef stheepaeseat

i nvention. , ,

of the possibilities of molecular biclogy to obtain mutant
forms of a certain piece of nucleic acid. These mutations may %
render a different functionality, but they may also be silent }
in a way that certain mutations do not alter the

15 functionality of that particular piece of DNA and its encoded !
protein. Therefore, the terms ‘functional part, derivative |
and/or analogue thereof’ are to be understood as equivalents
of the nucleic acid they are related to. A person skilled in
the art will appreciate the fact that certain deletions,

20 swaps, (point)mutations, additions, etc. may still result in
a nucleic acid that has a similar function as the original
nucleic acid. It is therefore to be understood that such
alterations that do not significantly alter the functionality
of the proteins such as the Ed4-orf6 and E1B-535K gene product

2b  are within the scope of the present invention.

Some alterations in the nucleic acid, such as a

deletion, a mutation, addition and/or substitution in one or
more codons may aLso significantly change the structure
and/or functionality of the encoded gene product. The present

30 invention therefore also relates to E4-orf6 encoded sequences
that are derived from the same adenovirus serotype as the

backbone harbouring the genes for instance the structural and



Sone alterations in the nucleic acid, such as a deletion, a nutation,
addition and/or substitution in one or nore codons nmay also significantly
change t hwossnoagbsure and/or functionality of the encodedPpgamPopsadiict. The
present 30 invention therefore also relates to E4-orf6 encoded sequences
that are derived fromthe sane adenovirus serotype as the backbone

har bouring the genes for instance the structural and WO 03/ 104467

PCT/ EP03/ 50125 19 non-structural el emeggys, but wherein the E4-orf6
encodi ng sequence has been nmutated such that it has becone conpatible
with the EIl proteins (such as the E1B-55K gene product) present in the
conpl enent npg-eeklhictnrahi ehertdret adengy ivtalrS nvedkeoE4i-ortfé bacpdodaced. The
codon may be altered conpl et el t o chan t he encoded ami ng acid,, but it
may al so bgeﬁﬁ?gf%dgaﬁagg?Q T%M%%%ﬁd%xﬁhg: cd&é&a§n$ﬁ8058i89mE€E%P?8ns of
nucleic a@ids oAy Eesphkbtéind osgsudf canehy ITE-6sencgededpastnotaci ds;
while it may also result in franme-shifts.. The present 10 invention also

rel ates toPERSBPF618efliRnCeePHeEnt"d Falde 1raddriali F8F AGEPEYErALi d t hat

conpri sg dikfepent spast sedgrby@eed f rom diddar enty sRr eivResa whepeknethe
domai ns that render the protein functional in qonpatlblllté may be used
fromone &érehypec WAE| enEPred AINRISC s e E4- sev6aséqubAcBubptadis

part there Ls,degi ¥g o] d T t ser (for . ce
From the SaRb stboronn™rF o a T orsnt Ly Psass oF lpraeng| pPepagrtee
speci es, orcédmbmagt resslttirerbudg .of toriss drhereforacaksd wnthpnathésscope

of the present {pvention.to apply £d-orl6 fysion proteins Lhat are 20

conpati bl e. Such*tuSFon protein may e the product” o séversf pi eces of

nucl ei tO aciiflveAtpensensskidlgitkbd ntd et ardf oviddaueecavapecebnthénf ané
adenoviral nucleic acid that comprise different parts derived
from different serotypes, wherein the domains that render the
protein functional in compatibility may be used from one
serotype, while the remainder of the E4-orf6 sequence or a

15 part thereof is derived from another (un)related serotype

(for instance from the same subgroup, from different

subgroups or from different species, or combinations
thereof). It is therefore also within the scope of the
present invention to apply Ed-orfé fusion proteins that are

20 compatible. Such fusion protein may be the product of several
pieces of nucleic acid.

A person skilled in the art will be aware of the fact
that besides all human adenoviruses numerous non-human
adenoviruses have been identified in the art. Obviously, also

25 non-human adenoviruses can be applied to reach the same
results as disclosed by the present inventicon. It will be
clear to the skilled person that compatibility betwsen E1B-
55K and E4-orf6t may not be limited to human adenoviruses but
that also elements from adenoviruses specific for different

30 species can be compatible. Thus, it also another aspect of
the invention that non-human adenoviruses can be produced to

high titers on known packaging cell lines available in the



t hat besides all human adenovi ruses nunerous non-human adenoviruses have
been identified in the art. Obviously, also 25 non-human adenoviruses can
be appl i edote/ioarh the same results as disclosed by thepomraPesso12s
invention. It will be <clear to the skilled person that conpatibility

bet ween El B- 55K and E4-orf6 may not be |limted to hunman adenoviruses but
that also el enents from adenoviruses specific for different 30 species can
be conpatible. Thus, it also another asggct of the invention that

non- human adenoviruses can be produced to high titers on known packagi ng
cell lines available in the WO 03/ 104467 PCT/ EP03/50125 20 art as long as
t he E13-55Krands Eleng f £ gene Jirtid snar €4 -caifgatebkeprbdnet s nate ng ?

exanpl es of non- hupan adenovi ruses that can be produced using.the nethods
ond Means GPTPRE D p bt |Vttt e Leaaiiie 2onb JyAG. 2 GUr R USE T 0g. 5

porci ne, egdhbecanNBEKSYod &l ayd iy ateNadthdSes anSemekpest aseused herein
t heref ore goes beyond species-restricted. serotypes. If for instance a
nonkey adeRB9FRUE EAVREBYHeHE FRHUdIFCT iP9VddRpat PELESW t RrPRer E1B- 55K

provi defl byothene packagidg, Geldref-nemd hiva conbichati 00sks. Wt hi,pypbe scope
of 10 the present invention. Al so, when fusions are applied between
di fferent seruvtypeBerein behawsinL-9ness begguencescdesrvedtriebadf or

i nstance a_hunan d Vi QVi t i t Ll i t e EIB
gene of th%eﬁggﬁggghgﬁge faﬂﬁ%%gﬁﬁaf{%??F?%ﬁFg%“8§§g?§aF?o§r¥§ g?é% Wi t hin
t he scope ptotihet 15 poesentbliawerntti dhe TS -POESerbvidedndby onher ovi des a

nmet hod for produci ng reconbi nant adenovirus vector conprising structural
and non- s?gﬁg?%?%$ %?%%@n Siptt é’gﬁﬁ@PFdQHOFSaWﬁFP§Png%?o?g%@? °said
met hodi@onphisphgséhe shepst 0fri. @14, 0udnNgEudions are applied between

different serotypes, or between E4-orf6 sequences derived
from for instance a human and an avian adenovirus that is
compatible with the E1B gene of the packaging cell, then that
particular combination is also within the scope of the

15 present invention.

The present invention provides a method for producing a
recombinant adencvirus vector comprising structural and non-
structural elements of an adencovirus of a first serotype,
said method comprising the steps of: a) providing a

20 complementing cell harbouring an E1B-55K encoding sequence,
or a functional part, derivative and/or analogue thereof,
derived from an adenovirus cf a second serotype in
expressible form, with the necessary elements of an
adenovirus such as to allow assembly of said recombinant

25 adenovirus vector by said complementing cell, wherein said
elements comprise at least some structural and non-structural
elements from an adenovirus of said first serotype different
from said second serotype and a sequence encoding a
functional E4-orf6 protein, or a functional part, derivative

30 and/or analogue thereof, which is compatible with said
expressible E1B-55K protein in said complementing cell; b)

culturing said complementing cell in a medium under



20 conpl enenting cell harbouring an E13-55K encodi ng sequence, or a
functional part, derivative and/or anal ogue thereof, derived from an
adenovi r BwooB/1ed4s2Ccond serotype in expressible form w tRCriEPonsmessary
el ements of an adenovirus such as to allow assenbly of said reconbi nant 25
adenovirus vector by said conplenenting cell, wherein said elenents ,
conprise at |east sone structural and non-structural elenents from an
adenovirus of said first serotype diffeggnt fromsaid second serotype and
a sequence encoding a functional E4-orf6 protein, or a functional part,
derivative 30 and/or anal ogue thereof, which is conpatible with said

expr essi bl eoktBe 56Ks ps bl @ring nf @ik cchnpliene rphidng seehblybdf thkturi ng said
conpl enent i cell in_a medium under WO 03/104467. PCT/ EPO3/ 50125 21
conditionsaggPBMiﬁbsfYﬁCEREdﬁ%fq FEESsEN oPaFNESEAH%nB%?rUS vect or

to take pl asgomBDHag) AENSSE Y Udd o ool sadepvthgSmyechar so
produced fromthe nmedium and/or the conplenenting cell, wherein the
sequence eABBAPRgLBet REMRbFRA T HI% F4-‘or e dleith S SCHHBRERL SPROTHRY

reconbi nant noadepgy I MSe VEFLOF £ S pRIdyced Jsene aspept obcbhsihaventi op,
a nethod according to the invention is provided, wherein said E4-orf6

encodi ng séauéﬁééu$svgét@£t%ﬁ PrOHMadre group consisting of: i) an E4 10
orf6 encoding S?H”Sﬁgea é@&¥Qfo{éﬁ?fﬂ¥§y¥ﬂﬁ%v'%UﬁeQ 08a59c0§§f$82t?er°type;

ii) an E4-orf6 encodi ng Séquence rive rém-an adenovirus o hird
serotype dichtetenéntiom saigdrotidest, arictredcondiseEdt-ppés ehcpdangE4-orf 6

encodi ng sequence derind froman adenovirus of said first serotype
conpri si ng %g 8“8%|é?|8%,e$ﬁﬁéﬂ%%ﬂ? diti0% £rdPsr tatiBs? tuffo% iTi"one or
nmore coglonsrrandntyding Edoesdde enoodidly [Jeguencadearplirssngf said
second serotype; 1i) an Ed4-orf6 encoding sequence derived
from an adenovirus of a third serotype different from said
first and second serotype; ii1i) an E4-orf6 encoding sequence
derived from an adenovirus of said first serotype comprising
15 a deletion, mutation, addition and/or substitution in one or
more codons; and iv) an E4-orfé encoding sequence comprising
a fusion between a part of an Ed4-orf6 encoding sequence
derived from a third serotyvpe and a part of an Ed4d-orfé
encoding sequence derived from an adenovirus of said second
20 serotype, wherein said third serotype may be identical to-,
or different from said first serotype. In a preferred
embodiment, said first and saild second serotypes are from
different subgroups. In a more preferred embodiment, said
second serotype 1is an adenovirus serotype of subgroup C. In
256  an even more preferred embodiment, said second serotype 1is
adenovirus serotype 5. In other particular aspect of the
invention, said first serotype is an adenovirus serotype of
subgroup B. Preferably, said first serotype is sclected from
the group consisting of adenovirus serotypes 11, 14, 16, 21,
30 34, 35 and 50.
There are several packaging cells known in the art that

are used for complementing recombinant adenoviral vectors and



a fusion between a part of an E4-orf6 encodi ng sequence derived froma
third serotype and a part of an E4-orf6 encodi ng sequence derived from an
adenovi r vwoaB/1east second 20 serotype, wherein said thirdPpPseEEpPypE25ray be
identical to-, or different fromsaid first serotype. In a preferred
enbodi nment, said first and said second serotypes are from different
subgroups. In a nore preferred enbodi nent, said second serotype is an
adenovirus serotype of subgroup C. In 25san even nore preferred enbodi nent,
said second serotype is adenovirus serotype 5. In other particul ar aspect
of the invention, said first serotype is an adenovirus serotype of
subgroup BtoPpebduablyassemuléiamﬂ sETIetgpeties aseinectied 1f pemt ithesgr oup

t denpvi t 11 14, 1 50 Th
e sover ANOBACRRO HGY CBFT e R 191 Pha S WREC okre BRsAS or oL ond o C

conpl enent ipRy. CS@OﬁblmgﬂtIadﬁﬁowféﬁdrmﬁﬁhﬂfSmﬁﬂ@é%@ 03h%0446Zt have
PCT/EP03/50125 22 to produce, assenble and pack%ge t he adenoviral
particles. @ KﬁﬂdV|H¥PVﬁ@ ERaftpl e o Gl k&S 19T ESeary K- 5§3°1811 and

