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that are subdivided into 6 subgroups based on hemagglutination
properties and seguence homology (Francki et al., 1991). The
genome has a length of 34 to 36 kb and is flanked on both
sites by inverted terminal repeat sequences (ITR). The virus
infectious cycle is divided into an early and a late phase. In
the early phase (6-8 hours after infection) the virus is
uncoated and the genome transported to the nucleus after which
the early gene regions El-E4 become transcriptionally active.
The early region-1 (E1) contains two transcription regions
named BElA and EIB. The ElA region encodes two major proteins
that are involved in modification of the host cell cycle and
activation of the other viral transcription regions (reviewed
by Russell, 2000). The E1B region encocdes two major proteins,
19K and 55K, that prevent, via different routes, the induction
of apoptosis resulting from the activity of the ElA proteins
(Rao et al.,1992; Yew and Berk, 1992; reviewed in Shenk,
1996) . In addition, the EI1B-55K protein is required in the
late phase for selective viral mRNA transport and inhibition
of host protein expression (Pilder et al., 1986). Early
region-2 (E2) is also divided in an E2A and E2B region that

together encode three proteins, DNA binding protein, viral



2 polynerase and pre-termnal protein, all involved in replication of the
viral genone (reviewed by van der Mliet, 1995). The E3 region is not
necessar ywioozoo4/eéqabs2cati on in vitro but encodes several RUTOERE008205D12EL
subvert the host defence nmechanismtowards viral infection (reviewed by
Horwi tz, 2001). The E4 region encodes a} |east 6 proteins involved in
several distinct functions related to-viral nRNA splicing and transport,
host cel] nRNA transport, viral and cellular transcription and
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| ocated at the left end of the genonme (Grable and Hearing, 1 in
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and MLP (Lutz et al., 1997). Due to the extensive know edge of the viral
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capsids and packaging of viral genomes, are all generated from
the major late transcription unit (MLTU) that becomes fully
active after the 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 early proteins E1B 55K and E4 Orf 3 and Orf§ play a
pivotal role in the regulation of late viral mRNA processing
and transport from the nucleus (reviewed in Leppard, 1998).

Packaging of newly formed viral genomes in pre-formed
capsids is mediated by at least two adenoviral proteins, the
late protein 52/55K and an intermediate protein IVa2, through
interaction with the packaging sequence located at the left
end of the genome (Grable and Hearing, 1990; Gustin and
Imperiale, 1998; Zang et al., 2001). A second intermediate
protein, pIX, is part of the capsid and is known to stabilize
the hexon-hexon interactions (Furcinitti et al., 1989). In
addition, pIX has been described to transactivate TATA
containing promoters like the EI1A Promoter and MLP (Lutz et
al., 1997).
Due to the extensive knowledge of the viral biology and

the high efficiency of nuclear delivery after entry into



WO 2004/ 001032 PCT/ EP2003/ 050126 3 cells, adenoviruses have become popul ar
tools for gene delivery into human cells. In addition, adenoviral vectors
are stabw® mndomes2r be produced rel atively easy at | ar geecaue#2e03/d5m126 most
cases vectors are deleted for at |east the El region, which renders them
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(GhosheXChoutlBuby ,et9ldl . (FABBAx EH 1S, nb8bal)i kelg BRRsedTHy (el aeduced
stability ff pl X- g"plx-ninus") virions., The deficiency in plX-mnus
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nore useful as a therapeutic or
recombination between adenovirus sequences in the cell line
and the vector. Thus, PER.C6™ cells and matched adenoviral-
vectors provide a preferred system for the production of gfoup
C adenoviral vectors (Fallaux et al., 1998). The deletion of
E1l sequences provides space for the introduction of foreign
genes in the viral vector. Since the maximum size of Ad5
genomes that can be incorporated into virions is limited to
about 105% of the wt length, El-deleted viruses can
accommodate approximately 4.8 kb of foreign DNA (Bett et al.,
1993).

The maximum packaging capacity in virions that lack pIX is
reduced to approximately 95% of the normal genome length
(Ghosh-Choudhury et al., 1987). This is most likely caused by
the reduced stability of pIX- (“pIX-minus”) wvirions. The
deficiency in pIX-minus mutant Ad5 can be complemented by
episomal expression of pIX in a packaging cell line used for
producing viruses (Caravokyri et al., 1995).

Although the serotypes Ad5 and AdZ2 are most commonly used
as gene transfer vectors, other serotypes may have preferred
characteristics that make them more useful as a therapeutic or

prophylactic tool. Subgroup B viruses Ad35 and Adll for



prophylactic tool. Subgroup B viruses Ad35 and Adll for WD 2004/001032

PCT/ EP2003/ 050126 4 exanple are nuch | ess prone to neutralisation by human
sera thawoAmb4/emno32Ad2 viruses (disclosed in WO 00/ 7007 IPCT/ERdeqsiasai2ssat i on
of adenoviral transfer vectors dimnishes transduction efficiency in vivo.
Furthernore, the infection efficiency gf antigen presenting cells, like
dendritic cells, by reconbinant viruses carrying the fiber of Ad35 was
found to be greatly enhanced in vitro conpared to Ad5 viruses (WO
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Generation and propagation of fully El-deleted Ad35-based
vectors 1s possible using technology discussed below. However,
careful analysis of a wvariety of recombinant Ad35-based
vectors has revealed that such vectors are less stable, i.e.
can contain less foreign DNA compared to the AdS5-based
vectors. In the current patent application means and methods
are presented to overcome this problem.

In addition, there is a need to further develop the
presently available technology for adenoviruses that have
broader serotype utility. Existing packaging cell lines
typically comprises El encoded proteins derived from
adenovirus serotype 5. Examples of such ‘standard’ packaging
cell lines are 293, 911 and PER.C6™. Attempts to produce
vectors derived from other serotypes on these standard
packaging cell lines have proven arduous if not unsuccessful.
Occasionally, some production is seen, depending on the
particular serotype used. However, the yields of recombinant
adenovirus vectors derived from adenovirus subgroups other
than subgroup C, produced on cell lines transformed and
immortalized by El from Ad5, is poor. In a paper by Abrahamsen

et al. (1997), improved plaque purification of an ElA-deleted



immortalized by El fromAd5, is poor. In a paper by Abrahansen et al.
(1997), inproved plaque purification of an E1A-del eted WD 2004/ 001032

PCT/ EP2008/00B04/@430325 adenovirus serotype 7 vector (subgrraapem)oeEsizebser ved
on 293 cells conprising E4-orf6 derived from adenovirus serotype 5, as
conpared to 293 cells lacking the E4-orf6 sequence from Ads. However, a
probl em was encountered wth the stabiﬁ%ty of the vector as unexpected
reconbi nati ons were observed in plaque-purified stocks. An additional
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serotype as subgroup B viruses, proven to be

di ffi emhte Brer AdBoeonpl eyens tabe CplrlosiudAsi hrasobeearlediosclasesks by tt s not
applicants in WO 00/ 70071, reconbinant viruses based on subgroup B virus
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proteins of Ad5 are able to conplenent the Ad35-ElA functions (applicant's

appl i datiean-AAM:021 46663 he Myerowmer oft Hehe complementing/packaging cell
line. Such cells have been described in the art (e.g. WO
96/22378) . A disadvantage of that system is the fact that new
stable cell lines have to be generated, and numerous selection
rounds have to 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 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
applicants in WO 00/70071, recombinant viruses based on
subgroup B virus Ad35 can be made by co-transfection of an
expression construct containing the Ad35 early region-1
sequences (Ad35-El). Furthermore, Ad35-based viruses that are
deleted only for ELA sequences and not for E1B were shown to
replicate efficiently on PER.C6 cells, suggesting that the ElA
proteins of Ad5 are able to complement the Ad35-E1A functions
(applicant’s application WO 02/40665). Moreover, the
experiments show that lack of Ad35-E1B results in poor yields
on Ad5 complementing cells. WO 00/70071 also discloses cell

lines for the production of El-deleted non-group C adenoviral



experinments show that |ack of Ad35-E1B results in poor yields on Ad5

conpl enenting cells. WO 00/ 70071 al so discloses cell lines for the
pr oduct i owoofoo&bo1ael et ed non-group C adenoviral WO 2004/MaQ1K¥2803/050126
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capabl e of conpl enenti ng adenovirus seéotype 5. WD 00/ 70071 further
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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 methods known in the art.

It is concluded that there still exists a need for a
production system to produce useful yields of adenovirus
serotypes that are different from the serotypes of subgroup C.
Furthermore, there is still a need for suitable packaging
systems comprising convenient packaging cells and recombinant

subgroup B adenoviruses that are stable and can be propagated

on such packaging cells.

DESCRIPTION OF THE FIGURES

Fig. 1. Map of pWE.Ad35.pIX-rITRAE3

Fig. 2. Gel analysis of PCR fragments generated on Ad35 El-
deleted viruses with and without the E3 region. Pl = plasmid
control; M = marker: 1 kb plus ladder (Invitrogen); mQ = H20.

Indicated genome lenghts are in kb.



WD 2004/ 001032 PCT/ EP2003/ 050126 7 Fig. 3A. Sequence alignnents of the
proxi mal pl X upstream sequence regions of various adenoviruses generated
wi th MEQala moy/eabi2war e (DNAstar) using Custal method. PEIUER2€030050126
sequences are indicated™n the text. The Spl site and TATA-box in Ad5 and
Ad2 (as in Babiss and Vales, 1991) are boxed. Fig. 3B. Schematic conparison
of putative Spl- and TATA-boxes in prloxi mal plX regions from sequences
given in 3A. Fig. 4. Map of pAdApt535.Luc Fig. 5. Map of pAdApt535 Fig.

6A. CGel anglysi PER fir4 gereraied, pox DNAL st aieet Feam
AdSSE/%ﬁApt. 'ucég ggﬁggga&dl t5§%§fu§%\e/iﬁsg% o}r< genglg%edpon | asm d
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preparation or plasmd control is analysed with t speci fic_PCR
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Ad35. AdApt . LacZ(err).E3,.(35LacZ) angd A d 3 act £835haadp
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pBr. Ad35, :5M AdARL L acsk FH 9. B8piseherrad i ¢alepy ed@mtigt iane obokkel .put ati ve
promoters in the ELB prompter and 55K coding region. Fig. 9. Schematic
r epr @sent abB onSehettee: restoipticosog (B PAtAEhESSSR red b TAIL OMFHR used

to generate distinct fragnments_ for identificaé%ggiofiﬁzgggative pr onot er .
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WD 2004/ 001032 PCT/ EP2003/ 050126 8 Fig. 10. Sequence alignnent of the
regi on between the polyA signals of the E1A region and of the ELB/ pl X
regigndn 1hreep df feaenprsebgroup B serotypes. Fig. 11. Schematic
representation of plasmd pAMI. O f6. Hygro (ECACC deposit no. P02041226).

Fig. 5. Map of pAdApt535

Fig. 6A. Gel analysis of PCR fragments generated on DNA
isolated from Ad35.AdApt.Luc and Ad35.AdAptS535.Luc viruses or
generated on plasmid controls. M = Marker (1 kb plus ladder,
Invitrogen) . Each virus preparation or plasmid control 1is
analysed with two specific PCR amplifications.

Fig. 6B. Gel analysis of PCR fragments generated on
Ad35.AdApt.LacZAE3 (35LacZ) and Ad35.AdApt535.LacZAE3

(535LacZ) viruses or generated on plasmid controls.

Fig. 7. Map of pBr.Ad35.AsSM.AdApt.Lacz

Fig. 8. Schematic representation of the putative promoters in

the E1B promoter and 55K coding region.

Fig. 9. Schematic representation of the restriction sites in
the 55K region that can be used to generate distinct fragments
for identification of a putative promoter. Numbering of the

sites is according to their position in wild type Ad35.



Fig. 12. Schematic representation of plasm d pAd35. AMI.Of6. Fig. 13.
Schematic representation of pUC 35-5E4. Fig. 14. Cloning steps leading to
pUC. 35- 5EW0 fongoo1d®. Schematic representati on of pBr. Ad3FCTARRIOIHAISYI2616.
Schematic representation of pBr.Ad35. PRGE4 (ECACC deposit no. P02041229).
Fig. 17. Schematic representation of pWE Ad35.pl X-rI TR5E4. Fig. 18.
Schemati c representation of pCRscriptAﬁp.NFI-NcolR. Fig. 19. Schematic
representation of pCRscript Amp. Ncol F-NR2.  Fig. 20. Schematic

repr %S'f‘%? af hon g ANFL : NRAmelitd. 0 21t hél irgoyieni hetween Edecorddlyh Ads
(upper sequence) "with E4-orf6 from Ad5 cloned into the Ad35 backbone

(i dd egnsegquericharl A heesdds ELdrés sbgudddy {Ibwerddegudit TS howi ng
that the entire fragnent has been replaced. WO 2004/ 001032
PCT/Eb?@@%¥@9@£ﬁ?biﬁ¢$@.BZ???Q%%Rﬁgnt bet ween E4-orf6/7 of Ad5 (upper

sequence) wth the part of Ad5 E4-orf6/7 cloned into the Ad35 backbone
(m ddl e sequence) and the Ad35 E4-orf6/7 sequence (|l ower sequence),

showiiagqt hay t eI Tos 8ayeRcetea pabhl yE PiEid, pliih d:es fisgon
approximately at the lysine (K) residue at position 138. Fig. 23.
Schemat ¢ acCepeesentathon @020 2286, PR. 50 f 6 (ECACC deposit no.
P02041227). Fig. 24. Schematic representation of pWE Ad35.pl X-rI TR 5O f6.
Fig. 25. Schenmatic representation of pBr.Ad35. PRN4E3. Fig. 26. Schematic

representation of pBr.Ad35. AE3. PR5E4, . Fig.. 27._ Sch 4G € S tion of
pBr.ABBS:DE@:P@ﬁﬁé%@tl?i5933?8%%F%FﬁPPCq?% EE?%R%???%ﬁ%%- g'?%%?én1for
produci ng reconbi nant adenoviral particles in cells such as PER C6

t hrough a doubl e honol ogous reconbi nati on event. Fig. 29. Schematic
r epr egent atizon DfheME: Ad33apve et iBing.o B3RUR 3gnhert. of Ad35 and Adll

pl X-c sequences wWith w
Fig. 14. Cloning steps leading to pUC.35-5E4.

Fig. 15. Schematic representation of pBr.Ad35.PRn.

Fig. 16. Schematic representation of pBr.Ad35.PR5E4 (ECACC
deposit no. P02041229).

Fig. 17. Schematic representation of PWE.Ad35.pIX-rITR5E4.
Fig. 18. Schematic representation of pCRscriptAmp.NFI-NcoIR.
Fig. 19. Schematic representation of pCRscriptAmp.NcoIF-NRZ.
Fig. 20. Schematic representation of pCR.NFL-NRZ.

Fig. 21. Alignment between Ed4-orfé of Ad5 (upper sequence)
with Ed4-orf6 from Ad5 cloned into the Ad35 backbone (middle

sequence) and the Ad35 E4d4-orf6 sequence (lower sequence) ,

showing that the entire fragment has been replaced.



Ad35 sequence. The sequences obtained fromcloned cDNA fragnents as
described in exanple 18 were aligned using Segvan software from DNASTAR
Ad35 cDNAwsemueomer were derived from RNAs isol ated fr omowEe8s/ 050126
Ad35E1B+Luc-infected cultures (sequence of one out of seven clones is
shown), the Ad1l cDNA sequence from RNA isolated froman wAdlI-infected
culture. The sequence WO 2004/ 001032 PCT/ EP2003/ 050126 10 nunbering is
arbitrary. For the Ad35 w sequence, nucleotide 3339 to nucleotide 3628 of

the w p3§2§eg§§§%%éﬁ%S@@ﬁﬂeeﬁh@446&f@ﬁ7Seﬁu@mﬁb (seearasegugard)n the
cDNAsequences) | fl anked by splice donor (SD) and splice acceptor (SA)
si t esyitgl oskkypaatchif@dheEknowt @ohsehstedsegiendess FREOSE OIEof t war e

has placed the first two nucleotid fromt D Lnt

sequelitiesdbe BREUSTGEN] ¥t KBS A éga%%gﬁ ignéséiae%%é%f @%&“%g\m end. Fig.
31. Location_of I.X. C [ | LA8p7 VEEUSRSce Scheprt-keyr epresent ati on
of tﬁﬁyﬁﬁﬁ%ﬁ%?brégﬁwga dﬁﬂgﬁoﬁﬁggpﬁe élB ggne and pliggequences in Ad35;
depi ciy$i hdeitr anRset pthenfustart o eorimdateiyorm thdumelat yesnien e pl X
MRNA. Nucl eotide sequences are according to wt Ad35 DNA (WO 00/70071). M=
Munl ,reBc@sa36t, BB spPhceé3donor and SA= splice acceptor. The

transcription start site (nucl. 3339, cap site), the stop codon of 55K
(TAA) and the start codon of plX (nucl. 3484, ATG are in bold. A dotted

l'i ne jndi cakes e Hent 0t oshewn pHt JAd32. PR a0sgene(IRURCC
resul#ggfr%%fA&%%ﬁ%?%ﬁggsagﬁﬁh a 166 bp 3 EEB sequence retained. A
repr esepbatitvecexan @edob2t/he results of the transgene PCR assays on
Ad35. AdApt BsuLuc5Orf6 (lane 1-9) and Ad35. AdApt BsuLuc viruses (Il anes
10-14). M= | kb+ marker (lnvitrogen), P= pAdAptBsuLuc control plasm d.

Fig. 24. Schematic representation of PWE.Ad35.pIX-rITR.50rf6.
Fig. 25. Schematic representation of pBr.Ad35.PRnNAES.

Fig. 26. Schematic representation of pBr.Ad35.AE3.PROE4.

Fig. 27. Schematic representation of pBr.Ad35.AE3.PR50rf6.

Fig. 28. Schematic representation of the system for producing
recombinant adenoviral particles in cells such as PER.CO6

through a double homologous recombination event.
Fig. 29. Schematic representation of pWE.Ad35.pIX-EcoRV.

Fig. 30. Alignment of Ad35 and Adl1l pIX-cDNA sequences with wt
Ad35 sequence.

The seguences obtained from cloned cDNA fragments as described
in example 18 were aligned using SegMan software from DNASTAR.
Ad35 cDNA sequences were derived from RNAs isolated from
wtAd35— or Ad35E1B+Luc-infected cultures (sequence of one out
of seven clones is shown), the Adll cDNA sequence from RNA

isolated from an wtAdll-infected culture. The sequence



SUMVARY OF THE INVENTION It is shown in the present invention that a
reconbi nant group B adenovirus that has a deletion in the El region up to
t he stopewdmny/afiiolB 55K, can accomopdat e | ess exogenolX BERIE@NSeR6 t han a
sim lar Ads reconbi nant adenovirus. It appears that WO 2004/ 001032
PCT/ EP2003/ 050126 11 this is due to a_ relative underexpression of the plX
gene in said group Bvirus in a given %ackaging cell, when the pl X coding
region is preceded by sequences between the E1B 55K stopcodon and the pl X
st art eegdreony . it ardishowny t hEbrsudle Ad3bises csayusncendenedemirelsst abl e
and/ or__capabl e of . acconmodat i ng nore exoqggggsé;gquences,mhen ei ther the

n

pl X prototier pecheotdslt P8l 9L édrored &HQRF%ehﬁeﬁégynﬁrQQﬁthe
15 SFCcoul g oL 10, 20D 3 W1y ok YU B, LD govs

Suc nor ma or even-a re%a lve

over eXIr886i @My 05phhi%d sdaebieved)i mml $bVesepackagtgr cebh) Theqy esent
i nvention provides a reconbi nant adenovirus having at |least a deletion in
t he ETlraegp by, mehahaowerilredknawnhatorsens eas s cgaen asfs + hBhe e§eerices

encodi ng_t he E1B 55K_gene, product, that increase the expressjon qof. the. plX
gene é@iﬁﬁ%ﬁ%n a?n?ﬁ%ﬁ%ﬂéﬁ%ﬁo%ﬁFﬁg,%MQFP?ﬂZEBF&&gﬁa{%ﬁﬁ tﬁ?d%D (6P
reconbifiante agRAONRHI0es DOL LoXRPIRSS ey f yRCEional F18n 5BKgeRePr oduct
Such adenoviruses are nore stable and/ or can harbour nore exogenous

t han tihestcesd espondiend ‘ademdvi rus that |acks all EI B codi ng sequences.

Preferably, said adenovirus conprises about 700 base pairs or |less of the
sequences that are directly upstream of the plX codi ng sequence. In

pref err.ed ﬂbogine .S, said e ir i S:a.gLou d§ LLUS, nore

o et SOOIy AL AU L 5 s Badpratiiys, re

i nventd atedia { Beroprewddeass @i 8Bt Bed iy daseRasiorgartheasiahi birbyirand/los

t he packagi ng capacity of a reconbi nant _ .
E1B gene and pIX sequences in Ad35; depicts the transcription
start site and intron boundaries in the pIX mRNA. Nucleotide
sequences are according to wt Ad35 DNA (WO 00/70071). M= MunI,
B=Bsu36I, SD= splice donor and SA= splice acceptor. The
transcription start site (nucl. 3339, cap site), the stop
codon of 55K (TAA) and the start codon of pIX (nucl. 3484,
ATG) are in bold. A dotted line indicates that seguences are

not shown.

Fig. 32. Transgene PCR results from Ad35 viruses with a 166
bp 3’ E1B sequence retained.

A representative example of the results of the transgene PCR
assays on Ad35.AdAptBsuluc50rf6 (lane 1-9) and
Ad35.AdAptBsulLuc viruses (lanes 10-14). M= 1lkb+ marker
(Invitrogen), P= pAdAptBsuluc control plasmid.

SUMMARY OF THE INVENTION

Tt is shown in the present invention that a recombinant group
B adenovirus that has a deletion in the El region up to the
stopcodon of E1B 55K, can accommodate less exogenous sequences

than a similar AdS5 recombinant adenovirus. It appears that



adenovirus having at least a deletion in the El-region, said nethod
conprising retaining or reintroducing at |east part of the sequences that
encode t hwEloB/@HAK32gene product and increase the expresimEr063/dsheecpl X
gene in said adenovirus. Instead of or in addirtion to the presence of EI1B
55K sequences increasing the expression of the plX gene, it is also

possi bl e WD 2004/ 001032 PCT/ EP2003/ 050126 12 to change the sequences
precedi ng the pl X coding sequence into a stronger pronoter, to increase
the expresskopgu@f ¥ X2 reesuliticngundeadxpresedse of £t hbespali Igdye oina
reconbi nant adenovirus and/or an increase of the packagi ng capacity of the
adenovaidl gpanp & evbrodudad sby iR neeAka IS rféef%vew £onthgHentd, the

present inventiaqn further provi des nethods and f i RGK, i t he
stabi¢P@9nanéﬁﬁF‘¥hel%aBEE&?ﬁﬁmggﬁéa%?gyeBFeg F§g§%%§%aﬁbea§§ﬁ§3?$§? vect or
| acki 0g.8EokEAStand enE! Hfregiamn At OAPEHIING exOgEneUBIENnaid s such

0

i nform n, conprising the step of expressing the el enents necessary for
pr odugt raBednd zas Seablgnde real dnoesoababist sadbhovi cabakdet @f into virus

particles in a packaging cell in the presence of an elevated |eyv of pl X
gene @ﬁ@dm@p@@¢¥ﬁﬁcﬂ@é@k§§Q%?Qﬁﬂ$,SeﬁH§P€@ﬁsﬂﬁ%ﬁe?éggﬁéd%ﬂg%é?f%f pl X

duct is b b t ' f IGai ti
InCadPRETOERE P BF oLBRR T By THEY Loeo ol T itk 11 B0 TR Gene Trchard

Vect Ok ogakthadid | §9ki endGaksi Nggibe phXgenecipradudtrusy ber by using
overexpressed. In a preferred enbodi nent, said nodified plX gene conprises
a het er bketgoud Qramt profoindgmgte heeexprESsiRS, ofuthe tyerietd CMPRPELmat i on

Cooding RLX. ool el oo oaous . pLOTRLS bl ngep RLOTEL caysing sald

Gor | v PPOREST L4588 Upan the pIX promorer of a adenovirus - serotype fhat

conf ersehipgheren evehseof iphX prpredssonm theromhenant adenovirus having
at least a deletion in the El region, characterized in that at
least part of the sequences encoding the ELB 55K gene product
that increase the expression of the pIX gene are present in
said adenovirus, with the proviso that .said recombinant
adenovirus does not express a functional E1B 55K gene product.
Such adenoviruses are more stable and/or can harbour more
exogenous DNA than the corresponding adenovirus that lacks all
E1B coding sequences. Preferably, said adenovirus comprises
about 700 base pairs or less of the sequences that are
directly upstream of the pIX coding sequence. In preferred
embodiments, said adenovirus is a group B adenovirus, more
preferably an adenovirus derived from or based upon Ad35 or
Adll. The invention further provides a method for increasing
the stability and/or the packaging capacity of a recombinant
adenovirus having at least a deletion in the El-region, said
method comprising retaining or reintroducing at least part of
the sequences that encode the EIB 55K gene product and
increase the expression of the pIX gene in saild adenovirus.
Instead of or in addition to the presence of EIB 55K sequences

increasing the expression of the pIX gene, it is also possible



endogenous proxi mal pl X upstream sequence of said reconbi nant adenoviral
vector. In one enbodi nent, said heterol ogous pronoter is at least in part
derived fwamoosodiered upon the plX pronoter of Ads. |n ROERS@AGLI26t he

i nvention provides a reconbinant adenoviral vector |acking at |east the
El -region and conprising a gene of interest, wherein the pl X gene is
modi fi ed, and wherein said recombi nantZadenoviral vector is WO 2004/ 001032
PCT/ EP2003/ 050126 13 not derived from an adenovirus serotype 5. It is yet

anot her c}?asrpcg(gt 0k thepegsent JRveien £ep deodifgcoaburante imicdei c
aci d Sequence conprising a nodified adenoviral plX gene, wherein the
genetd Cs i 160588t benrenced) ngot hegquoage otben expy afstler p¥eB¥rom an
adenovirus serotype 5 or an adenovirus se o;y e 7:€IX encog&ggﬁiq uence.
In apmeikiied éRbedl FEREreass @W?i%ﬁabﬁ l%é’neo ofipf FE&E et er ol ogous
pronmoter driving._t XPJ essi t ety-G- 1 hBAcercOMNgthEl X
The[ﬂé%ﬂﬁﬁl?H@e%ﬂiﬁ?ﬁugéhgiﬁ%%%%%éggrgg% i%%§ﬁ6£%%2%%€irus%eectors
conpri $i NGy stEUC4Al i @ peddsidedctiy atheehentntd of theadevevitighof a

first serotype, wherein said vector further conprises a sequence encoding
an Ediend®, phet eimesaher envesdiidrns sfuehber LB d e FBRFENE Y oup

consisting aof: 3) an E4-orf6 . encadi.ng, segu rived adenovi rus
of a BeRBRdISEr VYT HIEr gﬂ]te fsg%%?g]a%ggf %?13 /Oc&geé%‘%ygé;[ﬁ%?qglr? E4-orf6
encoding, segyenge Leri e hromanaddenoviius ofrsal tatkiay sar atepstby vay
of a deretion, ~mitation, addition and/or substitution in one or nore

codonghe BNdre)yiam Ednar tomencodimy sequence sconprésifgia fougian Obet ween a

part of an E4-orf6 encodi ng sequence derived froma  secaond seroty
di f f ecenpripomdsdile f FESP S AN ARUY 5-2\% e ?m%ﬂtﬁﬂ&cfeegsean&d?%é

?ggﬁ?gggﬁgggh¥$gFL&?P%gF%mﬂf§Eg¥0§¥98’ré@HﬁEﬁﬁbﬁ@idemdﬁiﬂéﬂo$¥@€oﬁﬁy be
into virus particles in a packaging cell in the presence of an
elevated level of pIX gene product in said packaging cell,
wherein said elevated level of pIX gene product is brought
about by the overexpression of genetic information encoding
the pIX protein, by the use of a modified pIX gene in said
vector, said modification causing the plIX gene product to be
overexpressed. In a preferred embodiment, said modified pIX
gene comprises a heterologous promoter driving the expression
of the genetic information encoding pIX, said heterologous
promoter being a promoter causing said genetic information
encoding pIX to be overexpressed in said packaging cell. In
one embodiment, said heterologous promoter is at least in part
derived from or based upon the pIX promoter of a adenovirus
serotype that confers higher levels of pIX expression than the
endogenous proximal pIX upstream sequence of said recombinant
adenoviral vector. In one embodiment, said heterologous
promoter is at least in part derived from or based upon the
pIX promoter of Ad5. In one aspect, the invention provides a
recombinant adenoviral vector lacking at least the El-region
and comprising a gene of interest, wherein the pIX gene is

modified, and wherein said recombinant adenoviral vector is



fromsaid first serotype. The invention further provides nethods for the
production of such reconbi nant adenovirus vectors conprising structural
and non- swoumbuemb32el enents of an adenovirus of a first RAVER29EBHSORAE d
met hod conprising the steps of: a) providing a conplenenting cell

har bouri ng an E1B-55K encodi ng sequence, derived from an adenovirus of a
second serotype in expressible form Mith the necessary el enents of an
adenovirus such as to WO 2004/ 001032 PCT/ EP2003/ 050126 14 all ow assenbly

of sald. rgconbinait, dHenaviesofactos H¥rsaivhe @nplenest iyeg eeldthaherein
said el enents conprise at |east sone structural and non-structural

el ememdse ft omfarttedepoebens iofvesditohi Eot Pserbidped dr eFeRBAfN M om sai d
second serotype and a sequence encodi ng a functional .E4-orf6 pégffin, or a

f unct?erbfiparClUeFPIEPI¢E &RINTT SHaP ogul'd 1ot , eARPEN el &ridat i bl e
wth s %g e%ﬂ%%%%ﬁ”f%glgﬁgéﬁi f&ﬁf@rhatggﬂjeﬁ@@@iﬁ@eﬁhbn®ﬂxﬂéiobéin

cul t u¥s g’ sai'd conpl enenting ce in a mediumunder conditions allow ng

for.prodysti er@nceasseshl vwn efddhevadenovierus weet Dr oro anakelgicicerugnd c)
harvesting the reconbinant adenovirus vector so produced fromthe Eedium
and/ oserheypenpl epbht ERGOCEINT SABIR/PACE hé I's dURAR EC BhEFd ISR OGSt

conpati bl.e E4-orf6 protein _is present in_the I t irus vector
so pr%@lh@eﬂ‘.‘)dﬁﬁr&?q‘lv@ﬂ%i gﬁ%r%p%%?r:bég\?i (‘—i‘letsheaggfecgggn%pﬁgnfp a enov3|5rus
conpr i HYng r&f@”@&?@_@%s&% el acbdgemlac e depimed ibromrarodadgnovi r us,
sai d reconglnant nucteic acid nolecul &€ having at |east a deletion in the

El regirn, characterized in that at |east part of the sequence encodi ng

t he E1B-55K gene product, is presegt %B sai d recgnbinant nucl ei,c acid
mol ecul e aR@FOrPTEHANT AEVRADE ki YL SBGTerte Y 5o8RdEF SRR Y ol of a

i e
elements of an adenovirus of a first serotype, wherein said
vector further comprises a sequence encoding an E4-orf6
protein, wherein said sequence is selected from the group
consisting of: a) an E4-orf6 encoding sequence derived from an
adenovirus of a second serotype different from said first
serotype; b) an E4-orfé6 encoding sequence derived from 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-orf6 encoding sequence comprising a fusion
between a part of an E4d-orfé encoding sequence derived from a
second serotype different from said first serotype 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
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 EIB-55K encoding sequence,
derived from an adenovirus of a second serotype in expressible

form, with the necessary elements of an adenovirus such as to



adenovirus of a first serotype, wherein said reconbi nant adenovirus
further conprises a sequence encoding a functional E4-orf6 protein, or a
functi onaWwgoaod/9o1dzr i vati ve and/ or anal ogue thereof, wrrmLRrRRIEGHISOI26€qUENCE
is chosen fromthe group of: a) an E4-orf6 codi ng sequence derived from an
adenovirus of a second serotype different fromsaid first serotype; b) an
E4- orf 6 encodi ng sequence derived frohfan adenovirus of said first
serotype conprising a deletion, nutation, addition and/or substitution in

one g{llw e, 5£94RR3y WE 20944 004032 AGHEP2983h050k26 dcand by amiEl-orf 6
encodi ng sequence conprising a fusion between a part of an E4-orf6

encodiongp seqeehiagderd Med fhenean sedehdebemenype camtPal par Btofl &P E4- or f 6
encodi ng sequence derived froma third serotype rein_sai i
ser opRe nalyruBEUrdent3RAl n‘P%?SSF%thWTear n‘?%%‘%ﬁ\tss\gi%gt?flr%{l ‘s—’@reg‘tmy%l(ejr.uﬁ'he
i nventd on SQ.pravi C i SYSt LML QORRNIS I SHEEndr eeedkiyantand
adenéV#r%% %cgégﬁghdgggo?%géiﬁgggggbn and a paékaging cell, wherein said
packagi dwyeehkeakth sl thy r ceubictaninadehévors togetdien, conpri se al |
necessary elenents to allow gr_oducti on and assenbly of said r corﬁoi nant
adenduinasidnadapd ackagr hgacare, dHY WherBAd A %%Rﬁaifng“’icléﬁ‘ 15
expresses nucleic ,a¢cid encoding at_ .l t _ Vi . E1B- rotein or
a furi&“%‘?n%?-? Satwtl% e?"'ii%ét F?f?g nsc‘?{lob;%a%g ogﬁz@g#e#%%%? \%Ei %ﬁﬁld;
co”paéarggkf Wehhithe E4rorf6) RLAtRIMnEr saibunGhiginahepBihg dedilvative
and/ or na?ogue t"hereof of said reconbi nant adenovirus. The invention al so
pr ovingesi ammatkied: fosn@ibduokng ld owtmb| Eoreorisiueint 0ORdeR6y iFESBBMYr i si ng
structural and non- structural elenents of an aden V%gu% of, & .f

e
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and/or the complementing cell, wherein the sequence encoding
the compatible E4-orf6 protein is present in the recombinant
adenovirus vector so produced.
The invention further provides a recombinant adenovirus
comprising a recombinant nucleic acid molecule derived from an
adenovirus, said recombinant nucleic acid molecule having at
least a deletion in the El region, characterized in that at
least part of the seguence encoding the E1B-55K gene product
is present in said recombinant nucleic acid molecule and/or
that the pIX coding sequence is under the control of a
heterologous promoter, said recombinant adenovirus further
comprising structural and non-structural elements of an
adenovirus of a first serotype, wherein said recombinant
adenovirus further comprises a sequence encoding a functional
E4-orf6 protein, or a functional part, derivative and/or
analogue thereof, wherein said sequence is chosen from the
group of: a) an E4-orf6 coding sequence derived from an
adenovirus of a second serotype different from said first
serotype; b) an E4-orf6 encoding sequence derived from an
adenovirus of said first serotype comprising a deletion,

mutation, addition and/ox substitution in one or more codons;



nucleic acid derived fromat |east part of the sequence encoding the

E1B- 55K gene product increasing expression of the plX protein not |eading
to the expwems#onoxf a functional E1B- 55K protein fromeaicbuesuseize acid
nol ecul e and/ or has a pl X coding sequence under control of a heterol ogous
pronoter, said nethod conprising the steps of: a) providing a
conplenenting cell expressing an E1B-'55K encodi ng sequence, of a
functional part, derivative and/or anal ogue thereof, derived from an

adenoa/xilawé? ob A ISecOndssenebye g Nnsexpeassi bjengot oingi th fiwe omecessary
el ements of an adenovirus as to allow assenbly of WO 2004/001032
PCT/ BR2O03£0561262r1160Eapt Fdcutith anfcaddndyi $eR3USREBoAeHi ey gfrom a

conpl enenting cell, wherein said eLenents, conpsi . S

st r ucterandaf® HorPet #HCt Gr 2%t e?rtn?? Ffzfaorﬁrar%riér a%@%%@#l%g %%Qig%ﬁaef irst
Se“’t&QEi%Ef%r Lremisal ¢ e 5 ERPIWRE ANgh 83 S ERYERT & EREPPEN G2
functional E4-orfb protein, or a Tunctional part, derivative and/or

anal agyeitkerdafagl whbehoirs didifeat ¢t e fwiotth saslad df expressing e/ B- 55K
protein in said conplenenting cell; and b) culturi sai d conpl enenti ng
cel | Thealmy@nm @ndelSocOFAMIGHE al Pé‘\ﬁ‘?‘?%ﬂjfrlﬁ %Yég%&i H8Yeftbl y of

: .' o ; st
" cconbh RARE Wby FOao LG BFodtac P B L5 sl W o of CRE! &

conpl ggBRbENGFatd11 Thenbreant | o dupblefadirayi deslaamel hodidf produci ng
stabl'e adenoviTtal vectors containing exogenous genetic information w thout
t he gemepabilomrof adphprativen tempehent CCadEhoys ras]l WRTFTIPABRI d vectors

el | SCHRBER S Hal R1oRY CORHT Ve o PRI R Tar YeRtop brodieer S Lredy |
o pthe AEE RO RSl ey Te g SLp jdssot et patiotais
pr oduetilan ean-paskaginng,letie &t edertsoding at least an adenoviral
FE1B-55K protein or a functional, part, derivative and/or
analogue thereof, which is compatible with the E4d4-orfé6
protein, or a functional part, derivative and/or analogue
thereof of said recombinant adenovirus. '

The invention also provides a method for producing a
stable recombinant adenovirus comprising structural and non-
structural elements of an adenovirus of a first serotype,
wherein said recombinant adenovirus comprises a recombinant
nucleic acid molecule derived from an adenovirus which nucleic
acid molecule has a deletion in the El region and comprises
nucleic acid derived from at least part of the seguence
encoding the E1B-55K gene product increasing expression of the
pIX protein not leading to the expression of a functional EI1B-
55K protein from said nucleic acid molecule and/or has a pIX
coding sequence under control of a heterologous promoter, said
method comprising the steps of: a) providing a complementing
cell expressing an E1B-55K enccding sequence, of a functional
part, derivative and/or analogue thereof, derived from an
adenovirus of a second serotype in expressible form, with the

necessary elements of an adenovirus as to allow assembly of



essential for generating replication conpetent adenoviral vectors being
present on at |east two separate nucleic acid nolecules not giving rise to
i nt er rol eod @n4/00863270i nati on, the essential el enents cEqWERDIBYsSaL26] east
one serotype determ ning structural and one non-structural elenment from an
adenovirus of a first serotype other t AdS, and conmprising an E1B 55K
gene product froma second serotype different from the first serotype and
an E4 orf6 gene product conpatible with said ELB 55K gene product. In

cert aigpEfbogcoatinanheadeatosiicusacvdctodi by fsridl Compdentirdlired eoehis
essential for roduction and packag conprise a_ WD

d iral t i
2004/ JUY0E2L PCFAERLGOSTBE0E 56 COTF T ctonBr ndhe 35 X Jines f HCGHE S tdas nent
a recgf%nee&ue%raaer@lﬁeﬁeate' % i 0g aag;]a%%%wd@f_ congral; ,of a

het er ous pronoter. In another aspect the present invention provides
met hods=rdoyptr edtifgratt preventsaigl diseasds seir ot yges dend kN shugwdn os

ani mal subj ects, conprising a step of adm nistering reconbinant adenoviral
vect oreNGeesRdi g fwahkopaleAdi-vir o RrORGAAN T ahi Fancsdbpedt .Pant ot her
aspect he, . nvent | provides vacci hes_and,phar maceuti cal . ositions
conprf%?%%vgfﬁgeaégﬁge?$a??9g893F§ Cordfng e él?nggﬂPFSﬁiﬂggﬁ%H% her
aspectsa idleckpyentd o HrovRdes Kl girdhei HSenofs oL abhpaBhenadenpVid Al ;
vectors according to the invention for the preparation of a nedi canent for
t he pravénbi opudrit urisey neat dotcondilszasesing dieddr dier sa i melduman wrdeani nal

subjects. . The invention also relates tp a kit of parts conprising cel
|i nes CHUMI BABRSVIF A OHAERY of STpFRRHUEHE b9t RET AAHRIBAYT B &cuting the

oMo B LIS DU o YR 1 T ALLEDLDESER ] QN ThE R N 1
st abi |1dyormbdhantt kelgaskagiing scapacddycoff &rom the medium and/or the
complementing cell.

The invention further provides a method of producing
stable adenoviral vectors containing exogenous genetic
information without the generation of replication competent
adenovirus, wherein said vectors are of a serotype other than
adenovirus 5, comprising the steps of growing cells under
conditions conducive to adenoviral vector production, said
cells, or an ancestor thereof, having been provided with and
expressing nucleic acid coding for all elements essential for
adenoviral vector production and packaging, the elements
essential for generating replication competent adenoviral
vectors being present on at least two separate nucleic acid
molecules not giving rise to intermolecular recombination, the
essential elements comprising at least one serotype
determining structural and one non-structural element from an
adenovirus of a first serotype other than Ad5, and comprising
an E1B 55K gene product from a second serotype different from
the first serotype and an E4 orfé gene product compatible with
said E1B 55K gene product. In certain embodiments, the nucleic
acid coding for all essential elements essential for

adenoviral vector production and packaging comprise a



reconbi nant adenovirus having at |east a deletion in the El- region,
conprising the step of expressing the elenents necessary for production and
assenbl y wio mas/ahiozconbi nant adenovirus into virus par tRCIl/ER0IN58126
packaging cell in the presence of an elevated | evel of plX gene product in
said packaging cell, relative to the Jevel of plX gene product obtained
when the pl X codi ng sequence is behi nd% t s endogenous proxi mal upstream
sequence w thout E1B 55K sequences. In certain enbodi nents of the nethod
of thecbBMeAtizon SBk dgegbevaredhevemhbolipiekgens peoduttinizntbriplijht about
by retaining or reintroducing part of the ELB 55K sequences in WO

2004/ 961632 sPCT/IEHR 00380501 Z6qusn6ai dnaeenGAn oL | Alofhdre oty AeHEs,
said el evated | evel of plX gene product is brought about by the expression
of thBTBIMR-Sodi ng sequences under control of a heterol ogous pronoter. The
i nvention f ;;m%péevag@%& regoNbi-Bant, radenavh £ Usn @eRRridE Ngnethods
functional p codi ng sequence undér control of an expression sequence,
sai d €xpr €3O 5@ quenpeevenyrisg ngi spase sofo ard EA8rg8K ss dqudneeagapabl e of
i ncreasi ng_expression of the pl X coding sequence,.in i,ven packagi ng

cel |, apamati vl 1ecEhe EPPIRESST NI of S&°H pIix 2 %H@SS«? déifce behind its
endogenaqus. pr.oxi tar e i {-houts £ h ar;t hd+ELB, 55K
S e e e S o e

code fi@mad fancihonal ELB-RRK geng opheducispdétss shewnrnwremhiopresent
invention that pl X pronoter sequences can be present in said ELB 55K
sequepcesidemdviacindsngnchaslea smgeencesdn GANBHCEXSAESS o EREUEAEEY can

therefore increase pl X expression. The presence 0 i B .55 guences
i ncr ehS€s AHF LY ab? iF&Céﬁa%%r§%%8£8éﬁﬁ§*“%3%3 i%%V% tgﬁgé fggo ?ﬁant_
adef‘oé's%%%t,c ar edvbo tikg, Skévagban pherensahdeplX cestdigbsagdence is
behi n ts ‘endogenous proxinal plX upstream sequence w thout the part of
adenoviral vectors according to the invention for the
preparation of a medicament for the prevention or treatment of
diseases or disorders in human or animal subjects. The
invention also relates to a kit of parts comprising cell lines

and adenoviral vectors provided by the invention for executing

the methods provided by the invention.

DETAILED DESCRIPTION OF THE INVENTION

‘It is one aspect of the invention to provide a method for
increasing the stability and/or the packaging capacity of a
recombinant adenovirus having at least a deletion in the El-
region, comprising the step of expressing the elements
necessary for production and assembly of said recombinant
adenovirus into virus particles in a packaging cell in the
presence of an elevated level of pIX gene product in said
packaging cell, relative to the level of pIX gene product
obtained when the pIX coding sequence is behind its endogenous
proximal upstream sequence without E1B 55K sequences. In
certain embodiments of the method of the invention, said
elevated level of pIX gene product is brought about by

retaining or reintroducing part of the EIB 55K sequences in



said E1B 55K sequence. An adenovirus of serotype 35 with a deletion in the
El region but with an intact E1B 55K codi ng region

( pBr . Ad35woedond/diRog2er r ) ELA(err) 21K) has been di scl osed irCTVEP20@3/0500265.
However, a functional 55K gene product, such as present in the disclosed
vector, inhibits apoptosis, and hence it is desired to obtain reconbinant
adenovirus that |acks functional E1B 38K expression, e.g. by nutating the
E1B 55K gene or preferably by including only part of the ELB 55K

SEqUENCES, ag%%va&%ef aph YothB6! Ldiied DRd ¥t sequenicese Hovastredmwadl thE E1B
55K startcodon. It wll be clear to the skilled person that it is

benefg TX afjentopmiotiumt | ze bheugidurabait BB $5r seqientesonnofaitd v eetbér WO
2004/ 001032 PCT/ EP2003/ 050126 19 in order to .generate Vi s.Wih a

maxi P ERI dEPEIISBIT R D U%@@ﬁmﬁﬁﬁﬁﬁéinﬁ fo %%F$¥%93F§ §ﬁ§§0t %1@ at the
Same medipkEh 'i@f%&f%ﬂég' Bl S 95K 2eAUAROGE 10 haxackhethenef it

accor |%g td the present 1nvention of an increased stability and/or

i ncr eashPr Ras kagiangr eaPet bhy IWEIH ncodienge semhiarart uadenowiondsco W eh t he

teachi ngs of the present invention, the person skilled in the art will be
abl e 2w Ekpdesisd ani 6 AENEJCer ediA FRICERERERISS \FI BRI ETB SER T Hiat "Yead to

F Gcorbt AAne Eadehaut s ug>Re S5ty a1 RGP BPARdard Ty baarar o g "
R g eVl ey dyra
det ermbni-hg tdhepist @i bint pforsa iphckBYi ngdéagaciaguenee| pettigikiisr®e an obj ect
of the present invention to_provide a reconbi nant adenoviral v r
accor @nAgISrEUEhEF HERe o éﬂ%ﬁ?rgﬁmdS§€ﬁﬁﬁﬁ%%swéﬁ§88in&ﬁF%égiﬁg Bk
Phat SPQCAEIEECT S LRePReanst "THe ol S opan T eadi ng- f rans. T other
enbodi; TBNtSK S Gliseqyerees aonpr ¢sdendbrmer efunctional E1B 55K gene
product. It is shown in the present invention that pIX
promoter seguences can be present in said E1B 55K sequences,
and including these sequences in said expression seguence can
therefore increase pIX expression. The presence of said EIB
55K sequences increases the stability and/or packaging
capacity of said recombinant adenovirus, compared to the
situation where said pIX coding sequence is behind its
endogenous proximal pIX upstream sequence without the part of
said E1B 55K sequence.
An adenovirus of serotype 35 with a deletion in the El region
but with an intact E1B 55K coding region
(pBr.Ad35.1leftITR.AE1AA21K) has been disclosed in WO 02/40665.
However, a functional 55K gene product, such as present in the
disclosed vector, inhibits apoptosis, and hence it is desired
to obtain recombinant adenovirus that lacks functional E1B 55K
expression, e.g. by mutating the EIB 55K gene or preferably by
including only part of the EIB 55K sequences, more preferably
including only sequences downstream of the ELIB 55K startcodon.
Tt will be clear to the skilled person that it is beneficial

to minimalize the amcount of E1B 55K sequences in said vector



t han about 680, 600, 550, 500, 450, 400, 350, 300, 250, 200, 150, or 100
nt of the adenovirus sequences that are directly upstreamof the plX open
readi ng fwanmo4/001022ne enbodi nent, such a reconbi nant aderTorR20e8/05026t Or
retains 166 bp of the 3' end of the 55K codi ng sequence. As will be ¢lear
to the person skilled in the art, the invention is not limted to the
presence of a sequence that is found iR a contiguous stretch directly
upstream of the pl X coding sequences in the natural adenovirus. |nstead,

it will alsg-be.pessidle-aceerding toithea mawendlors: odbaweisequences that
are rore upstream” i.e. from the E1B 55K region (e.g. a restrictiopn or PCR
fr agreftomaedate. gomxafipreidd antt¥eir dFidiusdd ke 2hethBr S3ROXFHEF pl X
regul atory sequences, thereb an artificial_ WO

(] 004/.00
PCT/ ER20BLDB01 26 30 kR RAB G1ofofS %@%P&FS&‘%&&%‘@%E%,@ g)g%%j%%@as this

results in.increa p Lessi i i agkkRedceydapbwhed
conpd?%%of lPHetgbigﬁiébgFg§ﬁ§'E%Eﬂggkgggqggzggégﬁfﬁ a prefef;ed Y

embodi NENLr SAlE cRCaNOVHEBKacS rRy St oupyBwiddeovihes reporme igrater abl y an
Ad35 or Adll adenovirus. Adenoviruses of serotypes 35 or 1% have Eﬁen
shownadlenbeirpar.t TEutlar theet@adoin@@nP hi $HRati 0PSO haRYFE &8 1 h are

much | ess individuals,that have neutralizi ant i bedi as hese, gerot ypes
t han PBLERE § J:th?%%‘ﬁetatro rfﬁjsﬂu]lg%d a?%ﬁ r\%%/ gggg‘l)thn%l tn{ll s anot her
aSpeC}_egFi%f'é% i 085t @ iRMOv de1rt BexnuelAl Cl@giidtbhahecan act as the
genomne he adenovirus according to the present invention. As an

al t er gakiye iendimradghtl/onr todiheape esenpecfaElBy §8RasaFYerftlest RRat

increase the expression of the pl X gene, it is_also _possibl
over expregdipEx i (2@EROBY IMftrats ng- t RE &%%m%eﬁg?néﬁgﬁeﬁ§&%§%%§rpronDter

to increase the stability Ackaghing CaPASt!ynaf +a Hregonbheant B
aden09ﬁ98§p9A %éﬁﬁ#.%%gszpggﬁ%a?s aépﬁx gene having a different pronoter
55K region starting from the disclosed vector

(pBr.Ad35.1eftITR.AE1RA21K) and determining the stability or
packaging capacity. It 1is therefore an object of the present
invention to provide a recombinant adenoviral vector according
to the invention wherein said sequences encoding the EIB 55K
gene product comprise about 0.7 kb or less of the adenovirus
sequences that are directly upstream of the pIX open reading
frame. In other embodiments, said sequences comprise not more
than about 680, 600, 550, 500, 450, 400, 350, 300, 250, 200,
150, or 100 nt of the adenovirus sequences that are directly
upstream of the pIX open reading frame. In one embodiment,
such a recombinant adenoviral vector retains 166 bp of the 37
end of the 55K coding sequence. As will be clear to the person
skilled in the art, the invention is not limited to the
presence of a sequence that is found in a contiguous stretch
directly upstream of the pIX coding sequences in the natural
adenovirus. Instead, it will also be possible according to the
invention to have sequences that are more upstream, i.e. from
the E1B 55K region (e.g. a restriction or PCR fragment, see
e.g. example 10 and fig. 9), fused to the more proximal pIX

regulatory sequences, thereby creating an artificial



and/ or transcription termnator, and/or nutated coding sequences, e.g.
obt ai ned by codon optim sation, introduction of introns that stabilize
RNA, and wuoe20b4/6a032A pl X gene according to the inventi aCmregpeiSerRecgeneti c
information encoding plX, and includes nucleic acid such as the pl X gene
such as found in natural adenoviruses, cDNA and information encoding
mutant plX in the formof allelic varf@nts or nucleic acid encodi ng nutant
pl X that has at |east part of the function of plX which may differ from

nor Qgﬁ{' | o QuaRt ixﬁdl’&t@k qualdicaidae, aspetsg des i vedsf resudrt hased
on ﬁ% %ﬁ%ﬁ%%lion, e etion,yaddﬁ%ion, p? transl ocation of _am no acids,
or camiinatiensctihelsofexpfeasioconts ranyivden®@TheI g acdér efi'GT of at

| east the EI1B 55K region up to and in dg g t he stqgcgdogpog the E1B WO
2004/CoIg8e ®PCFP EPPE0 3050196 Ofi%ﬁ%(éiﬁe 5 0T “tHe® pl X open readi ng

frame wLl, beyPLegsledc by, SSauencen, b5 yegn b FMbiSEKosbopcodon and the

ese Sequéences are herein referred to as the

" endogenous: PreXi Mrdlpapataedm saquensesbr( &dl.l théepd8srusgl-X upst ream
sequence in Ad35 based recombi nant adenoviral vectors, the, AdLl pl X
upst redenseijuence iaf ARIOLADEF ITCORDL hahPVAIERI r 8lOVBcEOr £ etc. are

referred to as endo ous in this res X e i nLti I Ilelic
vari d?ﬁ%t%%‘é%aﬁaysﬁe@%ejguﬁari r?% Set%ngféﬂi tg% elﬁgﬁén%%' cgga@?ﬂ‘?ﬁéﬁe
| abor at of vi -S56€ sH v BALPE SO MOxE nBhupkX lupsingasntsbgdersesio A

"het erol'ogous pronoter™ as used herein is defined as any sequence
di f f efgase f oMt seqteanes cnathe as¢yot yprd Supst tleart 0ofotke YRS gélie,

PI'X U817 8&RL oqUéncLs, 2BRA % g PZ2paBra tOF dctTHY LS a of Hat BrTand
there@xerg ubating  frapgeri pid,en, Of REXc¢edigih SRAUERCESe ey aspect, a
according to the present invention.

As an alternative or in addition to the presence of EIB
55K sequences that increase the expression of the plX gene, it
is also possible to overexpress plIX itself by mutating the pIX
gene, preferably its promoter, to increase the stability
and/or packaging capacity of a recombinant adenovirus. A
modified pIX gene is a pIX gene having a different promoter
and/or transcription terminator, and/or mutated coding
sequences, e.g. obtained by codon optimisation, introduction
of introns that stabilize RNA, and the like. A pIX gene
according to the invention comprises genetic information
encoding pIX, and includes nucleic acid such as the pIX gene
such as found in natural adenoviruses, CcDNA and information
encoding mutant pIX in the form of allelic variants or nucleic
acid encoding mutant pIX that has at least part of the
function of pIX which may differ from normal pIX in
quantitative or gualitative aspects, derived from or based on
pIX by mutation, deletion, addition, or translocation of amino
acids, or combinations thereof.

If a recombinant adenovirus has a deletion of at least the

E1B 55K region up to and including the stopcodon of the E1B



het er ol ogous pronoter nmay be a sequence at least in part derived fromor
based upon a proxi mal pl X upstream sequence (i.e. the sequences between

t he E1B 5610 mbopuoston and the startcodon of plX) from acTackE@wisoies from
anot her serotype than the serotype fromwhich the reconbi nant adenoviral
vector is derived (e.g. an Ad5 pl X uEstrean1sequence in an Ad35

reconbi nant adenoviral vector). This F$ referred to herein as a

"non- endogenous proxi mal pl X pronoter”. In one enbodi ment of the invention,
Ad35 gy | Y&te PhXodeXR £SSheNpI K didaren-dyd angAds anen-entibgbrops quraskddml
pl X pronpter. Any non-endogenous proxi mal pl X pronoter derived fQ?n1or
based wpoagt hecpsokiatare ph Xthps Eldarh HegabAREoFPemand skhst yHe HHER¥onf er s

hi gher | evels of plX expression than the endog ous, pl X.p i mal sequences
of t e aiehovi PSS R GHENESS Béeu}eedt.ejrlaeﬁte?lei%%a (%Jo%&o%(ss{ﬁg%

non- endo roxi 2 Q01032 BGELER2003(H5§126he22dF D0t er s
may béggggg%Héggn%éggggﬁ%%XFﬁggr tion, sucﬁ as wll be evident to the
persqﬂD§m¢¢@QeEmté&qa&bcérmmlEdﬁﬁﬂmﬁéedlmeqmmbim®mbraé@@mﬂ#ﬁ#&s, t he
adenoviral vector accordingeto the invention is deriiﬁd from or based upon

an adenovdras Shisgrslbl Bliel@SiFeaorsrErErsbIY AI5UbERSES B ser ot ype.
In specific. enbodi nents, sai ir ve I ivedfr or based
upm1%ﬁp%ﬁ@ﬁB@ggu§d§§%Y§63§3%%%g§¥gg %EFr,%ﬁ%;fiﬁgﬁéﬁg ﬁﬁ %HQernative
emo%ﬁr&%éno%i d [10PR €80egeRRUS: PrexK: Mk fAlX t ipmmbhel udesatallsaktci n part
derived om or based upon a proximl plX upstream sequence of an

adenovir Usntkassizi edainbesdflogmoliplic, nAtube . whhcpartPc@icd RddHPRent s

sai d non- endogenous proxi mal pl X ter is at_| kn t j
fr om e BB@eéag%%ﬁ%ogY()xisﬁﬁl E[%@( 5%&?85m3§3&19ué% gggﬁagnp&%euﬁ%%gﬂ
serot%gﬁu%% %@g;Z), Ad9, or Ad40, or nore preferably of Ad5 or Ad2.

Al ter rvely,” 'sequences acting as non-endogenous proximal plX pronoter
can bg faurd @Midgdeal byomoter” as used herein is defined as any

sequence different from the sequences naturally found upstream
of the pIX gene, including the sequences of the E1B 55K region
and the endogenous proximal pIX upstream sequences, and being
capable of acting as a promoter and thereby regulating
transcription of pIX coding sequences. In one aspect, a
heterologous promoter may be a sequence at least 1in part
derived from or based upon a proximal pIX upstream sequence
(i.e. the sequences between the E1B 55K stopcodon and the
startcodon of pIX) from an adenovirus from another serotype
than the serotype from which the recombinant adenoviral vector
is derived (e.g. an Ad5 pIX upstream sequence in an Ad35
recombinant adenoviral vector). This is referred to herein as
a “non-endogenous proximal pIX promoter”.

In one embodiment of the invention, Ad35 derived pIX
expression is driven by an AdS non-endogenous proximal pIX
promoter. Any non-endogenous proximal pIX promoter derived
from or based upon the proximal pIX upstream sequence from a
serotype that confers higher levels of pIX expression than the
endogenous pIX proximal sequences of the adenoviral vector may

be used. Identification of such non-endogenous proximal pIX



by general nol ecul ar bi ol ogy net hods known to persons skilled in the art,
such as by transcription assays wherein pronoters can be routinely tested
for strengtdroodvo1es2 | be clear to the skilled person thatr/EhemasoRef rom a
pronoter may be swapped wi thout exchanging the whole pronoter, e.g.
addi ng, deleting, or mutating known transcription factor binding sequences
to a promoter may influence its stre h. Mutating at |east part of
pronot er sequences can be done by changi ng the sequence by nutations, such
as bypagdebtieers mael BEi BRScDUEXTthasgueg el imferoatione rusteossded,ll
i ncluding stretches of nucleotides wth a known function. Substitutigg

by

pr onober evagedricaso i sheomerasyn repl htefg iparthoraglr| T6P™ FedRefuenc

di ff a1t ter.,.Such l.aci .he d i ; t and
ol CCRRAE 6Ty SR AOES ol i et ReB G o TReC e 2oty 80 H e
art. AQYcREIBRE &f Céar%e@orfsﬁt%wc@ £dphR MO0/ 991832 nRSH AR2093H6F0125

23 operable association with the pl X gene of choice, and tested for its
ef f ecE. skrodngidher oas pectfe mlilat ev bl egbgs Ppromdt eerpsyesr-el &t egresific
adenoviral_ non-endogenous proximal_ pl X %ronnter i The&g&gge he%erokpgous
pr onoEEPSCHHEHI S0 BB eq%%ﬁﬁﬁ%rg?ciﬁﬂtﬁﬁr@erbﬁ? ndt 3% ¥ edts

oromoLers, basedupgn: oG el yed ogy Quonngal gl gy uiGW.o.e. fiast herhuman

CW i e early gene 7pro herein referred to as the

pr oo ek krnRaus,ySae Bl 1 Widgnits ( RYidengn tdredRpdhbang prennineal  pEReat
pronoter, further referred to herein as the RSV pronoter), TK  HBV, SV40
and t heohidker 13 oat dmadi nentbadh desiodd af rEIBROT pPEFi iR uded as a

e gO B SE et e BLPH,  eo0 f Ie £ e oo

met al E%g&%“ugi e, EE1- Br rdy (€ r Ynaghivdi & £ hembbkemeSt hetig eon-hybrid

pronoters, conprising elenents fromnore than one
endogenous proximal pIX promoter is at least in part derived
from or based upon a proximal pIX upstream sequence of an
adenovirus serotype 12 (Ad1l2), Ad9, or Ad40, or more
preferably of Ad5 or Ad2. Alternatively, sequences acting as
non-endogenous proximal pIX promoter can be found empirically,
by general molecular biology methods known to persons skilled
in the art, such as by transcription assays wherein promoters
can be routinely tested for strength. It will be clear to the
skilled person that elements from a promoter may be swapped
without exchanging the whole promoter, e.g. adding, deleting,
or mutating known transcription factor binding sequences to a
promoter may influence its strength. Mutating at least part of
promoter sequences can be done by changing the sequence by
mutations, such as by additions, deletions, or exchanging of
one or more nucleotides, including stretches of nucleotides
with a known function. Substituting promoter sequences 1is done
by replacing part or all of these sequences by a different
promoter. Such replacing can be done according to standard
molecular biology techniques all well known to the person

skilled in the art. Any promoter can be constructed in



pronoter, can also be used for the invention, and are all included within
the scope of the term heterol ogous pronoter. Pronoters used may be

const i t ut woeoo#/0d1nstuci bl e. In the context of an induci Hca/prRoeusersa
pronoter is considered suitable for the invention if it gives
overexpression in its induced state. Any pronoter sequence resulting in
overexpression of plX according to the’d nvention can be used as a

het er ol ogous pronmoter according to the invention. Besides pronoter

strengtbrapne Qiscaspesh eater nime ngrkhgeusefauf nessicef, amhartesuedr
pronoter when present in the reconbi nant adenoviral vector. itself is its
size,fas Losgeffgomoters will take up space available for the transgene
A person skilled in the art will, be able to use esent | Lan.to
al low for 18p@nfldiel £RESGECt ¢t %?ﬁ%FP&E&%ﬂ%3P%é$§t§%s%§nu4%g%$%%§t3%

| engt vt =angl hn Wby '?%Qﬁfdjst bRseEl SiZe, piembied . herhabstostybl e
reco ?%ggt vect or . 6&)28 4/0010§grPCT/EP2 03/6%0126 24 1t will be clear
t hat Behetenelqegoiispponntkers meyy sélbb beontaral oprioncltates pakncdrdding of
t he endogenous proxi mal pl X wupstream sequences, or altern t%gely whol | 'y

t

repl devtt hede 1 gehiefcss, PROMGHT 8sPERE heiRe Bl 8§oHE o ©%ccording to
the i pventiaon .can caus qQver ex Sai f net 1! r el di ng
ol 1 [ BB EORAG T SET KB oo, 1E BT o 25 BaTEaEr ¢ o Thi! pdrean
ski |l gdohpidie afphrihat wherianrerdegenouso nes- ph¥ atBhavicabtpeonDt er
(e.g."the E1A, E2A, etc. pronoter) or a heterelogous pronoter that for

i nst aRoes Segutat@sVilest r@Fgene. s Gded BYY dpndi g rédnaksreResC pl X by
use of an internal rjbosone entr it | RES) _be e -
adenoQFPW?R%ﬁmeerFh@rtﬁﬁﬁﬁﬁﬁﬁaaﬁ8_?ﬁ%ﬁﬁ%(%%d%ﬁ% e%%gﬁ%%gggfgk¥éﬂﬂﬁﬁ
order)pythig; 4§ LQaPenLeganded ag Beld@Emybdhhanthe sscopeobvihelt enm
"het erol 6gous” pronoter™ according to the invention.

promoter is used as a heterologous promoter. Cellular

promoters can also be used as heterologous promoters, and

these include but are not limited promoters from PGK,

metallothionein, EFl-o,PB-actin, and the like. Synthetic ox
hybrid promoters, comprising elements from more than one
promoter, can also be used for the invention, and are all
included within the scope of the term heterologous promoter.
Promoters used may be constitutive or inducible. In the
context of an inducible promoter a promoter is considered
suitable for the invention if it gives overexpression in its
induced state. Any promoter sequence resulting in
overexpression of pIX according to the invention can be used
as a heterologous promoter according to the invention. Besides
promoter strength, one other aspect determining the usefulness
of a particular promoter when present in the recombinant
adenoviral vector itself is its size, as longer promoters will
take up space avallable for the transgene. A person skilled in
the art will be able to use the present invention to allow for
optimising the vector experimentally with respect to promoter
length and strength with regard to insert size, to find the

most stable recombinant vector.



An el evated or increased | evel of plX gene product in the invention is the
result of overexpression of the pl X gene in a packaging cell of choice.
Over expr ewx mod/af10s2he pl X gene as wused herein is defi natTasPa08/S826eSSi On
| evel of pl X, either on RNA or protein level or both, that is higher than
the pl X expression |evel obtained when the coding region of plX is behind
t he "endogenous proxi mal pl X upstream8equences" as defined herein, in a
gi ven packaging cell. "Overexpression"” is neaningful in the context of the

present jventLon for anperbi euidirJied §60k ogevmareanbey - pkX1donbi nati on
of an~ adenovirus in conbination with a particul ar packagi ng cel |l of
choi eenidihods tocdetds paet expr edsi ont | Bhel enERIGENEF aPFe=iWay Bddwn to

persons skilled in the art, and include but are..not_|jited - PCR,

Nor t st DRt PREUANSE] Br nOBI éttlttier'ﬁjzaqc{aﬁﬁ%ifi/h&?51 e ﬁ-éoéf]?ﬁ% Eﬁﬂ%sée%:t

i nvention,_ overexpression b & nj tle @®SSi on
Ievd%?qqggpeFécgﬁ%?ﬁg% %%2#%%I#E?gf?ﬁagggfvéﬁqgﬁggrt ?298. IJ%?Pgrase)

WO 2004/ 001032 +RCH ER20034058126 e 25véneapgeeen qrack@gyageteld of choi ce,
wherein the genetic information encodin% plXis behing t he ,endogenous

pr oxiimeff o pht iops terezol segueAes i d HoaEKEIBNSS K Selguehc 68014t conpari ng
these expression levels tp those in a re i t. VLEUYS t.hsSnt he
sane "8k p?ltsﬁa?mc Het ¢ % g8dit eyt 3R g%rr&el%g?ajtrgd % gEt&ette}%o ng'éﬁr;
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obt ai ned by the heterol ogous or, natural' pronoter over that. obtai by
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the non-pIX adenovirus gene or the transgene and the pIX coding
sequence (in either order), this is to be regarded as being
within the scope of the term “heterologous promoter” according
to the invention.

An elevated or increased level of pIX gene product in the
invention is the result of overexpressioh of the pIX gene in a
packaging cell of choice. Overexpression of the pIX gene as
used herein is defined as an expression level of pIX, either
on RNA or protein level or both, that is higher than the pIX
expression level obtained when the coding region of pIX is
behind the “endogenous proximal pIX upstream sequences” as
defined herein, in a given packaging cell. “Overexpression” is
meaningful in the context of the present invention for a
particular heterologous promoter-plX combination of an
adenovirus in combination with a particular packaging cell of
choice. Methods to determine expression levels are generally
well known to persons skilled in the art, and include but are
not limited to RT-PCR, Northern blotting, Western blotting,
and the like. For the present invention, overexpression would
be measured by determining the expression levels in a

recombinant adenovirus with a given insert (e.g. luciferase)



conpl enmenti ng adenoviral functions in the packaging cell, product purity
(such as absence of replication conpetent adenovirus fromthe generated
bat ch), ewxe00é/0u8®, grow h characteristics, and the | iB@E/EBR@phes of
packaging cells are known to the person skilled in the art, and include
293 cells, 911 cells, and PER C6(err) cells as used herein, as well as
derivatives thereof adapted for conpléﬁbntation of adenoviral vectors of
specific serotypes, such as PERS5K. It will be clear that in al

embodj gegt gi_%fe_ri hes bRygNhyoRe 11t hef ptXo6edi, ngrisarpiemceheand eagut at ory
sequences driving the “expression ofﬁg[x can be positioned on their natural
| ocatioAormattHion tércadengviolds igenoehingds the |e@OYRANALET arentipat t BLSf

t he adenovi rus genone, e.g. .in the i that originally, contained the E3
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of i rat) r i r rid£6851nEW i Ns)oviiense,
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al | owthhe recatd naahe, cWOs2047 1001 082 cPCT/AERKDDBAG50826 or26l sadenovi r uses

according to the invention to include nore foreign %enetic in orna%gpn,
conprFrephgagagerey of hRTCEFESOIOURr PREFRBEE, Orléc%%b? SNE S Fehovt PlisESSni t h

i ncreased stabili ordin o, t.he_i t4i,0 C Lhg
propa@ﬁ§8§enF6Fsﬁ%¥% gggééﬁgggw;%ﬁéutngﬁéﬁgdbfq?%g%gggfity. gﬁgg%lpgs%ban
be megsuned dy severgl reridhiodsi knewn) t o crear:pskisied Of tdEx ast,
including but not limted to PCR on reconbinant virus to denonstrate the
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to by-products, which can also be visualized by, PCR nethods, and_the like.
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adenoviral "partitles also can %e used to
without E1B 55K sequences. The choice of a packaging cell is
determined by factors such as the serotype of the elements of
the recombinant adenovirus that interact with the
complementing adenoviral fuhctions in the packaging cell,
product purity (such as absence of replication competent
adenovirus from the generated batch), ease of use, growth
characteristics, and the like. Examples of packaging cells are
known to the person skilled in the art, and include 293 cells,
911 cells, and PER.C6™ cells as used herein, as well as
derivatives thereof adapted for complementation of adenoviral
vectors of specific serotypes, such as PEROSK.

It will be clear that in all embodiments of the invention,
the pIX coding sequences and regulatory sequences driving the
expression of pIX can be positioned on their natural location
within the adenovirus genome, as well as in different parts of
the adenovirus genome, e.g. in the region that originally
contained the E3 sedquences.

Recombinant adenoviruses with increased stability are
capable of incorporating larger genomes into virus particles
(virions). Hence, increasing the stability of recombinant

adenoviruses as used herein will allow the recombinant



determne the stability of reconbi nant adenoviral vectors (Caravokyri and
Leppard, 1995). Methods to determne stability/instability of reconbi nant
adenovi r awovmot/ariss2zare al so given in Exanple 3 of this mppiroetisors A
reconbi nant adenovirus, also called reconbi nant adenoviral vector, or
adenoviral vector, as used herein is derived fromor based upon an
adenovirus, lacks at |east part of t he6El region (conprising the E1A and
E1B genes) of an adenovirus and can conprise foreign genetic information
of whi ghy, 96k i-veey andiOrdigypressin byveatdovediorinslddei mede Exogenous
(or foreign) genetic information as used herein, is any genetic

i nf orfmtébon pleattiic nohfaanatdldny, preseni SiRJa® RV PLUSItEESS- al so

referred to as transgene.  This includes but is .ngt limt t :
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are usefuhofrer paeatdpus purpesss,ssych a$ iimgeriel 1 hevapy taipllicay i 648,
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from such .adenoyviral, vectars,, to.lngreas e.capacity . for j r
genet?Et?nﬂ&ﬁiﬂﬁ%ﬂgi%u ePP%;%%ﬁ%}%grgg Eﬁ%gdﬁﬁeﬁggbhéﬁﬁanggé é%?ong and
vari oys,6aekiRatd anse o rRah & $Pnpket eeddetetbrabsnahtEZddiBovand 1 E4
regions conbined wth the EIl deletion can be used, if necessary in
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| acking in the adenoviral vector, when necessary for, repl.ication of the
adendWer HF-Syecidec APY  FECoMs HANES ad8Rbvi eﬁlEEVi%§é¥%lgﬁﬁ ﬁon in the

B - r egh,on cqnbigied, yEL oRl Onaliy-AEKaQLRer oflebebi gag diddie adenovirus

genong, are meant to be incl'uded wthin the scope of the present

i nvent hercthe denpviriuses @frticles, determination of the
thermostability of adenoviral particles also can be used to
determine the stability of recombinant adenoviral vectors
(Caravokyri and Leppard, 1985). Methods to determine
stability/instability of recombinant adenoviral vectors are
also given in Example 3 of this application. A recombinant
adenovirus, also called recombinant adenoviral vector, or
adenoviral vector, as used herein is derived from or based
upon an adenovirus, lacks at least part of the El region
(comprising the EIA and E1B genes) of an adenovirus and can
comprise foreign genetic information of which delivery and/or
expression by said vector is desired. Exogenous (or foreign)
genetic information as used herein, 1s any genetic information
that is not naturally present in an adenovirus, and is also
referred to as transgene. This includes but is not limited to
genes of interest, expression cassettes, and the like. Such
exogenous genetic information can fill the space in the genome
that has become available by the deletion of adenoviral El
sequences. Recombinant adenoviral vectors are useful for
various purposes, such as in gene therapy applications,

vaccine preparation, and the like. In addition to the E1



the present invention can be used in different settings such as gene

t herapy or prophylactic and/or therapeutic vaccination, including tunour
vacci nat i wo modomnd2 -viral vaccination. For this, the adamrevesaisozect or
functions as a gene delivery vehicle, wherein a non-native gene is
incorporated into the adenoviral genonme. The adenoviral particle can
subsequently be targeted specifically 1 target <cells of interest; the
adenovirus binds to that specific cell either through capsid-receptor

bi ndi pg4oknt biaLgh o hen1mears segdedebbverm the deansgen€rciargethng of
adenovi fuses can be performed in many different ways. Persons skilled in
t he amtlenofiaddnowdciadrsecttor tneryeasagthe ICaRaGkaYe fO AT HF different

possibilities that are, appl.ied to, deliver the d [ vect o t he
cel | s9BRCLACerdstO Bt hO pagsi BFT FEi-Bs P %ﬁﬁ?%u%ﬂgﬁgqﬂﬁn %hi@gaggo
capsi g akteral ians (Lihen,s expn;ARdl 8k sPet ofla FRdbli Gignsse such as
del et ons, swaps between fibers of different serotypes, and additions of
pept i descandngy «f e?, bEsJi regnhdoitét reg) orwhez@iipinedi werbiic ¥hideks are

produced that recognize a receptor present , on the cell, of iq%erest, or
wher eflaled OBl Ahgoef UBKS pent oRSABDSSEEH (01039 PERPERPSIDI 150126 28 base

is utilized., Ot her, possibiliti | j-nki t ' - i el d 04the
capsiﬂaﬁﬁﬁﬁﬁq%,cﬁker %#%%ﬁ§%§ tghgeg%?%%?%B f%gg%hggéfﬁﬁﬁga%ﬁﬁﬂ étrong
bi ndi pgcprRiBids.rH1 aBLitkadi eshen npakissdher eof aeelliduebt oofhéheapsi d
proteins to achieve specific targeting. Such vectors can al| be produced
usi ngatiee ovietshodse ahd rnednsl pregonbd ney tt edppre¥ertsiedvdl®TBrd 2Ther ef or e,
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| ocatrons wthin the aé%nOV|raI backbone, but preferably they are | ocated

in thgiEhin the scope of the present invention. The adenoviruses of
the present invention can be used in different settings such
as gene therapy or prophylactic and/or therapeutic
vaccination, including tumour vaccination and anti-viral
vaccination. For this, the adenoviral vector functions as a
gene delivery vehicle, wherein a non-native gene is
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
either through capsid-receptor binding or through other means,
and delivers the transgene. Targeting of adenoviruses can be
performed in many different ways. Persons skilled in the art
of adenoviral wvector targeting will be aware of all the
different possibilities that are applied to deliver the
adenoviral vectors to the cells of interest. Such
possibilities include but are not limited to capsid
alterations (fiber, hexon and/or penton modifications, such as
deletions, swaps between fibers of different serotypes, and
additions of peptides and/or other binding moieties), wherein
chimeric fibers are produced that recognize a receptor present

on the cell of interest, or wherein the binding of the penton-



region, which is lacking in the reconbi nant adenoviral vectors of the
invention. The El region is conplenented by the conplenentation elenents
present iwdives/enng enenting cells. The direction of t IR ESI126
transgene and ot her regulatory sequences can be directed towards the
left-, as well as to the right inverted term nal repeat. The present

i nvention can al so be used for the pr&@uction of viral vectors based on
adenovi rus and/or on other viruses such as the Adeno-Associated Virus
(AAV)paMBer 8i Bttile £oabi Dathican, possthi s tdr sAtAVL thkiemi cargesingan
integrate into the host cell genone. Several_nethods,ar% known jn the art
for mehetaeBndgd ritlegr 8BPRG Cader@vet B8 es Whegwdmal 9T LRSTRRGENR BRAPE al so

useful for the production of adenaovirys for (specifi: Voo O

non- sPRRFEFAESN 1 Y9 XA ?ﬂae&%ﬁ%ﬁg2@lﬁ§ﬁpgog£§géiﬁ%?a?gnggi§eﬂé%%?a g
Lransgenes ¢a.he,e choped i the £ReoBbigINt wHepovhtaloveatiotevel the
present 1nvention. These do not only include regulatory nucleic acid
sequespesisich msreahanger Suqt oneterss(eay stk obg Pordad@sbvishng the
pronoters such as the cytomegal ovirus Eronnter, t he VAQ pronoter and the

S
RSV pRORBOES) adift PORPAIERAVHGYH P¥i Ghel £XHiR" 8l $BVASHerd‘ogous genes for
theraﬁ utle p%{ POASES - \.@QS%QPC‘”P%%ﬁ%i@g/ﬁ@oéigé%%@s 2 dhesehane, in
%80? S S'h ade

one a e 1T nhvention, reconnl nant novi rus vectors accordi ng to

the | gMERLAR A erPFBYi-dedcco®l ©h ntsaitthenam-asenoviy alf yprdtest n i s
selected fromthe group consisting of: a cell-death inducing poly ep%ﬁde,
a t uropmpspedifg c2 anepgence sn¢allipgoteitP R HORABHE 2N P ZP Stk REC

N S I8 STl R O RO AeN L L Al SpcBEL ST cpnlypRRl L es
ggloz EP?@@?ﬁ%ﬁiﬁﬁ%ﬁgﬁfﬁﬁ?fi?ékm‘ﬂﬁ@ﬁt 8krs, _1ro<tc—ﬁ:mcpri@f\tagormst s,
ptors, RNA inhibitors, anti-sense
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 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 other viruses such
as the Adeno-Associated Virus (AAV), wherein the combination,
such as an Ad-AAV chimeric virus, can integrate intc the host
cell genome. Several methods are known in the art for
generating integrating adenoviruses. Generally, the invention
is also useful for the production of adenovirus forms that
(specifically, or non-specifically) can integrate.

As mentioned, several non-adenoviral transgenes can be
cloned into the recombinant adenoviral vectors of the present
invention. These do not only include regulatory nucleic acid
sequences such as enhancers, promoters (e.g. strong non-
adenoviral promoters such as the cytomegalovirus promoter, the
SV40 promoter and the RSV promoter) and polyadenylation

signals, but also heterologous genes for therapeutic purposes.



RNA' s, decoy factors, ribozymes, and nore specifically, thym dine kinase,
eryt hropoi etin, novel -erythropoiesis stinulating protein (NESP), |L3,
ceNCS, gawwezonso@nd2er on and gpl00. Non-adenoviral viralpqwEreénsoran be
cloned into the reconbinant adenoviral vectors provided by the nmethods and
means of the present invention for vaccination purposes. Such viral
proteins include, but are not |Iﬁ1ted2t0 gag, pol, env, net, etc. for HYV
vacci nes, E6 and E7 proteins for Human Papill ona Vi rus vacci nes,

Ci I CUNBEOE 820kt € ipf abebNasbee Jif ashedinwvepritozoaréoomiiharita vacci nes
rotavirus conmponents for rotavirus vaccines, ebola proteins for g&ola
vaCC|aéenovhéUSFWﬁﬂﬁ@?geﬁ@Q@ﬁﬂﬂRﬁst@rBHﬁRé§¥@Qﬁ%9§ YRcPEA TS us for
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adeno degi fr, PRgaE  wRP cﬂqﬁ@@?tiué t Batturhs capable
|n¥gégﬁﬁgiﬁg‘qﬁfceélE%Q6Ufﬂ¥ﬁg{|nventﬁon is equally usefulléorrnon human

adenOSpéuﬁéic Arpergen, ski Miethli rpreheiart awildrmenawand & aWeCkHee -t hat
in addition to all human adenOV|ruse§ NUMer o s on human adenovi ruses have

been NpAshirEitdd9 reXaBP&LE. ChViJusH en&ﬁﬁf %ﬁﬁﬁﬁsad@ 1711888 can be
lied,t h h 4/ 001032
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I nvention. n-imting exanples of non- human

ade“°¥h&¥§@%ﬂﬂﬁﬂa§651@@dMMEH@qﬂruﬁemgsth@ﬁﬁ%ﬁ@dﬁaaed méansase$, t he
present invention are canine-, bovine-, nonkey- and avian adenOV|ruses
SerotypeptagluseUHMEbetnmguﬁ&ﬁtﬁﬁﬁgoé@ceﬁé¥ﬁhda%5é€P8§SFé%trﬁ%%%%
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are uggd for &égé‘odge@%%tdx% of 1 k&£ oABENaRing afeneVispesas iaccordj ng to t he

|nvent|0n to generate
thymidine kinase, erythropoietin, novel-erythropoiesis
stimulating protein (NESP), IL3, ceNOS, gamma-interferon and
gpl00. Non-adenoviral viral proteins can be cloned into the
recombinant adenoviral vectors provided by the methods and
means of the present invention for vaccination purposes. Such
viral proteins include, but are not limited to, gag, pol, env,
nef, etc. for HIV vaccines, E6 and E7 proteins for Human
Papilloma Virus vaccines, circumsporozoite proteins from
Plasmodium protozoa for malaria vaccines, rotavirus components
for rotavirus vaccines, ebola proteins for ebola vaccines, the
F and G gene products from Respiratory syncytial virus for
Respiratory Syncytial virus vaccines, HA and NA for influenza
vaccines,etc.
Adenoviruses according to the invention are preferably human
adenoviruses, i.e. derived from or based upon adenovirus that
is capable of infecting human cells, but the invention is
equally useful for non-human adenoviruses. A person skilled in
the art will be aware of the fact that in addition to all
human adenoviruses numerous non-human adenoviruses have been
identified in the art. Obviously, also non-human adenoviruses

can be applied to reach the same results as disclosed by the



such reconbi nant adenoviruses are well known to persons skilled in the
art, and include but are not limted to general nolecular biology nethods
such as cWwaniongombsgenetic information into desired corximte63/BoR6bY use
of restriction enzynes, and the |ike. Reconbi nant adenoviruses can al so be
based upon adenoviral sequences. "Based upon" as used herein, 1is nmeant to
i nclude the synthetic construction of 3genetic information based upon

know edge of such genetic information. Such nethods include but are not

lim %ﬁ%ste‘ht theyuse:1ef, . adenovimak igeneitampbéer iodl rash-ehteapl ate for PCR
to construct a new adenoviral construct that is_based upon the sequence of

the terplateradesovihads,cdmebe opsodeta drudingoipicetd RO neRe: ME etic
information with a desired sequence e.g. by i_nki Sy i,C
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under st.oqd vierjved f $ Nt BegessAdily Ranedcdir eptes! oni ng
of tﬁgﬁﬁqcéggégvgﬁﬁsﬁé{p%%%%%gg% IIediﬁn the art will also be aware of
the passidi bpbies oirewtecutat hictogypes.obtain mutant forns of a
certain piece of nucleic acid. These nmutations may render a .djifferent
functimnal veg, fioom’t ey wagdahes el simeARS| A @ dYCthat E&rfai n nutations
do not alter the functionalidt

of. t artic | £Ge its
encodSAHF ot ePn. IfiETr of €, pr%éﬁgltne‘ér]?r{sha?u%%tei E)Hna mép)%r fggp%r?\cégﬂ and/ or
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as equivalents 6f the nucleic acid they are related to. A person skilled
in thedatdviklkesapprectdiegt he fidut thuenceorai flefdredfone, dsRpsate

(point)mutations, additions, etc. may still .result in | ej.c acid that
has a8&¢hi FaEomMaddn é@epﬁglﬁqﬁﬁ§mﬁrenwgﬁéi?Qﬁﬁ%.tﬁtp%?%¢i§efore to be

under st ood_t.hat C teraty dornatrsigpt f i cantky ald efehbeal
funct?%ﬁgg?gylnoﬁHF%eagkbtg?%%qgﬁ%hﬂgé t he pﬁk protein, E4-orf6 and E1B-55K

molecular biology methods such as cloning of genetic
information into desired constellations by use of restriction
enzymes, and the like. Recombinant adenoviruses can also be
based upon adenoviral sequences. “Baged upon” as used herein,
is meant to include the synthetic construction of genetic
information based upon knowledge of such genetic information.
such methods include but are not limited to, the use of
adenoviral genetic material as a template for PCR to construct
a new adenoviral construct that is based upon the sequence of
the template adenovirus, the construction of completely
synthetic genetic information with a desired sequence e.g. by
linking synthetic oligonucleotides to a desired construct, and
the like. It is to be understood that ‘derived from’ does not
necessarily mean a direct cloning of the wild type DNA. A
person skilled in the art will also be aware 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 functionality of that
particular piece of DNA and its encoded protein. Therefore,

the terms ‘functional part, derivative and/or analogue



gene product are within the scope of the present invention. It wll be
clear to those skilled in the art, that the nethod for obtaining the
geneti c i wioozon®od1032 encodi ng the reconbi nant adenovi r ucIaEP20Es/05ar26 ed

wi t hout departing fromthe scope of the present invention. Human
adenoviruses have been classified into subgroups A-F, which enconpass 51
serotypes (see e.g. EP 0978566). For sSéme applications, it can be
beneficial to use adenoviral vectors derived fromor based upon

adenQylJuses féﬁ?g‘ speaid i €nqsHBELRUPS: 9T e fli0Matenttai roSetheypes lidiat have a
tissue tropism for a desired cell type, e.%._lldendr.i tic cells (V
3
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choice (MO0 .. Be : t he.y Si nmLaristy hetyveenl thensubgroup B
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partigl sl y asuidt aller fosst he sdderniovi r fieestabnsEsyrdup Brigdmee, preferred
enbodi ments of the present invention relate to adenovir {1 vect grs derived
f r omrorc basedagpoh art aﬂén@hﬁﬁ@i%ﬂ%s’%@fP@dqwe%ﬁ%‘?%ug Bt §ﬁ’é§?oup B of

hunman adenovi ruses .conpr.i ses,Ad3, Al | 6 1, Ad35,
and AISEE TP &PBFr gdqagpn%%dps ntssl%?lgﬁgaﬁgééferﬁ&d%e#plﬁg%t ifgﬁi%%elloarféejﬁtﬂgy

r ecorhy vid aky¥Bcher s derp yedpfoemior, msedripoanddIS Br5a8I | WO
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ser otydee f prospedi fare wpphicationsscepecalll e v resrdtadéRAFiRes &&n be

Uoo0 AT SO SE PR O A O Jenehic seavenges sadlngfpn oo
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decr easenbyAHNeUei i b¥ @aried without departing from the scope of
the present invention.
Human adenoviruses have been classified into subgroups A-F,
which encompass 51 serotypes (see e.g. EP 0978566) . For some
applications, it can be beneficial to use adenoviral vectors
derived from or based upon adenoviruses from specific
subgroups or from certain serotypes that have a tissue tropism
for a desired cell type, e.g. dendritic cells (WO 02/24730).
The general absence of neutralizing antibodies in the
population against adenovirus from certain subgroups or from a
specific serotype is also an important parameter to determine
the serotype of choice (WO 00/70071). Because of the
similarity between the subgroup B viruses (see e.g. Examples 4
and 11) it is expected that the invention is particularly
suitable for the adenoviruses of subgroup B. Hence, preferred
embodimenfs of the present invention relate tO adenoviral
vectors derived from or based upon an adenovirus classified in
subgroup B. Subgroup B of human adenoviruses comprises Ad3,
Ad7, Adll, Adl4, Adlé, Ad2l, Ad34, Ad35, and AdS0. Preferred
embodiments of the present application relate to recombinant

adenoviral vectors derived from or based upon Ad35 or Adll



change the tissue tropismof the "nmain' adenoviral vector (EP 0978566).
The "main' part as used herein nmeans that it contributes nost of the
geneti c i wioozon®mod10s2 to said chinmeric virus, and a chi TedRERISNBYiI26US Wi | |
therefore be included in the serotype group of the "main' part of such a
virus. It will be clear to those skilled in the art that the present

i nvention can al so be used for such cbt meric adenoviruses when these could
face simlar instability problenms. It can for instance be expected that a

chineric Vi I W nAd3B rsequanesisyps the rgpecpait and
corrstl 5 %Efol b%%é%ﬁggpld derrll@ed frr om or based on e.g. an Adll
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vect gl %earé‘dé\ﬁ‘b{rl%%qw@éﬁbﬁﬁse@enmrkecs kid | edei metrag rermty (gesekillsed supr a;
US patent 5,994,128; Russe 2000 Production of El del eted rhecorrbl nant
adenayifiaisest 1 ant Heheor matn i ad@@@\?ilsr@bn‘éeifﬁoﬁa@% B PERSS s

cal l ed conplenenting cells. Such cells pr n C
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the serotype group of the ‘main’ part of such a virus. It will
be clear to those skilled in the art that the present
invention can also be used for such chimeric adenoviruses when
these could face similar instability problems. It can for
instance be expected that a chimeric adenovirus comprising
Ad35 sequences as the main part and comprising a fiber that is
derived from or based on e.g. an Adll adenovirus may have
similar instability upon propagation as is reported for the
Ad35 recombinant adenoviral vectors described here. Hence,
when recombinant adenoviruses are mentioned in this
application, chimeric adenoviral vectors are meant to be
included in the present invention.