PER C6(®rryuegl ka1l tihsspeghessednit @M@ GRI |id ianes sbhat nhaver, akready |

proven to deliver high titers of adenoviral stocks. 5 Such cell I|ines

express El tpEsEEPAS AnPAcSEAMt@ AT OﬁtthQ;lWﬂ%@ﬁéPBréoaUEEeF@F#ed aspect
of the invenfion.hg Hé?h?&y wllldﬂseﬁa gsnﬂhcfmél%o%%ﬂ sal ggsé‘éﬂ ElBs 55K

encodi ng sequence IS rate nt e genone o conp enenting
cell. Nbrelnpeefete@dlate tb@p@@m@m&uﬂ@ &&ﬂd:ﬁdmmﬂem&MElderpeé@ fMonrea 10
primary, d| Pro eqjto II th%reof gven nor e

preferred, P 8§g?eﬁeﬁ?m%be%%ﬂ MG Ferived Fr 6 & prlnaryrﬁunan
retinob@aspr@ehky,adppl@ﬁdyh@mmmnxﬂmhrynﬂuﬁ;nk@@meyo@ebbllatpéraafy human
neur onal ceII or a primary huma
Even more preferred, sald complementing cell is derived from
a primary human retincblast cell, a primary human embryonic
kidney cell, a primary human neuronal cell or a primary human
amniocyte. Highly preferred is the use of a complementing
15 cell in the methods provided by the present invention,
wherein said complementing cell is a PER.C6 cell or a
derivative thereof. PER.C6 cells are well known in the art
for not giving rise to replication competent adenovirus when
adenoviral DNA is used that has no overlap with the nucleic
20 acid provided by the cells. Many of the adenoviral vectors
used in the art lack the El region, therefore in cne aspect
of the inventiocon, said complementing cell comprises,
integrated into its genome, a nucleic acid encoding at least
one adenovirus E1A protein. Preferably, said nucleic acid
25 encoding at least one adenovirus ELlA protein is derived from
an adenovirus serotype of a subgroup different than subgroup
B. More preferably, said nucleic acid encoding at least one
adenovirus ElA protein is derived from an adenovirus serotype
of subgroup C. Highly preferred are embodiments wherein said
30 nucleic acid encoding at least one adenovirus ElA protein is
derived from an adenovirus serotype 5. In another embodiment

of the invention, the invention provides a method, wherein



ammi ocyte. H ghly preferred is the use of a conplenenting 1.5 cell in the
nmet hods provided by the present invention, wherein said conplenenting cel
is a PER-WO 0abd46Dr a derivative thereof. PER C6 cells arpeTmPos/skpdwn in
the art for not giving rise to replication conpetent adenovirus when
adenoviral DNA is used that has no overlap with the nucleic 20 acid
provided by the cells. Many of the adenoviral vectors wused in the art |ack
the El region, therefore in one aspect o99f the invention, said

conpl ementing cell conprises, integrated into its genonme, a nucleic acid
encodi ng at | east one adenovirus E1A protein. Preferably, said nucleic
acid 25 enceding4abrfeastcohin@dermarass abldA sprict ElB-SSKdencvédnfrom an

adenovi rus serotype_of subgr o different th subgroup B, Mire
preferably?eggFaggu%f%i%eﬁiYgéeﬁg%ﬁi%ﬁfgﬁrqn§a§%gﬁﬁ YR RGEPFIRSELA Br ot ei n
i s derivedvwheesiansad@navi r &iseseradeneri rofs suhorouwpsCarbi gbhyepseberred are
enbodi nents_wherein said 30 nucleic acid encoding at | east one _adenovirus
E1A prot ei hDPPs Saf8r fFORRCY + BT af REEHEVi rist8¢rbtype S819| A4 aRbt fer

enbodi nent onphat B LANEAMLEOMnd hes i DveH- ik ReWdes; achBLhed, swaerein WO
03/ 104467 PCT/ EP03/50125 23 said E4-orf6 encodi ng sequence and said

E1B- 55K en€lédiifigd Segnentel aren derdenay fusms@irrepent 2adenboreus 8ekdt ypes

and whereiyn ' [ e ' r.at r S sane
adenovi T us ‘Siharoib. PERT LAl TR H R AR ek H e e o
FI B- 55K enc€odMngesegeéaceb by £ saet iBledHiromrdiokfiece seqadenevendssaedot ypes

and wher ei ai different adenovirus seratypes are both _nenbers of
R1EYE0K Bhird R s

subgr oup ﬁ?%? %%%Iﬁ%q%ﬁﬁ?f E4-0r76 *enco rﬁ@ §e8ugﬁ@% and said

E1B- 55K) encadinngiseguencet ape. derghied gricfartrhel sake mk@hadenovheusiser ot ype.

Hi ghly preferred are_nethods, wherein , ,
sald Ed-orfo encoding sequence and said E1B-55K encoding

sequence are derived from adenovirus serotype 5.
The present invention also relates to a pharmaceutical

composition comprising a recombinant adenoviral vector

15 according to the invention or obtainable by a method provided
by the invention. The pharmaceutical composition further
comprises an acceptable pharmaceutical carrier, generally
applied by persons skilled in the art of preparation of
pharmaceuticals. Furthermore, the present invention relates

20 to a method of treating a human body comprising administering
to a human body a recombinant adencoviral vector according to
to the invention, or a pharmaceutical composition provided by
the invention. The invention also relates to methods in which
adenoviral vectors can be produced using the proper

25  complementing/packaging cells and the adenoviral vector of
interest. For an efficient production process it is useful to
apply the correct cells with the proper adenoviral vector.
Therefore, the invention also relates to a kit of parts
comprising: a) a complementing cell for producing a

30 recombinant adenovirus vector comprising structural and non-

structural elements of an adenovirus of a first serotype,

said cell harbouring an E1B-55K encoding seguence, or a



said E4-orf6 encodi ng sequence and said E1B-55K encodi ng sequence are
derived from adenovirus serotype 5. The present invention also relates to a
phar maceuwinmal0446DNpoSi ti on conpri sing a reconbi nant aden®@¢iTrepo3/s@es or 15
according to the invention or obtainable by a nethod provided by the
i nvention- The pharmaceutical conposition further conprises an acceptable
phar maceutical carrier, generally applied by persons skilled in the art of
preparation of pharnaceuticals. Furthegpgore, the present invention relates
20 to a nethod of treating a human body conprising admnistering to a
human body a reconbi nant adenoviral vector according to to the invention,
or a pharmgaedtiicabl coaposi déoivgriond ded /oy anlad ogneentheonct Theéervedt i on
al so relat%s to netgods i n mhigh adenoviral vectars can be g;odgced usi ng
KA Cv

the proper [38"cBRpPERBAY Hhig? Pk Kagi HP EbITE AVE <t HE SFBAGIFE et of

interest. Ean 8n ehfbgéent RsLHUEsp DILgYIRCeSTlicicl Scugekdbtbos apply the
correct cells wth the proper_ adenoviral vector. Therefore, the invention
al so rel at BECEESATK| 2donophFak CLIMPITSiSHED &5 & ceiprenmeatrRyl éePf for

produci g a,30 LEcORbi AN A4SNOM FULS HRGIQ! ORI IRGpIEREEE YRG! and non-
structural elements of an adenovirus of a first serotype, said cel

har bour i ngcan 1E1BhE5K enedii ngl eerjiichcwmrori sg WO (3RE0446MEPETLEPDBF 50125
24 functional; part., derjyvative andior anal %gulu%dtfeﬁ%@?%s g‘f}%ﬁ?g giroman
e tornt and b) 0

adenovirusaSP a second serotype | n expressi n one oOr nore
repli cabl espuckepe act fewmect of soral 4aidecessar scadenypel babl el esgnéscsuch as

to allow asse Lé of gﬂsaid recqujn adenavi rus vect or b¥ sgid ‘
conpl enent FRGCIEBEI & WHRF B PPEhI Tt et e M T Edmpr i°%e 2att UERSP 80nRAT T/
struct yp al deaR€aROfe SERALS HIT &ha B Qe ndise fdodn amiadeneVvicoupaefibsai dithr st

sald expressible E1B-55K protein in said complementing cell.
Preferably, a kit of parts is used, wherein said E4-orfé
encoding sequence is selected from the group consisting of:
a) an E4-orf6 encoding sequence derived from an adenovirus of

15 said second serotype; b) an Ed4-orfeo encoding sequence derived
from an adenovirus of a third serotype different from said
first and second serotype; c¢) an Ed-orf6 encoding sequence
derived from an adenovirus of said first serotype comprising
a deletion, mutation, addition and/or substitution of one or

20 more codons; and d) an E4-orf6 encoding scquence comprising a
fusion between a part of an E4-orfé encoding sequence derived
from a third serotype and a part of an Ed4-orfé encoding
sequence derived from an adenovirus of said second serotype,
wherein said third serotype may be identical to-, or

25 different from said first serotype.

The invention is particularly useful for the replication
of El deleted chimeric adenoviruses that are derived almost
entirely from a serotype other than adenovirus 5. Such
vectors need only to be provided with a nucleic acid encoding

30 adenovirus 5 Edorfé or a functional part, derivative and/or
analogue thereof. Once provided therewith the vector can be

efficiently replicated on normal adenovirus 5 El-



serotype different fromsaid second serotype and a sequence encoding a
functional E4-orf6 protein, or a functional part, 10 derivative and/or
anal ogue wiasaoefss7 which is conpatible with said expressi pica/EBBsE2K
protein in said conplenmenting cell. Preferably, a kit of parts is used,
wherein said E4-orf6 encoding sequence is selected fromthe group
consisting of: a) an E4-orf6 encodi ng sequence derived from an adenovirus
of 15 said second serotype; b) an E4-orhg encodi ng sequence derived from
an adenovirus of a third serotype different fromsaid first and second
serotype; c) an E4-orf6 encoding sequence derived froman adenovirus of |
sai d first ceepotypet Comppaskayging aelletliions .mttatliad ryaddi thenvandbes
substitution of one qr 20 nore codons; .and d) an E4-orf6 encodjng seqguenc
conpri si ng*8 FHEPER bt IR eFat Pat "ot U AR n&fitodPhg §gatéﬁ%ﬁ teri ved
froma thi pdraesohyngaantsa Parsr&fidimdEa i need Rdchsaguenceigeri ved,
froman adenovirus of said second serotype, wherein said third serotype
may be i deAfieaPnEBAingradeney ¥4kt e@ﬁOﬁ%fgmlgailé fosstPdér 6Py ga2LTRe
inventign kgrPaibheubatdye usef 1t 0% dihedeRJ-eatiien asof nEkndehstedce
chimeric adenoviruses that ‘are derived alnost entirely froma serotype
ot her t hanoddéno@ffisisnaluehld vierRodreCmest ratliypnt @ried lprnovivbied @retina
nucl ei ¢ aci odi.n 0 oV orf6 or fungti0 part,
derivativeogngpgrgkag% oa%gﬁghepégiﬁé de(ﬁ$6§?l%ﬁ’tﬁg%gmﬁ?%ethe vector can
be efficienthyviepsi catednom niormetaraddrmmy ibeuprevEntWO 08/ ©08467ways.
PCT/ EPO3/ 50125 _25 | enent i ackagi cell lines, Stapility of the
vectors is inpﬁ8v%§89§h%“ (ﬁ%&%ﬁ%ﬁﬁf %gn%bﬁﬁpgﬁ%ﬁpgatf3?Cg8Fe?¥oB§ein
both E1A arevEABioByiprenidi figesdichs vecttdesl Wd e erdtkekpgecagi dcentodi ng

adenovirus Edorf6, it is gossible to enabl e . o ,
lines adencovirus E4-orfo from a nucleic acid integrated into

the genome. Although such cell lines exist, they are not
easily maintained in good order. This is at least in part due
to the fact that with more and more foreign genes inserted

15 into the genome of cell line it is difficult to maintain
stability of all foreign sequences (or the expression
thereof). In the present invention it was found that at least
some of the problems associated with low yields of non-
adenovirus serotype 5 based vectors and stability of

20 adenovirus sercotype vectors from subgroup B, such as
adenovirus serotype 7, 11 and 35 on adenovirus serotype 5
packaging cell lines can be overcome with a recombinant

adenovirus vector of the invention.



5 efficient plaque purification and good yields in the absence of an
additional wild type contam nation problem when grown on 293 or 911
cells. |1 nwBBER1G@Rs7 of course, wild type adenovirus contanipoatEposisaan al so
be prevented in other ways. An additional advantage of a reconbi nant vector
of the 10 invention is that there is no need to generate special cel

| i nes adenovirus E4-orf6 froma nucleic acid integrated into the genone.

Al t hough such cell lines exist, they arggnot easily maintained in good
order. This is at least in part due to the fact that with nore and nore
foreign genes inserted 15 into the genome of cell line it is difficult to

mai ntain sKabBPLESY of all foreign sequences (or the expression thereof).
In the present invention it was found that at | east sone of the problens
associated with [ ow yields of non- adenovirus serotype 5 based vectors and

stability gkarpladenovéfiétasEswiyPHEMRIdted AABSS Whigueep Bxpsteebifg
adenovi rus serotyse 7, 11 and_ 35 on adenovirus serqtype 5 packagi ng cel

lines can BE30FATOBHE OR t 30 AR AR IERANtINGe f8ilr JdP®ect or of the

i nventign. WO 0§Aéoéééie£Eﬂ%£59§h§94%ﬁkn%ﬁdm%éAMBEE§y§éa§9|geéomékg§rat!On
of El-del eted Ad35 viruses expressing Ad5 E4-Of6 on an Ad5 conpl enenting

cell line.wslThessthaenenpgrotttde Fden®baays dsdrstypac3sogehvhEcasandel |
as 'the constr i of -a ] d- /ect.ar. Sy a g ation of
reconbinan?eﬂggé%ggge%fvf%%@@@l%%@g%ﬁggx%%5%§%§¥%égg%n% g?aﬁggﬁn WO

00/ 70071. dbecclibadngnofietdel Add-HEA-@rfB Xddi ng sequence into 10

pAdApt 351 P1 (EC@%C deposi t no. PO§§%%§%§J f Cglo%in% detgilsingg this
pl asni d see WO ?7635&3“%‘% pers asorff([)%rl SWerig Sequence

10 pAd2pt35IP1 (ECACC deposit no. P02041228, for cloning details
of this plasmid see WO 00/70071) was performed as follows.
The plasmid was digested with Nhel and AvrII and
dephosphorylated with Calf Intestine Phosphatase (New England
Biolabs). Digested DNA was isolated from gel using the

15 GeneClean kit. Plasmid pAMT.Orf6.Hygro (Figure 1, ECACC
deposit no. P02041226) was digested with NheIl and
subsequently partially digested with Xbal. After separation
of the resulting bands on gel, the 1350 bp fragment
corresponding to the AMT promoter linked to the E4-orf6

20 sequence was purified from gel. Next, both isolated fragments
were ligated and transformed intoc electro-competent DHI1O0B
cells Invitrogen/LifeTechnologies) after which a colony with
the insert in the correct orientation with respect to the
Sv4Qd poly(A) signal was selected for large scale DNA

25 preparation. This resulted in construct pAd35.AMT.Orfé6
(Figure 2), which contains the Ad5 E4-orfé coding seguence
functionally linked to a mutated metallothionein promoter
(AMT) . The AMT promoter has been described by Hagmeyer et al.
(1996) . The Ad5 E4-orf6 sequence corresponds to nucleotide

30 33193 to nucleotide 34077 in the Ad5 sequence (Genbank
accession number M73260). To test whether the expression of

AdS5 Ed4-o0rf6 proteins would make production of fully El-



The plasm d was digested with Nhel and Avrll and dephosphorylated with
Cal f Intestine Phosphatase (New Engl and Biolabs). D gested DNA was

i sol at ed woamangek7 usi ng the 15 GeneCl ean kit. Plasm d pLMPCOEPE3/541a5 O
(Figure 1, ECACC deposit no. P02041226) was digested with Nhel and
subsequently partially digested with Xbal. After separation of the
resulting bands on gel, the 1350 bp fragnent corresponding to the AMI
pronoter linked to the E4-orf6 20 sequenge was purified fromgel. Next,
both isolated fragnents were ligated and transfornmed into

el ectro-conpetent DHLOB cells Invitrogen/LifeTechnol ogies) after which a
col ony w t helthedi AS8bt ventdihe poFgideie am enthatdoop lwiehtiegpeet lep t he

Sv40 pol y(A gn sel ected for e, Sc pre ation. This
resulted i }*ééh FQJGC&%%‘%%S (E? rBW%ﬁ%t% 3&7&% %\%ﬁ %ﬁg%ﬂ?& ns the
Ad5 E4- Orf@oﬁ@dtﬂgtSpﬂEGN@ES EﬁmCﬁJ[THlaidty) Ipmek@@ ce1asnutiatedo,

rret al | ot hi one| n grom)t The AMI pronoter has been descrl bed by

Hagmayer ebhg EEEISE "Tff‘]% %W%r"‘f‘@%é’c{ué’ﬁ@e 1c6rPe #5naE P oP AT eotl de

30 33193 tgcht«ggt Bﬂﬁe§€9§7wifhtth‘t§‘tﬁd§b sequenge (Eenhaakoyaggessi on nunber
M7$260) To test whether the expression of Ad5 E4-orf6 proteins woul d nmake

product i oniofertl §ren W 03AA04N6T- FCHERIS/BUEZS e PAdéPettd - AHBS vect ors

possi ble o d3 eqe OF t ect ed
with the A %5@ aggggﬁe %TL’IIE du}g:dt”£ ?g%? MéﬂR: or?tr%nggé '(%gd E?Pﬁ& 15‘
Her et o, pAdSBfAMTA@Iﬂ@ V\Ehsedtlgasstmbtwdrh nﬁlxtl%sqe— wesnd dpWE. AD3BERI X65 Tl TR
was di gested to lib te th vi ral sert fr :
backbone. e,% EP G%E?e?ep tek}fﬁ\/ﬂgeaéfr %@r}oa{ﬁd % @e:&le)nﬁ alggnésgedo

pVEE. AdB®. priU_bTBe!\BTESth@QE ectied nstthgayligef d@dAmmnaasTbaahqaasfeetl on

m xture was added to PER C6 ,
.Co6 culture medium (DMEM with 10% FBS and 10 mM MgCl,) and

cells were further incubated at 37°C/10% CO,. Control
transfections were performed with pAdApt35.Luc co-transfected
with pWE.Ad35.pIX-rITR, and pWE.Ad35.pIX-rITR alone. Two days

15 after transfection, cells were passed from T25 to T80 flasks
and incubated as described. Again three days later the
culture transfected with pAd35.AMT.Orf6 together with the
Ad35 backbone showed cytopathogenic effect (CPE) indicative
of virus replication, and was harvested (including cells and

20 medium) after a further incubation of 2 days. The cell
suspension was subjected to 2 rounds of freeze/thaw cycles
and the resulting material (crude lysate) was kept at -20°C i
until further use. The other flasks did not show CPE and were |
passed 1:3 in T80 flasks & days after transfer to T80. Again

25 5 days later the pAdApt35.Luc + pWE.Ad35.pIX-rITR transfected
flask showed a few CPE-like events but this did not progress
further. 0.2 and 0.5 ml of the crude lysate resulting from
the pAd35.AMT.Orf6 transfection was used to re—-infect PER.C6
cells at approximately 85% confluency in T80 flasks. This

30 resulted in full CPE after ocone day of incubation indicating

that infectious virus was present in the crude lysates. These



cells that were seeded the day before at a density of 3.5x106 10 cells per
T25 flask. The next day the nmedi umwas changed for PER C6 culture nedi um
( DVEM wi twollfwHBS and 10 mM MgQ 2) and cells were furthecTirros/bared at
37C/ 100 C2. Control transfections were perfornmed with pAdApt 35. Luc
co-transfected wth pWE Ad35.pl X-rI TR, and pVWE. Ad35. pl X-r1 TR al one. Two
days 15 after transfection, cells were passed fromT25 to T8D fl asks and

i ncubated as described. Again three daysglater the culture transfected

Wi th pAd35. AMI. O f6 together with the Ad35 backbone showed cytopat hogenic
effect (CPE) indicative of virus replication, and was harvested (including
cells and 20lnedeanyecaéteisa Hartdmred roubatd o’irecefzelt(mawscyfhescel I

suspensi on subjected to 2 rounds of free /thaw C cI es and the
resul ting ﬁ&géﬁﬁlg?c?ﬁagrﬂ/sﬁ{@jsJg\%%tﬁ(oébst ZE% il further use. The
ot her fl askaddbdanot osheva (R ahtk SVereER . cpas,m Jpeiflo&mE&Otbl askgibmdays

after transfer to T80. Again 25 5 days |ater the pAdApt35. Luc_+
PVE. Ad35. pltRaf| ?Rf@rﬁﬁgif%%%w BY akke shovieid é’oftev\?e@lﬁétl ilRe C&¢énts but this

di d notspregLesscf Uhthepr- 0 anth 0. &4dn ofrd henenuds Jhysahe,resdl ting
from the pAd35. OY/IT Of6 transfection was used to re-infect E cells

at appr oxi raeak§egsipronti tlenedd3 n. A0 F1 s KeogeThes 30 thepWEt éd3ﬁnpii§|‘rl CPE
after one of,. i5n o us virus was present
in the cr ugyﬁyéé?eg%%%s{e]nV@%Bﬁ%}gﬁ#%%ﬂé{}ﬁgﬁé& 25 28 cultures were

al so harvest ed Bg¢Rt apnalyeezelddhave ciomims] toAdnﬁntﬁiimmartheoptreebnteaoﬁfecti ons
wi th const 5.o0MILOf6 alone erfor to confirm
that orl'e. 8835 5EBP B Tt STt S Tt PR o8 e SR FaERs  and

CPE-|i k@ cebkmdeath. rkgieonchieseon, witayl tie wasansiQetiedns romt Bhe

pAd35. AMI. O f6 together with £V\E Ad35. pl X-
crude lysate samples as follows. 275 pl of crude lysate

material was incubated with 10 upl DNaseI (10 mg/ml) at 37°C
for 30 min. Subseguently, 6.0 pl 0.5 M EDTA (pH 8.0), 7.5 nl
20% SDS and 1.5 pl 20 mg/ml Proteinase K was added and mixed

15 by vortexing. The mixture was then incubated at 50°C for 1 h.
Finally, the viral DNA was isolated using the GeneClean Spin
Kit (Bio 101, Inc.). 2 ul of the isclated DNA was then PCR
amplified using primers 35psi-For and 35R4 (Table 1). The
program was set at 94°C for 2 min followed by 30 cycles of

20 94°C for 30 sec, 58°C for 30 sec and 72°C for 5 min, and
ended by an incubation at 72°C for 10 min. The primers are
specific for Ad35 seguences and generate a fragment of 2.9 kb
ranging from the packaging sequence to nt 4668 (numbering as
in wt Ad35 sequence) thus including the AdS orf6 transgene

25 cassette. Electrophoresis of the obtained PCR fragments
showed that the fragments had the expected length matching
with the control PCR fragments generated on the adapter

1 plasmid pAd35.AMT.Orf6. Thus, fully El-deleted Ad35-based

vectors can be made on AdS complementing cells if the virus

30 alsc expresses Ad5-E4dorfo. !