The elements necessary for production and assembly of
recombinant adenoviral vectors are well known to the person
skilled in the art (described supra; US patent 5,994,128;
Russell, 2000). production of El deleted recombinant
adenoviruses in the form of virions is done in packaging
cells, also called complementing cells. Such cells provide 1in
trans the genetic information of the adenovirus lacking in
said recombinant adenoviruses, necessary to produce

recombinant virus (recombinant virions). Well-known packaging



Eur opean Col l ection of Animal Cell Cultures at the Center for Applied

M cr obi ol ogy and Research, is therefore a very suitable packaging cell for
pr opagat i w r0e€aisnant adenovi ruses. O her met hods to REATERAERSL12E
generation of replication conpetent adenovirus have al so been envi saged
and concern for instance manipul ati on_of adenoviral sequences to reduce

t he honol ogy between sequences presen?3in t he packaging cell and the
vector (e.g. Hehir et al., 1996; Robert et al., 2001). Packaging cells

can, Jhgsides, thegabligatoryoH Ekegilen.andorpri 6 dtdwel 1addsayineal . séguences
to conmpl enent other adenoviral functions when these are functional
| ackinegsti putheseecanbiimntrafensbileus usese 3uPRCASEY patisds | of

E2, E4, and the |ike. The conpl enenti i nformat | [ kaqi S can
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adendvi YUbet2Bhat PEFHCEE N » a agerfROS HEPEt 88T st %bgglgl% Oaaaei?‘nogﬁ?al

genes (gutless vectors. or el per__de n i ruse t f#mal
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an enginesbed giatodkaqiidiecD120047 QOMOBRIPETNEP20DB?PWBOR28T 34 packagi ng
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iS concern for instance manipulation of adenoviral sequences to
reduce the homology between sequences present in the packaging
cell and the vector (e.g. Hehir et al., 1996; Robert et al.,
2001) . Packaging cells can, besides the obligatory El region,
comprise other adenoviral sequences to complement other
adenoviral functions when these are functionally lacking in
+the recombinant adenovirus used, such as e.g. parts or all of
E2, E4, and the like. The complementing information in
packaging cells can be present either integrated in the
genome, Or as extrachromosomal copies, e.g. on plasmids,
vectors, cosmids, and the like. Other methods make use of so-
called helper viruses, which comprise genetic information
lacking in the recombinant adenovirus. Recombinant adenoviral
vectors are also used as so-called helper viruses used for the
production of recombinant adenoviruses that contain a genome
deleted for most or all adenoviral genes (gutless vectors or
helper dependent adenoviruses). In the final production of
such gutless adenoviruses it 1s necessary to avoid packaging
of the helper adenovirus. A person skilled in the art is
familiar with the methods to achieve this, for example using a

site-specific recombinase on an engineered site in the



preferred above a smaller one. As will be clear to the person skilled in
the art, the present invention can equally be applied to increase the

st abi | i t ywaf200dr@1022conbi nant adenovirus by use of a recumiraesoshesper
virus having the increased plX expression, which can be acconplished by
the nethods described in the present _invention. Any cell containing
genetic information that can be used £6 conpl enent the reconbi nant
adenovirus, to generate reconbinant virus particles, is nmeant to be

incl uded in: fhessgope ofo thelpeanivigt s obapRraagiong icpidl . | Ofwehl ibe o3 ear
to the person”skilled in the art that the advantage gai ned by thgggrgsent
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i nformation encodi ng pl X can _either_ be present h onhi :
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reconbi nant . novi_r.al c s exlr aHd ahe DeBet Beid Rfr@tson can
be pr<%éﬁ?ﬁéggﬁeg%m¥ﬁf%%§aégﬁoln t %H%en%ne, or as eg$rachrqnnsonﬁl copi es,
e.g. voruPl asmirds, nveetwaslycodtiatsefand, t be llaidgs helpedudilags gehetic

information into a packaging cell can be done _according,to varietgnof
met hquoise feuchdagbionenst esnpdh By ONg pokectamin Pcaf cFam 590&%%?{ Fers

precipitatiaqn, viral infection, _a h ike.: C eneral ly
wel | %ﬁ%ﬁiegolphghﬁxﬁg f §EQIQ§ %éh#hgngs %%ﬁ% ?%geﬁggﬁaﬁ%gﬁg for

I nt ro%‘%ﬂ%@ of, genetdSshnNiOTRI H81 1 StHobCrild cabcbobitlmt scope of the
i nven n. Functional plX in expressible format as used_herein neans:
genetigehoforat ion eseodifng ptecdmbime G003 2V PETAEPZ0UIID50126 35
operabl e linkage to a pronoter or other

cperable i nkage Lo = promolel, ot of her eduetoragaystan, siemlle o

ol | Ran BE S B EPer Br ot (e o et Ty wi theor after the

i ntrogdygthem:efy tfenetic information that can be used to complement
+the recombinant adenovirus, to generate recombinant virus
particles, is meant to be included in the scope of the meaning
of packaging cell. It will be clear to the person skilled in
the art that the advantage gained by the present invention is

not dependent on the packaging cell used.

The genetic information encoding plIX can either be present on
the recombinant adenoviral vector but can also be present
independent from said recombinant adenoviral vector, and such
extraviral genetic information can be present elther
integrated in the genome, or as extrachromosomal copies, €.d.
on plasmids, vectors, cosmids, and the like. Introducing
genetic information into a packaging cell can be done
according to a variety of methods, such as transfection by
lipofectamin, calcium phospate precipitation, viral infection,
and the like. Such methods are generally well known to the
person skilled in the art, and the method used for
introduction of genetic information is not critical for the
scope of the invention. Functional plX in expressible format

as used herein means genetic information encoding pIX i1n



reconbi nant adenoviral vector. It was found that constitutive episonal
expression of plX in a 293-based packaging cell line conplenents the

def i ci encwoofoopbddfosut ant adenovirus type 5 (Caravokyri moTERegsdRs 1995) .
However, for such applications special episomal plasnm ds containing an
EBNALl expression cassette are required, and propagati on of adenoviral
vectors in such cell lines suffers fromthe di sadvant age that parts of

the episone very likely will becone part of the reconbinant adenoviral

vect o Hence. 1hnkARS erped erkeditentsrobthke preskatoiryvemduEmcgenetic
information encoding functional plX is present on the, adenoviral vector.
I n atdmmabset o fdetrisasegt hapatsuitonfOf c6arbi ATV F eaBFRFMAT 1 pl i cat i on

conpet ent adenovi rus, some authors have.use [ m Adz -
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di minj s rlap betypee | gbeiacigs 88 bse( AdSider iyetor
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increase the stability of the viral vector, aqg this_ st biIit% . as ., not
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transcription regul ati ng seque s:of _p it s of ; ake
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adenoyhr s c3omBiBi Ngnas suffers from the disadvantage that parts of
the episome very likely will become part of the recombinant
adenoviral vector. Hence, in preferred embodiments of the
present invention, genetic information encoding functional pIX
is present on the adenoviral vector.
In attempts to decrease the amount of recombination leading to
replication competent adenovirus, some authors have used a pIX
gene derived from Ad7 - a group B virus- which was driven by a
mutated pIX promoter of Ad5, to diminish the overlap between
the nucleic acids of the (Ad5-derived sequence containing)
packaging cell and the recombinant adenoviral vector (Robert
et al., 2001). However, those experiments were not done to
increase the stability of the viral vector, and this stability
was not measured in those experiments. In the current
application, the transcription regulating sequences of pIX in
the adenoviral vector are changed with the purpose of
increasing the stability of the virus and/or increasing the
capacity for foreign genetic material in virions. The
invention demonstrates that a recombinant adenoviral vector
derived from Ad35 comprising a pIX gene under the control of

an Ad5-derived proximal pIX promoter derived from AdS is more



functional plX coding sequence and having at |east a deletion in the

El -region, wherein the pl X codi ng sequence is under control of a

het er ol ogews20p4/a0mas2er, and wherein said reconbi nant adewavirues/issizderi ved
fromor based upon an adenovirus other than an -adenovirus serotype 5. In
certain enbodinents, said heterol ogous pronoter is a non-endogenous

proxi mal pl X pronoter. In preferred erfodi nents the genetic information
encoding pl X is derived fromor based on Ad35 or Adl1l. In such

e”b()déff%@ié/cén%%ﬂ‘x%@ﬁ NeR=eNREENMISgPhEL ipr dMmiermasian Atdsrprdret er .
I n another aspect, the invention provides a reconbi nant __adenoviral vector
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adenoviral vectors are useful, e.g. in e _preparatjion i nes (WO
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l'ike., Ch i.ng esi . i : S A&k NaBhpradenayi &a
vecto+%v%§ﬁ§8§ 5@5%)?%%Sg%ggfnfﬁg&%%%ﬁg%ég&FtEﬁg% altered thsuengyopism

as copparedohalt Rertuebdused skdmeradenandr abwied or's, lepdtoe skl ¢felased
because they are |less inmunogenic than such Ads derived vectorﬁj%VMD
00/ 7007 1xheF8i -tiee gener ahied® 16T e oAbnERC A PR &N CFedtfordi9Ft is

convenient to ¢l one the_ transgene | pl i er,.:p asmd),

conta?ﬁﬂﬁﬁoth |é%$h%£?FO&P E%d%%%@??%%’lg@ﬁ%ﬁg&%?égéeggéﬁ%es and havi ng
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y

t hen generate onol ogous reconbination with a cosmd conprisjing the
ri ght apanbvefrushe tladenahiamus havdagoat rilse B endvpoePl-appi 95 Segtences

with the 3" end of the adapter plasm d (see_exanples in _pres
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reconBi-it ﬁp'nuzielc acl d sequence conprising an adenovira
information encoding pIX is derived from or based on Ad35 or
Adll. In such embodiments, a preferred non-endogenous pIX
promoter 1s an AdS promoter.
In another aspect, the invention provides a recombinant
adenoviral vector obtainable by a method according to the
invention. Such recombinant adenoviral vectors are useful,
e.g. in the preparation of vaccines (WO 00/70071; WO 01/38362;
WO 02/24730), as gene delivery vehicles, and the like.
Choosing a desired main serotype for such recombinant
adenoviral vectors can be used for obtaining vectors with an
altered tissue tropism as compared to the much-used AdS5
adenoviral vectors, and/or can be used because they are less
immunogenic than such Ad5 derived vectors (WO 00/70071) .
For the generation of recombinant adenoviral wvectors, it is
convenient to clone the transgene into a plasmid (adapter
plasmid), containing the left part of an adenovirus lacking El
sequences and having restriction enzyme sites for cloning. The
recombinant adenoviral vector is then generated by homologous
recombination with a cosmid comprising the right part of the
adenovirus having at the 5’end overlapping sequences with the

37end of the adapter plasmid (see examples in present



left I TR, a packaging signal, other adenoviral sequences with a deletion
in the El region, at |least part of the EL1B 55K open reading frane and pl X
codi ng sewgwemoeaniodn yet another aspect the invention mpavirtess/soreedi fied
adenoviral plX gene, wherein the genetic information encoding the plX
protein is not derived froman adenovirus serotype 5 or an adenovirus
serotype 7 pl X encodi ng sequence. In pfeferred enbodi ments, said nodified
pl X gene conprises a heterol ogous pronmoter. The present invention also

rel ates 0. & phat Maceuld £ale sCONBRSI Lir0 WG OIPY BSBER )a rHoowbi narits
adenovi ra vector “according to the invention or obtalnable by a nmet hod

provigdesthdy sbpecnvent itdne Fhesphdr revesntéah ESNPOEPYI@d Rurt her

conprises an acceptabl e pharmaceutical carrier eneraII I|
per sorecarkPinedt| pudte ke tagtd p§§&%%ﬂq%nc8wprﬁﬁgfﬁﬁ % %ﬁBQ hernnre
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conpr ody a reconbi nant adenoviral vector
acconglaglé@lbheljjnﬂg@tE@nxe@ﬁoa,phﬂrnHeeBtl@@hﬁtGﬂbOBhElBthﬁﬁﬁidé@eby
the 1nvention. The invention further provides a reconblnagh adenOV|r
packag@mglnglEnamﬁwa@dnglﬁnCﬁébéhbl%%ﬁﬂea§@ﬁovﬂﬁhsy%E06P8| rt%?@%%

invention, In one enbodi nent said re denpvitys kagiihg-sehl
conpr?%%slﬁvﬁﬁéﬁ99:Qﬁ?%ngﬁﬁa@‘?(é fﬁ ?gg%ﬁ?ﬁhg ah§£§ g%%% "defi ci ency of
sai d rﬁgoaB Laant. <9§¥é£§%na@%dM&¥ﬁ§”t§@|@I&@%Qﬂbt@ﬁﬂtlademﬁylrus
conprises AucTei ¢ nmol ecul e conprising a part of the sequence
encod&@glaeﬁlﬁxﬁﬁK;genadpno@uamg roreaking theexpre88EBAVALUS he pl X gene,

with the proviso that the latter reconbln nt WO 004/ 010% di
PCT/ EPDOBYDS01260 188eAGEFdINd &G W Fofecul He de %Fe nE0aE AT 1 onal

e G el sae g pellqanine cesachios.
The present invention also relates to a pharmaceutical
composition comprising a recombinant adenoviral vector
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 to
a method of treating a human body comprising administering to
a human body a recombinant adenoviral vector according to the

invention, or a pharmaceutical composition provided by the

invention.

The invention further provides a recombinant adenovirus
packaging cell comprising an recombinant adenovirus according
to the invention. In one embodiment said recombinant
adenovirus packaging cell comprises a nucleic acid capable of
complementing an E1B 55K deficiency of said recombinant
adenovirus and wherein said recombinant adenovirus comprises
nucleic acid molecule comprising a part of the sequence
encoding a E1B 55K gene product increasing the expression of

the pIX gene, with the proviso that the latter recombinant



formati on of a reconbi nant adenovirus conprising a nucleic acid encoding a
functional E1B 55K protein. This enbodinment is particularly useful for
prevent i ngd fve4/60a032at i on of reconbi nant adenovi ruses c@qWERDEBYSakdi ti ona
adenovirus function. The present invention furthernore discloses nethods
and neans that solve certain difficulties related to di mnished

conpl ement ati on of non-group C adenovPffal vectors in Ad5
packagi ng/ conpl enenting cells. Although in the A5 conplenenting cel

li nes, functd onak sAdR 1ELE BEK16XBr @35 dhisdepresenict ieanadsELBuribK hat only
very lowtiters of adenoviral vectors could be produced when the

adene@érealpbadkbone ams wiicrainosagrbupe Ll adefova il BREgRRINEAs finding

inmplies a serotype-specificity in the interacti.on of - 55K Wit anot her
(vi r @dernpr ot Bih. dpt Gt dFeRPbies R&EE That Pﬁﬁ§l%ﬁﬁ¥ﬁ§%£5§e§8n&£%%y can be
circ ent.ed by pravidi 4- 6 £} pusoRatd bl £ gt B hie 1Bl 55K
prot'9¥qﬁ%ﬁ? egebglfﬁ%gg%gﬁgﬁé%eﬁé%%?celP Iine;jAs &?%cussed.hereim

E1B- 55K @ngh E4diekf 6 foantaicaap &XB habKi priomednvedlhihsi anbbidingnt 1s
transport of cellular MRNA's fromthe nucleus to the cytoplasm while the
conplexcti scal 8o liynwol @dl | Aost PARAVEART GRS theard< Pt 6P @iral nRNA's from

the nucleus.to the toplasm (revi d_i 7 It has
been %HaB% t ?ﬁgéﬁH?e i Ver cﬁ%iﬁﬁaFaﬁﬁﬁéh&%gn%?g%gﬁggg%n of
virallé%gﬁggﬁ.in packagi ng cells requires the presence of ELB-55K and
E4- or gene products that are conpatible. Packaging cells are also
referred to as conplenenting cells, if the cells conprise certain
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B e R
complementation of non-group C adenoviral vectors in AdD
packaging/complementing cells. Although in the AdS
complementing cell lines functional AdS E1B-55K expression is
present, it was found that only very low titers of adenoviral
vectors could be produced when the adenoviral backbone was of
a non-group C adenoviral origin; this finding implies a
serotype-specificity in the interaction of E1B-55K with
another (viral) protein. It is disclosed here that this
serotype—-dependency can be circumvented by providing E4-orfb6
protein compatible with the E1B-55K protein provided by the
complementing cell line. As discussed herein, E1B-55K and E4d-
orf6 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 stimulation of transport of
viral mRNA’s from the nucleus to the cytoplasm (reviewed in
Leppard 1997 and 1998). It has been observed by the present
inventors that proper complementation of viral vectors in
packaging cells requires the presence of E1B-55K and E4-orfb6
gene products that are compatible. Packaging cells are also
referred to as complementing cells, if the cells comprise

certain sequences encoding proteins that complement functions



functional conplex with the avail able E4-orf6 gene product in a sense that
this protein conplex supports viral replication, propagation and/or

packagi ngwionoa4/bave that is conmparable to the wld-tympeRir0erdsorzéor t hat
is conparable to the situation found when a reconbi nant adenovi rus
serotype 5 vector is produced on a Ad5 conplenenting cell line such as 293
or PER C6(err). Vector replication iApackaging cells is efficient if,
during production period in which the virus is formed, the «cell conprises

at | %%Sc}) ﬂ&?ﬁééd%%} el e apd-E4rorfif prefennd beatpaarieageapati bl e. o
Preferably, the EIB-55K and E4-orf6 sequences are from adenoviruses within
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fromadengyir usasenat ypepboteAs Wdrp bexusderstood birahe refkillileal per son
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not te-havecasevese etfeehsen BI®-55K protein and E4-orf6 protein
that are compatible. Preferably, the E1B-55K and E4-orfo
sequences are from adenoviruses within the same adenovirus
subgroup (such as A, B, C, D, E or F). More preferably, the
E1B-55K and Ed-orf6 sequences are from the same serotype.
Since established cell lines are available in the art that are
capable of supporting the growth of adenoviruses of subgroup
¢, such as serotype 5, it 1s even more preferred that the EI1B-
55K and E4-orf6 genes are derived from adenovirus serotype 5.
As will be understood by the skilled person compatibility may
be determined in compleﬁentation 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 invention can also be used for the production
of any adenovirus serotype on any complementing cell line as
long as the E1B-55K and E4-orfé6 proteins are compatible.

Tt has further been observed that the E4-orf6 gene
product, ‘matching’ with the E1B in the complementing cell
line, can be provided by the adenoviral vector, by replacing
the E4-orf6 in the adenoviral vector of choice with an Ed4d-orfb

encoding sequence that is compatible with the E1B gene present



stability, replication, packaging, assenbly and production of the vector.
It is a specific aspect of the invention that one is now able to

ef fici ent o poeoduce adenovirus serotypes different tharrdimo=eosdosores
subgroup C on cell lines normally applied for the production of adenovirus
serotype 5 or other serotype from subgroup C, such as serotype 1, 2 and 6.
The present invention provides nethods for the production of non-group C
adenoviruses w thout the necessity of separately providing the

conpl enenitingthpacieagiag)ngekk i tlhi ik oThé shecaliskE adlel &4- wasf 6 sequence,

that is conpatible with the conpl enenting E1B- 55K sequence, is
incorﬁ%ﬂ%@ggsﬁﬁgéﬁé VitPal tha Ghe? FRESHF e S¢hveRt e provi des a
reco no - r S r . Strnuct ur

Cl oot Sot B o FHE TS SRS, ThEHeking A8 BRaSER ST her

conpristes aeseauence encoding a functional E4-orf6 protein, or
functi onal ?arp, derivative and/or anal ogue thereof, wherein said sequence
i s sel ectedlfrém thekpoupleonsirsdthg bf the) iaiverE4-at f Bhahcodiend SatRiénce

et ot YRS by Oa TR C Db BnB0BTHE S NERaB AU Wit 17 O An adempA tas of

said {hdStrpekel YR koaRbhebag @ dal etbon, 1Autat iphmaddt bpp1 jand/ o5
substitution in one or noré codons; and c) an E4-orf6 entoding seguence
conpr i sheagpaocflusitdrorbet reedeaoparmtu 0fs @ano Egpeobf & encode ngssegusnee feoinved

froma second serotype different fromsaid first serotype and a part, of an
E4- or fCSREBAI fg seotfent® 86FOFS®PS rbm a Rty @ -serlR yPESSRREr ik H#on

third JEs9} des PR R AEOLT €4 %gfod@é‘%féﬂf S%GEHtoJ—rqgfr%@gidgs first

ser ot n one e ment, the presenf 1 nvention a reconbi nant
adenowidésoveetige saceiorighng taect e N 2004/ 861032 PG £P2082005Q1L26; 4he

i nvention, wherein said first serotype and said second
complementing (packaging) cell with E4-orfé because the E4-
orf6 sequence, that is compatible with the complementing E1B-
55K sequence, is incorporated in the adenoviral backbone.

The present invention provides a recombinant adenovirus
vector comprising structural and non-structural elements of an
adenovirus of a first serotype, wherein said vector further
comprises a seqguence encoding a functional E4-orfé protein, or
a functional part, derivative and/or analogue thereof, wherein
said sequence is selected from the group consisting of: a) an
Ed4-orfé encoding sequence derived from an adenovirus of a
second serotype different from said first serotype; b) an E4-
orf6 encoding sequence derived from an adenovirus of said
first serotype comprising a deletion, mutation, addition
and/or substitution in one or more codons; and c¢) an E4-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 Ed-orfé
encoding sequence derived from a third serotype, wherein said
third serotype may be identical to-, or different from said
first serotype. In one embodiment, the present invention

provides a recombinant adenovirus vector according to the



serotype are fromdifferent adenovirus subgroups.' In a preferred

enbodi nent, a reconbi nant adenovirus vector according to the invention is
provi ded, wahmogomnorai d first serotype is froma subgrowmcToLiess/ ishex
subgroup C and wherein said E4-orf6 encodi ng sequence is derived from an
adenovirus serotype of subgroup C. More preferred is a reconbi nant
adenovirus according to the i nvention,*wherein said first serotype is from
subgroup B and said second serotype is from subgroup C. Even nore

pref erabbycisai d {6 encadimig siseguenegpes atei i vaildf semcadtenovi r us
serotype S. The reconbinant adenoviruses of the invention_conprise
st r ucterat ypend meont som udt Gfairasl e ne@eB OVERHSpIBRPFOPFuctlr & el enent s

are the genes encqdi t he capsid proteins, _Suc s_fLber, exon and
pentdﬁr%g%Féﬁﬁs?ﬁ%Pé&b?nﬁs Fhé“ﬁ%ﬁ%bbP883CF§%% i&e@% E%gEﬁﬁés of

non- s L3 S; the gal kypraeneed, hath &F &1 6X pr-ass e tpen

i nfec %%ﬁkg%ﬁ' gkggﬁﬁéaﬁgegﬁat are dg&hregulated when the infection cycle
procesdsot Gokeris ekeaom! &s sebgrmnist otbeur ahael awpysoare Ct Fndheneerendodi ng

the proteins active during replication, such as pﬁl and pTP, Sone
al t erszionEdietiHe PEPEiaJacERfURRER a8 AdeiEF ohl OMa AEHT SRV 1588 ti on

d/ tituti i Si gai £ : th
LT ucTGTE RS of° FURCET NGl (1y To12= R CBRCsaeH Gors bredhkt e pr esent

i nvent ko othensf o e-@k8ongr elatiaset onkénerild endodedineqguentesithat are
derived fromthe sane adenovirus serotype as the backbone harbouring the

genessefot yiprstiancerohe ssbousiup &b and seri-5tTeeeufaPSEIEHER st S b om
beconEuRGREAt b1 4FER PGS SLErReV(SGEM a1 N6 L1 & Ck Hohe pr oduct)
presept i.nthe conplemeal ng Gl AabRovihiah ddie aggaovi.r alhyector is to be
produceg.%Phe codon may be altered conpletely to change the encoded am no
aci d, rbubmidi NAR 20804600 E0 321 RGT/ EP26B8/ (50426-1d2 comprise structural
and non-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 elements are the early
genes that are expressed upon infection into a cell and that
are downregulated when the infection cycle proceeds. Other
examples of’nbn¥structural elements are the genes encoding the
proteins active during replication, such as pol and pTP.
Some alterations in the nucleic acid, such as a deletion,
a mutation, addition and/or substitution in one or more codons
may significantly change the structure and/or functionality of
the encoded gene product. The present 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 non-structural elements, but
wherein the E4-orf6 encoding sequence has been mutated such
that it has become compatible with the El proteins (such as
the E1B-55K gene product) present in the complementing cell in
which the adenoviral vector is to be produced. The codon may

be altered completely to change the encoded amino acid, but it



may al so be nutated partly to change the encoded am no acid. Deletions of
nucl eic acids may result in loss of one or nore encoded am no acids; while
it may al v 1esui1d32i n frane-shifts. The present inventiroT/E#28@/05e128t es t o
E4-orf6 sequences present in the adenoviral nucleic acid that conprise
different parts derived fromdifferent serotypes, wherein the domains

that render the protein functional in %%npatibility may be wused from one
serotype, while the remai nder of the E4-orf6 sequence or a part thereof is

deri vgd,f LomANL hent 4 HBHr elaated; ser ehypee( fudte iastadee fanamd hec sdne
subgroup, fromdifferent subgroups or fromdifferent species, or
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present invention to apply F4-orf6 fusion .protei h npat i-hl_e.
Such em@@ﬁ@ﬁ-ﬁWBHE?naﬁﬁggbe _ EbrbBu@Fyo@l§%bé$a$&%%e§%%%%%H%%gpgﬁggsdcid.
A perspn shiddad | Inberath wWidobecauaee oo the-bagt iWaajueeskdes all
human™adenoviruses nunerous non-hunman adenoviruses have been identified in
the aptesEbw ouslyhe abslenwon-talanuadedoviaaiséstican beompplseddisfeasett t he
same results as disclosed by the present invention. It e clear to

il
the BRitedqrrssn £HaM FORF| BPOsdtiRsesty E1RSE5K %458Wﬁénsrray not

be lipted._t d I I - . aj 'S 4f i
peci FPE Tt G of Bit CORE BL EAR 56" Rl | B7 S e Thue 1 20 Seother

aspech oafy therh nveat kerotihal, neRihemamcadeneyindses ofarciie Pt oduded to
high titers on known packaging cell lines available in the art as _|ong as
the E&BuSSKand: E4- ppfré gerergebdact slenierednpapimbREoNgr | (M hd 2 ted

exanpl es of non- human adenoviruses at can be produced iNg ;. ods
and nE&FS TP} hEl PF esBRTC IR/ FBW'%ﬁ@(ﬁﬁW%eg?BgESyﬁﬁefHégﬁi%é%?%?%%g?,
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monkey +WO 2004 £910632 RCEHER200BLA5@126 scope of the present invention
to apply Ed-orf6 fusion proteins that are 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 non-human
adenoviruses can be applied to reach the same results as
disclosed by the present invention. Tt will be clear to the
skilled person that compatibility between E1B-55K and Ed-orfo
may not be limited to human adenoviruses but that also
elements from adenoviruses specific for different 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 art as long as the
E1RB-55K and E4-orf6 gene products are compatible. Non-limiting
examples of non-human adenoviruses that can be produced using
the methods and means of the present invention are canine-,
bovine-, ovine-, frog-, porcine, equine-, monkey- and avian
adenoviruses. Serotypes as used herein therefore goes beyond

species-restricted serotypes. If for instance a monkey



43 adenovirus E4-orf6 gene product is conpatible with the E1B-55K provided
by the packaging cell, then this conbination is wthin the scope of the
present i woewbi/ano32Al so, when fusions are applied betwaaT/ERDé30SE12E
serotypes, or between E4-orf6 sequences derived fromfor instance a human
and an avian adenovirus that is conpatible with the E1B gene of the
packagi ng cell, then that particul ar cohbination is also wthin the scope
of the present invention. The present invention provides a nethod for

produging o3 i HRCHMiYaRE denovbrogurecter cxomuishbhg stitlctilral EBRd SBEN-
structural elenments of an adenovirus of a first serotype, said , nethod
conprbsbmgdehe kst efse obackp iy dehy, a thedpl dreht Fﬁ@él@@{tll%rib%ur ing an
E1B- 55K encodi ng sequence r a functional art, derivative an -
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al |l ow asse sal d reconbl nant adenovirus vector by said conpl enenting
cel |, swhereide s aish eredefroncofpr i $asatnceast sonanseangctar aviand
non-structural elenments froman adenovirus of sajd first erotype
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E4-orf6 protein, or.a functi . rivati / anal pgye thereof,
whi chPP§ ¢ i el 0 © Gﬂggﬁ%?%X%?%%%Fﬁﬁ%”%f%@%%ﬁ?%?gfg{ﬁﬁ?n s%?d

conpl greRpkiNg 168! soopB) FuldnE i pgesand, iGorabenenting cell in a medium
under conditions aIFomnng for production and assenbly of the adenovirus

vector to tHke ptasentarddwsnthhoueptiongdeise a reebibrinavtr RIENF+DE Pect or

so produced fromthe nedi,um and/or the conpl enmentin el ] ei.n_t he
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g tothe 1nvention is provided, wherein said E4-orf6

encodiRg IseYUENEerising the steps of: a) providing a complementing
cell harbouring an E1B-55K encoding sequence, or a functional
part, derivative and/or analogue thereof, derived from an
adenovirus of a second serotype in 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 from said second serotype and a sequence
encoding a functional Ed-orf6 protein, or a functional part,
derivative and/or analogue thereof, which is compatible with
said expressible EL1B-55K protein in said complementing cell;
b) culturing said, complementing cell in a medium under
conditions allowing for production and assembly of 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 E4-orfé protein is present in the recombinant
adenovirus vector so produced.

In one aspect of the invention, a method according to the

invention is provided, wherein said E4-orf6 encoding sequence



WO 2004/ 001032 PCT/ EP2003/ 050126 44 is selected fromthe group consisting
of: i) an E4-orf6 encodi ng sequence derived froman adenovirus of said
second swootogperiod2i) an E4-orf6 encodi ng sequence der i vRd/Er2008/80126
adenovirus of a third serotype different fromsaid first and second
serotype; iii) an E4-orf6 encodi ng sequence derived from an adenovirus of
said first serotype conprising a del tion, nutation, addition and/or
substitution in one or nore codons; and iv) an E4-orf6 encodi ng sequence

conprsi s ﬁgléctgas@@bﬂkﬁM@egr@m@ﬂdoﬁgl§@l£§ ottf:6 igncadi Rg-sedéence derived
fron1a third serotype and a part of an E4-orf6 encodin uence derived

fromenb@dengvseqmaﬁcsaddrsgedniﬁﬂmcﬂ@p@denWWéﬁ¥§1%gléa# 5§ ot ype

may be identical to-, dlfferent romsaid first p n
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enovirus serofype o oup C. In an even nore preferred
enbodi aephd g@h:@st@@f@ndlgeuoayap@:zjsmaﬂ@nemcodsr@rmgpense e risiedr
particul ar aspect of the invention i i IS _an adenovirus

said first serotype,
serot@p@moﬁnsaﬁyﬁﬂHﬂEuSPpéf@@%ﬂ l%%?dserﬁﬁp%mﬁQ%gﬁéSFEgséiected from
the gro consi st of Qv p 1 4,35 and
%rg tapar s&@g% l%%bkﬁgﬁké;ce ﬁ%%mgﬁﬁéﬁﬁg;gﬁléﬁhéﬁ Og%écﬁged f or

CO”P'IﬁB?Qt ERELORSCONY dam;) a@@lncn/u@ff@e@h@bsilafgi séQupneducemmasisentdy eaand
package the agenOV|raI partlcles Non-1imting exanpl es of such cell [|ines

are HEKs293, betleand a PERrE€6TM cul | B4 -0t s qm@@m@dsmu@@@ecéi@rw%s

that have already proven to deliver gh t|te e iral stocks.
Such EBPM B frés pﬁ%%@tﬁpepﬁﬁw£l$sp?ﬁ Ogtéﬁﬁ ng %' Cﬁ' herefore a

preferred aspecd. of L e nyentd ondQoyseuselds ééﬂ@ss@&@nﬁﬁkﬁﬁﬂﬁtyﬁéﬁrEIn

sai d %?% §§§ encodi ng sequence is integrated into the genone of said

conpl grertiAg celd . tMbre serotype may be identical to-, or different
from said first serotype. In a preferred embodiment, said
first and said second serotypes are from different subgroups.
In a more preferred embodiment, said second serotype is an
adenovirus serotype of subgroup C. In an even more preferred
embodiment, said second serotype is adenovirus serotype 5. In
other particular aspect of the invention, said first serotype
is an adenovirus serotype of subgroup B. Preferably, said
first serotype 1s selected from the group consisting of
adenovirus serotypes 11, 14, 16, 21, 34, 35 and 50.

There are several packaging cells known in the art that
are used for complementing recombinant adenoviral vectors and
to produce, assemble and package the adenoviral particles.
Non-limiting examples of such cell lines are HEK-293, 911 and
PER.C6™ cells. It is preferred to use cell lines that have
already proven to deliver high titers of adenoviral stocks.
Such cell lines express El proteins in a stable manner, it is
therefore a preferred aspect of the invention to use cell
lines and methods, wherein said E1B-55K encoding sequence is
integrated into the genome of said complementing cell. More

preferred are complementing cells that are derived from a



preferred are conplenenting cells that are derived froma W 2004/ 001032
PCT/ EP2003/ 050126 45 primary, diploid human cell, or a progenitor cel

t hereof . woévmns/omp® preferred, said conplenmenting cell iRCTderR083a30f260M a
primary human retinoblast cell, a primary human enbryonic kidney cell, a
primary human neuronal cell or a primary human ammiocyte. H ghly preferred
is the use of a conplenenting cell i f* t he met hods provi ded by the present

i nvention, wherein said conplenenting cell is a PER C6(err) cell or a
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serotype of subgroup C. H ghly r far r odi : reh &r-8aied
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an aéi?f?%’éw“%egﬁwté(% Be1hn @nether nerbedigrntfof hbe igiwentg onjset ke
i nvention provides a nmethod, wherein said E4-orf6 enpoding sequence  and
sai d £4B H5i eonodiongsesuenedeacy idars viedenr eme i e entNad Wied

serotypes and wherein said different enovi rus, ser e (iphbers of
the samt dgefoncr @Vestdgr Biph 4D §}CS§F&CEé¥8$¢%8§§C§ iﬁb sequence

S T3 R SO PR, ey om kL enens Lrdenoner
ypes are both nenbers

of subgreuygiCn, M psedeeablny one aspect of the invention, said
complementing cell comprises, integrated into its genome, a
nucleic acid encoding at least one adenovirus ElA protein.
preferably, said nucleic acid encoding at least one adenovirus
E1A protein is derived from an adenovirus serotype of a
subgroup different than subgroup B. More preferably, said
nucleic acid encoding at least one adenovirus E1lA protein ;s
derived from an adenovirus serotype of subgroup C. Highly:
preferred are embodiments wherein said 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 said B4-orf6 encoding
sequence and said E1B-55K encoding sequence are derived from
different adenovirus serotypes and wherein said different
adenovirus serotypes are members of the same adenovirus
subgroup. Preferably, said E4-orf6 encoding sequence and said
E1B-55K encoding sequence are derived from different
adenovirus serotypes and wherein said different adenovirus
serotypes are both members of subgroup C. More preferably,
said E4-orf6 encoding sequence and said E1B-55K encoding

sequence are derived from the same adenovirus serotype. Highly



said E4-orf6 encodi ng sequence and said E1B-55K encodi ng sequence are
derived fromthe sane adenovirus serotype. Hi ghly WO 2004/ 001032

PCT/ EP2008/0004/@803246 preferred are met hods, wherein sairtTEr200dBGo6codi ng
sequence and said E1B-55K encodi ng sequence are derived from adenovirus
serotype 5. The invention also relates to nmethods in which adenoviral
vectors can be produced using the proﬁ%r conpl enent i ng/ packagi ng cells and
t he adenoviral vector of interest. For an efficient production process it

IS ug&f@egf% d 2RPLY e &9¢ | egheeelilns sMid Eheoprdpesn@nenoyi salquessttor .
Ther ore e invention also relates to a kit of parts éalso referred t
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reconbi nant adenovirus vector conprising structural and non-structural

el emaftrotafPand - adenovirus of a first serotype, said cell harbouring an
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anal ogue rom an adenovirus of a second serotype in
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functﬁ%ﬁa? part erivative and/ or analogue thereof, which is congatlble

wi t h ma g espeessity el FrBaSSKnprdtsel Nt hatsai & onpkEhehti g

Preferably, a kit of parts is used, ein sald E4- or ncodlng seqguence
i s sefeteedctr 6@ the R@ﬁ@ﬁﬁgééﬁkl%ﬁﬁ?l 5' %ﬁn%rf%§encodlng sequence
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vector comprising structural and non- structural elements of an
adenovirus of a first serotype, said cell harbouring an E1B-
55K encoding sequence, or a functional part, derivative and/or
analogue thereof, derived from an adenovirus of a second
serotype in expressible form; and b) on one or more replicable
nucleic acid vectors all necessary adenoviral elements 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 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 expressible EIB-55K protein in
said complementing cell. Preferably, a kit of parts 1is 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 said second serotype; b) an Ed-orfb6
encoding sequence derived from an adenovirus of a third
serotype different from said first and second serotype; C) an
E4-orf6 encoding sequence derived from an adenovirus of said

first serotype comprising a deletion, mutation, addition



serotype different fromsaid first and second serotype; c) an E4-orf6
encodi ng sequence derived froman adenovirus of said first serotype
conpri si ngoeodebm@bdi2on, nutation, addition WO 2004/ 001032 2$3230126050126
47 and/or substitution of one or nore codons; and d) an E4-orf6 encoding
sequence conprising a fusion between a_part of an E4- orf6 encoding
sequence derived froma third serotypé7and a part of an E4-orf6 encoding
sequence derived froman adenovirus of said second serotype, wherein said

t hi rdy,$E5 Pt ¥R AV bei baedEi eak to- ,moredibtierent dndmisand Fi4sirf6
serotype. The invention is particularly useful for the reglication f El
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be rciently replicated on normmal adenovirus 5 El-conpl ementing
packagi@agogselklisl igfessa Stabieldcny afetdieypect oheiesin npabdedhirsghd vectors

may be conpl enmented for deletigns in both ELIA and , E1B. By providing such
vect ossrofivhcamaut| e c 186N iskdodidgr Qﬁe%ﬁ%e@ho#%f“ %élajiog %ogggbl e to
enabl e ef%icient pl ague purification and good yields in the absence of an
addi t7oh3FYPW I d type contani nati on problem when grown on 293 or 911

cells. In PER @yt EoHrse, Eﬁﬂ@iéupgragelm@éﬁw feonthai natdloncaahoal so
be prevented in other ways. An additional advantage of a reconbjnant vector
of thef Efvertlisredschhaetieradesonorieed tirajendkat 8eged@hI2¢BPFL i nes

SenOU U B 9L, LT3 MELE| & 8010, ROl S L i Sl e HEccors

and tggehiQﬁ%f”%goﬁerﬁg@ﬁﬁdgd'wi@ﬁuﬁsdﬁ@&éK& have beewndiespl ved up the

sane degree as for
adenovirus 5 Ed4orfé or a functional part, derivative and/or
analogue thereof. Once provided therewith the vector can be
efficiently replicated on normal adenovirus > El-complementing
packaging cell lines. Stability of the vectors is improved,
and vectors may be complemented for deletions in both E1A and
E1B. By providing such vectors with a nucleic acid encoding
adenovirus Edorf6, it is possible to enable efficlent plaque
purification and good yields in the absence of an additional
wild type contamination problem, when grown on 293 or 911
cells. In PER.C6, of course, wild type adenovirus
contamination can also be prevented in other ways.

An additional advantage of a recombinant vector of the
invention is that there is no need to generate special cell
lines adenovirus E4-orf6 from a nucleic acid integrated into
the genome. Although such cell lines exist, production
parameters such as scaling up and the like, and/or regulatory
issues may not have been resolved up the same degree as for
cell lines such as PER.C6™. This may at least in part be due

to the fact that with more and more foreign genes inserted

into the genome of cell line it is difficult to maintain

stability of all foreign sequences (or the expression



cell lines such as PER C6TM This nay at least in part be due to the fact
that with nore and nore foreign genes inserted into the genone of cel
line it iwaolobd/omod2t to maintain stability of all foreirgm/Eeqesaices (or

t he expressi on WD 2004/ 001032 PCT/ EP2003/ 050126 48 thereof). In the
present invention it was found that at |east sone of the problens
associated with low yi el ds of non- adéhovirus serotype 5 based vectors and
stability of adenovirus serotype vectors from subgroup B, such as

adenQyjJus., SL1 OfYPe he phle 888 32n0R radenovi t usaserfetype Shapaekadiesgp el |
| ines can be overcone with a reconbinant adenovirus vector of the
i nvenridnan. of t tikl lprud dremr as batialtes twethwd Oiaivi edstec®s BPNhe

i nvention can be conbined to provide for stable re j,nant - adenovi ruses
t hat et Gy BRLEN SEFHRER 2 N? Baé%algi"r?gc%%ﬁsaPﬁaFtai’%e@j%‘g%d%’Fy avai | abl e.

The inyentiop th ' cqﬂpj aptHLadeneviy, Us E@RPLESi Ng a
reco ?&éﬁlﬁﬁélgggﬂggﬁggeﬁ% 583?e a&?ng a? Ie%st a deletion in the E
r egi yensharast &dZetypad Thatlatadeadd par bdehaersegaencsypecddi ng the

E1B 55K gene product increasing the expression of the $I§F.gen is present
in saiatkagbnyi cadtl nuthes cCadi oot EREFele Wit thef Provrs allﬁat sai d

reconbi nant , nucl ei ¢ acidﬂgnhgpu%g qggfoﬂot encode a functional E1B 55K
gene FHYVUOEL FUSaVECTREoRbi fdft Abenovi TuUs further conprising structural

and non- structural elenments of an adenovirus of a first serotype, wherein
sai d adenovirus further conprises a sequence encoding a functional E4-orf6
protein, ortawfilnctbenalepar thaderdvati the and 6raianakegaeteh&fedti®wher ein

sai d sequence is an E4-orf6,6 codi ng sequence deriyve rom ! irus of
a secomdensaest iR dPEf EPBRENE o SaPd Vﬁﬁﬁ:ﬁéﬁcﬁ%%%ieAfﬁggﬁggﬁgg 5 or in

nal ATER0, 5408 Pl LSBEh Bl UnCIBLSEK sapuapRerscan couml et onc
are readily available. The invention thus provides a
recombinant adenovirus comprising a recombinant nucleic acid
molecule having at least a deletion in the El region,
characterized in that at least part of the sequence encoding
the E1B 55K gene product increasing the expression of the plIX
gene is present in said recombinant nucleic acid molecule,
with the proviso that said recombinant nucleic acid molecule
does not encode a functional E1B 55K gene product; said
recombinant adenovirus further comprising structural and non-
structural elements of an adenovirus of a first serotype,
wherein said adenovirus further comprises a sequence encoding
a functional E4¥orf6 protein, or a functional part, derivative
and/or analogue thereof, wherein said sequence is an E4-orf6
coding sequence derived from an adenovirus of a second
serotype different from said first serotype. Alternatively or
in addition to having at least part of EIB 55K sequences, said
nucleic acid may have a pIX gene product that is regulated by
an heterologous promoter. Preferably, said second serotype and
hence the E4-orf6 sequence is derived from a group C
adenovirus, more preferably from an adenovirus serotype 5.

Preferably, said first serotype is from a subgroup other than



an heterol ogous pronoter. Preferably, said second serotype and hence the
E4-orf6 sequence is derived froma group C adenovirus, nore preferably
from an adenmedeasszserotype 5. Preferably, said first SermotBpe/iss12brom a
subgroup ot her than WD 2004/ 001032 PCT/ EP2003/ 050126 49 group C,
preferably a subgroup B serotype such as Adl |, Adl14, Ad16, Ad21, Ad34,
Ad35 or Ad50. In one enbodinent, the “Peconbinant adenovirus further
conprises a sequence encoding a non-adenoviral protein, polypeptide or

pept igq%iuﬁu@b LRGNt 2 adapevidiises seeostphl esarid anadidw cwitéadily
avai Ima packgging cell’s, such as Ad5 El -containi ng, packaging cells,
pref exdbd y RPERIC6TEADE] | Bd3dhen BT f 6I1hnonige eﬂr%gﬁﬁ?ﬁﬁm t&&enovirus is

conpatible with Ad5 El gene rodycts, for instance E4-arf6 i aLd
aden@ﬁQQﬁbiganGeﬁQRﬁPV¥%ﬁ?Agﬁf% pTBVRALFEIT &F %%ggégﬁgraQQﬁé%ké a
replicati ent ir Lopal POk el Ry ceont ai ni ng
adenéVF}aggggggﬁg%%% Qgggggééogﬁpgéﬁ%%?ggke%?igﬁﬁhe art,ugnd has been

sol ved oyt e%ent it el tapebetweenst diel &l ansequencesoyr esemeddii i e
adenovirus with those in the_ packaging cell (US patent.5,994,128). Ln
enbodiveent sbde e kagiedt £6a.LStrhes E@RbpRafidon fof~ €Y 2 AR RE3P Her 7Y

adenovirus co I Si.n 5 sequ es b NC 't bilit f
t he v@@LﬁSbypﬁgg%ﬂ%ﬂ%fﬁgﬁﬁﬁx%§§pr ggﬁ%h,V&P%%j%ggggzﬁgﬁﬁgqu%? Icgn%r?sing
El f%@g@to&pgwda_‘ide%\uragt ilseadhh 9= hopDkogaus: EK@SOmbI paticon with the

concom ormation of a reconbinant adenovirus conprising a nucleic
aci d ensedeng ,a famncthshahcElBheSHKE protedion. in tsakdt AUSTRVEIIHEY BSpect of

the present invention to provide a acka%l systen1c%ggﬁj%&pg a packagi ng

cel | daplgefedoii ARP - adB8RoNTUESConPri Sind¥ rdtt Ural—&hd “'non-struct ural

oxpr b eal T aar b T T P B o ore & or & uncti ona

part, cggth¥alintg adenoviral particles is a recognized problem in the
art, and has been solved by preventing overlap between the El
sequences present in the adenovirus with those in the
packaging cell (US patent 5,994,128). In embodiments of the .
invention, the combination of e.g. an Ad35 derived adenovirus
comprising E1B 55K sequences that increase the stability of
the virus by influencing pIX expression, with a packaging cell
comprising El regions from Ad5, will not lead to homologous
recombination with the concomitant formation of a recombinant
adenovirus comprising a nucleic acid encoding a functional EIB
55K protein. It is thus another aspect of the present
invention to provide a packaging system comprising a packaging
cell and a recombinant adenovirus comprising structural and
non-structural elements of an adenovirus of a first serotype,
wherein said packaging cell expresses nucleic acid encoding at
least a E1B-55K protein or a functional part, derivative
and/or analogue thereof, derived from an adenovirus of a
second serotype, and wherein said recombinant adenovirus can
be replicated in said packaging cell to generate stable
recombinant adenovirus, said adenovirus comprising a nucleic

acid molecule having a deletion in the El-region and further



and/ or anal ogue thereof, derived froman adenovirus of a second serotype,
and wherein said reconbi nant adenovirus can be replicated in said

packagi ngwoetob4/omogpener at e stabl e reconbi nant adenovi r BCT/BROEGB/(SIE2A0VI I US
conprising a nucleic acid nolecule having a deletion in the El-region and
further WO 2004/ 001032 PCT/ EP2003/ 050126 50 conprising a part of the
sequence encodi ng an E1B-55K gene préﬁuct, said nucleic acid further
conpri sing sequences encoding a functional E4-orf6 protein, or a

funcgg%yy-gﬁgé,a gderivalf venandeefucaital agueothapeafn, WitB€hSKsgeompati bl e
wth s id’expre55|ble E1B- 55K protein in said packaging cell. Preferably
sai dgfdadstctser s yge nuss 14t @5a ob AAdUr i ef @pEBI Y S188) £ <EEBRECSer ot ype is

Ads. M f bly, sai kagi l1.is PER I i d
s onore preterably, cald vackagi coll s EER.CHM Etehgrabl oo

unction part,
derivat i.v / eqf deghved firomampadenow rsclof the
firsféggfg'gggg %hgg%gig%gﬁ%égﬁ% %qﬁggfgblicatioﬁ-of ?ﬂ% r econbi nant
adenqy rdise ¥hEBgHE Hike TIOMEHBK! prtotgeiner ahi enicf paakryinaarcil -
protein-containing adenovirus. Alternatively, or ﬁggi{iogally, %id
nucl gire et abtyubd idorftial it ppRrOGINR 1% edteAceS1  hBTECREA L% an
exogenou ronoter. It IS ano r t jinvent i i a
met h(?@‘lf%rgeﬁpaguéier@%y%? af)lsek:&gc'o ?ﬁ%n?gégree%%\ﬂl us %:%Qn%r ?gog%a@/mﬂ@

structural ; andrRop-Str ugt-wral- 8l epentsi6f seyadenoyi ensoofirgy 4ir st
serotype, erein said reconbi nant adenovirus conprises a reconbi pant
nucl efen@el dnanl Edu e T@r pretiefimoman adénogtiwnaWwpaRt nuee&iic’ el 6

or | vt/ PonPap ReRs PAPECBE t IS SOEoREe CRCOu Y TRe LiBoeek Gens e

Cpr dosToh BECo et | 5ha) BT A BbK Br Bt Sin ot amaa d nagl el e acld mol ecul e

and/ ofe fesbanBhX Gcoitimgyv segeende inder tbentooicwiigant generation of
functional El protein-containing adenovirus. Alternatively, or
additionally, said nucleic acid could contain pIX coding
sequences under the control of an exogenous promoter. It is
another aspect of the invention to provide a method for
producing a stable recombinant adenovirus comprising
structural and non-structural elements of an adenovirus of a
first serotype, wherein said recombinant adenovirus comprises
a recombinant nucleic acid molecule derived from an adenovirus
which nucleic acid molecule has a deletion in the El region
and comprises nucleic acid derived from at least part of the
sequence encoding the E1B-35K gene product increasing
expression of the pIX protein not leading to the expression of
a functional E1B-55K protein from said nucleic acid molecule
and/or has a pIX coding sequence under control of a
heterologous promoter, said method comprising the steps of: a)
providing a complementing cell expressing an ELB-55K encoding
sequence, of a functional part, derivative and/or analogue
thereof, derived from an adenovirus of a second serotype in
expressible form, with the necessary elements of an adenovirus

as to allow assembly of said recombinant adenovirus vector by



het er ol ogous pronoter, said method conprising the steps of: a) providing a
conpl enenting cell expressing an E1B-55K encodi ng sequence, of a

functi onawgoaoa/9o1dzr i vati ve and/ or anal ogue thereof, derdvErRé6IBM28N
adenovirus of a second serotype in expressible form wth the necessary

el ements of an adenovirus as to allow assenbly of said reconbi nant

adenovi rus vector by WO 2004/ 001032 P&/ EP2003/ 050126 51 said

conpl ementing cell, wherein said elenents conprise at |east sone
strugtyral ?ﬁglgﬁghggwgnéggl,eha@yaﬁhfg&maaelemmﬂtsﬂ@mmpniseaaifirst
serotype df rent fromsaid second serotype and_a sequence encoding a
functicenal &dmer 56 rpodteial and adnmrtiwealrpar €1SRaT vait F58MaRd or

anal ogue thereof, which is conpatihle wth_sai i ELB-

pr ot @3¢V 1Eas doEomplichent TR (?@IIIOQE%RF &%Fi?ﬁ%%?%%ﬁu?%ﬁ% %gi‘%%
conpl enent i n I | - 3! oW mg-HeFe6 prediein on
and 5??5#5¥@g0%3?h3 EEC |%§gF%gg§%6§f?ﬂsE?ge?§ke pﬁgge; andpk

har vest i ngrhethesenbimant , aderdwiatiisves oangy oduceth ¥owne t hBemeditum and/ or

the conplenenting cell. The invention further praqvide t hods .f or, usi ng
the mécioribi hantomgderidvi ¢ ugashf Eemad MRXPRIBALPIIT, %]cﬁ ??EEPP?B £1d% %Iﬁe

human or . ani mal body, for ccinat.i ne.th kA4t he
prepasraa%qioﬁownﬁﬁ%rgér%tge¥ ratn%ga@%;rn?ggf gi)sgé@gééuggﬂgdiggégders. The

i nvent i lgllngat%%v!é!@ﬁl phar BeGRIHH GAl undeepaoaid dnsoxsnpiilswigd heox
adenovi ruses according to the invention. The invention will now be
iIIw@f@m@dtmbhhamdna&sem$ﬂgspf\Mﬁ@hraﬁémWMﬁaWﬁeﬁ@%ﬂoVérpﬁmqpt@ﬁ$§cope
of the invention. EXAMPLES Standard nolegular bh&égggvggﬁgogﬁ)mere used
(e. g.p5a@Bf o6kd and TeEs¥eptid0HC uhFeSE It erwi $e™ T ndicated.” Pri mer

i Sstc it Rt ayj ded. i noTakke M/ Exarpke cbnPER&RTMnbased lcomphenent i ng

invention further provides methods for using the recombinant

adenoviruses from the invention, for treatment of the human or
animal body, for vaccination, gene therapy, and for the
preparation of medicaments for treatment of diseases or
disorders. The invention also provides pharmaceutical
preparations comprising the adenoviruses according to the

invention.

The invention will now be illustrated with some examples,

which are not intended to limit the scope of the invention.

EXAMPLES
Standard molecular biology methods were used (e.g. Sambrook
and Russel, 2001), unless otherwise indicated. Primer

sequences are provided in Table IV.

Example 1. PER.C6™-based complementing cell lines for El-

deleted Ad35 wviruses.

PER.C6 cells were seeded in 10 cm culture dishes at a

density of 3x106 cells/dish in PER.C6 culture medium (DMEM
(Gibco BRL) complemented with FBS (Gibco BRL) up to 10% and



del eted Ad35 viruses. PER C6 cells were seeded in 10 cmculture dishes at a
density of 3x106 cells/dish in PER C6 culture nedium (DVEM (G bco BRL)
conpl enenwexkoeaod102BS (G bco BRL) up to 10% and WO 2004/MandRRa03/050126

PCT/ EP2003/ 050126 52 10nM Mg 2 (4.9 M stock solution, Sigma)). Two days
|ater, 9 dishes were transfected with_ 1 pg Scal |inearised plG35.55K DNA
(described infra) and 9 di shes were trPansfected with 1.5 -g Scal

| i neari sed pl G35. 55K DNA. Separate control dishes were transfected with 1
or 1.{pfaouSeab |imneanisedopAdApt3fiaeZ S{desoni.bétid ndads00678071)9t 0
nonitor transfection efficiency and with 1 or 1.5 p g Scal _|jnearised
pcDNAl g IséackerepdDNNsifeched (dederd bied ﬁﬁaﬁD§9F§§¥§2§eﬁsp§Q§ﬁ;$égbased

plasmid (Invitrogen) with the nlslacZ .gene driv ROt er
pcDI\VQWsIﬁQ@ZCng)@C%dIﬁ%?ﬁ éml‘?eo% é&?ﬁ%gsw e %ﬁ?%gst@glﬁ%gi %e
cont r extra dis ransfaetsgh | WabbaldaeardésedrpAdAptsdfd acZrea
const}%’]cgg(?‘ﬁa;it'L §§g2§$ﬁgaéghg? SEielection g%ﬁé. Al'l transfections were
per f of ARAsWetRethari dh pof eet Anithgiq raasiedtinemidseqd | pRiPPsgen/Uad%e
Technol ogi es according to manufacturers instructions, usin

n .
Li pof édeaaihbedeagert? gUBKAL Udd! )| stoePelt-hetbat'ed ¥ ?CElRPS_‘%%%%?%E’
Lransl et L QRumy Xl e abt g WULf 1 e TRALUM MRSV op1 888G AM Lh PER CO

y mmedium was Treplaced with cul ture nmedi um

cont a#&bﬂﬂ.ﬁi_%ﬁ&/zm (&838-( Gbroin BRL)9EEERER)i Nid he podNdidstessedat wer e
transfected wth 1 or 1.5 jig pAdApt35. LacZ. These | atter dishes were used
to noplbemid adhexpregsibnviwd: ddys RoELaWIINGatansF e¥EfoRY AferC%Vgal

ppr ORFRROSEY -40% I I E LGN P 1t e B 6 681 1% 4R ¢ Re B Sk FPanst ect ed

L AR S ST ey et ke cimibected,

sel ec{;i @p nNEGidémised pAdApt35.LacZ, a construct that lacks the neo
selection gene. All transfections were performed with the
LipofectAmine transfection kit (Invitrogen/Life Technologies)
according to manufacturers instructions using 5 ml
LipofectAmine reagent/Hg DNA. Cells were incubated for 4 hrs
with the transfection mixture after which the medium was
replaced with PER.C6 culture medium. The next day medium was
replaced with culture medium containing 0.5 mg/ml G418 (Gibco
BRL) except in the two dishes that were transfected with 1 or
1.5 ug pAdApt35.LacZ. These latter dishes were used to monitor
lLacZ expression two days following transfection. After X-gal
staining of these cultures transfection efficiency was

estimated at approximately 40% with slightly more blue cells

in the dish transfected with 1.5 Mg DNA. Selection medium was
refreshed twice weekly in the remaining transfected dishes.
Within two weeks following first addition of selection medium
most cells in the negative control dish (transfected with 1.5
ng pAdApt35.LacZz) were dead. In the dishes transfected with
pcDNA.nlsLacZ cell clones were becoming visible. Since the
cells transfected with pIG35.55K seemed to be more resistent

to G418, the concentration was raised to 0.75 mg/ml 3 weeks



nost cells in the negative control dish (transfected with 1.5 pg
pAdApt 35. LacZ) were dead. In the dishes transfected with pcDNA nlslLacZ
cell cl one® wes@1becomn ng visible. Since the cells tramirred/osHiz

pl G35. 55K seenmed to be nore resistent to (418, the concentration was
raised to 0.75 ng/m 3 weeks WO 2004/001032 PCT/ EP2003/ 050126 53 foll ow ng
transfection. Three days and seven da§§ |later a total of 196 cell clones
were picked fromthe dishes transfected with pl G35. 55K and seeded in

separgd gL Welhs o a8Grvetdopl aresecCeld s rendi sevgrafdays cobbey @i cki ng of
two 10 cmdishes of the transfection wth 1 g pl %%(5 K DNA were
trypsioiskdof po6l e lahdcbrpasdednsd R v5ePodE OPERSEK(F167SPhe same was

d f di sh f : LQn.
was. AERHEHC AR Sacdbd 04 78 AL RICH Hondy s ore 8 Bulge o 0

cells/ S transfection to test virus generation. In addition, 3 T25
flasﬁgg%fiﬁl%g%gﬁtal PER. C6 cells were seeded at the sane density.

pAdApt 35. eGFP (an adapter plasm d based on pAdApt 351 P1 (described in WO
gene, ui CBORAS eIRoEd T PE 0SB AGADIIE PLY B A A 1% BaPY Pr At er i ved
|1 ber® o- e RABTOA T 5 O 1sBdoEnced™d rBTCThe et Backbondr = ioefacl 1o
1 bor 6 BB SIGHBN 1T sGRUSHOSE 110 { he Coum 4 backbone 3 11 asks i th

PER. I'k§ @ it h {RERBSK( Lo O) reeld Se vt en . t maves fRRR BOKWILL D)2
'rzg ?égs{féé gﬁ’ﬁm@%ﬁﬁé%\gﬁaﬁd éé ' fagllgi gested pVE rAl\d35. pl X-rI TR each.

ne flask gbogach cebkphhdednamd tsaadédcted 4v 25 8£lgspadAft 35, dagzity

nmoni tor transfection efficiency. The remaining fl aEk i th PERS5K(1.0)
cel | so§ePvBallfs ee hbgdfiles ke dty of raRaTRaS 1 eatRd EE\Q{ Ne- Sthers but  did

generation. In addition, 3 T25 flasks with parental PER.C6
cells were seeded at the same density. pAdApt35.eGEP (an
adapter plasmid based on pAdApt35IP1 (described in WO
00/70071) but alsoc containing the green fluorescent protein as
marker gene, which was cloned into pAdApt35IP1 as HindIII-
BamHI fragment derived from pIPspAdapt.eGFP (described in WO
02/24933)) was digested with Pacl to liberate the adenoviral
sequences from the plasmid backbone. PWE.Ad35.pIX-rITR
(described in WO 00/70071) was digested with NotI to liberate
the adenoviral sequences from the cosmid backbone. 2 flasks
with PER.C6 cells and 2 flasks with PER55K(1.0) cells were
transfected with 2 pg digested pAdApt35.eGFP and 6 ug digested
PWE.Ad35.pIX~rITR each. One flask of each cell line was
transfected with 8 ug pAdApt35.LacZ to monitor transfection
efficiency. The remaining flask with PER55K(1.0) cells served
as a negative control and was treated as the others but did
not receive the transfection mixture. All transfections were
performed with LipofectAmine (Invitrogen/Life Techn.)
according to manufacturers instructions using for each
transfection a total of 8 pg DNA and 40 pul LipofectAmine

reagent. The transfection mixture was removed after 4 hrs



not receive the transfection mxture. Al transfections were perforned
with LipofectAm ne (I nvitrogen/Life Techn.) according to manufacturers

i nstruct i wos20080ng32f or each transfection a total of 8 myidN2oe&an30r6 ul

Li pof ect Ami ne reagent. The transfection m xture was renoved after 4 hrs WO
2004/ 001032 PCT/ EP2003/ 050126 54 incubation and fresh cul ture nmedi um was
added. Transfections were done the dév after seeding of the cells and
again two days later cells in the T25 flasks were transferred to a T80

flask; gxgept ibor dde EasZncomitalrd rasaf est wers. adtiede Wenes e hedswi t h
X-gal solution after mld fixation. After five hours incubation wth
st ai nvagesdbuti dhe tdeyperftent gredingbpbie tée |2ehhs 886 Rt atWO

approximately 90% in. both fl as show t hat trans i t for
Dot h GeVF KPNES. GotS 4By SHol Tom PSERS PAteagel Ta°LRe THo T ke Phe
trans d o, PERR5KED 0) peulitres tafrid AP EPEnECY tropaidiogenic
effec%?g%ﬁdﬁgétlveKé IV%PEEIfg%$i%§¥?£§$ 3ith app?oxiﬁately 100

event stflask. wihé untgansfedhed FERSEKER. @)ilckl fsxakten .gidWe ohlivaent

with no evidence of CPE. In the transfected, PER.qg cultures only three CPE
event Bowepe ivicgit el on WRED cHrFIUERY FOHOITEREE of PBePRECeAEH t RFee days

| h f d.F , £ul:| . )
ol | sPF5in66d and et SeRadiI e b1 e e KR ey o 90 i, o i Ak

I h™ ¢l unps n-cont In the PER C6 cultures

the few.gvert s10ft CPEaRadnati d ogegsseelandocebbshweid Istliihesn Four
nmonol ayer. This confirnms earlier observations that generation of

El - debayed fAd35wasedthier psossagn PERtOE 1BV ef yapkef fihd dntanalsetere
Tonol BYEP0H i Ho CPETUFRS CHMPECana Aed i | nE Ene CRERSERCI Y asks wi th
[ on TR0 LGN S b g s Lo ofs otk ey et
m nut e90i Rverdedl £lask. The untransfected PER55K(1.0) cells were
grown confluent with no evidence of CPE. In the transfected
PER.C6 cultures only three CPE events were visible in the
confluent monolayer of cells. Again three days later, the
transfected PER55K(1.0) cultures showed full CPE, with all
cells rounded and detached in clumps. In contrast, in the
PER.C6 cultures the few events of CPE had not progressed and
cells were still in monolayer. This confirms earlier
observations that generation of El-deleted Ad35-based viruses
on PER.C6 1s very inefficient. Also the untransfected
PER55K (1.0) cultures showed, as expected, a confluent
monolayer with no CPE. The cells and medium in the PER5S5K(1.0)
flasks with full CPE were harvested and subjected to two
freeze/thaw cycles after which the cell debris was removed by
centrifugation at 3000 rpm for 10 minutes in a table
centrifuge. One of the resulting crude lysates was used to
infect a fresh culture of PER55K(1.0) cells in a T175 flask
(1.5 ml/flask). Cells and medium were harvested at full CPE
four days later. This shows that infectious wvirus had formed
in the initial transfections. GFP expression was confirmed by

fluorescent microscopy of A549 cells infected with the crude



centrifuge. One of the resulting crude |lysates was used to infect a fresh
culture of PERS5K(1.0) cells in a T175 flask (1.5 m/flask). Cells and
medi um wew® fas/masized at full CPE four days |ater. Thi scahrwoddiat2e
infectious virus had formed in the initial transfections. GFP expression
was confirmed by fluorescent mcroscopy of A549 cells infected with the
crude WD 2004/ 001032 PCT/ EP2003/ 050126 55 | ysate. The crude | ysate was
then used to anal yse conplenentation of this El-del eted Ad35. AdApt. eGFP
vi rus) { §at&he Tihrdivhgaal 1¢keres vass deseni hedcbel @wandhgssupra descri bed
clones that were picked fromthe plG35.55K transfected PER C6 cel|s were
expancedp hadewsed Ldmnefi shadlsl Eedebatedr Adve APt yere syttt 10

replication qof , Ad35. AdApt . eG-P. . Her et t he .cl ones were seeded at two
densi’%lil%slpﬁlléf-]\iﬁ}a}lpF Pa&Sanidf o%%s‘aﬁ/glégt z)relion ected with 15 ml of the
above described crude |ysate. CPE was nonitored the day after. O the 146
clones tested in this way 19 gave full CPE at day 2 or 3 and 68 gave ful
CPE at dayTheorsifordh@estericnl ngl cheseshhad wedy packedl fCRPE dthehowed a

f ew non- Er%%ressing events. The latter_were indistinguishab e from PER C6

cel | spTha e traeniarsrs £ERr Rgafivé ¢6MS ofXPRALEH 6% HESE results a

sel ection, of 24 clopnes S hat. . fiyrt sheened f bg abkility
to ge%%PgFéOn@é&@ﬁb?%%ﬁ%%Eﬁgggﬁ%E%dgéﬁﬁgg 51#%I$§5}%ghtransﬁé%%?%n of the
PAdAPE 355GRRraapt @rppl asied Andibecl ange pPEAISSepe)- rIitTRwaosmi d cl one.
Hereto, clones were plated in T25 flasks and transfected with 2 ggof t he

adapt éenandt i@sg af 6hweBdckborees phadnicteusiaiy LepereétAfidiehs#eBclPbed
above. . Two days follow ng the transfection,, cel r S d T80
f1 askd1t 6 preventeVer MQ{E@?&@ BF Uffte TR T és&ﬁam%ta%e % %ﬁ%gﬁgst %gave
full GRE Lhnce. days ahien Massagee Lo T8and » anptbewald 1o opese gave L
progressing to fu E the day after.
CPE at day 2 or 3 and 68 gave full CPE at day 5 or 6. The
remaining clones had only partial CPE or showed a few non-
progressing events. The latter were indistinguishable from
PER.C6 cells that were taken along as a negative control.
Based on these results a selection of 24 clones was made
that were further screened for the ability to generate
recombinant El-deleted viruses following transfection of the

pAdApt35.GFP adapter plasmid and the large PWE.Ad35.pIX-rITR
cosmid clone. Hereto, clones were plated in T25 flasks and
transfected with 2 ug of the adapter and 6 WUg of the backbone
plasmid using LipofectAmine as described above. Two days
following the transfection, cells were transferred to T80
flasks to prevent overconfluency of the cultures. Of the 24
clones 5 gave full CPE three days after passage to T80 and
another 13 clones gave progressing to full CPE the day after.
The remaining 6 clones showed no CPE or only starting. In
comparison: routine generation of El-deleted AdS vectors on
PER.C6 cells generally results in full CPE four to six days
ﬂafter transfer to T80 flasks.
This shows that the new clones efficiently complement El-

deleted adenovirus vectors. One of the clones (clone #16)



The remaining 6 cl ones showed no CPE or only starting. In conparison:
routine generation of El-deleted Ads vectors on PER C6 cells generally
results i wdbdo@RE four to six days after transfer to PLAGEHDb@sslss126Thi s
shows that the new clones efficiently conpl enent El- del eted adenovirus
vectors. One of the clones (clone #16) WO 2004/ 001032 PCT/ EP2003/ 050126 56
descri bed above was used to generate atfd produce nmultiple batches of E
and El/E3 del eted Ad35 viruses containing different transgenes. Hereto,

Vi rusqd 8ceruee larsateswaesulstiang o f genetraaesfact i pnsdasedesdri lgelbe above,

but using different adapter plasm ds, were plaque purified on the new cel

| i ne.baschgbe qfl dyueandefd /FSstdil ¢ bpdt AERTyehsr BReF vFPT tard 4 Hen

anplif] for di um scal e production_in 4-8 trj I r.f

o 11 e r B SRR RO RAF oot SOt e dhd Pifle VER e r e  ana
purified,as LQWidet YoHane sf Gle s @EHONT BUERS, Ther anBiny efivgusnparticles
was determ ned by HPLC (Shabramet al., 1997). Table | presents the yields
af t eraddpwnst pdammidsesweng ofl awde upusddlieprodutheonsvofcedl ande.-

E1l/ E3-del eted Ad35 viruses on triple I% er flasks wth,PERS5K clone #16
cel | sSiTHECaRIANUDT BEERT 6P RAT USOPaltPOISEETS 2Conbardblfs i thcthe

yi el ds_of . - NoldS P 1.l ORc t +~have
gener%?%%l@ﬂ%%fgﬁggcé?ﬁaﬁﬁhégﬂﬂfgg%gggygiﬁéﬁ%I%#cgnglg#gﬁFf?ﬁ%?%gEl-deleted
Ad35-bageds VEBIOTS. cll¥s asAd35 Ed Bl B5Keaxpressionteéd am AdA kobpEerext i ng
cell line facilitates replication of Ad35 vectors. Exanple 2. Ceneration of
PVE. Adhpl XimUERARSS Thécemdd angi BHr3 féfchuimmnt adbhBeilvusE @ ohPAi ns

Tl ST SOLR0S O oL, 0 LRt L oL oy e logL bmne
vacci gergar(dilp SMghekntar f erenee) i Stable T presents the yields after
downstream processing of medium scale productions of El- and
El/E3-deleted Ad35 viruses on triple layer flasks with PER53K
clone #16 cells. The amount of purified virus particles is
comparable with the yields of Ad5-based vectors on PER.C6
cells.
We conclude that we have generated multiple cell lines
that efficiently complement fully El-deleted Ad35-based
vectors. Thus, Ad35 E1B-55K expression in an AdS5 complementing

cell line facilitates replication of Ad35 vectors.

Example 2. Generation of pWE.Ad.pIX-rITRAE3.

The early region-3 of human adenoviruses contains multiple
coding regions for proteins that interfere with the host
immunelresponse to adenoviral infection. When adenoviral
vectors are used as vaccine carrier such interference is
unwanted. Therefore, we constructed an Ad35 backbone cosmid
lacking the E3 region.

Hereto, construct pBr.Ad35.PRn (Fig. 15; described in
example 13 in publication EP1054064) was digested with Stul
and MluTl and the 17.3 kb vector fragment was purified from low

melting point (LMP) gel using agarase enzyme (Roche) according



unwant ed. Therefore, we constructed an Ad35 backbone cosm d | acking the E3
regi on. Hereto, construct pBr.Ad35.PRn (Fig. 15; described in exanple 13

i n publi ceto mn4/6R0D54064) was digested with Stul and Mrdr/Erdoxdser2&7. 3 kb
vector fragment was purified fromlow nelting point (LMP) gel using
agarase enzyne (Roche) accordi ng WO 2004/ 001032 PCT/ EP2003/ 050126 57 to
manuf acturers instructions. Next, a PER fragnent was generated on

pBr. Ad35. PRn using prinmers 35E3 for and 35E3rev. For the anplification Pwo

DNA pol Bt @sscCReehe) was: tsedioasconting, ta FaRuffacigmens wastructions
and programset at: 94C for 2 mnutes, 30 cycles of (94C for 3Q seconds,
58C dfeore B0 s@condoBNAEGRT. PBR  LSHNEUtRY 1BAGSa SPENEIOF ndiBatPs TR - 68C

for 8 mnutes. The 833 bp P r ct s purifie iNg e ui ck PCR
puri Ficgattem RIPLEGHGE O%nggi g)g\é éﬁomfwgﬁaﬁ/feul&é)ncgﬁ?és{]uwggﬁleg%?gest ed
DNA | fiedfr ERg tihes 1 QAgHi ksgendexsregthanskitt {€J agen).
Both%ggﬁﬁgg%%é ?Fhé%%ﬁggéﬁgggé??gé?g% and traﬁsfé}n§%<?%to DH5a cojppet ent
cel | 49mvisrogerfilidieeTechbokggiles) ¢D §PYECpBoARSS. PRAABSS /(R .C25).

The plasnm d was checked b% restriction, analysis and seg#enci % f. trQe PCR
anpl ifded30 nseFoNAEhea s 431 6t iF6F wastiRHER' cPoed | Tt the TCURELL0

PVE. Ad35, pt X- .l TR cosm d, backbane. t PVE O35 Pl Xsr bIR wese @i gest ed
W th c@gaﬁdfpﬁé lnﬂgggpuaﬁgié%iisg%rggﬁb¥$%tlon mﬁtﬁ #goﬁﬁopanol and

WaShhj'%in '%He@h%p!%wek FobRowuig fesalspensikan i (igenR waberdigast ONA

was ested w Swal and the 22.8 kb vector containing _ fragment_was

pur i fiech f MOmIL MR het twE i nFhagatiases eagy RiPayasaigvel T eofstrget 91

O e TR LIESLEl Dol B0 S Ao BT e o (e

wer 6 R Bl Rag St G A COna0s pastag ne ol racrg T on dosteetragnent s
cells (Invitrogen/Life Technologies) to give pBr.Ad35.PRnAE3
(Fig. 25). The plasmid was checked by restriction analysis and
sequencing of the PCR amplified insert. The E3 deletion was
then cloned into the pWE.Ad35.pIX—rITR cosmid backbone.
Hereto, pWE.Ad35.pIX-rITR was digested with PacI and the DNA
was purified by precipitation with isopropanol and washing
with 70% EtOH. Following resuspension in milliQ water, the DNA
was digested with Swal and the 22.8 kb vector containing
fragment was purified from LMP gel using agarase enzyme as
above. Construct pBr.Ad35.PRnAE3 was digested with PacI and
Swal in the same manner and the 16.6 kb fragment was also
isolated using agarase enzyme. Both isolated fragments were
ligated using 0.5-0.6 ug of each fragment. Ligated fragments
were then packaged using A-phage packaging extracts
(Stratagene) according to manufacturers instructions and mixed
Wwith STBL-2 cells. Bacteria were plated on LB+Amp plates and
resulting colonies were analyzed for the presence of the
correct construct. This gave construct pWE .Ad35.pIX-rITRAE3
(Fig. 1) . The E3 deletion extends from nucl. 27648 to 30320 of



(Stratagene) according to manufacturers instructions and m xed wth STBL-2
cells. Bacteria were plated on LB+Anp plates and resulting colonies were
anal yzed war200hevips2esence of the correct construct. ThiPCTUBER2E0BORET UCt
pPpVE. Ad35. pl X-rI TRL\E3 (Fig. 1). The E3 deletion extends fromnucl. 27648
to 30320 of WD 2004/001032 PCT/ EP2003/ 050126 58 the Ad35 sequence
(described in WO 00/ 70071) and thus sﬁéns a 2.6 kb region. Cotransfection
of Notl digested pWE. Ad35. pl X-rI TRL\E3 and pl Psp-1 (New Engl and Bi ol abs)

di gested pAGAPLI5RGRR Ol escPERRS: clroneo#16,/06I07s )( desér thed swpre) yave
rise to GFP expressing Ad35-based viruses. Upon isolation of viral DNA
from2 . hesikebvicegies,. PCR anplification of the E3 region showed that the

viruses were deleted for 2.6 kb of E3 sequences as X te | e, 3.

Lints i n Patkagistgaiien Epfddiodtle a5t sased ™ %%?%rgfgﬂaggﬁ%nd

El -del et ed and_E1/ E3-del et.ed .vect.ors nt.ai.nin i e I wer e

gene&é?%%Pbi t(NgYs i %ﬂdo%lﬁéﬁggii é?g%gﬁ%g'gg??%ﬁéggéegﬁgﬂgﬁégﬁj with

L5 a10l53ncAdas, adapt o1 pLasich carsyinguprspecidie risansgerarili gest ed
acl ~or pl Psp-

W t h enzyne to liberate the adenovirus insert fromthe

pl asrdsgpb¥estongs eqiEheessand vid G as of Upbnhés op\AR: #I35081 X1M=iR i 4yest ed

with Notl or wth pWE Ad35. pl X-r| TRAE3 ngestﬁf_%&thEgbtl enz oJQS

ri ghtffemnkhese Hel Heaps er PpRasilyst BhaathEY & d “of e Backbone

pl asni.d contai n_.honol 0g S i atign r &€ ofrhi Rhevenis that
Pead o h gbﬁm"éﬁuﬁ? AT BEad Sz 8230?@ o e d‘ggcg?bg’%q n WD 00/ 70071).
Transgfﬁéhgggdwere done with 30 | Lipofectam ne reagent (lnvitrogen/Life

Technologi es) for each set of constructs according to manufacturers
instructions. Transfection m xtures

Example 3. Limits in packaging size El-deleted Ad35-based

vectors.

Ad35-based El-deleted and El/E3-deleted vectors containing
different inserts were generated by transfection of PERSS5K-
clone#16 cells (see example 1) with

1.5 ug of an Ad35 adapter plasmid carrying a specific
transgene digested with PacIl or pIPsp-1l enzyme to liberate the
adenovirus insert from the plasmid vector sedquences and,

4.5 ug of either pWE.Ad35.pIX-rITR digested with Notl or

with pWE.Ad35.pIX-rITRAE3 digested with Notl enzyme.

The ricght flank of the adapter plasmids and the left end
of the backbone plasmid contain homologous sequences mediating
recombination events that lead to a complete El-deleted viral
genome (as described in WO 00/70071).

Transfections were done with 30 pl Lipofectamine reagent
(Invitrogen/Life Technologies) for each set of constructs
according to manufacturers instructions. Transfection mixtures
were added to PER55K clone 16 cells at 70% confluency in T25
flasks. The following combinations were transfected:

1. pAdApt35IP1l + pWE.Ad35.pIX-rlITR

2. pAdApt35IPLl + pPWE.Ad35.pTX-rITRAE3



were added to PER55K clone 16 cells at 70% confluency in T25 flasks. The
foll ow ng conbi nations were transfected: 1. pAdApt 351PI + pWE. Ad35. pl X-rI TR
2. pAdApt 8sildsd4/601p3aE. AJ35. pl X-r1 TRLE3 WO 2004/ 001032 PCH@ERA2Q0&/BBRE26 59
3. pAdApt 35eGFP + pVEE. Ad35. pl X-r1 TR 4. pAdApt 35eGFP + pWE. Ad35. pl X-r| TRL\ E3
5. pAdApt 35Luc + pVE. Ad35. pl X-rlI TR 6. pAdApt 35Luc + pVE. Ad35. pl X-rl TRLE3

7. pAdApt 35LacZ + pWE. Ad35. pl X-rI TR 8.59pAdApt 35LacZ + pVE. Ad35. pl X-r |1 TRL\ E3
Adapt er plasm ds were digested with plPsp-1 enzyne to |iberate the

adenovi r us3 seguenges S t heppiEagd3b veTxer ITRackbone. pWE. Ad35. pl X-r1 TR
and pVE. Ad35. pl X-r1 TRAE3 were digested with Notl prior to transfection for
the sane reaspndAGETatI®N+OPWEhAdRapL EX-plaABAESs and of the

pVEE. Ad35. pl X- rl1 TR backbone cosm d is described previously in WO 00/ 70071.
Gener at i on5 of PRVBRAREE. pE X+ r PTR(-AFIESCTE- 84 i bed supra. Two days

follow ng transfection cells were saged Ty and further incubated

unti | fuII6CPEAQ%?§ﬁﬁ%N%eﬁ.p@%d%&@idpggéaﬁgﬁ&ﬁge harvested 1-2 days

after full_CPE was iced. |\ T ' r wergpsubj ected to one freeze/thaw
Zpu?%ﬁ%ﬁ#§%$aigoé %Efﬂ&é%sﬁﬁxwgﬁ@

cycl e and pm for mnutes to pellet cell debris,

after which @ﬁgﬁy@%é%v\@r SuE0lAget edrx The T(ARE: | ysates obtained in
. ; C )

this way were-use oi1solate"viral DNA Hereto, 275 1 of crude |lysate

mat erial wWagapheubasedsmi b #elr &l g et t Biaseic tatp IBIC-Loen3yms e es.
Subsequently, 6.0 I' 0.5 M EDTA (pH 8.0), 7.5 1 20% SDS a%g 1.51 20 ng/m
Pr ot el HaseaKewdsieadudenand rus B 98Ft &Xofy. EihieP i RPare st then

GoneGheaiibapen RE (B85108 XS 2bEI PO 501 UF L on GTXNE WATal DNA in-
20 éﬁ%ég%gg?%iéﬁeNé£?n%%?g%r€@i99aﬂg%ection for the same reason.
Generation of the adapter plasmids and of the PWE.Ad35.pIX~
rITR backbone cosmid is described previously in WO 00/70071.
Generation of pWE.Ad35.pIX-rITRAE3 is described supra.

Two days following transfection cells were passaged to T80
and further incubated until full CPE was obtained. Cells and
medium were harvested 1-2 days after full CPE was noticed. The
mixtures were subjected to one freeze/thaw cycle and spun down
at 1500 rpm for 15 minutes to pellet cell debris, after which
supernatants were collected. The crude lysates obtained in
this way were used to isolate viral DNA. Hereto, 275 nl of
crude lysate material was incubated with 10ul 10mg/ml DNasel at
37°C for 30 minutes. Subsequently, 6.0 ul 0.5 M EDTA (pH 8.0),
7.5 ul 20% SDS and 1.5 ul 20 mg/ml proteinase K was added and

mixed by vortexing. The mixture was then incubated at 50°C for
1 hour. Finally, the viral DNA was isolated using the

GeneClean Spin Kit (Bio 101, Inc.). Following elution of the
viral DNA in 20 Ml milliQ H20, the transgene region was
analysed by PCR amplification. Hereto, primers AdApt35CMVE and
35pIXR were used. The amplifications were done with 2 ul of the

isolated viral DNA using Tag DNA polymerase (Invitrogen). The



anal ysed by PCR anplification. Hereto, primers AdApt 35CWF and 35pl XR were
used. The anplifications were done with 2 | of the isolated viral DNA
usi ng TagwioNopaityszer ase (I nvitrogen). The WO 2004/ 001032 TAMPRHERA0R8/ 050126

60 reaction mxtures contained 51 I Ox buffer (Invitrogen), 21 50mMM
Md 2, 51 2mM dNTPs, 3 | of each primer (10M stock) and 2.5 units Taq
enzyne in a total volume of 50 |. The®® programwas set at 94C for 2 minutes

foll owed by 30 cycles of (94C for 30 seconds, 60C for 30 seconds and 72C
for 4 mnutes). Control L RS sWwere ([dpnenQR £a rNg 1ofvadapden) , pl2agi ds.
Af t e SESTHI B | JnXB]erfgﬁe W@h?aoé\,\’tﬁ% i s

e reaction was | oaded on gel for

anal oy 8y ot e 2 ahowsyl eyt syl bo yforod heachborermnt (Ted stock)

tran §.7The primers anp y sequences fromthe 5 end of the CW
pronot e the: 5. end o 4 phk¥ cadityl regiaone AL cah |be. sEkr in Figure
, viaﬂf'{seés%vw ﬁ%gts t%ans%eﬁbr?geor with GFP insert show the expected ban
(comparfyrahthatheepl agh @1 tontoael £ iamesePL Lhdd camsh WY r &8) CYSHET &

fragments are seen with the |arger inserts, lucifera LacZ, and these
del et (DN bEconBOnsee rdwi nerdt Cwittafr 13t g%?copéﬁalaﬁdz?g?&hgoifofhé Vi rus

(conpare LacZ or, Luc viruses, w i ut.~E3) . , aHAek@asi ng genone
IengﬁHJEﬁ??%ipOHHQ Iﬁf&hr?ﬂgtﬁgégrPg%%%m%$ﬂgekgt?%ﬁggpﬁﬁtﬁe ransgene
region. The fagt.that - Qe | eagt hs( alisa f ndheatred ciyi dni gwag)
of A&g]‘se.‘%%%ﬁe Ee%ﬁ (%{Eg%é%%%t .g)ﬁ[chLEB, 33.7 ?nd 33.4 kb respectively,
i's corpagall snwhidie det ehhanysare ailgufeund sihowd hghdacZsviligs suppFee

i ndicates that €éither the sequence or the size of the insert in the forner
El reghonecannaismed nttraueﬁééqtﬁ@l‘cﬂ:cuTh@n@élHﬁﬁ%ea%iéEVoﬁ?qL\%&%?e 4.

35, THeom | AGPng EHAL 9Ft RRPRCRRagT T GERomCl GHat e of o Heganty KAl Ad35.

Viru%%%digsl%E59Q§LOQ§§rCEH e ddaNsgeNeigure 2, viruses without
transgene or with GFP insert show the expected band (compare
with the plasmid controls; lanes PL for each wvirus). Smaller
fragments are seen with the larger inserts, luciferase and
LacZ, and these deletions become more prominent with larger
total length of the virus (compare LacZ or Luc viruses with
and without E3). Thus, increasing genome length corresponds
with the occurrence of deletions in the transgene region. The
fact that the total genome length (also indicated in Fig. 2)
of Ad35.AdApt.eGFP and Ad35.AdApt.LacZAE3, 33.7 and 33.4 kD
respectively, 1s comparable while deletions are only found in
the Lac? virus sample, indicates that either the sequence or

the size of the insert in the former El region can also

influence the occurrence of the deletions.

Example 4. Sequence comparison of the pIX gene region of

adenovirus serotype 5 and 35.

The finding that with increasing genome length of
recombinant Ad35 viruses, deletions occur in the transgene

region could suggest, in analogy with the pIX-deficient Ad5



region could suggest, in analogy with the plX-deficient A5 WD 2004/ 001032
PCT/ EP2003/ 050126 61 viruses (Ghosh-Choudhury et al., 1987), that there is
a probl emoobdodihee stability of the capsids. The fact tHG@EUEP2003/050126

Ad35. E1B+. AdApt . Luc viruses (where E1A sequences are replaced by the
AdApt . Luc cassette), wth a total length of 36.7 kb can be nmade, indicates
that the deletion of EL1B plays a rol el This might be either through a
function of one of the E1B proteins itself or through a function of

unkngwn. regul ator vy, SeqUeRERs-y | 8ttAiLs,redgn havhag itdfdnence an expression
of ot hér"“adehovir al proteins. It has, to our know edge, not been
descpi-bed drhais 8 Bcpeotseiatsi 11 sl 61 hhleusrars 1he- pabRadiaff edphcity of
adenoviruses. However, it has been descri t hat th%ﬁg§gﬁglﬁe§ggkﬁkp
non- P& -fldst 1AJRP A LMC, 361 F R SRS f dWPEdS (BePFaT And Vat hews, 1989)
and that nutatjons._in the rotein resultsinidegradaif onsof &el ladmar
and Wk&WQDégéﬁﬁrﬁaciQ%%§§$%%P(P%?§§TE%?Hglé, 1984; Wiite et al., 1984).
Si ncg t he, 4 Ad5: E4 B Priciei nthe exfleesisad ©fi RER Golaws |3, rohese This
findings J% 'not provi de an expl anation for our observ%%%qgi Th%ﬁplﬁsgene
i s | geafted o retther3'tiofoudle £1BUBSKICHHi%E OPEgiodn. tkor B 5P G Khown
that the pl X pronoter and codin sequen e t it BER ke &1B

t r angdripts o@nrrEBFShlg}éi%cﬁuBF%ggﬁld %@@%ﬁ?ght #g%%%%%ngﬁegﬁ on signal .
The .mi ni,nal ' e%ﬁﬁﬁgy NEEs 1NRGRES Y &eprpkXiexpressodhehave been
studﬂ&ﬂqﬂﬁl%a§é8g$EA ( dgigg and Val es, 198?). It was shown that a

pr oMy £4n &+ RESENDreaRiiaifi nott hesypsta eamr Sphowdiadgand!®hePFAPA- box
sequence was sufficient for plX ex

Sl to ek HocTATACBO LSO HERE 15 (HE SohUoEs Bt he. TRTACBAE X SET - er o

Ceqi GRRHCAIES TS AIUD GUF Y PEr et T o Bl X exprecs on to 4 1 ovel high-

enough, f of 1 st abke Jduses hsnh@ipecifically stabilizes transfected
DNA (Herrman and Mathews, 1989) and that mutations in the 21K
protein result in degradation of cellular and viral DNA during
infection (Pilder et al., 1984; White et al., 1984). Since the
Ad5 E1B-21K protein 1s expressed in PER.C6 cells, these
findings do not provide an explanation for our observations.
The pIX gene 1is located directly 3’ of the ELB-55K coding
region. For Ad5 it is known that the pIX promoter and coding
sequences are located within the E1B transcription region
since pIX and EIB share the poly-adenylation signal. The
minimal promoter sequences necessary for pIX expression have
been studied in case of Ad5 (Babiss and Vales, 1991). It was
shown that a promoter fragment containing the upstream Spl
site and the TATA-box sequence was sufficient for pIX
expression. The spacing between the Spl site and the TATA-box
as well as the sequence of the TATA-box itself, were shown to
influence the level of pIX expression. Whether the
corresponding region in Ad35 is also sufficient to drive pIX
expression to a level high enough for stable virusgs is not
known. Sequence comparison revealed that both the Spl site and

the TATA sequence are different from those found in the AdbD



known. Sequence conparison reveal ed that both the Spl site and the TATA
sequence are different fromthose found in the Ad5 WO 2004/ 001032

PCT/ EP2008/00804/@G603262 pl X pronoter. Usi ng sequence i nf orr@avErnozosaizsabl e
from Genbank, a conparison was nade of the proximal plX upstream
sequences (i.e. between the stop codon of E1B-55K and the start codon of
the pl X gene) of serotypes from di f f ePent subgroups. The fol |l ow ng
adenoviruses with SEQ ID. NGs.and Genbank reference sequences were used

for i)gﬁ( &%26}@6{@901 U%Q%g(%%eh@e NG £ bria ERohask NACHUO5F rod5 ( SEQ | D.
NO. ; nbank Mr3260), Ad12 (SEQ ID. NO 47; Genbank_NC001460), Ad9
(SEQGdRame) 48 oferbankoAFees66E)Ke A0t SEDT oD, P 14 9uPresiisaik
L19443), Ado (SEQ ID. NO. 50; NC003266) , .Sim 3 D . 51;
Genb&SQUBYAI 06 - SAIL ] SEEED | Bhe %%;Cé@ﬂbgﬁﬂ E&%go%%%’?ﬁet]&%%
sequence (SE D, | i i WG 00 780 terEe Adi
sequéﬁggﬁ%éﬁ%@oprﬁi%hég%I%ﬁggﬁﬁgtn%%b%?gﬁggbbgfore and isegrovided

her eigupdi@ip3A Thewsto Blorl ngnerinmfi thee abovd NTEIEQ onéd - s Ferfesd

bet ween the stop codon of the E1B-55K protein (first 3 nucleotide%ﬁig al
sequesmEsnandeflhe ester t SCAUEACES tHer Pl XSEFotéh PastEOBPARdE 8t ifds) .