rlt TR did result in CPE and virus replication. PCR analysis was perforned to
confirmthe presence of Ad35-based viral genones with Ad5-E4-orf6

repl aci ngwbha/10@6f orner El region. Hereto, viral DNA was PSalER0&shies om t he
crude |lysate sanples as follows. 275 pl of crude |ysate material was

i ncubated with 10 pl DNasel (10 ng/m ) at 37C for 30 mn. Subsequently,
6.0 pl 0.5 MEDTA (pH 8.0), 7.5 pl 20% SDS and 1.5 pl1 20 ng/m Proteinase
K was added and m xed 15 by vortexing. jpe m xture was then incubated at
50C for 1 h. Finally, the viral DNA was isolated using the Gened ean Spin
Kit (Bio 101, Inc.). 2 pl of the isolated DNA was then PCR anplified using
primers 35psanpde @ndCEBRArG¢Jairre df pPWEIAAIH @fXamITRSEdet at 94C for 2 min

foll onwed by 30 les, o 0.94C far 30 sec,..58C for .30 sec_an for 5
i, Cand  ended by SRl REGDSET OIS PR 07 0 S o FRe I TREY s DEra ¢

speci fic fanhdAd8brsequBNEEs) andnpeheratel ¢én fuagnente ofitd. dwkbadsangirng from
t he packagi ng _sequence to nt 4669 (nunbering as in w _ Ad35 sequence) thus

i ncl udi ng FﬁgRAdgeSrW@ Pﬁéﬂg%@n)e 5 tceé@é?tteep% &St PEpRYPeSNS of the |
obt ai neg Pg&gﬁ]@gg@@t $roshoyeg: thaiadihe Jdagmepics Radmbhe rexpected | ength

matching wth the control PCR fragnents generated on the adapter plasmd
pAd35. OMT. GPP6eNTRas1IoR UBEY - ETRRIEIBRNIZE: ids €P1 LoEef 0P4 EahCbeniéieé on

oo Corm TEAN IR B0 L1V U700 o easssemchdBi Bt e, VO
pVEE. Ad35. plPX~£l TRBE4 Aif) ratd PCREfralgrerdp wals 7afgl ithired@ asinngopeneers
DF35-1 and 355R gTQQI e 1), An}%lﬁiﬁlfljtciaéa{ton es d(ineedvm'.%h pY\I_EBA% S5.plX- rlITR
(see WO 0o/ 768 _ech as ?%me) Ate using Pl DRA pollyngrase oche) with
addi ti odal M08 goarefpoatiing to nt 30224 to 31805 of the Ad35
: sequence. A BamHI site was introduced at the 3’ end. The
amplified DNA was purified from gel using the GeneClean kit
and ligated to the pCRScript/Amp cloning vector kit
(Stratagene). Following transformation into electro-competent
15 DH10B cells white colonies were selected for further
analysis. This resulted in construct pCR-fiber35. Due to the
blunt cloning the PCR fragment could be inserted in 2
orientations. A clone that had the insert with the BamHI site
in the polylinker of the pCRScript/Amp vector at the 5’ end
20 was selected. Digestion with BamHI thus results in a 1.6 kb
fragment. Seguencing confirmed correct amplification of the
PCR fragment. A second PCR fragment was amplified using
primers: 5E4F and 5E4R (Table 1). Amplification was done with
PWE.AdS5.Af1II-rITRsp, which is a cosmid vector containing an
25 extra Pacl site in pWE.Ad5.Af1II-rITR (ECACC deposit no.
P97082116 described in applicant’s international patent
application PCT/NL01/00824). pWE.Ad5.AflII-rITRsp served as a
template using Pwo DNA polymerase as described above,
although pWE.Ad5.Afl1II-rITR could also be used for the same
30 purpose. After purification from gel, the DNA was digested
with SstI and BamHI (both sites introduced during the PCR)

and the 3 kb fragment was purified from agarose gel using the



concentration 30). The programwas as follows: 94C for 2 mn followed by
30 cycles of (94C for 30 sec, 52C for 30 sec, 72C for 3 mn) and a final
step of ARG 0BON487 M n to ensure conplete fragnents. Anpl iPCiTaEPN3/6025% esul t ed
inal.6 kb 10 fragnent corresponding to nt 30224 to 31805 of the Ad35
sequence. A BanHl site was introduced at the 3' end. The anplified DNA was
purified fromgel using the GeneC ean kit and ligated to the pCRScri pt/Anp
cloning vector kit (Stratagene). Folloghng transformation into

el ectro-conpetent 15 DHLOB cells white colonies were selected for further
analysis. This resulted in construct pCR-fiber35. Due to the blunt cloning
t he PCR fr agmefilceoukilt beThaskdt ed! i re@iorortitertt ats ampliAieHone that had the

insert with the BanH I r Scr i t/Arrp vect or
at the 5 &RATS5PRBESs ?e%?e%i&%qg%é;&f né%g%t%n O%jar% ﬁgRs?gg PPEifh a 1.6
kb fragrreﬂhlraequgn@kagm@ﬂafwwe@lem@fane&d oemmwﬁf i2GEBSI, @r]xeffztrheusE’ﬁB

fragnment. A second PCR |ified using priners; SE4F and 5E4R
(Tabl e 1). PAABPEFF cé??é“ﬁRwé@dd%%%IWt htalhE JAdS PARY BBl i TRSBE LRRI ¥AS| s a

cosm d yecharreeRtai B lsnge@@r?&&@lﬁ&r?c’mﬂhé'ﬂ&,dl&ﬂ%\El’%@%ﬁf FrhghbdR (ECACC
deposit no. P97082116 described in applicant's international patent

appl i cat i oAsPETARKER/ DESQIA) SsHINE ek, W' 190 'PR@pa@erE@@BIa§lée ténpl at e
Pwo , d fI I1-r1 TR
using Qﬁ‘gﬁ)poh ﬁgﬁﬁflgﬁf%bﬁdor@%%‘ie agf s Q%UQQPQV‘ENA Ra r

could al so use e sane pur pose uriftication fromgel,
t he DNA wasllcjegestiedltm/i Shtssamd anchbBamhg Baith kg tf&@gmﬂmtoduced during the

P oamns S ReblpLLRUTeIL Hes, PULL T4 17 ot asgess il sustog, he, VO

anplified rfeotr aspesdsdt endlp 3279414w ol 3582 Sodmtt ra@aAdSesqqmeaﬁe A
collected in gel. Next, pUC1l1lY9 was digested with BamHI and
EcoRI and the 3.1 kb fragment was purified from gel using the
GeneClean kit. The above treated second and third PCR
fragments were then ligated with BamHI/EcoRI digested pUC119

15 resulting in pUC.Ad5E4-35ITR. The cloned PCR derived inserts
were sequenced to verify correct amplification. Next, the 1.6
kb insert in pCR-fiber35 was excised with BamHI and the
fragment was purified from gel as above. pUC.AdS5E4-35ITR was
also digested with BamHI and the linear fragment was purified

20 from gel. Ligation of both fragments and selection of the
clones that had the correct orientation relative to each
other resulted in pUC.35-5E4 (Figure 3). The steps leading to
the construction of pUC.35-5E4 are schematically represented
in Figure 4. The adencvirus insert in pUC.35-5E4 was sub-

25 cloned into pBr.Ad35.PRn (Figure 5; see WO 00/70071), a
construct with Ad35 3’ sequences. Hereto, construct pUC.35-
5E4 is digested with Mlul and NotI and the 4.7 kb fragment is
purified from gel using the GeneClean kit. This fragment 1is
then ligated with the vector fragment resulting from Mlul and

30 Notl digestion of construct pBr.Ad35.PRn. This 16.3 kb
fragment was purified from gel using agarase enzyme (Roche).

Ligations were then transformed into competent DH10B cells.



third PCR fragment was generated on pWE. Ad35. pl X-rI TR using primers:
3551TR and 3531TR (Table 1). PCR anplification was 5 perforned as descri bed
above. Thworoeawmd4si ng 160 bp fragnent is flanked by an SsPCTSHPI®5(125 end)
and an EcoRl site (3" end). After purification fromgel as above, the DNA
was digested wth Sstl and EcoRI. The 160 bp fragnent corresponding to
the right I TR of Ad35 was then separated 10 from di gested ends on a | ow

mel ting point agarose gel and collected;in gel. Next, pUCL19 was digested
with BanHl and EcoRl and the 3.1 kb fragnment was purified fromgel using
the GeneC ean kit. The above treated second and third PCR fragnents were
t hen | i gat &tdewirehuBaitly/ Ecoft rdiigestedaddl B rl.BdBes BROEAQ (Fagure 6,

UC. Ad5E4- . . The c] oned jved j.nsert wer e sequenced to verif
Eorrect angﬁhggcg?P8ﬁ?LhB9t,E$$§§§§4?)‘kghfhgfﬁﬁ Fﬁeﬁcﬁpggbz?ngﬁ%%n%xcisgd
wi th BanH ogndnhtheodf ragaent aes eoridd ethfy eagehcas iahovehse viral

pUC. Ad5E4- 351 TR was al so di%ested with BanH and the |inear fragnent was
purified 26°FFém §éPreLPHaL POH° B LBt + dlfféits & L&PEREPbA 8fSt he

clones ghatchadnthe; GORT eshnQLi gt | okl ald veda ieachstekhagehesul ted in
pUC. 35-5E4 (Figure 3). The steps leading to the construction of pUC 35-5E4
are schemaBCEarRyNgepp edant B2 LUFR I Yures L uCtienadeAd®i fusStnsér E0en

pLKL35‘5E41%@%.ﬁgbﬂéggfggﬁegdﬁﬁt£h§§¥ié§¥%%'ﬂ%}.@%b%q@§5§6C§§E?Y§%§0§£0071)’

a construct wt sequences. reto, construct .
di gest ed widtitheMubnandtiNoPdchnahd hevadl Arkh trreageeend $s puki2f Bedbf rom gel

using the Gened ean kjit. This fragnent is _t | i.gated w t he _vect or
f ragnent r%ﬁﬁfn?ﬁg ?gk‘?ﬁ‘lﬂﬁzﬁlb%n%l 0° Not | O(in gDes 'iAéiﬁ%dP%go\rlrlM%#Pug 23 2t
pBr. Ad35. PRad This.1l6hd kbrrécagomiidinasiqpurdff ited foemfgebmestagyagadase
enzynme (Roche) ations were then transforned i.nto conpetent DHlQEL

. Li {
Col Is. VD 68F109387EPETF EFbarBb185 2uxe 1) - Thus, in (nisTBERCThuct

E4 region in the Ad35 backbone is replaced with the

corresponding region derived from AdS.

15 Example 3. Construction of pWE.Ad35.pIX-rITR50rf6.

To obtain an adenoviral backbone construct that contains
the Ad35 sequences from the pIX gene (nt 3401 in the Ad35
sequence) to the end of the right ITR but with the sequences
for Ed4d-orf6 and -orfé6/7 exchanged for the corresponding

20 sequences of Ad5, Ad35 and AdS5 seguences were PCR amplified
and combined as described below. PCR fragments were generated
with Pwo DNA polymerase with addition of DMSO up to 3%. The
first PCR was done with pBr.Ad35.PRn (Figure 5; see WO
00/70071) as template and the primers E4-F1 and E4-R2 (Table

25 1). The program was set as follows: 94°C for 2 min, 5 cycles
of (94°C for 30 sec, 50°C for 30 sec and 72°C for 1 min)
followed by 30 cycles of (94°C for 30 sec, 60°C for 30 sec
and 72°C for 1 min) and ended with a final step at 68°C for 8
min. The resulting 1.8 kb fragment was purified using the

30 GeneClean kit. The second PCR was done with pWE.Ad5.Afl1II-
rITRsp, which is a cosmid vector containing a Pacl site in

PWE.AdS5.Af1ITI-rITR (ECACC deposit no. P97082116, described in



31 The resulting construct was named pBr.Ad35. PR5E4 (Figure 6, ECACC
deposit no. P02041229). The last step entails cloning of the nodified 3
end of thwoAdABsssBquence into the viral cosmd clone pVEPAIAPORSN25 | TR
Hereto, two fragnents are 5 conbined in a | anbda phage packagi ng reaction
(Stratagene) according to manufacturer's instructions. The first is the
16.8 kb nodified Ad35 insert from pBr. Ad35. PRGE4 obt ai ned by di gestion
with Pacl and Swal and the second is a g2.8 kb fragnent obtained by

di gestion of pWE. Ad35.pl X-rITR with Pacl 10 and Swal. The correct

conmbi nation of the two fragnents yields pWE Ad35.plX-rITR 5E4 (Figure 7).
Thus, in thpsliomstraicintdienatBbredgipantdmt tapelAdadbibackbOABLEE/ bepl aced

with the correspondi regi on derived from Ad5. 15,Exanp Construction
of pVE. Ad35° IW?I?%%Q%}&&O Bbt aelnﬁ)el ead‘@ﬁo@?’?aprb%fiﬁoag_g%n@?ﬁiu%{_that
contai ns khe (AgSbe seguencesofdgant hasplsdtganre fontodd0lohAct her Al3Bin

sequence) to the end of the right |TR but with the seglojences for E4-orf6
and - or f 6/ FObke¥RGged IdreyHeT it dsifoltdifvg 36 SeGuehées BPE AHS, SPEI35 and