The Spl_site_and the TATA sequence. i nd 5 bexedyd.n fMpst cases
there&]‘ﬁsQi nggffg’ 'en%gho%rlg)%ﬁﬁi %ﬁﬁgﬁgﬁﬁi’pécﬁj %%%GSp?ban(Ij\TdTATA boxes in
t he q%gggaﬁngq@@@b),Tﬁgggfq@@ijm@goN@enﬂu& segleanes NCoi0 03& 6 @nd

TATA-DOxes as publi'shed by Bucher, P (1990) was used to identify_the
put atiye Spkoand DTATHG bo# 8i; n Qelmavalr | BEE 996GPenc s34 Ei §SEQh IdhowiCt he

Ao il AGHDD2B G HSL o Tednaits el 12" SOlsar ot AT D IRg B havem AT and

i ot nie (Beruedh " ThR U8 bOREE T Shml or L han Tor Ade and Adz. Thie'is

not gaysyak sipmEmine Ads ELB Pprosgptencal SGEDntBPAsNAn @) bge as
published in WO 00/70071. The Adll sequence (SEQ. ID. NO. 53)
was not published before and is provided herein. Fig. 3A shows
an alignment of the above mentioned sequences between the stop
codon of the E1B-55K protein (first 3 nucleotides in all
sequences) and the start codon of the pIX protein (last 3
nucleotides) . The Spl site and the TATA sequence in Ad2 and
2d5 are boxed. In most cases there is insufficient homology to
directly point the Spl and TATA boxes in the other sequences.
Therefore, the consensus seguences for GC- and TATA-boxes as
published by Bucher, P (1990) was used to identify the
putative Spl and TATA-box in the various sequences. Fig. 3b
shows the putative Spl and TATA-box sequences and the spacing
between them. Adl2, Ad9 and Ad40, belonging to respectively
subgroup A, D and F, have Spl and TATA sequences that fairly
match the consensus sequence. However, the distance between
the two boxes is smaller than for Ad5 and Ad2. This is not
unusual since the Ad5 E1B promoter also contains an Spl box
and a TATA sequence with a spacing of 11 nucleotides. However,
a deletion of 9 nucleotides (of the 20) in the AdS> plX

promoter sequence between the Spl- and TATA-boxes gave reduced



and a TATA sequence with a spacing of 11 nucleotides. However, a deletion
of 9 nucleotides (of the 20) in the Ad5 pl X pronoter sequence between the
Spl - and WAMAwWbaxer gave reduced WO 2004/ 001032 PCT/ EP2&3/020432601263 pl X

| evel s (Babi ss and Val es, 1991). The subgroup B serotypes Ad35, Adil and

Adz as well as subgroup E virus Ado, have divergent TATA-box sequences and
di fferent spacing between the putati% Spl sequence and the TATA-box. The
proxi mal pl X region in human adenovirus type 4 is identical to that in the

sim g'ixa‘i%Qfé’:ﬂé U$p251EGVER1d PaSEEQt Y 1hat Thecenbly ongs B pseposgweds
t herapeutic vector (Farina et al., 2001). Thus, also for

r epl neatsi, omndlef | ehénBdectoreebhsed @mbﬁﬁpmmnﬁnViéﬁén@ﬂ4u§%§V%IX
expression may be insufficient for staple, _capsids. |t . that pl X
expr dsgieayant r BHPIRRK IWELRPERE yaqdﬁ %d%geg?in s &% A tlﬁ%#%ﬁt%?rlan and
non- hu ._ade ir ?qg t g 01y~ 8e0URRC S o 0ImLYepIkhe
promﬁlﬂu:,}:‘aa e gssﬁaﬁﬁ , a%%élgﬁgt? Furt her upst?ggmir1thg E1B
SEqUEREES PN RVRImARN & sty eans Alvter nativelyenitt dad dlaothabsditbltérd hat ,
since pl X expression is activated by ELA proteins, high Ieiels of pl X

expr essiicm ar@eobvaimved in (BE68hresert@ OF YESA IHAdt diTShef 8ndP¥g to the

sane serotype or ubgr oup. . \\_t est ed angi ng nd )us

pr oxifFP i ﬁﬁstt %%@E%ﬁcggci%r?ﬁ:o ﬁée?g%o (t)EgoQ%s' ’pr%drj]rg%gr' Fgl%i@rzcrease
pl X expression L 1tih:ea1%’f81t10&efﬁ%@_@%ﬂ Oy 8@t 61 St Aklsevigusesnahdrarbet t er
packadging capacity (infra). Alternatively, the plX function may be

del i wat@thvhrtsaBs plixa ¢kprpackagi mprebe ihiswe fimslenhohOFi MHEHG exanpl e
we describe reconbi nant Ad35- based viruses that have a non-endogenous

pr oxigaws piX-pronoter as found in Ad5 viruses, and show that these viruses

have a betfer stahij{ty.than.t heunchapged ibeconbinapilyeetors.
differently in Ad35 viruses and other human and non-human
adenoviruses and that regulatory sequences, or even the
promoter seguences itself, are located further upstream in the
E1B sequences or even more upstreamn. Alternatively, it is also
possible that, since plIX expression is activated by EIA
proteins, high levels of pIX expression are obtained in the
presence of ELA proteins belonging to the same serotype or
subgroup.

We tested whether changing the endogenous proximal pIX
upstream sequences into a heterologous promoter to increase
pIX expression in the vector, leads to more stable viruses and
a better packaging capacity (infra). Alternatively, the plIX
function may be delivered in trans via the packaging cell
line. As a non-limiting example we describe recombinant Ad35-
based viruses that have a non-endogenous proximal plX promoter
as found in Ad5 viruses, and show that these viruses have a

petter stability than the unchanged recombinant vectors.

Example 5. Generation of adapter plasmids with an AdS piIX

promoter



Exanpl e 5. Generation of adapter plasmds with an Ad5 pl X pronoter WO
2004/ 001032 PCT/ EP2003/ 050126 64 pAdApt535 is an Ad35 adapter plasmd

havi ng pawo mb4/6t1e32 Ads pl X pronoter sequences but is otHErER2ee/isoent i cal
to Ad35 adapter plasm d pAdApt 351 P1 (see WO 00/70071). Its construction
is described below A first PCR fragnent was generated with prinmers SV40f or
and pl XSRnfe. The reaction was done with Pwo DNA pol ynerase (Roche)
according to manufacturers instructions but with 3% DVSO in the final mx.
PAdApt , a%@&ﬁ?tg%plia@r&ﬂ hepsAdsidptretiepbhedivi tusesng 108rhgofSeshd\D

00/ 70071) 'was taken as tenplate. The programwas set as follows: 2 %nut es
at 94Qi5 apdXt peorBE ey cseguehce®a®itorl 30058esHdsS g meleNhgFals X© t87°°30

seconds (anneal.ing), and_ 72C far. 30 seco I ion) foll owed by 8

i nut%%agfei?ZPé?E%ﬁéfrB‘ééﬁPF%gIlgéR ?Fr‘ea%gﬂﬁt g)%‘coljnq ail)n't §33" end of the
Sv40 -ati an, sj ; ML PAGMPt and the Ads pl X pronoter region as
presé%§$¥§gﬁg§gg%kQH%c§ggg%&%kﬁhnber Mr3260 from nucl eotide 3511 to

nucl eoti dea 3386 tampCRNIMEghesitt evaxt gheedadrdl Wi EecPRIMPCR fFAHWEAr was

generated as descri bed above but -with priners }ﬂl XBSFBE& a;ﬂ 35R4. 100 ng
pAJAPR 3G | PIXRES ficak chne ag SREFRHOR 6728 hdCRRN&H GhdF WiRas PR WEE 23T 30

seconts,aad) e slongat Lan ol e  PORprogsamuas: sebaa 226 far 99

secon i'es sequences from nucl eotide 3467 to

nucl egiige ; 4669 d SEANENCR i RUNRENAMG: ASahn aWRHN4 7 0974 m1and caddsd AanEM-el
site to the 5 end. Both PCR fragnents were then digested with Mel and
pur i f detetsiny itrhes €k agéA OPER ;pae ¢ i Bat 0O KG7Y)Q wgenfFakedeading to
manuf acturers instructions. Concentratio f. the purifi fr bs was
est i nBEBALBYer-ufiifigPROILARI &56h SQlgarfds Oaéowa%'d %p%%%ki%%gt eaatgg%?rrgl ar

anDunéﬁdOEHéﬁa§dwbycles of (94°C for 30 seconds (melting), 52°C for
30 seconds (annealing) and 72°C for 30 seconds (elongation))
followed by 8 minutes at 72 °C. The resulting PCR fragments
contain the 3’ end of the SV40 polyadenylation signal from
pAdApt and the AdS5 pIX promoter region as present in Genbank
Accession number M73260 from nucleotide 3511 to nucleotide
3586 and an MfeTI site at the 3’end.

A second PCR fragment was generated as described above but
with primers pIX35Fmfe and 35R4. 100 ng pAdApt35IP1 was taken
as template, the annealing was set at 58°C for 30 seconds and
the elongation of the PCR program was set at 72°C for 90
seconds. This PCR amplifies Ad35 sequences from nucleotide
3467 to nucleotide 4669 (sequence numbering as in WO 00/70071)
and adds an Mfel site to the 5’end.

Both PCR fragments were then digested with Mfel and
purified using the Qiagen PCR purification kit (Qiagen)
according to manufacturers instructions. Concentration of the
purified fragments was estimated by running a sample on
agarose gel and approximate equimolar amounts of the two

fragments were mixed in a ligation reaction containing 5 Hg

DNA, 4 pul 10x ligase buffer and 2 Ul ligase enzyme (New England



fragments were mxed in a ligation reaction containing 5 g DNA 4 jil 10x

| i gase buffer and 2 | ligase enzyne (New Engl and WD 2004/ 001032

PCT/ EP2008/00804/@603265 Bi ol abs) in a 40 | vol ume. Fol | owrgy/Eroeansoaizat i on of
> 2 hours at RT, the m xture was | oaded on a 1.2% agarose gel in TAE and

the DNA fragnmens of 1.4 kb length were isolated with the Geneclean Il kit

(Bi 0101, Inc.) according to manuf act uf8rs instructions. The DNA was el uted
in 30 | sterile HOand 1 | was used in a PCR anplification reaction with

pri mey.s, :S40f of hand gs1dgscr ihed ahoug. ahha RGP aesodone as descri bed
aboﬁlva]t%ﬁggnﬁgn%eaﬁ glterrper ature of 52C§and an elongation tinme at 90

secongdsyrIherr gyl iy preduet wass i smhdéédofr amlgels uiegagoske g&d ajen gel
extraction kit and digested with Agel and Bglll. The resultin 0.8§hkb
band Tk 4sdl hed DI¥ont gedmasin@ft he- 4 GBRe&FEST 155 ¢ éé@&la&iegjg ¥

manuf acturers instr ions. pAd 35. d ri i n Y/

al so egeé?EQCh\ﬁatrh I]fjréar@l&g&tl ’an#’l?hé %%%dl%gﬁ\%%tgwg%ﬁt%éggg

i sol at £ﬁﬁg&g%g_using the Geneclean Il kit as above. This fragnent was
ligated wth the isolated Bglll-Agel fragnment described supra containing
t he Ad5- Ad3ReChiNBENILs P Xupeamater30 fub ghteeipAdARG3ndut (& giaz)uselher
adapter plasm ds containing the Ad5 pl X pronoter were then nmade a

fol | aws: a pARGRptEASL Liitcans odi gestedl it Wil§l M idmer Apal 2841 g . §5Réb

e e e P, Ehai e L0 SelcL e b R e
o 1op et areien (ravmricanes ol aongstaye. Jhgstanict
was usedoh@s.clone otbeltimokerrgenes Wbke ieCRR {eler fyed fasgmusing the
pAdApéiggcjgrc};:g)elanedelt_rach:t(lggr Ikvietd ;Agmdgé%épcte%s'ij%%) A!;}gt_to atnrg:F BglITI.
The resulting 0.86 kb band was isolated from gel using the
Geneclean II kit according to manufacturers instructions.
pAdApt35.Luc (described in WO 00/70071) was also digested
with BglII and Agel and the 5.8 kb vector fragment was
isolated from gel using the Geneclean IT kit as above. This
fragment was ligated with the isolated BglII-Agel fragment
described supra containing the Ad5-Ad35 chimeric pIX promoter,
to give pAdApt535.Luc (Fig. 4).
Other adapter plasmids containing the AdS pIX promoter
were then made as follows:
pAdApt535.Luc was digested with BglIl and Apal and the 1.2
kb insert was purified from gel using the Geneclean IT kit
according to manufacturers instructions. pAdApt35IP1 was also
digested with BglII and Apal and the 3.6 kb vector fragment
was isolated as above. Ligation of both isolated fragments
resulted in pAdApt535 (Figure 5). Next, pAdApt535 was used to
clone other marker genes like eGFP (derived from
pAdApt35.eGFP) and LacZ (derived from pAdApt35.LacZ) into the

multiple cloning site using standard cloning techniques giving

rise to pAdApt535.eGFP and pAdApt535.Laci.



mul tiple cloning site using standard cloning techniques giving rise to
pAdApt 535. eGFP and pAdApt 535. LacZ. WD 2004/ 001032 PCT/ EP2003/ 050126 66
Exanpl e 6woGmngo@bi2on of El - del et ed Ad35-based vect ors WRAIMEP2a@BAB30 26

pl asm ds containing the Ad5 pl X pronoter. Reconbi nant viruses were
generated by transfection of adapter glasnids and Ad35 vector backbone
cosni ds on PER55K clone 16 cells as 8%scribed above. Hereto, the fol |l ow ng
set of plasmds were used: Ti. pAdApt535eGFP + pVEE. Ad35. pl X-rI TR T2.
PAdAE&%%@%C% + GYEAE35 ] Xof | TRABR 1 ck3ad pid2ptBaised WMo Ad3FFX- 1| TR
T4. tuc+ pVE Ad3S. pI X-rT TR T5. pAdApt 535Lyc +

PVE. Ad3pteixX-pl TRAESs TR pAdabngasibe A45 phEXARISTIDCEL | TR T7.

pAdApt 535LacZ + pWE. Ad35. pl X-rI TRL\E3 T8, 3 PWELAd3E. pl X-11 TR
T9. pAdAptEBtEYL RapAE VAFIES Bf %N?F?R@qe%g%&gg&pl%%%dge Ver eﬁdi%g%est ed

wi th_Pacl C 3kpbHe Wy der endiP@RIEd wi t h
pl pssﬁaafteeﬁlﬁyﬁé’gaﬁgé%ﬁ%ﬁg%&g?xﬁ%ﬁﬁﬂé PVEE. Ad35. pl X-r | TRAE3 wer e

di gestiesharith Mot praordéscribest edtion, Beyesh eddte allaplering &&Hi d and
6 g of the backbone DNA were mixed with 40 | Lipofectam ne

(1 nvictt qendinifle TegtnoleRPes) according to manufacturers instructions and
i ncubated with PERS5K clone 16 cells in T25 flasks at 70% confl uency.
Transfection nmediumwas renoved after 4 hrs and cells were further

i ncubat ed fi, BRERA0 HKLcrPWe ¢als. 4Bl piKansfiect i on, cells were passaged
to a T80 flask and scored for occurrence of cytopathogenic effect (CPE)

t he days afper NaAptsﬁﬁ@GFaterpﬂH.k@BEupéK—rimﬁAﬁBprogressing or full
CPE except T6 Fno CPE) and T8 (CPE events). Aggin two days later, T6 and
T8 showed B8ar pATRERELUC + PWE.Ad35.pIX-rIT

T4. pAdApt535Luc + pWE.Ad35.pIX-rITR

T5. pAdApt535Luc + pPWE . Ad35.pIX-rITRAE3
T6. pAdApt535Lacz + pWE.Ad35.pIX-rITR
T7. pAdApt535Lacz + PWE.Ad35.pIX-rITRAES3
T8. pAdApt35LacZz + PWE.Ad35.pIX-rITR

T9. pAdApt35Laciz + PWE .Ad35.pIX-rITRAE3

AdApter plasmids were digested with PacI except
pAdApt535.1Luc and pAdApt35.Luc which were digested with pIPsp-
1 enzyme and pWE.Ad35.pIX-rITR and pWE.Ad35.pIX-rITRAE3 were
digested with NotI prior to transfection. 2 Ug of each adapter
plasmid and 6 ug of the backbone DNA were mixed with 40 pl
Lipofectamine (Invitrogen/Life Technologies) according to
manufacturers instructions and incubated with PER55K clone 16
cells in T25 flasks at 70% confluency. Transfection medium was
removed after 4 hrs and cells were further incubated at
37°C/10% CO2. Two days after transfection, cells were passaged
to a T80 flask and scored for occurrence of cytopathogenic
effect (CPE) the days after. Five days later all cultures
showed progressing or full CPE except T6 (no CPE) and T8 (CPE
events) . Again two days later, T6 and T8 showed starting CPE



WO 2004/ 001032 PCT/ EP2003/ 050126 67 and all others full CPE. Al cultures
were harvested by collecting nediumand cells. The m xtures were stored at
-20C. Upowd tvawwmgs2of the sanmples, the m xtures were spwCT/EROwB/B0126500 rpm
for 15 mnutes to pellet cell debris and supernatant were collected. O
sone of the sanples (the four LacZ expressing viruses, T6-T9) 2 nl was
used to infect again PER55K cl one 16 ®el I s at 80% confluency in a T80
flask to further anplify the virus titre. Cells and nmedi um were harvested

upon &‘I%%ﬁ%&%&%ﬁﬁﬁilocﬁml In 1GPE-{ T7uF8) amde diadeekysadt &y wer e
prepared as described above. The crude |ysates obtained in this way were
used d¢®l 1é&sblate mediaim DNA] KHerldtso, TS histugafdd'$ ¥R abECHECerdtal ~ was

incubated with 101 10ng/m DNasel at 37C for .30 m se tly, 6.0
| 0.5 MWEBTAVPS §-fywindsof FRBHES7 1.59 rrg?%? ngt%ei ase K was

added, an X texing.c 1L Xt Upe thefel ncybatad aind0C for 1
hour.déW%a Iyﬁq¥ﬁ%:%§ﬁrgékD%E @ggﬁ?g%%angPﬁggﬁ% the GeneC ean Spin Kit
(Bi 0 d@dernhbitent waral cBNAcwas el WEdsbne5@ plthe | $AQPHRO afds fousanpl es
were used to anal yse the transgene region. It should ge noted that the
PVIE. AUBSY p EXPrISERHLESV baskEsne Toshp s 2wdtle wathchSRged Card- e 7 9P st i | |

o e B OEne L Thrt B NG CRincat T o7 P8P SLSbl nt Ton Cvent Teetl ing in

ces for a reconbination event resulting in

t he f’{nrﬁﬂ%u’? ROt €5 WREe vaens deredet ocke ISThd iedever wdite coul d not
be excluded in this set-up that viruses would be generated that still

cont ahartbe tAdBSmiX proooteers imhefEhoF8) amofsbbctPPc R Bhpl #ffcati on

were perforned on each virus reparation: The iéﬁtv%ps done with primer
set 10(1&@351%%?&@%i‘é??—”eA@Aaﬁ%%@\S@Faan&eR%&t | XP8VE "This PCR

SDECifica'E%éﬂﬁ%ﬁ{%giyéﬁ%éé*%ﬁ%ﬁﬁﬁeaGQBO&ﬂﬂb\%éyS@érecwgéar&@Q the Ad35

pl X pronotér. eacti1 on was done on
isolate viral DNA. Hereto, 275 WUl of crude lysate material was

incubated with 10pul 10mg/ml DNasel at 37°C for 30 minutes.
Subsequently, 6.0 pl 0.5 M EDTA (pH 8.0), 7.5 pul 20% SDS and
1.5 pul 20 mg/ml Proteinase K was added and mixed by vortexing.

The mixture was then incubated at 50°C for 1 hour. Finally, the
viral DNA was isolated using the GeneClean Spin Kit (Bio 101,
Inc.). Viral DNA was eluted in 50 pl milliQ H20 and 5 ul
samples were used to analyse the transgene region. It should
be noted that the pWE.Ad35.pIX-rITR+/-E3 backbone cosmids were
unchanged and therefore still contain the Ad35 plX promoter.
Since this promoter is located at the very 5’ end of the
cosmid, the chances for a recombination event resulting in the
wt Ad35 promoter were considered to be small. However, it
could not be excluded in this set-up that viruses would be
generated that still contain the Ad35 pIX promoter. Therefore,
two specific PCR amplification were performed on each virus
preparation: The first was done with primer set 1 (Ad35
specific): AJApt35CMVF and AdApt35plXrev. This PCR
specifically amplifies the transgene region in wviruses

containing the Ad35 pIX promoter. The PCR reaction was done on



WO 2004/ 001032 PCT/ EP2003/ 050126 68 5 | of the isolated viral DNA sanples
wi th reconbi nant Taq polynerase (lInvitrogen) according to manufacturers

i nstruct i wos20bubo1ws2t h usi ng 4mM Mgl 2 and 4 units Tag erEymEP2003050126
reactions. The PCR programwas set at 94C for 2 mnutes followed by 30
cycles of (94C for 30 seconds, 60C for 30 seconds and 72C for 5 m nutes)
and ended with a final step of 8 m nth es at 68C. The second was done with
the primers AdApt 35CWF and pl XSRnfe and thus specifically anplifies the

transgene regi.on .| i.r : t aigRi & AGdS I phX Ryt efafpr Taer set

2). CR aﬂﬁ?ﬁ?%a%%g%g&5§§Sgﬁgggnggﬂi%%gﬂ%he iéolagéd viral DNA using Pwo
DNA:thwmgfggé(glgvg@& dn)CGenaxbsing 5O Imanofawevemitai ning 0.3 pl of
each"priner (100 IMstock), 5 it 2nMdNTP m xtyre, 5 | IC@ conpl ete buffer
(i nchnshMyitidns butDvEQrandsing KrPndienzs nel AThe YPER Hr ogiai ieS Set  at
94C for 2 mnutes foll d 30_cycl es ( r egopds, 60C for
30 séforidE aRPR72ECPSr %%%réﬁ%s?r§é5%%uﬁéﬁmgég %%H%%Qé g?%pgof 8 nminutes
at 68C. L n e hngyandscosd | pou ° camps 8 essebnds, 2 60/°second.
Thenpﬁgﬁ%%%a%?gggﬁ%pTéﬁﬁa%g 8gddec? to tﬂ%4sanples and 8 | of the mxture
was lrepdeth ogcgehdsf @mdanat Ysi SorThe nElnisrels E1AES @81Ga@dwhEBS5 2y fldses

containing the Ad5 plX pronbter sequence and eG-P transgene (transfections
T1 amdtem2)f hadmPoRt&®HI3Ei 88 bands at the expected height with no shorter

f ts. Fig, 6a shows_ th Ik th
agMent S il 05008, 3N Q. Lhe, Lesulhs 4 &Pﬁmé’% 2imbé $5cayirorsdon the

E1- del et ed ying viruses ransfections T3 and T4). Lanes

5-8 U3 ccoRhEo RERSspaci AdARIS3hLump L dhes 5 landt BxnagdnadAsIBERC

pl as S anes 7 and 8) with both prinmer sets. Lanes,6 1-4 arg % on the
viralin DNArusekates\t Priney sée Bi%@%XfPéOW@FeEdBQO%}IReFeéie ny’ anmplifies
a band of ;2§ gé%??é?téngghwggdé%EgEBAnSaﬂTI%fﬂ%he isolated viral

DNA using Pwo DNA polymerase (2.5 units/Ml Genaxis) in 50 Ul
volume containing 0.3 pl of each primer (100 uM stock), 5 pl
2mM dNTP mixture, 5 Ml 10x complete buffer (incl. Mg2+), 1.5 ul

DMSO and 0.8 pl Pwo enzyme. The PCR program was set at 94°C for
2 minutes followed by 30 cycles of (94°C for 30 seconds, 60°C
for 30 seconds and 72°C for 5 minutes) and ended with a final
step of 8 minutes at 68°C. During PCR the heating and cooling
ramps were set at 2 °c/second. Then, 5 Ml loading buffer was
added to the samples and 8 pul of the mixture was loaded on gel
for analysis.

The E1 and E1/E3 deleted Ad35 viruses containing the AdS
pIX promoter sequence and eGEP transgene (transfections Tl and
T2) had PCR amplified bands at the expected height with no
shorter fragments. Fig. 6a shows the results for the PCR
amplifications on the El-deleted Luciferase carrying viruses
(transfections T3 and T4). Lanes 5-8 are the control PCRs on
AdApt535Luc (lanes 5 and 6) and AdApt35Luc plasmids (lanes 7
and 8) with both primer sets. Lanes 1-4 are PCRs on the viral
DNA isolates. Primer set 1 (specific for Ad35 pIX region)

amplifies a band of the expected length and shows in addition



WO 2004/ 001032 PCT/ EP2003/ 050126 69 shorter fragnments on Ad35. AdApt 35. Luc
viruses (lane 4; conpare also Fig. 2 Luciferase +E3). In contrast, priner
set 2 (spexiob/e1dzr the Ads pl X pronoter) only shows a HzamoP2063/4sheze

expected length with no deletion fragnents when viruses are nmade with the
AdApt 535. Luc plasmd (lane 1). Fromthis we conclude that the insertion of
Ad5 pl X pronpter seguences i ncreases °the stability and the packagi ng

capacity of Ad35-E1 deleted viruses. Figure 6b confirns these results for

Ad35 1 ELES- del-sted ntd usesagabr udpagd3E A as viansgene(liaaed; l-cbmeaect he
control PCRs on AdApt535.LacZ and AdApt 35.LacZ plasmds wth_each priner
set. aSore bagkgRoling itenssar eESden IrespertaPPy WRTHPPT néBtsét 1 (I anes 2

and 4) but a strong .specific_band is also seen at t X e iwght for
each 25&?@%@%&"%?’@2 Zh%%rolpa ol WK Bk ?Pgﬁfe%hfvgsﬁdgﬁ.gﬁ{jﬁ g)aflhed% was
i sol at r f ection and afderoonersameinidfd catéanvieureasaxkescri bed
abovg?8§%$§é§né%§§Q%}ﬁﬁ%#ﬁsgﬁ g§ggené?ate§a?he expect ed fragnent on
Ad35.AdApt H3BhlLaed AdApSESSwiltle md adehedi ¢haheadnent Bronahasd s5 wend 9)
whereas the sanple with viruses contaijni n% t he Ad35 %IEX pronot er sequence

cl eardgnchiote deb&t e r ARAEATS G A EP or It BE PTFRGHENC ST NG corr ect
| ength (visible _after Lficati : ot upts
Show THa CLBB8 FER IOHIBF T hY . SR A SRIiaT catancsd Tor AdE prX
pronpief . s€ U‘%lri'%%%esi ncregsect | stabil thy ehddie teansgendorediaddbin

viruses wt arger genones. Stronger pronoters or additional pr onﬁ)t er
el enemt AE Bayedwtr e nhaneseshice wfierd . LERAnpise L2 RARRG | dRTGS 1-

B e oo i SRS o Miet DS DRI AFBL L Al oo
lead to_re:iinsention ofytheAd35 X PEORRL @facitdt QuMbr beesisgeneas asednwi t h
t he déd%pﬁ%gg-based d%aptgr '
especially with primer set 1 (lanes 2 and 4) but a strong
specific band is also seen at the expected height for each
primer set on the homologous samples (lanes 1 and 4). Viral
DNA was isolated after transfection and after one
amplification round as described above. Strikingly, primer set
2 generates the expected fragment on Ad35.AdApt535.Lacz
viruses with no deletion fragments (lanes 5 and 9) whereas the
sample with viruses containing the Ad35 pIX promoter sequence
clearly shows deleted fragments in addition to a fragment of
the correct length (visible after amplification (lanell).
Altogether, these results show that substitution of the
Ad35-pIX promoter sequences for AdS-plIX promoter sequences
increase the stability of the transgene region in viruses with

larger genomes. Stronger promoters or additional promoter

elements may even enhance this effect.

Example 7. Generation of PWE .Ad35-3481.

As indicated above, the adenovirus insert in the cosmid
PWE .Ad35.pIX-rITR contains the Ad35 pIX promoter at its 57
end. This could lead to re-insertion of the Ad35 pIX promoter

into viruses generated with the pAdApt535-based adapter



WO 2004/ 001032 PCT/ EP2003/ 050126 70 plasm ds. Therefore, a new version of
t he Ad35 backbone cosmd is nade that |acks plX pronoter sequences.

Her et 0, aweCio4/6aiegpnent was generated with the pl XcosF- 2cancP20as3b26- 3
prinmers. The anplification was done with Pwo DNA pol ynerase (2.5 units/|;
Genaxis) in 50 | volunme containing 3 I7 f each primer (10 Mstock), 5 |
2mM dNTP m xture, 5 1 | Ox conplete buffer (incl. M2+), 1.5 DVsO, 0.5 |
Pwo enzyme and 10 ng pAdApt351P1 tenplate. The PCR program was set at 94C
for 2pldsmitds. f oheewdd by, 52 cyelveseofsi(@4C f othd0 Iskronusckb8gef arosndid

seconds and_72C for 1.5 mnutes) and then 25 cycles of (94C for 30
seconds TBOE f BRa 80 lsedondRIAnBIPYC Y ASGUChRERGreCHHP endedSRi th a

final step of, 8. mn S C..The..re i 1.2 P ugt contai ns
Ad35 sf} ecrgs ‘fjg%m%leﬁluec e%%gd‘éug%fhteosﬁ%%{:gggi ge ajgj&’i §n¥g{nggr|%ng

accor ¢iignds . ARG seguentecasipubhizshetbnd WOCB0/FIDHINA Wb hyar rAaid | and
Not|l sSite attached to the 5 end. The PCR product was purified using the

PCR purd f3 catios/kit ((@regehs) adeobdi ng twolumautactusriarisng n3t piic biforesa@md
cloned into the pPCR-Script Arp vector (Stratagene) according to

manuf aotiureer s (1 dstiMuctticoris) , Thpls@qierntNeTBf mt ke ucleoned KT afbentomp lteien
verified by sequencing and subsequently renoved fromthe construct by

di gestdwnfen t hikall.l Mokt )Agel.5THe Ca&04 i BgS7BA Byd rerpene &sdpdili fried
from gel usi ng t he Genecl ean Sﬁi n kit (Biol0l1, 1Inc.) acco gi,ng to

manuf FAUKRF B TRt F6EM IgHS - CBRSt PGEt BVEIRABSas )\ 3del 2§ désSchi beF infra)

is also di.gest i I el ..an 2] B veet

f ragm%h]tnq%tgesgi gg%%}tgg}&%f r%;\?n ge?9g%;é%g Qt%eg%%éngc e% %dpr'%eélg?é Bi g)cléoo%r fion% )
accor dingsd@onasubact UTets £8st NUGt monsutds pabnen WfeRh ciysdkat ed
fragments results in construct pWE Ad35-3481ANdel. The copstruction of
const r 4’ HVEC nd35ANGEIONES de&€r Ché@ T | 0 WLe0nPe0 2R AN confairng -A&135

Seque%ﬁﬁhgégﬁ1ggal%%&é§ with a final step of 8 minutes at 68°C. The

resulting 1.2 kb PCR product contains Ad35 sequences from
nucleotide 3481 to nucleotide 4663 (numbering according to
Ad35 sequence as published in WO 00/70071) with an AatII and
NotI site attached to the 5’end. The PCR product was purified
using the PCR purification kit (Qiagen) according to
manufacturers instructions and cloned into the pPCR-Script Amp
vector (Stratagene) according to manufacturers instructions.
The sequence of the cloned fragment is then verified by
sequencing and subsequently removed from the construct by
digestion with AatIT and AgeI. The resulting 780 bp fragment
is purified from gel using the Geneclean spin kit (BiclOl,
Inc.) according to manufacturers instructions.

Construct pWE.Ad35ANdeI (described infra) is also digested
with R2atII and AgelI and the resulting 12 kb vector fragment is
isolated from gel using the Geneclean spin kit (BiolOl, Inc.)
according to manufacturers instructions. Ligation of both
isolated fragments results in construct pWE.Ad35-3481ANdel.

The construction of construct pWE.Ad35ANdel is described

in WO 00/70071 and contains Ad35 sequences from nucleotide



WO 2004/ 001032 PCT/ EP2003/ 050126 71 3401 to the Ndel site at nucleotide
6541 and Ad35 sequences fromthe Ndel site at nucleotide 33167 to the end
of the rigl2004dRoszher eby both Ad35 fragments are |inkedon/mrPésnsdidel site
(see also Figure 13 in WO 00/70071). pWE. Ad35-3481(err)Ndel is then

|l ineari sed with Ndel, dephosphorylated with CIP enzyne (New Engl and

Bi ol abs) and purified from gel using’@he Genecl ean spin kit (Biol0Ol, Inc.)
according to manufacturers instructions. This vector fragnment 1is then
ligategot 0+8 266 Nde Ndgli thr agmenicisot atled 6540m hd@5Ad30 BRAAi@es whi ch

the mxture is used to package the cosm d__using X-phage packaging exk%acts
( St r af agentheadstm i gt eo atmamelae i @ s 3PAS T Qi Bhe. SThe Ofedul® i g9

m xture is used t transf.arm STBL-2 bacteri iLrQgQ , N Ng:rLse to
PVE. AHEB. gagEe %ﬁﬁ@e§53%b$ﬁ%QRﬁ?Bﬁ 8F%Mﬁ§é%§§K§£%bﬁg%ﬂﬁﬁg%l%%E%SSK
cont aj 5.t 19 (0dinigy 5804aNGES Y §0£700939 ELB- 55K gene operatively |inked
to thé uman phosphogl ycerate ki nase pronoter (hPG&K) and the HBV poly-
adeny|ati0?W§§QM§§§EB4BmANHEﬁiiﬁhthénCthﬁdﬁiﬁéé neohny dided , resi st ence
gene operatively linked to the RSV promoter and HBV pA. The construction
of pl &3phb5khice Wesiceilbed thel (R CongneudNew EroleddsBlicdedsn

00/ 70071) was_digested. w th EcqoRl, treated mﬁth.KIEnﬁmqﬁﬁg qﬁLangnBUBified
usi ngPET1FERDUTIN caEL oM KiNT (EragERTICRIEN I Ty T o™t e 3

nufact urers

i nstructl oI r i1 edrwh EhvAgelor apgdathentd kb
vecto?cFP§§%§ﬁ¥hﬁégﬁgggﬁgggl rd%?%%%gggfﬁégﬁﬁi E%%Eclean Kit (B?olOI

I nc. ) jaceokdi Ngi o santbact Wers kbnsteuctt mmsmeiext soAd3%®ELB 6BKAI35
sequences were anplified by PCR on pl G270 tenplate DNA usi t he 355@1 and
35B3 pti Ma¥s.aftire PORCANPHIE ithiFBRcwWAS dﬁﬁ%ij@hpPﬁ5qg@A%ﬁ%yﬁ@?@%

Roche on 2 ng tenplate DNA accordi t o..manuf acturers instructjians

( uéing K—péggengackaging extracgg {%tratagenes accor 1n§ L8
manufacturers instructions. The resulting mixture is used to
transform STBL-2 bacteria (Invitrogen), giving rise to

PWE . Ad35-3481.

Example 8. Construction of pIG35.55K.

Construct pIG35.55K contains the coding sequences of the
Ad35 E1B-55K gene operatively linked to the human
phosphoglycerate kinase promoter (hPGK) and the HBV poly-
adenylation sequence. In addition, it contains the neomycine
resistence gene operatively linked to the RSV promoter and HBV
pA. The construction of pIG35.55K is described below.

Construct pIG270 (described in WO 00/70071) was digested
with EcoRI, treated with Klenow enzyme and purified using a
PCR purification kit (Qiagen) according to the manufacturers
instructions. The recovered DNA was then digested with Agel
and the ~5 kb vector fragment was isolated from gel using the
Geneclean kit (Biol0l, Inc.) according to manufacturers
instructions. Next, Ad35 E1B-55K sequences were amplified by
PCR on pIG270 template DNA using the 35D21 and 35B3 primers.
The PCR amplification was done with Pwo DNA polymerase (Roche)

on 2 ng template DNA according to manufacturers instructions



WO 2004/ 001032 PCT/ EP2003/ 050126 72 but with using DMSO at a fina
concentration of 3%in the PCR mxture. The programwas set at:.94C for 2
m nut es fwld memabiodzy 25 cycles of (94C for 30 seconds, FaG/Er003aBoreconds
and 72C for 30 seconds) and ended by a final incubation of 72 C for 10
m nutes. The resulting PCR fragnent was purified using the PCR
purification kit (Q agen) and di gested?with Ncol. Fol |l owi ng Kl enow
treatment to fill in the protruding ends, the DNA was further digested

Wi th | 8pd Agaily aiseMapuRi fiiethl dbecthusatrieat est PER fpagientPURs
then cloned Into the above prepared EcoRl/Agel digested vector fragnent to

gi ve mipliGR78 . APLAAZIHO g PAIG2 WA SAEBAAZLK: WAd *8i §est el - RREARGr o RIS Xbal
and protruding_ends were filled in usin | en zynme. ,~,The 2.9. kb

f r agrsht2 2 oRYELRISNP E e BCK pPEnot rs%ﬁgn§535%§ﬁ§]%%?iggqﬁggéﬁg%ﬁ%nd

i sol f | i Xt £ipRIVnERdubsenshr uat ion °C
desc?ﬁgg% %%Elgﬁ ﬁ%%:%?%ggtgggw%?ﬁﬁﬁﬁg I% gﬁ%ﬁ?éd wi th Kl enow enzyne,
dephosphor gyl atiechrang. Trel atedlfyiom getR Tredolant edAvruliXdsd fuaghent

from pl&70. AE1IAA21K was then ligated into the above pregg;%f ZERSVneo4
vect drhd r BgReputict i ool pn GBS 55601 3F&Wh e 88 skl FRMeF At Bd it ows:

Construc RSVhhvNeo (described i.n . 00/ 700 I 1 S and
BamﬂlFOJai@%bP& Ty eﬂaéai‘v@?&d% i b9 \e/%)l?% égﬁ ﬁ%}ﬂﬁﬁ%‘?&%ﬁ% éMT#; %%%’o bp
frag faut a_éd]{ﬂ}gefaa& ot +ihe AP Chlien genre agwh & heoRGYnpronmt Bt edas

i sol ate rom gel using ?he Geneclean kit (BIO 101, Inc.). Next,
pPRSVhiwdleonhwas ticgesé @dPERt If rBemierandwaEcsRen biloned hhth KNehaParag t he

Api P gere FELL { BGPar 84 S FHOVESCRRE s IPHGronPs SSFE then 1§ gat ed
L0 9455 BFoIE BB S0 LIEISR864 RK 0% eseLan /Tl akasrbyatie oV
Xbal and protruding ends were filled in using Klenow enzyme.

The 2.9 kb fragment containing the PGK promoter and Ad35 E1B-
55K sequences was isolated from gel as described above. Next,
pRSVneo4 (construction described infra) was digested with

BglII, blunted with Klenow enzyme, dephosphorylated and

isolated from gel. The blunted AvrII/Xbal fragment from
pIG270.AE1RA21K was then ligated into the above prepared
pRSVneo4 vector fragment to give pIG35.55K.

. pRSVneo4 was generated as follows: Construct pRSVhbvNeo
(described in WO 00/70071) was digested with Scal and BamHI
and protruding ends were filled in using Klenow enzyme. The
1070 bp fragment containing part of the Ampicilin gene and the
RSV promoter was isolated from gel using the Geneclean kit
(BIO 101, Inc.). Next, pRSVhbvNeo was digested with Scal and
EcoRI, blunted with Klenow and the 3:2 kb fragment containing
the neo gene, HBVpA, vector and part of the Anpicilin gene was

isolated as above. The two fragments were then ligated to give

PRSVneo4d.

Example 9. Increased pIX expression mediated by the RSV

promoter increases stability of Ad35 wviruses.




WO 2004/ 001032 PCT/ EP2003/ 050126 73 As an exanpl e of a heterol ogous
pronmoter driving expression of the plX gene, the RSV pronoter was inserted
into thewAdB®84/edagt er pl asm ds containing the LacZ or Lrai/frRo@Hs0126eport er
gene. The RSV pronoter corresponds to an Nrul/ApalLl fragnment obtai nable
frompRc-RSV (Invitrogen). Protruding ends were filled in using Kl enow
enzyme (New Engl and Biol abs) accordi hyy to manufacturers instructions. The
388 bp fragnment containing the RSV pronoter was isol ated from agarose gel

usi ng t he xQ Aqui gko@Geh P ast hep kil dddagepyomddapt etriplagm ds

pAdApt 35. @uc and pAdApt 35. LacZ were linearized with Bglll foll owed %

Kl engwptriesas imant of o thieurdIX hgerads thgl BRIV Hrgester) ¢&s bERFRd “ERe

pol y- adenyl ati on sequence of  the transgene r essj,o a : For a
flosoEhpt (A5 of A PABAAES5: L ABEA0 adRBar . ph BT HE. CAE MG 007 J00 T ET e

treat ed adapter | asm d r phospheryhaked disdmgnsari/mpAlkal i ne
Phosﬁﬁ&FﬁgégiSﬁﬁ?gacgg#%ﬁﬁ%§tgr%gﬁﬁ?ggturers Roche) instructions. The

i sol atedRSW phrpRBtieafIagreoh pes-HEn (Lhyatedgsnh chchtsiding 1938 ed
vectors ‘and transforned into DHSoc, conpetent bact erig | n;f[i ragen).

Col omiease et Bl adaliyr ets itor Kienaar &7 7BAt d5Sind&13 UH of -PhEPRIV pr onot er
relative to, the pl X gene resulting i 5. r a £ t
PAJABICERIGEXI r §¢. T FEPORT Ba qﬁsaﬁgégfgbgéni %Végy%eggragg ??%wn

Seque%%?ajgﬁfﬁg“%?% i@?aﬁaﬁgmgkepﬁéé oMz anafe3db fenonbgaaote Galus that

resulted after “deletion of the transgene region. Analysis of a crude

| ysat g pf@panat puadestk t Gag Examactieansidct (BRatn hAJAPEBSA%acZ and the

PVEE. Ad35. pl X-rlI TR Ad35 backbone constructs _and subse I

pur i falossnbAs s RERRP =3 hakUE ha e %33538@ o § nﬂ¥ﬁ§gF?§%%§%%t?egi on

of rOxi |2y 8, Kb ' SEOUeBRES iy e st¥ET esideer 8g POR

anpl%%ﬁ%ﬁ f%ghﬁf%%T%ﬁgg %ﬁ%ﬁﬁgﬁﬁb prinmers 35F1 and 35R4.
digests just behind the SV40 poly-adenylation sequence of the
transgene expression cassette. For a description of pPAdApt35-
based adapter plasmids see WO 00/70071. The treated adapter
plasmids were then dephosphorylated using Shrink Alkaline
Phosphatase (SAP) according to manufacturers (Roche)
instructions. The isolated RSV promoter fragment was then

ligated with each of the treated vectors and transformed into
DH50, competent bacteria (Invitrogen). Colonies were analyzed
for forward oriented insertion of the RSV promoter relative to
the pIX gene resulting in pAdApt35.Luc.rsv and
pAdApt35.Lacsz.rsv.