AdS seqienggs yese POR anpliafisdh apdocqakingd raga deserpbed betow o PQR
fragnents were generated w th Pwo DNA pol ynerase with addition of DVSO up

to 3% Themipj rBie PCR wels Boranafit WasBrusdds eFRAs( Fpgute Bhe skleiyg PCR
00/ 70071) %gstcﬁé@é aw%le?ﬁﬁgé h,g%%r PR %sEﬁ‘e lp%%@_@ F%HR%h%T]?ggr@efé E%*Fér he
program was set as toll : for mn, cycles o or 30 sec,
50C for 30asecEanRlc 72Cahbe 1) nmTe rfroldremedialsy s8@ epcifeslofs ( 94€ € ofoB0
For 8 mn2 e rest eIy & 8 kb T RGN, e par I Ted a8i ELIRE sl T o
Cened g@n kbt. 4Theesecontl KR vas Mors ielsh of WEOAdE. AbLI Bo sédRspee@hich is
a cosm d V%ggogocggéaégén 2§EF¥5¥ fgt;ég)nand ended with a final step
at 68°C for 8 min. The 366 bp fragment was purified as above.
Samples of the purified fragments were loaded on a gel to
estimate the concentration and then the fragments were mixed
15  together to contain 700 ng PCR-1, 650 ng PCR-2 and 430 ng
PCR-3 in a total of 30 pl. To this mixture 3 pl EcoPol buffer
(New England Biclabs), 3 pl 2 mM dNTP solution and 3 ul
milliQ H;0 was added. The resulting mixture was incubated at
94°C for 3 min and then cooled down to 65°C in a PCR machine
20 at a rate of 0.5°C/sec. Following incubation at 65°C for 10
min, the mixture was further cooled down to 20°C at a rate of
0.05°C per sec and incubated for 10 min at 20°C. Then 1 pl (5
units) Klenow enzyme (New England Biolabs) was added followed
by an incubation of 60 min at 37°C. 5 pl of this Klenow
2b  mixture was used as a template to separately amplify two
fragments as follows. Primer set 1: NF-1 and NcoI-R (Table 1)
was used in a reaction using Pwo DNA polymerase (Roche) with
addition of DMSO to a final concentration of 3% and using the
following settings of the PCR machine: 94°C for 2 min
30 followed by 30 cycles of (94°C for 30 sec, 66°C for 30 sec
and 72°C for 3 min) followed by a final incubation at 68°C

for 8 min. Primer set 2: NcoI-F and NR-2 (Table 1) was used



pVE. Ad5. AfI 11 -rl1 TR (ECACC deposit no. P97082116, described in WO 03/ 104467
PCT/ EPO3/ 50125 32 applicant's international patent application

PCT/ NLO1/W08340446n0t yet published), as tenplate and the mpcTmPgsE4s F3 and
E4- R4 (Table 1). The programwas set as follows: 94C for 2 min followed
by 30 cycles of (94C for 30 sec, 62C for 30 sec 5 and 72C for 1 mn) and
ended with a final step at 68C for 8 mn. The 1.1 kb fragnment was purified
as above. The third FCR was done with gBr. Ad35. PRn as tenplate and the
prinmers E4-F5 and E4-R6 (Table 1). The programwas set as follows: 94C for
2 mn, 5 cycles of (94C for 30 sec, 48C for 30 sec and 72C 10 for 45 sec)
fol | owed byn3@ @yatemmfuiﬂ«ﬂ@ Pwor BR yedyeaGsef qRodbesesindad@fon 45

sec) and ende t nal 8C for The 366 _bp fragnent was
purified a$ g%[% QO rest o‘forﬁj%eé“atpi?r quneﬂ’ff gefgﬁ"‘é‘r?t éls\?xﬁigegp%aded on a gel
to esti rratf@ltlbelﬁ@nw@ﬁmgémambtﬂmn rish@ ihcagwants reere mixed 15
together to contain 700 ng PCR-I, 650 % PCR-2 and 430 ng PCR-3 in a total

of 30 pl. TelLArednPxt3f eCuclrs mbPol Bufear 30 Rew: BRI énéoa 3P aBRF, 3 p1 2

MM dNTP;5 soLyki ope @néor% b &) 1£Q HRQAWAS, addeds1Thefeaul bhnge Nkxtare was
i ncubated at 94C for 3 mn and then cool'ed down to 65C in a PCR nachi ne 20

at arate épr085@ﬂ§ecTh@or$@w¢Vgnq nctsasnés atf 85C fbr (POimairnSethé) mi xture
}/vas further giog gdkﬁ?_ E/nmlrge 0C §t2)a J%eﬁriﬂ'e%‘r’gr%%r g%ﬁlgugy igﬁgbat ed
or 10 min°at 20 h al ? uni se) enow enzyne w nal an
Bi ol abs) waenadtesdnfblt oaed edyh ams rﬂdtdaﬁiddortoofth@OpﬁfiRacaﬁ.pBZXI@p Be ptoof
Fragment s 46 FOFPEAS Ff el ™ Sot T i ING) SR FaBEEvEs Shbs’ used i n
a reacthoncusipg Puos DMe@pwcﬁremseor(ﬁmhﬁ) PUHE r igddinki. FRToNcBMBO to a
final concentration of 3% and using the ,
(Figure 8) and construct pCRscriptAmp.NcoIF-NR2 (Figure 9).
Since the inserts contained blunt ends two orientations were
obtained of each cloning. Using KpnI digestions the
constructs with the orientation needed for further cloning
15 were selected (see Figures 8 and 9). The inserts were then
sequenced to verify correct amplification. Next, part of the
insert from pCRscriptAmp-NcoIF-NRZ was excised using BamHI
and Ncol and purified from gel as above. pCRscriptAmp-NFI-
NcolIR was digested with the same enzymes and the vector
20 containing fragment was also purified from gel. Ligation of
these fragments resulted in pCR.NF1-NR2 (Figure 10). pCR.NF1l-
NR2 contains Ad35 sequences between nt 30162 and 33234 of the
Ad35 sequence with E4-orf6 and E4-orf6/7 sequences between nt
31879 and 32974 replaced for AdS derived sequences located
250  between 32968 and 34077 from the published AdS sequence in
Genbank (Accession Number M73260). Thus, as can be seen in
the amino acid alignments presented in Figure 11 and 12, the
amino acid sequence of the cloned Ed-orf6 protein is
identical to the E4-orfé6 sequence found in Ad5 and the E4-
30 orfé/7 amino acid sequence is for the greater part identical
to the E4-orfé/7 sequence present in Ad5. Obviously,
different hybrid Ad35-Ad5 E4 constructs can be designed using



followi ng settings of the PCR machine: 94C for 2 mn 30 followed by 30
cycles of (94C for 30 sec, 66C for 30 sec and 72C for 3 mn) followed by a
final incwoaBiiocat 68C for 8 mn. Primer set 2: Ncol-F aad/E¥es/R01eTabl e 1)
was used WO 03/104467 PCT/EP03/50125 33 in a reaction using Pwo DNA

pol ymerase (Roche) with addition of DVSOto a final concentration of 3%
and using the following settings of the PCR machine: 94C for 2 mn

foll owed by 30 cycles of (94C for 30 segq 62C for 30 sec 5 and 72C for 90
sec) followed by a final incubation at 68C for 8 mn. The resulting
fragments of 2.7 kb (prinmer set 1) and 1.1 kb (prinmer set 2) were purified
from gel usheggtheralemethednokilirawl sdaoctke wishougatdegatrdoinbel p@Rsthe pt Anp

vector (Stratagene) and transfornmed into 10B ¢ r ete 10 cells.
This resul LA AL Rons L hE HEELTT pUATE N REGIR R gte 8y SRE const r ot
pCRscri pt Agpoleal EntNR2pGEL gas e. 9) x - r IRIC R euF1RSEI-s weentdagaedebl wntnends

two orientations were obtained of each cloning. Using Kpnl digestions the
const r uct s Eh2PReNER T ePl Gt Fom Fedted Tr2 furthér 2greaitngassPiter £18€1 ect ed

(see Figuresof %gq;l Q) indhenk nsendS1 B! & thero e QUences t A %er bRY £9&r ect
anplification. xt, part of the insert from pCRscriptAnp-Ncol F-NR2 was

exci sed usPR§oBaHBRStaRdvNeld| Mbl i iNdedd acorhgell 8aslale¢Eor

pCRscri pt Anp- - - i ge i -t - z a vect or’
20 contai n?%& %Sérr'\'@%% leag\%f% éscg %%J(r%?fdl%eldhﬁlglre% %%{g%a%%g)aé{ff{? n g oggﬁ)eée
fragments iLeégektied oh PCRy NEradRn (i grAtel th@) .inp CRNANEIruchNR2 cont ai ns Ad35

sequences bet n 3? 6 aﬂﬁ. 33234 of %?d% sequenc f&g -orf6 and
E4-orf6/7 gé\gg’ﬁggéﬁ%é é/ree% 9518 'an]g fproesﬁﬁcaélgd ?g\r% %Efj}ér'ived :
sequent@s Irbeandds525chetneesn BROGSRAMRIAAGAHE fIwam tdeetpubihshede AdS ‘
sequence in_, , ‘ , , . 1
chimeric E4 reglon in this construct are then cloned into .
construct pWE.Ad35.pIX-rITR using lambda-phage packaging as
described above. The resulting pWE.Ad35pIX-rITR.50rf6 (Figure
14) is then used to generate recombinant Ad35-based viruses
15 by co-transfection on PER.Ct packaging cells with an Ad35

adapter plasmid.

Example 4. Construction of pWE.Ad35.pIX-rITRAE3,
‘ PWE .Ad35.pIX-rITRAE3.5E4 and pWE.Ad35.pIX-rITRAE350rf6.

20 The Ad35 backbone was further modified by a deletion of
E3 sequences. E3 proteins are known to modulate the host
immune response to adencvirus infection and are therefore not
necessary for in vitro propagation of recombinant viruses.
Furthermore, the deletion of E3 sequences allows for

25 insertion of larger heterologous seguences in the vectors
without compromising the packaging efficiency. Also, for the
application of adenoviral vectors as vaccination vehicles,
expression of immunomodulatory genes encoded by the E3 region
is not preferred. Methods for deleting E3 sequences in the

30 pBr.Ad35.PRn plasmid (Figure 5) are described below.

First a PCR product was generated with primers 35E3for

and 35E3rev (Table 1) using Pwo DNA polymerase (Roche)



Genbank (Accession Nunmber M7/3260). Thus, as can be seen in the am no acid
alignnments presented in Figure 11 and 12, the amno acid sequence of the
cl oned EdwordBGoqsotein is identical to the E4-orf6 sequemrca/drossai2s n AdS
and the E4 30 orf6/7 am no acid sequence is for the greater part identical
to the E4-orf6/7 sequence present in Ad5. Qbviously, different hybrid
Ad35- Ad5 E4 constructs can be designed using WO 03/104467 PCT/ EPO3/ 50125
34 the general nmethod outlined above w ghout departing fromthe invention.
This chineric insert frompCR NFl-NR2 was then cloned into

pVE. Ad35. pl X-rI TR pCR NFl -NR-2 was digested with Mul and Ndel and the
resul ti ng 2c8okbihg agoemsn wsctpurdadfd eichsi rfucamogel ausi pgrt hé3bePRC ean kit.

Construct pBr.Ad35. PRn s al di ted with _M.ul d_.Ndel 18 kb
vect or g HBhE “RadMs sof (?e%rq’sg(r)rc?lﬁ %SS %ﬁt\r%‘taggﬂr gséggngy?}?f‘R%g e%Be

Li gati on oktybotb &fagmentsoF esulderd 178 constd Bot scpBanAd32. PR 56¢f 6 (Figure
13, ECACC deposit no. P02041227). 10 The Ad35 sequences bhetween Pacl and
Swat cont aPalngfPheCveRi herét 4 Fed dhnn Te swdidtrdctraP@eRhen cl oned

into constpyel; AVE AP35l d IR tisingd aHrda- pRage spackagingoas
descri bed above. The resulting pWE Ad35pl X-rI TR 50rf6 (Figure 14) is then

used to geAeraPe’Fkecondi hantladssl pdsedieviy'usad b5 by Héuiranstecthon on
CER 0 DaCHRNLRRL R A L A R0 SR s, BXETRLEG ., o
PVE. Ad35. pbXr L ETRAEBSO £ 6 20 ddeen )Ad3E biickdzarel weshf Wluieandodkfited by a
mune T oo BORs B Ba baRnu G et oh iR AP LEHErerare ABt NRecessary
for inyitegapoopagali @pied resadAaidk YdluseSraction kit (Qiagen). |
Construct pBr.Ad35.PRn was also digested with MIluI and sStul
and the 17.3 kb vector containing fragment was isclated from
agarose gel using agarase enzym (Roche) using methods known
to persons skilled in the art. Both isclated DNAs were
15 ligated and transformed into Max-efficiency DH5a competent
bacteria (Invitrogen/LTI) to give pBr.Ad35.PRnAE3 (Figure
15) . The deleted sequences encompass nt 27648 to 30320 of the
Ad35 sequence resulting in a 2673 bp deletion. The E3
deletion was then introduced in construct pWE.Ad35.pIX-rITR
20 using lambda-phage packaging extracts (Stratagene). Hereto,
both pWE.Ad35.pIX-rITR and pBr.Ad35.PRnNAE3 were digested with
PacI and Swal and the respective 22.8 kb and 14 kb fragments
were isolated from low melting point agarose gels using
agarase enzym (Roche). After ligation and packaging using
2b STBL-2 cells (Invitrogen/LTI}, construct pWE.Ad35.pIX-rITRAE3
was obtained.
To construct the E3-deleted versions of the E4-modified
backbone constructs described above, the E4 modifications
were introduced into the pBr.Ad35.PRnAE3 construct as
30 follows. Construct pUC.35-5E4 (Figure 3) was digested with
MluI and NotI and the 4.7 kb fragment was isolated from gel
using the GeneClean II kit. Construct pBr.Ad35.PRnAE3 was



Furthernore, the deletion of E3 sequences allows for 25 insertion of |arger
het er ol ogous sequences in the vectors wthout conprom sing the packagi ng
ef fici encywoodhieas7 for the application of adenoviral vect ®CcI/Eps3/saEeETi nation
vehi cl es, expression of immunonodul atory genes encoded by the E3 region

is not preferred. Methods for deleting E3 sequences in the 30 pBr. Ad35. PRn
plasmd (Figure 5) are described below First a PCR product was generated
with primers 35E3for and 35E3rev (Tabl ggl) using Pwo DNA pol ynerase
(Roche) WO 03/104467 PCT/ EP03/50125 35 according to manufacturers
instructions and pBr.Ad35. PRn as tenplate DNA. The program was set at 94C
for 2 mn ando3algeyeée5woﬁh MG T CanBOJcStC-IC ariBE&Heorl 3@ &bécvando¥2 C for 1
mn, follo 68C for 8 mn he a |f|ed frag ntagecontalns

A
sequences %EBEP £ 288?41?%1%?%%7 (e Eﬁﬁﬁbdﬁﬁi)e &0t PRARed” gt t he
3' end by angM:ubnsbEerndbe ff§§méﬁﬁ§mkéﬁﬁid@ﬁ firagyeert rwas purified using

the Qaquick PCR_ purification kit agen and digested with Mul and

Stul . TheP§F9é§§édAF@I?$$%@né%%wﬁﬁ% Hen GRISTIYEE BCEMNERERP 161dgafose
gel usigg ghe Qaéqaaggsega fxtx agthon ddr (Lagen)r (t&ensbivet pBr. Ad3S. PRn
was al so digested w Mul and Stul and the 1 3 kb vector contai ning

f ragment wdsg5§@lébedVEﬁbﬁr ég@g®%@tg@WUhsﬁwﬁiégaﬁ§§@m@ﬁi9hv(R@éh§¥9u5|ng
t hods k t,_-Bot t 15
MEL hods n%vv@ EO rﬁzg{q‘l NS y\/{;ggl Ld ha- & %sfl ﬁ;(%lh% %gngl%é alere

| i gated an trans |C|ency a conpet ent teria
(Invitrogem@hﬁlklto gbyiet plet AdB5. E&&ﬂfﬁR@ﬂEE (Weisgurigiest®). wIhe dehét ed

seguerces encolRsss ILATSE, Lo, 29920, ol e Ados seqence fosuld i no 11 @
PVE. Ad86. pRXoikBR) 20d4ushagl b anbea- @é’tatgﬁ: p@fd«ﬁ@mrtg weét maehs 165t ratagene) .
rereto, using the GeneClean spin kit. Ligation of these fragments
gave construct pBr.Ad35.AE3.PR50rf6 (Figure 17).
pBr.Ad35.AE3.PR5E4 and pBr.Ad35.AE3.PR50rf6 are then used to
swap the 3’ PacIl-Swal fragment in pWE.Ad35.pIX-rITR for the
15 corresponding regions from pBr.Ad35.AE3.PR5E4 and
PBr.Ad35.AE3.PR50rf6 as described intra. This leads to
constructs pWE.Ad35.pIX-rITRAE3.5E4 and pWE.Ad35.pIX-
rITRAE3.50rf6. An alternative method to generate these large
cosmids is to use three fragments in the ligation reaction
20 for packaging: a 14.7 kb NotI-PacI fragment from
PWE.Ad35.pIX-rITR, the PacI-NotI insert from
pPBr.Ad35.AE3.PR5E4 or pBr.Ad35.AE3.PR50rf6 and the Notl
digested pWE1l5 cosmid vector fragment (Stratagene). This

latter fragment can also be isolated from the NotI/PacT

25 digestion of pWE.Ad35.pIX-rITR.

Example 5. Generation of El- and El/E3-deleted Ad35-based
vectors on PER.C6 cells.
To enable generation of recombinant Ad35 viruses on the
30 complementing cell line PER.C6 using the pBr.Ad35.PRn-based
constructs, we first made a new construct containing Ad35

sequences from bp 3401 to bp 24650 of the Ad35 seguence (WO



bot h pWE. Ad35. pl X-r1 TR and pBr. Ad35. PRn(err)E3 were digested with Pacl and
Swal and the respective 22.8 kb and 14 kb fragnents were isolated fromlow
mel ti ng peorB/1egar ose gel s using agarase enzym (Roche). ACoT@prod/sigati on and
packagi ng using 25 STBL-2 cells (Invitrogen/LTl), construct

pVE. Ad35. pl X-r1 TRAE3 was obtai ned. To construct the E3-del eted versions of
the E4-nodified backbone constructs descri bed above, the E4 nodifications
were introduced into the pBr.Ad35. PRn(egr) E3 construct as 30 fol |l ows.
Construct pUC. 35-5E4 (Figure 3) was di gested with Mul and Notl and the
4.7 kb fragnent was isolated fromgel using the GeneCean Il kit.

Const ruct |0BV7A(‘135 PENAEShua so W 08451 Gidby HREH EP@3/abap2er Bbaainsdsdi gestéd

with Mul ndt 13. ect or frag ol ated, from gel
Usi ng t he GBHeCREARTEPI R FRAETERY |G U Hiece IRPRGERESoP o8R0 £ RSN L
construct tﬂBéeAgsésﬁEésP%Eé PR g6 ecdf)s Lanst rddﬁiblléCRoNElobBas(Fl gure ;

10) was digested with Mul, Ndel and Bgll (the latter to digest the vector

fragnent i AE6CERANREEORr aERRRt 5523ANP theomR I lgn Vflrréénﬁﬁfloﬁ?ﬁs apdol at ed

from gek U%'eEQxEQ&S;ﬁ”SQ £8RomISPH dh Kidir QNS HUGHtR3HeAd3R. PRY(GEN 1 E3 Was
digested with Mul and Ndel, dephosphorylated using Cl P enzym (New Engl and

10 Bi ol abs)PhanéeHherQS plapni@ctan Madgyrshidakes isnsofi sollared pastngft he |

Gened ean ' S nstruct

obr - Ad35, ALSCPRECYT BHRegare 1yt S G AR Ret] "agd
pBr. Ad35. AEBJEPRHGBfﬁIaFEIrhemas:s@ﬁgéitedsmpth e cRV Racl +Seab of kagnent in
pVE. Ad35. pl X-rITR fo[:s t he 15fcorres ondi n ri% fql on; from Br Adig AE3. PR5E4
and pBr. AUS5 PE3CPREDIF 5 As” HEFRTT heth s i & °8ads ‘LOB’ “ConstPucts
PVE. Ad36. pb¥-hk TREE3uBEdAgante pMEn ASBS:1PIsPin kit. The purified DNA was

self-ligated and used to transform DHICB electro-competent
bacteria (Invitrogen/LTI) resulting in pWE.Ad35.pIX-EcoRV
(Figure 19).
All DNAs used for transfection were digested as
15 indicated in Table 2, heat-inactivated at 65°C for 15 min and
used without further treatment in the transfection. PER.CG6
cells were seeded the day prior to transfection in TZ5 flasks
at z density of 3x10° cells/flask and transfected as
indicated in Table 2 using LipofectAmine (Invitrogen/LTI)
20 according to manufacturers instructions, except that the
transfection mixture in serum-free DMEM medium (Gibco/BRL)
was replaced for PER.C6 culture medium (DMEM, 10% FBS and 10
mM MgCl,) after 5 h. The day after, transfection efficiency
was estimated at 50% by fluorescence microscopy. Two days
25 later, cells were trypsinized and reseeded in T80 flasks and
further incubated at 37°C/10%CO;. Six days following
transfection all cultures showed full cytopathogenic effect
} (CPE, indicative for virus propagation) except for the PER.C6
culture transfected with Ad35.AdApt.eGFP + pWE.Ad35.pIX-rITR.
30 One day later, cells and medium in the flasks with CPE were
harvested and subjected to two freeze/thaw cycles, clarified

from cell debris by centrifugation (10 min at 1500 rpm) and



ri TRAE3. 50rf6. An alternative nethod to generate these large cosmds is to
use three fragnents in the ligation reaction 20 for packaging: a 14.7 kb
Not | - Paclwhroagoasit from pWE. Ad35. pl X-rlI TR, the Pact - Not | pPoTgEPos/sdizdm

pBr. Ad35. AE3. PR5E4 or pBr. Ad35. LE3. PR50rf6 and the Notl digested pWELlS5
cosm d vector fragment (Stratagene). This latter fragnent can al so be
isolated fromthe Notl/Pacl 25 digestion of pWE Ad35.pl X-rI TR Exanple 5.
Generation of El- and El/E3-del eted Ad3ggbased vectors on PER C6 cells. To
enabl e generation of reconbinant Ad35 viruses on the 30 conplenenting cell
i ne PER C6 using the pBr.Ad35. PRn-based constructs, we first nade a new
construct ¢oOfAtalnphgthdl3s csetpiences da omdep u3401 tborbpi24650 dfeshe Ad35

sequence ( 03/ 104467 /EP 50125 . 3 0071) d thus overl aps
with both %ﬁ}éygéaﬁ?i? S pfthshit ts<° SHe pir A g)gzﬁ -Sbagga constructs.
Transfecti epantcébesen &hrmwlmpmegmn o PR .GRsGeblis-andractdaubles

honol ogous reconbi nation event leads to a conplete viral genone and 5
replicati oRCbf She¥ofbPRantt vi Fligeds ééa]b‘{ﬂsltiel‘ﬁedw T EFPGdPé S281ONTRRI  equi r ed
pl asm d; wag)ggde by degl g1 op@f . ardarag Pard1 10§, inbhe nAd3bisgayeneessin
pVE. Ad35. pl X-rI TR Hereto, pWE Ad35.plX-rI TR was "digested wth EcoRV and
the 29 kb PEBcﬁér cebhs aphi n@lésr‘]%ﬁgrﬁmw%sﬁﬁd-r iFEegxFebim 4oFohhfrePieng 10
poi nt gel g t o self-ligated
and used to ?aﬁé?g?%ﬁﬁ %ﬁ&pﬁ' e@% Ftoliﬁcoar}tp-eq}%n&li agg%(ejrllggé%%@w trogen/ LTl)
resul ting harp®ELAdSS. PhXs Ecbddrly Figuse ti@)r. LAl yDRAs desedeflord35-
Lransfectipn uere, digested, as. 12,0l catgd don Table feaneal-hpactjvated at
10 orf6 gene product is expressed from the Ad35 backbone.



used without further treatnment in the transfection. PER C6 cells were
seeded the day prior to transfection in T25 flasks at a density of