In addition, an adapter plasmid was generated from
sequences that were isolated by PCR from an Ad35 recombinant
virus that resulted after deletion of the transgene region.
Analysis of a crude lysate preparation resulting from a
transfection of pAdApt35.LacZz and the pWE .Ad35.pIX-rITR Ad35
backbone constructs and subsequent plaque purification showed
that the virus had a deletion in the transgene region of
approximately 2.8 kb. The 5/ sequences from this virus were
PCR amplified from isolated DNA using primers 35F1 and 35R4.

The reaction was performed with Pwo polymerase (Roche)



The reaction was perfornmed with Pwo pol ynmerase (Roche) WO 2004/ 001032

PCT/ EP2003/ 050126 74 according to manufacturers instructions. Program
settings warmod4/emodol | ons: 94C for 2' then 5 cycles of (FAGH2003/B0126€C. ;
48C for 30 sec.; 72C for 2.5 mn.) followed by 25 cycles of (94C for 30
sec.; 56C for 30 sec.; 72Cfor 2.5 mn.), and ended by 8 mn. at 68C. The
resulting 2 kb fragnment was purified'%& the PCR purification kit (Q agen)
and cloned into the pCR-Script-Anp vector (Stratagene) according to

W”“éé‘&&g&gh% gf@trﬁa'ﬁﬁEQE%uﬂeeﬁssxliﬁggru@tpaastxdmgsam_ SBHitsi prasiREenas
sequenced to- determne the extent of the deletion, del etion affected

“Th
nostz of £bhe ol pohot Enr He themsheswcdrd SN0 (Dol § %Oﬁﬂ%p $eSufted in

linking of the 5 317 bp _qf the pr onot.er t : S E8S o f
upstﬂ%gﬁn don h p3Cgéend? ’Iahifsm@%v?r Ferlt f%%ln?‘glgﬁség?ﬁ?e&se “boxes and a
21-bp_repe h et =ao. 85). sRessi biysctherr end miing. seqaedces of
t he gr3%3§25§ %%%Fd gﬁ%é%ﬁgéﬁhe pFX expression resulting in a nore
stablLggeW 5.8 ARialt axna@g e, possibility was that the virus being

smal 'er, on’it self resulted in increased stabi l%tg. Jo ineveﬁéﬁgate this,
a conpl et €rexpressl ohngags et ef HRAIERSNSHS HAtk th Eh&% drliovi Ag manner,

and viruses with thi w _ adapt pl ] g r@kgg_sahg t-A
pCR—Béﬁilﬁtloﬁéé%ﬂqvg&?o&%%%rgfngha tcﬁzsrﬂaén%}lﬁ?%d%g%quences (r%nang1 in
PCR. C4) | rldcsbtes preaedimant hecAGMEns X seguentéonsThe
vectXFCt&gg F?%ggFggggéﬁjf%:Ayrli,gﬁlunted wi th Kl enow enzyne and
dephq_l%%hﬂrtymg edn USiong 29485 £NZg e . ( Roche) phssudc mialse o ievRC e dAGaDt er
pl asm ds pAdApt 535. LacZ (Exanple 5) and pAdApt. Luc (V{%F00/7%%7%%£¥§re
di gesteed miihe Arhkl carkrBgl 6f she DA slasont r ERCedSAT - K eRoWS K

D SR 00 e pof VL SSPP L s, Sy bl emose,

liga&%%ﬁﬁ%éﬁ in linking of the 5’ 317 bp of the CMV promoter to
the Ad35 sequences upstream of the pIX gene. This CMV fragment
contains three GC-boxes and a 21-Dbp repeat (Boshart et al.,
1985) . Possibly, the remaining sequences of the CMV promoter
could augment the pIX expression resulting in a more stable
virus. An alternative possibility was that the virus being
sméller, on it self resulted in increased stability. To
investigate this, a complete expression cassette was cloned
back in the following manner, and viruses with this new
adapter plasmid were generated. The pCR-Script-based vector
containing the amplified sequences (renamed in pCR.C4) had a
unique AvrII site preceding the ACMV-pIX sequences. The vecto;
was linearized with AvrII, blunted with Klenow enzyme and
dephosphorylated usihg SAP enzyme (Roche) as described above.
Adapter plasmids pAdApt535.Lacz (Example 5) and pAdApt.Luc (WO
00/70071) were digested with AvrlIl and BglII and DNA was
treated with Klenow to f£ill protruding ends. The fragments
corresponding to Lac?Z and Luciferase expression cassettes
(CMV-TG-pA) were isolated from gel as above and ligated with
the AvrII linearized pCR.C4 vector. Transformation in

competent cells as above and selection of colonies that had



the Avrll linearized pCR C4 vector. Transformation in conpetent cells as
above and sel ection of colonies that had WD 2004/ 001032 PCT/ EP2003/ 050126
75 the cawxetoneesoidse the forward orientation relative to RAREF2063050128R,
resulted in pCR C4.LacZ and pCR C4.Luc. Ad35 viruses were generated as
described in exanple 6 wusing the new adapter plasmds: pCR C4.LacZ
digested with Pacl, pCR C4.Luc digesﬂéd with Apal and pAdApt 35. LacZ. rsv
and pAdApt 35. Luc.rsv each digested with PI-Pspl. The adapter plasm ds were

cotr e&%;&’ee%g PER55H Cebh-&ra r\Q 1024 056 5p nwire i\iErAdB5. phx- rUeTR or
pVE. .pI X-r' TRAE3 digested with Notl. In addition, adapter plasmd

pBr. AU85, LY&EEAQ2EK. linc gCRnEhr leZoram@spFRbed -b&1%w) was digested with

Pl - Pspl and cotransfected with pWE. Ad35. pl X-rl TR.,di geste Lt h . Upon
full cyt o-%@@ﬁo@éﬁpéee?fvé%lfe(@%)era&ﬁcfﬁ sdﬁEFglﬁar(gg‘gE e%xg%/ﬂb(%rels%t
freeze/t haw cycl rifiugateds t orRMEMeIeRld @EPEESed3@Qml of the
resmq§%ﬁﬁ Eﬁ apgﬁﬁﬂggggggkwgggt:éﬁ%ug%d to re-infect PERS55K cells seeded
the day-befpgre.icn TR fdagkstelpaon flul Ap&LPEancr ude |ysates were prepared

and used to infect A549 cells to test for transgene exgrg;sion %ﬂd Egh
perform a phddpe 3&si@cbnr SPERSSK RAFART 3 ASKYCcdlYs ST Se8§8tSTh BEvel |

pl ates_at 5x105 cells/well and after 5hours infected with 10, 1 or 0.1 p
of &RERF8PLithe Lacz virus stocks and incubated for two days. A549 cells

were then %Bgi%a%ﬁ + L3€£saglsV ide/r@ndo bl He sEeld i dves et o C BERSEK déakls
percentage of blue cells is given in Table Il. LacZ expressing viruses are

cl ear {yoMpne sstcdn e when biwe . ARDS pr OXBLErRi © dripWh nideRprédsi il AEEhe pl X
gene as conpared to the deleted CW pronoter. These results are confirned
Wi th dipested ferdselotEusds: arbdhbhshs easl@iibat yPbRSPAE Luci f erase
pBr.AdBB.AElAAZlK.Luc (construction described below) was
digested with PI-Pspl and cotransfected with pWE.Ad35.pIX-rITR
digested with NotI. Upon full cyto-pathogenic effect (CPE)
cultures were harvested by one freeze/thaw cycle and
centrifugated to remove cell debris. 300 pl of the resulting
cleared lysates were then used to re—-infect PERS5S5K cells
seeded the day before in T80 flasks. Upon full CPE, crude
lysates were prepared and used to infect A549 cells to test
for transgene expression and to perform a plaque assay on
PER55K cells.

A549 cells were seeded in 6-well plates at 5x105
cells/well and after Shours infected with 10, 1 or 0.1 pl of
cach of the LacZ virus stocks and incubated for two days. A549
cells were then stained for LacZ activity and blue cells were
counted. The percentage of blue cells is given in Table IT.

LacZ expressing viruses are clearly more stable when the
RSV promoter 1s driving expression of the pIX gene as compared
o the deleted CMV promoter. These results are confirmed with
the Luciferase viruses. To measure activity of the Luciferase
viruses A549 cells were seeded in 24-well plates at 1x105
cells/well and infected with 10, 1, 0.1, or 0,01 pl of the

virus stocks and incubated. After two days, cells were washed



viruses A549 cells were seeded in 24-well plates at 1x105 cells/well and
infected with 10, 1, 0.1, or 0,01 pl of the virus stocks and incubated.

Af ter twowdeges4omed2 s were washed WO 2004/ 001032 PCT/ EP2GOAZI26@81R6126 76 W t h
PBS twi ce and resuspended in 100 pl lysis buffer (Pronega) and stored at
-20C until wuse. Luciferase was neasured using the Steady-d o |uciferase
assay system (Pronega) according to Aanufacturers instructions. Results
are presented in Table Il1l. In exanple 3 we described that fully

El - d%'iecthe%]fg?’éwi&EV USRS £OBt abBhaGd ey EX 0 epil oA yarics dmuAfdpt . Luc or
AdApt . LacZ expression cassette were not stable. Apparently, in the new
descr(pheshegnst andt sticheedlebet e@ 0V YWriohbt eFSi n LGS T HFC plXSdi d not

prevent the deletion of the transgene regjion. = W.th the ronot er

dri vineg aec @l XsgBfe %e@%??dﬁ(é%%aq%%?ﬁ?get 8%ean§2r %ll?gy\?lﬁr uses of nore

than wld t | : jihe I $¥ s&hth AdSSn AdAREsiaes ravear e
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35 kb respectively (see also figure 2) . Ad35. AEl A/ 21K. Luc
(36. 4 rddunabgoishaued highitransgene activity. W next tested whether

viruses would be intact after a plaque purification. retq, .PERSSK cells
wer e seedeﬁniaxéﬂﬁﬂéiF3ﬁW%t@§S§ﬁ36¥§%f@%aEeﬁP%ﬁMéﬁﬁ”éﬁgf?ﬁ?gcﬁﬁgﬁgjth
different 10-fold .dilutions of the 5 : Qﬁi% ryde Lysates.
Di IuﬁFbﬁéS$?oﬁpféﬁéjFénidtgemgéeI%ﬁ%@%ﬁ %ﬁgA?he%%e €d§§ an agar_overlay
was g Heret ey £ellsi ¥Rr eafddsttaasbed wolth stPBSLand Apher ety of 1a
pr e- war agar sgiutlon prepared by m xing 2xVMEM (G bcoBRL; 9. 14 m;}t FBS
(G bogic 0nd6 mscMy@d €4nstMudt H37hed JeheteaddfbsBrPBeABIragtie BTl 2. 50
in O, 7.2 m), was added. After soljdificatiqon p re r
i ncubaf el 1Et 93 I“%@@Eﬁ?Veﬁ6quH%y§ef%%éPnpp nggsméfé%%€isﬁbﬁ%yiﬁgﬁtacz
staining,_ sol uti it s enx tprmofhbhevaggr wanchakl awed to
i ai AR CUr oss Srofigats SivEngethe @

able to generate viruses of more than wild type length. The

Ad35.AdApt.Luc.rsv and Ad35.AdApt.Lacs.rsv are 35 kb and 36.5
kb respectively (see also figure 2). Ad35.AE1AA21K.Luc (36.4
kb) also showed high transgene activity.

We next tested whether viruses would be intact after a
plaque purification. Hereto, PER55K cells were seeded in 6-
well plates at 0.9x106 cells/well and infected with different
10-fold dilutions of the Ad35.AdApt.LacZ crude lysates.
Dilutions from 10-5 to 10-8 were plated and the next day an
agar overlay was added. Hereto, cells were first washed with
PRS and then 3 ml of a pre-warmed agar solution prepared by
mixing 2xMEM (GibcoBRL; 9.14 ml), FBS (Gibco; 0.36 ml), MgCl
(4,9 M; 0.037 ml) with agarose (SeaPlaque GTG; 2.5% in H20,
7.2 ml), was added. After solidification plates were further
incubated at 37°C/ 5% CO2. Four days later plaques were
visible and Lacz staining solution was added to the wells on
top of the agar and allowed to drain. All viruses sbowed
clear, separate plaques in the range of 10-7 to 10-9 but only
in case of the viruses with the RSV promoter driving the pIX
gene all plaques stained blue. In both cases where the deleted
CMV promoter drives pIX at least part of the plaques did not



clear, separate plaques in the range of 10-7 to 10-9 but only in case of
the viruses with the RSV pronoter driving the pl X gene all plaques stained
bl ue. I n b vogener where the del eted CW pronoter dri veES/EHH03150126aSt
part of the plaques did not WO 2004/ 001032 PCT/ EP2003/ 050126 77 stain

This clearly shows that the packagabl e genone size/stability is increased
in viruses that have the RSV pronDteF7reguIating pl X. This invention for
the first tinme provides a stable reconbi nant adenovirus derived from or

based upqn af,; adenRwsus SKEAEYRAaIS daskpagkexpidssiganofea functi onal
E1B gene. Such an adenovirus has at least a deletion in the El- _region. In

par t isGul et s eaiboili gntis providedely irherd riveasi 6Rat ¥ staBl 85Meconbi nant
adenoviruses have foreign insert sequences of nore than 4.2 kb, and a
pack #genefertonecdii2e o9 mfé -t han 33.4 kb, using nethods according to the

invention.. |1 is thereforg.aniqhject;of theyRuesend sdyemeion to provide
a stg%} Sy %%%%#%ght%gﬁéhggFrgé thatﬁ'a) %arbours a foreign nucleic acid

sequenceRiiBhe bhamck 2rkb, dendierd jrdmsoa bpsskhgedogeddne size of nore
than 33.4 kb. In particular enbodinents, the invention gro¥Ldes aq%fQBS or
Adl | aydeseol i res ossinedroadehovinals Rh R XPEFSAAPBolHs & fOPEI-gh Hucl & ¢

aci d sequence of at least 4.6 k a o} has e size of
mor e SR+ 33UERKBD ﬁf%?ﬂg%Fygl %aosr r.‘L’}dén a%%%ﬁ %n CP?]P%%?%, ggai&?%glkaged

genong. 51 2es gpe r{ £881 234 BibRDrkbnt S6ptoandiedb. 15y khher espeativehy. The
forei'gnsequences I n these enbodinments may include a heterol ogous pronoter
dri vigws: dexpapdsi arebmpl Xankn aareotdret raspechaven) Bo5e 4BNe 1F&SHHI nant

of { RRSEHVBREFOR oAt B pasSaded O a PACKAGHAT RAHT Pb by 422 Batch of

the recombipant ;adenoyhy uses ndiddindass achanrdiiiy poetaralinvdessonhan 5%

pr ef ér9bFy “Hofe “o
Tt is therefore an object of the present invention to provide
a2 stable recombinant adenovirus that: a) harbours a foreign
nucleic acid sequence of more than 4.2 kb, and/or b) has a
packaged genome size of more than 33.4 kb. In particular
embodiments, the invention provides an Ad35 or Adll based
recombinant adenovirus that: a) harbours a foreign nucleic
acid sequence of at least 4.6 kb, and/or b) has a packaged
genome size of more than 33.8 kb. Alternatively or in addition
thereto, said packaged genome sizes are at least 34.6, 35.0,
36.1 and 36.5 kb, respectively. The foreign sequences in these
embodiments may include a heterologous promoter driving
expression of pIX. In another aspect, said stable recombinant
adenovirus is of serotype 11. A stable adenovirus according to
this aspect of the invention can be passaged on a packaging
cell to provide a batch of the recombinant adenoviruses, with
less than 10%, preferably less than 5%, preferably none of
separate clones giving rise to deletions in the foreign
sequences in the recombinant adenovirus, as can be measured

e.g. by the PCR method exemplified in Example 3.



separate clones giving rise to deletions in the foreign sequences in the

reconbi nant adenovirus, as can be neasured e.g. by the PCR nethod

exenpl i fi e io004/8M63pl € 3. WO 2004/ 001032 PCT/ EP2003/ 050 1A /EP2803/050126

pBr. Ad35. DE1AA21K. Luc (see above) was nade as follows. Construct

pBr. Ad35. LE1IAL\ 21K (WD 02/ 40665) was di gested with Hpal, dephosphoryl ated

with CIP (New Engl and Biol abs) and thé® 5 kb vector fragnent was isol ated

fromgel. Construct pBr.Ad35.LE1A Luc was al so digested with Hpal and the

3.3 kb ingert,uas Loolahedyl 1oM geleAndsbgat ¢d sniridnd hesi sehaiad . vect or
g

fragment. ranstormation 1nto conpetent STBL- 2 cells

(I'nvitroge a r§aheqted wh t bovhe digsserdad ndigeetedr mecth
orieﬁ%% idﬂ%c%hpsgggg%g%géstruct pBr. Ad35. LE1IAA21K. Luc. pBr. Ad35. AE1A. Luc

(al sq16at | edepRBEAEIS ElBedlug thhamrseNet Bhigllarchribad habshe 8BIB ¥gi on)
was neade by inserting the AdApt.Luc cassette, taken fro ifrgA%Apt.Luc after
Avr | 15 akid Bgbtbrdifyesymentanaspliwrlaeedi £HO0 r%i@élnov@%lﬁg]ﬁ Ctinto the

vector fragment pBr.Ad35.1eftl TR-pl X (WD 02/,406 i gest Wi Bl and
Hi nd|p$rah335|-éﬁtl@d-LWtwam W, Cboﬁf%ﬁ%?%é Wit gﬁ%agx%? slse‘ig& %gs%én?te in
the forward orientation re_sel ect (VA + 4Ad3 E .ed Exanpl e
10. |HeREFFi EAS dﬁﬁa‘bﬁmﬁé&m aﬁegLr ygrg%qggﬁgggd)%%ﬁgrg}\}iéo%lséogégcrrepcli es show
t hat @Qéﬁoﬁ?‘%@n{@%. VibUSeNindg) e eBrbheacddimgi negi opspbarTELASERE-ELB
are conplete renmoved beconme progressively nore unstable if the genone
si ze 2i seler gasedi t Mégshow ian adlienppphbcElat i@t Waddi then st 10
het er ol ogous pronoter driving pl expressiondggp over cone the instability.
I n WOED2/ 20665 AndP SHpP &N Wi sclbsedItKSt “Ad35-"Viruses that retain the

The. saRE- 16 S0 g0 T2 0 Tikee i at SraPaRR v 10l | CETE Cod g sequence. (WD
00/708%%&Ad@%n%ﬁ%ﬂﬁgﬂu8§ Aocauk®®O7N)+ fegethelodthesesr edul ES B atsgiohe
was made by inserting the AdApt.Luc cassette, taken from
pAdApt.Luc after AvrII and BglIl digestion and blunting with
Klenow enzyme, into the vector fragment pBr.Ad35.leftITR-plIX
(WO 02/40665) digested with SnaBI and HindIII and blunted

with Klenow. Colonies with the expression cassette in the

forward orientation were selected, giving pBr.Ad35.AE1A.Luc.

Example 10. Identification of plIX regulatory sequences.

The previous examples show that Ad35 recombinant viruses
in which the coding regions for EIA and EIB are completely
removed become progressively more unstable if the genome size
is increased. We show in this application that addition of a
heterologous promoter driving pIX expression can overcome the
instability. In WO 02/40665 and supra we disclosed that Ad35
viruses that retain the complete ELB-55K coding sequence can
be produced on PER.C6 and are stable. The same is true for
viruses that retain the full E1B coding sequence (WO 00/70071;
Abrahamsen et al., 1997). Together these results raise the
possibility that expression of the pIX gene is regulated

differently in subgroup B viruses as compared to the pIX gene



possibility that expression of the pl X gene is regulated differently in
subgroup B viruses as conpared to the pl X gene WD 2004/ 001032

PCT/ EP2009/00804/@603279 i n subgroup C. Since the viruses tH@AVER06350126he
E1B- 55K gene driven by the Ei B pronoter are stable (see above), plX
regul atory sequences will probably be |ocated in this region. To
investigate this we generate a series’8f constructs that retain different
| engt hs of the 3' end of the 55K sequence. Hereto, pBr.Ad35. SM AdApt LacZ

is fiystogenerated assfobbowhe vEANRIICENPBr rAE3G.M IR pPEXBEGESCIgdee in
VO 007 70071(?] Is” digested with SnaBl and Mel, blunted with Kl enow and de-
phosphoryémt bg wihich FSAP eneywtefRectfe)stahees. (96 ake¥dt: Phggnent is then
i sol ated from agarose gel. Construct dApt . LacZ .(An Ad5: e er

pl as i e PAIRRE YWSEHUKEZS S t Wéﬁigéﬁ%d?ar}gﬁh ; e@%@%@%ﬁ? Fgfa%i Sfeésii%%ﬁw th
Avr Il and o tj,an | ot geiri@ease tbgsdi-tiberengent n
frag&g%tlgygg¥Egﬁg%%?%%?gdh%i?#ﬁ%ﬁéﬁ%v%ngﬁne. The 4.2 ﬁb CW. LacZ. pA

i nserfet$ihhen firsglcatiedl Engihgelof Bdid BSokatiedf friagnebhKs seawarkes. | i gat ed

to give pBr.Ad35LSM AdAptLacZ (Figure7). The orientation can be checked by
rest rictéon, @iBgestd DHASMnAeApitgatd Dni s nfile tc reretabrfleAfativhl €St or es

both the Avrll site and the Mel site. Construct r AdApt LacZ
retai@@nﬁhéuGﬁGEﬁbﬁSAdEEBl§§R*§@aﬁeﬁ@%§0r6§FC%d§5‘ﬁ&cpéggg%ﬁgbodb in the wt
position relative.to,th - Previ |y, h t t hese
ok coDRnEsl i hor R L e e s O o b ot o1

si nce, propagatiian on PERNCEaceldrs; pppearedhrot. (Hssi bl é kbpBraAd35ASM WO
02/ 40665). Starting from pBr.Ad35ASM AdApt LacZ different del etions can be
nmade bfathent68G bphén. 7 sk tElB-B5unr agReRw Iy FHestPBR tlHITtT M el

( soch torer of ML) 300l ", S L 8 POLLALS! LatRd sl unt v
transgene insert; WO 99/55132) is digested with AvrII and
BglII (and, optionally, Sall to increase the difference in
fragment size) and blunted with Klenow enzyme. The 4.2 kb
CMV.LacZ.pA insert is then isolated from gel. Both isolated
fragments are then ligated to give pBr.Ad35ASM.AdAptLacZ
(Figure7). The orientation can be checked by restriction
digestion since ligation in the correct orientation restores
both the AvrII site and the Mfel site. Construct
pBr.Ad35ASM.AdAptLacs retains the 0.6 kb 3’ E1B-55K sequences
(wt Ad35 nucl 2804-3400) in the wt position relative to the
pIX gene. Previously, we have shown that these 55K sequences
do not lead to expression of a functional EIB-55K protein

since propagation on PER.C6 cells appeared not possible
(pBr.Ad35ASM; WO 02/40665). Starting from

pBr.Ad35ASM.AdAptLac? different deletions can be made of the
680 bp (0.7 kb) E1B-55K region by digestion with Mfel
(isoschizomer of MunI) and either StuI, NsiI or BglII followed
by blunting of the protruding~ends using Klenow or T4 DNA
polymerase in case of 5’ or 3’ overhang respectively.

Religation of the digested DNA gives functional adapter



pol ymerase in case of 5 or 3" overhang respectively. Religation of the
di gested DNA gi ves functional adapter WO 2004/001032 PCT/ EP2003/ 050126 80
pl asm ds Wwuoetooaemoi2hen used to generate reconbi nant vi r PEZERN03/(BERE5K
cells by co-transfection with pWE. Ad35. pl X-rI TR as descri bed above.
Addi ti onal constructs are made by using enzynmes Dralll, Bsu36l1, BssHI | or
BanHl, and digest the vector partially’(the LacZ gene al so contains a
recognition site for these enzynmes) using nmethods known in the art,

foll ?;‘i%%éﬁy s Sghg%t ion of néheuserr e dpBeatEhestaiiinayti sitestes as
describe é%ove or the Ad35. AdApt.LacZ.rsv construct. _Constructs that are
st ablpgRE5R. cdbl Bofoyactut t eadefetitden i withhpWEr-AisterirI KegildR) 3ont ai n
proper regulatory regions for X expressipn. In additiQn, it is possible
to dﬁaﬁﬁﬂ®b$@sﬁ£QManﬁ%QlE%Ppghtfq QF@Fgﬁnéﬁﬁmﬂﬁé% %9 Pé&% ing the
sequence t te m BRABITC EAPBO§estS thsUche@tor
repoF?gﬁﬂgg%ebgggg@iug%éggﬁg’rgsgon é?gten Munl and tﬁesstarp of the plX
genepggkf@pi%fugﬁéﬁﬂjgngéﬁeraﬂﬁo Aoi3655Kf eF reab M 35pPXNsoRe Th¢Es PCR

(2 mnutes 94C, then 30 cycles of [30 seconds 94 C 30 Sﬁiond%_ 9C, 60
seconde s 2€h 7z viigls Joviesi by BehnNAGEe K BHCL &Rz Pilo (EBHERTE) cor di ng

to manufacturer's instructions, wth adgdjti L. :3% i§i Ad35
sequéﬁ%@%c??8ﬁ1§§biﬂ%% §ﬁ§fefﬁu é?%%g g@é %EE%%E%% ) %%g%%ﬁtkihﬁﬁging t he

sequ d ihe stant teedonof  REXpkntecan MNewl cshserand i ntroduci ng
an Hﬁ%%%??igggea‘at the 5 end. This an%lified fragnent is digested with

H ndlddnangudeel ek chonedtibile pGl3basileo dicfest@duivkeh et ne éhzynes

generating pA3-MN. pA3-MN is than used to _delete sequ S S am of
the LukefBFA8EIEHH n@egé@%ncwtac]d?rb?ﬁpﬁﬁrHﬁ?cﬂ‘ﬁa 6gs?{é§ﬁ°\/ﬁbﬁoh&é§g

Pact BBl Ly Btllss o BSURALagBRHldy ors BOLL! odcalhomed: by dblruntiing oésthe

protr na Bhds %and 1 e egation. Pronoter acCtivity is tested by
promoter activity in a given sequence by inserting the
sequence upstream of a reporter gene. pCGL3basic (Promega) is
such a reporter gene construct. The region between Munl and
the start of the pIX gene was amplified using primer set
Ad3555KmfeF and Ad35pIXNcoR. This PCR (2 minutes 94°C; then 30
cycles of [30 seconds 94 °c, 30 seconds 59°C, 60 seconds
72°C]; followed by 8 minutes 68°C; enzyme: Pwo (Genexis)
according to manufacturer’s instructions, with additional 3%
DMSO) amplified Ad35 sequences from 2804 to 3491 (numbering as
in wt Ad35) thereby changing the sequence around the start
codon of pIX into an Ncol site and introducing an HindIII site
at the 5’ end. This amplified fragment is digesﬁed with
BindITTI and NcoI and cloned into pGL3basic digested with the
same enzymes generating pGL3-MN. pPGL3-MN is than used to
delete sequences upstream of the Luciferase coding region by
combining HindIIT digestion with e.g. PacI, NsiI, Stul,
Bsu36I, BssHII or BglII, followed by blunting of the
protruding ends and religation. Promoter activity is tested by
transient transfection of the obtained constructs into PER.C6
cells using lipofectamine reagent according to manufacturers

instructions. Luciferase activity is analysed two days after



transient transfection of the obtained constructs into PER C6 cells using
| i pof ectam ne reagent according to manufacturers instructions. Luciferase
activity womnabypsad two days after WO 2004/ 001032 PCT/ ERANIRHGEBZI26 81
transfection using Steady-G o luciferase assay system (Promega) according
to manufacturers instructions. Alternatively, into the pG.3basic vector
different regions are inserted, mhicﬁlregions are generated by PCR
anplification using a 5 (forward) priner directed to a specific sequence

Mct?%@ﬁ%@ﬂr%'@ﬂeéﬁ? —ba\ noaai Ferdlskl ssiday asyached at  the 5
end co ined wth the Nco-pl Xrev prinmer. In this way ,one is not limted to

t he MBxﬁmm@abfaaqmndnmgrEstmaﬂuﬂﬂﬂt@reesfd@ﬁﬂﬁﬂﬁﬁﬁpn?he | ocation of the
pl X pronoter was_further |nvest| e y. using s f o] f| tapive
pr orre?tle'l?e%%EEtﬁééé’ ( Re¥se tBAJPE g‘%&?‘?ﬂ%‘:lg@% F.Ogu%rf/@%&% %erp%r%{rmt er
scor es 0 er ;@Ilgue tLhyi Idahj<e§hto t he
55K Cl&la%é}f‘t&& i%h( ‘? ér aﬁ‘\rﬁs TR P s roar ke

g sefguen AE1AA21K) . "The regions marked A

COr r espoRisat 67 1( tfe;lﬁa&@r opﬁttmrerarttttreecgteds tB acht@Ciﬁ@;@t@e\ﬁUﬁﬂ%eth@ 55K
coding region. The pl X upstreamre

gh i's not reco ni zgd a ono }e
sequerice. A@é@i A EC rﬁ@loﬁl GRS thaebng €0 fggd ]b]t t hie ?h@%&a(%t/% firgher
t han the own . E1B a h sesse hat
|anJ§H%e ?ngxﬁFﬁggt%% 8{Poggng§ﬁ%_§g§%%%?} a ﬁ%géi%ﬁeq%ﬁ;sgf%%nter
exper r'i@“ié' gttsrt & ReEbgstef roamldrdsagaentcs coruespasdiregtird aiider ent

(over appi ng) parts of the 3 -end of the 55K codi ng sequence are
genersat ed. megmﬂeuQithenatically depicts these fragnents and their

| ocation relative to, the ronot er I e

fragments &Re déréttated Bg |]8hom8|t§é:s ao% B%rﬁhg?he%\%é Ega

ey, Ft@gﬂ%e%eebteﬂtﬁ% %teagt%ow&m@é@tg@e{ueememsm@és@ DNA
and Eeckman, 1995). Figure 8 shows the promoter scores

(minimum set at 0.65) for the E1B promoter directly linked to
the 55K coding sequence (as in pBr.Ad35.AE1AA21K) . The regions
marked A corresponds to the E1B promoter and regions B and C
locate within the 55K coding region. The pIX upstream region
is not recognized as a promoter sequence. Region C has the
highest score (0.96) of the three (even higher than the known
EL1B promoter) and may therefore comprise sequences that
influence pIX expression.

To locate and identify a possible pIX promoter experimentally,
a series of small fragments corresponding to different
(overlapping) parts of the 3’-end of the 55K coding sequence
are generated. Figure 9 schematdically depicts these fragments
and their location relative to the putative promoter region
and the pIX gene. The fragments are generated by restriction
digestion using the indicated enzymes. Fragments are blunted
with Klenow (5’ protruding ends) or T4 DNA polymerase (37
protruding ends) and cloned into the Ncol site of the
pGL3basic vector (Promega) also blunted by Klenow treatment
and de-phosphorylated by SAP treatment (Roche) . Following

transformation into competent bacteria obtained plasmids are



protrudi ng ends) and cloned into the Ncol site of the pG.3basic vector
(Pronega) also blunted by Klenow treatnment and de-phosphoryl ated by SAP

t r eat ment wdRmohe)1032Fol | owi ng transformati on i nto conpetrITVERAC(B0i28
obt ai ned pl asm ds are WD 2004/ 001032 PCT/ EP2003/ 050126 82 checked for the
orientation of the insert by restriction digestion. Pronoter activity is
t hen anal ysed by transient transfect £6n of the obtained | uciferase
constructs into PER C6 cells using |ipofectam ne reagent according to
”B”UdﬂééﬁéﬁSfok”%ﬂ@“ﬁﬂi@ﬁtaEﬂbhyd@ﬂéﬁ@snﬁspkasmyjE@$VE$ca$O@.negatlve
control. Additional controls are nmade b clonln% a Bglll- Mel fragnent
f r omduAsHpt 535 . c Btcaiatiany ahelmds yplhe pm@rm apa Yﬁe)d AO%S‘Br%SNﬁﬂ Apall

rogi B A® £o PUROPT SUNSHS PRES RS DItk EAREEI T Bt pOLABRS &b Cr
regi r asi c 'as
descr] r 8gbendi b1 b0 20 LpAdARS 351 P
u3|néx£g??ﬁgggﬁ§V£ﬁﬁgj %Mgﬁ%phosp éﬁslgged Ad3§§erev Fol | owi ng

anpl ifi sathen ithes D%lpﬁydpgesﬁm‘sm tihl Bghid amwerseaa%davmle@aW‘é@]ow

Constructs are also transfected into human cells cont |n|E%E3q§Qovirus
El (eantpsd9, Adelid)iama} ngesticgdie 31 Naeferde Q%P%l% efp n. The

f t | d d . pl: asni 7
(seS T o P i esMhe it S oofBhEans B Sha S he DR AR YA £
genone; st abikigt y,, Heret OppaeanstIwch r oo tAI3TFASM et LaeZcirsdigest ed with

Mel and Bglll, "blunted with Kl enow enzynme and dephosphor%lated After
gel |§]@d>aébgmocrf ithie) vbheoAdBrSag:@mup@me@@n Jﬂ%ﬂ@@a@éda R ffroment

f ts d bed ab t t
p{gggﬁggt@?%w@@?ﬁa SO b1 PESRERR S bt S Lt P o The ol x
gene. o rﬂﬁ%%(EEE%§éQﬁn§&§t?%gﬂ%ﬁh15h§Mﬁ¥¥¥fé@toﬁwﬁAﬁﬂ%iﬂﬁﬁPI|JB&&@

descrl
primers Sv40-for and 5’ -phosphorylated Ad35plXrev. Following

amplification the DNA is digested with BglII and treated with
Klenow.

Constructs are also transfected into human cells not
containing adenovirus El (e.g. A549, Hela) to investigate the
dependency on ElA expression.

The fragments are also cloned into an adapter plasmid
pBr.Ad35ASM.AdAptLacZ (see above) to be able to generate
recombinant viruses and study viral genome stability. Hereto,
construct pBr.Ad35ASM.AdAptlLac? is digested with Mfel and
BglII, blunted with Klenow enzyme and dephosphorylated. After
gel isolation of the vector fragment, DNA can be ligated with
the fragments described above (see Fig. 9) to give rise to a
set of adapter plasmids that have varying lengths of 55K
fragments upstream of the pIX gene. Viruses can be generated
with the construct pWE.Ad35.pIX-rITR as described above.
Control transfections are done with the pBr.Ad35ASM. AdAptLac?Z,
pAdApt35.Lact and pAdApt35.Lac?.rsv constructs. Upon
appearance of full CPE, cells and medium are harvested by one

freeze/thaw cycle and used to re-infect fresh PER55K cells.



Control transfections are done with the pBr. Ad35ASM AdApt LacZ,
pAdApt 35. LacZ and pAdApt 35. LacZ.rsv constructs. Upon appearance of ful

CPE, cel | woamnd4/mmo2um are harvested by one freeze/thawrymirRoeasndorzsed to
re-infect fresh PERS55K cells. WD 2004/001032 PCT/ EP2003/ 050126 83 Cells
and nmedium are again harvested at full CPE, crude |ysates are prepared and
used to performa plaque assay. After83appearance of plaques, X-gal
staining solution is added to check for LacZ expression. The results of

the abowes expar heents, & £k i Aghiadimgddeceqostt iforl 10fCRE X cegdeat ory
sequences in the Ad35 E1B- 55% region. As yet another alternative, plX gene
expr asg e sray rhe prérdamsd byntha BB [P oRBEEPTHS o A8 BFEGY p ter

for the generation of reconbinant viruses. Her -+ PNAJARt is

di geSRRPIFRRCBGIPEI PARARE 21 ?<69|adme%t%%/nkﬁl%n8\%ei§‘?°elaciqﬁen ?%ﬁel&a ﬁtﬁ% ends

and de}geh p?gqsyll‘%td'@réxéll] <Lhys treated 4.8 kb vector fragnent is then
. The

i sol at romge pronoter region is isolated as a PCR fragnent
usi ng pBr. AH35 rkefitlitER-o Pl ¥has abangete BPEr andntise gt -1 afdNEFAOR e ner s,

whereby both prinmers are phosphorylated. PCR is_do it

pol ymeysisel 0Gewdkimld nredtialtR i fpfdserkeenbdh) %&%ﬁ%gggg\ﬁ%ﬁf acturers
instructions. The resulting 151 bp fragnent is then cloned into the

i sol dt€¥YBctor to give pAdApt 35Epr. LacZ This plasmd is then used to
generate Ad35-based viruses and test stability as described before. To
identify the different transcripts that contain pl X sequences, RNA is

i sol at ed fRemyietf entecher! b3 tamhadl e conl i AR RNARrafelPdeMmay ikd by

PGS oL AN, 8y habel Led spect o, prafisn Hrelop BRERRK celkscare

Viru%&éﬁe%@%@%% AE3p. ELB-AGARL: Liey i AA30ARR AAADS - beApt535.TLacZ 1is
digested with BglII and Mfel followed by Klenow treatment to
blunt ends and dephosphorylation. The thus treated 4.8 kb
vector fragment is then isolated from gel. The E1B promoter
region is isolated as a PCR fragment using pBr.Ad35.leftITR-
pIX as target DNA and the Epr-F and Epr-R primers, whereby
both primers are phosphorylated. PCR is done with Pwo DNA
polymerase (Genaxis/Inno-train Diagnostik Gmbh) according to
manufacturers instructions. The resulting 151 bp fragment is
then cloned into the isolated vector to give‘pAdAptBSEpr. Lacz

This plasmid is then used to generate Ad35-based viruses

and test stability as described before.

To identify the different transcripts that contain pIX
sequences, RNA is isolated from infected cells and pIX
containing RNAs are identified by hybridisation with a
labelled specific probe. Hereto, PERS5K cells are infected at
a multiplicity of infection of 10 and 50 with the following
viruses: wtAd35, Ad35.E1B.AdApt.Luc, Ad35AE3.AdApt.Luc,

Ad35AE3.AdApt535.Luc, Ad35.AdApt.Luc.rsv. Infected cells are
harvested after 8 hrs (wtAd35 alsoc after 2 and 18 hrs) and RNA

is isolated using TRI-zol Reagent (Invitrogen). This RNA is



Ad35L\ E3. AdApt 535. Luc, Ad35. AdApt. Luc.rsv. Infected cells are harvested
after 8 hrs (W Ad35 also after 2 and 18 hrs) and RNA is isolated using
TRI - zol Reapgmnd/oq1b3zvi trogen). This RNA is WO 2004/ 0010320283230 050126
84 size fractionated on an 1.5% agarose gel, transferred to a Northern
bl ot and hybridised to a 32P-1abel ed probe derived fromthe plX coding

regi on. Procedures are known in the ari? (described in Ml ecular Coning: A
| aborat ory nmanual, by Sanbrook and Russell, 2001 or earlier versions). The

| engths 9f rthe RN £aedbendeterm FedaghrisewydiNA sizesierkerds @& ea
included and"wi Il give an indication of the RNA species that contain plX
sequeicesheTa itdent | 45dt hebrRbss e hatosBarl B nlalheleg1 BERARFLVERe bl ot

can be stripped and re-hybridised w.th 5 21 r pl.X- aini_ng

t r ansE¥F PPt S &L U Rot D hf@rqjd?%em%SoFﬁguﬁﬁi %pggggnarfe& IQ‘?tEéel %}Qlt
generg&ggcgﬁ d {@mﬂggécwﬂggwéi@niﬁgqy@hqé%@&@m@gptabndam;tpypossibIe
(and expecte splicing events i1t is Still difficult to precisely

det er ghip roansaid pruspedflar t2&01 esrviear tils verhddnsThi Leanldegiéhicdved
as follows. The isolated RNA is reverse transcribed into cDNA and t he cDNA

i s usbhet BN&pezat i eal PetamingA st fekaevar X 2oAtal'AiTHE RN Tsi ng t he
CeneRace sfem (lnvitr C I ; f u S o ckh@ns wWith
t he ré98ﬁ¥§%§i éswagﬁe%%igt%ﬁp?§ éo%ﬁ%?ﬂféﬁugﬁ%egﬂﬁﬂ%géﬁigﬁdtP%g
nest ed pEiNBY PIXr 8¥ql2ncEOniTg andntsgguertcs NGREAst htveampd tdiedibr agrent s
gi ves the | ocation o? the transcription start sites and 5  sequences of

NRNASEfBatorgomnter n phX $Sdqiencas. ben stiiieney 2he pesshBIel ¢l seeoditid

MRNAs are identified. The correl ation between the | l,s X expression
and sBabi | iZy FTPRE - cBlre<HUNGT hgtFec Qﬁﬁﬁlpgaeﬁééﬁfdgésnggn thus al so

S oech B STRLE Fhpfcopdopl sanueniesy! comaroup adanoviuses
promoter different from thg E1BR promoter.

Due to possible (and expected) splicing events it is still
difficult to precisely determine transcription start sites via
this method. This can be achieved as follows. The isolated RNA
is reverse transcribed into cDNA and the cDNA is used to
specifically amplify 5’ ends of pIX containing RNAs using the
GeneRacer System (Invitrogen) according to manufacturers
instructions with the reverse primers directed to pIX coding
sequences: pIXrev and the nested primer pIXrev-NZ2. Cloning and
sequencing of the amplified fragments gives the location of
the transcription start sites and 5’ sequences of mRNAs that
contain pIX sequences. In this way the possible pIX coding
mRNAs are identified. The correlation between the levels of

pIX expression and stability of the corresponding recombinant

adenoviruses can thus also be determined.

Example 11. EI1B and pIX sequences from group B adenoviruses.

Above examples use the Ad35 virus as an example. Other members
of the subgroup B that have considerable homology to each

other are could have comparable pIX regulation.



of the subgroup B that have considerable honol ogy to each other are could
have conparabl e pl X regul ati on. WO 2004/ 001032 PCT/ EP2003/ 050126 85 To

i nvest i gaw® 10n4/601032¢ al i gned E1B and pl X sequences of digrrogs/Boreenber s.
The sequence of Ad7 (SEQ ID. NO 57) is available via Genbank Accession
nunber X03000. The sequence of Adll (SEQ ID. NO 56) was reveal ed by

shot gun sequencing of DNA isolated fr%%1AdIip wt viruses performed by Lark
Technol ogies (UK) simlar as described (WO 00/70071) for the Ad35 sequence
(SEQ ID. NQ i5R)estAdiitandhAG35 s eahighky HIGTAOGopSXt Geepemothent
(overall 98.1%simlarity), and the rmain differences are |ocated i n hexon
and fshbyribngb B Trmnkeis . sEhserreqienaesefdifst] o628 n1We 8%)-05375915The

sequence between the po| y-adenyl ation site A) A th
domms@Véé#ﬁ@ﬁQﬂ%&%ﬂ@gﬁéﬁéii@' %@S?ﬂntHB@§%%ﬁ%é§Qgé(F%§% ﬁﬁﬁhééﬁg R&s an
over al l;-si mdayi ty- (i Qat hisssyr egi on % &0 b B &1 Yot e £AD7
This'%%%gsqﬁgﬁéefﬁDliﬁgry5%ph§%éﬁl%eg%sggggﬁggb%soﬁggulg?%% in th% sane way
in thegg iwioglusesi feoeeAdine met hodsuard neanSomeedr biynd-awk t he i nvention

as exenplified in the previous exanpl es can be use rdin '
increﬁseMNmngkﬂﬁIK@§)aﬁ@mﬁlqﬁwéﬁtd@ﬁ&%ﬁﬁ%ﬂcﬁwgtag?%%ﬁggdngbﬁﬁn%%e
adenoyi ruses of subgr B,..her.ein npl, i€ Il anpl e
12. G%H@gaﬁ%ﬂPQﬂc%ﬂfggﬁ%téﬁyﬁdg 'vs§2§e§K%§%g%§%i%§@5A5§¥%5ﬁ%€ %Egn an Ads
conpl gppRhiAdcel o | bRen Bievsequeneirad 10fog hey Adenaviaris ywer aiyge the

genone as | "as  the construction of a plasm d-based vector system and
gener akion diff fecombenantreAd3s5chhsddivi heses haved Ba®sr desd? i bed in detai

0 OG0/ TORTL Tne <loning of Lhs niEkorl o GRbns emnce | nto
The sequence between the poly-adenylation site (pa) of E1A and
the pA downstream of the pIX gene is used in the alignment
(Fig. 10). Ad35 has an overall similarity (in this region) of
98.4 ¢ to Adll and 82.9 % to Ad7. This makes 1t very likely
that pIX expression is regulated in the same way in these
viruses.