3x10( err)woalslisd4s6t ask and transfected as indicated in Talpca/EPos/siing

Li pof ect Amine (I nvitrogen/LTI) 20 according to manufacturers instructions,
except that the transfection mxture in serumfree DVEM nedi um (G bco/ BRL)
was replaced for PER C6 culture nmedium (DMEM 10% FBS and 10 mM Myd (err))
after 5 h. The day after, transfection ghficiency was estimated at 50% by
fluorescence m croscopy. Two days 25 Iater cells were trypsinized and
reseeded in T80 flasks and further |ncubated at 37C/ 10%CO(err). Six days
foll owm ng Tebaasiecbiomenl sequédtares showed full cytopathogenic effect
(CPE, indicative for virus propagation) except for the PER C6 culture
transfected with Ad35. AdApt. eGFP + pWE. Ad35. pl X-rI TR. 30 One day |l ater,
cells and nedk um i n {-hecddrasksTwiAThT GRETEEecTrany estEedrrana: 1subj ected to
two freezekfflaw cycles CG&AA%HT'AQPT AE&@%IM@JA!AA%QM;&GUM C@%Bé rripf H&%?' on (10
mn at 1500 rp and WO 0 67 PCT/EP03/50125 38 100 (err)l of these
crude | sa?@%s ? u%eGTgﬁ“FE“?ﬁggﬁﬁmpféshSE@Eﬁ’&% dells at 85% confl uency
in T80 fl ask®-1The i'r-ansicactACONC@RTAGIS, AdAptIe @)+ pWE. Ad35. pl X-r1 TR

that did Bpfr show Ssl, ge&&%%w&&m@ww@@&m tqmsnmw@aet)l on and 5 al so
treated as abhove. PER. C6 cel |l s al

fl asks shan%Ffun E%ﬁ%ﬁ%@%?@ %%GTéﬁ%TTGFﬁ%ﬁTGsﬁomSHQ nSé $i'ghs of CPE at
the time oBSIHRtI al 5 harVESEAGHGCAHALSICAL BRICEGAGShGIWS (SERaD Fedy El - del et ed
Ad35- basedsyithuses ganchariadeconcRERatbrcel | ssrphenot ie Ad5S E4 10 orf6

gene produgt Is expressed LLoILNRAU3D hagkbong. o 10 03/ 104467

E4-R2 5’ ~GGGGAGAAAGGACTGTGTATTCTGTCAAATGG -3’ (SEQ ID NO:10)
E4-F3 5" -TTTGACAGAATACACAGTCCTTTCTCCCCGGCTGG - 37 (SEQ ID NO:11)
E4-R4 5" -ACARAAATACGAGAATGACTACGTCCGGCGTTCC - 37 (SEQ ID NO:12)
15 E4-F5 5" -GGACGTAGTCATTCTCGTATTTTGTATAGC -3’ (SEQ ID NO:13)
E4-R6 5’ -TCACCRACACAGTGGGGG-3" (SEQ ID NO:14)
NF-1 5" -CCACAACCCCCACTACTCCC -3’ (SEQ ID NO:15)
NR-2 5/ -CGTCTCTTCCCTCTCCTCICC -3’ (SEQ ID NO:16)
NcoI-R 5" -AGGATCATCCGCTGCTGCCC -37 (SEQ ID NO:17)
20 NcoI-F 5" -CATCAGGATAGGGCGGTGG -3’7 (SEQ ID NO:18)
35E3for 5/ -AATGACTAATGCAGGTGCGC -3/ (SEQ 1ID NO:19)

35E3rev 5" -CGACGCGTTGTAGTCGTTGAGCTTCTAG -3’ (SEQ ID NO:20)



Table 1. Prinmer sequences. 35FR 5' - CGGGATCCACTTTATTTTAGITGICGICTTC- 3' ( SEQ
ID NO 1) 35R4 5' - CGGAATTCTTAATTAAGGGAAATGCAAATCTGTGAGG 3' (SEQID NO2) 5
35psi - Forwb' 03EHEETATTTATGECAGGSGTG 3" (SEQ | D NO 3) DF35- 1 PET/EP03/50125

- CACTCACCACCTCCAATTOC -3' (SEQ I D NO 4) 5E4F

5' - CGGGATCCGITTGIGITATGITTCAACGTIG -3' (SEQ ID NO. 5) 5E4R 5

- GCTCGCOAGCTCGGCGGACTAACTTGTATGIG -3' (SEQ ID NO 6) 3551 TR

5' - GATCCGGAGCTCACAACGTCATTTTCCCACG 3' (25Q ID NO7) 10 3531 TR

5' - AGGAATTCGCGGCCCCATTTAAATC-3' (SEQ D NGO 8) E4-F1 5' - AGAGGAACACATTCCCCC 3!
(SEQ I D NO 9) E4-R2 5' - GGGGAGAAAGGACTGTGTATTCTGICAAATGG 3" (SEQ I D NGO 10)
E4 F3 5'- TT$Eﬁéﬁ@%ﬁmAéﬁ(ﬁtﬂfﬁﬂﬁﬁfﬂqxxxl%mﬂﬂm; QQndﬁQE@ohDENGﬂil¢teE4-FM

SRR LRI i He

5' TCACCAA@A@A@T@@CIE@d3ptéBE@>rhﬁﬂ\@ﬂs4)wd% hl@%@@ﬂ%&@ﬁ(ﬁ@@éﬂACTCCC 3'

SEQ I D NO 15 2 _5' - CGICTCTTCCCTCTCCTCT, SE Ncol -
E:,- AGGATCA?@é)Gé?ggr BEACECQRY (6 T NG oy ) & % N@&I( == E@%%AC%ATA c

-3 (SEQ I Roliri8) pBEBEOE ¢ Sco AMTERETANEFAESHEEEeT3 w1 EBERAED Mt 19)
35E3rev 5' - CGACCCGITGTAGTCGTTGAGCTTCTAG 3' (SEQ I D NG 20) WO 03/ 104467
PCT/ EP03/ 500353 - 40 Table 2. List of constructs used to generation

El -del eted Ad35 based viruses on PER C6 cells as described in the

exanpl es. Adapter constructs were digested with Pacl, pWE Ad35. pl X- ECORV
was digested with Notl and EcoRV, E4 5 nodified pBr-based constructs were

di gested with Pacl and Notl No.—Constructs CPE 1 nAdAnt 35 g_g:P

SCE R PR
pVE. Ad35. pl X- ECORV pBr. Ad35. PR5

1 pPAdApt35.eGFP | pRWE.Ad35.pIX -EcoORV pBr .Ad35.PR5E4 Yes

2 PAdRpt35.eGFP | pWE.Ad35.pIX -EcoRV pBr.Ad35.PR50rf6 Yes

3 pAdApt35.eGFP | pWE.Ad35.pIX -EcoRV pBr.Ad35.AE3PR5E4 Yes

4 pAdApt35.eGFP | pWE.Ad35.pIX-EcoRV pBr.Ad35. AE3.PR50rfé Yes

] pAdApt35.eGFP PWE.Ad35.pIX-rITRxNotI No

6 pAdApLS5.eGFP PWE.Ad5.Af1II -rITRxPacl Tes

10



2 pAdApt 35. eGFP pWE. Ad35_pl X- ECORV pBr. Ad35. PR50rf6 Yes 3 pAdApt 35. eGFP
pVE. Ad35. pl X- ECORV pBr. Ad35. AESPR5E4 Yes 4 pAdApt 35. eCFP

pVE. Ad35. wbhX3EeaRv pBr. Ad35. AE3. PR50rf6 Yes 5 pAdApt 35. e BER/EP03/50125

PVE. Ad35. pl X-rI TRXNot1 No 6 pAdApt5.eGFP pVWE. Ad5. Af 1l 1 -rl TRxPacl Yes 10
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protein. Nature 357:82-85. WD 03/104467 PCT/ EP03/50125 43 Clains 1. A
reconbi nant adenovi rus vector conprising structural and non-structural

el ement s wbh ianoadenovi rus of a first serotype, wherein sacd/mres/saesfurt her
conprises a sequence encoding a 5 functional E4-orf6 protein, or a
functional part, derivative and/or anal ogue thereof, wherein said sequence
is selected fromthe group consisting of: 1. an E4-orf6 encodi ng sequence
derived froman adenovirus of a secondygerotype different fromsaid 10
first serotype; 2. an E4-orf6 encoding sequence derived froman adenovirus
of said first serotype conprising a deletion, nutation, addition and/or
substitution in one or nore codons; and 15 3. an E4-orf6 encodi ng sequence
conprising a fusion between a part ogaan E4-orf 6 encodi ng sequence

derived froma second serotype differ omsaid first serotype and a
part of an E4-orf6 encoding sequence derived froma third serotype,
wherein said 20 third serotype nay be identical to-, or different from
said first serotype. 2. A reconbi nant adenovirus vector according to claim

1, . wherein saidddifisin56" %‘d)éﬂ%v@@gsséégtéﬁce&q???éPﬁ@'ps?tﬁfcﬁzﬁﬂaqmar@
di fferent adenovirus subgroups. 3. A reconbinant adenovirus vector

accor di ng rencharkrturaptetenentsnicf 3 sideferdmyse oifs af fémsa SEBGEBRP- ot her

L oy SHiRe £ 05 INELEL. SAL AR QARG SERHERCE L a R, OF 104467

5 functicnal E4-orf6 protein, or a functional part, derivative
and/or analogue thereof, wherein saild sequence is selected
from the group consisting of:

1. an E4-orfé encoding sequence derived from an
adenovirus of & second serotype different from said

10 first serotype;

2. an Ed-orfé encoding sequence derived from an
adenovirus of said first serotype comprising a
deletion, mutation, addition and/or substitution in
one or more codons; and

15 3. an Ed-orf6 encoding sequence comprising a fusion
between a part of an E4-orf6 encoding sequence
derived from a second serotype different from said
first serotype and a part of an E4-orfé encoding
sequence derived from a third serotype, wherein said

20 third serotype may be identical to-, or different

from said first serotype.

2. A recombinant adenovirus vector according to claim 1,
wherein said first serotype and said second serotype are from

2b different adenovirus subgroups.

3. A recombinant adenovirus vector according to claim 1,
wherein said first serotype 1s from a subgroup other than

subgroup C and wherein said E4-orf6é encoding sequence is



44 derived from an adenovirus serotype of subgroup C. 4. A reconbi nant
adenovirus according to claim1, wherein said first serotype is from
subgr oup Boandosai d second 5 serotype is from subgroup C PEI/EROS/sSmFDI nant
adenovirus vector according to claim1, wherein said E4-orf6 encoding
sequence is derived from adenovirus serotype 5. 10 6. A reconbi nant
adenovirus vector according to any one of <clains 1 to 5 wherein said
first serotype is selected from the grgup consisting of adenovirus
serotypes 11, 14, 16, 21, 34, 35 and 50. 15 7. A reconbi nant adenovirus
vector according to any one of clains 1 to 6, further conprising a
sequence edeodiagd &rownan aslédnowimals prateivipe pdl speptriode O6r peptide. 20 8.
A reconbi nant adenovirus vector according to claim7, wherein said

non- adenovi ral protein, polypeptide or peptide is selected fromthe group
consi sting40fz #eagldindeat Rdehadtielagapobyens i €e, caimnt | gendeidet er m nant
of a pathogenic organism a tunor specific antigen, a viral 25 protein, a
hor none anéaédc§ﬁ6R€n%@r@ﬁyﬂﬁr&ﬁfﬁﬁPW(ﬁu%W%ﬂﬁb@n@ng séd6nBPARAAE adenovi r us

vect or 5coggg5§¥ﬁg SErHELHT @lpgnsihan- structural el ements of an adenovirus
of a first serotype, said nethod conprising the 30 steps of: a. providing

a conpl enenting cell harbouring an E1B-55K encodi ng sequence, or a

functi onal 5pay L. Slghi:vative M0 034104467, PETLEPORA 50125, dBiim 1,

wherein said Ed-orf6 encoding sequence 1s derived from

adenovirus serotype 5.

10
6. A recombinant adenovirus vector according to any one of
claims 1 to 5, wherein said first serotype is selected from
the group consisting of adenovirus sercotypes 11, 14, 16, 21,
34, 35 and 50.

15

7. A recombinant adenovirus vector according to any one of
claims 1 to 6, further comprising a seguence encoding a non-

adenoviral protein, polypeptide or peptide.

20 8. A recombinant adenovirus vector according to claim 7,
wherein said non-adenoviral protein, polypeptide or peptide
is selected from the group consisting of: a cell-death
inducing polypeptide, an antigenic determinant of a
pathogenic organism, a tumor specific antigen, a viral

25 protein, a hormone and a cytokine.

9. A method for producing a‘recombinant adencovirus vector
comprising structural and non-structural elements of an
adenovirus of a first serotype, sald method comprising the
30 steps of:
a. providing a complementing cell harbouring an E1B-55K

encoding sequence, or a functional part, derivative



and/ or anal ogue thereof, derived froman adenovirus of a second serotype
in expressible form with the necessary elenents of an adenovirus such as
to all ow wassamaby of said reconbi nant adenovirus vector WPCTEPSEE@?25

conpl ementing cell, wherein said elenents conprise at |east sone
structural and non-structural elenents froman adenovirus of said first
serotype different fromsaid second serotype and a sequence encoding a
functional E4-orf6 protein, or a 10 funggional part, derivative and/or

anal ogue thereof, which is conpatible with said expressible ELB-55K
protein in said conplenenting cell; b. culturing said conplenenting cell in
a medi um under cosmaitdonsnAldos rdpefrer fpr ddudtrednfaod assadbhyvofus 15 t he

adenovi rus vector to take place; and c.. harvesting.the reconbj nant
adenovi rus vector 9 ap?%ﬂﬁggéx?F5ﬁ¥Fhé“nﬁﬁ?ﬁﬁﬁiﬁg}ﬁr§Pﬁ@’c% Weﬂ@%ting
cell, wherein the segtence, eNce@dintg bife agorpRhbbleuE4s@eh Bapros eini o is

present in the reconbi nant adenovirus vector so produced. 10. A nethod
accordi ng to cl ai i3SeNher 2t SHIY TAFPEG 28k HPAGY sEGBe2e S R¥l ect ed

fromthg group con§£§&i£@h§ﬁémeﬂgid§1d@@igrmgeggggdgggdsgggﬁgggsderived from
an 25 adenovirus of said second serotype; 2. an E4-orf6 encodi ng sequence

derived froman atenevisustofleasthisoies etaugperdlf fedenen s oivsaidrl fir st
and second ser oLYDE oy AL FRPILS Sisdng Seueges derived froman 20
addi ti on and/ or subsfi4rgnonfdam sene croonoe seedomse and a sequence
encoding a functional E4-orf6é protein, or a
10 functional part, derivative and/or analogue thereof,
which is compatible with said expressible E1B-55K
protein in said complementing cell;
b. culturing said complementing cell in a medium under
conditions allowing for production and assembly of
15 the adenovirus vector to take place; and
C. harvesting the recombinant adenovirus vector so
produced from the medium and/or the complementing
cell,
wherein the sequence encoding the compatible E4d4-orf6 protein

20  is present in the recombinant adenovirus vectecr so produced.

10. A method according to claim 9, wherein said Ed-orfo

encoding segquence 1s selected from the group consisting of:

1. an E4-orf6 encoding sequence derived from an
25 adenovirus of said second serotype;
2. an Ed4-orf6 encoding sequence derived from an

adenovirus of a third serotype different from said
first and second serotype;
3. an E4-orf6 encoding sequence derived from an
30 adenovirus of said first serotype comprising a
deletion, mutation, addition and/oxr substitution in

one or more codons; and



WO 03/ 104467 PCT/ EPO3/50125 46 4. an E4-orf6 encodi ng sequence conpri sing
a fusion between a part of an E4-orf6 encodi ng sequence derived froma
third serwoypaosmd a part of an E4- orf6 encodi ng sequencecd@ros/ed2s r om an
adenovirus of 5 said second serotype, wherein said third serotype may be
identical to-, or different fromsaid first serotype. 11. A nethod
according to any one of clains 9 or 10, wherein 10 said first and said
second serotype are fromdifferent subggoups. 12. A nethod according to
any one of clainms 9 to 11, wherein said second serotype is an adenovirus
serotype of subgroup C. 15 13. A nethod according to claim 12, wherein
sai d second 4ser ot ypeE4 -sonfte rendadis s erotugpeeb cobdriAingt dofduaceor ding to
any one of claims 9 to 13, Whereir}:n 20 %qid %irst aerotége i s _an adenovirus
serotype of subgroup e 1% PR nthSd ECcSFdinG FEYerdi P14 Gher ei n sai d
first serotype isdselesd efhdnt cmdHie grseuprepaskhati Agpeft adenoviLaus
serotypes 11, 14, 16, 21, 34, 35 and 50. 25 16. A nethod according to any
one of clains 9 toCib SHRAGIH SAYEEFBISTRVEAC 68PTig2 R etiticet Fi&S of

integraged into thg,genose,nPfssald eomirerent _gigekhi rd0sd/ot fodehhpd
according to any one of clains 9 to 16, wherein said conplenenting cell is
derived from a prib@ridentiital dohurteh ddiflerest arphogahdt Htrelel | t hereof .
WD 03/ 104467 PCT/EgQgé@g&g§ 47

11. A method according to any one of claims 9 or 10, wherein
10 said first and szid second serotype are from different

subgroups.

12. A method according to any one of claims 2 to 11, wherein

said second serotype is an adenovirus serotype of subgroup C.
15

13. A method according to claim 12, wherein said second

serotype 1s adenovirus serotype 5.

14. A method according to any one of claims 9 to 13, wherein

20 said first serotype is an adenovirus serotype of subgroup B.

15. A method according to claim 14, wherein said first
serotype is selected from the group consisting of adenovirus
serotypes 11, 14, 16, 21, 34, 35 and 50.

25
16. A method according to any one of claims 9 to 15, wherein
said E1B-55K encoding sequence is integrated intc the genome

of said complementing cell.

30 17. A method according to any one of claims 9 to 16, wherein
salid complementing cell is derived from a primary, diploid

human cell, or a progenitor cell thereof.



18. A nethod according to any one of clains 9 to 17, wherein said
conplenenting cell is derived froma primary human retinoblast cell, a

pri mary hwoea/1esbT yoni c kidney cell, a 5 prinmary hunman ne®caor3/saki or a
primary human amiocyte. 19. A nethod according to any one of clains 9 to
18, wherein said conplenenting cell conprises, integrated into its

genone, a nucleic acid encoding at | east one adenovirus E1A 10 protein.

20. A nethod according to claim19, whepein said nucleic acid encoding at

| east one adenovirus E1lA protein is derived from an adenovirus serotype of
a subgroup different than subgroup 15 B. 21. A nethod according to claim
19, wherein said nucleic acid encoding at |east one adenovirus ElA protein

is derived ro a enovir rotype of s I.Qu )

according t gér Wher ##P%gid%ﬁiNQQe © c%dal%ﬁcgd% g;t eas?l%ne
adenovi rus sgiA pbmpeemehsld@r¢emﬂifgwmnruy@dad&@@varpslﬁetptypeaﬁ 25 23. A
nmet hod accordingeio any one of clains 9 to 22, wherein, said E4-orf6

encodi ng s&§héRERIand %‘“aa}rd F R 551 Th dBtiany e“@éé(l?élﬁ{?ekéfiﬁede?? td #rom

different adenayirHsmser QLYRSSa ANl WRGY €] b 1Sidd dithfeheBknadepeyirus
serotypes are nenbers of the sane adenovirus subgroup. 30 24. A nethod

accordi ng to any one of claims 9 to 22, wherein said E4-orf6 encoding

sequence and sal e F3855K. encadi ng, Y00 104467 BCHLER03,50425, 48, sequence

are derive from &rent adenovi T us serotypes a wherein said ferent
adenovi r us ssérdotypepscmeet boy hceehbergrises, integrated into its !

gencme, a nucleic acid encoding at least one adenovirus ElA

10 protein.

20. A method according to claim 19, wherein said nucleic acid
encoding at least one adenovirus ElA protein is derived from
an adenovirus serotype of a subgroup different than subgroup

15 B.

21. A method according to claim 19, wherein said nucleic acid
encoding at least one adenovirus ElA protein is derived from
an adenovirus serotype of subgroup C.

20
22. A method according to claim 20, wherein said nucleic acid
encoding at least one adenovirus ElA protein is derived from

an adenovirus serotype 5.

25 23. A method according to any one of claims 9 to 22, wherein
sald Ed4-orf6 encoding sequence and said EL1B-55K encoding
sequence are derived from different adenovirus serotypes and
wherein said different adenovirus serotypes are members of
the same adenovirus subgroup.

30
24. A method according to any one of claims 9 to 22, wherein

said Ed4-orf6 encoding sequence and said E1B-55K encoding




of subgroup C. 5 25. A nethod according to any one of clains 9 to 22,
wherein said E4-orf6 encodi ng sequence and sai d E1B-55K encodi nhg sequence
are deri vwd Briosmt he same adenovi rus serotype. 26. A net hedTarPoss@dRfg to
claim 25, wherein said E4-orf6 10 encodi ng sequence and said E1B-55K
encodi ng sequence are derived from adenovirus serotype 5. 27. A nethod
according to claim9, wherein said conplenenting cell is a PER C6 cell or
a derivative thereof. 15 28. A pharmaceygical conposition conprising a
reconbi nant adenoviral vector according to any one of clainms 1 to 8 or
obt ai nabl e by a nethod according to any one of clains 9 to 27. 20 29. A
met hod of tegathbg aréuaaﬂib@ﬂyfrmmqmiEﬁqnpnﬁﬂhﬂ@ﬂd@ﬁembngetotgphsnandbody a
reconbi nant . adenovi ral. vector rdin, one of clgi 1to 8, or a
phar maceut FRRFSBofpodi i oh-Htor A T s SCs8Pe55256, DALR B=BP=phr t s
conpri si ngyrakuBgeenpl enenting cell for produ0|ng a reconbi nant adenovirus
vector conprising structural and non- structural elenents of an adenovirus
of a first 30 serotype, said cell harbouring an E1B-55K encoding sequence,
or a fugcthgnah HéEBodd%&%/P&irYge andlor MR Q¥ 194467 BC%EEQB/ 9H423; 49
anal ogue théreof, derived froman adenovirus of a second serotype in

expr essi bl eafigr At —andobynondome rqumree raap iscaldl &LlBudPE&i engefdngect ors al |

sequence are derived from the same adenovirus serotype.

26. A method according to claim 25, wherein said E4-orfé6
10 encoding sequence and said E1B-55K encoding sequence are

derived from adenovirus serotype 5.

27. A method according to claim 9, wherein said complementing

cell is a PER.C6 cell or a derivative thereof.

15
28. A pharmaceutical compositicn comprising a recombinant
adenoviral vector according to any one of claims 1 to 8 or
obtainable by a method according to any one of claims 9 to
27.

20
29. A method of treating a human body comprising
administering to a human body a recombinant adenoviral vector
according to any one of claims 1 to 8, or a pharmaceutical
composition according to claim 28.

25
30. A kit of parts comprising:

a) a complementing cell for producing a recombinant
adenovirus vector comprising structural and non-
structural elements of an adenovirus of a first

30 serotype, said cell harbouring an E1B-55K encoding

sequence, or a functional part, derivative and/or



necessary adenoviral elements such as to allow 5 assenbly of said

reconbi nant adenovirus vector by said conplenenting cell, wherein said

el ement s woaspodi4s® at | east some structural and non-structamaPos/ediesent s
froman adenovirus of said first serotype different fromsaid second
serotype and a sequence 10 encoding a functional E4-orf6 protein, or a
functional part, derivative and/or anal ogue thereof, which is conpatible
with said expressible ELB-55K protein jj§ said conplenenting cell. 15 31. A
kit of parts according to claim 30, wherein said E4- orf6 encodi ng sequence
is selected fromthe group consisting of: 1. an E4-orf6 encodi ng sequence
derived from an ademovogws tlofresdi,d dsgcord Sepot ypepd20cliran &d-arf 6
encodi ng sequence derived from an ,adenovirus. .of a third serotype different
fromsaid first anﬁ?c%%fdﬂﬁ“§€ﬁﬁifﬂbf%?reiﬁlﬁ&?oFPémen88aing sequence
derived from ap)adenoyh& usr mbrsatabifiidastl cSenetiype cefpri-stbgre geletion,
mutation, 25 addition and/or substitution in one or nore codons; and 4.
an E4-orf6 encodi ngtSRIRANE S IGHPHSinG L8 La$PoRUEBt A8ehCa? PPt of an

E4-or f 65encodi ng segquence, dsf | ¥edi fJMA nkhicr daSgE0t ¥RE aB88:-&r Pyt of an
E4-orf6 encoding sequence derived from an adenovirus of said second 30

serotype, wherein Sa@d ermpleriiongpectdy bdergént seal etemeney different
fromsaid first Seé&ﬁﬁ%%%e at least some structural and non-structural

elements from an adenovirus of said first serotype
different from said second serotype and a sequence
10 encoding a functional E4-orf6 protein, or a
functional part, derivative and/or analogue thereof,
which i1s compatible with said expressible E1B-55K

protein in said complementing cell.

15 31. A kit of parts according to claim 30, wherein said E4-

orfé encoding sequence 1is selected from the group consisting §

of:
1. an Ed-orf6 encoding sequence derived from an adenovirus
of said second serotype;
20 2. an Ed-orf6 encoding sequence derived from an adenovirus i

of a third serotype different from said first and |
second serotype;
3. an Ed-orf6 encoding sequence derived from an adenovirus
of said first serotype comprising a deletion, mutation,
25 addition and/or substitution in one or more codons; and
4. an Ed-orf6 encoding sequence comprising a fusion
between a part of an E4-orfé encoding sequence derived
from a third serotype and a part of an Ed4-orfbt encoding
sequence derived from an adenovirus of said second ‘
30 serotype, wherein said third serotype may be identical

to-, or different from said first serotype.