Hence, the methods and means according to the invention as
exemplified in the previous examples can be used accordingly
to increase the stability and/or insert capacity of other
recombinant adenoviruses of subgroup B, herein exemplified Dby

Adll and Ad7.

Example 12. Generation of El-deleted Ad35 viruses expressing

Ad5-FE4/0rf6 on an Ad5 complementing cell line.

The sequencing of the Adenovirus serotype 35 genome as well as
the construction of a plasmid-based vector system and
generation of recombinant Ad35-based viruses have been
described in detail in WO 00/70071.

The cloning of the Ad5-E4-orf6 coding sequence into
pAdApt35IP1 (ECACC deposit no. P02041228, for cloning details
of this plasmid see WO 00/70071) was performed as follows. The
plasmid was digested with NhelI and AvrlIIl and dephosphorylated



of this plasmd see WO 00/ 70071) was perforned as follows. The plasm d was
digested with Nhel and Avrll and dephosphoryl ated WD 2004/ 001032

PCT/ EP2009/0004/@G603286 with Cal f | ntestine Phosphatase ( New/Ergozsoi2e

Bi ol abs). Digested DNA was isolated fromgel using the GeneC ean kit.
Plasm d pAMI. O f6. Hygro (Fig. 11, ECACC deposit no. P02041226) was
digested with Nhel and subsequently péﬁtially digested wth Xbal. After
separation of the resulting bands on gel, the 1350 bp fragnent

correspondingrt @ ntches iMle prageben dddkedién Ehbd a4 di6lseguence was
purifired fromgel. Next, both isolated fragnents were | igated and
t r an<$ ogereice d nDYAe et rbsotelrpet §morDHI®B Bekpg the GeneClean kit.

I nvi trogen/ Li feTechnol ogi es) after jch I i e SRyl he
correDCJfa%TP%‘énPéMTOI@W%%hﬁygégpe(tcpﬁ%mﬁe %%g%p%(%igi 1;gltr%éll Vias Lgle %gt ed
for |large;. ti i t J €088 ugh ted

pAd3§%i%ﬂgt§§gk%EPgéjgiﬁgﬁ%Eic9ﬂ%6%9%?%ga§ﬁgl§g§jE4-orf69 cé fﬁbEZequence
f uncty prRl kyalri.nkett 40 seputratadn nef atheot hesuditri ipy dbandes eoMBEL TheheMr

pronoter has been described by Hagneyer et al. 1996%. The Ad5 E4-orf6
sequeh3s0 bpr Fesemmist t eoRGEEEIHB3493thE dot PABLS4077 H5E S heC Ad5
sequence nbank accessian 0 0 test hep+ihe expression
of Ad5 %4ég??é%guﬁ%ﬁ?ﬁnﬁSUW$%2§ﬁ¥%$%%§c%F8ﬁ iﬁiTL#%§£El-geleted Ad35
vect 0£§o$8§éhb'feréqzneﬁ@§scw€&leem itgd 684 SraAdSShdE. Ont6 weEsectro-
co-transfected with the Ad35 backbone construct pWE Ad35. pl X-rI TR onto
PER. Gompktent IHEred®, cpAd35. Mk feoend Ldifgdstatn o 9a1Pp) Pad-te anghich
pVEE. Ad35. pl X-r1 TR was digested with Notl to |iberate . _adenawi r al
inser@sCPE@ﬁﬁft fe- BackBBne N SEG Qg b & ?gé:?tr&?CtpA%I%%.eP%/%%a}o 6%@%{6 ig of
di ges? . A0S XsUl BRI & (a ) r angheaat e Usd &b bt paf eetATifiege The
trans?%%?ggﬁ ﬁgkﬁﬁgé §g§6 §§§%§<t% PE%.CB cells th%t wer e seeded the day
bef or gcat ed DNdenSi 4 ¥a 0h t305x 10 Tel kespéteiRbitf | askstThetnext day the

nEdlugkdBS.AMT.Orf6 (Fig. 12), which contains the Ad5 E4-orfé
coding sequence functionally linked to a mutated
metallothionein promoter (AMT). The AMT promoter has been
described by Hagmeyer et al. (1996). The AdS E4-orf6 sequence
corresponds to nucleotide 33193 to nucleotide 34077 in the AdS5
sequence (Genbank accession number M73260). To test whether
the expression of AdS5 E4-orf6 proteins would make production
of fully El-deleted Ad35 vectors possible on Ad5 complementing
cells, pAd35.AMT.Orf6 was co-transfected with the Ad35
backbone construct pWE.Ad35.pIX-rITR onto PER.C6 cells.
Hereto, pAd35.AMT.Orf6 was digested with PI-Psp-1 and
PWE.Ad35.pIX~-rITR was digested with NotI to liberate the
adenoviral inserts from the backbone. 2 ng of digested
pPAd35.AMT.Orf6 and 6 pg of digested PWE .Ad35.pIX~-rITR were
transfected using LipofectBmine. The transfection mixture was
added to PER.C6 cells that were seeded the day before at a
density of 3.5x10° cells per T25 flask. The next day the medium
was changed for PER.C6 culture medium (DMEM with 10% FBS and
10 mM MgClp) and cells were further incubated at 37°C/10% CO2.

Control transfections were performed with pAdApt35.Luc co-



was changed for PER C6 culture nedium (DVEMwith 10% FBS and 10 mM Myd 2)
and cells were further incubated at 37C/ 10% CO2. Control transfections
wer e per f eroned4/vdiddz pAdApt 35. Luc co WO 2004/ 001032 PCT/ BRAKDRHGHBLR6 87
transfected with pWE Ad35. pl X-rI TR, and pWE. Ad35. pl X-rI TR al one. Two days
after transfection, cells were passed fromT25 to T80 flasks and i ncubated
as described. Again three days later ®'he culture transfected with
pAd35. AMI. O f6 together wth the Ad35 backbone showed cyt opat hogenic

ef f ect r {(PE} -t badivgiath vewel, Ad3sup meptiThY i and gith wad3 hapiasteldl R i ncl udi ng
cells and nmediun) after a further incubation of 2 days. The cell
suspexisima. WATOos iRt @BLEd 2 TEEETERCIbEORr e AthAR TR yRRESSEnd 7R T2°

resulting material (cruyde |ysate). was kept _at -.2 [ rt se. The
ot hert(?lg%st P rot2 S how €l %r(§655§§5é)§d1': %?%m\m%h%lléaes{g%%gdays
after 1{apstaL (0,180 ARy & days hater pe PAMDI 85 Fhucatether _
pPVEE. Ad35. pl X-r1 TR transtfected flask showed a few CPE-li ke events but this

did wWothpther esss 5 Uphbibon® Zhwed. Syhbpefthidgerntadeffesat e(CRRsul ting

fromthe pAd35. OMI. O f6 transfection was used to re- infect PER cells at
appr oxigbe ety ve5% T ot FUEN&EFH I Crol ORt agkEl VAH sh‘?Jégﬁisggﬁl i‘r?r?%ﬁ?dhﬁﬁ

ppr k0 ket VBSR B FUENSPRIn F0 OF aKS. i ST ESTPEE t
DT aane) Y B TREES L 165 er o S Lh herbesred by ive TReesen

fr eez@éi*ﬂa%s?é}lseﬁon Addist isanale sonireb r anafrets i ofs fwickdz edrisdwuct
pAd35. LMI. O f6 al one onto PER C6 were perforned to confirm that orf6

expr esgtbasbyrid sehé deduidtinesuwterhadel (causdg civ§atand "GSE-f$REe 8&l I
death. In conclusion, only the transfections ~wth pAd35. . O t oget her
wi th PO Adasipl X tiredi dspesdie GHEPEL hRa i (L BT égg%&rp%mﬁiqg
W h  REECEASGRRS rept ading The FOF Rar O EFSFog b= Her ar s, ot ral DA vas
iSO|aASQiBr@m&J§%CIH€%r 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 resulted in full CPE after one day of incubation
indicating that infectious virus was present in the crude
lysates. These cultures were also harvested by two freeze/thaw
cycles. Additional control transfections with construct
pAd35.AMT.Orf6 alone onto PER.C6 were performed to confirm
that orf6 expression by itself did not result in cell toxicity
and CPE-like cell death. In conclusion, only the transfections
with pAd35.AMT.Orf6 together with PWE.Ad35.pIX-rlITR did result
in CPE and virus replication.
PCR analysis was performed to confirm the presence of
Ad35-based viral genomes with Ad5-E4-orf6 replacing the former
El region. Hereto, viral DNA was isolated from the crude
lysate samples as follows. 275 ul of crude lysate material was
incubated with 10 pl DNaseI (10 mg/ml) at 37°C for 30 min.
Subsequently, 6.0 ul 0.5 M EDTA (pH 8.0), 7.5 ul 20% SDS and
1.5 pl 20 mg/ml Proteinase K was added and mixed by vortexing.



| ysate sanples as follows. 275 ul of crude |ysate material was incubated
with 10 }il DNasel (10 ng/m ) at 37C for 30 mn. Subsequently, 6.0 ~11 0 .
5 M EDTA wa-084/001092 , 7.5 dal 20% SDS and 1.5 -il 20 ngaWwERo@i@inase K
was added and m xed by vortexing. WO 2004/001032 PCT/ EP2003/ 050126 88 The
m xture was then incubated at 50C for 1 h. Finally, the viral DNA was

i sol ated using the GeneCd ean Spin Kit®fBio 101, Inc.). 2 (err)l of the

i sol ated DNA was then PCR anplified using primers 35psi-For and 35R4. The
program was at _94 ' Iléyw@ 88rcyches mfn 88G,f ohd30 sec
58C for fﬁjgégéeaﬁ3%5§%@$%rggcﬁ¥%F%g% end%gybygan incubatithZ{ 72C for 10
m n. khe Priger gaar 6 sPest fdcubonhgAd3te segneftesmaripigenéiat dBia frGhment
of 2.9 kb ranging fromthe packagi&gqsequence to nt 466f.§nu equg as in
W Ad3fe sequengpd) otthushé ntkadifgct AAZAGER S o RE ™Y rFarfs IR £ A3 8E (81119

hag. (O Eee P SRSLeTh St aRRdg Wt EReC e oI PO {2 hgrants S eTar ed
on tne af@fig&eal %é}ﬁng%gé‘géﬁe(sebrf) Ml €& f BorThus,sdd)) | ¥8 EC- delret3l £685-

based veciors can n Ad5 conplementing cells if the virus also
expr esses7 2¢5- Eder f56.mExanphe £3.d<Cbrisy r ant Lo udfaplmn AdR5 7g1°% rIIRsEL. A
first PCR fragnent was anplified usin and_35

i DF35- 1 FR.
Anpl ificat ThA wEs Mone Wﬁhsms.i/i&s%.g@% %ﬁréS(%ee%uewaoﬁ? Poregate

tenpl ate DNA usin ' I S 0 1 i i JDEE, ( skgma
{1 nal® coRtdHERat %%@3 %@%‘?’%@ﬁﬁé@ e e e et
by 30;€y6! egun@k LS 497 130 wsend TR Géquedlesec;hi72Cihol ugimion)tlamdAdS

final step of 72C for 8 mn to ensure conplete fragnents. Anpli igeﬁion
resul $efl6i hranbog@rid ¢ragrene .cFHreSpOABNAE Y-S P 3@1?940%%5@{8% he

Ad35 sequence. A BanHl sjt s introduced.at,t 3. L fied

DNA vx%_%a%?iﬂ?lﬁe(fﬁor"b?ﬁ gbla%u% ﬁlﬁ%g@ﬂgél &5t K eaﬁégggggﬁé?%g@t he

pCR&¥é9&ﬂfH8 with the control PCR fragments generated on the
adapter plasmid pAd35.AMT.Orf6. Thus, fully El-deleted Ad35-
pased vectors can be made on Ad5 complementing cells if the

virus also expresses Ad5-Edorfb6.

Example 13. Construction of PWE.Ad35.pIX-rITROE4.

A first PCR fragment was amplified using primers DF35-1
and 35FR. Amplification was done with PWE.Ad35.pIX-rITR (see
WO 00/70071) as template DNA using Pwo DNA polymerase (Roche)
with additional DMSO (Sigma, final concentration 3%). The
program was as follows: 94°C for 2 min followed by 30 cycles
of (94°C for 30 sec, 52°C for 30 sec, 72°C for 3 min) and a
final step of 72°C for 8 min to ensure complete fragments.
Amplification resulted in a 1.6 kb fragment corresponding to
nt 30224 to 31805 of the Ad35 sedquence. 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 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



cloning vector kit (Stratagene). Follow ng transformation into

el ectro-conpetent DH1OB cells white colonies were selected for further
anal ysi s. whhios4/0a832l ted in construct pCR-fiber35. Due trReTiRo&d/0sni26c! oni ng
the PCR fragnment could be inserted in 2 WD 2004/ 001032 PCT/ EP2003/ 050126
89 orientations. A clone that had the insert with the BanH site in the
pol yl i nker of the pCRScript/Anp vectof?at the 5 end was sel ected.
Digestion with BanH thus results in a 1.6 kb fragnent. Sequencing

conf j ried . correct appldifjgating: ohathe ndPGRhésagmeith Alsedcoadi PORifreagment
was anp i |ed'u5|ng priners: 5E4F and 5E4R. Anplification was_done with
PVE. Ad5tAfd o1y TRaRe hifththe RCRESMi dkstr VE6HPAT Ming M SexEF& Pacil

site in pWE. Ad5. Afl11-rI TR (ECACC deposjt no. P970 16 descyi hegin WO
02/ 40665)se I @d5. nglq&trﬂmfps‘ﬁltéeﬁ@aﬂ*%stq&u? eﬁ%?&ﬁe%jsugﬁ%gg%go%}ij

pol ynerase as described b - 0 PAVIE: AdpioAfi Il {ldh cesl @hal so be
usedﬁ@rgn{eﬁgc' s‘gﬁguﬁﬁ}cﬁglé.g%?{%?h%@r %ati on f?(%r% glgl J’Ehe. DNA was

di geghﬁ HdbnSstl andBarddl Poat rsidgresnt nvasdaced idirétgushag PCR) and

t he fragment was purified fromagarose gel usjng the CGeneCd ean Kkit.
The Ads s egbBAF katd | SE4Rpl Aficdd £ it FE3PoHas 0B %2794 to bp 35828 of

the Ad5 _ A third PCR.f { Ad3E LY L LTR
st ng WA et BT L3Sy 98T ROR MBI P08 O W et of el o

I'catl on was perfor med as

descrihbed aboye. JThe r :ng qE60, fpr f £ agment(Headd andedsby nan Sstl site
(5 @ﬁ%r%nggéﬁ -(:Elcj)% 3ée]"?tlé‘;\T%Sgdend). After purification from %el as above,
t he P\ yes] dhgesiet Mbéd Sat WO &t/ Eeo®d) . THIELGH AT +AGnEATI RSP

CorEShOngL 0 L9, e T ONL L e A0SR e P Bl o fromgeot ot

o R TRL L 0T e Bl b L e S iAo

fragnemts werpddhen Afgateguwitification 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 GeneClean kit. The Ad5 E4 region that is amplified
corresponds to bp 32794 to bp 35828 of the AdS5 sequence. A
third PCR fragment was generated on pWE.Ad35.pIX-rITR using
primers: 355ITR and 353ITR. PCR amplification was performed as
described above. The resulting 160 bp fragment is flanked by
an SstI site (5’ end) and an EcoRI site (3’ end). After
purification from gel as above, the DNA was digested with Sstl
and EcoRI. The 160 bp fragment corresponding to the right ITR
of Ad35 was then separated from digested ends on a low melting
point agarose gel and collected in gel. Next, pUCll9 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 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
éxcised with BamHI and the fragment was purified from gel as

above. pUC.Ad5E4-35ITR was also digested with BamHI and the



BanHl / EcoRl di gested pUCL119 resulting in pUC. Ad5E4-351 TR The cloned PCR
derived inserts were sequenced to verify correct anplification. Next, the
1.6 kb i nemr1004/001p2R- f i ber 35 was excised with BanH anddimer2iezagmeat was
purified fromgel as above. pUC. Ad5E4-351 TR was al so digested with BanH
and the WD 2004/001032 PCT/ EP2003/ 050126 90 |inear fragnent was purified
fromgel. Ligation of both fragnentssﬁnd sel ection of the clones that had
the correct orientation relative to each other resulted in pUC. 35-5E4

(Fi 9.1 140 ar The s3tRns: | wadi partFildie £onat gedt.i angt phi. 35- b4tare
schematically répresented 1n Fig. 13. The adenovirus _insert in pUC. 35-5E4
was siteghened iartd pBteatd35nPRE (Fig. clesessédhafp af 76be1 Lo @Dhst r uct

with Ad35 3' sequences., Hereto, construct pUC.35-5E4 i i gest with Mu
and Notieraadicne LeFAkbVEr AGmERCh SO PUFFf irg&uflrscoeﬁgl? %gﬁﬁg%t h5gmd4 Gened ean

kit. Thjs f me S i : Lt h e 1ofy cf L @g et wsipgafrom
M ul gﬂgghbg%gdiggé i%%QQE égﬁg%gg%rtépE%EAégggéRn. Thi s 16.% kb fragnment
was purdf sedehi-am gellyuskepgeagarase enz e .( RotheThe L bgaticonisrwer e t hen
transformed into congetent DH10B cells. The resulti ngd%%nsp ruc[Fwas naned
pBr . AU3SePRSER (FQ. 316DEECHEE dEPOSFLORES PAYEU 1228) “O7He P ast ™ $¥ep

ent ai cl oni o} ified, 3 [ Ad35b: seq %Qﬁﬁa' the viral
cosni%géISﬁg B&Eﬁ&&%ESBVQ?r|FRF“%ﬁ%?g 8? p&gﬁ¥ragnen§s Ere cék%%ﬁéd in a
| anbdg. phage RagkagiNgr HeRCIIDBK L f at agepsitatcer dhnyld rmandifdotirer’ s

instructions. The first i's the 16.8 kb nodified Ad35 insert from
pBr . AdR8. PREE4 Obt Bbnédabyneditgeist i pnriiftledPastorange Swde ingnd-ihe second is

and SHEPSCHRE oot 8ot T BORITATGHTC of St RS Sud YTAamant e o aty SebboEee

e NSRS Rl TVt cosstael abestocegcen L

AdS. pBr.Ad35.PRn. This 16.3 kb fragment was purified from gel
using agarase enzyme (Roche). Ligations were then transformed
into competent DH10B cells. The resulting construct was named
pBr.Ad35.PROE4 (Fig. 16, ECACC deposit no. P02041229). The
last step entails cloning of the modified 3’ end of the Ad35
sequence into the viral cosmid clone pPWE.Ad35.pIX-rITR.
Hereto, two fragments are combined in a lambda phage packaging
reaction (Stratagene) according to manufacturer’s
instructions. The first is the 16.8 kb modified Ad35 insert
from pBr.Ad35.PR5E4 obtained by digestion with Pacl and Swal
and the second is a 22.8 kb fragment obtained by digestion of
PWE.Ad35.pIX-rITR with PacI and Swal. The correct combination
of the two fragments yields pWE.Ad35.pIX-rITRSE4 (Fig. 17).
Thus, in this construct the E4 region in the Ad35 backbone is

replaced with the corresponding region derived from AdS.

Example 14. 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 E4-orf6 and -orf6/7 exchanged for the corresponding



Exanpl e 14. Construction of pWE Ad35.pl X-rI TREOf6. To obtain an adenovir al
backbone construct that contains the Ad35 sequences fromthe plX gene (nt
3401 in thWe® AdBa1oRequence) to the end of the right | TR HAIVERMGINSOI2E
sequences for E4-orf6 and -orf6/7 exchanged for the correspondi ng WO
2004/ 001032 PCT/ EP2003/ 050126 91 sequences of Ads, Ad35 and Ads sequences
were PCR anplified and conbined as dé&cribed bel ow. PCR fragnents were
generated w th Pwo DNA polynerase with addition of DMSO up to 3% The

first, RCRWassdgre i h 2BL5Ad35. BRYB (£iguehbesserMD POR/ ZOQLE) jasd
tenplate and the priners E4-F1 and E4-R2. The program was set as foll ows:

94C fx01d 2dbinBdcy edeobr (D48 Dedrov0 EER, f5eOmBIt B0WeEe AfdZARESr 1
mn) followed by 30 cycles of (94C for, 30 sec or_30 sec a 2C for
1 nmivi)thandvenddd WAWBSFRAGI W Egaﬁég%%%9?09f8%ﬁ%§ qaegor§§m{¥h% 1.8 kb
f ragnent urifje i h a Kitrq qTher secead RGR was done
mﬁth??ﬁf%@%g fHﬁ%r#ﬁ¢gpQ9&ﬁi?#%?§§%§cggﬂié 6é%tor containing a Pacl site
in p\Wp AGoAL ) | bs rdehip {£€ACEndenss tp nime P47 082TFL6, anidsBA-BEd iThanD

02/ 40665), = as tenplate and the prinmers E4-F3 and E4:R4. The programwas
set gerdotaoweasosR ors 2£ailAoMS | iR UC o0 Zoyis df CY§4ES f%f ég‘*séﬁ,

62C for 30 _sec and 7 or m n) and.ende i I na t Cyfor 8
mn. e gols@l‘}'f Sia%ﬁ@n%oﬁ/a;*o pﬁi%? 589 Zg gb\o@'\?réj.1 ]Tﬂ%ﬂtlﬂi %83‘%%7%3@%0%2
W th 61§g3§fp%@% tgrphat aand ¢hecprorens e d5aadd 7BACRECThe program

was s ol lows: 94C for 2 mn, 5 cycles of (94C for 30 sec, 48C for
30 segi@ndaRrdCdmiedSnsth) af dilmmleds byp3etcypd®és ©9r (9481inf.0T18D sec, 56C

for 30 sec and 72C for 45 sec) and ended, wﬁ%ﬁ a fina# st t-68G for 8

M n. THeUBEENEp k¥ ragent TRERETHUrT3F eBUAL TRy 15 i8S g%“%%e purified

”aggﬂ%g 2 se'cocﬁi?d&fpeﬂ &agelyd Qe ept Lam Wﬁ.%@?ﬂﬁ?@@ggtoﬂm;aﬁdwhh@h t he
ng

frag re mxe oget her to contain 700 ng PCR-1,
is a cosmid vector containing a PacI site in pWE.AdS.Af1II-

rITR (ECACC deposit no. P97082116, described in WO 02/40665),
as template and the primers E4-F3 and E4-R4. The program was
set as follows: 94°C for 2 min followed by 30 cycles of (94°C
for 30 sec, 62°C for 30 sec and 72°C for 1 min) and ended with
a final step at 68°C for 8 min. The 1.1 kb fragment was
purified as above. The third PCR was done with pBr.Ad35.PRn as
template and the primers E4-F5 and E4-R6. The program was set
as follows: 94°C for 2 min, 5 cycles of (84°C for 30 sec, 48°C
for 30 sec and 72°C for 45 sec) followed by 30 cycles of (94°C
for 30 sec, 56°C for 30 sec and 72°C for 45 sec) and 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 together to contain 700 ng PCR-1, 650 ng
PCR-2 and 430 ng PCR-3 in a total of 30 nl. To this mixture 3
ul EcoPol buffer (New England Biolabs), 3 ul 2 mM dANTP
solution and 3 pl milliQ H,O was added. The resulting mixture
was incubated at 94°C for 3 min and then cooled down to 65°C
in a PCR machine at a rate of 0.5°C/sec. Following incubation

at 65°C for 10 min, the mixture was further cooled down to



PCR-2 and 430 ng PCR-3 in a total of 30 pl. To this mxture 3 dal EcoPol
buf fer (New Engl and Biolabs), 3 ul 2 nMdNTP solution and 3 11 mlliQ H2O
was addedworive4/0as32l ting m xture was incubated at 94C froT/Br2003050r2d t hen
cool ed down to 65C in a PCR machine at a rate of 0.5C sec. Follow ng

i ncubation at 65C for 10 mn, the m xture was further cooled dowm to WO
2004/ 001032 PCT/ EP2003/ 050126 92 20C°at a rate of 0.05C per sec and

i ncubated for 10 min at 20C. Then 1 p.1 (5 units) Klenow enzyne (New

Engl %d’(ﬁia% %S}atéﬁ%faftﬂﬁ%fﬁ@l bawed by g i naubakitent of oS0 61 miat &37C. 5
it o this enow m xture was used as a tenplate to separately _anplify

two Dro@gnentiseasif lll ofs. uPitepr Kdendw dNFzimend NubIEnRLepd B46d 845 )a
reaction using Pwo DNA pol ynerase (Roche) wi th_.addition o i na
concemts ald@@gofoé@@afr%fﬁ n@t Pté‘cuib(ﬂtlldéﬁ nﬁ%sgpt 'Hds Dt ?iegg(sig %Lcﬁ?%e:
94C for. 2 mn _falla Y, I fo( & seszp565tkar, 30 sec and
72C oS i B‘H\é\%\%eraé) b@gg pEe sc}sgc%bgté{r}g%ggtéwc for 8 .mn. Primer

set 2 NCOFo Frand shiRghavass used flol loweackoneusiseg Pivo NDNA poldy rer@be
(Roche) vvit¥| addition of DMSO to a final concentration of 3% and usj t he
fol | Gwiwegs seteidngs &f 1dectPOR WeEdHIhePWwO4BNRo P YRFTFBPI SWEF valg)gcl es

f 94C f 30 62C f 30 d 7 90 |
P b dtiohan: 8% SHsshapon S10aL GRiCrLEhpElorhEacst Lok MLV Be
(pri ({lfgﬁi%);a%%%t]i'rﬂ%ﬁ(bofp!{:h'éer]?@@tmz;&h%é@. purdd i edr Pr emngelc Lisbwgdt he
|

Gened €an each  was ligated to the pCRscriptAnmp vector (Stratagene)
and tyansf oeked eisntox DHIOBC dloactIbceoapet 66t Cedldis. 3Thescr esd tled” ¢ nfor

construct pCRscriptAnp. NFI-NcolR (Fig. 18) and construct

PCRs Y it Ahp fRASIOFRARDY FRg F11g)l ‘S rideathe™ ﬁgeré)é;éoﬁ?& ﬁe&l%'l unt ends

constPTS WPEh Cie S Bnatl sh o 'Heodad f or Tariher Choning were o6 ected

(see htQSpol§mRthse (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 followed by 30 cycles of (94°C for
30 sec, 62°C for 30 sec and 72°C for 90 sec) followed by a
final incubation at 68°C for 8 min. The resulting fragments of
2.7 kb (primer set 1) and 1.1 kb (primer set 2) were purified
from gel using the GeneClean kit and each was ligated to the
pCRscriptAmp vector (Stratagene) and transformed into DHI10B
electrocompetent cells. This resulted in construct
pCRscriptAmp.NFI-NcoIR (Fig. 18) and construct
pCRscriptAmp.NcoIF-NR2 (Fig. 19). 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 were selected (see Figs. 18 and
19) . The inserts were then sequenced to verify correct
amplification. Next, part of the insert from pCRscriptAmp-
NcoTF-NR2 was excised using BamHI and Ncol and purified from
gel as above. pCRscriptAmp-NFI-NcoIR was digested with the
same enzymes and the vector containing fragment was also
purified from gel. Ligation of these fragments resulted in

pPCR.NF1-NR2 (Fig. 20). pCR.NF1-NR2 contains Ad35 sequences



19). The inserts were then sequenced to verify correct anplification.

Next, part of the insert from pCRscript Anp- Ncol F-NR2 was exci sed usi ng
BanmnH andwicmb4/emas2purified from gel as above. pCRscri mcAnge2bbdlosieel R was
digested with the sane enzynes and the vector containing fragnment was al so
purified fromgel. Ligation of these fragnents resulted in pCR NF1l-NR2
(Fig. 20). pCR NFlI-NR2 contains Ad35 Séquences WO 2004/ 001032

PCT/ EP2003/ 050126 93 between nt 30162 and 33234 of the Ad35 sequence with

E4- O%feftw@é(}‘i’ E4- apfiGlo7 sequsnoes ket ween n8381879nant-@2874nr eghaceth for
Ad5 derived sequences | ocated between 32968 and 34077 from the published

Ad5 seguenteoific@@nbagudicessbetwauniber 3MB396@nd THid74a8eP3AISE seen in
the am no acid alignments presented in Figure 21 2, _th i-n i d
sequéirce A5t Aer 1FE6h AP FACBEEE &P&a&%ﬁi%‘g}&fﬂ%ﬁﬂ c%n%% e 4007 g 2o
sequence _found, i ( . ; 1N 28k segHengrpefr E4-orf6  of
Ad35 ﬂ§5é%t?g%ﬁheﬁcégg%)égﬁﬁebﬁg ggﬁé%%%?%HENSﬁb acid sequencg is for the
greater3Past . i danki cals t@athpeEda@nt 617 theqaerice meséntlignAdS{E4- or f 6/ 7

sequence i s given for Ad 52ba§@ﬁ%E%%l D@go m%&q\gé%@dgg@g\s?pgg? D, No
64, fmresdetedl ened ¥qusien2pr S . BING )" i Iy,
different hybrid Q%SS-AdS E4 consléuctfcggnt%pT9§§L§@ggrg%ig% Jddig-gener a
met hod ouefi 8dOFHR TP ROt “FepatTT N FFom t he - i Avention. This chi neric

I nser | RCR N wap then 61 ongglihbt @ PVE. Ad3BeptX- pIfTR4-0rf6
pCRJéﬂgéﬁgzﬁsg%ﬁ%i%es ed wwth Mul andlhhel and fﬁ% resulting 2.8 kb
fragrent awas puridaed Ibrowogel6disi agdt hbeGErfeC e/ ki enigensGistt

P Fagresmicngs S0l Rredt PP oRFgeIt G NG BobPAC syt { RECReFY 1 gatt gn of

depostTaNG RSB . L inaThist begtontds baluesn. Pact amd ol oo

cont aj i REot. he rehing! | 63F4 fagimm3bnathsg®Q. ID. NO. 64, for the
cloned fusion protein as SEQ. ID. NO. 65). Obviously,
different hybrid Ad35-Ad5 E4 constructs can be designed using
the general method outlined above without departing from the
invention. This chimeric insert from pCR.NF1-NRZ2 was then
cloned into pPWE.Ad35.pIX-rITR: pCR.NF1-NR-2 was digested with
MiuI and NdeI and the resulting 2.8 kb fragment was purified
from gel using the GeneClean kit. Construct pBr.Ad35.PRn was
also digested with MluIl and Ndel and the 18 kb vector fragment
was isolated from gel using agarase enzym (Roche). Ligation of
both fragments resulted in construct pBr.Ad35.PR.50rfo6 (Fig.
23, ECACC deposit no. P02041227). The Ad35 sequences between
PacT and Swal containing the chimeric E4 region 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 (Fig. 24) is then used to generate
recombinant Ad35-based viruses by co-transfection on PER.C6

packaging cells with an Ad35 adapter plasmid.

Example 15. Construction of pWE.AdBS.pIX~rITRAE3.5E4 and

pWE.Ad35.pIX—rITRAE350rf6.




construct are then cloned into construct pWE. Ad35.pl X-rI TR using

| anmbda- phage packagi ng as descri bed above. The resulting

pVE. Ad35pWe¢ 20060182 f 6 (Fig. 24) is then used to gener atRCT/ER0@Ni5D2aNt
Ad35- based viruses by co-transfection on PER C6 packaging cells with an
Ad35 adapter plasm d. Exanple 15. Construction of pWE Ad35. pl X-r| TRAE3. 5E4
and pVE. Ad35. pl X-r| TRLE350rf 6. WD 208%/ 001032 PCT/ EP2003/ 050126 94 The
Ad35 backbone was further nodified by a deletion of E3 sequences. E3

pr ot giis A %5 kPQWRpe 1ok atgrtherhesidi fiedebyr espriset ton adénd\di r us
infection and are therefore not necessary for in vitro progagation of

r econfiicuagttcrs [ UEBs prafether auee knowd ded enPeH 1L EF e fieRtes ™Y s f or
insertion of |arger heterol ogous sequences in_t \VEeC .t hout

conpresFa e t he 6&9&&ﬁ%€ﬁ%fgpgﬁgi .n/@%%,aFSr%ﬁﬁaeéé%§i%%%ion of
adenovi ral _vect er vaecl-pation Vel 8Sefr @ERIRES i of viimusrenodul at ory
genegmgﬁ%%%%§§b§o he éﬁggg?o r%'g'nof'pre?erred. The construction of

PVE. A€l35: b XnbFERLED | Figlet)lonasf discsefjodnseasr @loveohstr détsq el On

E3-del eted versions of the E4-nodified backbone constructi descri bed
aboveyf t her@ar hedici@bRUeOns WERSNRTDIHEed e TR PBF - ABS5S PRILE3 (Fi g.

25) construct as faqll ows. nstruct-p -S5E4 (R g. di gested with
M ul GHPROTHSARE t 634P%CE%9%P§9%§H$&§%§§C'éoﬁéfgg f%§%1g§? usi ng the

Ge“e%%?gfiéétkbh- SGONShEHEY 1 rRBr ~A35 PRIAES wasc atsoidhgeshed s h M ul
and and the 13.6 kb vector fragnent was isolated fromgel usinpg the
Gene@ gancspionkidt lingatbondoflathese JeaghrertsadashiRBITRR Fdodt9 et

pBr. Ad35. AE3. PRGE4 (Fi g. 26). Construct pCR NFl-NR2 (Fig. 20) was digested
W th %&uPPtN@éﬁﬁﬁﬁFﬁﬁrl (the latter to digest the vector fragnent into

fg" r%Hcggn@%g}%f%ti&@dokhiwﬁ:ﬁi@.ﬁfﬁQ%E'TTRA\@ ispbated fwmem gel using
described supra. To construct the E3-deleted versions of the
F4-modified backbone constructs described above, the F4
modifications were introduced into the pBr.Ad35.PRnAE3 (Fig.
25) construct as follows. Construct pUC.35-5E4 (Fig. 13) was
digested with MluIl and NotI and the 4.7 kb fragment was
isolated from gel using the GeneClean Il kit. Construct
pBr.Ad35.PRNAE3 was also digested with Mlul and NotI and the
13.6 kb vector fragment was isolated from gel using the
GeneClean spin kit. Ligation of these fragments resulted in
construct pPBr.Ad35.AE3.PR5E4 (Fig. 26). Construct pCR.NF1-NR2
(Fig. 20) was digested with Mlul, NdeI and BglI (the latter to
digest the vector fragment into smaller fragments), and the
2.8 kb fragment was isolated from gel using the GeneClean spin
kit. Construct pBr.Ad35.PRnAE3 was digested with Mlul and
NdeI, dephosphorylated using CIP enzym (New England Biolabs)
and the 15.2 kb vector fragment was also isolated using the
GeneClean spin kit. Ligation of these fragments gave construct
pBr.Ad35.AE3.PR50rf6 (Fig. 27).
pBr.Ad35.AE3.PR3E4 .and pBr.Ad35.AE3.PR50rf6 are then used to
swap the 3’ PacI-Swal fragment in PWE.Ad35.pIX-rITR for the

corresponding regions from pBr.Ad35.AE3.PR5E4 and



kit. Construct pBr.Ad35. PRN\LE3 was digested with Mul and Ndel
dephosphoryl ated using CI P enzym (New Engl and Bi ol abs) and the 15.2 kb
vector fragnmot/ome®r al so i sol ated using the GeneC ean sumERKDE3/05hi2gat i on

of these fragnents gave construct pBr.Ad35.\E3. PR50rf6 (Fig. 27)

pBr. Ad35. LE3. PR5E4- and pBr. Ad35. LE3. PR50rf6 are then used to swap the 3
Pacl - Swal fragnent in pVE.Ad35.pIX—rI$k for the corresponding regions from
pBr. Ad35. LE3. PRGE4 and WD 2004/ 001032 PCT/ EP2003/ 050126 95

pBr . ﬁ%g-p}%% PRBOr besas-fdeses i Bedcirityca it sal. edts ¢ dl eadsstouct s
pVE. .pl X-r I TRLE3. 5E4 and pWE. Ad35. pl X- rI TREE3. 50rf6. An alternative

met hagbrigt emes apeiEt. ezb | pE e r IEEMANDES 2pduSdE HAde fPagients in the
ligation reaction for packaging. a 14.7 k t - Pac fir

PVE ISR - SPFTR, Cie PLEPIRBELVEnd 1P op B AT € £ PRSEA 0

pBr. Ad35. AE3. PR5Qr f | edpYELS ciosim doneetart ifgragient
(Stré?ﬁﬁ%ﬁgg.fghgg ﬁg??ﬁ?ﬁpgggﬁ%%¥ﬂ%%ﬁ§%|gg EE iggfﬁﬁe% fronltﬁé Not | / Pacl
di ge éé%h#ﬁn@VEaAdﬁa7ﬂR%rN&RI—PamErﬁwa@mentoﬁnﬁmfﬁﬁE-ﬂﬁ§5MmﬂXﬁigested
pVE. Ad35. pl X-1 |1 TRAE3. 50rf6 with e.qg. PI-Pspl iggﬁ%ﬁﬁg ﬁ?AEtBS.LacZ.rsv
(examﬂ?RQ)that@ami%NQﬂﬁﬂé@BE§UMé%O%eB%Fa9§ - %g denovirus .
derived fr Ad35, i ch_reconbi nant e [ | ge . depved
Fr om izt REoA OFri-Ro A © 2B I 15 or B opagar o ot PER CBf - et o

reco %%grﬁénéd%%a{%eﬁé&t herAwy e havéAgFaabeicerol egouslpbXker onot er

resul in increased pl X expression |levels and stabl e virions. Exanple
16. Geselatéon fafonEl thantcEll/Baael &t @dsnd-5- tsds dolEvBEeer & léh PER €6

cells. To enabl e generation of rec i hant Ad35 viruses on the

conpl @ehtaRg TS 9% net PERICE Tk %g%ﬂéaﬁﬁﬁ.siﬁ%. PRn-based constructs, we

;Zgggpﬁk;aqﬁﬁgﬂ%c—ggﬁt%ﬁ@é o o, AD3D | $80USHSes 4f bemdyR 3401 to bp
pAdApt35.Lacz.rsv (example 9) into PER.C6™ cells will generate
recombinant adenovirus derived from Ad35, which recombinant
adenovirus comprises Ed-orf6 derived from Ad5 (conferring the
ability of propagation on PER.C6), said recombinant adenovirus
furthermore having a heterologous pIX promoter resulting in

increased pIX expression levels and stable virions.

Example 16. Generation of El- and El/E3-deleted Ad35-based

vectors on PER.C6 cells.

To enable generation of recombinant Ad35 viruses on the
complementing cell line PER.CO6 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 sequence (WO
00/70071) and thus overlaps with both the adapter plasmids and
the pBr.Ad35.PRn-based constructs. Transfection of these three
plasmids into PER.C6 cells and a double homologous
recombination event leads to a complete viral genome and
replication of recombinant viruses as outlined in Figure 18.
The required plasmid was made by deletion of a large part of
the Ad35 sequences in pWE.Ad35.pIX-rITR. Hereto, pWE .Ad35 . pIX~
rITR was digested with EcoRV and the 29 kb vector containing



00/ 70071) and thus overlaps with both the adapter plasm ds and the

pBr. Ad35. PRn- based constructs. Transfection of these three plasmds into
PER. C6 ceios20amabiaz2doubl e honol ogous reconbi nati on everCl/ERdes/ 50128
conplete viral genone and replication of reconbinant viruses as outlined
in Figure 18. The required plasm d was nade by deletion of a |arge part of
t he Ad35 sequences in pWE. Ad35.pl X-rI TR Hereto, pWE Ad35.plX- rlI TR was

di gested with EcoRV and the 29 kb veetor containing WO 2004/ 001032

PCT/ EP2003/ 050126 96 fragnent was purified froma |ow nelting point gel

usi ng_t he necl ean_ spi.n Ki The ifd -]% sgbi-|,Lgatedhand used
to trgﬁgg%?ﬁ%DﬂéBB%éllrgc%ﬁ%& (gft)rr%le%enlt%anf:ét@?li a ( %ﬁ%r%gen/ LTI resul ting
in pWEeAd85e phXsEeaRWiEFi The2PuriMlile DN useel $of ftiapstedt rod were

digested as indicated in _Table V, heat-inactiyvated 65C far i d
1520 Bt RogRS PG REW OFf ST TP T miot GLeF R (BRR CECREPT L ladr o

seedegFFggEggﬁdgg gﬁﬁg&j@@f}@%&mi frilgd fdpsks at a density of 3x106

cells transfected as indicated in Table V using LipofectAnine
(1 nvi hlageNALTLs eac candi et of e plaimuf aee e ed50¢ASEAUEET dRS1ICA%EEPE Tt hat t he

transfection mxture in.serumfree di €] / repl aced
f or ﬁERlGGchfﬂFé&e" lr?@d%]‘rﬂa(tﬁr&l\ﬁt 1%%%@%@?&%@&% 21a te%rh OSQ h. The
day aft{gkyctr anshectdnan ief fird eneyn yascesth MBPEH.ab 58% sbyefrdeuor escence

m croscopy. Two days later, cells were trypsinized and reseeded in T80
f| askseangdf Ghehele v moulsat ddd  HEaBTRFADVLORL " SE %O dayasKsl FowPng

transfection all cul fseures- _s fyl ]%Oiaéﬂﬂ&?n' ech+ £GPE
i ndi cHfive 0|vai3r>%sO Sr%;%g ta%'?‘:é{(e)sn aglécetg%/at or the PéIIEQIf{ %;é&culture "
t r ansfragtied Wwiddl nAd3H ABAPtARGEP I pWWEt Ad3SnpLXLY | TRco@réndayd ater, cells

and nediumin the flasks wth CPE were harvested and subjected to two
f r eez BRERARCEYELES, ié?%’]?qqfe’oor?sl*on?%%??td%?%syﬁ? %&?ﬁr#i@fc yat |

gation (10 mn

at 1598x&%ﬁ% and 100, vl s of . these GEM08n (Cibco/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 later, cells were
trypsinized and reseeded in T80 flasks and further incubated
at 37°C/10%C0,. 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. 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 100 pl of these crude
lysates were used to re-infect fresh PER.C6 cells at 85%
confluency in T80 flasks. The transfection of Ad35.AdApt.eGFP
+ PWE.Ad35.pIX-rITR that did not show signs of CPE was
harvested by trypsinisation and also treated as above. TwoO
days following infection of fresh PER.C6 cells all flasks
showed full CPE except for the one that showed no signs of CPE
at the time of initial harvesting. This clearly shows that

fully El-deleted Ad35-based viruses can be made on PER.CO



| ysates were used to re-infect fresh PER C6 cells at 85% confluency in T80
flasks. The transfection of Ad35. AdApt.eGFP + pWE. Ad35. pl X-rI TR that did
not show wiogme4/@f1053PE was harvested by trypsinisati on awi/E#ee/dspeat ed as
above. Two days followi ng infection of fresh PER C6 cells all flasks
showed full CPE except for the one thaty;showed no signs of CPE at the time
of initial harvesting. This clearly shows that fully El-del eted Ad35-based
viruses can be nmade on PER.C6 WD 2004/ 001032 PCT/ EP2003/ 050126 97 cells
when t¢RLIsWEEDoHE ftte BRoQEdd iFepPESSEE T riom SRR CABSS Hackborke
Exanpugjgg.bggkg$5%;ed Ad35 viruses with a heterol ogous pronoter driving
pl X eXpression. TO i'nvestigate the effect of a heterol ogous pronoter
sequence activating the plX gene in full El-deleted viruses, a series of
adapter plasm ds was used to generate reconbi nant Ad35 viruses. Hereto,
pAdAptBEimReZe HAJARII3SI¢ heZeds WdCéxanptes 9, wighdApt sSBetradZgpexanpl e 5)
Ad35 E1B pronoter sequence in front of
e-digested with pl Psp-1 and used to

S = 2 JEH Phe| 8
gener i i t i.gest os Al ﬁﬁg%-
pPV\E/ A ‘g-%ﬁ%%%%%ga?%ig%%?eé§%bg§' esé%i%%ggﬁﬁME!anp égég%gﬁggiﬁ SHee
00/ 7004d) ivabinagddiHd qnI X vgeused nefel Jeherdkadiwd hv adapeéer pl asniks

pBr. Ad35ASM AdApt LacZ (Figure 7; exanple 10). This adapter plasmd is
del et ?ff fadaFtATramd BSMhdgevpar Ussid the HEBersdquerrednblpapst &idhk® 0,6 kb

of the 3' EI1B-55K sequeng n | sq, has uenc bet ween _t he st

codon 61~ BER and Ve D ot SREBIdeT ot i S SOBE R U Pt R REBHS afb
nedi umpABLe: Basvesiced, (ekigpze/ thawath apdgaaertysigiiiged tooheaBwe niheckel |
debris. The supernatant (cleared |ysates) of each of the transfections was

t hen A& tBlPepfromm e pl agaecassay rasf destr ofedlien pkéanpkeey. described

below) were digested with pIPsp-1 and used to generate viruses

with NotI digested cosmid pWE/Ad35-3481 and pWE/Ad35-3481AE3
(example 7) as described in example 2 (and in WO 00/70071). In
addition, viruses were generated with adapter plasmid ‘
pBr.Ad35ASM. AdAptTac? (Figure 7; example 10). This adapter
plasmid is deleted for El1A and a large part of the EI1B
sequences. It retains 0,6 kb of the 3’ EIB-55K sequence and
also has wt sequences between the stop codon of 55K and the
start codon of pIX.

Upon full CPE, the cells and medium were harvested,
freeze/thawed and centrifuged to remove the cell debris. The
supernatant (cleared lysates) of each of the transfections was
then used to perform a plaque assay as described in example 9.
Cleared lysates were diluted serially tenfold and 107 to 107°
dilutions were plated.

One week after addition of the agar overlay, plaques became
visible and were stained with X-gal to monitor LacZz activity.
Table VI summarizes the results of these experiments. All Ad35
viruses having additional or other sequences than just the
endogenous proximal pIX upstream sequence regulating pIX

perform better and have a higher number of expressing plagues



Cleared |lysates were diluted serially tenfold and 10-5 to 10_9 dilutions
were plated. One week after addition of the agar overlay, plaques becane
vi si bl e awd wes/@01832ai ned with X-gal to nonitor LacZ actirdI/gr2003l@bi2ze VI
sunmari zes the results of these experinents. Al Ad35 viruses having
addi tional or other sequences than jusg§gthe endogenous proximal plX
upstream sequence regul ating pl X performbetter and have a hi gher nunber
of expressing plaques WO 2004/ 001032 PCT/ EP2003/ 050126 ~98_in our assay as
conpaiad oy tFRSEY - 86| SmP IS . PAAPheL&dZ ds4 ¢ higes Aot - Ak - FREZt ot al

| ength of the Ad35L\SM LacZ vi 106% d d35

O Co0td TR Sradt i CHACkaBI® Ferglh IRECHE ot RN ol AT W7 heE- LHg).
Thi infl t ined \f 5 .vi

i3, RaRHE Tack TS0 CI0B t o3 06 AL tHe Do 087 ol "hd™ L ReeTet i cal

packagabklkersia el e At Bgeldhede tdiemt £8dl 9 xS oYk t hakusa shetlersd ogola ipr amnt er
driving pl X expression inproves the maxinmumtolerated packagi ng size and

t he stiaffillviencet bl repuldfs Bhdel sedd LAd35- Vi # ugesusTh&hdame is true for
vi ruses, _t hat ave a_l onger, e enous _proxi mal _sequenc Ad35ASM LacZ)
suggeéfji?’ﬁg%tqﬁ?%tﬁ%cad&isg’i oﬁa@gj{% 18T55R Ssoeq%%nggg ﬁé)rrgfeﬁi %%nﬁ?suen

regul gt t Xp{ £8S1 @+ Rfdapt 35BLacZ dew 1Al AdB5wadanter
plasn? %ﬁ%i :gﬁszggg@%f%h%%foﬁ%?ir ggEUence regﬁlating the pl X gene.
Adapt er heltastt HopadApt3aicicr wasigener atled esptekldws: infhec®:8 phenot er

fragment was anplified using the priners 35ELBIon nd Ad35El bpr.qnr.ev.
Bot h PYEREREN weP &S LpRESh A GF 3T bay ?ﬁé-er@areﬁ%iahemégc Wtﬁt?’&bﬁéﬁﬁ(

pol yrer _ - f.rai ] iC cor.di t e
POLYTR295 A PRSI 8lfve D SaosL P e ReCeL 606! O I AELULEY pa
descri [ L4 p Wass S&t fald Pwesm 21, ALYt es  at
Gac LRt D jsl%)“%gl %S@g?%%sf%?g%ma séquete I !
suggesting that the additional (EIB 55K) sequences herein

contain regulatory elements for pIX expression.

pAdapt35BLacZ is an Ad35 adapter plasmid with the Ad35 E1B
promoter sequence regulating the pIX gene.

Adapter plasmid pAdApt35BLacZ was generated as follows:

The E1B promoter fragment was amplified using the primers
35E1Blong and Ad35Elbpromrev. Both primers were
phosphorylated. The reaction was done with Pwo DNA polymerase
(Inno-train, Diagnostic GmbH) according to manufacturer

instructions. pBr.Ad35.leftITR-pIX was used as template DNA,
(25 ng, described in WO 02/40665). The program was set as

follows: 2 minutes at 94°C and then 30 cycles of (24°C for 30
seconds, 60°C for 30 seconds and 72°C for 1 minute) and ended
by 10 minutes at 72°C. The cooling/heating slope was set at

2°C/sec. This PCR results in amplification of the potential EIB
promoter of Ad35 of 125 nucleotides. Construct pAdapt535.LacZ
(example 5) was then digested with MfeI and BglII. After
digestion the vector was treated with Klenow enzyme to create

blunt ends. A dephosphorylation step was done using SAP



seconds, 60C for 30 seconds and 72C for 1 mnute) and ended by 10 m nutes
at 72C. The cooling/heating slope was set at 2C/ sec. This PCR results in
anpl i fi cawicomwogbo1vdze potential EL13 pronoter of Ad35 of pPlAZERROEE/B0i2cdes.
Construct pAdapt535.LacZ (exanple 5) was then digested with Mel and
Bglll. After digestion the vector wasgdreated with Kl enow enzyne to create
bl unt ends. A dephosphoryl ation step was done usi ng SAP WO 2004/ 001032

PCT/ EP2003/ 050126 99 (Roche). The thus treated 8 kb vector fragnent was
then (Rechs&ed thenthuk. tHeatEB Hr bRovectAgi bRAWES A 465 sorated from

gel . These. t ragnents reljga r it r
corrpef‘ﬁﬁia&;@ sgf? vg?ﬁOQme. ]#L]% %%rglr‘ﬂg)cr%t%]'1 OI’I%IH?%.{TIE%E 0 %%St%?%ygregmter
in the pesuldi Norpkasmcovas-a &ashtsme Ry i gestdngndl tirdiparoamddApall .
After selection of the correct clone the inserted ELB pronoter sequence
was ak§®o verddiedrbycsgaenct ngel Examurer iliBroJae) pr it ezonfethe pl X gene
is located in the 3 end of the E1B-55K codi ng sequence in Ad35 and Adl

Vi r usesienBaseibonofhsheediilh spHesetled SUpta WeSERPedtE AT X
pronoter in subgroup,B viruses would be |ocated int 1B- i.n

regi oﬁ?n'f&ﬁ“fﬁfgg?fi/ggtlgersﬁi@%iw&ﬁl g’?a\?be Yy ‘%ﬁ?t‘?o al%&%en%i%f?ﬁ@%“x%m
cap si i N 8xa et 35 saeddeanls also
Ad35.EF%+%%H%§§${UEE§P%hSGS a£$§e%8§gdEﬁgﬁf%¥%%%egER55 clone 16 cells at
an Moyeefi Sk d/Pbeekequets:imgont rol wt Ad5 was taken al ong since the
pronoter and mMRNA start site of this virus is known. RNA was isolated from
the infected cultures at 16-18 hrs post-infection using TRl zol agent
(I'nvitrogen) as described by the manufacturer. At the end of the
procedure, the isolated RNA was stored in 100% fornmam de. The CGeneRacer
Kit (Evddiegeny  wWascusadbrid: &APbiES Yhet REI%' gend ok plocdtedstni phs 3

order to focate the start of transcription. Before starting GeneRacer
prot oeold & gtRNAEWEs 55K coding sequence in Ad35 and AdlIl viruses.

Based on the results described supra we expected that the plIX
promoter in subgroup B viruses would be located in the E1B-55K
coding region. To investigate this directly, we set out to
identify the pIX mRNA cap site as described in example 10.
Hereto, wtAd35, wtAdll and Ad35.ElB+.AdApt.Luc viruses were
used to infect PERS55K clone 16 cells at an MOI of 50 VP/cell.
As a control wtAd5 was taken along since the promoter and mRNA
start site of this virus is known. RNA was isolated from the
infected cultures at 16-18 hrs post-infection using TRIzol
agént (Invitrogen) as described by the manufacturer. At the
end of the procedure, the isolated RNA was stored in 100%
formamide. The GeneRacer Kit (Invitrogen) was used to amplify

the 5/ end of pIX transcripts, in order to locate the start of

transcription. Before starting GeneRacer protocol, 5 Hg RNA was
purified from the formamide by sodium acetate precipitation as
described in the GeneRacer protocol. Purified RNA was treated
according to manufacturer’s protocol for amplification of the
5/ end of the pIX mRNA. After phosphatase treatment and
subsequent removal of the cap structure with tobacco acid

pyrophosphatase and ligation of the Generacer RNA oligo,

feaN



purified fromthe formam de by sodium acetate precipitation as described
in the GeneRacer protocol. Purified RNA was treated according to

manuf act uwer 32084/priez2ocol for anplification of the 5 endcfErbes/qbdie TRNA.
After phosphatase treatnment and subsequent renoval of the cap structure

w th tobacco acid pyrophosphatase ang,Jigation of the Generacer RNA oligo,
WO 2004/ 001032 PCT/ EP2003/ 050126 100 SuperScriptTM I Reverse
Transcriptase fromthe kit was used for cDNA synthesis. cDNA was

synt ks 260 by pE 8V er SeRetreanec i pin sor istagea Tgere speckiitc WFeVieFee)
primer for plX  For Ad35 (wt _and E1B+. Luc vir s%)and wtAdl | primer pl Xrev
was ﬁuﬂﬂbDNArSg@5hﬂﬂi%riﬁENApW%ﬁﬂ§¥@ﬁﬁﬁéézﬁée Y The'Feshli ting cDNA (1 |

of unknown concentrati.on) was used generate.
ds DNA T3kt ST BER M R&s Ufored Ui ﬂ&%sﬁﬁﬁ%gmhﬁg&%s%%)Rolg%nbgccor dizﬁg to

manufact uk §88 1St el i @NS.+ . and Wit huapdhhidon tofd DVEGX { Segnw 1X3% W/ W3S The
anplification was done with the GeneRacer 5 priner fromthe Kit.mhich i's
specidded f ofotrheds itdoauckeneirde 1X e eldbovele B e@ndlbf el J and

t he gene specific reverse priners, as nentioned aboye. Reactio coegd' é ons
wer e giaNA ol Lowd: cfenatkpavhogomcergg@Ebend HWidduteiSo f of | 5\/\%&3“59 o cg es

of (94C for 30 seconds, C for., 30 conds, C 1.nut and

fini Sted tﬁy@ﬁﬂﬁﬁﬁﬁ@oasggg68gh%ﬁ %éﬁiwﬁgegéy%uﬁéégél?%%bqﬁa\ fragments

were size rat I rOphtesis aRna fhdNragar asetgelct Fons Ad5 a
S R SR TN Ly St e et C

480 lﬁ)o 5 (both™ viruses) and Adil a 200 bp, fragnment was
obt ai Hgd. wAehl saldior i showed IO kbSf gmgrests. WY f r greP et CakePSed and

D CRABIant ATORCHSLIvetbr CERRIAGBhER] . CRRBCH Aot gt o 1Er & Sediehead ol ng
ol nEee Sy EE et Ol Tty DE SEAUERg  FaCl st (he St art of pric. eeenwere
tran%ﬁﬁhﬂti%%d the gene specific reverse primers, as mentioned

above. Reaction conditions were as follows: denaturation at

94°C for 2 minutes, followed by 30 cycles of (94°C for 30

seconds, 60°C for 30 seconds, 72°C for 2 minutes) and finished

by elongation at 63°C for 8 minutes. The resulting DNA

fragments were size separated by electrophoresis on a 1.0%

agarose gel. For Ad5 a 480 bp fragment and for Ad35 (both

viruses) and Adll a 200 bp fragment was obtained. Adll also

showed a 2 kb fragment. All fragments were excised and

purified from agarose gel. The purified DNA fragments were

cloned into the pCR4Blunt—TOPO® vector (Invitrogen). The
vectors were sequenced using commercial M13 Forward and
Reverse primers. The resulting sequences were aligned against
wildtype sequences to locate the start of pIX transcription.
The 200 bp band isolated from Ad35 and Adll cDNA preparations
constituted the genuine pIX mRNA, the 2 kb fragment isolated
from Adll turned out to originate from the EIB promoter. Fig.
30 shows an alignment of the Ad35 (SEQ. ID. NO. 59) and Adll
(SEQ. ID. NO. 58) cDNA sequences with the wt Ad35 sequence
(SEQ. ID. NO. 60). The alignment reveals the location of a



The 200 bp band isolated from Ad35 and Adll cDNA preparations constituted
the genuine pl X nRNA, the 2 kb fragnent isolated from Adli turned out to
ori gi nat ewior mm/0hes2E1B pronoter. Fig. 30 shows an al i grecanmtp2063/dshee Ad35
(SEQ ID. NO 59) and Adil (SEQ ID. NO 58) cDNA sequences with the w
Ad35 sequence (SEQ ID. NO 60). Th‘%o?' ignnment reveals the |ocation of a
WO 2004/ 001032 PCT/ EP2003/ 050126 101 spliced intron sequence in the plX
MRNA. In Fig. 31 the location of the identified cag_site and splice sites
is sphemrid caltyosheeniemddel £1Bhpl KIKe iR of IAdSST -Fotl AdiCt he
expected pl X nRNA (Bahiss and, Vales, 1991) was identifi it t he cap
sitelb@@ﬂkﬂﬁzﬁfpEb?Hhﬂ?Qﬁ%ﬁF?ﬂoFa§h&£%3rﬁﬁ%e? géQ%;éﬁkg%eg%ank
accession no. 26Q) . For. Ad t capssite s olfoeat3sl. irot hrdd' téred of
. B ;
t he Ef% Jg%%ﬂ;fﬁt 8)8834: |lorﬁ\ §§§9ﬁgn %gn A?%m due (Ad35 sequence WO
00/ 70071t dd) Akl ik capaisite awas wilus ar199ftountsonidentiBspduerith
(position 3339 in CGenbank Acc No. AY163756). In%sr stinglﬁ, #ge.§9que ce
bet weere tdweo sibp dodwmied ahePS5Ktgare andlt HBC OVEOH NP SERE Fo1 3
where in Ad5 viruses the pronot f pl X.i at ed,o 1 S5, Spkteeqrqut of
t he W@W%]&Sa&ﬁ(ﬁzsﬂ?gvﬁl?05@32%9«35';%#%5%%%5 P ovide strong evi dence
t hat i n d | 13/pl X, gene +eePEeSsi 9FKi gehegultateds { t bona 3pEehotrer
Iocagéﬁxﬁgggh293tﬁgh é%hthe 55K gene. Exanple 19: El-del eted Ad35 viruses

that getmi Acaigher t(Ag3% esehuehcd LB GLKOEEdhendd Wbl athgr §&P° pckagi ng
capacity. Wth the identification of t

e pl.X nRNA cap,skte:it GRS
possind®e sonihslrdde TN GaPlr & Tadss %%t(gpsflgrloébﬁ%%% H‘XG%lepressi on
and also |Lim as j El 5 qsggp@élcg@ti,q@ thhena r al
vect 6tCC HeéPe %%m&as gﬁﬁéﬁlﬁgtﬁn%%' g?%n%&, t he constrﬁcti on of an

Ad35 adapt ghgBhas/ dhdIab5Kr ekaiensrib6ihp statdie Pdmd of the 5K coding
sequence

where in Ad5 viruses the promoter for plIX is located, is

spliced cut of the mRNA in Ad35 and Adll viruses. These
results provide strong evidence that in Ad35 and Adll pIX gene
expression 1is regulated from a promoter located in the 3’ end

of the 55K gene.

Example 19: El-deleted Ad35 viruses that retain a short

stretch of 3’ E1B-55K sequence have a larger packaging

capacity.

With the identification of the pIX mRNA cap site it becomes
possible to include the natural Ad35 promoter for correct pIX
expression and also 1imit as much as possible the E1B-55K
sequences in the viral vector. Here we show, as a non-limiting
example, the construction of an Ad35 adapter plasmid that
retains 166 bp of the 3’end of the 55K coding sequence
(pAdApt35Bsu.Luc) and the generation of an El-deleted Ad35Luc
virus with increased stability and/or packaging capacity. This
166 bp sequence does not code a functional 55K gene product
but contains the pIX mRNA cap site identified in the previous

example in its natural position relative to the pIX coding

sequence.



(pAdApt 35Bsu. Luc) and the generation of an El-del eted Ad35Luc vir i
increased stability and/or packaging capacity. This 166 bp sequengz 3%22
not code wdamgebilaszal 55K gene product but contains thequBbaiRMsonap site
identified in the previous exanple in its natural position relative to the
pl X coding sequence. WO 2004/001032 PCT/ EP2003/ 050126 102 Construct
pAdApt 35Bsu. Luc was generated as fol I'"O#s: First a PCR fragnment was
generated using 40ng pBr.Ad35.1eftl TR-pl X as target DNA (described in WO

02/ 4%%215%11@&9 PEHEABES sBebSKic and sAgerpiviR edThesPER Mers per f or med wi t h
pol ymeriase (Genaxi s) accor d| t o manuf agbur er instructions. In

addi Fiiest 3% MR DVBONESigmed S waS e EdI'HéSl%go &% was set as follows: 2

m nutes at 94C, th 30 I f
Tha B k3. be ARG A chacd ety i it et eEeEban Jhe PeLaRRaneongs

?ang{x}og M@Escb '&%%ﬁr 4l %y 'erlgﬁxme PERABLRNtraEOR véotoed with

accor |ng to e manuf acturer's prot ocol , resul ti ng in

pCR4@4MItDﬂ BstheAges e Theenarsts) ca awasd
(NEM/Engla#; gb ? € h@e RSN UGC bﬂ@ck@dmﬁﬁﬂEW©E§¥?6n with Pvul

abs The B Al
pCRABIratt = TOPOD BS u- Aé‘e aﬁifg’s*ﬁifgn g%" it Eﬁgt]?%%omagﬁlg%%ﬁgﬁd }‘\é\% ng&and
Bi ol abs) and treated mntg Eﬁenom/ E ﬁhﬁ&?b Blunt
gggsj;z?%ﬁagﬁfiﬁa§eﬁhéﬁsp Pi-fPEF *u ﬁ%l éhgcﬁ purlpdcatlon ?C Q agen)

WL L B f rragme
nglsﬁfedt g dm fer a gct %rengE ?eg %aeb&%%l ol hlr%cc) rf I'n B;? \Qﬁsel :
and (HORER) wARH 28 vﬁiﬁﬁ”m%qﬁég [%ﬁ @gbaooﬁ}f i gesyed i ool

purified using the PCR

purific It c( @&&nh B& rirﬁt@dtﬁélAmedl SEEOPDI tvie Aget
Engl apd&g ?ablé) %dephoéghor y]%:t ed with SAP (Roclﬁlz) The 5.8-Kb (New

fragn?ﬂﬁvﬂ@&og%mzﬂanbérdmngekomtmetménaéﬁ§ﬁﬂﬁ§ﬁ1$|PrOtOCOl,
resulting in pCR4Blunt-TOPO.Bsu-Age. The construct was checked
by digestion with PvuIl (New England Biolabs). The Bsu-Age
fragment was isolated from the pCR4Blunt-TOPO.Bsu-Age plasmid
by digestion with Bsu36I (New England Biolabs) and treated
with Klenow enzyme (New England Biolabs) to blunt ends. The
DNA was then purified using the PCR purification kit (Qiagen)
and was digested with Agel (New England Biolabs). The 1 kb
fragment was isolated from gel using the Gene clean II kit
(Biol01l, Inc.). In parallel, construct pAdApt35.Luc (described
in WO 00/70071) was digested with BglII and treated with
Klenow enzyme. The DNA was purified using the PCR purification
kit (Qiagen). The purified DNA was digested with Agel (New
England Biolabs) and dephosphorylated with SAP (Roche) . The
5.8-Kb fragment was isclated from gel with the Gene clean II
kit (Biol01l). The two fragments were mixed in equimolar
amounts in a ligation reaction and transformed into T1
resistant EM DH10B cells (Invitrogen). This resulted in
plasmid pAdApt35Bsu.Luc.
To generate El-deleted viruses pAdApt35Bsu.Luc was digested
with pIPsp-I and co-transfected onto PER55K clone 16 cells



kit (BiolOl'). The two fragnents were m xed in equinolar anounts in a
| igation reaction and transforned into T1 resistant EM DH10B cells

(I'nvi tr ogeig)2000tni1e32r esul ted in plasm d pAdApt 35Bsu. Luc.PCTivERpesszrsat2e
El - del eted viruses pAdApt 35Bsu. Luc was digested wth plPsp-I and

co-transfected onto PERS55K clone 16 cells V\D 2004/ 001032 PCT/ EP2003/ 050126
103 with Notl digested pWE. Ad35- 3481]%§xanple 7) and with

pVE. Ad35- 3481L. E3 as descri bed before. pWE Ad35-3481L\E3 contains the sane
E3 deglieti anes degekiceer dwm . pMESAG2B.1p! oéxamﬁREEQ)(@mﬂrpWetIZ) and was
generated according to the method described in erp@:? gl ng construct
PVIE. AUB5 23 AMB L Aadd as @656 rkbeNdéle foagreRtisf Nal §3p| X-r | TRAES3.

In addition, El-deleted Ad35 viruses wer eneyrat.e that i ned, t he
E4- OCfO@lfaﬂrﬂdleﬂmaf@,am%e%%e‘ﬁ@é@tﬂP@m% S RCE Edv%r @%k§§§§ sl aci ng

t he native Ad35 sequences e Ie 16 f.or t i (o]

Vi ru§é§%ﬂ%n&6§?f“i%é@ @Eé@ @sl éB) neflﬁa?ﬁg (“flﬁrrer%j?ler{]ia@IJ ghe fmesﬁ%}i
pAdApt 35Bsu. Lyc, di geste h pl Psp

di gestesf JHQI@S{A%@S R % Hiid "W t%orbsa%ﬁfﬁﬁlot Wﬁ ges %d%%% N% 35EéF;’&R50rf 6
(Wth o] i on [ e to full CPE
mﬁthﬁh%ggmég B ﬁﬁﬁgakéﬁg QES?EEF}E% aﬁ%ggél g%én nedF§n1mere har vest ed
as d dc‘?&?t gﬁf%ﬁ _JhTUsEs W theripbaquerpurddiedannd ¢iheal stocks
arrpl on t he appropriate conplenmentation cells and_ originati ng from

Si nglc&arp&@gzu@@ wake Ehabys6édaby E@R@Df6/7n15@@]uetf5ﬁ®$ fhemt genetRegi on.

Transgene PCRs were done as, described in e u5|n% prlne S
AdApﬂBBGNVFbaﬁHbQPXTéV%ElaCFP@' §§3§H%9%V§n£2£%a¢ﬁ%g%ﬁ FH& PERS esults on

P 0 S L9210 0T RSB s B0 AKISES iy s uses.
PER.C6 cells). In the current example pAdApt35Bsu.Luc digested
with pIPsp-I is cotransfected with NotI/EcoRV digested
PWE .Ad35.pIX-EcoRV and with PacI/NotI digested
pBr .Ad35.PR50rf6 (with and without E3 region). All
transfections gave rise to full CPE within a week following
transfection and cells and medium were harvested as described
pefore. Viruses were then plaque purified and viral stocks
amplified on the appropriate complementation cells and
originating from single plaques were analysed by PCR for
integrity of the transgene region. Transgene PCRs were done as
described in example 3 using primers AdApt35CMVE and pIXrevN2Z.
Fig. 32 shows an example of the PCR results on plaques
originating from Ad35Bsu.Luc and from Ad35Bsu.Luc.50rf6
viruses.

Irrespective of the presence of the E3 region or of the E4-
Orf6 seguence in the viral backbone, all tested plaques (5-10
for each virus) contained an intact transgene. One exception
occurred in one of the plaques from Ad35Bsu.luc viruses that
showed a faint band at approximately 1,6 kb (Fig. 32; lane 12)
probably originating from minor amount of viruses with a

deletion. The faint band at approximately 500 bp that occurs



O f6 sequence in the viral backbone, all tested plaques (5-10 for each
virus) contained an intact transgene. One exception occurred in one of the
pl agues fwamoAd@GBeu. Luc viruses that showed a faint bauw/EtoepEoreki mat el y
1,6 kb (Fig. 32; lane 12) probably originating from m nor anmount of
viruses with a deletion. The faint bg%bq at approxi mately 500 bp that
occurs WD 2004/ 001032 PCT/ EP2003/ 0501 104 in all virus sanples, is a
background band of the primers on the viral backbone. The observation that
E3- coritaialilng7iAd@5 seinplses, wi-shaablagdiderase erpresi dmeassenessprdved

t abl foll f t t t | t
R SR e N NPt U SR TS R A RS R iR p gt
the 166 bpd V? b, cding. SegHERce o 5 gsapu“ 11 S apdakd fRAJARE 35 U tRiAasT ds,

we were not able to generate plaqu |ed viruses containing the E3
r egi oEolTLm»cser\gtplaqlm@orppmfafioatmbnt Hes et r aobbKasdquencesevhotibe backbone
we can now nmeke viruses of nore than 34.6 kb tot al Ieﬁr&g}gﬁywthout severe

i nst apigsulyts THighc AekEl ﬁ%%@%h@éct Né NUsRt hthetaawe Vit gse latet

E3- del_et £d, backbone wer.e usg e.ca i r en

t heor 8%t &1 UFSHBC@JDQ/J’ %% bféo\rl?gués § ngm(s)gr &gu%ﬁ?ggfoglgﬁcgr por at e
nore ElBDhid SEAHRRESS than %amabmdew r@twe%embe aﬂsﬂe@rt@ ogeaaidie t he
3" 55K sequences wth heterol ogous enhancer sequences W thout departing
from tHequerermt T DA 1eids ctiosesle & nhelneal\r\@IE@OMGOE@BZG@(II@IEPZ’DUB/SOE@MB 105
TABLES Table I; Yields of El- and EI /| E3- del et ed Ad?’cgq Vi rus]eﬁ cl one
#16 cANOTRIRELA 0t riHF eSThyer FPFasiGIURAIFES &Chl b ar Bo8f T us

VP cell, , (134 SnaRar el es- af Ler nBSR fli3sksS34.6 kb total length without

severe instability. This closely matches the length of a wt
Ad35 virus. If an E3-deleted backbone were used, the capacity
for foreign sequences theoretically would be over 5 kb.
Obviously, it is possible to incorporate more E1B-55K
sequences than in the current example and/or to combine the 3’
55K sequences with heterologous enhancer sequences without

departing from the invention disclosed inhere.



Ad35. AdApt . eGFP 4 7.5x10" 2500 12 Ad35. AE3. AdApt.ernpty 8 2x10 3300

Ad35. zE3. AdApt . LacZ 8 3.8x10 600 Ad35. AE3. AdApt. W-F 4 8.8x10 2900

Ad35. AE3. wapn4/00redd 8 012 4250 Table 11: Transgene (LacZACER2003/(59126€St on
A549 using crude |ysates fromsecond passage virus. % blue cells is given
for each amount of virus used for infection. Virus 10 p1 1 p 1 0.1 pl
Ad35. AdApt . LacZ. rsv 95 15 <1 Ad35.zE3°AdApt. LacZ. rsv 90 10 <1 Ad3 5
.AdApt . LacZ. C4 2 <0.1 0 Ad35.LE3 .AdApt.LacZ. C4 15 <1 <0.1 WD 2004/ 001032
PCT/ EP2003/ 050126 106 Table 111: Transgene (Luciferase) activity test on
A549 using crude |lysates fromsecond passage virus. Activity is expressed
inrelative light units (RLU). VirudARELES1] 0.1 p.1 0.01 1

36 6 AdSSIABAS Mol eAIBEs0 Y 16759 TAdIs ABE MIARE. PHeC0F B1Res 878
147 2‘33 @%3% AEIAMRAK. Lye JR14698, 501961203 570 MOr 20845001032
PCT/ E %8 / &0126 107" Table IV: Priner sequences. SEQ nane sequence |ID.

NO. 35FR 5' - CGGGATCCACTTTATTTTAGITGICGICTTC-3" 1 35R4
5' - CGCGAATTCTTAATTAAGGGAAATGCAAATCTIGIGAGG- 32

Virus Scale Total # of Virus VP/cell
(T175m Particles after DSP
flasks)
Ad35.AdApt.eGFP 4 7.5x10" 2500
Ad35.AE3.AdApt.empty 8 2x10" 3300
Ad35.AE3.AdApt.LacZ 8 3.8x10" 600
Ad35.AE3. AdApt. MV-F 4 8.8x10" 2900
Ad35.AE3. AdAptMV-H |8 2.6x10" 4250

Table II: Transgene (LacZ) activity test on A549 using crude

o

lysates from second passage virus. % blue cells is given for

each amount of virus used for infection.

Virus wopl| 1Tui]otul
Ad35.AdApt.LacZ.rsv 95 15 <1
Ad35.AE3.AdApt.LacZ.rsv | 90 10 <1
Ad35.AdApt.LacZ.C4 2 <0.1 | O
Ad35.AE3.AdApt.LacZ.C4 | 15 <1 <0.1




35psi - For 5' - GTGGTATTTATGGCAGGEGTG 3' 3 DF35-1 5' - CACTCACCACCTCCAATTCC- 3" 4
5E4F 5' - CGGGATCCGITTGIGITATGITTCAACGTIG 3" 5 B5E4R
5" - GCTCEOATMUITOZCGAGTAACTTGTATGTIG 3' 6 3551 TR

5' - GATCCGGAGCTCACAACGTCATTTTCCCACG 3" 7 3531TR

5' - AGGAATTCGCGGCCGCATTTAAATC- 3" 8 E4-F1 5' - AGAGGAACACATTCCCCC-3' 9 E4-R2
5' - GGGGAGAAAGGACTGTGTATTCTGTCAAATGG 31940  E4-F3

5 - TTTGACAGAATACACAGICCTTTCTCCCCCECTGG 3" 11 E4-R4

3" - AGAWN ACTAGAATG A CQEIGrK*¥as3) 42tiR4tRb test on A549 using

5' - GGACGTAGICATTCTCGTATTTTGTATAGC-3' 13 E4-R6 5' - TCACCAACACAGTGECCEG 3" 14
NF- 1 &tu@EATKACCEECACTARTEECORd RS NI §1rOGET: IZT@@T@P@%S%é
Ncol - R 5' - AGGATCAT.CX GCTF%&? Ncol - F 5" - CATCAGGATAGGECEGT GG 3!
35E3f R 5eLlAk BAT N9 35E3rev

5' - CGACGCGITGTAGICGITGAGCTTCTAG 3" 20 AdApt 35CWF

5' - GTAGGTGTCAGCCTAGGIGGTC- 3" 21 35pl XR 5' - TCATGICAGCTGCAAGACAG 3'

PCT/EP2003/050126

18

22

SV40flor 5 - CARHGEATCITATCATGIETAG 3] 123 9,|1>2gaRnn,@1 1
5' - CTCTCTCAATTGCAGATACAAAACTACATAAGACC- B 24 | pl X35Enfe 5' -
CTCTCTCANST AGAGE GUC I ECAGCT GMSABG- 32728 WO 804/ 00183R  PCT/ EP2003/ 050126
108 |AdApt 35pl Xr 5' - CAATCTGICCATCTGAAAATCC-3' 1 F26— el pl XcosF- 2
5' - CTGUITCAEG OB aCERACAITREPAA R TacTTA R 3' Sadapt 35- 3
5' - TGCAAATCTGTGAGGGEGAAG-31—28
Ad35.AdApt.Luc.C4 6130 | 175 18 33
Ad35.AE3.AdApt.Luc.C4 | 814642 | 6278 | 147 23
Ad35.AE1AA21K Luc 1514698 | 50196 | 503 57




35D21 5'- TTA GAT CCA TGG ATC CCG CAG ACT C-3' 29 35B3 5' - CCT CAG CCC CAT

TTC CAG 3' 30 5r 35F1 CGGAATTCTTAATTAATCGACATCATCAATAATATACCTTATAG 31 -31

5' - CGGAATWOIZCT/T0AMSET AAGGGAAATGCAAATCTGTGAGG: 35R4 32 3'pAuRRbasdshel 5' -

AACCAAGCTTCAATTGTICTCTGAA -3" 33 Ad35pl XNcoR 5' - CCACCCATGGCAGCTGCAAGACAG

-3'" 34 Ad35pl Xrev 5' - TCAGCTGCAAGACAGAAAAAAC-3' 35 Epr-F 5' -

GIGTTTACTTAAGGTGACGTC -3" 36 Epr-R 5" - GAAAGCCAGCTCCTATGACC -3" 37 pl Xrev

5' - GGECGGGTTGAACGGGTCTTCCA-3' 38 pl Xriev- N2 5' -

GS\TGGGAd GACGCCCTGTCAGATAAGG 3' 39 35ElI Bl ong 5' - AAGGTGACGTCAATATTTGIGIG 3'

4 A rom 5.;- ATGAG—3 41 rev pl Xrev-Ad5 5' -
%M@ﬁ %:\% -AGG TGG GCG TA% AGG AAT G 3' 43

Age-pIXR 5 -CAA GAC GGG ATC TTG GCG G 3" 44 WO 2004/ 001032

PCT/ EP2003/ 050126 109 _Table \/ list of constructs used-to generati-on

El -delleted Ad35 bgsed viruses on PER C6 cells as deggrlbedlevihe SEQ.
eaa oot L Aer L E o e SESTIAL b aseh S CongiPupE e
di gestled with Pacl |and Notl. No. Constructs CPE 1 pAdApt 35. eGFP NO.
pVE. Ad - _ 35 PR5E4 Yes EcoRV
i 35F§ 57 —CGGGATCCACTITATTTTAGTTGTCGTCTTC-3’ 1
35R4 5/ -CGGAATTCTTAATTAAGGGAAATGCAAATCTGTGAGG-3 2
35psi-For 5’ -GTGGTATTTATGGCAGGGTG-3" 3
DF35-1 5" ~CACTCACCACCTCCRATTCC-3" 4
5EAF 5’ -CGGGATCCCTTTGTGTTATGTTTCAACGTG-3" 5
5E4R 5/ -GCTGGCGAGCTCGGCGGAGTAACTTGTATGTG- 3" 6
355ITR 5’ ~GATCCGGAGCTCACAACGTCATITTCCCACG-3' 7
353ITR 57 ~AGGAATTCGCGGCCGCATTTAAATC -3 8
E4-F1 5/ ~AGAGGAACACATTCCCCC-3’ 9
E4-R2 5/ -GGGGAGAAAGGACTGTGTATTCTGTCAAATGG-3" 10
E4-F3 5/ —-TTTGACAGAATACACAGTCCTTTCTCCCCGGCTGG- 37 11
E4-R4 5/ -ACAAAATACGAGAATGACTACGTCCGGCGTTCC— 3 12
E4-F5 5/ -GGACGTAGTCATTCTCGTATTTIGTATAGC -3 13
E4-R6 57 ~-TCACCAACACAGTGGGGG-3’ 14
NF-1 5’ -CCACRACCCCCACTACTCCC-3" 15
NR-2 5/ ~CGTCTCTTCCCTCTCCTCTCC—3' 16
NcoI-R 57/ -AGGATCATCCGCTGCTGCCC-3 17
NcoI-F 5’ -CATCAGGATAGGGCGGTGG-3" 18
35E3for 57 ~AATGACTRAATGCAGGTGCGC-3" 19
35E3rev 5’ -CGACGCGTTGTAGTCGTTGAGCTTCTAG-3 20
AdApt35CMVFE 5’ —-GTAGGTGTCAGCCTAGGTGGTC-3’ 21
35pIXR 5’ —-TCATGTCAGCTGCAAGACAG-3" 22
Ssv4Qfor 5/ ~CAATGTATCTTATCATGTCTAG-3’ 23
pIX5Rmfe 5/ -CTCTCTCAATTGCAGATACAAAACTACATAAGACC-3' 24
rIX35Fmfe
5’ - CTCTCTCAATTGTCTGTCTTGCAGCTGACATG-3’ 25
L




2 pAdApt 35. eGFP pVE. Ad35. pl X-
pVEE. Ad35. pl X-
pBr . Ad35. WEB20PReANS6 Yes
6 pAdApt 5. eGFP pVE. Ad5. Afl 11 -1l TRxPacl

pBr. Ad35. LESPR5E4 Yes

pBr. Ad35. PR50rf 6 Yes

Yes o Table VI:

positive plaques of Ad35 viruses having different pronoter sequences

driving plX expression.
nane with E3 region w o E3 region viruasslength (incl.

(NP= no pl aques vi sible)
E3 regi on)

Ad35. AdApt . LacZ 0% 50% 36,1 kb Ad535. AdApt. LacZ NP 100% 36,1 kb

EcoRV 3 pAdApt 35. eGFP
EcoRV 4 pAdApt 35. eGFP pWE. Ad35. pl X-
EcoRV 5 pAdApt 35. eGFP pVE. Ad32qu/e¢2063liReiNet | No

Per cent ages of LacZ

% of bl ue plaques Virus

Ad35. AdApt-BLacZ 5% 30% 36,2 kb—Ad35-AdApt - tacZ 135V 90% 100% 36, 5 Kb
Ad35\ SV S0% 100% 36, 7 kb_ M0 2004h00A038GRETAERR003/ 050126 1126
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expressi on sequence conprising part of an E1B 55K sequence capabl e of
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1-6, wherein said adenovirus is derived fromor based upon an adenovirus
serotype 35 or an adenovirus serotype 11. 8. A reconbi nant adenovirus
derived fwamoosodiared upon an adenovirus serotype 35 OrPCAVERROGNBVI26US
serotype 11 | acking expression of a {ypctional E1B gene, wherein said
adenovirus: a) contains at least 4.6 kb of foreign DNA, and/or b) has a
packaged genonme of at |east 33.8 kb. 10. A reconbi nant adenovirus according
to any onewf el.& nsan6- BexharActleri £28%20 + hBRhilbifikeRepcdp?i ses a
sequence encoding a functjonal E4-orf6 protein derived fromor.based upon
an aden®dcusvatiubgkepticed1fom, ii%%ﬂétf&rlﬁ%*&ﬂ@@c\gaﬁéi a9eRRV b

i ntrodyction into sui t.abl e packagi ng |1 congti tyt es the genone of a

r ecBAbi ah?eﬁ&Qﬁbﬁﬁ?u?I§§5%+%in§a§6g§%y3§§é of c%giéggl-lo. 12. A net hod
for, increasjng t stabij ity / patkagi bt Ofcea M.T.
recéh%&ﬁﬁhﬁhédeggsffugqﬁghﬁn%ﬁggsﬁ%gi$§né eﬂ%giggxfn t%g Eﬁgfzbion,
cOmpbigRiIng, tRe 1% epoef taxdregshegithe eleimenpsonedessany pharkapyddactodn
and assenbly of said reconbinant adenovirus Into virus particles in a
packagialg NER20Q7/ 001a37 PCTHER20GB3/1060126., 1pP 1046+ h08BRd presence of an
el evated | evel of plX gene product in said packaging cell, relative to the
| evel of plX gene product obtained when the pl X coding sequence is behind
its endogenous proximal upstream sequence w thout E1B 55K sequences. 13.
A met hod according to claim12, wherein said elevated |evel of plX gene
product is brought about by retaining or reintroducing part of the E1B 55K
sequences in said adenovirus. 14. A nmethod according to claim12, wherein
said elevated |evel of plX gene product is brought about by the expression
of the pl X codi ng sequences under control of a heterol ogous



pronoter. 15. A nethod according to any one of clains 12-14, wherein said
reconbi nant adenovirus is derived fromor based upon an adenovirus

cl assi fi ewa wosahgoup B. 16. A nethod according to any ROTERDO0ISAI2GS
12-15, wherein said reconbinant adenovirus is derived fromor based upon
an adenovirus serotype 35 or an adenovirus serotype 11. 17. A nethod
according to any one of clains 14- 16, tiwherein said het er ol ogous pronot er
is chosen fromthe group consisting of a non-endogenous proxinmal plX
pronoter, a viral pronoter, a cell gharrMgonoter, a synthetic pronoter and
a hybrid pronoter. 18. A nethod according to claim17, wherein said

het erol ogous pronoter is chosen fromthe group consisting of the Ad5

proxi mal pl X prompter, a Raous Sarcoma Virus pronDtef, gg.mo 004f£01032
PCT/ EP2003f05 PN 4 GRS E1BPPOMST e A9t ASVACE e Stonprising a
reconblaanl AeAOMLuS,AGES! U -dP BBY 2Rl oL oR bollicand, ophional |y
a suitable“carrier or an adjuvant. 20. A reconbi nant adenovirus packagi ng
cel | ¢oppebsing aequesosbpapt iadenpvpans adcami BEBt b S&npeonentec ai ms

1-10-capa]ole of increasing expression of the pIX coding sequence in
a given packaging cell, relative to the expression of said pIX
coding seguence behind its endogenous proximal pIX upstream
sequence without the part of said E1B 55K sequence, with the
proviso that said part of an E1B 55K sequence does not code

for a functional E1B 55K gene product.

2. A recombinant adenovirus according to claim 1, wherein
said expression sequence contains about 0.7 kb or less of the
adenovirus sequences that are directly upstream of the pIX

open reading frame.

3. A recombinant adenovirus comprising a functional pIX
coding sequence and having at least a deletion in the El-
region, wherein the pIX coding sequence is under control of a
heterologous promoter, and wherein said recombinant adenovirus
is derived from or based upon an adenovirus other than an

adenovirus serotype OS.

4. A recombinant adenovirus according to claim 3, wherein
said heterologous promoter comprises a nucleic acid sequence
chosen from the group consisting of a non-endogenous proximal
pIX promoter, a viral promoter, a cellular promoter, a

synthetic promoter and a hybrid promoter.

5. A recombinant adenovirus according to claim 4, wherein

said heterologous promoter is chosen from the group consisting
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of sequences that are at least in part derived from or based
upon the Ad5 proximal pIX promoter, a Rous Sarcoma Virus

promoter and an adenovirus E1B promoter.

6. A recombinant adenovirus according to any one of claims
1-5, wherein said adenovirus is derived from or based upon an

adenovirus classified in subgroup B.

7. A recombinant adenovirus according to any one of claims
1-6, wherein said adenovirus is derived from or based upon an

adenovirus serotype 35 or an adenovirus serotype 11.

8. A recombinant adenovirus derived from or based upon an
adenovirus serotype 35 or an adenovirus serotype 11 lacking
expression of a functional EIB gene, wherein said adenovirus:
a) contains at least 4.6 kb of foreign DNA; and/or

b) has a packaged genome of at least 33.8 kb.

10. A recombinant adenovirus according to any one of claims
6-8, characterized in that it further comprises a sequence
encoding a functional E4-orf6 protein derived from or based

upon an adenovirus of subgroup C.

11. An isolated nucleic acid that upon introduction into a
suitable packaging cell constitutes the genome of a

recombinant adenovirus according to any one of claims 1-10.

12. A method for increasing the stability and/or the
packaging capacity of a recombinant adenovirus having at least
a deletion in the El-region, comprising the step of expressing
the elements necessary for production and assembly of said

recompinant adenovirus into virus particles in a packaging
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cell in the presence of an elevated level of pIX gene product
in said packaging cell, relative to the level of pIX gene
product obtained when the pIX coding sequence is behind its
endogenous proximal upstream sequence without E1B 55K

sequences.

13. A method according to claim 12, wherein said elevated
level of pIX gene product is brought about by retaining or
reintroducing part of the E1B 55K sequences in said

adenovlirus.

14. A method according to claim 12, wherein said elevated
level of pIX gene product is brought about by the expression
of the pIX coding sequences under control of a heterologous

promoter.

15. A method according to any one of claims 12-14, wherein
said recombinant adenovirus is derived from or based upon an

adenovirus classified in subgroup B.

16. A method according to any one of claims 12-15, wherein
said recombinant adenovirus is derived from or based upon an

adenovirus serotype 35 or an adenovirus serotype 11.

17. A method according to any one of claims 14-16, wherein
said heterologous promoter is chosen from the group consisting
of a non-endogenous proximal pIX promoter, a viral promoter, a

cellular promoter, a synthetic promoter and a hybrid promoter.

18. A method according to claim 17, wherein said heterologous
promoter is chosen from the group consisting of the AdS

proximal pIX promoter, a Rous Sarcoma Virus promoter, an
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adenovirus E1B promoter.
19. A vaccine comprising a recombinant adenovirus according

to any one of claims 1-10 and, optionally a suitable carrier

or an adjuvant.

20. A recombinant adenovirus packaging cell comprising an

recombinant adenovirus according to any one of claims 1-10.



